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MicroLogix 1400 Programmable Controllers Reference Manual

Important User Information

Read this document and the documents listed in the additional resources section about installation, configuration, and operation of this equipment before you
install, configure, operate, or maintain this product. Users are required to familiarize themselves with installation and wiring instructions in addition to
requirements of all applicable codes, laws, and standards.

Activities including installation, adjustments, putting into service, use, assembly, disassembly, and maintenance are required to be carried out by suitably trained
personnel in accordance with applicable code of practice.

If this equipment is used in a manner not specified by the manufacturer, the protection provided by the equipment may be impaired.
In no event will Rockwell Automation, Inc. be responsible or liable for indirect or consequential damages resulting from the use or application of this equipment.

The examples and diagrams in this manual are included solely for illustrative purposes. Because of the many variables and requirements associated with any
particular installation, Rockwell Automation, Inc. cannot assume responsibility or liability for actual use based on the examples and diagrams.

No patent liability is assumed by Rockwell Automation, Inc. with respect to use of information, circuits, equipment, or software described in this manual.
Reproduction of the contents of this manual, in whole or in part, without written permission of Rockwell Automation, Inc., is prohibited.

Throughout this manual, when necessary, we use notes to make you aware of safety considerations.

WARNING: Identifies information about practices or circumstances that can cause an explosion in a hazardous environment, which
may lead to personal injury or death, property damage, or economic loss.

ATTENTION: Identifies information about practices or circumstances that can lead to personal injury or death, property
damage, or economic loss. Attentions help you identify a hazard, avoid a hazard, and recognize the consequence.

IMPORTANT  Identifies information that is critical for successful application and understanding of the product.

These labels may also be on or inside the equipment to provide specific precautions.

SHOCK HAZARD: Labels may be on or inside the equipment, for example, a drive or motor, to alert people that dangerous
voltage may be present.

BURN HAZARD: Labels may be on or inside the equipment, for example, a drive or motor, to alert people that surfaces may
reach dangerous temperatures.

ARC FLASH HAZARD: Labels may be on or inside the equipment, for example, a motor control center, to alert people to potential
Arc Flash. Arc Flash will cause severe injury or death. Wear proper Personal Protective Equipment (PPE). Follow ALL Regulatory
requirements for safe work practices and for Personal Protective Equipment (PPE).

B> >

The following icon may appear in the text of this document.

Identifies information that is useful and can help to make a process easier to do or easier to understand.

Rockwell Automation recognizes that some of the terms that are currently used in our industry and in this publication are not in alignment with the
movement toward inclusive language in technology. We are proactively collaborating with industry peers to find alternatives to such terms and
making changes to our products and content. Please excuse the use of such terms in our content while we implement these changes.
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Preface

About This Publication

This manual is a reference guide for MicroLogix™ 1400 controllers. It describes the procedures that

you use to program and troubleshoot your controller. This manual:
«  Gives you an overview of the file types that are used by the controllers.
«  Provides the instruction set for the contraollers.
«  Contains application examples to show the instruction set in use.

Use this manual if you are responsible for designing, installing, programming, or troubleshooting
control systems that use MicroLogix 1400 controllers.

You should have a basic understanding of electrical circuitry and familiarity with relay logic. If you
do not, obtain the proper training before using this product.

Download Firmware, AOP,

Download firmware, associated files (such as AOP, EDS, and DTM), and access product release

EDS, and Other Files notes from the Product Compatibility and Download Center at rok.auto/pcdc.
Summary of Changes This publication contains the following new or updated information. This list includes substantive
updates only and is not intended to reflect all changes.
Topic Page
Updated template throughout
Added inclusive language acknowledgment 2
Updated Ethernet Diagnostic Counters Block Words 169...176 65
Added Auto Reset status bit description 392
Added the Auto Reset Configuration system status file word 396
Updated section on MicroLogix Data Logging Tool 454 457

Additional Resources
Automation.

These documents contain additional information concerning related products from Rockwell

Resource

Description

MicroLogix 1400 Programmable Controllers Installation Instructions, publication
1766-INOO1.

Describes how to mount and wire the MicroLogix 1400 Programmable Controller, including a
mounting template and door labels.

MicroLogix 1400 Programmable Controllers User Manual, publication 1766-UMO01.

Provides detailed information on planning, mounting, wiring, and troubleshooting your
MicroLogix 1400 system.

AIC+ Advanced Interface Converter User Manual, publication 1761-UM004.

Describes how to install and connect an AIC+. This manual also contains information on network
wiring.

DeviceNet Interface User Manual, publication 1761-UMOQ5.

Provides information on how to install, configure, and commission a DeviceNet® Interface

DF1 Protocol and Command Set Reference Manual, publication 1770-RM516.

Provides information on DF1 open pratocal.

Industrial Components Preventive Maintenance, Enclosures, and Contact Ratings
Specifications Technical Data, publication IC-TD002

Provides a quick reference tool for Allen-Bradley® industrial automation controls and
assemblies.

Safety Guidelines for the Application, Installation, and Maintenance of Solid-State
Control, publication_SGI-1.1

Designed to harmonize with NEMA Standards Publication No. ICS 1.1-1987 and provides general
guidelines for the application, installation, and maintenance of solid-state control in the form of
individual devices or packaged assemblies incorporating solid-state components.

Industrial Automation Wiring and Grounding Guidelines, publication 1770-4.1

Provides general guidelines for installing a Rockwell Automation industrial system.

Product Certifications website, rok.auto/certifications

Provides declarations of conformity, certificates, and ather certification details.

You can view or download publications at rok.auto/literature.

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023

17


https://rok.auto/pcdc
https://literature.rockwellautomation.com/idc/groups/literature/documents/in/1766-in001_-en-p.pdf
https://literature.rockwellautomation.com/idc/groups/literature/documents/in/sgi-in001_-en-p.pdf
https://literature.rockwellautomation.com/idc/groups/literature/documents/um/1761-um004_-en-p.pdf
https://literature.rockwellautomation.com/idc/groups/literature/documents/um/1761-um005_-en-p.pdf
https://literature.rockwellautomation.com/idc/groups/literature/documents/rm/1770-rm516_-en-p.pdf
https://literature.rockwellautomation.com/idc/groups/literature/documents/td/ic-td002_-en-p.pdf
https://rok.auto/literature
https://literature.rockwellautomation.com/idc/groups/literature/documents/in/1770-in041_-en-p.pdf
https://rok.auto/certifications
https://literature.rockwellautomation.com/idc/groups/literature/documents/um/1766-um001_-en-p.pdf

Preface

Notes:
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Chapter ].

Embedded 1/0

1/0 Configuration

This section discusses the various aspects of Input and Output features of the MicroLogix 1400
controllers. Each controller comes with a certain amount of embedded I/0, which is physically on
the controller. The controller also allows you to add expansion I/0.

The MicroLogix 1400 controllers provide discrete I/0 and analog input that is built into the controller
as listed in Table 1. These I/0 points are referred to as Embedded /0.

Table 1 - MicroLogix 1400 Controller Embedded /0

Catalog Number

Description

Input Power

User Power

Embedded Discrete I/0

Embedded Analog I/0

Communication Ports

1766-L32BWA

1766-L32AWA

100/240V AC

24V DC

12 Fast 24V DC Inputs
8 Normal 24V DC Inputs
12 Relay Outputs

1766-L32BXB

24V 0C

None

20120V AC Inputs
12 Relay Outputs

12 Fast 24V DC Inputs

8 Normal 24V DC Inputs
6 Relay Outputs

3 Fast DC Outputs

3 Normal DC Outputs

None

1766-L52BWAA

1766-L32AWAA

100/240V AC

24V DC

12 Fast 24V DC Inputs
8 Normal 24V DC Inputs
12 Relay Outputs

1766-L32BXBA

24V 0C

None

20120V AC Inputs
12 Relay Outputs

12 Fast 24V DC Inputs

8 Normal 24V DC Inputs
6 Relay Outputs

3 Fast DC Outputs

3 Normal DC Outputs

4 Voltage Inputs
2 Voltage Outputs

1R$232/Rs485"
1 Ethernet

1RS-2329

(1) Isolated RS-232/RS-485 combo port. Same as MLT100 Comm 0
(2) Non-isolated RS-232. Standard D-sub connector

AC embedded inputs have fixed input filters. DC embedded inputs have configurable input filters
for a number of special functions that can be used in your application. These are: high-speed
counting, event input interrupts, and latching inputs. The 1766-L32BXB and 1766-L32BXBA have
three high-speed outputs for use as pulse train output (PT0) and/or pulse-width modulation (PWM)

outputs.
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Chapter ! 170 Configuration

MicroLogix 1400
Expansion 1/0

MicroLogix 1400 Expansion
1/0 Memory Mapping

20

If the application requires more I/0 than the controller provides, you can attach I/0 modules. These
additional modules are called expansion I/0.

Expansion 1/0 Modules

For the MicroLogix 1400 controller, bulletin 1762 expansion 1/0 modules are used to provide discrete
and analog inputs and outputs, and specialty modules. You can attach up to seven expansion I/0
modules in any combination.

Addressing Expansion 1/0 Slots

Figure 1 shows the addressing for the MicroLogix 1400 controller and its I/0 modules.

The expansion 1/0 is addressed as slots 1...7 (the controller's embedded I/0 is addressed as slot 0).
Modules are counted from left to right as shown.

Figure 1 - MicroLogix 1400 Controller and 1/0 Addressing

Embedded I/0 = Slot 0 Expansion 1/0

In most cases, you can use the following address format:
X:s/b (X = File type letter, s = Slot number, b = Bit number)

See /0 Addressing on page 26 for complete information on address formats.

Discrete 1/0 Configuration

1762-1A8, 1762-108, and 1762-1080W6 Input Image

For each input module, the input data file contains the current state of the field input points. Bit
positions 0...7 correspond to input terminals 0...7.

Bit Position

Word

5 |14 |13 (12 |11 {10 |9 8 7 6 5 4 3 2 1

0 X X X |X X X X X R R R R R R R

R = Read-only, X = Not used, always at a 0 or Off state

1762-1Q16 Input Image

For each input module, the input data file contains the current state of the field input points. Bit
positions 0...15 correspond to input terminals 0...15.

Bit Position

Word

5 |14 |13 (12 (1 j10 |9 8 7 6 5 4 3 2 1 0

0 |R R R R R R R R R R R R R R R R

R = Read-only
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Chapter 1 1/0 Configuration

1762-1Q32T Input Image

For each input module, the input data file contains the current state of the field input points. Bit
positions 0...15 together with word 0/1 correspond to input terminals 0...31.

Bit Position
5 (14 |13 |12 |1 (10 |9 8 7 6 5 4 3 2 1 0
0 (R R R R R R R R R R R R R R R R
1 R R R R R R R R R R R R R R R R

Word

R = Read-only
1762-0X61 and 1762-1Q80W6 Output Image

For each output module, the output data file contains the controller-directed state of the discrete
output points. Bit positions 0...5 correspond to output terminals O...5.

Bit Position
5 (14 |13 (12 (10 (10 |9 8 7 6 5 4 3 2 1 0
0 |0 0 0 0 0 0 0 0 0 0 RIW |R/W |R/W |R/W [R/W |R/W

Word

R/W = Read and write, 0 = Always at a 0 or Off state

1762-0A8, 1762-0B8, and 1762-0W8 Output Image

For each output module, the output data file contains the controller-directed state of the discrete
output points. Bit positions 0...7 correspond to output terminals 0...7.

Bit Position
5 |14 (13 (12 |11 (10 |9 8 7 6 5 4 3 2 1 0
0 |0 0 0 0 0 0 0 0 R/W [R/W |R/W [R/W [R/W |R/W [R/W [R/W

Word

R/W = Read and write, 0 = Always at a 0 or Off state

1762-0B16 and 1762-0W!16 Output Image

For each output module, the output data file contains the controller-directed state of the discrete
output points. Bit positions 0...15 correspond to output terminals 0...15.

Bit Position
15 14 (13 |12 1 10 9 8 7 6 5 4 3 2 1 0
0 |[R/W [R/W |R/W |R/W |R/W [R/W [R/W |R/W |R/W |R/W [R/W [R/W |R/W |R/W |RIW [RIW

Word

R/W = Read and write
1762-0V32T, 1762-0B32T Qutput Image

For each output module, the output data file contains the controller-directed state of the discrete
output points. Bit positions 0...15 together with word 0/1 correspond to output terminals 0...31.

Bit Position

5 |14 |13 (12 (11 |10 |9 8 7 6 5 4 3 2 1 0
0 |[R/W [R/W |R/W |R/W |R/W [R/W [R/W |R/W |R/W |R/W [R/W [R/W |R/W |[R/W |RIW [R/W
1 RIW [R/W |R/W |R/W |R/W [R/W [R/W |R/W |R/W |R/W [R/W [R/W |R/W |R/W |R/W [RIW

Word

R/W = Read and write
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Analog 1/0 Configuration

Table 2 shows the data ranges for 0...10V DC and 4...20 mA.

Table 2 - Valid Input/output Data Word Formats/ranges

Normal Operating Range Full Scale Range Raw/Proportional Data Scaled-for-PID

10.5V DC 327760 16380
0..10vDC

0.0vDC 0 0

21.0mA 32,760 16,380

20.0 mA 31,200 15,600
4.20mA

40mA 6240 3120

0.0mA 0 0

1762-1F20F2 Input Data File

For each input module, slot x, words 0 and 1 contain the analog values of the inputs. The module
can be configured to use either raw/proportional data or scaled-for-PID data. The input data file
for each configuration is shown in Table 3 and Table 4.

Table 3 - Raw/proportional Format

- |BitPosition

S5 u B8 [2 [u [0 Jo [8 7 65438 ]2 [1 o
0 |0 Channel 0 Data 0...32,768 0 0 0
1 0 Channel 1 Data 0...32,768 0 0 0
2 |Reserved

3 |Reserved

4 [Reserved EIE
5 [uo Joo [ur |01 [Reserved

Table 4 - Scaled-for-PID Format

— |Bit Position

S5 [u (8 [2 u [0 [9 87 654 [3 ]2 [1 o
0 |0 0 Channel 0 Data 0...16,383 0

1 |0 [0 [Channel1Data0..16,383 0 o
2 |Reserved

3 |Reserved

4 |Reserved st [0
5 Juo [o0 [ur o1 [Reserved

The bits are defined as follows:

- Sx=General status bits for channels 0 and 1. This bit is set when an error (over- or
underrange) exists for that channel, or there is a general module hardware error.

«  Ox=0verrange flag bits for channels 0 and 1. These bits can be used in the control program
for error detection.

«  Ux=Underrange flag bits for channels 0 and 1. These bits can be used in the control
program for error detection.
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1762-1F20F2 Output Data File
For each module, slot x, words 0 and 1 contain the channel output data.
Raw/Proportional Format

- |BitPosition

205 1 13 2 [u Jio Jo [8 7 [6 5 [4 [3 2 |t
0 Channel 0 Data 0...32,768 0 0 0
1 0 Channel 1Data 0...32.768 0 0 0
Scaled-for-PID Format

— |Bit Position

2055 14 38 2 u Jo Jo 8 |76 [5 [4 [3 [2 |
0 [0 [0 [Channel0 DataO0..16,383 0
1 0 0 Channel 1Data 0...16,383 0

1762-1F4 Input Data File

For each module, slot x, words 0 and 1 contain the analog values of the inputs. The module can be
configured to use either raw/proportional data or scaled-for-PID data. The input data file for either
configuration is shown in Table 5.

Table 5 - 1762-1F4 Input Data File

- |Bit Position

S [i5 4 138 2 Ju Jo Jo [8 7 6 [5 [4 [3 ]2 [t Jo
0 |SGND Channel 0 Data

T |SGN Channel 1 Data

2 |SGN2 Channel 2 Data

3 |SGN3 Channel 3 Data

4 |Reserved [s3 [s2 [s1 [so
5 [ Joo [ui Jor Juz o2 [us [03 |Reserved

6 |Reserved

The bits are defined as follows:

«  Sx=General status bits for channels 0...3. This bit is set when an error (over- or
underrange) exists for that channel, or there is a general module hardware error.

+  Ox=0verrange flag bits for channels 0...3. These bits are set when the input signal is above
the user-specified range. The module continues to convert data to the maximum full range
value during an overrange condition clears.

«  Ulx=Underrange flag bits for input channels 0...3. These bits are set when the input signal
is below the user-specified range. The module continues to convert data to the maximum
full range value during an underrange condition. The bits reset when the underrange

condition clears.

«  SGNx = Sign bit for channels 0...3

1762-0F4 Input Data File

For each module, slot x, words 0 and 1 contain the analog output module status data for use in the

control program.
1762-0F4 Input Data File

— |BitPosition

S5 [ (82 [u Jwps]7 6 5 [4 |8 |2 [1 o
0 |Reserved S03 [S02 |SO1  {S00
1 |Reserved luoo [ooo [uor [oor [uoz ooz [uos 003
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24

The bits are defined as follows:

«  SOx = General status bits for output channels 0...3. These bits are set when an error (over-
or underrange) exists for that channel, or there is a general module hardware error.

«  00x = Overrange flag bits for output channels 0...3. These bits indicate an input signal above
the user range and can be used in the control program for error detection. The module
continues to convert analog data to the maximum full range value while these bits are set
(1). The bits are reset (0) when the error clears.

«  UOx = Underrange flag bits for output channels 0...3. These bits indicate an input signal
below the user range. They can be used in the control program for error detection. The
module continues to convert analog data to the minimum full range value while these bits
are set (1). The bits are reset (0) when the error clears.

1762-0F4 Output Data File

For each module, slot x, words 0...3 contain the channel output data.

Raw/Proportional Format

- |BitPosition

Sls [ [8 2 Ju [0 o [8[7 6 5[4 |53 [2 1 o
0 |0 Channel 0 Data 0 to 32,760 0 0 0
1 0 Channel 1Data 0 to 32,760 0 0 0
2 0 Channel 2 Data 0 to 32,760 0 0 0
3 0 Channel 3 Data 0 to 32,760 0 0 0

Words 0...3 contain the analog output data for channels 0...3, respectively. The module ignores the
“don't care” bits (0...2), but checks the sign bit (15). If bit 15 equals one, the module sets the output
value to OV or 0 mA.

Scaled-for-PID Format

Bit Position

5 4 18 [ Ju o o [8 [7 |6 ][5 [4 [3 ]2
Channel 0 Data 0 to 16,380

Channel 1Data 0 to 16,380

Channel 2 Data 0 to 16,380

Channel 3 Data 0 to 16,380

Word

o|lo|lo|lol —
o|lo|lo|lo|l o

0
0
0
0

o|lo|lo|l o

0
1
2
3

Words 0...3 contain the analog output data for channels 0...3, respectively. The module ignores the
“don’t care” bits (0 and 1), but checks the sign bit (15), and bit 14. If bit 15 equals one, the module
sets the output value to OV or 0 mA. If bit 15 equals zero and bit 14 equals one, the module sets the
output value to 10.5V DC or 21 mA.

Specialty 1/0 Configuration

1762-1R4 RTD/Resistance Module Input Data File

For each module, slot x, words O...3 contain the analog values of the inputs. Words 4 and 5 provide
sensor/channel status feedback. The input data file for each configuration is shown in Table 6.

Table 6 - 1762-1R4 Input Data File

‘é‘{?rd’1514131211 oo |sl7 16 5 (4 [3 2 |1 o

0 Analog Input Data Channel 0
1 Analog Input Data Channel 1
2 Analog Input Data Channel 2
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Chapter 1 1/0 Configuration

Table 6 - 1762-IR4 Input Data File (Continued)

word/ s a3 2 ln o |oojo (8|7 |6 |5 |4 [3 |2 |1 o
3 Analog Input Data Channel 3

4 Reserved ocs foc2 |oct |3 |Reserved 3 [s2 [s1 |so
5 u [oo [u1 Jor [uz |02 [US [03 |Reserved

The bits are defined as follows:

Sx = General status bits for input channels 0...3. These bits are set (1) when an error (over-
or underrange, open-circuit, or input data not valid condition) exists for that channel, or
there is a general module hardware error. The user program determines an input data not
valid condition. See MicroLogix 1200 RTD/Resistance Input Module User Manual, publication
1762-UM0QS3, for details.

0Cx = Open-circuit indication for channels 0...3, using either RTD or resistance inputs.
Short-circuit detection for RTD inputs only. Short-circuit detection for resistance inputs is
not indicated because 0 is a valid number.

Ox = Overrange flag bits for input channels 0...3, using either RTD or resistance inputs.
These bits can be used in the control program for error detection.

Ux = Underrange flag bits for channels 0...3, using RTD inputs only.
These bits can be used in the control program for error detection. Underrange detection for
direct resistance inputs is not indicated because 0 is a valid number.

1762-1T4 Thermocouple Module Input Data File

For each module, slot x, words 0...3 contain the analog values of the inputs. The input data file is

shown in Table 7.

Table 7 - 1762-1T4 Input Data File

pord/ s 32 fu o fo fo |8 |7 |6 |5 |4 |3 2 |1 o
0 = Analog Input Data Channel 0

1 = Analog Input Data Channel 1

2 = Analog Input Data Channel 2

3 = Analog Input Data Channel 3

4 Reserved oc4 [oc3 [oc2 [oc1 [0CO [Reserved |s4 [s3 [s2 [s1 [so
5 v [oo [ur Jor Juz Jo2 us o3 [us [04 [Reserved

The bits are defined as follows:

Sx = General status bits for channels 0...3 (S0...S3) and the CJC sensor (S4). This bit is set (1)
when an error (overrange, underrange, open-circuit, or input data not valid) exists for that
channel. The user program determines an input data not valid condition. See

MicroLogix 1200 Thermacouple/mV Input Module User Manual, publication 1762-UM002 for
additional details.

0Cx = Open-circuit indication for channels 0...3 (0CO...0C3) and the CJC sensor (0C4).

Ox = Overrange flag bits for channels 0...3 (00...03) and the CJC sensor (04). These bits can
be used in the control program for error detection.

Ux = Underrange flag bits for channels 0...3 (UO0...U3) and the CJC sensor (U4). These bits
can be used in the control program for error detection.
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170 Addressing

Table 8 - 1/0 Addressing Scheme

Addressing Details

The 1/0 addressing scheme and examples are shown in Figure 2.

Figure 2 - /0 Addressing

Data file number

A

Slot number Word

/

File type - . .
Input () or Qutput (0) Xd . S ' W/ b Bit

/

Slot delimiter Word delimiter

(1) 1/0 on the controller (embedded 1/0) is slot 0.
1/0 added to the controller (expansion 1/0) begins with slot 1.

Bit delimiter

Format Explanation
X File Type Input (I) or Output (0)
d Data File Number (optional) 0 = Output, 1= Input
Slot delimiter (optional, not required for Data Files 2...255)
0Od:s.w/b
d:s.w/b Embedded I/0: slot 0
s Slot number (decimal) Expansion 1/0:
slots 1...7 for MicroLogix 1400 controllers (See page 20 for an illustration.)
Word delimiter. Required only if a word number is necessary.
Required to read/write words, or if the discrete bit number is above 15.
N W |Word number Range: 0..255
Defimiter / Bit delimiter
b Bit number 0..15
Table 9 - Addressing Examples
Addressing Level Example Address® Slot Word Bit
0:0/49 Output slot 0 (embedded 1/0) Word 0 Output bit 4
_ _ 0:2/72) Output slot 2 (expansion 1/0) Word 0 Output bit 7
Bit Addressing
1:1/4@ Input slot 1 (expansion 1/0) Word 0 Input bit 4
1:0/151 Input slot 0 (embedded 1/0) Word 0 Input bit 15
0:1.0 Output slot 1 (expansion I/0) Word 0
Word Addressing 1:7.3 Input slot 7 (expansion 1/0) Word 3
1:31 Input slot 3 (expansion 1/0) Word 1

(1) The optional Data File Number is not shown in these examples.
(2) A word delimiter and number are not shown. Therefore, the address refers to word 0.

26
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1/0 Forcing

Input Filtering

/0 forcing is the ability to override the actual status of the 1/0 at your discretion.

Input Forcing

When an input is forced, the value in the input data file is set to a user-defined state. For discrete
inputs, you can force an input “on” or “off". When an input is forced, it no longer reflects the state of
the physical input or the input LCD indicator. For embedded inputs, the controller reacts as if the

force is applied to the physical input terminal.

When an input is forced, it has no effect on the input device that is connected to
the controller.

QOutput Forcing

When an output is forced, the controller overrides the status of the control program, and sets the
output to the user-defined state. Discrete outputs can be forced “on” or “off". The value in the

output file is unaffected by the force. It maintains the state that is determined by the logic in the
control program. However, the state of the physical output and the output LCD indicator is set to

the forced state.

If you force an output that is controlled by an executing PTOX or PWMX function,
an instruction error is generated.

The MicroLogix 1400 controllers allow you to configure groups of DC inputs for high-speed or
normal operation. You can configure each input group's response time. A configurable filter
determines how long the input signal must be “on” or “off" before the controller recognizes the
signal. The higher the value, the longer it takes for the controller to recognize the input state. Higher
values provide more filtering, and are used in electrically noisy environments. Lower values
provide less filtering, and are used to detect fast or narrow pulses. The filters can be set to a lower

value when using high-speed counters, latching inputs, and input interrupts.

Input filtering is configured using RSLogix 500®/RSLogix™ Micro programming software. To
configure the filters using RSLogix 500/RSLogix Micro:

1. Open the Controller folder.

2. Open the /0 Configuration folder.

3. Open slot 0 (controller).

4, Select the Embedded I/0 Configuration tab.

The input groups are pre-arranged. Select the filter time required for each input group. Apply a
unique input filter setting to each of the input groups:

MicroLogix 1400 Controller Input Groups

Controller MicroLogix 1400

Oand1

2and 3

4andb

« 6and7

Input Groups » 8and9

« 10andT

e 12and 13

e lhand15

« 16...xxxx (reserved)

The minimum and maximum response times that are associated with each input filter setting can
be found in the MicroLogix 1400 Programmable Controllers User Manual, publication 1766-UM0Q1.
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The MicroLogix 1400 1766-L32BWAA, 1766-L32AWAA, and 1766-L32BXBA controllers support 4-
channel, 12-bit resolution analog input with four 12-bit resolution analog input channels. These
channels are single-ended (unipolar) circuits and accept 0...10V DC.

Input words 4...7 contain the value of analog inputs (Word 4: analog input channel 0, Word 5:
analog input channel 1, Word 6: analog input channel 2, Word 7: analog input channel 3).

Analog Input Filter and Update times

The MicroLogix 1400 controller analog input filter is programmable. The slower the filter setting, the
more immune the analog inputs are to electrical noise. The more immune the analog inputs are to
electrical noise, the slower the inputs are to update. Similarly, the faster the filter setting, the less
immune the analog inputs are to electrical noise. The less immune the analog inputs are to

electrical noise, the faster the inputs are to update.

Programmable Filter Characteristics

Filter Setting Value (Hz) Eg%%%g%igth Settling Time (ms) Resolution (Bits)
10 10 100.00 12
50 50 20.00 12
60 60 16.67 12
250 250 4 12

+ 10 Hz is the default setting
« The total update time is one ladder scan time plus the settling time.

EXAMPLE If a 250 Hz filter is selected, the maximum update Time = ladder scan time
+4ms

Input Channel Filtering

The analog input channels incorporate onboard signal conditioning, to distinguish AC power line
noise from normal variations in the input signal. Frequency components of the input signal at the
filter frequency are rejected. Frequency components below the filter bandwidth (-3 dB frequency)
are passed with under 3 dB of attenuation. This pass band allows the normal variation of sensor
inputs such as temperature, pressure, and flow transducers to be input data to the processor.
Noise signals coupled in at frequencies above the pass band are sharply rejected. An area of
particular concern is the 50/60 Hz region, where pick-up from power lines can occur.

Convert Analog Data

The analog input circuits are able to monitor voltage signals and convert them to digital data. There
are five terminals that are assigned to the input channels that provide four voltage inputs, and a
return signal (commons).

The following table shows sample Analog Signal and Data Word values using the nominal transfer
function formula:

N =Vin x 4095/10 where Vin (analog signal) is in volts (V)
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Analog Outputs

Latching Inputs

Convert Analog Input Data

Analog to data word conversion

Analog Signal Data Word
ov 0

5V 2048

1ov 4095

Analog inputs convert voltage signals into 12-bit values. To determine an approximate voltage that
an input value represents, use the following equation.

10Yx inputvalue = inputvoltage(V)

4095

For example, if an input value of 1200 is in the input image, the calculated value is as follows:

10V-x 1200 = 2.9304(V)
4095

MicroLogix 1400 controllers 1766-L32BWAA, 1766-L32AWAA, and 1766-L32BXBA support 2-channel,
12-bit resolution analog output. These channels have 0...10V DC output range. Qutput words 4 and 5
contain the value of analog outputs (Word 4: analog output channel 0, Word 5: analog output
channel 1).

Convert Analog Output Value to Actual Output Voltage

Analog outputs convert voltage signals into 12-bit values. To determine an approximate voltage
that an output value represents, use the following equation.

10V.-x outputvalue = outputvoltage(V)
4095

For example, if an input value of 3000 is in the output image, the calculated value is as follows:

10V 3000 = 7.326(V)
4095

The MicroLogix 1400 controller allows you to configure inputs individually to be latching inputs
(sometimes referred to as pulse catching inputs). A latching input is an input that captures a fast
pulse and holds it for a single controller scan. The pulse width that can be captured is dependent
upon the input filtering selected for that input.

The following inputs can be configured as latching inputs:

Controller MicroLogix 1400
DC Inputs 0.1

Enable this feature using RSLogix 500/RSLogix Micro. With an open project:
1. Open the Controller folder.
Open the I/0 Configuration folder.
Open slot O (controller).
Select the Embedded I/0 Configuration tab.
Select the mask bits for the inputs that you want to operate as latching inputs.

Select the state for the latching inputs. The controller can detect both “on” (rising edge) and
“off" (falling edge) pulses, depending upon the configuration selected in the programming
software.

The following information is provided for a controller looking for an “on” pulse. When an external
signal is detected “on”, the controller “latches” this event. In general, at the next input scan
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following this event, the input image point is turned “on” and remains “on” for the next controller
scan. It is then set to “off” at the next input scan. The following figures help demonstrate this.

Figure 3 - Rising Edge Behavior - Example 1
Scan Number (X) Scan Number (X+1) Scan Number (X+2)

Input|  Ladder  |Output Input | Ladder Output Input|  Ladder Output
scan scan scan scan scan scan scan scan scan

External
Input

Latched
Status

Input File
Value

Figure 4 - Rising Edge Behavior - Example 2

Scan Number (X) Scan Number (X+1) Scan Number (X+2)

Input | Ladder Output Input | Ladder Output Input | Ladder Output

scan scan scan scan scan scan scan scan scan
External
Input
Latched
Status
Input File
Value

The “gray” area of the Latched Status waveform is the input filter delay.

IMPORTANT  The input file value does not represent the external input when the input is
configured for latching behavior. When configured for rising edge behavior,
the input file value is normally “off" (“on” for 1scan when a rising edge
pulse is detected).

The previous examples demonstrate rising edge behavior. Falling edge behavior operates the same
way with these exceptions:

«  The detection is on the “falling edge” of the external input.
« The input image is normally “on” (1), and changes to “off" (0) for one scan.
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Figure 5 - Falling Edge Behavior - Example 1
Scan Number (X) Scan Number (X+1) ~ Scan Number (X+2) ~ Scan Number (X+3)

Input | Ladder | Output| | Input | Ladder | Output Input | Ladder | Output | Input | Ladder | Output
scan | scan | scan scan | scan | scan scan | scan | scan scan | scan | scan

External

Input
Latched
Status

Input File

Value

Figure 6 - Falling Edge Behavior - Example 2

Scan Number (X) Scan Number (X+1) Scan Number (X+2)
Input|  Ladder | Output Input|  Ladder | Output Input|  Ladder | Output
scan scan scan scan scan scan scan scan scan

External
Input
Latched
Status
Input File
Value

The “gray” area of the Latched Status waveform is the input filter delay.

IMPORTANT  The input file value does not represent the external input when the input is
configured for latching behavior. When configured for falling edge
behavior, the input file value is normally “on” (“off” for 1scan when a falling
edge pulse is detected).

Configure Expansion 1/0 Expansion /0 must be configured for use with the controller. You can configure expansion 1/0

Using RSLogix 500/RS|_09iX manually or automatically. Using RSLogix 500/RSLogix Micro:
Micro 1. Open the Controller folder.

2. Open the /0 Configuration folder.
3. For manual configuration, drag the Compact I/0™ module to the slot.

For automatic configuration, you must have the controller connected online to the computer
(either directly or over a network). Select the Read 1/0 Config button on the 1/0 configuration
screen. RSLogix 500/RSLogix Micro reads the existing configuration of the controller's /0.

Some 1/0 modules support or require configuration. To configure a specific module, double-click
the module, an 1/0 configuration screen opens that is specific to the module.
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Notes:
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Controller Memory

Controller Memory and File Types

This chapter describes controller memory and the types of files that are used by the
MicroLogix 1400 controller.

File Structure

MicroLogix 1400 controller user memory comprises Data Files, Function Files, and Program Files.

The file types that are shown for data files 3...8 are the default file types for
those file numbers and cannot be changed. Data files 9...255 can be added to

your program to operate as bit, timer, counter, or other files shown in Table 10.

Table 10 - Controller User Memory File Types

Data Files Function Files Program Files Specialty Files
0 Output file HSC High-speed counter 0 System file 0 0 Data log queue 0
1 Input file PTOX Pulse train output 1 System file 1 1 Data log queue 1
2 Status file PWMX Pulse-width modulation 2 Program file 2 2..255 Data log queues 2...255
3 Bit file STl Selectable timed interrupt 0 Recipe file 0
4 Timer file Ell Event input interrupt 1 Recipe file 1
5 Counter file RTC Real-time clock .
- 3...255 Program files 3...255
6 Control file L
- - - 2...255 Recipe files 2...255

7 Integer file MMI Memory module information
8 Floating point file

%B} Bit BHI Base hardware information

T) Timer P

Communications status for

(C) Counter €S0 Channel 0

(R) Control

(N) Integer 0S? Communications status for

(F) Floating paint Channel 2

%/?\)T)A%t(g;rg 10S 1/0 status
9...255 (L) Long word DLS Data log status 3...255 Program files 3...265 2...255 Recipe files 2...255

(MG) Message LCD LCD

(PD) PID

(PLS) Programmable limit

switch

(R) Routing information ES1 Ethernet status for Channel 1

(RIX) Extended routing

information

User Memory

User memory is the amount of controller storage available to store data such as ladder logic, data
table files, and I/0 configuration.

User data files consist of the system status file, /0 image files, and all other user-creatable data

files (bit, timer, counter, control, integer, string, long word, MSG, and PID).
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A word is defined as a unit of memory in the controller. The amount of memory available to the
user for data files and program files is measured in user words. Memory consumption is allocated
as follows:

»  For data files, a word is the equivalent of 16 bits of memory. For example:
- One integer data file element = 1user word
- One long word file element = 2 user words
- One timer data file element = 3 user words

Each input and output data element consumes 3 user words due to the
overhead associated with 1/0 forcing.

»  For program files, a word is the equivalent of a ladder instruction with one operand. For
example®:
- 1XIC instruction, which has one operand, consumes one user word.
- 1EQU instruction, which has two operands, consumes two user words.
- 1ADD instruction, which has three operands, consumes three user words.
»  Function files do not consume user memary.

Although the controller allows up to 256 elements in a file, it may not actually be
possible to create a file with that many elements due to the user memory size in
the controller.

MicroLogix 1400 Controller User Memory

The MicroLogix 1400 controller supports 20K of memory. Memory can be used for program files
and data files. The maximum data memory usage is 10K words as shown in Figure 7.

Figure 7 - Data Memory Usage

10.0K =

95K -

9.0K -

85K

8.0K -

75K

7.0K -

65K -

Data Words
=

15K=

1 T 1
¥ ¥ x
5 1w o

0K -
05K=
10K=
20K=
25K=
30K=
35K=
40K =
45K =
65K=
7.0K=
75K=
80K=
85K =
9.0K |
95K |
10.0 K=|
10.5 K-
11.4K:

s 8 6

Program Words

To find the memory usage for specific instructions, see MicroLogix 1400 Controller Memory Usage
and Instruction Execution Time on page 379.

The MicroLogix 1400 controller also supports 128K bytes of battery backed memory for data logging
or recipe operations. See Chapter 25 for Data Logging and Recipe information.

(a) The example uses approximate values. For actual memory usage, see the tables in Appendix A on page 379.
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To find the memory usage for specific instructions See System Status File on page 383.

View Controller Memory Usage
1. Highlight and open Controller Properties.

= () Progct
= _| g
=T Contreses
i
5:]. Procansd s
5:]. Funatica Fiias
I Contigueation
o I}E Channsl Cradimiration
=[] Program Filea
B =van
B e
¥ ELE
=[] Main Filas
B ciras Ralaranca
O oo-outPut
O vi- Ut
O s=- sTaTUS
[ Ba- psny
O 11 TaER

2. The amount of Memory Used and Memory Left appears in the Controller Properties dialog
once the program has been verified.

Contralior Prapertios &

Girrial | Compdes | P dt | Corscber C |

Procediad Typs
[Fui.i766  MicroLogin 1300 Sertenn B
Proceror Mame: [18008
Program Checkpam: 0
Progam Files: 3
Do Rl 3
MemoyUsest  ~
Hamoy Leit  ~

05 |  Conce | |  Hee |

Data Files Data files store numeric information, including 1/0, status, and other data associated with the
instructions used in ladder subroutines. Table 11 lists the data file types.

Table 11 - Data File Types

. . e . Words per ) -
1
File Name File Identifier |File Number® Element File Description
Output File 0 0 1 The Output File stores the values that are written to the physical outputs during the Output Scan.
Input File | 1 1 The Input File stores the values that are read from the physical inputs during the Input Scan.
Status File S 9 1 The contents of the Status File are determined by the functions that utilize the Status File. See System
Status File on page 383 for a detailed description.
Bit File B 3,9..255 1 The Bit File is a general-purpose file that is typically used for bit logic.
. . The Timer File is used for maintaining timing information for ladder logic timing instructions. See
Timer File T 4,925 3 Timer and Counter Instructions on page 119 for instruction information.
. The Counter File is used for maintaining counting information for ladder logic counting instructions.
Counter File ¢ 5 3.255 3 See Timer and Counter Instructions on page 119 for instruction information.
. The Control Data file is used for maintaining length and position information for various ladder logic
Control File R 6,9..255 3 instructions. See Control Data File on page 242 for more information.
Integer File N 7,9..255 1 The Integer File is a general-purpose file consisting of 16 bit, signed integer data words.
P, The Floating Paint File is a general-purpose file consisting of 32-bit IEEE-754 floating point data
Floating Point File F 8,9..25 2 elements. See Use the Floating Paint (F) Data File on page 135 for more information.
String File ST 9,955 1 Lﬁsrﬂgggﬁle is a file that stores ASCII characters. See String (ST) Data File on page 241 for more
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Table 11 - Data File Types (Continued)

. ] . i Words per ' .
1
File Name File Identifier |File Number® Element File Description
ASCI File A 9...255 1 The ASCII File is a file that stores ASCII characters.
Long Word File L 9..255 2 The Long Word File is a general-purpose file consisting of 32 bit, signed integer data words.
. The Message File is associated with the MSG instruction. See Communications Instructions on

Message File L 9.2% % page 261 for information on the MSG instruction.
Programmable Limit PLS 9955 6 The Programmable Limit Switch (PLS) File allows you to configure the high-speed counter to operate
Switch File as a PLS or rotary cam switch. See Pragrammable Limit Switch (PLS) File on page 90 for information.

. The PID File is associated with the PID instruction. See Process Control Instruction on page 221 for
PID File PD 9...255 23 more information.

. P The Routing Information File is associated with the MSG instruction. See Communications Instructions
Routing Information File | Rl 8..205 2 on page 261 for information on the MSG instruction.
Extended Routing RIX 9.955 9% The extended Routing Information File is associated with the MSG instruction. See Communications
Information File Instructions on page 261 for information on the MSG instruction.

(1) File Number in BOLD is the default. Additional data files of the type can be configured using the remaining numbers.

Protect Data Files During

Download

36

Data File Download Protection

Once a user program is in the controller, you may need to update the ladder logic and download it
to the controller without destroying user-configured variables in one or more data files in the
controller. This situation can occur when an application needs to be updated, but the data that is
relevant to the installation must remain intact.

This capability is referred to as Data File Download Protection. The protection feature operates
when:

»  AUser Program is downloaded via programming software.
«  AUser Program is downloaded from a Memory Module.

Set Download File Protection

Download File Protection can be applied to the following data file types:
«  Output(0)

« Input(l)
+ Binary (B)
o Timer(T)

+  Counter (C)

« Control (R)

« Integer (N)

+  Floating Point (F)

«  String (ST)

«  ASCII(A)

« Long Word (L)

«  Proportional Integral Derivative (PD)
+  Message (MG)

+  Programmable Limit Switch (PLS)
«  Routing Information (RI)

«  Extended Routing Information (RIX)
«  Recipe (Series B only)

The data in the Status File cannot be protected.
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Static File Protection

User Program Transfer Requirements

Data File Download Protection only operates when the following conditions are met during a User
Program or Memory Module download to the controller:

« The controller contains protected data files.

« The program being downloaded has the same number of protected data files as the
program currently in the controller.

« Al protected data file numbers, types, and sizes (number of elements) currently in the
controller exactly match that of the program being downloaded to the controller.

Figure 8 - Data File Properties

Data Fila Prapariion &=

Giereral

Fier 7
Ten M
Hres [IHTEGER
Deac "
pm— Laet 7D
v

. I Skip ' teen Dbt Lrnoed Masarny
Access the Download Data File Protect

feature using RSLogix 500/RSLogix EENE

Micro programming software.

For each data file you want protected,

check the Memory Module/Download Frudestnn

item within the protection box in the r T ~ Mo

Data File Properties screen as shown in _>~ Hireroty Mokl { Diowriond [ 'wich Vi iz [ LED) Exft Disable
this illustration. To access this screen, [ ] e | o o F

right-click the desired data file.

If all of these conditions are met, the controller does not write over any data file in the controller
that is configured as Download Protected when a program is downloaded from a memory module
or programming software.

If any of these conditions are not met, the entire User Program is transferred to the controller.
Additionally, if the program in the controller contains protected files, the Data Protection Lost
indicator (S:36/10) is set to indicate that protected data has been lost. For example, a control
program with protected files is transferred to the controller. The original program did not have
protected files or the files did not match. The data protection lost indicator (S:36/10) is then set. The
data protection lost indicator represents that the protected files within the controller have had
values that are downloaded and you may need to reconfigure the user application.

The controller does not clear the Data Protection Lost indicator. You must
manually clear this bit.

When a data file is Static File Protected, the values that are contained in it cannot be changed via
communications, except during a program download to the controller.

Static File Protection with Data File Download Protection

You can use Static File Protection and Data File Download Protection in combination with
MicroLogix 1400 controller Series A and higher.
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Set Static File Protection

You can apply Static File Protection to the following data file types:
«  Output (0)

« Input(l)

« Status (S)
 Binary (B)
o Timer(T)

+  Counter (C)

« Control (R)

« Integer (N)

+  Floating Point (F)

«  String (ST)

«  ASCII(A)

« Long Word (L)

«  Proportional Integral Derivative (PD)
+  Message (MG)

+  Programmable Limit Switch (PLS)
«  Routing Information (RI)

«  Extended Routing Information (RIX)

Access the Static File Protect feature using RSLogix 500/RSLogix Micro programming software. For
each data file you want protected, select the Static protection in the Data File Properties screen as
shown in Figure 9. To access this screen, right-click the desired data file.

Figure 9 - Data File Properties
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Program Password
Protection

You can restrict programming software access to MicroLogix programs and controllers through
password protection. Each controller program may contain two passwords, the Password and the
Master Password. The Master Password is ignored unless a Password has also been configured.
The Master Password takes precedence over the Password. That way, all controllers on an
assembly line, for instance, can each have a different Password, but have the same Master
Password, allowing access to all controllers for supervisory or maintenance purposes.

MicroLogix 1400 controllers also have a third password, the Subroutine Protection Password. You
can configure this password to restrict viewing of selected ladder files.

IMPORTANT  From RSLogix 500/Micro software version 8.40 onwards, these passwords
may optionally be encrypted so that as they are transmitted between the
controller and computers running RSLogix 500/Micro software, someone
with physical access to the network where communications is occurring
over is not able to "sniff" the network and capture the passwords. Even so,
do not solely rely on password protection to help prevent unintended
changes to the program and data table. See other sections in this chapter
for additional steps that you may be able to take with your specific
MicroLogix controller to help prevent unintended changes.

By default, no passwords are configured in the controller. You can create, change, or delete a
password in the Controller Properties dialog box. Unencrypted passwords consist of up to 10
numeric characters (0...9). Encrypted passwords contain at least one non-numeric character.

Tl | Compien Plrvssontehy | Coriniier [ s

Hanbo P e}

©pveram Porepcwr Vi sams

| ey

Once you create a Password and download it into the controller, anytime you attempt to open that
offline file or go online with that controller, you are prompted to provide either the Password or the
Master Password before the software proceeds.

Authenticate Password x|

Onling Proc Mame - UNTITLED

Enter Password or M aster Password

ak. I Cancel | Help |

If you lose or forget a password, there is no way to bypass the password to recover the program.
The only option is to clear the controller's memory.

|If a memory module is installed, the user program has the "Load Always" functionality that is
enabled and the user program is password protected, then the controller compares the passwords
before transferring the user program from the memory module to the controller. If the passwords
do not match, the user program is not transferred and the Program Mismatch bit (S:5/9) is set.

If a password is lost or forgotten, there is no way to bypass the password to
recover the program. The only option is to clear the controller memory. See
Clear the Controller Memory on page 41.
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Program Password Protection for Series B
(Enhanced Password Security)
If a password is lost or forgotten, there is no way to bypass the password to

recover the program. The only option is to clear the controller memory. See
Clear the Controller Memory on page 41.

RSLogix 500 version 11.00.00 or higher access to MicroLogix 1400 Series B (Enhanced Password
Security) programs and controllers can be restricted through online password protection. Each
Series B (Enhanced Password Security) program contains one password that can be set/changed/
cleared when the user program is online with the controller.

IMPORTANT  Master Password is not available in Series B (Enhanced Password Security)
programs. LCD configuration changes are protected by a separate LCD
password. For more information on LCD Password Setup, see
MicroLogix 1400 Programmable Controllers User Manual, publication 1766-
uMaO1.

Series B (Enhanced Password Security) programs also have a second password, the Subroutine
Protection Password similar to Series A and Series B program. This password can be set, changed,
or cleared offline or when the program is online with the controller. This password can be
configured to restrict the viewing of selected ladder files whether online or offline.

By default, no passwords are configured in the controller. You can create, change, or delete a
password in the Controller properties dialog box. The length of the Password should be 8...32 and it
can contain the combination of integers (0...9), alphabets (upper and lower cases) and symbols
(valid symbols are "~!@#S$%"&X()-_=+[{T}\\|;:'\".<.>/?). The length of the Subroutine Protection
Password should be 1...8 characters. It must contain at least one letter (upper or lower case) and
can contain integers.

Controler Propertes '- e i

Gl | Compiler  Fonawerdh | Cortroer Commuracatiors |

Subwontire Protecton Paigwond

Y

L Careal ] ] Fasipy

IMPORTANT  From RSLogix 500 application version 11 onwards, these passwords are
always encrypted so that as they are transmitted between the controller
and PCs running the RSLogix 500 application, someone with physical
access to the network where communications is occurring is not able to
"sniff" the network and capture the passwords. Even so, password
protection should not be solely relied upon to help prevent unintended
changes to the program and data table. See other sections in this chapter
for additional steps that you may be able to take with your specific
MicroLogix controller to help prevent unintended changes.

Once a Password has been created and downloaded into the controller, any attempt to download,
upload, or go online to, from or with that controller, prompts for the Password before the software
proceeds.
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Clear the Controller Memory

i 5
Authenticate Password [&J

Online Proc Mame - UNTITLED

Enter Pazsword

——

QK | Cancel | Help |

If you forget or lose a password there is no way to bypass the password prompt to download,
upload, or go online to, from or with that controller.

IMPORTANT  If the controller is password protected and programming software is
authenticated by the controller and communication has started:

« Another instance of programming software on a different host machine
cannot access the same controller.

« Another instance of programming software on the same host machine but
through different channels cannot access the same controller

« Another instance of programming software on the same host machine
through the same channel can access the same controller

If a memory module is installed, the user program has the "Load Always" functionality enabled or
the program is loaded from the memory module using the RSLogix 500 application or LCD and the
controller is password protected, then the controller compares the passwords before transferring
the user program from the memory module to the controller. If the passwords do not match, the
user program is not transferred and the Program Mismatch bit (S:5/9) is set.

IMPORTANT  If the controller is password protected, the program can be transferred
from Memory Module (MM) to controller only when both controller and MM
have "Series A or B" programs or both have "Series B (Enhanced Password
Security)" programs.

IMPORTANT A memory module containing a Series B (Enhanced Password Security)
program is compatible with firmware revision 21.00 or higher.

If you are locked out because you do not have the password for the controller, you can clear the
controller memory and download a new User Program.

For controllers with firmware revision 14.00 and earlier, you can clear the memory when the
programming software prompts you for a System or Master Password to go online with the
controller. To do so:

1. Enter 65257636 (the telephone keypad equivalent of MLCLRMEM, MicroLogix Clear Memory).

2. When the Programming Software detects this number has been entered, it asks if you want
to clear the memory in the controller.

3. Ifyou reply “yes" to this prompt, the programming software instructs the controller to clear
Program memory.
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Allow Future Access Setting
(OEM Lock)

Web View Disable

The controller supports a feature that allows you to select if future access to the User Program
should be allowed or disallowed after it has been transferred to the controller.

The Allow Future Access setting is found in the Controller Properties dialog as shown.

Controller Properiies Fl

Gensrsl Comysder | Passwoeds | Controber C pierit

¥ Allow Fuhan Access

i Corrcel ] ] Hicke: ]

When Allow Future Access is deselected, the controller requires that the User Program in the
controller is the same as the one in the programming device. If the programming device does not
have a matching copy of the User Program, access to the User Program in the controller is denied.
To access the User Program, clear controller memory and reload the program.

Functions such as change mode, clear memory, restore program, and transfer
memory module are allowed regardless of this selection.

Controller passwords are not associated with the Allow Future Access setting.

IMPORTANT  The Clear Controller Memory feature is not supported from firmware
revision 15.00 onwards.

This allows selective disabling individual Data Files from Web View.

Using the RSLogix 500/RSLogix Micro software V8.10 and higher, you can disable individual data
files from being viewed via any web browser by selecting the data file's properties page and
checking the Web View Disable checkbox as shown. Any data file property changes must be made
offline and downloaded to the processor.
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LCD Edit Disable

This allows selective protection of individual Data Files on the LCD. Using RSLogix 500/RSLogix
Micro VV8.10 and higher, select the data file's properties page and check the LCD Edit Disable
checkbox as shown. Any data file property changes must be made offline and downloaded to the

processor.
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Notes:
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Chapter 3

Overview

Function File Types

Function Files

This chapter describes the controller function files.

Function Files are one of the three primary file structures within the MicroLogix 1400 controller
(Program Files and Data Files are the others). Function Files provide an efficient and logical
interface to controller resources. Controller resources are resident (permanent) features such as
the real-time clock and high-speed counter. The features are available to the control program
through either instructions that are dedicated to a specific function file, or via standard instructions
such as MOV and ADD.

File Name File Identifier |File Description
o This file type is associated with the high-speed counter function. See Using the High-speed Counter and
High-Speed Counter HSC Programmable Limit Switch on page 73 for more information.
. This file type is associated with the Pulse Train Output Instruction. See Pulse Train Outputs (PTOX) Function File on
Extended Pulse Train Output PTOX age 98 for more information.
o . This file type is associated with the pulse-width modulation instruction. See Pulse-width Modulation (PWMX)
Extended Pulse-width Modulation PWHX Function File on page 108 for more information.
. This file type is associated with the Selectable Timed Interrupt function. See Use the Selectable Timed Interrupt (STi)
Selectable Timed Interrupt st Function File on page 213 for more information.
This file type is associated with the Event Input Interrupt instruction. See Use the Event Input Interrupt (Ell) Function
Event Input Interrupt Ell File on page 217 for more information.
" This file type is associated with the real-time clock (time of day) function. See Real-time Clock Function File on
Real-time clock RTC page 46 for more information.
. This file type contains information about the Memory Module. See Memory Module Information Function File on
Memory Module Information MMI age 48 for more information.
. This file type contains information about the controller's hardware. See Base Hardware Information Function File on
Base Hardware Information BHI age 50 for the file structure.
Communications Status File for Channel 0 | CSO This file type contains information about the Communications with the controller. See Communications Status File
Communications Status File for Channel 2 |CS2 on page 50 for the file structure.
1/0 Status File 105 This file type contains information about the controller I/0. See Input/output Status File on page 66 for the file
structure.
Ethernet Status File for Channel 1 EST The file type contains information about the Ethernet Communications with the controller.
LCD Information File LCD This file type is associated with the LCD screen, keypads, and trimpot.
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Real-time Clock
Function File

Table 12 - Real-time Clock Function File

The real-time clock provides year, month, day of month, day of week, hour, minute, and second
information to the real-time clock (RTC) Function File in the controller.

Table 12 shows the real-time clock parameters and their valid ranges.

Feature Address Data Format Range Type User Program Access
YR - RTC Year RTC:0.YR Word 1998...2097 Status Read/write
MON - RTC Month RTC:0.MON Word 1.12 Status Read/write
DAY - RTC Day of Month RTC:0.DAY Word 1..31 Status Read/write
HR - RTC Hours RTC:0.HR Word 0...23 (military time) Status Read/write
MIN - RTC Minutes RTC:0.MIN Word 0..59 Status Read/write
SEC - RTC Seconds RTC:0.SEC Word 0..59 Status Read/write
DOW - RTC Day of Week RTC:0.DOW Word 0...6 (Sunday to Saturday) Status Read-only
DS - Disabled RTC:0/DS Binary Oorl Status Read-only
BL - RTC Battery Low RTC:0/BL Binary Oor1 Status Read-only

46

Write Data to the Real-time Clock

You can change the RTC settings in the user program, with a write MSG instruction from another
MicroLogix controller, or with the programming software.

Use the Copy Word (CPW) instruction to adjust the RTC settings within the ladder logic as follows
Figure 10 - Adjust RTC Settings

—CPW
— Copy Word

Sonrce HHT0
Diest HRTCOYE
Length ]

IMPORTANT A Major fault (44 h) is generated if any of the data being written to the RTC
function file is invalid. For example, setting the Seconds to 61 or setting the

Day of Month to 32.
An example write MSG from another MicroLogix controller to synchronize their RTCs is shown here:
: ST
This Condolsi Control Bits
Choret [fimngal ] g d Beveeel ot (100 [11]
Commamicaton Commend: [SO0CP wiis ] ,
Diats Tatie mdders: [RICD | Autiieg Bussntion [Tw} [0]
= o= Ence ERL [0]
Toaegeet Diorvicm Migasarge done (DN [0 |
Hazzagn Tirmid | [5 | Mesrage Tianamirg (5T} [0]
Dt Tabio Ackbess: [RTLC0 ] Mesesge Enabled fHE [0 ]
Local Hode Add fdeck [0
Local / Flemcte : [Locel |
Ence
Engr CodefMext O
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The programming screen displays.
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When valid data is sent to the real-time clock from the programming device or another controller,
the new values take effect immediately. In RSLogix 500/RSLogix Micro, select Set Date & Time in the
RTC Function File screen to set the RTC time to the current time on your PC.

The real-time clock does not allow you to load or store invalid date or time data.
Use the Disable Clock button in your programming device to disable the real-

time clock before storing a module. This decreases the drain on the battery
during storage.

Real-time Clock Accuracy

The following table indicates the expected accuracy of the real-time clock for various
temperatures.

Table 13 - Real-time Clock Accuracy at Various Temperatures

Ambient Temperature Accuracy®

0°C (+32 °F) -13...-121 seconds/month
+25 °C (+77 °F) b4...-b4 seconds/month
+40 °C (+104 °F) 29...-78 seconds/month
+B5 °C (+131°F) -43...-150 seconds/month

(1) These numbers are worst case values over a 31-day month.

RTC Battery Operation

The real-time clock uses the same replaceable battery that the controller uses. The RTC Function
File features a battery low indicator bit (RTC:0/BL), which shows the status of the replacement
battery. When the battery is low, the indicator bit is set (1). This means that the battery wire
connector could be disconnected or if the battery is connected, the battery may be ready to fail in
the next two weeks. In the latter case, the replacement battery must be replaced with a new one.
When the battery low indicator bit is clear (0), the battery level is acceptable.

ATTENTION: Operating with a low battery indication for more than 14 days may
result in invalid RTC data if power is removed from the controller.
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RTA - Real-time Clock Adjust  instruction Type: Output

Instruction

RTA

| Real Time Clock Adjust

Memory Module Information

Function File

48

Execution Time for the RTA Instruction

When Rung Is:
Controller

True False
MicroLogix 1400 999.8510 ps 0.4090 ps

The RTA instruction is used to synchronize the controllers real-time clock (RTC) with an external
source. The RTA instruction adjusts the RTC to the nearest minute. The RTA instruction adjusts the
RTC based on the value of the RTC Seconds as described.

IMPORTANT  The RTA instruction will only change the RTC when the RTA rung is
evaluated true, after it was previously false (false-to-true transition). The
RTA instruction has no effect if the rung is always true or false.

RTA is set:
« |fRTC Seconds are less than 30, then RTC Seconds is reset to 0.

« I RTC Seconds are greater than or equal to 30, then the RTC Minutes are incremented by 1
and RTC Seconds are reset to 0.

The following conditions cause the RTA instruction to have no effect on the RTC data:
« RICis disabled.

« Anexternal (via communications) message to the RTC is in progress when the RTA
instruction is executed - External communications to the RTC takes precedence over the
RTA instruction.

To reactivate the RTA instruction, the RTA rung must become false, and then true.

« There is only one internal storage bit allocated in the system for this instruction.
Do not use more than one RTA instruction in your program.

« You can also use a MSG instruction to write RTC data from one controller to
another to synchronize time. To send (write) RTC data, use RTC:0 as the source
and the destination.

The controller has a Memory Module Information (MMI) file that is updated with data from the
attached memory module. At power-up or on detection of a memory module being inserted, the
catalog number, series, revision, and type are identified and written to the MM file in the user
program. If a memory module is not attached, zeros are written to the MM file.

The memory module function file programming screen displays.
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Table 14 shows the parameters and their valid ranges.

Table 14 - MMI Function File Parameters

Feature Address Data Format Type /LiiggsPsrogram
FT - Functionality Type MMI:0.FT Word (INT) Status Read-only
MP - Module Present MMI:0/MP Binary (bit) Status Read-only
WP - Write Protect MMI:0/WP Binary (bit) Control Read-only
FO - Fault Override MMI:0/FO Binary (bit) Control Read-only
LPC - Program Compare MMI:0/LPC Binary (bit) Control Read-only
LE - Load On Error MMI:0/LE Binary (bit) Control Read-only
LA - Load Always MMI:0/LA Binary (bit) Control Read-only
MB - Mode Behavior MMI:0/MB Binary (bit) Control Read-only

FT - Functionality Type

The LSB of this word identifies the type of module installed:
« 1=Memory Module (MM1)

MP - Module Present

Use the MP (Module Present) bit in the user program to determine when a memory module is
present on the controller. This bit updates once per scan, provided the controller first recognizes
the memory module. For the controller to recognize the memory module, you must install it before
power-up or when the controller is in a non-executing mode. If a memory module is installed when
the controller is in an executing mode, it is not recognized. If a recognized memory module is
removed during an executing mode, this bit is cleared (0) at the end of the next ladder scan.

WP - Write Protect

When the WP (Write Protect) bit is set (1), the module is write-protected and the user program and
data within the memory module cannot be overwritten

IMPORTANT  Once the WP bit is set (1), it cannot be cleared. Only set this bit if you want
the contents of the memory module to become permanent.

FO - Fault Override

The FO (Fault Override) bit represents the status of the fault override setting of the program that is
stored in the memory module. It enables you to determine the value of the FO bit without actually
loading the program from the memory module.

IMPORTANT  The memory module fault override selection in the Memory Module
Information (MMI) file does not determine the controller’s operation. It
merely displays the setting of the user program's Fault Override bit (S:1/8)
in the memory module.

See Fault Override At Power-Up on page 386 for more information.
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Base Hardware Information
Function File

Communications Status File

LPC - Load Program Compare

The LPC (Load Program Compare) bit shows the status of the load program compare selection in
the memory module’s user program status file. It enables you to determine the value without
actually loading the user program from the memory module.

See Memory Module Program Compare on page 388 for more information.

LE - Load on Error

The LE (Load on Error) bit represents the status of the load on error setting in the program that is
stored in the memory module. It enables you to determine the value of the selection without
actually loading the user program from the memory module.

See Load Memory Module On Error Or Default Program on page 386 for more information.

LA - Load Always

The LA (Load Always) bit represents the status of the load always setting in the program that is
stored in the memory module. It enables you to determine the value of the selection without
actually loading the user program from the memory module.

See Load Memory Module Always on page 386 for more information.

MB - Mode Behavior

The MB (Mode Behavior) bit represents the status of the mode behavior setting in the program that
is stored in the memory module. It enables you to determine the value of the selection without
actually loading the user program from the memory module.

See Power-Up Mode Behavior on page 386 for more information.

The base hardware information (BHI) file is a read-only file that contains a description of the
MicroLogix 1400 controller.

Base Hardware Information Function File (BHI)

Address Description

BHI:0.CN CN - Catalog Number
BHI:0.SRS SRS - Series

BHI:0.REV REV - Revision
BHI:0.FT FT - Functionality Type

The Communications Status (CS) File is a read-only file that contains information on how the
controller communication parameters are configured and status information on communications
activity.

The communications status file uses:

Table 15 - Communications Status File Size

Controller Number of Word Elements
MicroLogix 1400 T11-word elements

There are three Communications Status Files for each communications port. Communications
Status File CS0 and CS2 correspond to Channel 0 and Channel 2 on the controller. Ethernet
Communications Status File ES corresponds to Channel 1on the controller.

You can use the Communications Status File information as a troubleshooting
tool for communications issues.
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Table 16 shows the data file structure.

Table 16 - Communications Status File

Word Description Applies to Controller Details on Page
0.5 General Channel Status Block MicroLogix 1400 51

6...22 DLL Diagnostic Counters Block MicroLogix 1400 52

23..42 DLL Active Node Table Block MicroLogix 1400 60

words 43...70 when using DF! full-duplex, DF1 Half-duplex, DH-485, or ASCI:

43 End of List Category Identifier Code (always 0) MicroLogix 1400 -

43..70 Reserved MicroLogix 1400 --

words 43...70 when using Modbus RTU Slave, Master, or DF1 Half-duplex Master:

43..69 Modbus Slave Diagnostic Counters Block MicroLogix 1400 56

70 End of List Category Identifier Code (always 0) MicroLogix 1400 --

The following tables show the details of each block in the Communications Status File.

General Status Block of Communications Status File

General Channel Status Block

Word

Bit

Description

0

Communications Channel General Status Information Category Identifier Code

Length

Format Code

1
2
3

Communications Configuration Error Code

ICP - Incoming Command Pending Bit
This bit is set (1) when the controller determines that another device has requested
information from this controller. Once the request has been satisfied, the bit is cleared (0).

MRP - Incoming Message Reply Pending Bit

This bit is set (1) when the controller determines that another device has supplied the
information requested by a MSG instruction executed by this controller. When the appropriate
MSG instruction is serviced (during end-of-scan, SVC, or REF), this bit is cleared (0).

MCP - Outgoing Message Command Pending Bit
This bit is set (1) when the controller has one or more MSG instructions enabled and in the
communication queue. This bit is cleared (0) when the queue is empty.

SSB - Selection Status Bit
This bit indicates that the controller is in the System Mode. It is always set.

CAB - Communications Active Bit
This bit is set (1) when at least one other device is on the DH-485 network. If no other devices
are on the network, this bit is cleared (0).

Reserved

Communications Toggle push button Communications Defaults Active. This bit is set (1)
whenever Channel 0 is in the default communications mode. The bit is cleared (0) when
Channel O is in user configured communications made.

0.7

Node Address - This byte value contains the node address of your controller on the network.

8..15

Baud Rate - This byte value contains the communication rate of the controller on the network.

Diagnostic Counter Block of Communications Status File

With RSLogix 500/RSLogix Micro version 8.10.00 and later, formatted displays of the diagnostic
counters for each configured channel are available under Channel Status. These displays include a
Clear button that allows you to reset the diagnostic counters while monitoring them online with the
programming software.

Selecting Clear while online monitoring Channel Status of any channel resets the
channel status diagnostic counters for all three channels to zero.
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52

Diagnostic Counter Blocks are shown for:

For Diagnostic Counter Block Table: Page
DH-485 52
DF1 full-duplex 52
DF1 Half-duplex Slave 53
DF1 Half-duplex Master 54
DF1 Radio Modem 55
Modbus RTU Slave 55
Modbus RTU Master 57
ASCII 58
DNP3 59

DH-485 Diagnostic Counters Block

Word Bit Description
6 - Diagnostic Counters Category Identifier Code (always 2)
7 - Length (always 30)
8 - Format Code (always 0)
9 - Total Message Packets Received
10 - Total Message Packets Sent
- 0..7 Message Packet Retries
8.15 Retry Limit Exceeded (Non-Delivery)
0 0.7 NAK - No Memories Sent
8..15 NAK - No Memories Received
3 0.7 Total Bad Message Packets Received
8..15 Reserved
14..22 - Reserved

1 Channel 5lalus
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D'H-485
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Pl aead FAE (Mo Memay] =
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Atien Nodes:
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Mestages Received = [T Toisl Dad Packet; Rsceived = [

Do |

] I 0
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DF1 Full-duplex Diagnostic Counters Block

Word Bit Description
6 - Diagnostic Counters Category |dentifier Code (always 2)
7 - Length (always 30)
8 - Format Code (always 1)
0 CTS
1 RTS
9 2 Reserved
3 Reserved
4.5 Reserved
10 - Total Message Packets Sent
1 - Total Message Packets Received
12 - Undelivered Message Packets
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DF1 Full-duplex Diagnostic Counters Block (Continued)

Word Bit Description

13 - ENQuiry Packets Sent

14 - NAK Packets Received

15 - ENQuiry Packets Received

16 - Bad Message Packets Received and NAKed
17 - No Buffer Space and NAK'ed

18 - Duplicate Message Packets Received
19..22 - Reserved

= Channel 5tatus

Chanel 0 | Channel 1 | Charnel 2 |
DF Full Dugles
Meszages Sent = [N Undebvered Mesages = [0
Mrzzages FRacersnd = [1) Dupkesin Meazages Fecered » [0
ENGs Recersd = [ ENls Set = [
Lack of Memony'Sert HAK = [f) Do Pacist Sent HAK = |
Hecerved MAE = )
lcaforn Lirees ATS CTS DD
nrr arr DT
Ll |

DF1 Half-duplex Slave Diagnostic Counters Block

Word Bit Description
6 - Diagnostic Counters Category Identifier Code (always 2)
7 - Length (always 30)
8 - Format Code (always 2)
0 CTS
1 RTS
9 2 Reserved
3 Reserved
4.15 Reserved
10 - Total Message Packets Sent
1 - Total Message Packets Received
12 - Undelivered Message Packets
13 - Message Packets Retried
14 - NAK Packets Received
15 - Polls Received
16 - Bad Message Packets Received
17 - No Buffer Space
18 - Duplicate Message Packets Received
19..22 - Reserved
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=1 Channel Status

Charnel 0 lChanneI‘I ] Channel 2

Meszzages Sent =

Messages Received =

[
b ]
Polls Received= [0 |
b ]
]

Received HAK =
Lack of Memary =

Modem Lines: RTS CTs (S]]

LClear

DF1 Half Duplex Slave

Messages Retried =

L]
Undelivered Messages = E
]
b 1]

Duplicate Meszages Received =
Bad Packets Received =

Table 17 - DF1 Half-duplex Master Diagnostic Counters Block

Word Bit Description
6 - Diagnostic Counters Category Identifier Code (always 2)
7 - Length (always 30)
8 - Format Code (always 3)
0 CTS
1 RTS
9 2 Reserved
3 Reserved
4.5 Reserved
10 - Total Message Packets Sent
1 - Total Message Packets Received
12 - Undelivered Message Packets
13 - Message Packets Retried
14 - Reserved
15 - Polls Sent
16 - Bad Message Packets Received
17 - No Buffer Space, Received Packet Dropped
18 - Duplicate Message Packets Received
19 - Last Normal Poll List Scan
20 - Max Normal Poll List Scan
2 - Last Priority Poll List Scan
22 - Max Priarity Pall List Scan
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=1 Channel Status

Charnel 0 lChanneI‘I ] Channel 2

DF1 Half Duplex Master

Messages Sent = [T Meszages Retied = [
Messages Received = [ Undelivered Messages = |0
Pallz Sent = |ig Duplicate Messages Received = |

Lack of memorny = (g Bad Packets Received = |0

Last Marmal Pall List Scan [100ms] = E Max Mormal Pall List Scan [100ms] = E
Last Priority Pl List § zan [100ms) = E tax Priority Poll List Scan [100ms) = E

Maodem Lines: RTS CTs DCD
Clear

Table 18 - DF! Radio Modem Diagnostic Counters Block

Word Bit Description
6 - Diagnostic Counters Category Identifier Code (always 2)
7 - Length (always 30)
8 - Format Code (always 1)
0 CTS
1 RTS
9 2 Reserved
3 Reserved
4.5 Reserved
10 - Total Message Packets Sent
1 - Total Message Packets Received
12 - Undelivered Message Packets
13..15 - Reserved
16 - Bad Message Packets Received
17 - No Buffer Space, Received Packet Dropped
18 - Duplicate Message Packets Received
19..22 - Reserved

= Channel Status

Channel 0 l Channel 1 | Channel 2 |
DF1 Radio Modem

Messages Sent = _ Undelivered Messages = E
Messages Received = E Duplicate Messages Received = E

Lack of Mem/Pkt Dropped = E Bad Packets Received = E

Modem Lines: RTS CTS DCD

Clear

Table 19 - Modbus RTU Slave Diagnostic Counters Block (Datalink Layer)

Word Bit Description

6 - Diagnostic Counters Category Identifier Code (always 2)
7 - Length (always 30)

8 - Format Code (always 4)
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Table 19 - Modbus RTU Slave Diagnostic Counters Block (Datalink Layer) (Continued)

Word Bit Description

0 CTS

1 RTS
9 2 Reserved

3 Reserved

4.5 Reserved
10 - Total Message Packets Sent
1 - Total Message Packets Received for This Slave
12 - Total Message Packets Received
13 - Link Layer Error Count
14 - Link Layer Error Code
15...22 - Reserved
Table 20 - Modbus RTU Slave Diagnostic Counters Block (Presentation Layer)
Word Bit Description
43 - Diagnostic Counters Category Identifier Code (always 10)
b - Length (always 14)
45 - Format Code (always 0)
46 - Pre-Send Time Delay
i 0.7 Node Address

8..15 Reserved
48 - Inter-Character Timeout
49 - RTS Send Delay
50 - RTS Off Delay

0.7 Baud Rate
51 8and9 Parity

10..15 Reserved
52 - Diagnostic Counters Category Identifier Code (always 6)
53 - Length (always 32)
b4 - Format Code (always 0)
55 - Presentation Layer Error Code
56 - Presentation Layer Error Count
57 - Execution Function Error Code
58 - Last Transmitted Exception Code
59 - Data File Number of Error Request
60 - Element Number of Error Request
61 - Function Code 1 Message Counter
62 - Function Code 2 Message Counter
63 - Function Code 3 Message Counter
64 - Function Code 4 Message Counter
65 - Function Code 5 Message Counter
66 - Function Code 6 Message Counter
67 - Function Code 8 Message Counter
68 - Function Code 15 Message Counter
69 - Function Code 16 Message Counter
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=1 Channel Status

Charnel 0 lChanneI‘I ] Channel 2

Modbus RTU Slave

Messages Sent = E Messages Received This Slave = E

Messages Received = E

Link Layer Errar Count = E
Link LayerEnorCode= [0 |

Modem Lines: RTS CTs (S]]

Table 21 - Modbus RTU Master Diagnostic Counters Block (Datalink Layer)

Word Bit Description
6 - Diagnostic Counters Category |dentifier Code (always 2)
7 - Length (always 30)
8 - Format Code (always 9)
0 CTS
1 RTS
9 2 Reserved
3 Reserved
4.5 Reserved
10 - Total Message Packets Sent
n - Reserved
12 - Total Message Packets Received
13 - Link Layer Error Count
14 - Link Layer Error Code
15...22 - Reserved

Table 22 - Modbus RTU Master Diagnostic Counters Block (Presentation Layer)

Word Bit Description

52 - Diagnostic Counters Category Identifier Code (always 6)
53 - Length (always 32)

b4 - Format Code (always 0)

55 - ERR 1: lllegal Function

56 - Last Device Reporting ERR 1

57 - ERR 2: lllegal Data Address

58 - Last Device Reporting ERR 2

59 - ERR 3: lllegal Data Value

60 - Last Device Reporting ERR 3

61 - ERR 4: Slave Device Failure

62 - ERR 5: Acknowledge

63 - ERR 6: Slave Device Busy

64 - ERR 7: Negative Acknowledgment

65 - ERR 8: Memory Parity Error

66 - Non-Standard Response

67 - Last Device Reporting ERR 4 to ERR 8 or Non-Standard Response
68 and 69 - Reserved (always 0)
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=1 Channel Status

Channel 0 EhannelD-EHt] Chanriel 1 ] Charinel 2]

Modbus RTU Master

Messages Sent = E

Messages Received= [0 |

Modemn Lines: RTS CT5

=1 Channel Status

Channel 0

Eror Code 1 Counter =
Last Device Reporting Errar Code 1 =
Eror Code 2 Counter =
Last Device Reporting Errar Code 2 =
Error Code 3 Counter =
Last Device Reporting Error Code 3 =

Link Layer Emor Count= [0 |
Link Layer Error Code = D

Channel 1 | Channel 2 ]

[T

CEX

Eror Code 4 Counter =
Error Code 5 Counter =
Errar Code & Counter =
Errar Code 7 Counter =
Errar Code 8 Counter =
Mon-Standard Rezponze Counter =

Last Device Reporting Ermar Code 4-8 or Mon-Standard Respongse =

LClear

EEX

L1
]
LI
b
]

a
a

Table 23 - ASCII Diagnostic Counters Block

Word Bit Description
) - DLL Diagnostic Counters Category Identifier code (always 2)
7 - Length (always 30)
8 - Format Code (always 5)
0 CTS
1 RTS
9 2 Reserved
3 Reserved
4.5 Reserved
0 0 Software Handshaking Status
1.5 Reserved
1 - Echo Character Count
12 - Received Character Count
13..18 - Reserved
19 - Bad Character Count
20...22 - Reserved
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= Channel Status

Channel 0 l Channel 1 | Channel 2 |
Generic ASCI

Echao Character Count = E Transmitter = [ENAELED)

Character Count Received =

b ]
Bad Character Count= [0 |

Modem Lines: RTS CTS DCD

Table 24 - DNP3 Slave Diagnostic Counters Block (Datalink Layer)

Word Bit Description
6 - DLL Diagnostic Counters Category Identifier code (2)
1 - Length: 30 (15 words to follow including format code)
8 - Counters Format Code: 11 - DNP3 Slave
5.4 Reserved Modem Control Line States - Always zero
3 Channel 0 - DCD
Channel 2 - DCD
9 2 Reserved Modem Control Line States - Always zero
1 RTS
0 CTS
10 0 Total Message Packets Sent
1 - Total Message Packets Received for this node
12 - Total Packets Observed
13 - Undelivered Message Packets
14 - Message Packets Retried
15 - NAK Packets Received
16 - Link Layer Error Count
17 - Link Layer Error Code
18 - Reserved - Always zero
19 - Reserved - Always zero
20 - Reserved - Always zero
21 - Reserved - Always zero
22 - Reserved - Always zero
Channel Status |E||E”E|

Channel 0 ] Charnel 0 - Ext] Chatnel 1 ] Channel 2]
DMP3 Slave

Messages Sent = D Messages Received This Mode = D
Messages Observed= [0 | MAK Messages Received [0 |
Undelivered Mezsages = D Link Layer Error Count = D
Messages Retried = D Link Layer Errar Code = D

Modem Lines: RTS CTS DCD

oo ]
Clear
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Table 25 - DNP3 Slave Diagnostic Counters Block (Application Layer)

Word Bit Description
52 - PL Diagnostic Counters Category |dentifier Code (6))
53 - Length: 32 (16 words to follow including format code)
54 - Category Block Format Code - 2
55 - Application Layer Error Code
56 - Application Layer Error Count
57 - Function Code that caused the last error
58 - Last Transmitted IIN in the response
59 - Data File Number of Error Request
60 - Element Number of Error Request
61 - Received Confirm Function Code Counter
62 - Received Read Function Code Counter
63 - Received Write Function Code Counter
64 - Received Etc Function Code Counter
65 - Transmitted Solicited Response Function Code Counter
66 - Transmitted Unsolicited Response Function Code Counter
67 - Number of events to be reported
68 - Transport layer error code
69 - Transport layer error count
Channel Status EHE

Channel

Channel 1| Channel 1 - Modbus TCP | Channel 2 |
DNFP3 Slave Application Layer

Application Layer Ermor Code = D Received Confirm FC Counter = D
Application Layer Enor Count = [0 | Received Read FC Counter= [0 |
FClastenar=[0____| Receivedwiite FCCounter= [0 |

Last Tranz [IMN in response = D Recerved Etc FC Counter = D

Data file Mum last enor request= [0 | Trans Solicited Res FC Counter= [0 |
Data element Mum last emor request = D Trans Unzolicited Res FC Counter = D

Tranzport Layer Ermor Code = D Mumber of events to be reported = D

Transport Layer Evor Count= [0 | FC : Function Code

Fes : Responze Trans : Transmitted

Active Node Table Block of Communications Status File

Table 26 - Active Node Table Block

Word Description
23 Active Node Table Category Identifier Code (always 3)
Length:
2% « always 4 for DH-485
« always 18 for DF1 Half-duplex Master
« always 0 for DF1 full-duplex, DF1 Half-duplex Slave, Modbus RTU Slave, Modbus RTU Master, ASCII, and DNP3 Slave
25 Format Code (always 0)
Number of Nodes:
2% « always 32 for DH-485
« always 255 for DF1 Half-duplex Master
« always 0 for DF1 full-duplex, DF1 Half-duplex Slave, Modbus RTU Slave, Modbus RTU Master, ASCII, and DNP3 Slave
Active Node Table (DH-485 and DF1 Half-duplex Master) - Nodes 0...15
97 (CS0:27/is node 1, CS0:27/2 is node 2, and so on)
This is a bit-mapped register that displays the status of each node on the network. If a bit is set (1), the corresponding node is active on the network. If a bit is
clear (0), the corresponding node is inactive.
28 Active Node Table (DH-485 and DF1 Half-duplex Master) - Nodes 16...31
(CS0:28/1is node 16, CS0:28/2 is node 17, and so on)
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Table 26 - Active Node Table Block (Continued)

Word Description

2 Active Node Table (DF1 Half-duplex Master) - Nodes 32...47
(CS0:29/1is node 32, CS0:29/2 is node 33, and so on)

1 Active Node Table (DF1 Half-duplex Master) - Nodes 240...255

(CS0:42/1is node 240, CS0:42/2 is node 241, and so on)

g Ethernet Communications
Status File

In RSLogix 500/RSLogix Micro version 8.10.00 or higher, view the active node table via “Processor
Status”, and select the tab for the configured channel.

= Data File 52

== BTATUS

Mode 0

192 OO00- G000~ 000~ 00 o000
T8 RN~ CREROREN— ENENEAN— H0ED  WNIEIHD

Man | Pioc | Seon Times | Mot | Chan [ ChBHods: | Dobug |

DF1 Helf Duples Master Active Hode Table

[rlrlnlr]
rERrirlelr]

[rBrlrlrle]

rERrirlelr]
Ve DGO
O OO0 G
Ooon

rieiele]
rieiele]
rieiele]
rieiele]
oooo
oooo
oooo
LRLRLRLR]

oD
oD
oD
oD
oo
oo
oo
(RLR]

- 55

Enmuz | Protection | Mer 2| ®

52

1 coprs b |

Wzage |

Fache [Stuchwsd =)
Hek |

the controller Ethernet communication parameters are configured and status information on
Ethernet communications activity.

The Ethernet communications status file uses 178 1-word elements.

You can use the Ethernet Communications Status File information as a
troubleshooting tool for Ethernet communications issues.

The data file is structured as:

Table 27 - Communications Status File

The Ethernet Communications Status (ES1) File is a read-only file that contains information on how

Word Description Applies to Controller Page
0.19 General Channel Status Block MicroLogix 1400 51
120..176 DLL Diagnostic Counters Block MicroLogix 1400 52
177 End of List Category Identifier Code (always 0) MicroLogix 1400 60

The following tables show the details of each block in the Ethernet Communications Status File.

General Status Block of Ethernet Communications Status File

Table 28 - General Channel Status Block

Word Bit Description

0 - Communications Channel General Status Information Category Identifier Code (1)
1 - Length: 236

2 - Format Code

3 - Communications Configuration Error Code
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Table 28 - General Channel Status Block (Continued)

Word Bit Description
ICP - Incoming Command Pending Bit
0 This bit is set (1) when the controller determines that another device has requested information from this controller. Once the request has been
satisfied, the bit is cleared (0).
MRP - Incoming Message Reply Pending Bit
1 This bit is set (1) when the controller determines that anather device has supplied the information requested by a MSG instruction executed by this
controller. When the appropriate MSG instruction is serviced (during end-of-scan, SVC, or REF), this bit is cleared (0).
MCP - Outgoing Message Command Pending Bit
2 This bit is set (1) when the controller has one or more MSG instructions enabled and in the communication queue. This bit is cleared (0) when the
queue is empty.
3.4 Reserved - Always zero
5 SNMP Server Status
This bit is set (1) when the SNMP server is enabled. The cleared bit (0) means that the SNMP server is disabled.
6 HTTP Server Status
This bit is set (1) when the internal web server is enabled. The cleared bit (0) means that the internal web server is disabled.
b ] SMTP Client Status
This bit is set (1) when the SMTP client (for email) is enabled. The cleared bit (0) means that the SMTP client is disabled.
?éé]r?e sh) Reserved - Always zero
8.1 R d-Al
(Series B) eserved - Always zero
12 Modbus TCP Status
(Series B This bit is set (1) when the Modbus TCP Server/Client feature is enabled. The cleared bit (0) means that the Modbus TCP Server/Client is disabled.
13 DNP3 over IP Status
(Series B This bit is set (1) when the DNP3 over IP feature is enabled. The cleared bit (0) means that the DNP3 over IP feature is disabled.
ggeries B Reserved - Always zero
15 Disable EtherNet/IP™ Incoming Connection Status
(Series B This bit is set (1) when the Ethernet/IP Incoming connection is not allowed. The cleared bit (0) means that the Incoming connection is allowed.
0 Ethernet Port Link Status
This bit is set (1) when the Ethernet link is active.
Ethernet Port Connection Speed
This bit is valid when the Auto Negotiation function is enabled.
1 This bit indicates the speed of the link layer driver operating at Ethernet port:
« 0:10 Mbps
« 1:100 Mbps
5 2 Reserved - Always zero
Duplex Mode
This bit is valid when the Auto Negotiation function is enabled.
3 This bit indicates the duplex mode of the Ethernet port:
« 0: Half-duplex
« 1: Full-duplex
4 Auto Negotiate Status

This bit is set (1) when the Auto Negotiation function is enabled.

62
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Table 28 - General Channel Status Block (Continued)

Word

Bit

Description

5

Forced Speed Mode Status
This bit set (1) when the Auto Negotiation function is disabled and the Ethernet port speed is 100 Mbps.

Forced Duplex Mode Status
This bit set (1) when the Auto Negotiation function is disabled and the Ethernet port's duplex mode is full-duplex.

Reserved - Always zero

BOOTP Valid Flag (Default: 0, False)
This bit is set (1) when the appropriate BOOTP response has been received. If BOOTP Enable Flag in Ethernet Port Communications Configuration
File is set (1, Yes) and this flag is cleared (0, False), then network-related information is invalid.

DHCP Valid Flag (Default: 0, False)
This bit is set (1) when the appropriate DHCP response has been received. If DHCP Enable Flag in Ethernet Port Communications Configuration File
is set (1, Yes) and this flag is cleared (0, False), then network-related information is invalid.

10

BOOTP Status Flag
This bit is set (1) if BOOTP is selected as configuration method.

1

DHCP Status Flag
This bit is set (1) if DHCP is selected as configuration method.

12

Advertise 100 MB full-duplex Flag

This bit indicates advertisement status if Auto negotiate enabled:

« (0:100 MB full-duplex was not advertised during auto negotiation.
« 1:100 MB full-duplex was advertised during auto negotiation.

13

Advertise 100 MB Half-duplex Flag

This bit indicates advertisement status if Auto negotiate enabled:

« 0:100 MB Half-duplex was not advertised during auto negotiation.
« 1:100 MB Half-duplex was advertised during auto negotiation.

14

Advertise 10 MB full-duplex Flag

This bit indicates advertisement status if Auto negotiate enabled:
« 0:10 MB full-duplex was not advertised during auto negotiation.
« 1:10 MB full-duplex was advertised during auto negotiation.

15

Configuration End Flag
This bit is set (1) when the Ethernet boot-up sequence is completed, including IP address, gateway address, subnet mask and so on.

6...8

Ethernet Hardware Address (6-byte string).
A unique Ethernet hardware address that is assigned to this processor.

9.10

IP-address (in network byte order)
Internet address that is specified for this processor.

.12

Subnet Mask (in network byte order)
Subnet mask that is specified for this processor.

13..14

Gateway Address (in network byte order)
Gateway address that is specified for this processor.

15..16

Broadcast Address (in network byte order)
NOT SUPPORTED AT THIS TIME. The Broadcast Address is used to send multicast messages. A Broadcast Address of all zeros indicates that no
broadcast address was configured. In this case, the network code chooses a valid broadcast address when needed for that current subnet.

17.08

Primary Name Server(in network byte order)
Primary Name Server that is specified for this processor.

19..20

Secondary Name Server(in network byte order)
Secondary Name Server that is specified for this processor.

21..52

Default Domain Name
Default domain name that is specified for this processor.

53...84

SNMP Contact
Contact string that is specified for this processor.

85...116

SNMP Location
Location string that is specified for this processor.

7

Message Connection Timeout
The amount of time (in ms) allowed for a MSG instruction to establish a connection with the destination node. The MSG Connection Timeout has a
range of 250 ms...65,500 ms.

18

Message Reply Timeout
The amount of time (in ms) that the MicroLogix 1400 controller waits for a reply to a command that it has initiated via a MSG instruction. The MSG
Reply Timeout has a range of 250 ms...65,500 ms.

19

Inactivity Timeout
The amount of time (in minutes) that a MSG connection may remain inactive before it is terminated. The Inactivity Timeout has a T minute resolution
and a range of 1...65,500 minutes.
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Diagnostic Counter Block of Communications Status File

With RSLogix 500/RSLogix Micro version 8.10.00 and later, formatted displays of the diagnostic
counters for Ethernet communications channel are available under Channel Status. These displays
include a Clear button that allows you to reset the diagnostic counters while monitoring them online
with the programming software.

Table 29 - Ethernet Diagnostic Counters Block

Word Bit Description

120 - DLL Diagnostic Counters Category |dentifier Code (always 2)
121 - Length: 110 (55 words to follow including format code)
122 - Counters Format Code: Ethernet (always 0)
123 Low word RMON Rx Octets

124 High word (RMON_R_OCTETS)

125 Low word RMON Tx Octets

126 High word (RMON_T_OCTETS)

127 Low word RMON Rx Packets

129 Low word RMON Tx Packets

130 High word (RMON_T_PACKETS)

131 Low word Frames Transmitted with Excessive Collisions
132 High word (IEEE_T_EXCOL)

133 Low word Frames Received with CRC Error

134 High word (IEEE_R_CRC)

135 Low word Frames Received with Alignment Error

136 High ward (IEEE_R_ALIGN)

137 Low word Count of frames not counted correctly

138 High word (RMON_T_DROP)

139 Low word Receive FIFO Overflow Count

140 High word (IEEE_R_MACERR)

141 Low word Frames transmitted with Tx FIFO Under-run
142 High word (IEEE_T_MACERR)

143 Low word Frames Transmitted with Single Collision

144 High word (IEEE_T_1COL)

145 Low word Frames Transmitted with Multiple Collisions
146 High word (IEEE_T_MCOL)

147 Low word Frames Transmitted with Deferral Delay

148 High word (IEEE_T_DEF)

149 Low word Frames Transmitted with Late Collisions

150 High word (EEE_T_LCOL)

151 Low word Frames Transmitted with Carrier Sense Errors
153 Low word RMON Tx Collision Count

194 High word (RMON_T_COL)
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Channed 1 [ Chareel T ]| Charnel 2|
Effreresl Gtabu IP Adceesr: 0O00
Ethesrat Addeeas (000 0000 00L00
Genesal | Commands | Repbes | Connections | Peer |

Fix Oeinds = WAL Aocoren Envis = [

TxOcisls = MAL Trardr Enis = |

Fix Packets = ﬁ Sirege Colisiong = )

I.IFMUII-E Muliple Colesons = |

']

(1]

Excnssive Colisions = ﬁ Drefiened Tranamizsion =

CAC Engis = E Late: Colisiong =

Algraecd Enoss = [ Clowrees S Enoe = [
Duopped Frames = F| T Coligion Counds = [

Clesr

Table 30 - Ethernet Diagnostic Counters Block

Word Bit Description
155 Low word
Total Commands Sent
156 High word
157 Low word .
Total Commands Received
168 High word s necely

1 Channel Slalus

Charnwd 1 Channel 1 | Chuarmei |

Cthemest Stabur P fuddiess. QL0000
Elbined Ackliess (0000000, 00.00

Germial [Commands || Fephes | Corrmetons | Pot |
et w
Fiecsived = [0 ]

o |

Table 31 - Ethernet Diagnostic Counters Block

Word Bit Description
Low word
}gg High word Total Replies Sent
161 Low word ) .
162 - Total Replies Received
High word
Low word
}gz High word Total Replies Sent with Error
Low word
}gg High word Total Replies Received with Error
L d
}% ?W i Total Replies Timed Out
High word
Low word
}sg High word Total Message Connections
Low word
};]2 High word Total Incoming Message Connections
L d
173 ?W wor Total Outgoing Message Connections
174 High word
Low word
};g High word Maximum Connections Allowed
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Input/output Status File

66

1 Channel Slalus

Channed (| Channed 1 | Chuanned 2 |

Crrvemet Statua IF fuddigws. 00000
Elbined Ackliess 0000000 00000
Lierenal | Conmands Wl Corrmctons | Pot |
el —
Rleeived = [0 |
derd wih e = |
Facaived with emar = |
Tared Ol = [

_ e |

+ Channel Stalus = (=]E3]

Channed 0 Channel 1 | Chanme 2|

Etkerast Stahi P Address: 00U0LD
Elhwred Addiess Q0000000 00:00

Genaial| Commands | Freghes | Corrmlins || poe |
T obsl Mescage Connmechons = |0

vy Mz g Dinsctuw: = [
Dugning Mezaags Connections = )
Weesrum Connechiorn Alowed )

_ e |

The last Port tab shows the current states of Ethernet communications port according to word 5 of
Ethernet Communications Status File.

~+ Channel Status

Charval 0 Chamel 1 | Charend 2
Efesret Slalus IP Ackchess: DUOLOD
Etherret Sddeess: (00000000 00,00
Genmesl | Conmands | Repbes | Coremtions [Pl |

Fusdiy Hegolishe Flatus: [Dipgtied | Lk Sbabus [ Qe 1
Poet Speed [ bbgs | SMMF Serves [Disabled |
Pt Duplecr [Hok Dugie | HTTF Server [Disabied |

Lles

The input/output status (I0S) file is a read-only file in the controller that contains information on the
status of the embedded and local expansion I/0. The data file is structured as:

Table 32 - Input/output Status File

Word  |Description
0 Embedded Module Error Code - Always zero

1.4 Expansion Module Error Code - The word number corresponds to the module’s slot number. See the 1/0
module’s documentation for specific information (MicroLogix 1400 controller).
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Instruction Set

Programming Instructions Overview

Table 33 shows the MicroLogix 1400 controller programming instructions that are listed within their

functional group.

Table 33 - Programming Instructions by Functional Group

Functional Group Description Page
- HSL, RAC — The high-speed counter instructions (along with the HSC function file)

High-speed Counter allow you to monitor and control the high-speed counter. Used with DC inputs. B
PTOX, PWMX — The high-speed output instructions (along with the PTOX and PWMX

High-speed Outputs function files) allow you to monitor and control the high-speed outputs. Used with %
FET outputs BXB and BXBA units).

. ! XIC, XI0, OTE, OTL, OTU, OSR, ONS, OSF — The relay-type (bit) instructions monitor
Relay-Type (Bi) and control the status of bits. 3
] TON, TOF, RTG, CTU, CTD, RES — The timer and counter instructions control

Timer and Counter operations based on time or the number of events. 9
EQU, NEQ, LES, LEQ, GRT, GEQ, MEQ, LIM — The compare instructions compare values

Compare by using a specific compare operation. 17
ADD, SUB, MUL, DIV, NEG, CLR, ABS, SOR, SCL, SCP, SWP, CPT, COS, ATN, ASN, ACS, SIN,

Math TAN, XPY, LN, LOG, DEG, RAD — The math instructions perform arithmetic 133
operations.

Application Specific RHC, RPC, TDF — The instructions help to calculate performance diagnostics. 159

Conversion DCD, ENC, TOD, FRD, GCD — The conversion instructions multiplex and de-multiplex 163
data and perform conversions between binary and decimal values.

Logical evli[r]ng XOR, NOT — The logical instructions perform bit-wise logical operations on m

Move MOV, MVM — The move instructions modify and move words. 175

File CPW, COP, FLL, BSL, BSR, FFL, FFU, LFL, LFU, SWP — The file instructions perform 179
operations on file data.
SOC, SO0, SOL — Sequencer instructions are used to control automatic assembly

Sequencer machines that have consistent and repeatable operations. 193
JMP, LBL, JSR, SBR, RET, SUS, TND, MCR, END — The program flow instructions

Program Control change the flow of ladder program execution. 19
[IM, IOM, REF — The input and output instructions allow you to update data

Input and Output selectively without waiting for the input and output scans. 203
STS, INT, UID, UIE, UIF — The user interrupt instructions allow you to interrupt your

User Interrupt program based on defined events. 207

Process Control PID — The process control instruction provides closed-loop control. oA

ASCI ABL, ACB, ACI, ACL, ACN, AEX, AHL, AIC, ARD, ARL, ASC, ASR, AWA, AWT — The ASCII 939
instructions convert and write ASCII strings.

Communications MSG, SVC — The communication instructions read or write data to anather station. 261

Recine RCP — The recipe instruction allows you to transfer a data set between the recipe 357

P database and a set of user-specified data table elements.
. DLG — The data logging instruction allows you to capture time-stamped and date-
Data Logging stamped data. 361
LCD LCD - The LCD instruction transfers data from a data file to the LCD and receives a 9

value from the LCD keypad.

(a)  The Memary Module Information Function File on page 48 follows the Real-time Clock Function File information.
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Use the Instruction
Descriptions

Throughout this manual, each instruction (or group of similar instructions) has a table similar to the
one shown. Table 34 provides information for all sub-elements (or components) of an instruction or
group of instructions. This table identifies the type of compatible address that can be used for each
sub-element of an instruction or group of instructions in a data file or function file. The definitions
of the terms that are used in these tables are listed after the table.

Table 34 - Valid Addressing Modes and File Types - Example Table

. _— Address |Address
Data Files Function Files _IMode®  [Level
=< wn 3
Parameter § E oo °
o o=l |_ = SI=|218|=|8 2|5
- = > _ |t Sl = Tl e
< = o|S12|182(8|18 === 28| 1|2 E| 25| =| S| 5|8
o|l_|unla|—=zlu|B|l<| | E|E|2| 2| 2|E|5|E| 5| =|9|8|e|al E|5| £|5|=|S|m
Source A o |o |o |o |o |o |o |0 |0 oo | fo| [o [o [o |o |o |o |o o |o o |6 |o o | o |
Source B o |o |o o |o |0 |o | . . o |o |o |0 o |eo o |o |o o |eo
Destination o |o |o |o |o |o |0 |0 |0 |0 |0 . o |o |o |o |o . .

(1) See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.

The terms that are used in Table 34 are defined as follows:
«  Parameter - The parameter is the information that you supply to the instruction. It can be
an address, a value, or an instruction-specific parameter such as a time base.

« DataFiles - See Data Files on page 35.
o Function Files - See Function Files on page 45.

« (S - See Communications Status File on page 50.
o |0S - See Input/output Status File on page 66.

«  DLS - See Data Log Status File on page 367.
o Address Mode - See Addressing Modes on page 68.

« Addressing Level - Address levels describe the granularity at which an instruction allows an
operand to be used. For example, relay type instructions (XIC, XI0, and so on) must be
programmed to the bit level, timer instructions (TON, TOF, and so on) must be programmed
to the element level (timers have three words per element) and math instructions (ADD, SUB,
and so on) must be programmed to the word or long word level.

Addressing Modes

The MicroLogix 1400 controller supports three types of data addressing:
« Immediate
+  Direct
« Indirect

The MicroLogix 1400 controller does not support indexed addressing. Indexed addressing can be

duplicated with indirect addressing. See Example - Using Indirect Addressing to Duplicate Indexed

Addressing on page 71.

How or when each type is used depends on the instruction being programmed and the type of
elements that are specified within the operands of the instruction. By supporting these three
addressing methods, the MicroLogix 1400 controller allows incredible flexibility in how data can be
monitored or manipulated. Each of the addressing modes is described as follows:

68 Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023



Chapter 4 Programming Instructions Overview

Immediate Addressing

Immediate addressing is primarily used to assign numeric constants within instructions. For
example: You require a 10 second timer, so you program a timer with a 1second time base and a
preset value of 10. The numbers 1and 10 in this example are both forms of immediate addressing.

Direct Addressing

When you use direct addressing, you define a specific data location within the controller. Any data
location that is supported by the elements of an operand within the instruction being programmed
can be used. The following example illustrates a limit instruction, where:

«  Low Limit = Numeric value (-32,768...+32,767) entered from the programming software.
« TestValue = LCD:0.POTO - The current position/value of trimpot 0.
«  High Limit = N7:17 - The data resident in Integer file 7, element 17.

The Test Value (LCD:0.POTO) and High Limit (N7:17) are direct addressing examples. The Low Limit
is immediate addressing.

Indirect Addressing

Indirect addressing allows you to use components within the address as pointers to other data
locations within the controller. This functionality is useful for certain types of applications, recipe
management, batch processing, and many others. Indirect addressing can also be difficult to
understand and troubleshoot. Only use indirect addressing when the application being developed
requires it.

The MicroLogix 1400 controller supports indirection (indirect addressing) for Files, Words, and Bits.
To define which components of an address are to be indirected, a closed bracket “[ ]" is used. The
following figures show how to use indirect addressing.

Figure 11 - Indirect Addressing of a Word

B3:.0 ADD
0000 1 E Add

0 Source A N7:[N10:1]
0<

Source B 1234
1234<

Dest N11:33
0<

+  Address: N7:[N10:1].

«  Description: In this example, the element number to be used for source A in the ADD
instruction is defined by the number that is in N10:1. If the value of location N10:1=15, the
ADD instruction operates as “N7:15 + Source B".

« Inthis example, the element that is specified by N10:1 must be from 0 to 255, because all
data files have a maximum individual size of 256 elements.

If a number larger than the number of elements in the data file is placed in
N10:1 (in this example), data integrity cannot be guaranteed, because a file
boundary is crossed. This may not generate a controller fault, but the data
location is invalid/unknown.

Figure 12 - Indirect Addressing of a File

LIM B3:0 cop
0001 — Limit Test 1 E Copy File —

Low Lim 10 0 Source  #N[N50:100]:10
10< Dest #N7:0

Test N50:100 Length 15
10<

High Lim 25
25<
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+  Address: N[N50:100]:10.

«  Description: In this example, the source of the COP instruction is indirected by N50:100. The
data in N50:100 defines the data file number to be used in the instruction. In this example,
the copy instruction source A is defined by N[N50:100]:10. When the instruction is scanned,
the data in N50:100 is used to define the data file to be used for the COP instruction. If the
value of location N50:100 = 27, this instruction copies 15 elements of data from N27:10
(N27:10 to N27:24) to N7:0 (N7:0 to N7:14).

« |f a number larger than 255 is placed in N50:100 in this example, a controller
fault occurs. This is because the controller has a maximum of 255 data files. In
addition, the file that is defined by the indirection should match the file type that
is defined by the instruction, in this example an integer file.

« This example also illustrates how to perform a limit check on the indirect
address. The limit instruction at the beginning of the rung is monitoring the
indirect element. If the data at N50:100 is less than 10 or greater than 25, the
copy instruction is not processed. This procedure can be used to make sure
that an indirect address does not access data an unintended location.

Figure 13 - Indirect Addressing of Bit

B3:0 B3:0 ‘
0002 1 E D
[B25:0] 10
0003 CEND

«  Address: B3/[B25:0].

«  Description: In this example, the element to be used for the indirection is B25:0. The data in
B25:0 defines the bit within file B3. If the value of location B25:0 = 1017, the XIC instruction is
processed using B3/1017.

If a number larger than 4096 (or larger than the number of elements in the data
file) is placed in B25:0 in this example, data integrity cannot be guaranteed. If
you exceed the number of elements in the data file, the file boundary is
crossed.

These are some of the examples that can be used; others include:
«  File and Element Indirection: N[N10:0]:[N25:0]
«  Input Slot Indirection: 1:[N7:0].0

Each group of instructions may or may not allow indirection. Review the compatibility table for
each instruction to determine which elements within an instruction support indirection.

IMPORTANT  You must exercise extreme care when using indirect addressing. Always be
aware of the possibility of crossing file boundaries or pointing to data that
was not intended to be used.
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Example - Using Indirect Addressing to Duplicate Indexed Addressing

In this section, an indexed addressing example is shown first. Then an equivalent indirect
addressing example is shown. Indexed addressing is supported by SLC™ 500 and MicroLogix 1000
programmable controllers. The MicroLogix 1100, 1200, 1400, and 1500 do not support indexed
addressing. This example is shown for comparison purposes.

Indexed Addressing Example

The following ADD instruction uses an indexed address in the Source A and destination addresses.
If the indexed offset value is 20 (stored in S:24), the controller uses the data stored at the base
address plus the indexed offset to perform the operation.

Indexed ADD Working ADD

Addresses Add — Addresses —— Add —
Source A #NT:0 Source A N7:20
Source B 25 Source B 25
Dest #N15:0 Dest N15:20

In this example, the controller uses the following addresses:

Operand Base Address Offset Value in S:24 Working Address

Source A N7:0 20 N7:20

Destination N15:0 20 N15:20

Indirect Addressing Example

An equivalent example using indirect addressing is shown. You can designate any other valid word
address as the indirect address, instead of using the index register, S:24. You can use multiple
indirect addresses within an instruction.

The following ADD instruction uses an indirect address in the Source A and destination addresses.
If the indirect offset value is 20 (stored in N7:3), the controller uses the data stored at the base
address plus the indirect offset to perform to instruction.

Indirect ADD Working ADD

Addresses Add — Addresses — Add —
Source A N7:[N7:3] Source A N7:20
Source B 25 Source B 25
Dest N15:[N7:3] Dest N15:20

In this example, the controller uses the following addresses:

Operand Base Address Offset Value in N7:3 Working Address

Source A N7:0 20 N7:20

Destination N7:0 20 N15:20
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Notes:

72 Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023



Chapter 5

High-speed Counter
Overview

Programmable Limit Switch
Overview

High-speed Counter (HSC)
Function File

Using the High-speed Counter and Programmable
Limit Switch

All MicroLogix 1400 controllers, except the 1766-L32AWA and 1766_L32AWAA controllers, have six
100 kHz high-speed counters. There are three main high-speed counters (counter 0, 1, 2) and three
sub high speed counters (counter 3, 4, 5). Each main high-speed counter has four dedicated inputs
and each sub high-speed counter has two dedicated inputs. HSCO uses inputs 0...3, HSC1 uses
inputs 4...7, HSC2 uses inputs 8...11, HSC3 uses inputs 2 and 3, HSC4 uses inputs 6 and 7 and HSC5
uses inputs 10 and 11. In some cases, a sub counter is disabled by master counter mode. See the

section HSC Mode (MOD) on page 82.

._5;_:' HSCO is used in this document to define how any HSC works.

IMPORTANT  The HSC function can only be used with the controller's embedded I/0. It
cannot be used with expansion I/0 modules.

The Programmable Limit Switch function allows you to configure the high-speed counter to operate
as a PLS (programmable limit switch) or rotary cam switch. See Programmable Limit Switch (PLS)
File on page 90 for more information.

Within the Using RSLogix 500/RSLogix Micro Function File Folder, you see an HSC Function File. This
file provides access to HSC configuration data, and also allows the control program access to all
information pertaining to the high-speed counter.

= I the controller is in the Run mode, the data within sub-element fields may be
. ¥ changing.

=1 Function Files
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The HSC function, along with the PTOX and PWMX instructions, are different than most other
controller instructions. Their operation is performed by custom circuitry that runs in parallel with
the main system processor. This is necessary because of the high-performance requirements of
these functions.

The HSC is versatile; the user can select or configure the master HSC for any one of 10 modes and
the sub HSC for any one of 5 modes of operation. Operating Modes are discussed later in this
chapter. See HSC Mode (MOD) on page 82. Some of the enhanced capabilities of the high-speed
counters are:

100 kHz operation

«  High-speed direct control of outputs

- 32-bit signed integer data (count range of + 2,147483,647)

«  Programmable High and Low presets, and Overflow and Underflow setpoints
«  Automatic Interrupt processing based on accumulated count

«  Run-time editable parameters (from the user control program)

The high-speed counter function operates as described in the following diagram.

Overflow —— <+ *2147483,647 maximum
High Preset —J—

0—

V‘w

Low Preset —Y
7y

Underflow —Y -2,147483,648 minimum

High-speed Counter The HSC is composed of 36 sub-elements. These sub-elements are either bit, word, or long word
i i _ structures that are used to provide control over the HSC function, or provide HSC status information
Function File Sub-elements for use within the control program. Each of the sub-elements and their respective functions are
Summary described in this chapter. A summary of the sub-elements is provided in the following table. All
examples illustrate HSCO.

Table 35 - High-speed Counter Function File (HSC:0, HSC:1, HSC:2, HSC3, HSC4, or HSC5)

Sub-element Description  |Address Data Format ll\-lﬂi((:ies(l) Function nggggogram Page
PFN - Program File Number  |HSC:0.PFN Word (INT) 0.9 Control | Read-only 75
ER - Error Code HSC:0.ER Word (INT) 0.9 Status  |Read-only 75
E%gu‘iﬁfg Interrupt HSCOUN | Bit 0.9 Status | Read-only 7
UIE - User Interrupt Enable  [HSC:0/UIE Bit 0.9 Control  |Read/write 71
UIL - User Interrupt Lost HSC:0/UIL Bit 0.9 Status  |Read/write 78
UIP - User Interrupt Pending |HSC:0/UIP Bit 0.9 Status  [Read-only 78
FE - Function Enabled HSC:0/FE Bit 0.9 Control  |Read/write 76
AS - Auto Start HSC:0/AS Bit 0.9 Control  |Read-only 76
ED - Error Detected HSC:0/ED Bit 0.9 Status  [Read-only 76
CE - Counting Enabled HSC:0/CE Bit 0.9 Control  |Read/write 76
SP - Set Parameters HSC:0/SP Bit 0.9 Control  |Read/write 77
LPM - Low Preset Mask HSC:0/LPM Bit 2.9 Control  |Read/write 8
HPM - High Preset Mask HSC:0/HPM Bit 0.9 Control  |Read/write 79
UFM - Underflow Mask HSC:0/UFM Bit 2.9 Control  |Read/write 80
OFM - Overflow Mask HSC:0/0FM Bit 0.9 Control  |Read/write 80
LPI - Low Preset Interrupt ~ |HSC:0/LPI Bit 2.9 Status  |Read/write 78
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HSC Function File Sub-
elements

Table 35 - High-speed Counter Function File (HSC:0, HSC:1, HSC:2, HSC3, HSC4, or HSC5) (Continued)

Sub-element Description  [Address Data Format rlli((:jes(l) Function E\(s;zg;’;ogram Page
HP!I - High Preset Interrupt | HSC:0/HPI Bit 0.9 Status  |Read/write 7
UF1 - Underflow Interrupt HSC:0/UFI Bit 2.9 Status  |Read/write 80
OFI - Overflow Interrupt HSC:0/0F! Bit 0.9 Status  |Read/write 81
LPR - Low Preset Reached ~ |HSC:0/LPR Bit 2.9 Status  [Read-only 7
HPR - High Preset Reached | HSC:0/HPR Bit 2.9 Status  |Read-only 7
DIR - Count Direction HSC:0/DIR Bit 0.9 Status  [Read-only 81
UF - Underflow HSC:0/UF Bit 0.9 Status  |Read/write 7
OF - Overflow HSC:0/0F Bit 0.9 Status | Read/write 80
MD - Mode Done HSC:0/MD Bit Oorl Status  |Read/write 81
CD - Count Down HSC:0/CD Bit 2.9 Status  [Read-only 81
CU - Count Up HSC:0/CU Bit 0.9 Status  |Read-only 81
MOD - HSC Mode HSC:0.M0D Word (INT) 0.9 Control  Read-only 82
ACC - Accumulator HSC:0.ACC {_302n_%i\tNloNr% 0.9 Control  |Read/write 86
HIP - High Preset HSC:0.HIP é%”_%fgfﬁ% 0.9 Control | Read/write 87
LOP - Low Preset HSCOLOP  [D1NNG 2.9 Control | Read/write 87
OVF - Overflow HSC:0.0VF {‘30;_%]\:"0,\{% 0.9 Control  |Read/write 87
UNF - Underfiow HSCOUNF |t 1.9 Control  |Read/write 87
OMB - Output Mask Bits | HSC:0.0MB }Q’gf&t sinary) |09 Control  |Read-only 88
HPO - High Preset Output HSC:0.HPO }qlgrtit binary) .9 Control  |Read/write 88
LPO - Low Preset Output | HSC:0.LPO }Q’gf&t sinary) |29 Control | Read/write 89
(1) For Mode descriptions, see HSC Made (MOD) on page 82.

All examples illustrate HSCO.

Program File Number (PFN)

Description Address  |DataFormat |HSC Modes®) |Type User Program Access
PFN - Program File Number |HSC:0.PFN  {Word (INT) 0.9 Control  |Read-only

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The PFN (Program File Number) variable defines which subroutine is called (executed) when HSCO
counts to High Preset or Low Preset, or through Overflow or Underflow. The integer value of this
variable defines which program file runs at that time. A valid subroutine file is any program file

(3...255).
Error Code (ER)
Description Address  |Data Format HSC Modes® Type |User Program Access
ER - Error Code HSC:0.ER  |Word (INT) 0.9 Status |Read-only
(1) For Mode descriptions, see HSC Made (MOD) on page 82.
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The ERs (Error Codes) detected by the HSC subsystem are displayed in this word as shown in
Table 36.

Table 36 - HSC Error Codes

ErrorCode  [Name Mode® Description

- Interrupt (program) file identified in HSC:0.PFN is less than 3,
! Invalid File Number | N/A greater than 255, or does not exist
2 Invalid Mode N/A Invalid Mode®
3 Invald High Preset 01 H?gh preset is less than or equal to zero

2.9 High preset is less than or equal to low preset

4 Invalid Overflow 0.9 High preset is greater than overflow
5 Invalid Underflow 2.9 Low preset is less than underflow

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

Function Enabled (FE)
Description Address |Data Format HSC Modes® Type |User Program Access
FE - Function Enabled HSC:0/FE  |Bit 0.9 Control | Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The FE (Function Enabled) is a status/control bit that defines when the HSC interrupt is enabled, and
that interrupts generated by the HSC are processed based on their priority.

This bit can be controlled by the user program or is automatically set by the HSC subsystem if auto
start is enabled.

See also:Priority of User Interrupts on page 208.

Auto Start (AS)
Description Address  |Data Format HSC Modes® Type |User Program Access
AS - Auto Start HSC:0/AS  |Bit 0.9 Control |Read-only

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The AS (Auto Start) is configured with the programming device and stored as part of the user
program. The auto start bit defines if the HSC function automatically starts whenever the controller
enters any run or test mode. The CE (Counting Enabled) bit must also be set to enable the HSC.

Error Detected (ED)

Description Address  |Data Format HSC Modes® | Type  |User Program Access
ED - Error Detected HSC:0/ED  |Bit 0.9 Status  |Read-only
(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The ED (Error Detected) flag is a status bit that can be used in the control program to detect if an
error is present in the HSC subsystem. The most common type of error that this bit represents is a
configuration error. When this bit is set (1), you should review the specific error code in parameter
HSC:0.ER.

This bit is maintained by the controller and is set and cleared automatically.
Counting Enabled (CE)

Description Address  |Data Format HSC Modes®  |Type |User Program Access

CE - Counting Enabled HSC:0/CE  |Bit 0.9 Control |Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The CE (Counting Enabled) control bit is used to enable or disable the high-speed counter. When set
(1), counting is enabled, when clear (0, default) counting is disabled. If this bit is disabled while the
counter is running, the accumulated value is held; if the bit is then set, counting resumes.
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This bit can be controlled by the user program and retains its value through a power cycle. This bit
must be set for the high-speed counter to operate.

Set Parameters (SP)

Description Address Data Format HSC Modes®  [Type  |User Program Access
SP - Set Parameters HSC:0/SP Bit 0.9 Control |Read/write
(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The SP (Set Parameters) control bit is used to load new variables to the HSC subsystem. When an
OTE instruction with the address of HSC:0/SP is solved true (off-to-on rung transition), all
configuration variables that are currently stored in the HSC function are checked and loaded into
the HSC subsystem. The HSC subsystem then operates based on those newly loaded settings.

This bit is controlled by the user program and retains its value through a power cycle. It is up to the
user program to set and clear this bit. SP can be toggled while the HSC is running and no counts are
lost.

User Interrupt Enable (UIE)

Description Address Data Format  |HSC Modes® [Type |User Program Access
UIE - User Interrupt Enable [HSC:0/UIE  |Bit 0.9 Control |Read/write
(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The UIE (User Interrupt Enable) bit is used to enable or disable HSC subroutine processing. This bit
must be set (1) if the user wants the controller to process the HSC subroutine when any of the
following conditions exist:

« Low preset reached.

« High preset reached.

«  Qverflow condition - Count up through the overflow value.

« Underflow condition - Count down through the underflow value.

If this bit is cleared (0), the HSC subsystem does not automatically scan the HSC subroutine. This bit
can be controlled from the user program (using the OTE, UIE, or UID instructions).

UIE, this instruction must be the last instruction executed on the rung (last
instruction on last branch). It is recommended this be the only output instruction

f ATTENTION: If you enable interrupts during the program scan via an OTL, OTE, or
on the rung.

User Interrupt Executing (UIX)

Description Address DataFormat  |HSC Modes®  [Type |User Program Access
UIX - User Interrupt Executing [HSC:0/UIX  |Bit 0.9 Status  |Read-only
(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The UIX (User Interrupt Executing) bit is set (1) whenever the HSC subsystem begins processing the
HSC subroutine due to any of the following conditions:

« Low preset reached.

« High preset reached.

«  Qverflow condition - Count up through the overflow value.

« Underflow condition - Count down through the underflow value.

The HSC UIX bit can be used in the control program as conditional logic to detect if an HSC interrupt
is executing.

The HSC subsystem clears (0) the UIX bit when the controller completes its processing of the HSC
subroutine.
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User Interrupt Pending (UIP)

Description Address Data Format  |HSC Modes® | Type User Program Access
UIP - User Interrupt . . )
Pending HSC:0/UIP Bit 0.9 Status  |Read-only

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The UIP (User Interrupt Pending) is a status flag that represents an interrupt is pending. This status
bit can be monitored or used for logic purposes in the control program if you need to determine
when a subroutine cannot be executed immediately.

This bit is maintained by the controller and is set and cleared automatically.

User Interrupt Lost (UIL)

Description Address Data Format HSC Modes® Type  |User Program Access
UIL - User ) . .
Interrupt Lost HSC:0/UIL Bit 0.9 Status | Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The UIL (User Interrupt Lost) is a status flag that represents an interrupt has been lost. The
controller can process 1active and maintain up to two pending user interrupt conditions.

This bit is set by the controller. It is up to the control program to use, track if necessary, and clear
the lost condition.

Low Preset Mask (LPM)
Description Address Data Format HSC Modes® Type User Program Access
o Low Preset | yse.g/pm |Bi 2.9 Control | Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The LPM (Low Preset Mask) control bit is used to enable (allow) or disable (not allow) a low preset
interrupt from occurring. If this bit is clear (0), and a Low Preset Reached condition is detected by
the HSC, the HSC user interrupt is not executed.

This bit is controlled by the user program and retains its value through a power cycle. It is up to the
user program to set and clear this bit.

Low Preset Interrupt (LPI)

Description Address Data Format HSC Modes® Type User Program Access
LPI - Low Preset ) . .
Interrupt HSC:0/LPI Bit 2.9 Status  |Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The LPI (Low Preset Interrupt) status bit is set (1) when the HSC accumulator reaches the low preset
value and the HSC interrupt has been triggered. This bit can be used in the control program to
identify that the low preset condition caused the HSC interrupt. If the control program needs to
perform any specific control action based on the low preset, this bit would be used as conditional
logic.

This bit can be cleared (0) by the control program and is also be cleared by the HSC subsystem
whenever these conditions are detected:

« High Preset Interrupt executes.

«  Underflow Interrupt executes.

«  Overflow Interrupt executes.

«  Controller enters an executing mode.
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Low Preset Reached (LPR)

Description Address Data Format HSC Modes® Type  |User Program Access
bR~ LOWFTESEL e onpR | Bit 2.9 Status | Read-only

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The LPR (Low Preset Reached) status flag is set (1) by the HSC subsystem whenever the
accumulated value (HSC:0.ACC) is less than or equal to the low preset variable (HSC:0.LOP).

This bit is updated continuously by the HSC subsystem whenever the controller is in an executing

mode.

High Preset Mask (HPM)

Description Address Data Format HSC Modes() Type User Program Access
A Hoh  |Hscomem|Bi 0.9 Control | Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The HPM (High Preset Mask) control bit is used to enable (allow) or disable (not allow) a high preset
interrupt from occurring. If this bit is clear (0), and a High Preset Reached condition is detected by
the HSC, the HSC user interrupt is not executed.

This bit is controlled by the user program and retains its value through a power cycle. It is up to the
user program to set and clear this bit.

High Preset Interrupt (HPI)

Description Address Data Format HSC Modes® Type  |User Program Access
HP!I - High Preset . . .
Interrupt HSC:0/HPI Bit 0.9 Status  [Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The HPI (High Preset Interrupt) status bit is set (1) when the HSC accumulator reaches the high
preset value and the HSC interrupt is triggered. This bit can be used in the control program to
identify that the high preset condition caused the HSC interrupt. If the control program needs to
perform any specific control action based on the high preset, this bit is used as conditional logic.

This bit can be cleared (0) by the control program and is also cleared by the HSC subsystem
whenever these conditions are detected:

«  Low Preset Interrupt executes.

« Underflow Interrupt executes.

«  Qverflow Interrupt executes.

«  Controller enters an executing mode.

High Preset Reached (HPR)

Description Address Data Format HSC Modes® |Type  |User Program Access
HPR - High Preset Reached [HSC:0/HPR |Bit 2.9 Status  [Read-only
(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The HPR (High Preset Reached) status flag is set (1) by the HSC subsystem whenever the
accumulated value (HSC:0.ACC) is greater than or equal to the high preset variable (HSC:0.HIP).

This bit is updated continuously by the HSC subsystem whenever the controller is in an executing

mode.

Underflow (UF)

Description Address Data Format HSC Modes® Type  |User Program Access
UF - Underflow HSC:0/UF Bit 0.9 Status  |Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023 79



Chapter 5

Using the High-speed Counter and Programmable Limit Switch

80

The UF (Underflow) status flag is set (1) by the HSC subsystem whenever the accumulated value
(HSC:0.ACC) has counted through the underflow variable (HSC:0.UNF).

This bit is transitional and is set by the HSC subsystem. It is up to the control program to utilize,
track if necessary, and clear (0) the underflow condition.

Underflow conditions do not generate a controller fault.

Underflow Mask (UFM)
Description Address Data Format HSC Modes® Type User Program Access
prh - Underfow | yse.opuem— |Bi 2.9 Control | Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The UFM (Underflow Mask) control bit is used to enable (allow) or disable (not allow) an underflow
interrupt from occurring. If this bit is clear (0), and an Underflow Reached condition is detected by
the HSC, the HSC user interrupt is not executed.

This bit is controlled by the user program and retains its value through a power cycle. It is up to the
user program to set and clear this bit.

Underflow Interrupt (UFI)

Description Address Data Format HSC Modes® Type  |User Program Access
UF! - Underflow . - .
Interrupt HSC:0/UFI Bit 2.9 Status | Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The UFI (Underflow Interrupt) status bit is set (1) when the HSC accumulator counts through the
underflow value and the HSC interrupt is triggered. This bit can be used in the control program to
identify that the underflow condition caused the HSC interrupt. If the control program needs to
perform any specific control action based on the underflow, this bit is used as conditional logic.

This bit can be cleared (0) by the control program and is also cleared by the HSC subsystem
whenever these conditions are detected:

«  Low Preset Interrupt executes.

« High Preset Interrupt executes.

«  Overflow Interrupt executes.

«  Controller enters an executing mode.

Overflow (OF)
Description Address Data Format HSC Modes® Type User Program Access
OF - Overflow HSC:0/0F Bit 0.9 Status | Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The OF (Overflow) status flag is set (1) by the HSC subsystem whenever the accumulated value
(HSC:0.ACC) has counted through the overflow variable (HSC:0.0F).

This bit is transitional and is set by the HSC subsystem. It is up to the control program to utilize,
track if necessary, and clear (0) the overflow condition.

Overflow conditions do not generate a controller fault.

Overflow Mask (OFM)
Description Address Data Format HSC Modes® Type User Program Access
o - Overfiow | ysc.oi0Fm | i 0.9 Control | Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.
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The OFM (Overflow Mask) control bit is used to enable (allow) or disable (not allow) an overflow
interrupt from occurring. If this bit is clear (0), and an overflow reached condition is detected by the
HSC, the HSC user interrupt is not executed.

This bit is controlled by the user program and retains its value through a power cycle. It is up to the
user program to set and clear this bit.

Overflow Interrupt (OFI)

Description Address Data Format HSC Modes® Type  |User Program Access
OF! - Overflow y . .
Interrupt HSC:0/0FI Bit 0.9 Status  |Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The OFI (Overflow Interrupt) status bit is set (1) when the HSC accumulator counts through the
overflow value and the HSC interrupt is triggered. This bit can be used in the control program to
identify that the overflow variable caused the HSC interrupt. If the control program needs to
perform any specific control action based on the overflow, this bit is used as conditional logic.

This bit can be cleared (0) by the control program and is also cleared by the HSC subsystem
whenever these conditions are detected:

«  Low Preset Interrupt executes.

« High Preset Interrupt executes.

« Underflow Interrupt executes.

«  Controller enters an executing mode.

Count Direction (DIR)

Description Address Data Format HSC Modes® Type  |User Program Access
DIR - Count . : -~

Direction HSC:0/DIR Bit 0.9 Status  |Read-only

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The DIR (Count Direction) status flag is controlled by the HSC subsystem. When the HSC
accumulator counts up, the direction flag is set (1). Whenever the HSC accumulator counts down,
the direction flag is cleared (0).

If the accumulated value stops, the direction bit retains its value. The only time the direction flag
changes is when the accumulated count reverses.

This bit is updated continuously by the HSC subsystem whenever the controller is in a Run mode.
Mode Done (MD)

Description

Address

Data Format

HSC Modes®

Type

User Program Access

MD - Mode Done

HSC:0/MD

Bit

Oorl

Status

Read/write

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The MD (Mode Done) status flag is set (1) by the HSC subsystem when the HSC is configured for Mode
0 or Mode 1 behavior, and the accumulator counts up to the High Preset.

Count Down (CD)
Description Address Data Format HSC Modes® Type |User Program Access
CD - Count Down HSC:0/CD  |Bit 2.9 Status | Read-only

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The CD (Count Down) bit is used with the bidirectional counters (modes 2...9). If the CE bit is set, the
CD bit is set (1). If the CE bit is clear, the CD bit is cleared (0).

Count Up (CV)
Description Address Data Format HSC Modes® Type  |User Program Access
CU - Count Up HSC:0/CU Bit 0.9 Status | Read-only
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Table 37 - HSC Input Assignments

(1) For Mode descriptions, see HSC Made (MOD) on page 82.

The CU (Count Up) bit is used with all of the HSCs (modes 0...9). If the CE bit is set, the CU bit is set
(1). If the CE bit is clear, the CU bit is cleared (0).

HSC Mode (MQD)
Description Address Data Format Type User Program Access
MOD - HSC Mode HSC:0.MOD Word (INT) Control Read-only

The MOD (Mode) variable sets the high-speed counter to one of 10 types of operation. This integer
value is configured through the programming device and is accessible in the control program as a
read-only variable.

HSCO's sub counter is HSC3, HSCT's sub counter is HSC4 and HSC2's sub counter is HSCh. Each set of
counters shares the input. Table 37 shows the dedicated inputs for the HSC depending on the
mode.

1:0.0/0 1:0.0/1 1:0.0/2 1:0.0/3 1:0.0/4 1:0.0/5 1:0.0/6 1:0.0/7 1:0.0/8 1:0.0/9 [:0.0/10  |1:0.0/11
HSC:0 A/C B/D Reset Hold
HSC:1 AIC B/D Reset Hold
HSC:2 A/C B/D Reset Hold
HSC:3 A/C B/D
HSC:4 A/C B/D
HSC:5 A/C B/D

Table 38 - HSC Operating Modes

Mode Number | Type

0 Up Counter - The accumulator is immediately cleared (0) when it reaches the high preset. A low
preset cannot be defined in this mode.

Up Counter with external reset and hold - The accumulator is immediately cleared (0) when it reaches
the high preset. A low preset cannat be defined in this mode.

_

Counter with external direction

Counter with external direction, reset, and hold

Two input counter (up and down)

Two input counter (up and down) with external reset and hold

Quadrature counter (phased inputs A and B)

Quadrature counter (phased inputs A and B) with external reset and hold

Quadrature X4 counter (phased inputs A and B)

Ol N oo S| NN

Quadrature X4 counter (phased inputs A and B) with external reset and hold

The main high-speed counters support 10 types of operation mode and the sub high-speed
counters support 5 types (mode 0, 2, 4, 6, 8). If the main high-speed counter is set to mode 1, 3, 5, 7
or 9, then belong the sub high-speed counter is disabled.

Table 39 - HSC Function Operating Modes & Input Assignments

Input 0 (HSC:0)  |Input 1 (HSC:0)
Input 4 (HSC:1) Input 5 (HSC:1) n . .
: . put 2 (HSC:0) Input 3 (HSC:0) .
Modes of Operation Input§ (HSC:2) - Input9 (HSC:2) I input 6 (sC:1) input 7 (HSC:1) Mode Value in
Input 2 (HSC:3) Input 3 (HSC:3) Input 10 (HSC:2) Input 11 (HSC-2) User Program
Input 6 (HSC:4)  |Input 7 (HSC:4) ) :
Input 10 (HSC:5) | Input 11 (HSC:5)
Counter with Internal Direction (mode 1a) Count Not Used Not Used Not Used 0
(Cn:l;r;tee;bv)\{gh Internal Direction, External Reset and Hold Count Not Used Reset Hold :
Counter with External Direction (mode 2a) ! Count Direction Not Used Not Used 2
Counter with External Direction, Reset, and Hold (mode 2b) | Count Direction Reset Hold 3
Two Input Counter (mode 3a) Count Up Count Down Not Used Not Used 4
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Table 39 - HSC Function Operating Modes & Input Assignments (Continued)

Input 0 (HSC:0)  |Input 1 (HSC:0)
Input 4 (HSC:1) Input 5 (HSC:1) . .
. Input 8 (HSC:2)  |Input 9 (HSC:2) Input 2 (HSCZO) Input 3 (HSC:O) Mode Value in
Modes of Operation : : Input 6 (HSC:1) Input 7 (HSC:1)
Input 2 (HSC:3) Input 3 (HSC:3) Input 10 (HSC:2) Input 1L (HSC:2) User Program
Input 6 (HSC:4)  |Input 7 (HSC:4) P : P :
Input 10 (HSC:5) | Input 11 (HSC:5)
Two Input Counter with External Reset and Hold (mode 3b) (2| Count Up Count Down Reset Hold 5
Quadrature Counter (mode 4a) 1) AType Input B Type Input Not Used Not Used 6
Quadrature Counter with External Reset and Hold (mode 4b) | Type Input B Type Input 7 Type Reset Hold 7
Quadrature X4 Counter (mode 5a) ! AType Input B Type Input Not Used Not Used 8
Quadrature X4 Counter with External Reset and Hold @ AType Input B Type Input Z Type Reset Hold 9
(1) HSC:3, HSC:4, and HSC:5 support mode 1a, 2a, 3a, 4a, and 5a only.
(2) Only valid for HSC:0, HSC:1, and HSC:2
HSC Mode 0 - Up Counter
HSC Mode 0 Examples
Input Terminals 1:0.0/0 (HSCO) 1:0.0/1 (HSCO) 1:0.0/2 (HSCO) 1:0.0/3 (HSCO) CE Bit Comments
Function Count Not Used Not Used Not Used
Example 1 N ON (1) HSC Accumulator + 1 count
Example 2 f [oN() (B |OFF(0) OFF(0)  |Hold accumulator value
Blank cells = Don't care, T = Rising edge, U = Falling edge
Inputs [1:0.0/0 through 11:0.0/11 are available for use as inputs to other functions
regardless of the HSC being used.
HSC Mode 1 - Up Counter with External Reset and Hold
HSC Mode 1 Examples
Input Terminals 1:0.0/0 (HSCO) 1:0.0/1 (HSCO) 1:0.0/2 (HSCO) 11:0.0/3 (HSCO) CE Bit Comments
Function Count Not Used Reset Hold
Example 1 I oy [¥ |orr0) o |on M Acoumulator + Tcount
Example 2 oN({U  [OFF(0) ON (1) Hold accumulator value
Example3 ON() [U |OFF(0) OFF (0) Hold accumulator value
Example 4 8;\1 U (UOF)F ON (1) U OFF (0) Hold accumulator value
Example 5 N Clear accumulator (=0)

(1) Blank cells = Don't care, M= Rising edge, V = Falling edge

Inputs 11:0.0/0 through 11:0.0/11 are available for use as inputs to other functions
regardless of the HSC being used.t

HSC Mode 2 - Counter with External Direction

HSC Mode 2 Examples

Input Terminals 1:0.0/0 (HSCO) 1:0.0/1 (HSCO) 1:0.0/2 (HSCO) 1:0.0/3 (HSCO) CE Bit Comments

Function Count Direction Not Used Not Used

Example ) OFF (0) ON (1) HSC Accumulator + 1 count
Example 2 ) ON(1) ON(1) HSC Accumulator - Tcount
Example3 OFF (0) Hold accumulator value
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Inputs 11:0.0/0 through 11:0.0/11 are available for use as inputs to other functions
regardless of the HSC being used.

Blank cells = Don't care, T = Rising edge, U = Falling edge

HSC Mode 3 - Counter with External Direction, Reset, and Hold

HSC Mode 3 Examples
Input Terminals 1:0.0/0 (HSCO) 1:0.0/1 (HSCO) 1:0.0/2 (HSCO) 1:0.0/3 (HSCO) CEBit  |Comments
Function Count Direction Reset Hold
Example 1 il OFF (0) ON() {U  [OFF(0) OFF (0) [ON(1) | HSC Accumulator + 1 count
Example 2 n ON () oN() [U  [OFF(0) OFF(0) [ON () |HSC Accumulator - T count
Example3 oN() {U [OFF(0) ON (1) Hold accumulator value
Example 4 oN() {U [OFF(0) OFF (0)  |Hold accumulator value
Example 5 oN() [U  [OFF(0) oN() [U [OFF(0) Hold accumulator value
Example 6 N Clear accumulator (=0)
Inputs [1:0.0/0 through 11:0.0/11 are available for use as inputs to other functions
regardless of the HSC being used.
HSC Mode 4 - Two Input Counter (up and down)
HSC Mode 4 Examples
Input Terminals®  [11:0.0/0 (HSCO) 1:0.0/1 (HSCO) [1:0.0/2 (HSCO) 1:0.0/3 (HSCO) CEBit Comments
Function Count Up Count Down Not Used Not Used
Example 1 ) oN() [U |OFF(0) ON()  |HSC Accumulator + 1 count
Example 2 oN() |U [oFF(O)| 1 ON()  |HSC Accumulator - 1 count
Example3 OFF (0)  |Hold accumulator value
(1) Blank cells = Don't care, M= Rising edge, { = Falling edge.
Inputs 11:0.0/0 through 1:0.0/11 are available for use as inputs to other functions
regardless of the HSC being used.
HSC Mode 5 - Two Input Counter (up and down) with External Reset and Hold
HSC Mode 5 Examples
Input Terminals®) |11:0.0/0 (HSCO) 1:0.0/1 (HSCO) 1:0.0/2 (HSCO) 1:0.0/3 (HSCO) CEBit  |Comments
Function Count Direction Reset Hold
Example 1 N oN()|{ |OFF(0) ON([U [oFF(0) OFF (0) [ON (1) |HSC Accumulator + 1 count
Example 2 oN()|U [OFF(0) (T oN({U |OFF(0) OFF(0) |ON())  [HSC Accumulator - 1 count
Example3 oN(M[U  [oFF(0) ON (1) Hold accumulator value
Example 4 ON(){U |OFF (0) OFF (0) |Hold accumulator value
Example 5 oN(|U [OFF(0) ON({U  [OFF(0) Hold accumulator value
Example 6 f Clear accumulator (=0)

(1) Blank cells = Don't care, = Rising edge, U= Falling edge.
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Inputs 11:0.0/0 through 11:0.0/11 are available for use as inputs to other functions
regardless of the HSC being used.
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Using the Quadrature Encoder

The Quadrature Encoder is used for determining direction of rotation and position for rotating, such
as a lathe. The bidirectional counter counts the rotation of the Quadrature Encoder.

The figure below shows a quadrature encoder connected to inputs 0, 1, and 2. The count direction
is determined by the phase angle between A and B. If A leads B, the counter increments. If B leads
A, the counter decrements.

The counter can be reset using the Z input. The Z outputs from the encoders typically provide one

pulse per

al

revolution.

| o Input0

A \
\
O Input1

B [
\

Quadrature encoder O Input 2

z

L - — —

Forward rotation

(Reset input)

S s s ! l l
\ \ \ \ \ \ \ \ \ \ \ \
\ T \ T \ T T \ T \ T \
B \ \ \ \ \ \ \ \ \ \ \ \
ﬂﬁﬁﬂﬂf
Count [ L1 | I [ L1 | L1 |
HSC Mode 6 - Quadrature Counter (phased inputs A and B)
HSC Mode 6 Examples
Input Terminals 1:0.0/0 (HSCO) 1:0.0/1 (HSCO) 1:0.0/2 (HSCO) 1:0.0/3 (HSCO) CEBit |Comments
Function Count A Count B Not Used Not Used
Example 10) f OFF (0) ON()  [HSC Accumulator + 1 count
Example 2@ U OFF (0) ON(1)  |HSC Accumulator - 1count
Example3 OFF (0) Hold accumulator value
Example 4 ON (1) Hold accumulator value
Example 5 ON (1) Hold accumulator value
Example 6 OFF (0)  [Hold accumulator value

(1)

Count input A leads count input B.

(2) Countinput B leads count input A.
Blank cells = Don't care, = Rising edge, Y- Falling edge

Inputs 11:0.0/0 through 11:0.0/11 are available for use as inputs to other functions
regardless of the HSC being used.

HSC Mode 7 - Quadrature Counter (phased inputs A and B) With External Reset and Hold

HSC Mode 7 Examples

Input Terminals ~ |11:0.0/0 (HSCO) 1:0.0/1 (HSCO) 11:0.0/2 (HSCO) 1:0.0/3 (HSCO) CEBit |Comments

Function Count A Count B Zreset Hold

Example 1V n OFF (0) OFF (0) |ON(1)  |HSC Accumulator + 1 count
Example 2@ U OFF (0) OFF (0) OFF (0) [ON (1)  |HSC Accumulator - 1 count
Example3 U |orr(0) OFF (0) ON(1) Reset accumulator to zero
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HSC Mode 7 Examples (Continued)

Input Terminals | 11:0.0/0 (HSCO) 1:0.0/1 (HSCO) 1:0.0/2 (HSCO) 1:0.0/3 (HSCO) CEBit |Comments

Example 4 ON (1) Hold accumulator value
Example 5 ON (1) Hold accumulator value
Example 6 OFF (0) ON (1) Hold accumulator value
Example 7 OFF (0) OFF (0) |Hold accumulator value

(1) Count input A leads count input B.
(2) Count input B leads count input A.
Blank cells = Don't care, ﬂ =Rising edge, U = Falling edge.
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Inputs 11:0.0/0 through [1:0.0/11 are available for use as inputs to other functions
regardless of the HSC being used.

HSC Mode 8 - Quadrature X4 Counter

HSC Mode 8 Examples

l(i;) 0/1(HSCO) l(lB)O 0/1(HSCO) Value of CE Bit Accumulator and Counter Action
N OFF TRUE Count Up Acc. value

n ON TRUE Count Down Acc. value
U OFF TRUE Count Down Acc. value
J ON TRUE Count Up Acc. value
OFF f TRUE Count Down Acc. value
ON ) TRUE Count Up Acc. value
OFF U TRUE Count Up Acc. value
ON U TRUE Count Down Acc. value
OFF or ON OFF or ON X Hold Acc. value

X X FALSE Hold Acc. value

HSC Mode 9 - Quadrature X4 Counter with External Reset and Hold

HSC Mode 9 Examples

11:0.0/ 11:0.0/ 11:0.0/ 11:0.0/

0(HSCO) 1(HSCO) 2(HSCO) 3(HSC0) Value of CEBit | Accumulator and Counter Action
(A) (B) (Reset) (Hold)

N OFF X - TRUE Count Up Acc. value

N ON X - TRUE Count Down Acc. value

J OFF X - TRUE Count Down Acc. value

J ON X - TRUE Count Up Acc. value

OFF N X - TRUE Count Down Acc. value

ON n X - TRUE Count Up Acc. value

OFF J X - TRUE Count Up Acc. value

ON J X - TRUE Count Down Acc. value
OFF or ON OFF or ON OFF X X Hold Acc. value

OFF OFF ON X X Reset Acc. to zero

X X OFF ON X Hold Acc. value

X X OFF X FALSE Hold Acc. value
Accumulator (ACC)

Description Address Data Format Type User Program Access

ACC - Accumulator

HSC:0.ACC Long word (32-bit INT)

Control Read/write
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The ACC (Accumulator) contains the number of counts detected by the HSC subsystem. If either
mode 0 or mode 1is configured, the value of the software accumulator is cleared (0) when a high
preset is reached or when an overflow condition is detected.

High Preset (HIP)
Description Address Data Format Type User Program Access
HIP - High Preset HSC:0.HIP Long word (32-bit INT) Control Read/write

The HIP (High Preset) is the upper setpoint (in counts) that defines when the HSC subsystem
generates an interrupt. To load data into the high preset, the control program must do one of the
following:

« Toggle (low to high) the Set Parameters (HSC:0/SP) control bit. When the SP bit is toggled
high, the data currently stored in the HSC function file is transferred/loaded into the HSC

subsystem.
«  Load new HSC parameters using the HSL instruction. See HSL - High-speed Counter Load on
page 89.

The data loaded into the high preset must be less than or equal to the data resident in the overflow
(HSC:0.0VF) parameter or an HSC error is generated.

Low Preset (LOP)
Description Address Data Format Type User Program Access
LOP - Low Preset HSC:0.LOP Long word (32-bit INT) Control  |Read/write

The LOP (Low Preset) is the lower setpoint (in counts) that defines when the HSC subsystem
generates an interrupt. To load data into the low preset, the control program must do one of the
following:

«  Toggle (low to high) the Set Parameters (HSC:0/SP) control bit. When the SP bit is toggled
high, the data currently stored in the HSC function file is transferred/loaded into the HSC
subsystem.

« Load new HSC parameters using the HSL instruction. See HSL - High-speed Counter Load on
page 89.

The data loaded into the low preset must greater than or equal to the data resident in the
underflow (HSC:0.UNF) parameter, or an HSC error is generated. (If the underflow and low preset
values are negative numbers, the low preset must be a number with a smaller absolute value.)

Overflow (OVF)
Description Address Data Format Type User Program Access
OVF - Overflow HSC:0.0VF Long word (32-bit INT) Control Read/write

The OVF (Overflow) defines the upper count limit for the counter. If the counter’'s accumulated value
increments past the value specified in this variable, an overflow interrupt is generated. When the
overflow interrupt is generated, the HSC subsystem rolls the accumulator over to the underflow
value and the counter continues counting from the underflow value (counts are not lost in this
transition). The user can specify any value for the overflow position, provided it is greater than the
underflow value and falls between -2,147483,648 and 2,147483,647.

To load data into the overflow variable, the control program must toggle (low to high) the Set
Parameters (HSC:0.0/SP) control bit. When the SP bit is toggled high, the data currently stored in
the HSC function file is transferred/loaded into the HSC subsystem.

Data loaded into the overflow variable must be greater than or equal to the data
resident in the high preset (HSC:0.HIP) or an HSC error is generated.

Underflow (UNF)
Description Address Data Format Type User Program Access
UNF - Underflow HSC:0.UNF Long word (32-bit INT) Control Read/write
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The UNF (Underflow) defines the lower count limit for the counter. If the counter’s accumulated
value decrements past the value specified in this variable, an underflow interrupt is generated.
When the underflow interrupt is generated, the HSC subsystem resets the accumulated value to the
overflow value and the counter then begins counting from the overflow value (counts are not lost in
this transition). The user can specify any value for the underflow position, provided it is less than
the overflow value and falls between -2,147483,648 and 2,147483,647.

To load data into the underflow variable, the control program must toggle (low to high) the Set
Parameters (HSC:0.0/SP) control bit. When the SP bit is toggled high, the data currently stored in
the HSC function file is transferred/loaded into the HSC subsystem.

Data loaded into the underflow variable must be less than or equal to the data
resident in the low preset (HSC:0.LOP) or an HSC error is generated.

Output Mask Bits (OMB)
Description Address Data Format Type User Program Access
OMB - Output Mask Bits HSC:0.0MB Word (16-bit binary) Control  |Read-only

The OMB (Output Mask Bits) define which outputs on the controller can be directly controlled by the
high-speed counter. The HSC subsystem has the ability to directly (without control program
interaction) turn outputs On or Off based on the HSC accumulator reaching the High or Low presets.
The bit pattern stored in the OMB variable defines which outputs are controlled by the HSC and
which outputs are not controlled by the HSC.

The bit pattern of the OMB variable directly corresponds to the output bits on the controller. Bits
that are set (1) are enabled and can be turned on or off by the HSC subsystem. Bits that are clear (0)
cannot be turned on or off by the HSC subsystem. The mask bit pattern can be configured only
during initial setup.

Table 40 illustrates the relationship between HSC output mask and base unit output.

Table 40 - Affect of HSC Output Mask on Base Unit Outputs

Output Address

16-Bit Signed Integer Data Word

5 |14 |13 |12 (1 |10 9 (8 |7 6 |5 (4 |3 (2 |L 0

HSC:0.HPO (high preset output)

0 |0 | 1 0 |0 (0 |1 1 0 |0

HSC:0.0MB (output mask)

00:0.0

88

The outputs shown in the black boxes are the outputs under the control of the HSC subsystem. The
mask defines which outputs can be controlled. The high preset output or low preset output values
(HPO or LPO) define if each output is either On (1) or Off (0). Another way to view this is that the high
or low preset output is written through the output mask, with the output mask acting like a filter.

The hits in the gray boxes are unused. The first 6 bits of the mask word are used and the remaining
mask bits are not functional because they do not correlate to any physical outputs on the base unit.

The mask bit pattern can be configured only during initial setup.
High Preset Output (HPO)

Description Address Data Format Type User Program Access

HPO - High Preset Qutput HSC:0.HPO Word (16-bit binary) Control  |Read/write

The HPO (High Preset Output) defines the state (1= 0n or 0 = Off) of the outputs on the controller
when the high preset is reached. See Qutput Mask Bits (OMB) on page 88 for more information on
how to directly turn outputs on or off based on the high preset being reached.
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The high output bit pattern can be configured during initial setup, or while the controller is

operating. Use the HSL instruction or the SP bit to load the new parameters while the controller is

operating.

Low Preset Output (LPO)

Description Address Data Format Type User Program Access
LPO - Low Preset OQutput HSC:0.LPO Word (16-bit binary) Control Read/write

The LPO (Low Preset OQutput) defines the state (1= 0N, O = OFF) of the outputs on the controller
when the low preset is reached. See Qutput Mask Bits (OMB) on page 88 for more information on

how to directly turn outputs on or off based on the low preset being reached.

The low output bit pattern can be configured during initial setup, or while the controller is
operating. Use the HSL instruction or the SP bit to load the new parameters while the controller is

operating.

HSL - High-speed Counter
Load

Instruction Type: Output

HSL
High Speed Counter Load

Execution Time for HSL Instruction

HSC Number HSCO
Eé%fr:aesseett N?i’ Controller Data Size Execution Time When Rung Is:
Output High S N7:2
03:83: Low Source  N73 True False
) . Word 18.8260 ps 0.2910 ps
MicroLogix 1400
Croogx Long word 18,6510 s 0.4690 s

The HSL (High-Speed Load) instruction allows the high and low presets, and high and low output

source to be applied to a high-speed counter. These parameters are described:

«  Counter Number - Specifies which high-speed counter is being used; 0 = HSCO, 1= HSC1,
2 =HSC2, 3 =HSC3, 4 = HSC4 and 5 = HSCS.

« High Preset - Specifies the value in the high preset register. The data ranges for the high
preset are -32768...+32767 (word) and -2,147483,648...2,147483,647 (long word).

«  Low Preset - Specifies the value in the low preset register. The data ranges for the low
preset are -32768...+32767 (word) and -2,147,483,648...2,147483,647 (long word).

«  QOutput High Source - Specifies the value in the HPO - high preset output register. The data
range for the output high source is from 0...65,535.

+  Output Low Source - Specifies the value in the LPO - low preset output register. The data

range for the output low source is from 0...65,535.

Valid Addressing Modes and File Types are shown in Table 41:

Table 41 - HSL Instruction Valid Addressing Modes and File Types(l)

Data Files Function Files Qd((jjress Address Level
= ode
P ter = 2 = | o =
arame = Elo |B|B - S| &
o | =< o SIS |als|~|®© =|g
o c | E < Sl | r|2|8|8 o o &
< — s|SIale|g|8l=l=|z|2|8|w|g|2|E|E|E|=|8|5|8
ol |lw|la|lmlzlu|Bl«|a|Z|lE2|la|lE|2|E|G TS| a|=|9|8|2|a|lE|l8|l5|a|=|8|T
Counter . .
number
H|gh preset o . o . o . o e . . .
Low preset . o . o . o . . . . . .
Outputhigh | |, o e s . . o fo o o e
source
Output low . o e e . . o o o o e
source
(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
89
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RAC - Reset Accumulated

Value
RAC —————
— Reset Accumulated Value
Counter HSCO

Source

0

Instruction Type: Output

Execution Time When Rung Is:
Controller

True False
MicroLogix 1400 8.3310 ps 0.2030 ps

The RAC instruction resets the high-speed counter and allows a specific value to be written to the
HSC accumulator. The RAC instruction uses the following parameters:

«  Counter Number - Specifies which high-speed counter is being used:
- Counter Number 0 = HSCO, 1=HSC1, 2 = HSC2, 3 = HSC3, 4 = HSC4, 5 = HSCS.

«  Source - Specifies the location of the data to be loaded into the HSC accumulator. The data
range is from -2,147483,648...2,147483,641.

Valid Addressing Modes and File Types are shown in Table 42:

Table 42 - RAC Instruction Valid Addressing Modes and File Types®”

Data Files Function Files Qgggess Address Level
= 0| |§
= o] D =
Parameter = El. |E|8 = g2
o D | > - S I e = R =15
: oz = _ LRSS S|l2|c
© — [N ] ﬁf 3 ElE|l=||= 53 % | |4 sl=E|lE2|lx=L S|
o | — [ | l<|la|lS|lEld|la|lZ|la|ln||jo|S|J|0Q|a|lE|la|lE|o|=|a|ld
Counter
number
Source

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

Programmable Limit Switch

(PLS) File

90

The Programmable Limit Switch function allows you to configure the high-speed counter to operate
as a PLS (programmable limit switch) or rotary cam switch.

When PLS operation is enabled, the HSC (high-speed counter) uses a PLS data file for limit/cam
positions. Each limit/cam position has corresponding data parameters that are used to set or clear
physical outputs on the controller's base unit. The PLS data file is illustrated below.

IMPORTANT  The PLS Function only operates in tandem with the HSC of a
MicroLogix 1400 controller. To use the PLS function, an HSC must first be
configured.

PLS Data File

Data files 9...255 can be used for PLS operations. Each PLS data file can be up to 256 elements
long. Each element within a PLS file consumes 6 user words of memory. The PLS data file is shown
below:

FL3L0:0 O 0000-0000-0000-0000 0000=-0000=-0000=-0000

A 2=

[PLs IO HIP Viaae] ]
Symibat | | e (R
Desc | |

ffFsro Eropesis | U | _Hee |
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Table 43 - PLS Addressing Format

PLS Operation

When the PLS function is enabled, and the controller is in the Run mode, the HSC counts incoming
pulses. When the count reaches the first preset (High - HIP or Low - LOP) defined in the PLS file, the
output source data (High - OHD or Low - OLD) is written through the HSC mask.

At that point, the next preset (High - HIP or Low - LOP) defined in the PLS file becomes active.

When the HSC counts to that new preset, the new output data is written through the HSC mask. This
process continues until the last element within the PLS file is loaded. At that point the active
element within the PLS file is reset to zero. This behavior is referred to as circular operation.

« The Output High Data (OHD) is only written when the High preset (HIP) is reached.
The Output Low Data (OLD) is written when the low preset is reached.

« Output High Data is only operational when the counter is counting up. Output Low
Data is only operational when the counter is counting down.

If invalid data is loaded during operation, an HSC error is generated (within the HSC function file).
The error does not cause a controller fault. If an invalid parameter is detected, it will be skipped
and the next parameter will be loaded for execution (provided it is valid).

You can use the PLS in Up (high), Down (low), or both directions. If your application only counts in
one direction, simply ignore the other parameters.

The PLS function can operate with all other HSC capabilities. The ability to select which HSC events
generate a user interrupt are not limited.

Addressing PLS Files

The addressing format for the PLS file is shown in Table 43.

Format Explanation
PLS  |Programmable Limit Switch file
f File number |The valid file number range is from 9...255.
PLSF-e.5 : Element delimiter . .
Element number |The valid element number range is from 0...255.
Sub-element delimiter
S Sub-element number The valid sub-element number range is from 0...5
Examples: EIE81052 PLS File 10, Element 2
S12:36.5 PLS File 12, Element 36, Sub-element 5 (Qutput Low Source)
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PLS Example

Set up the PLS File

1. Using the RSLogix 500/RSLogix Micro application, create a new project, give it a name and
select the appropriate controller.

Salect Processor Type E
Proxcrcsos Masse: [ML1400 4 —
7 31 Bs03 CcrEg = Carcal
T =1 1 55031 CPRU
Saa SS03 CPU Heln

S0
S0 P
S0 P

larmumam-alon v
Dhirven Froceso Hods Heeply T neoul.

[ardroven] il Ohctal [<1 Who Ak, 1 [Eec)
Decimal]

2. Right select Data Files and select New.

|_:_|{:| Program Files
B svso-
B svsi-

- B cross
[l oo-c UnHide
S Y )

D 2.5 Properties...

-.[] B3 -BMaARY

3. Enter a file number (9...255) and select Programmable Limit Switch as the type. A Name
and/or Description may be entered as well, but is not required.

Create Data File |

=
Prodection
r T Einfic = Hnno
[ Memon Mndue / Dewnload | wiehMiow Dizable [ LD Foit Disahle
ok Caricel Help

4. Elements refers to the number of PLS steps. For this example, enter a value of 4.

If more steps are required later, simply go to the properties for the PLS data file and
increase the number of elements.
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5. Under Data Files, PLS10 should appear as shown:

SRS Dot Files
..... B cross Reference
..... [ co-outrur

..... B 1 - eur

..... [ s2-sTATUS

..... [ B3-Bmary

..... 3 14-T1MER

..... [ cs- counter
..... [ re - conTROL
..... 3 w7 - MTEGER

..... [ Fa-FLOAT

..... [ pLs10

6. Double-click PLS10 under Data Files. For this example, enter the values as illustrated:

=2 Data File PLS10

PLELO:0 Z50 0 0000-0000-0000-0000 0000-0000-0000-0000
PLELO:L 500 0 0000-0000-0000-0000 0000-0000-0000-0000
PLELO:Z 750 0 0000-0000-0000-0000 0000-0000-0000-0000
PLELO:S 1000 0 0000-0000-0000-0000 0000-0000-0000-0000

ol 2]
[PLSTO:2HIP |
Sprmbol: | |
Desc: | |

PLS10 j Properties Usage Help

PLS Data File Definitions:

Data Description Data Format
HIP High Preset o .
32-bit signed integer
LopP Low Preset
OHD Output High Data 16-bit binary
0LD Output Low Data (bit 15--> 0000 0000 0000 0000 <--bit 0)

Once the values above have been entered for HIP and OHD, the PLS is configured.

Configuring the HSC for Use with the PLS

1. Under Controller, select Function Files.
2. For HSC:0, configure the HSC.MOD to use PLS10 and for the HSC to operate in mode 00.

IMPORTANT  The value for MOD must be entered in Hexadecimal.
For example, PLS10 = 0A and HSC Mode = 00

- HPR - High Prezet Reached

— DIR - Count Direction

— UF - Underflow

- OF - Dwverflow

WD - Mode Done

- CD - Count Down

- CU - Count Up

WOD - PLS file [bits 15-8] HSC Mode [bits 7-0] [

oDoooooo

- ACC - Accurulatar a

- HIF - High Prezet 1000

- LOP - Low Preset a

- OWF - Owerflow 2147483647
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PLS Operation for This Example

When the ladder logic first runs, HSC.ACC equals 0, therefore PLS10:0.0LD's data is sent through the
HSC.OMB mask and sets all the outputs off.

When HSC.ACC equals 250, the PLS10:0.0HD is sent through the HSC.OMB mask and energizes the
outputs.

This repeats as the HSC.ACC reaches 500, 750, and 1000. Once completed, the cycle resets and
repeats.
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PTO - Pulse Train Output

PTO
—— Pulse Train Qutput —
PTO Number 0

Pulse Train Output Function

Using High-Speed Outputs

The high-speed output instructions allow you to control and monitor the PTO and PWM functions
that control the physical high-speed outputs.

Instruction Used To: Page
PTO - Pulse Train Output Generate stepper pulses 95
PWM - Pulse-width Modulation Generate PWM output 107

IMPORTANT « The PTO function can only be used with the controller's embedded I/0. It
cannot be used with expansion I/0 modules.
« Only use the PTO instruction with MicroLogix 1400 BXB or BXBA controllers.
Relay outputs are not capable of performing very high-speed operations.

Instruction Type: Output

When Rung Is:
Controller

True False
MicroLogix 1400 11.0210 ps 5.5115 ps

The MicroLogix 1400 1766-L32BXB and 1766-L32BXBA controllers support three high-speed outputs.
These outputs can be used as standard outputs (not high speed) or individually configured for PTO
or PWM operation. The PTO functionality allows a simple motion profile or pulse profile to be
generated directly from the controller. The pulse profile has three primary components:

«  Total number of pulses to be generated
o Accelerate/decelerate intervals
+ Runinterval

The PTO instruction, along with the HSC and PWM functions, are different than most other controller
instructions. Their operation is performed by custom circuitry that runs in parallel with the main
system processor. This is necessary because of the high-performance requirements of these
functions.

In this implementation, you define the total number of pulses to be generated (which corresponds
to distance traveled), and how many pulses to use for each acceleration/deceleration period. The
number of pulses that are not used in the acceleration/deceleration period defines how many
pulses are generated during the run phase. In this implementation, the accelerate/decelerate
intervals are not required to be the same. Independent values can be defined for these intervals.
The ADI bit in the PTOX function file is used to enable this feature. See Pulse Train Qutput Function
File Sub-elements Summary on page 99.

Within the PTOX function file, there are PTO elements. An element can be set to control either output
2 (00:0/2 on 1766-L32BXB or 1766-L32BXBA), output 3 (00:0/3 on 1766-L32BXB or 1766-L32BXBA) or
output 4 (00:0/4 on 1766-L32BXB or 1766-L32BXBA)
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The interface to the PTOX subsystem is accomplished by scanning a PTOX instruction in the main
program file (file number 2) or by scanning a PTOX instruction in any of the subroutine files. A
typical operating sequence of a PTOX instruction is as follows:

1. The rung that a PTO instruction is on is solved true.

2. The PTO instruction is started, and pulses are produced based on the accelerate/decelerate
(Accel) parameters, which define the number of Accel pulses and the type of profile: S-
curve or trapezoid.

The Accel phase completes.
The RUN phase is entered and the number of pulses that are defined for RUN are output.
The RUN phase completes.

Decelerate (Decel) is entered, and pulses are produced based on the accelerate/decelerate
parameters, which define the number of Decel pulses and the type of profile: S-curve or
trapezoid.

The Decel phase completes.
The PTO instruction is done.

While the PTO instruction is being executed, status bits and information are updated as the main
controller continues to operate. Because the PT0 instruction is executed by a parallel system,
status bits and other information are updated each time the PT0 instruction is scanned while it is
running. This provides the control program access to PTO status while it is running.

PTO status is only as fresh as the scan time of the controller. Worst case latency
is the same as the maximum scan of the contraoller. This condition can be
minimized by placing a PTO instruction in the STI (selectable timed interrupt) file,
or by adding PTO instructions to your program to increase how often a PT0
instruction is scanned.

The charts in the following examples illustrate the typical timing sequence/behavior of a PTO
instruction. The stages that are listed in each chart have nothing to do with controller scan time.
They simply illustrate a sequence of events. In actuality, the controller may have hundreds or
thousands of scans within each of the stages that are illustrated in the examples.

Conditions Required to Start the PTO

The following conditions must exist to start the PTO:
«  The PT0 instruction must be in an idle state.
«  Foridle state behavior, all conditions must be met:
- Jog Pulse (JP) bit must be off.
- Jog Continuous (JC) bit must be off.
Enable Hard Stop (EH) bit must be off.
- Normal Operation (NS) bit must be off.
- The output cannot be forced.
« The rung that it is on must transition from a False state (0) to a True state (1).

Momentary Logic Enable Example

In this example, the rung state is a momentary or transitional type of input. This means that the
false-to-true rung transition enables the PTO instruction and then returns to a false state before
the PTO instruction completes its operation.

If a transitional input to the PTO instruction is used, the Done (DN) bit turns on when the instruction
completes, but only remains on until the next time the PTO instruction is scanned in the user
program. The structure of the control program determines when the DN bit goes off. So, to detect
when the PTO instruction completes its output, you can monitor the Done (DN), Idle (ID), or Normal
Operation (NO) status bits.
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Table 44 - Momentary Logic Enabled Example

Stage

Rung State

Sub-elements:

Relative Timing

Normal Operation/NO

Accelerate Status/AS

Run Status/RS

Decelerate Status/DS

Enable/EN

Done/DN

Idle/ID

Jog Pulse/JP

1L

Jog Continuous/JC

—

|
|
|
|
|
\‘
|
\
\
\
\
|
\
\
\
|
l
\
!
|

4

Start of PTO Start of PTO

Standard Logic Enable Example

In the example shown in Table 45 on page 98, the rung state is a maintained type of input. This
means that it enables the PTO instruction Normal Operation (NO) and maintains its logic state until
after the PTO instruction completes its operation. With this type of logic, status bit behavior is as
follows:

The Done (DN) bit becomes true (1) when the PTO completes and remains set until the PTO rung

logic is false. The false rung logic reactivates the PTO instruction. To detect when the PTO
instruction completes its output, monitor the done (DN) bit.
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Table 45 - Standard Logic Enabled Example

Stage

|1 |2 |3 |4 |5 |6 |7 8 |9 |10 |11

—
N

Rung State

Sub-elements:

Relative Timing

Normal Operation /NO

Accelerate Status /AS

Run Status /RS

Decelerate Status /DS

Enable /EN

L LLL
|

Done /DN

Idle /ID

Jog Pulse /JP

Jog Continuous /JC

Pulse Train Outputs (PTOX)

Function File

98

I

Start of PTO Start of PTO

Within the RSLogix 500/RSLogix Micro Function File Folder, you see a PTOX Function File with three
elements. These elements provide access to PTO configuration data and also allow the control
program access to all information for each of the Pulse Train Outputs.

t.ﬂt_ Y changing.

e Function Files E"EE'

HEE PTO |puned| 5T JEm | ATC | uop (W |Es |3 e | ool
Addbedd it | Dal

= If the controller mode is run, the data within sub-element fields may be

- AUT - Dutpt
M - Dipms
0% Dptxierabrag Shalug
= RS « A Slatus
- A% - Aocelersting Shabun
AP« Fng Fiohis
5 - Cortiad Shig
15 - el SERAE
= ED + Emoe Digheched Sistus
M « Mownal Dperson Tishuy
AP - Jing Pubte Status
0% - Jog Contiracius F1stub
= A0 - AocelDecel Pulies Indspendent

B Ly

P Jesg P

EJE - Jogy Corfirnmas

+ EH - Eruatls Haid Sleg

= EM + Ervstls Siatus [obows ning thate]

SEEDE S0 5E 00 5aS 8

ER : Ennw Lol

1 0OF - Chtpudt Frouency Hz)

- OF% - Dipssistineg Fraquéncy Status [Ha]
JF - Jog Freguency [Hz]

=

TEIF - Tkl Cludgndt Pudines Tos B [aeraenabed
b= OFF « Dhgnat Pubing Prochssd
ADP - AccelDecel Pulses or FlecClem, §ADI=1
B PIEc
B PiE:2

4 ¥

e
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Pulse Train Output Function
File Sub-elements Summary

The variables within each PTOX sub-element, along with what type of behavior and access the
control program has to those variables, are listed individually in Table 46. All examples illustrate
PTOX:0. Terms and behavior for PTOX:1and PTOX:2 are identical.

Table 46 - PTO File Sub-elements

User
Sub-element Description Address Data Format |Range Type |Program Page
Access
OUT - Output PTOX:0.0UT |Word (INT) |2..4 Control |Read-only 9
DN - Done PTOX:0/DN  |Bit Oorl Status  |Read-only 100
DS - Decelerating Status PTOX:0/DS  |Bit Oorl Status | Read-only 100
RS - Run Status PTOX:0/RS  |Bit Oorl Status  |Read-only 100
AS - Accelerating Status PTOX:0/AS | Bit Oorl Status | Read-only 100
RP - Ramp Profile PTOX:0/RP  |Bit Oorl Control |Read/write 100
IS - Idle Status PTOX:0/IS  |Bit Oorl Status | Read-only 101
ED - Error Detected Status PTOX:0/ED  |Bit Oorl Status  |Read-only 101
NS - Normal Operation Status PTOX:0/NS  |Bit Oorl Status  |Read-only 101
o e—p/égﬂ?ecm Pulses PTOX:0/ADI  |Bit Oorl Control [Read/write | 102
CS - Controlled Stop PTOX:0/CS  |Bit Oorl Control |Read/write 104
JP - Jog Pulse PTOX:0/JP  |Bit Oorl Control |Read/write 105
JPS - Jog Pulse Status PTOX:0/JPS  |Bit Oorl Status  |Read-only 105
JCS - Jog Continuous Status PTOX:0/JCS  |Bit Oorl Status | Read-only 105
JC - Jog Continuous PTOX:0/JC  |Bit Oorl Control |Read/write 105
EH - Enable Hard Stop PTOX:0/EH  |Bit Oorl Control |Read/write 101
ggt'e)E"ah'e Status (follows rung | proy.oen |t Oor] Status |Read-only | 101
ER - Error Code PTOX:0.ER  |Word (INT) |-2..+7 Status  |Read-only 106
OF - Output Frequency (Hz) PTOX:0.0F g’{‘_%%“f’b{% 0..100,000 Control |Read/write | 102
OFS - Operating Frequency Status . Long word ]
(H2) PTOX:0.0FS (32-bit INT) 0..100,000 Status  |Read-only 102
L d .
JF - Jog Frequency (Hz) PTOX:0.JF (3"2”_%{%) 0..100,000 Control |Read/write | 105
TOP - Total Output Pulses To Be . Long word .
Generated PT0X:0.TOP (32-bit INT) 0...2147483,647 |Control |Read/write 102
: Long word

OPP - Qutput Pulses Produced PTOX:0.0PP (32-bit INT) 0...2147483,647 |Status |Read-only 102

B . Long word :
ADP - Accel/Decel Pulses PTOX:0.ADP (30-bit INT) | Se€ Page 103 Control |Read/write 103
PTOX Output (OUT)
Sub-element User Program
Description Address Data Format Range Type Access
0UT - Output PTOX:0.0UT | Word (INT) 2.4 Control Read-only

The PTOX OUT (Output) variable defines the output (00:0/2, 00:0/3 or 00:0/4) that the PTOX
instruction controls. This variable is set within the function file folder when the control program is
written and cannot be set by the user program.

«  When OUT = 2, PTOX pulses output 2 (00:0.0/2) of the embedded outputs.
«  When OUT = 3, PTOX pulses output 3 (00:0.0/3) of the embedded outputs.
«  When OUT = 4, PTOX pulses output 4 (00:0.0/4) of the embedded outputs.

Forcing an output controlled by the PTOX while it is running stops all output
pulses and causes a PTOX error.
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100

PTOX Done (DN)
Sub-element Description |Address Data Format Range Type xiiggogram
DN - Done PTOX:0/DN Bit Oorl Status Read-only

The PTOX DN (Done) bit is controlled by the PTOX subsystem. It can be used by an input instruction
on any rung within the control program. The DN bit operates as follows:

«  Set (1) - Whenever a PTOX instruction has completed its operation successfully.
«  Cleared (0) - When the rung the PTOX is on is false. If the rung is false when the PTOX
instruction completes, the Done bit is set until the next scan of the PTOX instruction.

PTOX Decelerating Status (DS)

Sub-element Description Address Data Format Range Type XiiLSPSrogram
DS - Decelerating Status PTOX:0/DS Bit Oorl Status Read-only

The PTOX DS (Decel) bit is controlled by the PTOX subsystem. It can be used by an input instruction
on any rung within the control program. The DS bit operates as follows:

«  Set (1) - Whenever a PTO instruction is within the deceleration phase of the output profile.
«  Cleared (0) - Whenever a PTOX instruction is not within the deceleration phase of the output

profile.
PTOX Run Status (RS)
Sub-element User Program
Description Address Data Format Range Type Aceess
RS - Run Status PTOX:0/RS Bit Oorl Status Read-only

The PTOX RS (Run Status) bit is controlled by the PTOX subsystem. It can be used by an input
instruction on any rung within the control program. The RS bit operates as follows:

«  Set (1) - Whenever a PTOX instruction is within the run phase of the output profile.
«  Cleared (0) - Whenever a PTOX instruction is not within the run phase of the output profile.

PTOX Accelerating Status (AS)

Sub-element Description Address Data Format |Range Type /L‘J\(s:gggogram
AS - Accelerating Status PTOX:0/AS Bit Oorl Status  [Read-only

The PTOX AS (Accelerating Status) bit is controlled by the PTOX subsystem. It can be used by an
input instruction on any rung within the control program. The AS bit operates as follows:

«  Set (1) - Whenever a PTOX instruction is within the acceleration phase of the output profile.
« Cleared (0) - Whenever a PTOX instruction is not within the acceleration phase of the output

profile.
PTOX Ramp Profile (RP)
Sub-element
Description Address Data Format Range Type User Program Access
RP - Ramp Profile PTOX:0/RP  |Bit Oor1 Control Read/write

The PTOX RP (Ramp Profile) bit controls how the output pulses generated by the PTOX subsystem
accelerate to and decelerate from the Output Frequency that is set in the PTOX function file
(PTOX:0.0F). It can be used by an input or output instruction on any rung within the control
program. The RP bit operates as follows:

«  Set (1) - Configures the PTOX instruction to produce an S-curve profile.
«  Cleared (0) - Configures the PTOX instruction to produce a Trapezoid profile.
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PTOX Idle Status (IS)

Sub-element
Description Address  |Data Format Range Type User Program Access
IS - Idle Status PTOX:0/IS  |Bit Oorl Status Read-only

The PTOX IS (Idle Status) is controlled by the PTOX subsystem. It can be used in the control program
by an input instruction. The PTOX subsystem must be in an idle state whenever any PTOX operation
needs to start.

The IS bit operates as follows:

o Set (1) - PTOX subsystem is in an idle state. The idle state is defined as the PTOX is not
running and no errors are present.

«  Cleared (0) - PTOX subsystem is not in an idle state (it is running).
PTOX Error Detected (ED)

Sub-element Description Address Data Format Range Type nggggogram
ED - Error Detected Status PTOX:0/ED Bit Oorl Status Read-only

The PTOX ED (Error Detected Status) bit is controlled by the PTOX subsystem. It can be used by an
input instruction on any rung within the control program to detect when the PTOX instruction is in
an error state. If an error state is detected, the specific error is identified in the error code register
(PTOX:0.ER). The ED bit operates as follows:

o Set (1) - Whenever a PTOX instruction is in an error state.
«  Cleared (0) - Whenever a PTOX instruction is not in an error state.

PTOX Normal Operation Status (NS)

Sub-element Description Address  |DataFormat  [Range |Type ngggogram
NS - Normal Operation Status PTOX:0/NS Bit Oorl Status  [Read-only

The PTOX NS (Normal Operation Status) bit is controlled by the PTOX subsystem. It can be used by
an input instruction on any rung within the control program to detect when the PTOX is in its normal
state. A normal state is Accel, RUN, Decel, or DONE, with no PTOX errors. The NS bit operates as
follows:

o Set (1) - Whenever a PTOX instruction is in its normal state.
«  Cleared (0) - Whenever a PTOX instruction is not in its normal state.

PTOX Enable Hard Stop (EH)

Sub-element Description Address Data Format Range Type Xiggl;rogram
EH - Enable Hard Stop PTOX:0/EH Bit Oor1 Control Read/write

The PTOX EH (Enable Hard Stop) bit is used to stop the PTOX subsystem immediately. Once the PTOX
subsystem starts a pulse sequence, the only way to stop generating pulses is to set the enable
hard stop bit. The enable hard stop closes any PTOX subsystem operation (idle, normal, jog
continuous or jog pulse) and generates a PTOX subsystem error. The EH bit operates as follows:

« Set(1) - Instructs the PTOX subsystem to stop generating pulses immediately
(output off = 0).

«  Cleared (0) - Normal operation.

PTOX Enable Status (EN)

Sub-element Description | Address Data Format Range Type /liztégsrogram
EN - Enable Status . . }

(follows rung state) PTOX:0/EN Bit Oorl Status Read-only
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The PTOX EN (Enable Status) is controlled by the PTOX subsystem. When the rung preceding the
PTOX instruction is solved true, the PTOX instruction is enabled and the enable status bit is set. If
the rung preceding the PTOX instruction transitions to a false state before the pulse sequence
completes its operation, the enable status bit resets (0). The EN bit operates as follows:

« Set (1) - PTOX is enabled.
«  Cleared (0) - PTOX has completed, or the rung preceding the PTOX is false.

PTOX Qutput Frequency (OF)

User Program

Sub-element Description |Address ACeess

Data Format Range Type

OF - Output Frequency (Hz) [PTOX:0.0F  |Long word (32-bit INT) |0...100,000 Control  |Read/write

The PTOX OF (Output Frequency) variable defines the frequency of the PTOX output during the RUN
phase of the pulse profile. This value is typically determined by the type of device that is being
driven, the mechanics of the application, or the device/components being moved. In the
MicroLogix 1400 controller, the data less than zero or greater than 100,000 generates a PTOX error.

PTOX Operating Frequency Status (OFS)

Sub-element Description Address Data Format |Range Type /liser Program
CCess
OFS - Operating Frequency Status (Hz) | PTOX:0.0FS (Ls"z"_%m{’) 0..100,000 Status | Read-only

The PTOX OFS (Qutput Frequency Status) is generated by the PTOX subsystem and can be used in
the control program to monitor the actual frequency being produced by the PTOX subsystem.

The value displayed may not exactly match the value entered in the PTOX:0.0F.
This is because the PTOX subsystem may not be capable of reproducing an
exact frequency at some of the higher frequencies. For PTOX applications, this is
typically not an issue because, in all cases, an exact number of pulses are
produced.

PTOX Total Qutput Pulses To Be Generated (TOP)

Sub-element Description  |Address Data Format |Range Type Xig;gogram
TOP - Total Output Pulses To Be . Long word .
Generated PTOX:0.TOP (32-bit INT) 0...2147483 647 Control | Read/write

The PTOX TOP (Total Output Pulses) defines the total number of pulses to be generated for the pulse
profile (Accel/Run/Decel inclusive).

PTOX Output Pulses Produced (OPP)

Sub-element User Program
Description Address Data Format  |Range Type Access

OPP - Output Pulses . Long word (32- )
Produced PT0X:0.0PP bit INT) 0...2147483,647 Status Read-only

The PTOX OPP (Output Pulses Produced) is generated by the PTOX subsystem and can be used in
the control program to monitor how many pulses have been generated by the PTOX subsystem.

PTOX Accel/Decel Pulses Independent (ADI)

Sub-element Description | Address Data Format Range Type Xigggsrogfam
ADI - Accel/Decel Pulses . - .
Independent PTOX:0/ADI Bit Oorl Control Read/write

The PTOX ADI (Accel/Decel Pulses Independent) bit is used to define whether the acceleration and
deceleration intervals are the same, or if each has a unique value. When this bit is set (1), separate
profiles are used. When this bit is clear (0), the PTOX operates with the deceleration profile as a
mirror of the acceleration profile.
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If separate acceleration and deceleration profiles are desired, you must choose a long integer file
number and a starting element. There must be four long elements available in the file:

Element 1: Acceleration Count
Element 2: Deceleration Count
Elements 3 and 4: Reserved

The choice of selecting a common profile or separate profiles must be made at the time of
programming. This cannot be changed once the program is downloaded into the controller. You
must select the ramp type before changing to Run mode. The acceleration and deceleration counts
must be entered before the PTOX is enabled. If the four long elements are not properly identified,
the controller returns a -3 error in the PTOX function file when changing to Run mode.

PTOX Accel/Decel Pulses (ADP) (ADI=0) or File:Elem (ADI=1)

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023

Sub-element User Program
Description Address Data Format Range Type ACCESS

_ e |0..1,073,741,824 (ADI=0)
ADP - Accel/Decel \proy.qppp ~ [Long word (S2-bit | ™" 7063 67 Control  |Read/write
Pulses INT) (AD)

The PTOX ADP (Accel/Decel Pulses) defines how many of the total pulses (TOP variable) is applied to
each of the Accel and Decel components. The ADP determines the acceleration and deceleration
rate from O to the PTOX Output Frequency (OF). The PTOX Output Frequency (OF) defines the
operating frequency in pulses/second during the run portion of the praofile.

When entering the ADP parameters, the PTOX generates an Accel/Decel Error if

one of the following conditions occurs:

« The PTOX ADP for Accel or Decel is negative.

« The total pulses for the acceleration and deceleration phases are greater than
the total output pulses to be generated (TOP).

Acceleration and deceleration values can either be identical (ADI = 0), or a

unigue value for each (ADI = 1).

In the example (when ADI=0),

«  TOP (total output pulses) = 12,000

«  ADP (accelerate/decelerate pulses) = 6000 (This is the maximum ADP value that may be
entered without causing a fault. The run portion equals 0).

P \
/ \
/ \
/ \
y \
y \
y \
/ \
/ \
/ \
Accel Run Decel
- 2000 — g
Accel Run Decel
6000 0 6000

In this example, the maximum value that could be used for accelerate/decelerate is 6000, because
if both accelerate and decelerate are 6000, the total number of pulses = 12,000. The run
component would be zero. This profile would consist of an acceleration phase from 0...6000. At
6000, the output frequency (OF variable) is generated and immediately enters the deceleration
phase, 6000...12,000. At 12,000, the PTOX operation would stop (output frequency = 0).

103



Chapter 6

Using High-Speed Outputs

104

If you need to determine the ramp period (accelerate/decelerate ramp duration):
2 x ADP/OF = Duration in seconds (OF = Output frequency)

The following formulas can be used to calculate the maximum value that could be used for
accelerate/decelerate for both praofiles. The maximum pulses of accel/decel = The integer that is
less than or equal to the result found below (OF = Output frequency):

«  For Trapezoid Profiles: [OF x (OF/4)] + 0.5
«  For S-curve Profiles: 0.999 x OF x SQRT(OF/6)

PTOX Controlled Stop (CS)

Sub-element Description Address Data Format |Range | Type Xﬁﬁgg(’gra’“
CS - Controlled Stop PTOX:0/CS Bit Oorl Control | Read/write

The PTOX CS (Controlled Stop) bit is used to stop an executing PTOX instruction, in the run portion of
the profile, by immediately starting the Decel phase. Once set, the Decel phase completes without
an error or fault condition.

Normal ramp function without CS

Accel Run Decel

Controlled stop (CS) set

Ramp function

\
X \ Normal ramp function
decel after CS is set P

\
\
\
\

Accel Run Decel

If the CS bit is set during the Accel phase, the Accel phase completes and the PTOX immediately
enters the Decel phase.

Controlled stop (CS) set

Ramp function \  Normal ramp function
decel after CS is set \
\
\
\

Accel Decel
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PTOX Jog Frequency (JF)
Sub-element Description Address Data Format |Range Type User Program Access
JF - Jog Frequency (Hz) PTOX:0.JF {‘Sozn_%i\f’ﬁ\lr% 0..100000 |Control  |Read/write

The PTOX JF (Jog Frequency) variable defines the frequency of the PTOX output during all Jog
phases. This value is typically determined by the type of device that is being driven, the mechanics
of the application, or the device/components being moved. In the MicroLogix 1400 controller, the
data less than zero or greater than 100,000 generates a PTOX error.

PTOX Jog Pulse (JP)

Sub-element User Program
Description Address Data Format Range Type Access

JP - Jog Pulse PTOX:0/JP Bit Oorl Control Read/write

The PTOX JP (Jog Pulse) bit is used to instruct the PTOX subsystem to generate a single pulse. The
width is defined by the Jog Frequency parameter in the PTOX function file. Jog Pulse operation is
only possible under the following conditions:

«  PTOX subsystem in idle
« Jog continuous not active
« Enable not active

The JP bit operates as follows:
«  Set (1) - Instructs the PTOX subsystem to generate a single Jog Pulse.
«  Cleared (0) - Arms the PTOX Jog Pulse subsystem.

PTOX Jog Pulse Status (JPS)

Sub-element Description  |Address Data Format  [Range Type User Program Access
JPS - Jog Pulse Status PTOX:0/JPS  |Bit Oorl Status Read-only

The PTOX JPS (Jog Pulse Status) bit is controlled by the PTOX subsystem. It can be used by an input
instruction on any rung within the control program to detect when the PTOX has generated a Jog
Pulse.

The JPS bit operates as follows:
«  Set (1) - Whenever a PTOX instruction outputs a Jog Pulse.
«  Cleared (0) - Whenever a PTOX instruction exits the Jog Pulse state.

The output (jog) pulse is normally complete with the JP bit set. The JPS bit
remains set until the JP bit is cleared (0 = OFF).

PTOX Jog Continuous (JC)
Sub-element Description  |Address Data Format  |Range Type User Program Access
JC - Jog Continuous PTOX:0/JC Bit Oorl Control  |Read/write

The PTOX JC (Jog Continuous) bit instructs the PTOX subsystem to generate continuous pulses. The
frequency that is generated is defined by the Jog Frequency parameter in the PTOX function file.
Jog Continuous operation is only possible under the following conditions:

«  PTOX subsystem in idle
« Jog Pulse not active
« Enable not active

The JC bit operates as follows:
«  Set(1) - Instructs the PTOX subsystem to generate continuous Jog Pulses.
«  Cleared (0) - The PTOX subsystem does not generate Jog Pulses.
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When the Jog Continuous bit is cleared, the current output pulse is truncated.
PTOX Jog Continuous Status (JCS)

Sub-element Description  |Address Data Format  |[Range Type User Program Access
JCS - Jog Continuous Status |PTOX:0/JCS  |Bit Oorl Status  |Read-only

The PTOX JCS (Jog Continuous Status) bit is controlled by the PTOX subsystem. It can be used by an
input instruction on any rung within the control program to detect when the PTOX is generating
continuous Jog Pulses. The JCS bit operates as follows:

«  Set (1) - Whenever a PTOX instruction is generating continuous Jog Pulses.
«  Cleared (0) - Whenever a PTOX instruction is not generating continuous Jog Pulses.

PTOX Error Code (ER)
Sub-element Description |Address DataFormat  |Range Type User Program Access
ER - Error Code PTOX:0.ER  |Word (INT) -3.47 Status  |Read-only

PTOX ER (Error Codes) detected by the PTOX subsystem are displayed in this register. The error
codes are shown in Table 47:

Table 47 - Pulse Train Output Error Codes

Error  [Non-User . -
Code  |Fault Recoverable Fault  |Instruction Errors |Error Name |Description
3 No Yes Yes Undefined | Acceleration Count and Deceleration that are not defined during going to Run mode when
Accel/Decel | Accel/Decel Pulses Independent (ADI) is set (1).
An output overlap is detected. Multiple functions are assigned to the same physical
9 Yes No No Overlap Error gl;:peliteguhtl: is a configuration error. The controller faults and the User Fault Routine do
Example: PTO0 and PT01 are both attempting to use a single output.
An invalid output has been specified. Output 2, Output 3, and Output 4 are the only valid
-1 Yes No No Output Error | choices. This is a configuration error. The controller faults and the User Fault Routine do
not execute.
0 Normal Normal (0 = No error present).
This error is generated whenever a hard stop is detected. This error does not fault the
1 No No Yes Hardstop controller.
Detected To clear this error, scan the PTOX instruction on a false rung and reset the EH (Enable
Hard Stop) bit to 0.
The configured PTOX output (2, 3 or 4) is forced. The forced condition must be removed
9 No No Yes Output for the PTOX to operate.
Forced Error | This error does not fault the controller. It is automatically cleared when the force
condition is removed.
3 No Yes No Frequency  |The operating frequency value (OFS) is less than O or greater than 100,000. This error
Error faults the controller. It can be cleared by logic within the User Fault Routine.
The accelerate/decelerate parameters (ADP) are:
Accel/Decel |° less than zero.
4 No Yes No Error - greater than half the total output pulses to be generated (TOP).
« Accel/Decel exceeds limit (See page 103).
This error faults the controller. It can be cleared by logic within the User Fault Routine.
PTOX is in the idle state and two or more of the following are set:
« Enable (EN) bit set.
- Jog Pulse (JP) bit set.
5 N N Yi Jog E
0 0 & 09 HTor « Jog Continuous (JC) bit set.
This error does not fault the controller. It is automatically cleared when the error
condition is removed.
Jog . . .
The jog frequency (JF) value is less than 0 or greater than 100,000. This error faults the
6 No Yes No Errt:gruency controller. It can be cleared by logic within the User Fault Routine.
The total output pulses to be generated (TOP) are less than zero. This error faults the
7 No Yes No Length Error contraller. It can be cleared by logic within the User Fault Routine.
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PWM - Pulse-width

Modulation

PWM
—— Pulse Width Modulation
PWM Number

1

PWM Function

IMPORTANT « The PWM function can only be used with the controller's embedded I/0. It
cannot be used with expansion 1/0 modules.
« The PWM instruction should only be used with MicroLogix 1400 BXB or BXBA
controller. Relay outputs are not capable of performing very high-speed
operations.

Instruction Type: Output

Execution Time for the PWM Instruction

When Rung Is:
Controller

True False
MicroLogix 1400 13.2160 ps 7170 ps

The PWM function allows a field device to be controlled by a PWM wave form. The PWM profile has
two primary components:

«  Frequency to be generated
«  Duty Cycle interval

The PWM instruction, along with the HSC and PTO functions, are different than all other controller
instructions. Their operation is performed by custom circuitry that runs in parallel with the main
system processor. This is necessary because of the high-performance requirements of these
instructions.

The interface to the PWM subsystem is accomplished by scanning a PWM instruction in the main
program file (file number 2), or by scanning a PWM instruction in any of the subroutine files. A
typical operating sequence of a PWM instruction is as follows:

1. The rung that a PWM instruction is on is solved true (the PWM is started).
2. A waveform at the specified frequency is produced.

3. The RUN phase is active. A waveform at the specified frequency with the specified duty
cycle is output.

. The rung that the PWM is on is solved false.
5. The PWM instruction is IDLE.

While the PWM instruction is being executed, status bits and data are updated as the main
controller continues to operate. Because the PWM instruction is executed by a parallel system, the
status bits and other information are updated each time the PWM instruction is scanned while it is
running. This provides the control program access to PWM status while it is running.

PWM status is only as fresh as the scan time of the controller. Worst case
latency is the maximum scan of the controller. This condition can be minimized
by placing a PWM instruction in the STI (selectable timed interrupt) file, or by
adding PWM instructions to your program to increase how often a PWM
instruction is scanned.
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Pulse-width Modulation

Within the PWM function file are three PWM elements. Each element can be set to control either

(PWM X) Function File output 2 (00:0/2), output 3 (00:0/3), or output 4 (00:0/4). Function file element PWMX:0 displays.
=1 Function Files
HsC | PTox Pwhix|sti |en |RTC | LD | mwi |Br | cso |Eel»
T [
= OUT - Output 1
D5 - Decelerating Status i)
RS - Run Status 1}
%5 - Accelerating Status i)
- PP - Profile Parameter 5elect 1}
15 - [dle Status 1}
- ED - Error Detected Status 1}
M5 - Mormal Operation Status i)
- EH - Enable Hard Stop i)
—ES - Enable Status [follows mung state] i)
- ER - Error Code 1}
— OF - Output Frequency [Hz] i)
 OFS - Operating Frequency Status [Hz] i)
—DC - Duty Cycle [e.q.. 456 = 45.6%) i)
- DCS - Dty Cycle Status [e.g.. 456 = 45.6%) i}
L ADD - Accel Decel Delay [10ms] i}
P 1 L}
P2 L.
< >
Pulse Width Modulated The variables within each PWMX element, along with what type of behavior and access the control
Function File Elements program has to those variables, are listed individually in Table 48.
Summary
Table 48 - PWM Function File Elements
Element Description Address Data Format Range Type User Program Access Page
OUT - PWMX Output PWMX:0.0UT  |Word (INT) 2.4 Status Read-only 9
DS - Decelerating Status PWMX:0/DS Bit Oorl Status Read-only 100
RS - PWMX Run Status PWMX:0/RS Bit Oor1 Status Read-only 100
AS - Accelerating Status PWMX:0/AS Bit Oorl Status Read-only 100
PP - Profile Parameter Select PWMX:0/PP Bit Oorl Control Read/write 109
IS - PWMX Idle Status PWMX:0/1S Bit Oorl Status Read-only 101
ED - PWMX Error Detection PWMX:0/ED Bit Oorl Status Read-only 101
NS - PWMX Normal Operation PWMX:0/NS Bit Oorl Status Read-only 101
EH - PWMX Enable Hard Stop PWMX:0/EH Bit Oorl Control Read/write 101
ES - PWMX Enable Status PWMX:0/ES Bit Oorl Status Read-only 10
OF - PWMX Output Frequency PWMX:0.0F Long word (32-bit INT) {0...40,000 Control Read/write 102
OFS - PWMX Operating Frequency Status PWMX:0.0FS Long word (32-bit INT) {0...40,000 Status Read-only 102
DC - PWMX Duty Cycle PWMX:0.DC Word (INT) 1..1000 Control Read/write m
DCS - PWMX Duty Cycle Status PWMX:0.DCS  |Word (INT) 1..1000 Status Read-only m
ADD - Accel/Decel Delay PWMX:0.ADD  |Word (INT) 0...32767 Control Read/write m
ER - PWMX Error Codes PWMX:0.ER Word (INT) 2.5 Status Read-only m
PWMX Output (OUT)
Element Description Address Data Format  |Range Type User Program Access
0OUT - PWMX Output PWMX:0.0UT Word (INT) 2.4 Status Read-only

108

The PWMX OUT (Qutput) variable defines the physical output that the PWMX instruction controls.

This variable is set within the function file folder when the control program is written and cannot be

set by the user program. The outputs are defined as 00:0/2, 00:0/3 or 00:0/4 as listed below:
+ 00:0.0/2: PWMX modulates output 2 of the embedded outputs.
« 00:0.0/3: PWMX modulates output 3 of the embedded outputs.
00:0.0/4: PWMX modulates output 4 of the embedded outputs.
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PWMX Decelerating Status (DS)

Element Description

Address

Data Format

Range

Type

User Program Access

DS - Decelerating Status

PWM:0/DS

Bit

Oorl

Status

Read-only

The PWMX DS (Decel) bit is controlled by the PWMX subsystem. It can be used by an input
instruction on any rung within the control program. The DS bit operates as follows:

«  Set (1) - Whenever a PWMX output is within the deceleration phase of the output profile.
«  Cleared (0) - Whenever a PWMX output is not within the deceleration phase of the output

profile.
PWMX Run Status (RS)
Element Description Address Data Format  |Range Type User Program Access
RS - PWMX Run Status PWMX:0/RS Bit Oorl Status Read-only

The PWMX RS (Run Status) bit is controlled by the PWMX subsystem. It can be used by an input

instruction on any rung within the control program.

«  Set (1) - Whenever the PWMX instruction is within the run phase of the output profile.
«  Cleared (0) - Whenever the PWMX instruction is not within the run phase of the output

profile.

PWMX Accelerating Status (AS)

Element Description

Address

Data Format

Range

Type

User Program Access

AS - Accelerating Status

PWM:0/AS

Bit

Oorl

Status

Read-only

The PWMX AS (Accelerating Status) bit is controlled by the PWMX subsystem. It can be used by an
input instruction on any rung within the control program. The AS bit operates as follows:

«  Set (1) - Whenever a PWMX output is within the acceleration phase of the output profile.
«  Cleared (0) - Whenever a PWMX output is not within the acceleration phase of the output

profile.

PWMX Profile Parameter Select (PP)

Element Description Address Data Format  |Range Type User Program Access
fr - brofleParameter I pwiorp  |Bi Oorl  |Control  |Read/write

The PWMX PP (Profile Parameter Select) selects which component of the waveform is modified

during a ramp phase:

«  Set(1) - selects Frequency

«  Cleared (0) - selects Duty Cycle

The PWMX PP bit cannot be modified while the PWMX output is running/enabled.

See also: PWMX Accel/Decel Delay (ADD) on page 111.

PWMX Idle Status (IS)

Element Description

Address

Data Format

Range

Type

User Program Access

IS - PWMX Idle Status

PWMX:0/IS

Bit

Oorl

Status

Read-only

The PWMX IS (Idle Status) is controlled by the PWMX subsystem and represents no PWMX activity. It
can be used in the control program by an input instruction.

«  Set(1) - PWMX subsystem is in an idle state.
«  Cleared (0) - PWMX subsystem is not in an idle state (it is running).

PWMX Error Detected (ED)

Element Description Address Data Format  |Range Type User Program Access
ED - PWMX Error Detection |PWMX:0/ED  |Bit Oorl Status Read-only
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The PWMX ED (Error Detected) bit is controlled by the PWMX subsystem. It can be used by an input
instruction on any rung within the control program to detect when the PWMX instruction is in an
error state. If an error state is detected, the specific error is identified in the error code register
(PWMX:0.ER).

o Set (1) - Whenever a PWMX instruction is in an error state.
«  Cleared (0) - Whenever a PWMX instruction is not in an error state.

PWMX Normal Operation (NS)

Element Description Address Data Format  |Range Type User Program Access
NS - PWMX Normal . - ~
Operation PWMX:0/NS  |Bit Oor1 Status Read-only

The PWMX NS (Normal Operation) bit is controlled by the PWMX subsystem. It can be used by an
input instruction on any rung within the control program to detect when the PWMX is in its normal
state. A normal state is defined as Accel, RUN, or Decel with no PWMX errors.

o Set (1) - Whenever a PWMX instruction is in its normal state.
«  Cleared (0) - Whenever a PWMX instruction is not in its normal state.

PWMX Enable Hard Stop (EH)

Element Description Address DataFormat  |Range Type User Program Access

EH - PWMX Enable Hard Stop | PWMX:0/EH Bit Oorl Control Read/write

The PWMX EH (Enable Hard Stop) bit stops the PWMX subsystem immediately. A PWMX hard stop
generates a PWMX subsystem error.

«  Set(1) - Instructs the PWMX subsystem to stop its output modulation immediately
(output off = 0).

«  Cleared (0) - Normal operation

PWMX Enable Status (ES)
Element Description Address Data Format  |Range Type User Program Access
ES - PWMX Enable Status ~ |PWMX:0/ES  |Bit Oorl Status Read-only

The PWMX ES (Enable Status) is controlled by the PWMX subsystem. When the rung preceding the
PWMX instruction is solved true, the PWMX instruction is enabled, and the enable status bit is set.
When the rung preceding the PWMX instruction transitions to a false state, the enable status bit is
reset (0) immediately.

«  Set (1) - PWMXis enabled.
«  Cleared (0) - PWMX has completed or the rung preceding the PWMX is false.

PWMX Output Frequency (OF)

Element Description Address Data Format  |Range Type User Program Access
OF - PWMX Output . Long word :
Frequency PWMX:0.0F (32-bit INT) 0...40,000 |Control Read/write

The PWMX OF (Output Frequency) variable defines the frequency of the PWMX function. This
frequency can be changed at any time. In the MicroLogix 1400 controller, the data less than zero or
greater than 40,000 generates a PWMX error.

PWMX Operating Frequency Status (OFS)

Element Description Address Data Format Range Type User Program Access
OFS - PWMX Operating . Long word -
Frequency Status PWMX:0.0FS (32-bit INT) 0..40,000 |Status Read-only

The PWMX OFS (Output Frequency Status) is generated by the PWMX subsystem and can be used in
the control program to monitor the actual frequency produced by the PWMX subsystem.
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Table 49 - PWMX Error Codes

PWMX Duty Cycle (DC)
Element Description Address Data Format  |Range Type User Program Access
DC - PWMX Duty Cycle PWMX:0.DC | Word (INT) 1..1000 Control Read/write

The PWMX DC (Duty Cycle) variable controls the output signal that is produced by the PWMX
subsystem. Changing this variable in the control program changes the output waveform. Typical
values and output waveform:

« DC=1000: 100% Output On (constant, no waveform)
«  DC=750: 75% Output On, 25% output OFF

«  DC=500: 50% Output On, 50% output OFF

«  DC=250: 25% Output On, 75% output OFF

«  DC=0: 0% Output Off (constant, no waveform)

PWMX Duty Cycle Status (DCS)

Element Description Address  |DataFormat |Range  |Type /li(S:iLSPSrogram
ous PWMKDUCYcle \pwux.00cs |Word NT) (11000 [Status  |Read-only

The PWMX DCS (Duty Cycle Status) provides feedback from the PWMX subsystem. The Duty Cycle
Status variable can be used within an input instruction on a rung of logic to provide PWMX system
status to the remaining control program.

PWMX Accel/Decel Delay (ADD)

Element Description Address Data Format  |Range Type User Program Access

ADD - Accel/Decel Delay PWMX:0.ADD | Word (INT) 0...32,767 | Control Read/write

PWMX ADD (Accel/Decel Delay) defines the amount of time in 10 millisecond interval to ramp from
zero to 20kHz frequency. Also specifies the time to ramp down to zero.

The PWMX ADD value is loaded and activated immediately (whenever the PWMX instruction is
scanned on a true rung of logic). This allows multiple steps or stages of acceleration or
deceleration to occur.

PWMX Error Code (ER)
Element Description Address Data Format  |Range Type User Program Access
ER - PWMX Error Codes PWMX:0.ER | Word (INT) 2..+5 Status Read-only

PWMX ER (Error Codes) detected by the PWMX subsystem are displayed in this register. Table 49
identifies known errors.

Error

Non-User

Recoverable

Instruction

Code  |Fault Fault Errors Error Name | Description
An output overlap is detected. Multiple functions are assigned to the same physical output. Thisis a
-2 Yes No No Overlap Error | configuration error. The controller faults and the User Fault Routine do not execute. Example: PWMO
and PWM1 are both attempting to use a single output.
§ Aninvalid output has been specified. Output 2, output 3, and output 4 are the only valid choices.
1 Yes No No Output Error This is a configuration error. The contraller faults and the User Fault Routine do not execute.
0 Normal Normal (0 = no error present)
This error is generated whenever a hard stop is detected. This error does not fault the controller. It
! No No fes Hardstop Error is automatically cleared when the hard stop condition is removed.
Outout Forced The configured PWMX output (2, 3, or 4) is forced. The forced condition must be removed for the
2 No No Yes Errt?r PWMX to operate. This error does not fault the controller. It is automatically cleared when the force

condition is removed.
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Using High-Speed Outputs

Table 49 - PWMX Error Codes (Continued)

The frequency value is less than O or greater than 40,000. This error faults the controller. It can be
3 Yes Yes No Frequency Error cleared by logic within the User Fault Routine.
A Reserved
The PWMX duty cycle is either less than zero or greater than 1000.
5 Yes Yes No Duty Cycle Error This error faults the controller. It can be cleared by logic within the User Fault Routine.
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XIC - Examine if Closed
XI0 - Examine if Open

B3:0

—

B3:0

0

Relay-Type (Bit) Instructions

Use relay-type (bit) instructions to monitor and/or control bits in a data file or function file, such as
input bits or timer control-word bits. The following instructions are described in this chapter:

Instruction Used to: Page
XIC - Examine if Closed Examine a bit for an On condition 3
XI0 - Examine if Open Examine a bit for an Off condition 113
OTE - Output Enable Turn On or Off a bit (non-retentive) T4
OTL - Output Latch Latch a bit On (retentive) 115
0TU - Output Unlatch Unlatch a bit Off (retentive) 115
ONS - One Shot Detect an Off to On transition 116
OSR - One Shot Rising Detect an Off to On transition 116
OSF - One Shot Falling Detect an On to Off transition 116

These instructions operate on a single bit of data. During operation, the processor may set or reset
the bit, based on logical continuity of ladder rungs. You can address a bit as many times as your
program requires.

Instruction Type: Input

Execution Time for the XIC Instruction

When Instruction Is:
True False
MicroLogix 1400 0.2646 ps 0.2512 s

Controller

Execution Time for the XIO Instruction

When Instruction Is:
True False
MicroLogix 1400 0.2513 ps 0.2775 ps

Controller

Use the XIC instruction to determine if the addressed bit is on. Use the XIO instruction to determine
if the addressed bit is off.

When used on a rung, the bit address being examined can correspond to the status of real-world
input devices that are connected to the base unit or expansion I/0, or internal addresses (data or
function files). Examples of devices that turn on or off:

« A push button wired to an input (addressed as 11:0/4)
« Anoutput wired to a pilot light (addressed as 00:0/2)
« Atimer controlling a light (addressed as T4:3/DN)

« Abitin the bit file (addressed as B3/16)
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The instructions operate as shown in Table 50:
Table 50 - XI0 and XIC Instruction Operation

Rung State Addressed Bit | XIC Instruction XIO Instruction

True off Returns a False Returns a True

True On Returns a True Returns a False

False - Instruction is not evaluated Instruction is not evaluated

Addressing Modes and File Types can be used as shown in the following table:

Table 51 - XIC and XIO Instructions Valid Addressing Modes and File Types(l)

. Address
Data Files Function Files® ) Address Level
- |Mode
= » S
Parameter = £ < | @ -
o Q| x - SI=|218|w|8 =18
; = = — ! ] = 2l2|e
S — s|Sale|g|8lel=z|Z2|8|lwl|g|2|E|2|E|=|5|5|2
olo|lw|la|lm|lz|lu|lB ||l |E|l2BE|G|o|a|=|8 8|2 |alElad|ls|s|=|2 |
[]perand Bit . . . . . . . . . . . . . o o o . . . . . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.
(3) See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, Ell, BHI, MMI, CS, 10S, LCD, and DLS files.

OTE - Output Energize

Instruction Type: Output

B3:0 : H ;
%1} Execution Time for the OTE Instructions
When Rung Is:
Controller
True False
MicroLogix 1400 0.2685 ps 0.2629 ps

Use an OTE instruction to turn on a bit location when rung conditions are evaluated as true and off
when the rung is evaluated as false. An example of a device that turns on or off is an output that is
wired to a pilot light (addressed as 00:0/4). OTE instructions are reset (turned OFF) when:

«  You enter or return to the program or remote Program mode or power is restored.
« The OTE is programmed within an inactive or false Master Control Reset (MCR) zone.

A bit that is set within a subroutine with an OTE instruction remains set until the
OTE is scanned again.

ATTENTION:
« If you enable interrupts during the program scan via an OTL, OTE, or UIE, this
instruction must be the last instruction that is executed on the rung (the last

instruction on the last branch). It is recommended this be the only output
instruction on the rung.

« Never use an output address at more than one place in your logic program.
Always be fully aware of the load represented by the output coil.
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Table 52 - OTE Instruction Valid Addressing Modes and File Types(!

Addressing Modes and File Types can be used as shown in Table 52:

. Address
Data Files Function Files® ) Address Level
 |Mode
o
> (%] —
Parameter = £ < | @ )
o 2 |x= . SIS918|s|8 =5
- o =< _ T 1 i Q| = = o| £
S _ s|iSealg|g|Blel==|2|8|n|q|2|E|E|E|=z|8|5|2
ol—|lw|la|lm|lzlu|B|a|ZE|lEe|la|lE|2|E |5 |T|a|=|Q9|8|@e|a|lE|la|lE|a =2 T
Destination Bit o | o o | o . B . . o | o o | o . . o | o .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.
(3) See Important note about indirect addressing.

OTL - Output Latch
OTU - Qutput Unlatch

B3:0
%&%

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, LCD, CS, 10S, and DLS files.

Instruction Type: Output

Execution Time for the OTL and OTU Instructions

Controller

OTL - When Rung Is:

OTU - When Rung Is:

True

False

True

False

MicroLogix 1400

0.2541 ps

0.1882 ps

0.2830 ps

01732 ps

The OTL and OTU instructions are retentive output instructions. OTL turns on a bit, while OTU turns
off a bit. These instructions are used in pairs, with both instructions addressing the same bit.

A\

ATTENTION: If you enable interrupts during the program scan via an OTL, OTE, or
UIE, this instruction must be the last instruction that is executed on the rung (last
instruction on last branch). It is recommended this be the only output instruction
on the rung.

Since these are latching outputs, once set (or reset), they remain set (or reset) regardless of the
rung condition.

A\

ATTENTION:
« In the event of a power loss, any OTL-controlled bit (including field devices)
energizes with the return of power if the OTL bit was set when power was lost.

« Under error conditions, physical outputs are turned off. Once the error conditions
are cleared, the controller resumes operation with the data table value.

Addressing Modes and File Types can be used as shown in Table 53:

Table 53 - OTL and OTU Instructions Valid Addressing Modes and File Types(l)

) Address
Data Files Function Files® o) Address Level
< | Mode
= o S
Parameter = g < | @ o
o 2| x e SIS|129I8|=1% =5
- = > _ ' ! Q[ = T ||
© Sl lglSglglg|2lelzlzIEl8|n|g|Q|EIE|E|= 8|52
ol |luw|la|lrm|lzlu|B|la|ZE|lE2la|lE|2|E |5 |a|lal=|Q@8|e|a|lE|l&|S|a|=|38|T
Uperand Bit . . . . . . . . . . . . . . . .
(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.
(3) See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,

STI, EIl, BHI, MMI, CS, 10S, LCD, and DLS files.
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ONS - One Shot

N7:1
- oNs F
0

Instruction Type: Input

Execution Time for the ONS Instructions

When Rung Is:
Controller

True False
MicroLogix 1400 0.2776 ps 0.3110 ps

The ONS instruction for the MicroLogix 1400 controller provides the same
functionality as the OSR instruction for the MicroLogix 1000 and SLC 500
controllers.

The ONS instruction is a retentive input instruction that triggers an event to occur one time. After
the false-to-true rung transition, the ONS instruction remains true for one program scan. The
output then turns Off and remains Off until the logic preceding the ONS instruction is false (this
reactivates the ONS instruction).

The ONS Storage Bit is the bit address that remembers the rung state from the previous scan. This
bit is used to remember the false-to-true rung transition.

ONS Instruction Operation

Rung Transition Storage Bit Rung State after Execution
False-to-true (one scan) Storage bit is set True
True-to-true Storage bit remains set False
True-to-false, false-to-false Storage bit is cleared False

Addressing Modes and File Types can be used as shown in the following table:

Table 54 - ONS Instruction Valid Addressing Modes and File Types(l)

Data Files Function Files Q((i)ggess Address Level
(=2}
Parameter = = % @ =
= € |lo | ® E — S| =
« 2|z e B2 121858 |el2|t
O|l—|vw|m|=E|= | a|lES|lglad|l|ZE|la|lv|lo|a | |26 |Q | alE|lalsE|o|= ||
Storage Bit . . . .
(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
OSR - One Shot Rising
OSF - One Shot Falling
Instruction Type: Output
OSR — ,
| one shot Rising - Execution Time for the OSR and OSF Instructions
Storage Bit B3:0/0
i . OSR - When Rung Is: OSF - When Rung Is:
Output Bit B3:0/1 Controller g g
True False True False
OSF MicroLogix 1400 1.3766 ps 1.3724 ps 1.3672 ps 2.0952 ps
— One Shot Falling —
P B3.0/0 The OSR instruction for the MicroLogix 1400 controller does not provide the same

116

functionality as the OSR instruction for the MicroLogix 1000 and SLC 500
controllers. For the same functionality as the OSR instruction for the MicroLogix
1000 and SLC 500 controllers, use the ONS instruction.

Use the OSR and OSF instructions to trigger an event to occur one time. These instructions trigger
an event based on a change of rung state, as follows:

« Use the OSR instruction when an event must start based on the false-to-true (rising edge)
change of state of the rung.
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«  Use the OSF instruction when an event must start based on the true-to-false (falling edge)
change of state of the rung.

These instructions use two parameters, Storage Bit and Output Bit.
« Storage Bit - This is the bit address that remembers the rung state from the previous scan.

«  Output Bit - This is the bit address that is set based on a false-to-true (OSR) or true-to-false
(OSF) rung transition. The Output Bit is set for one program scan.

To reactivate the OSR, the rung must become false. To reactivate the OSF, the rung must become
true.

OSR Storage and Qutput Bit Operation

Rung State Transition Storage Bit Output Bit
False-to-true (one scan) Bit is set Bit is set

True-to-true Bit is set Bit is reset
True-to-false and false-to-false Bit is reset Bit is reset

OSF Storage and Output Bits Operation

Rung State Transition Storage Bit Output Bit
True-to-false (one scan) Bit is reset Bit is set

False-to-false Bit is reset Bit is reset
False-to-true and true-to-true Bit is set Bit is reset

Addressing Modes and File Types can be used as shown in Table 55:

Table 55 - OSR and OSF Instructions Valid Addressing Modes and File Types(l)

Data Files Function Files Qd(éress Address Level
< |Mode
o
=< [%2) —
Parameter = = ERE ©
E € o | |.® — S|«
o Q| < > SI=|12(38|=|8 =\ 5
- o = = 1 ! O | = Tl e
o — siSIal|8|B|le|=|=|2|8|lnlg|2|E|L|E|l=|8|5]|2
ol |lw|lalr|lz|lu|G|la|ZE|lE2|2 | E|I2|E|H|TE|a|=|S|8|2|a|lE|l&8|ls|&8|=|S|a
Storage Bit . . . .
[]utputBit . . . . . . . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
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Notes:
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Timer and Counter Instructions

Timers and counters are output instructions that let you control operations based on time or a
number of events. The following Timer and Counter Instructions are described in this chapter:

Instruction Used To: Page
TON - Timer, On-Delay Delay turning on an output on a true rung 121
TOF - Timer, Off-Delay Delay turning off an output on a false rung 121
_ P Delay turning on an output from a true rung. The
RTO - Retentive Timer On accumulator is retentive. 12
CTU - Count Up Count up 124
CTD - Count Down Count down 124
RES - Reset Reset the RTO and counter’s ACC and status bits (not 4

used with TOF timers).

For information on using the high-speed counter outputs, see Using the High-speed Counter and
Programmable Limit Switch on page 73.

Timer Instructions OVErview Timersin a controller reside in a timer file. A timer file can be assigned as any unused data file.
When a data file is used as a timer file, each timer element within the file has three sub-elements.

These sub-elements are:

o Timer Control and Status

«  Preset - This is the value that the timer must reach before the timer times out. When the
accumulator reaches this value, the DN status bit is set (TON and RTO only). The preset data
range is from 0...32,767. The minimum required update interval is 2.55 seconds regardless

of the time base.

«  Accumulator - The accumulator counts the time base intervals. It represents elapsed time.
The accumulator data range is from 0...32,767.

Timers can be set to any one of three time bases:

Timer Base Settings
Time Base Timing Range
0.001s 0..32,767 s
0.01s 0..32.767 s
1.00s 0..32,767 s
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Chapter 8 Timer and Counter Instructions

Each timer address is made of a 3-word element. Word 0 is the control and status word, word 1
stores the preset value, and word 2 stores the accumulated value.

Timer File

Bit
Word

5 4 |13 J2 Ju o o [8]7[6 [5 [4 [3 [2 [1 Jo

Word 0 EN (TT DN |Internal Use

Word 1 Preset Value

Word 2 Accumulated Value

EN = Timer Enable Bit
TT = Timer Timing Bit
DN = Timer Done Bit

ATTENTION: Do not copy timer elements while the timer enable bit (EN) is set.
Unpredictable machine operation may occur.

Addressing Modes and File Types can be used as shown in Table 56:

Table 56 - Timer Instructions Valid Addressing Modes and File Types(l)

Data Files® Function Files /’\A’ldgress Address Level
- |Mode
o
Parameter = 2 =@ °
Q| < o O IS [T || @ = | <
o a | = >< © 2|52 oo 8
- o — ! = = e
S ,_ siSalglg|8lel=|=|2|18lnlg|2|E|S|2|=|8|5|2
ol-|lw|lalmlzlw|lB|lolzlE2|l2|E|I2IE|IG|T|la|Z|Q2|18|2|a|lE|l&d|ls|a|=|2 |
Timer . . .
Time Base . .
Preset . .
Accumulator . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) Valid for Timer Files only.

Use an RES instruction to reset a timer's accumulator and status bits.

Timer Accuracy

Timer accuracy refers to the length of time between the moment that a timer instruction is enabled
and the moment the timed interval is complete.

Timer Accuracy

Time Base Accuracy
0.001s -0.001...0.00
0.01s -0.01...0.00
1.00s -1.00...0.00

If your program scan can exceed 2.5 seconds, repeat the timer instruction on a different rung
(identical logic) in a different area of the ladder code so that the rung is scanned within these limits.
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TON - Timer, On-Delay

TON

——1 Timer On Delay —CEN >—
Timer T4.0
Time Base 1.0 —CDN >—
Preset 0<
Accum 0<

Repeat Timer Instructions

Use the enable bit (EN) of a timer to repeat its complex conditional logic at another rung in your
ladder program.

Timing could be inaccurate if Jump (JMP), Label (LBL), Jump to Subroutine (JSR),
or Subroutine (SBR) instructions skip over the rung containing a timer instruction
while the timer is timing. If the skip duration is within 2.5 seconds, no time is lost;
if the skip duration exceeds 2.5 seconds, an undetectable timing error occurs.
When using subroutines, a timer must be scanned at least every 2.5 seconds to
help prevent a timing error.

Instruction Type: Output

Execution Time for the TON Instructions

When Rung Is:
Controller
True False
i . 2.0338 pis (DN=0) _
MicroLogix 1400 12608 ps (DN=1) 0.8608 pis (DN=0)

Use the TON instruction to delay turning on an output. The TON instruction begins to count time
base intervals when rung conditions become true. As long as rung conditions remain true, the timer
increments its accumulator until the preset value is reached. When the accumulator equals the
preset, timing stops.

The accumulator is reset (0) when rung conditions go false, regardless of whether the timer has
timed out. TON timers are reset on power cycles and mode changes.

Timer instructions use the following control and status bits:

Table 57 - Timer Control and Status Bits, Timer Word oW

Bit

Is Set When: And Remains Set Until One of the Following Occurs:

Bit 13 - T4:0/DN

DN - timer done

Accumulated value > preset value Rung state goes false

Bit 14 - T4:0/TT

TT - timer timing

Rung state is true and accumulated value < preset |+ Rung state goes false.

value « DN bitis set.
Bit 15 - T4:0/EN EN - timer enable Rung state is true Rung state goes false
(1) Data File 4 is configured as a Timer File for this example.
TOF - Timer, Off-Delay
Instruction Type: Output
Timer OF Delay NS Execution Time for the TOF Instructions
Timer e When Rung Is:
;'me ?ase 1'8< DN >— Controller g
rese True False
. o 1.0962 pis (DN=0)
. . .0962 pis (DN=
MicroLogix 1400 0.5203 ps 0.5322 s (ON=)

Use the TOF instruction to delay turning off an output. The TOF instruction begins to count time
base intervals when rung conditions become false. As long as rung conditions remain false, the
timer increments its accumulator until the preset value is reached.

The accumulator is reset (0) when rung conditions go true, regardless of whether the timer is timed
out. TOF timers are reset on power cycles and mode changes.

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023 121



Chapter 8

Timer and Counter Instructions

Timer instructions use the control and status bits shown in Table 58:

Table 58 - Timer Control and Status Bits, Timer Word 0®)

Bit

Is Set When: And Remains Set Until One of the Following Occurs:

Bit 13 - T4:0/DN

DN - Timer done

Rung conditions go false and the accumulated value is

Rung conditions are true greater than or equal to the preset value

Bit 14 - T4:0/TT

TT - Timer timing

Rung conditions are false and accumulated value is less than

the preset value Rung conditions go true or when the done bit is reset

Bit 15 - T4:0/EN

EN - Timer enable

Rung conditions go false

Rung conditions are true

(1)

RTO - Retentive Timer, On-

Delay
RTO
— Retentive Timer On —CEN >—
Timer T4.0
Time Base 1.0 —CDN >—
Preset 0<
Accum 0<

Data File 4 is configured as a Timer File for this example.

ATTENTION: Because the RES instruction resets the accumulated value and
status bits, do not use the RES instruction to reset a timer address used in a TOF
instruction. If the TOF accumulated value and status bits are reset, unpredictable
machine operation may occur.

A\

Instruction Type: Output

Execution Time for the RTO Instructions

When Rung Is:
Controller
True False
) . 11710 ps (DN=0)
MicroLogix 1400 0.6100 s (ON=1) 0.5480 ps

Use the RTO instruction to delay turning “on” an output. The RTO begins to count time base intervals

when the rung conditions become true. As long as the rung conditions remain true, the timer
increments its accumulator until the preset value is reached.

The RTO retains the accumulated value when the following occur:
«  Rung conditions become false.
+  You change the controller mode from run or test to program.
«  The processor loses power.
 Afault occurs.

When you return the controller to the RUN or TEST mode, and/or the rung conditions go true, timing
continues from the retained accumulated value. RTO timers are retained through power cycles and

mode changes.

Timer instructions use the following control and status bits:

Table 59 - Counter Control and Status Bits, Timer Word 0!

Bit

Is Set When: And Remains Set Until One of the Following Occurs:

Bit 13 - T4:0/DN

DN - Timer done

Accumulated value > preset value The appropriate RES instruction is enabled.

Bit 14 - T4:0/TT

TT - Timer timing

« Rung state goes false, or

Rung state is true and accumulated value < preset value. | DN bitis set.

Bit 15 - T4:0/EN

EN - Timer enable

Rung state is true. Rung state goes false.

(1)

122

Data File 4 is configured as a Timer File for this example.

To reset the accumulator of a retentive timer, use an RES instruction. See RES - Reset on page 124.

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023



Chapter 8 Timer and Counter Instructions

How Counters Work

Figure 1 demonstrates how a counter works. The count value must remain in the range of
-32,768...+32,767. If the count value goes above +32,767, the counter status overflow bit (QV) is set
(1). If the count goes below -32,768, the counter status underflow bit (UN) is set (1). A reset (RES)
instruction is used to reset (0) the counter.

Figure 1 - How Counters Work
-32.768 0 +32,767

I I
Count Up

h

Counter ALcumuIator Value

Count Dowu

I I
Underflow Overflow

Using the CTU and CTD Instructions

Counter instructions use the following parameters:

«  Counter - This is the address of the counter within the data file. All counters are 3-word
data elements. Word O contains the Control and Status Bits, Word 1 contains the Preset, and
Word 2 contains the Accumulated Value.

Word bt
5 14 |13 12 Ju [0 [9 [8 [7 [6 [5 [4 [3 [2 [t Jo
Word 0 CU [cD DN [OV JUN [NotUsed
Word1 Preset Value
Word 2 Accumulated Value

CU = Count Up Enable bit
CD = Count Down Enable bit
DN = Count Done bit

0V = Count Overflow bit

UN = Count Underflow bit

«  Preset - When the accumulator reaches this value, the DN bit is set. The preset data range is
from -32,768...+32,767.

Accumulator - The accumulator contains the current count. The accumulator data range is
from -32,768...+32,767.

The accumulated value is incremented (CTU) or decremented (CTD) on each false-to-true rung
transition. The accumulated value is retained when the rung condition again becomes false, and
when power is cycled on the controller. The accumulated count is retained until cleared by a reset
(RES) instruction that has the same address as the counter.

The counter continues to count when the accumulator is greater than the CTU
preset and when the accumulator is less than the CTD preset.

Addressing Modes and File Types can be used as shown in Table 60:

Table 60 - CTD and CTU Instructions Valid Addressing Modes and File Types(l)

Data Files®@ Function Files /’\\/Id((jjress Address Level
< |Mode
o
P ter z 2 = | @ -
arame = El_lg|8 5 S|
o o | =< - SIS |8|«|8 =5
S “lEln|olald —lalrlalale]|8|S 2|2t
| S =El=|T|= [92] = | B S o)
ol|l_|w|aml|= Sloul8 2|2 |E|2|E|G|E|5|=|2|8|e|2|E|S|E|8|=|2 |
Counter . 5 .
Preset 5 .
Accumulator 5 .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) Valid for Counter Files only.
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Using Counter File Control and Status Bits

Like the accumulated value, the counter status bits are also retentive until reset, as described in

Table 61 and Table 62.
Table 61 - CTU Instruction Counter Control and Status Bits, Counter Word 0!
Bit Is Set When: And Remains Set Until One of the Following Occurs:
Bit 12 - C5:0/0V OV - Overflow The accumulated value wraps from +32,767...-32,768 | A RES instruction with the same address as the CTU instruction is
: indicator and continues to count up. enabled.
« Accumulated value < preset value or,
Bit 13 - C5:0/DN DN - done indicator  |Accumulated value > preset value. « ARES instruction with the same address as the CTU instruction is
enabled.
« Rung state is false.
Bit 15 - C5:0/CU CU - count up enable |Rung state is true. « ARES instruction with the same address as the CTU instruction is
enabled.

(1) Data File 5 is configured as a Timer File for this example.

Table 62 - CTD Instruction Counter Control and Status Bits, Counter Word 01)

Bit Is Set When: And Remains Set Until One of the Following Occurs:
. ) . The accumulated value wraps from A RES instruction with the same address as the CTD instruction is
Bit 11 - C5:0/UN UN - underflow indicator -32,768...+32,767 and continues to count down. enabled.
« Accumulated value < preset value or,
Bit 13 - C5:0/DN DN - done indicator Accumulated value > preset value. « ARES instruction with the same address as the CTU instruction is
enabled.
« Rung state is false.
Bit 14 - C5:0/CD CD - count down enable [Rung state is true. « ARES instruction with the same address as the CTD instruction is
enabled.

(1) Data File 5 is configured as a Timer File for this example.

CTU - Count Up / CTD - Count  Instruction Type: Output

Down Execution Time for the CTU and CTD Instructions
cTU - - .
—| Count Up L cou— Controller CTU - When Rung Is: CTD - When Rung Is:
Counter C5:0 True False True False
Freset 0 —CONO— MicroLogix 1400 04GW9ps  |03812ys  |0AB0ps | 03803 ps

The CTU and CTD instructions are used to increment or decrement a counter at each false-to-true

cTD rung transition. When the CTU rung makes a false-to-true transition, the accumulated value
— gouni Down 50 —CCU>— increments by one count. The CTD instruction operates the same, except the count decrements.
ounter R
E\rcecslfr; 8: N : If the signal is coming from a field device that is wired to an input on the

controller, the on and off duration of the incoming signal must not be less than
twice the controller scan time (assuming 50% duty cycle). This condition is
needed to enable the counter to detect false-to-true transitions from the
incoming device.

RES - Reset
Instruction Type: Output
< EESO pa Execution Time for the RES Instructions
Controller When Rung Is:
True False
MicroLogix 1400 0.6320 ps 0.4305 ps

The RES instruction resets timers, counters, and control elements. When the RES instruction is
executed, it resets the data defined by the RES instruction.
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The RES instruction has no effect when the rung state is false. Table 63 shows which elements are
modified:

Table 63 - RES Instruction Operation

When using a RES instruction with a:

Timer Element Counter Element Control Element

The controller resets the: y&g 32?&20&9[{98% the:
The controller resets the: ACC value to 0 EN bit
ACC value to 0 0V bit EU bit
DN bit UN bit DN bit
TT bit DN bit EM bit
EN bit CU bit ER bit

CD bit I

UL bit

status bits, do not use the RES instruction to reset a timer address used in a TOF
instruction. If the TOF accumulated value and status bits are reset, unpredictable
machine operation or injury to personnel may occur.

f ATTENTION: Because the RES instruction resets the accumulated value and

Addressing Modes and File Types can be used as shown in Table 64:

Table 64 - RES Instruction Valid Addressing Modes and File Typest)

Data Files Function Files ’\A;ld((ijress Address Level
< |Mode
o
Parameter = 2 =@ -
E € |lo | s § — S =
s 2= - S| 19|18 |s|8 =g
- > ] ! (5] = =l o | £
S — sis|alglg|lelel=lz|=EI18ln |8 |2|E|S|2|=|8|5|2
ol—|lo|lalm|lzlu|G|la|ZE|lE2|la|le|2|8|H|a|la|=|Q|8|@|alE|la|ls|a5|=|S|m
Structure . . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023 125



Chapter 8 Timer and Counter Instructions

Notes:
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Compare Instructions

Use these input instructions when you want to compare values of data.

Instruction Used To: Page

EQU - Equal Test whether two values are equal (=) 128

NEOQ - Not Equal Test whether one value is not equal to a second value () 128

LES - Less Than Test whether one value is less than a second value (<) 128

LEQ - Less Than or Equal To (Tgt whether one value is less than or equal to a second value 19

GRT - Greater Than Test whether one value is greater than a second value (>) 128

GEQ - Greater Than or Equal To Test whether one value is greater than or equal to a second 19

value (2)

MEQ - Mask Compare for Equal | Test portions of two values to see whether they are equal 129

LIM - Limit Test Test whether one value is within the range of two other values 130
Using the Com pare Most of the compare instructions use two parameters, Source A and Source B (MEQ and LIM have an
Instructions additional parameter and are described later in this chapter). Both sources cannot be immediate

values. The valid data ranges for these instructions are:
«  -32,768...+32,767 (word)
o -247483,648...+2,147483,647 (long word)

Addressing Modes and File Types can be used as shown in Table 65:

Table 65 - EQU, NEQ, GRT, LES, GEQ, and LEQ Instructions — Valid Addressing Modes and File Types(l)

. Address
Data Files Function Files® @ | AddressLevel
Mode
g g
Parameter § 2 S | o
o a El12|8 |2 3 g g
@ o |x g |x = ST | |8 |8 |2 o o8
) glElnlelZlel=zl=|zl=Z|8|l, | |?|E|L|T|= |5 | |&
olc|lo|lalmlzlulB|lolZ|Zl2|E|2E |G |TalSE|Q|8|2|a|E|E8|cs|a |2 |2 |T
Source A - - - - - - - - - - - - - - - - - - - - - - - - -
Source B - - - - - - - - - - - - - - - - - - - - - - - - -

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) See Important note about indirect addressing.

(4)  Only use the high-speed counter Accumulator (HSC.ACC) for Source A in GRT, LES, GEQ, and LEQ instructions.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, NI, BHI, MMI, CS, 10S, and DLS files.

When at least one of the operands is a Floating Data Point value:

«  For EQU, GEQ, GRT, LEQ, and LES - If either Source is not a number (NAN), then rung state
changes to false.

«  For NEQ - If either Source is not a number (NAN), then rung state remains true.
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EQU - Equal Instruction Type: Input
NEQ - Not Equal Execution Time for the EQU and NEQ Instructions
EQU ;
When Rung Is:
— Equal * Controller Instruction  |Data Size enHng s
Source A N7:0 True False
0<
Source B N7:1 EQU Word 1.0814 ps 1.0854 ps
0< Long word 1.0674 ps 1.0828 ps
MicroLogix 1400
ICroL0g% 0 Word 15056 s 01880 s
Long word 1.3892 ps 0.2070 ps
NEQ
ot Equal o | The EQU instruction is used to test whether one value is equal to a second value. The NEQ
Source A N7:0 A S g
0< instruction is used to test whether one value is not equal to a second value.
Source B N7:1 ] ]
0< EQU and NEQ Instruction Operation
Instruction Relationship of Source Values Resulting Rung State
QU A=B True
A#B False
A=B False
NEQ
A#B True
GRT - Greater Than Instruction Type: Input
LES - Less Than Execution Time for the GRT and LES Instructions
GRT .
When Rung Is:
— Greater Than (A>B) — Controller Instruction Data Size ng
Source A N7:0 True False
0<
Source B NT1 GRT Word 1.0682 ps 0.2414 ps
0< ) . Long word 1.0942 ps 0.2212 s
MicroLogix 1400
LES Word 1.0772 ps 0.2106 ps
LES Long word 1.0935 ps 0.2137 ps
— Less Than (A<B) —
Source A N7i% The GRT instruction is used to test whether one value is greater than a second value. The LES
Source B N721< instruction is used to test whether one value is less than a second value.
0< . .
GRT and LES Instruction Operation
Instruction Relationship of Source Values Resulting Rung State
A>B True
GRT
A<B False
A>B False
LES
A<B True

IMPORTANT  Only use the High-speed Counter Accumulator (HSC.ACC) for Source A in
GRT, LES, GEQ, and LEQ instructions.
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GEQ - Greater Than or Equal

To

LEQ - Less Than or Equal To

GEQ
Grtr Than or Eql (A>=B)
Source A N7:0
0<
Source B N7:1
0<
LEQ
Less Than or Egl (A<=B)
Source A N7:0
0<
Source B N7:1
0<

MEQ - Mask Compare for

Instruction Type: Input

Execution Time for the GEQ and LEQ Instructions

. . When Rung Is:
Controller Instruction Data Size
True False
660 Word 1.0710 ps 0.2228 ps
) . Long word 1.0601 ps 0.2242 ps
MicroLogix 1400
GrOS00% " Word 1.0640 ps 01847 s
Long word 1.0364 ps 0.1851 ps

The GEQ instruction is used to test whether one value is greater than or equal to a second value.
The LEQ instruction is used to test whether one value is less than or equal to a second value.

GEQ and LEQ Instruction Operation

Instruction Relationship of Source Values Resulting Rung State
A>B True
GE
D A<B False
A>B False
LE
0 A<B True

IMPORTANT  Only use the High-speed Counter Accumulator (HSC.ACC) for Source A in
GRT, LES, GEQ, and LEQ instructions.

Instruction Type: Input

Equal Execution Time for the MEQ Instructions
MEQ When Rung Is:
——| Masked Equal Controller Data Size Hng s:
Source N7:0 True False
0<
. ) . Word 6.2730 ps 01934 ps
Mask N7:1 MicroLogix 1400
0000h< leraLogx Long word 71602 ps 0.1780 ps
Compare N7:2
o< The MEQ instruction is used to compare whether one value (source) is equal to a second value
(compare) through a mask. The source and the compare are logically ANDed with the mask. Then,
these results are compared to each ather. If the resulting values are equal, the rung state is true. If
the resulting values are not equal, the rung state is false.
For example:
Source: Compare:
v o oo JofofoJo [t [nJofo i [t n o fr [t oo JoJofoJofo Jo o
Mask: Mask:

Voot P Jofofo o [t o

Voo r o Jofofofo i o

Intermediate Result:

Intermediate Result:

1 [t JoJo [t Jo[t JoJofoJoJo oo oo

T JoJor [t [t roJoJoJofoJoJoJo]o

Comparison of the Intermediate Results: not equal

The source, mask, and compare values must all be of the same data size (either word or long
word). The data ranges for mask and compare are:

«  -327768...+32,767 (word)
o -2]47483,648...+2147483,647 (long word)

The mask is displayed as a hexadecimal unsigned value from 0000...FFFF FFFF.
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Addressing Modes and File Types can be used as shown in Table 66:

Table 66 - MEQ Instruction Valid Addressing Modes and File Types®

. Address
Data Files Function Files® Mode® Address Level
[=2]
= o S
Parameter = £ o |2 °
o g = > SIT|9|8|g|8 - =le
S | ls|Elalelg|elel=lzlzl8]a|g|2|E|S|E|=|8|E|S
ol |low|la|lw|lz|lu|B|alZE|lE|la|lBE|2|E|H|T|al=|8|8|e|a|lE|la|ls|a|=|2 |
Source o . o B . B . . . . . B . B . B . B . . . . B .
Mask . . . . . . . . . . . . . . . . . . . . .
Compare . . . o . o . . . . . o . o . o . o . o . o

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.

LIM - Limit Test Instruction Type: Input
— LM Execution Time for the LIM Instructions
— Limit _Test
Low Lim N7:0 _ When Rung Is:
0< Controller Data Size
Test 0 True False
0<
- . ) . Word 7.0970 ps 0.2086 ps
High Lim N7:1 MicroLogix 1400
0< (CroL0g% Long word 73803 s 0.2009 s

The LIM instruction is used to test for values within or outside of a specified range. The LIM
instruction is evaluated based on the Low Limit, Test, and High Limit values as shown in the
following table.

Table 67 - LIM Instruction Operation Based on Low Limit, Test, and High Limit Values

When: And: Rung State
Low Limit < High Limit Low Limit < Test < High Limit True
Low Limit < High Limit Test < Low Limit or Test > High Limit False
High Limit < Low Limit High Limit < Test < Low Limit False
High Limit < Low Limit Test > High Limit or Test < Low Limit True

The Low Limit, Test, and High Limit values can be word addresses or constants, which are
restricted to the following combinations:

«  If the Test parameter is a constant, both the Low Limit and High Limit parameters must be
word or long word addresses.

« Ifthe Test parameter is a word or long word address, the Low Limit and High Limit
parameters can be either a constant, a word, or a long word address.

When mixed-sized parameters are used, all parameters are put into the format of the largest
parameter. For instance, if a word and a long word are used, the word is converted to a long word.

The data ranges are:
o -32768...+32,767 (word)
o -247483,648...+2,147483,647 (long word)
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Addressing Modes and File Types can be used as shown in Table 68.

Table 68 - LIM Instruction Valid Addressing Modes and File Types(!

_ Address
Data Files Function Files® ) Address Level
< |Mode
= P 3

Parameter = £ < | @ °
o 2|z < SI5191|8|s|8 = |5
- o |5 =< ' ! O | o Tlo| e
= — sl€lalelglSlel=lz|=(8lenl|a|2|E|E|5|=|8|5]|s
o|l—|lw|lo|lw|z|lu|G | |S|lE|d | E|2|8E|G|T|xa|=S|2|8|2|alE|S|s|&|=|2 |m

Low Limit o . . . . o . . o . o . . . . o . o . . . . o . o

Test . . . . . o . . . . o . . . . o . o . . . . o . .

H|gh Limit . . . . . . . . . . . . . . . . . . . . . . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.
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Notes:
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Chapter ].O

General Information

Math Instructions

Before using math instructions, become familiar with the following topics at the beginning of this

chapter:
o Use the Math Instructions

«  Updates to Math Status Bits
«  Use the Floating Point (F) Data File

This chapter also explains how advanced math instructions and application-specific instructions
function in your logic program. Each of the advanced math instructions includes information on:

« Instruction symbol
« Instruction usage

Instructions

Use these output instructions to perform computations using an expression or a specific arithmetic

instruction.

Math Instructions

Instruction Used To: Page
ADD - Add Add two values 137
SUB - Subtract Subtract two values 137
MUL - Multiply Multiply two values 138
DIV - Divide Divide one value by another 138
NEG - Negate gzgtr;r?stitgr? sign of the source value and place it in the 138
CLR - Clear Set all bits of a word to zero 138
ABS - Absolute Value Find the absolute value of the source value 138
SOR - Square Root Find the square root of a value 141
SCL - Scale Scale a value 139
SCP - Scale with Parameters ?eclzlt?[]?] ;/ﬁilge to a range determined by creating a linear m
Advanced Math Instructions

Instruction  |Used To: Page
SIN Take the sine of a number and store the result in the destination. 142
cos Take the cosine of a number and store the result in the destination. 143
TAN Take the tangent of a number and store the result in the destination. 14k
ASN Take the arc sine of a number and store the result(in radians) in the destination. 146
ACS Take the arc cosine of a number and store the result (in radians) in the destination.| 147
ATN Take the arc tangent of a number and store the result (in radians) in the 18

destination.

DEG Convert radians (source) to degrees and store the result in the destination. 149
RAD Convert degrees (source) to radians and store the result in the destination. 151
LN Take the natural log of the value in the source and store it in the destination. 152
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Advanced Math Instructions (Continued)

Instruction  |Used To: Page
L0G Take the log base 10 of the value in the source and store it in the destination. 153
XPY Raise a value to a power and stores the result in the destination. 155
CPT Evaluate an expression and store the result in the destination. 156

Use the Math Instructions Most math instructions use three parameters, Source A, Source B, and Destination (additional
parameters are described where applicable, later in this chapter). The mathematical operation is

performed using both Source values. The result is stored in the Destination.

When using math instructions, observe the following:

Source and Destination can be different data sizes. Sources are evaluated at the highest
precision (word or long word) of the operands. Then the result is converted to the size of the
destination. If the signed value of the Source does not fit in the Destination, the overflow is

handled as follows:

- Ifthe Math Overflow Selection Bit is clear, a saturated result is stored in the Destination. If
the Source is positive, the Destination is +32,767 (word) or +2,147483,647 (long word). If
the result is negative, the Destination is -32,768 (word) or -2,147483,648 (long word).

- Ifthe Math Overflow Selection Bit is set, the unsigned truncated value of the Source is
stored in the Destination.

Sources can be constants or an address, but both sources cannot be constants.

Valid constants are -32,768...+32,767 (word) and -2,147,483,648...+2,147.483,647 (long word).

Long File Type Address, Constant, and Float File Type Address cannot be used together in

Source A, Source B, and Destination.

Addressing Modes and File Types can be used as shown in Table 69:

Table 69 - Math Instructions (ADD, SUB, MUL, DIV, NEG, CLR) Valid Addressing Modes and File Types(l)

. Address
Data Files Function Files® - @ Address Level
<, [Mode
o
> [%) —
Parameter = = < | @ -
E £ |o < © — o =
o E = 3 8 = Dl 8 ks 8 =} = o
[} | E oo S|_ =l=lal.|le|xlE|2|S5|.]|5 2|5
ol |lw|lalelz|lu|B|oa|8l2|l2|5|2|E|G|S|&s|(=|Q|18|c|2|E|S|E|8|=|S |0
Source A o . . . . o . . . o o . . . . o . o . . . . . . . .
Source B o . . . . o . . . . o . . . . o . o . . . . . . . .
Destination . o e o e . . o e . . o e o e . . . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.
(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.

(4)  See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.
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Updates to Math Status BitS  after a math instruction is executed, the arithmetic status bits in the status file are updated. The

Use the Floating Point (F)
Data File

Table 70 - Floating Point Data File Structure

arithmetic status bits are in word 0 in the processor status file (S2).

Math Status Bits

With this Bit: The Controller:

S:0/0 Carry Sets if carry is generated; otherwise resets.

S0 Overflow gg;sti\:;?gnm hr:rswu:; gfr ssrggh instruction does not fit into the

S:0/2 Zero Bit Sets if result is zero, otherwise resets.

S:0/3 Sign Bit Sets if result is negative (MSB is set), otherwise resets.

S/ Math Overflow Examines the state of this bit to determine the value of the result when
Selected an overflow occurs.

$:5/0 Overflow Trap® Sets if the Overflow Bit is set, otherwise resets.

(1) Control bits.

Overflow Trap Bit, S:5/0

Minor error bit (S:5/0) is set upon detection of a mathematical overflow or division by zero. If this bit
is set upon execution of an END statement or a Temporary End (TND) instruction, the recoverable
major error code 0020 is declared.

In applications where a math overflow or divide by zero occurs, you can avoid a controller fault by
using an unlatch (OTU) instruction with address S:5/0 in your program. The rung must be between
the overflow point and the END or TND statement.

The following illustration shows the rung that you can use to unlatch the overflow trap bit.

‘ S5 ‘

| o

File Description

Floating point files contain IEEE-754 floating point data elements. One floating point element is
shown in Table 70. You can have up to 256 of these elements in each floating point file.

Floating Point Element

31 [30 [29 [28 [27 |26 [25 [24 [23 [22 [21 [20 [19 |18 [17 [16 [15 [14 13 [12 |11 [10 Jog [08 [o7 [os o5 [04 [03 [02 o1 |00
s | Exponent Value Mantissa

High Word | Low Word

() S=SignBit

Floating point numbers are represented using the IEEE-754 format, where:

- Bit 31is the sign bit. This bit is set for negative numbers (note that negative zero is a valid
value).

Bits 23...30 are the exponent.
« Bits 0...22 are the mantissa.
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136

The value represented by a 32-bit floating point number (not one of the exception values defined in

Floating Point Exception Values on page 136) is given by the following expression. Note the
restoration of the suppressed most significant bit of the mantissa.

(0 x28 7 x(1+m)
Where:

sis the sign bit (0 or 1)

e is the exponent (1...254)

m is the mantissa (0 <f<1)

The valid range for floating point numbers is from -3.4028 x 10%8..+3.4028 x 10%.

Definitions

Overflow - Occurs when the result of an operation produces an exponent that is greater than 254.

Underflow - Occurs when the result of an operation produces an exponent that is less than one.

Floating Point Exception Values

Zero - Represented by an exponent and a mantissa of zero. Both positive and negative zero are
valid.

Denormalized - Represented by an exponent of zero and a nonzero mantissa part. Since
denormalized numbers have very small, insignificant values, they are treated as zero when used as
source operand for most instructions. This reduces execution time. Denormalized numbers are not
generated by the instructions (but are propagated by some instructions). Zero is generated on an
underflow.

Infinity - Represented by an exponent of 255 and a mantissa part of zero. Both positive and
negative infinity are generated when operations overflow. Infinity is propagated through
calculations.

NAN (not a number) - Represented by an exponent of 255 and a nonzero mantissa part. NANs are
used to indicate results that are mathematically undefined such as 0/0 and adding plus infinity to
minus infinity. All operations given a NAN as input must generate a NAN as output.

LSB Round-to-Even Rule

Floating point operations are rounded using the round-to-even rule. If the bits of the result to the
right of the least significant bit (LSB) represent a value less than one-half of the LSB, then the result
remains as is. If the bits to the right of the LSB represent a value greater than one-half of the LSB,
the result is rounded up by adding one LSB. If the bits to the right of the LSB represent a value of
exactly one-half LSB, the result is rounded up or down so that the LSB is an even number.

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023



Chapter 10 Math Instructions

ADD - Add
SUB - Subtract
ADD
— Add
Source A N7:.0
o<
Source B N7:1
o<
Dest N7:2
o<
SUB
—— Subtract
Source A N7:.0
0<
Source B N7:1
0<
Dest N7:2
o<

Addressing Floating Point Files

The addressing format for floating point data files is shown.

Format Explanation
F Floating Paint file
Fe f File number |The valid file number range is from 8 (default) to 255.
Element delimiter
e Element number The valid element number range is from 0...255.
s[4 R

Programming Floating Point Values

The following table shows items to consider when using floating point data.

IMPORTANT  These rules do not apply to the SCP instruction. See page 202 for the rules
for that instruction.

Considerations When Using Floating Point Data

When at least one of the operands is a Floating Data Point value:

« If either Source is NAN, then the result is NAN.

« All overflows result in infinity with the correct sign.

« Al underflows result in plus zero.

« Al denormalized Source values are treated as plus zero.

« Results are always rounded using the Round to Even rule.

- If Destination is an integer and the result is NAN or infinity, a saturated result (-32768 or +32767 for word or -
247,836,648 or +2,147,836,647 for long word) is stored in Destination and the Math Overflow Selection Bit is ignored.

« If Destination is an integer, the rounded result is stored. If an overflow occurs after rounding, a saturated result is
stored in Destination and the Math Overflow Selection Bit is ignored. The saturated results are:
- If Des)tination is an integer and the result is positive, overflow Destination is +32767 (word) or +2147483, 648 (long

word).
- If Des)tination is an integer and the result is negative, overflow Destination is -32767 (word) or -2,147483, 648 (long
word).

Updates to Math Status Bits:

« Carry - Is reset.

« Overflow - Is set if the result is infinity, NAN, or if a conversion to integer overflows; otherwise it is reset.

« Zero - Is set if the lower 31 bits of the Floating Point Data result is all zero's, otherwise it is reset.

« Sign - Is set if the most significant bit of the Destination is set (bit 15 for word, bit 31 for long word or floating point
data); otherwise it is reset.

« QOverflow Trap - The Math Overflow Trap Bit is only set if the Overflow bit is set. Otherwise, it remains in its last state.

Instruction Type: Output

Execution Time for the ADD and SUB Instructions

. . When Rung Is:
Controller Instruction Data Size
True False
ADD Word 1.8868 ps 0.3540 ps
) . Long word 17807 ps 0.3546 ps
MicroLogix 1400
iero-ogx " Word 18426 ps 0.3767 ps
Long word 1.7651 ps 0.3758 ps

Use the ADD instruction to add one value to another value (Source A + Source B) and place the sum
in the Destination.

Use the SUB instruction to subtract one value from another value (Source A - Source B) and place
the result in the Destination.
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MUL - Multiply

DIV - Divide
MUL
—  Multiply
Source A N7:.0
o<
Source B N7:1
o<
Dest N7:2
o<
DIV
—— Divide
Source A N7:0
0<
Source B N7:1
0<
Dest N7:2
0<
NEG - Negate
NEG
— Negate
Source N7:0
0<
Dest N7:1
0<
CLR - Clear
CLR
— Clear
Dest N7:0
0<

ABS - Absolute Value

Instruction Type: Output

Execution Time for the MUL and DIV Instructions

. . When Rung Is:
Controller Instruction Data Size
True False
MUL Word 3.3260 ps 0.3920 ps
) . Long word 3.3476 ps 0.3918 ps
MicroLogix 1400
(CroL0g% " Word 2312 ps 0.39% s
Long word 2.3636 s 0.3914 ps

Use the MUL instruction to multiply one value by another value (Source A x Source B) and place the

ABS
—— Absolute Value
Source N7:0
0<
Dest N7:1
0<

138

result in the Destination.

Use the DIV instruction to divide one value by another value (Source A/Source B) and place the
result in the Destination. If the Sources are single words and the Destination is directly addressed
to S:13 (math register), then the quotient is stored in S:14 and the remainder is stored in S:13. If long
words are used, then the results are rounded.

Instruction Type: Output

Execution Time for the NEG Instruction

When Rung Is:
Controller Data Size eniing’s
True False
Word 1.3570 0.3548
MicroLogix 1400 ul s s
Long word 1.3660 ps 0.3413 ps

Use the NEG instruction to change the sign of the Source and place the result in the Destination.

Instruction Type: Output

Execution Time for the CLR Instruction

When Rung Is:
Controller Data Size on fung s
True False
) . Word 2.0522 ps 0.374 ps
MicroLogix 1400
Croogx Long word 20125 s 0.3691 s

Use the CLR instruction to set the Destination to a value of zero.

Instruction Type: Output

Execution Time for the ABS Instruction

When Rung Is:
Controller Data Size en fung s
True False
) . word 14410 ps 0.3750 ps
MicroLogix 1400
Croogx long word 15390 s 0.3730 s

The ABS instruction takes the absolute value of the Source and places it in the Destination. The data
range for this instruction is -2,147483,648...2147483,647 or IEEE-754 floating point value.

Source and Destination do not have to be the same data type. However, if the signed result does
not fit in Destination, the following occurs:
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Table 71 - ABS Result Does Not Fit in Destination

When Both Operands Are Integers

When At Least One Operand is Floating Point Data

« If the Math Overflow Selection Bit is clear, a saturated result (32767 for word or
2,147,836,647 for long word) is stored in the Destination.

« If the Math Overflow Selection Bit is set, the unsigned truncated value of the result is
stored in the Destination.

« The ABS instruction clears the sign bit. No operation is performed on the remaining
bits.

« If Destination is an integer and Source is NAN or infinity, a saturated result (32767 for
word or 2,147836,647 for long word) is stored in Destination and the Math Overflow
Selection Bit is ignored.

« If Destination is an integer, the rounded result is stored. If an overflow occurs after
rounding, a saturated result (32767 for word or 2,147,836,647 for long word) is stored in
Destination and the Math Overflow Selection Bit is ignored.

The following table shows how the math status bits are updated upon execution of the ABS

instruction:

Table 72 - Updates to Math Status Bits

When Both Operands Are Integers

When At Least One Operand is Floating Point Data

« Carry - Is set if input is negative, otherwise resets.

« Overflow - Is set if the signed result cannot fit in the Destination; otherwise it is reset.

« Zero - Is set if Destination is all zera's, otherwise it is reset.

« Sign - Is set if the most significant bit of the Destination is set, otherwise it is reset.

« Overflow Trap - The Math Overflow Trap Bit is only set if the Overflow bit is set.
Otherwise, it remains in its last state.

« Carry - Is reset

« Overflow - Is set if the signed result is infinity, NAN, or cannot fit in the Destination;
otherwise it is reset.

» Zero - Is set if Destination is all zera's, otherwise it is reset.

« Sign - Is set if the most significant bit of the Destination is set, otherwise it is reset.

« Overflow Trap - The Math Overflow Trap Bit is only set if the Overflow bit is set.
Otherwise, it remains in its last state.

Addressing Modes and File Types are shown in Table 73.

Table 73 - ABS Instruction Valid Addressing Modes and File Types(l)

. - Address
Data Files Function Files ) Address Level
Mode

[=2) =

=< w0 3 =

Parameter = 2 s | @ - |3
E Elo|s|® — O | o>|+
o 2 |x . SI=I2|18|=|8 = |g|l8
- = > 1 ! 1= = STlolw|E
S s|S|g2I8|Blelz|z|lE|8|w|8|Q|E|E|E|=2|8|5|8|2
o|l_|lvw|la|lm|lz|lu|G|La|E|lE|la|lE|2|E|G|T|a|(=S|898|e|a|lE|S5||5|=|2 | |m

Source o | o | o | o o] o | o o | o | o . . . o | o | o | o o] @ . . . . . . . .

Destination . . . . . . . . . o o o o o . . . . . o .

(1)

(2) See Important note about indirect addressing.

For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.

SCL - Scale Instruction Type: Output
N ScL | Execution Time for the SCL Instruction
Source N7:0 .
0< Controller When Rung I:
Rate [/10000] N7:1 True False
offset S MicroLogix 1400 109080 ps 0.3608 pis
0<
Dest N7:3 The SCL instruction causes the value at the Source address to be multiplied by the Rate (slope)
0< value. The resulting value is added to the Offset and the rounded result is placed in the Destination.

The following equations express the linear relationship between the input value and the resulting

scaled value:

scaled value = [(rate x source)/10000] + offset, where
«  Rate = (scaled max - scaled min)/(input max - input min)
«  Offset = scaled min - (input min x rate)
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Rate and Offset can both be immediate values. The data range for rate and offset is -
32768...+32767.

Addressing Modes and File Types can be used as shown in Table 74.

Table 74 - SCL Instruction Valid Addressing Modes and File Types(l)

. — (2)
Data Files Function Files Address Address Level
| Mode
o
=< wn —
Parameter = £ < |2 -
E Elo | 8| s 4 S|+
o o | =< - SI=°o5|«|8 =5
%) ClE|nlo|lo!|d =|al: R N g8 2|2 E
y | S~ — p— = w — =) o
ol _lolalecl=zlulmli|Cl2|2|E|I2IE|GIEIEIZE|C|G|E|2|E|E|E|E|2]|3|a
Source . . . . . . . . .
Rate . . . . . . . . . .
Offset . . . . . . . . . .
Destination A o | o | o . 1 X

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.

IMPORTANT Do not use the High-speed Counter Accumulator (HSC.ACC) for the
Destination parameter in the SCL instruction.

SCP - Scale with Parameters  instruction Type: Output

SCP Execution Time for the SCP Instruction
—— Scale w/Parameters —

Input N7:0 ) When Rung Is:
0< Controller Data Size

Input Min. N7:1 True False
0< ) ) Word 83.2977 ps 0.3878 pis

) : MicroLogix 1400

Input Max NIz leraLogx Long word 87,0433 s 0.2910 s

Scaled Min. N7:3 . . ] ] ] )
0< The SCP instruction produces a scaled output value that has a linear relationship between the input

Scaled Max. N71‘(‘)< and scaled values. This instruction solves the following equation to determine scaled output:

Output NTS y = [y~ yol/ - xg)(x - xg) + yg

Addressing Modes and File Types can be used as shown in Table 75.

Table 75 - SCP Instruction Valid Addressing Modes and File Types®)

. Address
Data Files ion Files@ Address Level
Function Files - [Mode®
= » S
Parameter = £ s |8 °
~ a | = > _ ' ! O | = T |o| e
S — s|S|2lg|g|8lel=|z|=2|8|w |8 |2|E|L2|E|=|S|5|8
ol—|luw|la|lm|lz|lwu|B|lalZ|lE2|la|lE|2|8|Bh|T|a|=|Q9|8|@|a|lE|la|ls|a|=|S |
|nput(x) o | o o | o o] o] e o | o | o o | o] o | o o] o] o o] of e o | o o | o
Input min (xo) o I N . . o o] ol
Input max (x) o el o] o] . . of o o I
Scaled min (yo) o | N A . . S I o]
Scaled max (y;) o | B A O . . S I o]
Output (y) e | o o | o o] o] e o | o] o o o | o] o o o | o o | o

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) See Important note about indirect addressing.
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SQR - Square Root

SQR
—— Square Root
Source N7:0
0<
Dest N7:1
0<

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,

STI, EIl, BHI, MMI, CS, 10S, and DLS files.

IMPORTANT Do not use the High-speed Counter Accumulator (HSC.ACC) for the Scaled

Output parameter in the SCP instruction.

Special Considerations when Using Floating Point Parameters

If any of the parameters (except Output) are NAN (not a number), Infinity, or denormalized; then the
result is -NAN.

If y; - yg or X; - Xg result in an overflow, then the result is -NAN.

Other Considerations

If y; - yg = 0, the Result becomes the Scaled Start value.
If ; - Xg = 0. and x = xg, the Result becomes the Scaled Start value.

If X; - Xg = 0 and x does not equal xq, The Result becomes a negative overflow (for integer values)
or a negative NAN (for floating point values).

Instruction Type: Output

Execution Time for the SQR Instruction

When Rung Is:
Controller Data Size on Hung s
True False
) . Word 54.8140 ps 0.3561 ps
MicroLogix 1400
(CroL0g% Long word 451450 s 03732 s

The SR instruction calculates the square root of the absolute value of the source and places the
rounded result in the destination.

The data ranges for the source are -32768...+32767 (word) and -2,147,483,648...2,147.483,647 (long
word). The Carry Math Status Bit is set if the source is negative. See Updates to Math Status Bits on
page 135 for more information.

Table 76 - SQR Instruction Valid Addressing Modes and File Types(l)

. - Address
Data Files Function Files %) Address Level
= | Mode
o
=< [%2) —
Parameter = = < | @ o
= EIR|BIS|. |8 Sl
o HE olol|B alS e e E 8|s Blo|E
o S| = |l=|F|= wn | A =] S|l S| o
o|l_|w — Sl | |82 |E|2IE|GIE|IE|ZE|28|€|2|E|E8|E|8|=|S |
Source . o . . . . .
Destination

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 108, and DLS files.
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SIN - Sine Instruction Type: Output
SIN Execution Time for the SIN Instruction
Sine T —
Source N7:0 Controller Data Size en g s:
0< True False
Dest N7:1 Word 92.8635 04210
0< MicroLogix 1400 o IS i
Long word 95.0760 ps 0.4210 ps

The SIN instruction places the sine of the Source (in radians) in the Destination.

Enter the following parameters when programming this instruction:
» Source is the address to compute the sine.
«  Destination is the address to store the sine of the Source.

Address Levels for the operands that are involved in the SIN can be ALL word, ALL double word,
ALL float, or a combination. These operands undergo a conversion to float. The calculation of the
source (in float) is then performed, and the result is then cast to the data type of Destination.

Table 77 - SIN Instruction Valid Addressing Modes and File Types®

Data Files Function Files® Address Mode® Address Level
D | =
g g8 -
_ | =
Parameter = g = @ o | o 5
E Elo| — E E E = =
o e = 1195|8888 |=|2|Els
< =l glS|elg|g|Rle|==|2E(8|w|g|gl2|E|EIZ|EIE|=|8|2|2|3
ol—|lw|la|lw|lz|lu|B|oa|ZE|lE|lEa|E|2|E|G|T|xa(=|Q|8|e|a|lad|l=s|E|=|E|E|s|=|8 ||
Source o | o o | o o | @ . o o | o | o | o | o] o o | o .
Destination | ¢ | « o | o | o | o B . o | o o | o B

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.

Table 78 - SIN Instruction Operation

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.

Instruction Operation

When the rung is true, this instruction computes the sine of the Source (in radians) and places the
result in Destination. If the Destination is floating point, the result is always rounded using the round
to even rule.

Inputs Conditions Output
Source Type Destination Type S:2/14 g%/ 1\%/% S:5/0 Destination
W, DW, F F X Sin(Source) >0 0000 L Sin(Source)
U DNRM X X X 0100 L 0
W, DW, F F X Sin(Source) <0 1000 L Sin(Source)
W, DW, F W, DW X Sin(Source) >= 0.5 0,0,0,0 L 1
W, DW, F W, DW X -0.5 < Sin(Source) < 0.5 0100 L 0
W, DW, F W, DW X Sin(Source) <= 0.5 10,00 L -1
@ X F X Source is NAN or INF 0,010 1 OX7FFFFFFF
&) X w 0 Source is NAN or INF 0,010 32767
(3) X ow 0 Source is NAN or INF 0010 1 2147483647

(1) All denormalized inputs are treated as plus zero. Any underflow result produces plus zero.
(2) If the Destination is floating point, all overflows(Source is NAN or infinity) produce NAN(OX7FFFFFFF).
(3) If the Destination is word or double-word, overflow occurs, a saturated result is stored in Destination. Destination is 32767 for Word and 2147483647 for Double Word.
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COS - Cosine
CoS
—— Cosine
Source N7:0
0<
Dest N7:1
0<

MATH FLAGS EFFECTS

o Carry: Is reset
«  Overflow: Is set if the result is infinity, or NAN, otherwise reset.

«  Zero: Is set if the lower 31bits of float result are all zero (handles negative zero), otherwise
reset.

«  Sign: Is set if the most significant bit of Destination is set (bit 31 for float), otherwise reset.

The Math Overflow Trap Bit is ONLY set if the Overflow bit is set. Otherwise, it remains in last state.

Instruction Type: Output

Execution Time for the COS Instruction

. When Rung Is:
Controller Data Size
True False
Word 112.m0 0.7686
MicroLogix 1400 il e a
Long word 19.8070 ps 0.7694 ps

The COS instruction places the sine of the Source (in radians) in the Destination.

Enter the following parameters when programming this instruction:
« Source is the address to compute the cosine.
«  Destination is the address to store the cosine of the Source.

Address Levels for the operands that are involved in the COS can be ALL word, ALL double word,
ALL float, or a combination. These operands undergo a conversion to float. The calculation of the
source (in float) is then performed, and the result is cast to the data type of Destination.

COS Instruction Valid Addressing Modes and File Types®

Data Files Function Files® Address Mode® Address Level
% JE
=N e =]
Parameter = 2 = @ s | S
E Elo| — E E E = =
o 2 |x< o SI=|9s|28|.|8]8 |22
J sl€lalel|glSlel=lzlzl8lala|ale|S|E|B|IE|E|=|S5|2|5|8
o|— olm|lzlu|B|lal|ES|2lalE|2E|5|E|a|=|9|8|2|ala8|ls|lE|E|EIE|d|=|8|m|xT
Source o | o o | o o | @ . . o | o | o o] o | o o | o .
Destination | o | « LI B O Y . . o | e o | .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.
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Table 79 - COS Instruction Operation

Instruction Operation

When the rung is true, this instruction computes cosine of the Source (in radians) and places the
result in Destination. If the Destination is floating point, the result is always be rounded using the
round to even rule.

Inputs Conditions Output
Source Type Destination Type S:2/14 g:(%/ %’% S:5/0 Destination
W, DW, F F X Cos(Source) >0 0000 L Cos(Source)
m DNRM X X X 0100 L 1
W, DW, F F X Cos(Source) <0 10,00 L Cos(Source)
W, DW, F W, DW X Cos(Source) = 0.5 0,000 L 1
W, DW, F W, DW X -0.5 < Cos(Source) < 0.5 0100 L 0
W, DW, F W, DW X Cos(Source) < 0.5 1000 L -1
@ X F X Source is NAN or INF 0,010 1 OXTFFFFFFF
@) X w X Source is NAN or INF 0010 1 32767
(3) X W X Source is NAN or INF 0010 1 2147483647

(1)

TAN - Tangent

144

All denormalized inputs are treated as plus zero. Any underflow result produces plus zero.
(2) If the Destination is floating paint, all overflows(Source is NAN or infinity) produce NAN(OX7FFFFFFF).
(3) If the Destination is word or double-word, overflow occurs, a saturated result is stored in Destination. Destination 32767 for Word and 2147483647 for Double Word.

TAN
Tangent
Source N7:0
0<
Dest N7:1
0<

MATH FLAGS EFFECTS

«  Carry: Is reset
«  Overflow: Is set if the result is infinity, or NAN, otherwise reset.

«  Zero: Is set if the lower 31bits of float result are all zero (handles negative zero), otherwise
reset.

« Sign: Is set if the most significant bit of Destination is set (bit 31 for float), otherwise reset.

The Math Overflow Trap Bit is ONLY set if the Overflow bit is set. Otherwise, it remains in last state.

Instruction Type: Output

Execution Time for the TAN Instruction

| When Rung Is:
Controller Data Size
True False
W 122.67 391
MicroLogix 1400 ord 6760 s 0.5919 s
Long word 1269135 ps 0.4234 ps

The TAN instruction places the sine of the Source (in radians) in the Destination.

Enter the following parameters when programming this instruction:
»  Source is the address to compute the tangent.
« Destination is the address to store the tangent of the Source.

Address Levels for the operands that are involved in the TAN can be ALL word, ALL double word,
ALL float, or a combination. These operands undergoes a conversion to float. The calculation of the
source (in float) is then performed, and the result is cast to the data type of Destination.
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Table 80 - TAN Instruction Valid Addressing Modes and File Types(l)

Data Files Function Files® Address Mode® Address Level
D o =
S g8
—_ =]
Parameter = 2 - . = |l's S
E Elo| 4 E E E = =
o e = SI219s|EE| B8] |=|2|El|s
S = oS8 |glr|==2|8|wlg|alE|S|E|Z|EIE|=|S|B|3|8
ol |lw|la|lm|lzlu|lBlal=|IZ|IE|E|I2E|G|T|&|=|Q|8|2e|alad|s|E|E|EIE|IG|=|8|a|la
Source o | o e | o o @ . . o | o o] o | o] o o | o .
Destination | « | « el oo . . o | o o | .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, Ell, BHI, MMI, CS, 10S, and DLS files.

Instruction Operation

When the rung is true, this instruction computes tangent of the Source (in radians) and places the
result in Destination. If the Destination is floating point, the result is always be rounded using the
round to even rule.

Table 81 - TAN Instruction Operation

Inputs Conditions Output
Source Type Destination Type |S:2/14 g%/ %/-(()2 S:5/0 Destination
W, DW, F F X Tan(Source) > 0 00,00 L Tan(Source)
U DNRM X X X 0100 L 0
W, DW, F F X Tan(Source) < 0 1000 L Tan(Source)
W, DW, F W, DW X Tan(Source ) > 0.5 && no overflow 0000 L Rnd(Tan(Source))
W, DW, F W, DW X -0.5 < Tan(Source) < 0.5 0100 L 0
W, DW, F W, DW X Tan(Source) < 0.5 && no overflow 1000 L Rnd(Tan(Source))
@ W, DW, F W X Tan(Source) = 32767.5 0010 1 32767
(2) W, DW, F W X Tan(Source) < -32768.5 1010 1 -32768
(2) W, DW, F oW X Tan(Source) > 214748.647.5 0010 1 2147483647
(2) W, DW, F W X Tan(Source) < -214748.648.5 1010 1 2147483648
) X F X Source is NAN or INF 0,010 1 OXTFFFFFFF
“ X W X Source is NAN or INF 0010 1 32767
(4) X Dw X Source is NAN or INF 0010 1 2147483647

(1) All denormalized inputs are treated as plus zero. Any underflow result produces plus zero.

(2) If the Destination is word or double-word and an overflow occurs (except source is NAN or INF): If the result is positive, Destination is 32767 for Word and 2147483647 for Double Word. If the result is
negative, Destination is -32768 for Word and -2147483648 for Double Word.

(3) If the Destination is floating point, all overflows (Source is NAN or infinity) produce NAN(OX7FFFFFFF).

(4) If Destination is an integer, the Source is NAN or infinity, a saturated result (32767 for Word and 2147483647 for Double Word) is stored.

MATH FLAGS EFFECTS
«  Carry: Is reset
«  Overflow: Is set if the result is infinity, or NAN, otherwise reset.

«  Zero: Is set if the lower 31bits of float result are all zero (handles negative zero), otherwise
reset.

- Sign: Is set if the most significant bit of Destination is set (bit 31 for float), otherwise reset.
The Math Overflow Trap Bit is ONLY set if the Overflow bit is set. Otherwise, it remains in last state.
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ASN - Arc Sine Instruction Type: Output
ASN Execution Time for the ASN Instruction
Arc Sine T —
Source N7:0 Controller Data Size en g s:
0< True False
Dest N7:1 Word 424610 0.3870
0< MicroLogix 1400 o S s
Long word 431010 ps 0.3790 ps

Use the ASN instruction to take the arc sine of a number and store the result (in radians) in the
destination. The source must be greater than or equal to -1and less than or equal to 1. The
resulting value in the destination is always greater than or equal to -7t/2 and less than or equal to

7t/2, where 7t = 3.141592.

Enter the following parameters when programming this instruction:
«  Source is the address to compute the arc sine.
«  Destination is the address to store the arc sine of the Source.

Address Levels for the operands that are involved in the ASN can be ALL word, ALL double word,
ALL float, or a combination. These operands undergo a conversion to float. The calculation of the
source (in float) is then performed, and the result is cast to the data type of Destination.

Table 82 - ASN Instruction Valid Addressing Modes and File Types(l)

Data Files Function Files® Address Mode® Address Level
%) 2|8
S = |2
Parameter = 2 - - < 'S =
= € lo| & - |8 B |= = | =
a | =< o QIS [ | Q| oS | o | S
o g = . (S B2 |2 |o|l2|2 sl |g|x
) s|I€lalelglClel=l=2|8|e|e|al8|S|EIZ|E|E|=|5|2|3|8
olo|lw|la|lr|lz|lu B | oSl |lE|I2E|G|Tla|=S|Q|8|e|ala|s|E|l=s|E|IE|G|=|8 ||
Source o | o o | o | o | o . . o | o o] o | o] o o | o -
Destination | ¢ | o | o oo . . ol o o | e -

(1)

For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.
(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.

Table 83 - ASN Instruction Operation

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.

Instruction Operation

When the rung is true, this instruction computes arc-sine of the Source and places the result in
Destination. Valid input range is from -1.0...1.0 and output range is from -7t/2...7t/2.

If the Destination is floating point, the result is always rounded using the round to even rule.

Inputs Conditions Output
Source Type Destination Type |S:2/14 g:g/ %’% S:5/0 Destination
W, DW, F F X 0 < Source <=1.0 0,000 L Asin(Source)
m DNRM X X X 0100 L 0
W, DW, F F X -1.0 < Source <0 10.0,0 L Asin(Source)
W, DW, F W, DW X Source < 18& Asin(Source) >= 0.5 0,000 L Rnd(Asin(Source))
W, DW, F W, DW X -0.5 < Asin(Source) < 0.5 0100 L 0
W, DW, F W, DW X Source > -18& Asin(Source) <= -0.5 1000 L Rnd(Asin(Source))
@ X F X Source < -1 or Source > 1 0010 1 OXTFFFFFFF
(2) X F X Source is NAN or INF 0010 1 OX7FFFFFFF
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Table 83 - ASN Instruction Operation (Continued)

Inputs Conditions Output

I ) S:0/3-0 ) I

Source Type Destination Type |S:2/14 S7VC S:5/0 Destination

X W X Source < -1or Source > 1 0,01,0 1 32767

X bW X Source < -1or Source > 1 0,01,0 1 2147483647
@) X w X Source is NAN or INF 0,010 1 32767
(3) X DW X Source is NAN or INF 0,010 1 2147483647
(1) Al denormalized inputs are treated as plus zero. Any underflow result produces plus zero.
(2) If the Destination is floating point, all overflows (Source is NAN or infinity) produce NAN (Ox7FFFFFFF).
(3) If the Destination is word or double-word, and an overflow occurs, Destination is 32767 for Word and 2147483647 for Double Word.
ACS - Arc Cosine Instruction Type: Output

ACS Execution Time for the ACS Instruction
—— Arc Cosine — ———
. enRung Is:
Source N7:0 Controller Data Size g
0< True False
Dest N7:1 Word 18.0150 pis 0.3750 s
MicroLogix 1400
0< I Long word 18.3070 ps 0.4150 ps

Use the ACS instruction to take the arc cosine of a number (source in radians) and store the result
(in radians) in the destination. The source must be greater than or equal to -1and less than or

equal to 1. The resulting value in the destination is always greater than or equal to 0 and less than
or equal to T, where 1t = 3.141592.

Enter the following parameters when programming this instruction:
« Source is the address to compute the arc cosine.

« Destination is the address to store the arc cosine of the Source.

Address Levels for the operands that are involved in the ACS can be ALL word, ALL double word,
ALL float, or a combination. These operands undergo a conversion to float. The calculation of the
source (in float) is then performed, and the result is cast to the data type of Destination.

Table 84 - ACS Instruction Valid Addressing Modes and File Types)

Data Files Function Files® Address Mode® Address Level
g, 3|8
S =g k=]
Parameter = 2 = @ s | S
= = = T T | s = | o
o a- S| & o |5 =k= o |5
o T | = & STl B2l |2|2 5|5 |28
J sl€lale|glSlel=lzlzl8lala|2lg|S|E|B|E|E|=|S5|2|5|8
ol |lw|la|lm|lzlu|lB|lalZIZ|IZ|E|I2E |G| Tal=|Q9|8|e|algd|s|EE|EIE|IG|I=|8|ao|a
Source o | o o | o o | @ . . o | o | o o] o | o o | o .
Destination | o | « LI B O Y . . o | e o | .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.
(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.

Instruction Operation

When the rung is true, this instruction computes arc cosine of the Source and places the result in
Destination. Valid input range is from -1.0...1.0 and output range is from 0...7.

If the Destination is floating point, the result is always rounded using the round to even rule.
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Table 85 - ACS Instruction Operation

Inputs Conditions Output
— . S:0/3-0 . ——
Source Type Destination Type |S:2/14 S7VC S:5/0 Destination
W, DW, F F X -1.0 < Source < 1.0 0,000 L Acos(Source)
W, DW, F F X Source=1.0 0100 L 0
U DNRM F X X 0000 L /2
W, DW, F W, DW X Acos(Source) > 0.5 0,000 L Rnd(Acos(Source))
W, DW, F W, DW X Acos(Source) < 0.5 0100 L 0
@ X F X Source < -1or Source > 1 0,010 1 OX7FFFFFFF
2 X F X Source is NAN or INF 0,010 1 OX7FFFFFFF
X w X Source < -1or Source > 1 0,010 1 32767
X DwW X Source < -1or Source > 1 0,010 1 2147483647
%) X w X Source is NAN or INF 0010 1 32767
(3) X Dw X Source is NAN or INF 0,010 1 2147483647
(1) All denormalized inputs are treated as plus zero. Any underflow result produces 7t/2.
(2) If the Destination is floating point, all overflows produce NAN(OX7FFFFFFF).
(3) If the Destination is word or double-word, and an overflow occurs, destination is 32767 for Word and 2147483647 for Double Word.
ATN - Arc Tangent Instruction Type: Output
ATN Execution Time for the ATN Instruction
— Arc Tangent — T ——
Source N7:0 Controller Data Size en g s:
0< True False
Dest N7:1 ) ) Word 146.7510 s 0.3740 ps
0< MicroLogix 1400
Long word 146.4885 ps 0.4088 ps

Use the ATN instruction to take the arc tangent of a number (source) and store the result (in
radians) in the destination. The resulting value in the destination is always greater than or equal to
-1t/2 and less than or equal to /2, where 1t = 3.141592.

Enter the following parameters when programming this instruction:

«  Source is the address to compute the arc tangent.

«  Destination is the address to store the arc tangent of the Source.
Address Levels for the operands that are involved in the ATN can be ALL word, ALL double word,
ALL float, or a combination. These operands undergo a conversion to float. The calculation of the
source (in float) is then performed, and the result is cast to the data type of Destination.

Table 86 - ATN Instruction Valid Addressing Modes and File Types(l)

Data Files Function Files®@ Address Mode® Address Level
% SE
2 | S
Parameter = 2 - @ = s =
= Elo| & - |8 B|= = | =
o[> e SI=S|2|l-|g|s 5 |5 @ |5
o g = & (S B2 |2l |2|2 ol |8lx
< slElalglg|Elel=|zIZ|8lnlg| 2| |EIZ|EIE|=|S5|B|a|8
ol |lw|lalmlz|lulB o= |lE2l2|E|I2E |G |Cla|=|Q|8|2|als5|ls|E|l=E|E|E|G|=|8|a|la
Source o | o e | o o] @ . . ol ol olo . o | o -
Destination | o | o S P O . . o | o o | -

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, NI, BHI, MMI, CS, 10S, and DLS files.
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Table 87 - ATN Instruction Operation

Instruction Operation

When the rung is true, this instruction computes arc tangent of the Source and places the result in

Destination. Valid input range is from -co...+e0 and produced output range is from -7t/2...7t/2.

If the Destination is floating point, the result is always rounded using the round to even rule.

Inputs Conditions Output
I ) S:0/3-0 . _—
Source Type Destination Type |S:2/14 S7VC S:5/0 Destination
W, DW, F F X Source >0 0,000 L Atan(Source)
U DNRM F X X 01,00 L 0
W, DW, F F X Source <0 10,00 L Atan(Source)
W, DW, F W, DW X Atan(Source) > 0.5 0,000 L Rnd(Atan(Source))
W, DW, F W, DW X -0.5 < Atan(Source) < 0.5 0100 L 0
W, DW, F W, DW X Atan(Source) < -0.5 10,0,0 L Rnd(Atan(Source))
X F X Source = +INF 0,000 1 /2
X F X Source = -INF 10,00 1 -Tt/2
@ X F X Source is NAN 0010 1 OXTFFFFFFF
%) X w X Source is NAN 0010 1 32767
(3) X Dw X Source is NAN 0,010 1 2147483647
(1) All denormalized inputs are treated as plus zero. Any underflow result produces plus zero.
(2) If the Destination is floating point, all overflows produce NAN (OX7FFFFFFF).
(3) If the Destination is word or double-word, and an overflow occurs, destination is 32767 for Word and 2147483647 for Double Word.
DEG - Radians to Degrees Instruction Type: Output
DEG Execution Time for the DEG Instruction
Radians to Degrees Tv—
Source N7:0 Controller Data Size en g s:
0< True False
Dest N7:1 ) ) Word 277310 ps 0.4106 ps
0< MicroLogix 1400
Long word 31.2470 ps 0.4098 ps

The DEG instruction converts the Source (in radians) to degrees and stores the result in the
Destination.

The following formula applies:

Source * 180/T1
where I'T = 3.141592

Enter the following parameters when programming this instruction:
»  Source is the address to compute the degrees.
« Destination is the address to store the degrees of the Source.

Address Levels for the operands that are involved in the DEG can be ALL word, ALL double word,
ALL float, or a combination. These operands undergo a conversion to float. The calculation of the

source (in float) is then performed, and the result is cast to the data type of Destination.
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Table 88 - DEG Instruction Valid Addressing Modes and File Typest)

Data Files Function Files® Address Mode® Address Level
D o =
g g2
S o
Parameter z 2 = @ s | 5
= Elo| & — | B 3|8 = |
o o S I | o o5 =2k | S
o T = 3 o B 2| @ D | @ =s|ls |2
- = > _ ] = © gl2le|&®
S SIS22182lsl=1zZ|2I18|s|8|SEIE|E|E|E|E|=|S|B|2|8
o|l_|lu|la|lw|lz|lu|B|la|E|E2|2 | E|2|IE|G|TE|a|=|9|8|2|ald|s|E|E|E|E|a|=|8|a|x
Source o | o o | o o | @ . o o | o | o | o | o] o o | o .
Destination | ¢ | « o | o | o | o B . o | o o | o B

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.

Instruction Operation

When the rung is true, this instruction converts the Source (in radians) in degrees and places the
result in Destination.

If the Destination is floating point, the result is always rounded using the round to even rule.

Table 89 - DEG Instruction Operation

Inputs Conditions Output
Source Type Destination Type [S:2/14 g:%/ ?/% S:5/0 Destination
W, DW, F F X Source >=0 00,00 L Deg(Source)
(0 |DNRM F X X 0100 L 0
W, DW, F F X Source <0 1000 L Deg(Source)
W, DW, F w X -0.5 < Deg(Source) < 327675 0,000 L Rnd(Deg(Source))
W, DW, F w X -0.5 < Deg(Source) < 0.5 0100 L 0
W, DW, F W X -32768.5 < Deg(Source) < -0.5 10,00 L Rnd(Deg(Source))
W, DW, F DW X 0.5 < Deg(Source) < 21474836475 0,000 L Rnd(Deg(Source))
W, DW, F DW X -0.5 < Deg(Source) < 0.5 0100 L 0
W, DW, F oW X -2147483648.5 < Deg(Source) < -0.5 10,00 L Rnd(Deg(Source))
@ {w,Dw,F W X Deg(Source) = 327675 0010 1 32767
(2 |[W,DW,F w X Deg(Source) < 327675 1010 1 -32768
(2) (W, DW,F Dw X Deg(Source) > 2147483647.5 0,010 1 2147483647
2 |w.DwF oW X Deg(Source) < -2147483648.5 1010 1 2147483648
@ X F X Source is NAN or INF 0010 1 OXTFFFFFFF
@ Ix w X Source is NAN or INF 0010 1 32767
@ X DW X Source is NAN or INF 0,010 1 2147483647

(1) Al denormalized inputs are treated as plus zero. Any underflow result produces plus zero.

(2) If the Destination is word or double-word and an overflow occurs (except source is NAN or INF): If the result is positive, Destination is 32767 for Word and 2147483647 for Double Word. If the result is
negative, Destination is -32768 for Word and -2147483648 for Double Word.

(3) If the Destination is floating point, all overflows (Source is NAN or infinity) produce NAN (Ox7FFFFFFF).

(4) If Destination is an integer and the Source is NAN or infinity, a saturated result (32767 for Word and 2147483647 for Double Word) is stored.
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RAD - Degrees to Radians Instruction Type: Output
RAD Execution Time for the RAD Instruction
Degrees to Radians T——
Source N7:0 Controller Data Size on ung -
0< True False
Dest N7:1 Wi 23.061 407
0< MicroLogix 1400 ord 530610 ps 04070 bs
Long word 26.211 ps 0.3790 ps

The RAD instruction converts the Source (in degrees) to radians and stores the result in the
Destination.

The following formula applies:

Source * I1/180
where IT = 3.141592

Enter the following parameters when programming this instruction:
« Source is the address to compute the radians.
« Destination is the address to store the radians of the Source.

Address Levels for the operands that are involved in the RAD can be ALL word, ALL double word,
ALL float, or a combination. These operands undergoes a conversion to float. The calculation of the
source (in float) is then performed, and the result is cast to the data type of Destination.

Table 90 - RAD Instruction Valid Addressing Modes and File Types(l)

Data Files Function Files®® Address Mode®) Address Level
%, < |8
3 < | -
Parameter = @ - e < |z =
= € lo| & - | s S | < = |
o [SHP e SI=E|2=|818 S |T o |5
5 o = o lo |8 = v A8 = g “ § g 218 e |&
o — SISIAIRIBIR|I=E|=|xT|Z 8 0 @ Al B = = cle 2|22 |2 |2
Ol—n|lw|loa|lF|[zlu|lvn(w|S|lelad | c|Z|la|jv|d|a|=Z|2|6 LR aag|lslesE|le|E|ls o |=|a|lao|c
Source o | e o | o || e - - o | o | |o|eo|e o | ® -
Destination | = | = e|le|e]|e - - | e e | e -

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.

Table 91 - RAD Instruction Operation

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.

Instruction Operation

When the rung is true, this instruction converts the Source (in degrees) in radians and places the
result in Destination.

If the Destination is floating point, the result is always rounded using the round to even rule.

Inputs Conditions Output
Source Type Destination Type [S:2/14 2:%/ ?/% S:5/0 Destination
W, DW, F F X Source >=0 0,000 L Rad(Source)
0 DNRM F X X 0100 L 0
W, DW, F F X Source <0 1000 L Rad(Source)
W, DW, F W X -0.5 < Rad(Source) < 32767.5 0000 L Rnd(Rad(Source))
W, DW, F W X -0.5 < Rad(Source) < 0.5 0100 L 0
W, DW, F W X -32768.5 < Rad(Source) < -0.5 1000 L Rnd(Rad(Source))
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Table 91 - RAD Instruction Operation (Continued)

Inputs Conditions Output
Source Type Destination Type [S:2/14 g%/ ?/% S:5/0 Destination
W, DW, F Dw X 0.5 < Rad(Source) < 21474836475 0,000 L Rnd(Rad(Source))
W, DW, F Dw X -0.5 < Rad(Source) < 0.5 0100 L 0
W, DW, F Dw X -2147483648.5 < Rad(Source) < -0.5 10,00 L Rnd(Rad(Source))
@ |w,ow,F (] X Rad(Source) > 327675 0010 1 32767
(2 |W,DW,F W X Rad(Source) < 32767.5 1010 1 -32768
(2) [W,DW,F bW X Rad(Source) > 21474836475 0,010 1 2147483647
(20 |[W,DW,F oW X Rad(Source) < -2147483648.5 1010 1 2147483648
@ X F X Source is NAN or INF 0010 1 OXTFFFFFFF
@ Ix w X Source is NAN or INF 0010 1 32767
@ X DW X Source is NAN or INF 0,010 1 2147483647

(1) Al denormalized inputs are treated as plus zero. Any underflow result produces plus zero.

(2) If the Destination is word or double-word and an overflow occurs (except source is NAN or INF): If the result is positive, Destination is 32767 for Word and 2147483647 for Double Word. If the result is
negative, Destination is -32768 for Word and -2147483648 for Double Word.

(3) If the Destination is floating point, all overflows (Source is NAN or infinity) produce NAN (Ox7FFFFFFF).

(4) If Destination is an integer and the Source is NAN or infinity, a saturated result (32767 for Word and 2147483647 for Double Word) is stored.

LN - Natural Log Instruction Type: Output
LN Execution Time for the LN Instruction
Natural Log ——
Source N7:0 Controller Data Size enrung’s:
0< True False
Dest N7:1 W 12732 4094
0< MicroLogix 1400 ord 3260 bs 04034 s
Long word 130.3635 ps 0.40% ps

Use the LN instruction to take the natural log of the value in the source and store the result in the
destination. The source must be greater than zero.

Enter the following parameters when programming this instruction:

« Source is the address to compute the natural log.

« Destination is the address to store the natural log of the Source.
Address Levels for the operands that are involved in the LN can be ALL word, ALL double word, ALL
float, or a combination. These operands undergo a conversion to float. The calculation of the
source (in float) is then performed, and the result is cast to the data type of Destination.

Table 92 - LN Instruction Valid Addressing Modes and File Types®)

Data Files Function Files® Address Mode® Address Level
% SE
E=N el =
Parameter = 2 = @ s |'s 5
= Elo| & - |3 B |= = |
a o S I | o o |5 =BE=] TR
o = - o | Blo| @ | @ o |5 | 8|=
- —_ 1 _: [{e}) - E
o slEl2lelglClel=lzl=8le e |aL|S|EIZ|E|E|=|5|2|3|8
o|l—|lw|la|lw|z|lu|B|la|ZE|E2|la|E|2|IE|G|T|a|=|9|8|2|alad|s|E|E|E|E|a|=|8|um|x
Source o | o o | o o @ . o o | o | o o | o .
Destination | | « o | o | o | o . . o | o o | o .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.
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Table 93 - LN Instruction Operation

Instruction Operation

When the rung is true, this instruction computes the natural logarithm of the Source and places the

result in Destination.

If the Destination is floating point, the result is always rounded using the round to even rule.

Inputs Conditions Output
Source Type Destination Type |S:2/14 g:%/ :\3/% S:5/0 Destination
W, DW, F F X Source > 1 0,000 L Ln(Source)
W, DW, F F X Source =1 10,00 L 0
W, DW, F F X 0<Source<1 10.0,0 L Ln(Source)
W, DW, F W, DW X Source > Sqrt(e) 0,0,0,0 L Rnd(Ln(Source))
W, DW, F W, DW X 1/Sqrt(e) < Source < Sqrt(e) 10,00 L 0
W, DW, F W, DW X 0 < Source < 1/Sqrt(e) 1000 L Rnd(Ln(Source))
U +DNRM F X X 1010 1 -INF
(M2 | +DNRM W X X 1010 1 -32768
(1) (2) |+DNRM DW X X 1010 1 -2147483648
M@ |w, oW, F F X Source < 0 (including -DNRM) 0010 1 OX7FFFFFFF
2 |w.DwF F X Source = +INF 0,010 1 +INF
@3 X F X Source is NAN or -INF 0,010 1 OXTFFFFFFF
@ Ix W X Source is NAN or INF 0,010 1 32767
@ (X oW X Source is NAN or INF 0010 1 2147483647

(1) All denormalized inputs are treated as plus zero.
(2) If the Destination is word or double-word and an overflow occurs (except source is NAN or INF), destination is -32768 for Word and -2147483648 for Double Word.
(3) If the Destination is floating point, all overflows (except +INF) produce NAN (OX7FFFFFFF).
(4)  If Destination is an integer and the Source is NAN or infinity (+INF or -INF), a saturated result (32767 for Word and 2147483647 for Double Word) is stored.

LOG - Base 10 Logarithm

LOG
Log Base 10 —
Source N7:0
0<
Dest N7:1
0<
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Instruction Type: Output

Execution Time for the LOG Instruction

. When Rung Is:
Controller Data Size
True False
Word 112.m0 0.7686
MicroLogix 1400 il a a
Long word 19.8070 ps 0.7694 ps

Use the LOG instruction to take the log base 10 of the value in the source and store the result in the
destination. The source must be greater than zero.

Enter the following parameters when programming this instruction:
« Source is the address to compute the base 10 logarithm.
«  Destination is the address to store the base 10 logarithm of the Source.

Address Levels for the operands that are involved in the LOG can be ALL word, ALL double word,

ALL float, or a combination. These operands undergo a conversion to float. The calculation of the
source (in float) is then performed, and the result is cast to the data type of Destination.
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Table 94 - LN Instruction Valid Addressing Modes and File Types(!

Data Files Function Files® Address Mode® Address Level
D | =
g g2
_ =)
Parameter = 2 = o o | s
= Elo|w = |8 S|z = e
o 8= : SI= |83 3|3 2o
- a = > | o | @ © cl2|lgelx
o siElalelglelel=|zl=8|lnle 2SS |E|IZ|E|E|=|S|2|a8|8
ol—|lw|la|lw|lz|lu|B|a|ZE|lE2|lE|E|2|E|G|TE|a(=|Q|8|e|a|lad|l=|E|E|EIE|&|=|8 ||
Source o | LN B O . . o | of e o | e .
Destination | « | « LI B O Y . . o | e o | .

(0

For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.
(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.

Table 95 - LOG Instruction Operation

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.

Instruction Operation

When the rung is true, this instruction computes the natural logarithm of the Source and places the

result in Destination.

If the Destination is floating point, the result is always rounded using the round to even rule.

Inputs Conditions Output
Source Type Destination Type [S:2/14 g%/ ?/% S:5/0 Destination
W, DW, F F X Source > 1 0,000 L Log(Source)
W, DW, F F X Source =1 0100 L 0
W, DW, F F X 0<Source<1 10,00 L Log(Source)
W, DW, F W, DW X Source > Sqrt(10) 0000 L Rnd(Log(Source))
W, DW, F W, DW X 1/Sqrt(10) < Source < Sqrt(10) 0100 L 0
W, DW, F W, DW X 0 < Source < 1/Sqrt(10) 1000 L Rnd(Log(Source))
U +DNRM F X X 1010 1 -INF
(2 | +DNRM w 0 X 1010 1 -32768
(0(2) [+DNRM Dw 0 X 1010 1 -2147483648
M@ |w, 0w, F F X Source < 0 (including -DNRM) 0010 1 OXTFFFFFFF
(2 |[W,DW,F F X Source = +INF 0,010 1 +INF
@ X F X Source is NAN or -INF 0,010 1 OXTFFFFFFF
@ X w 0 Source is NAN or INF 0010 1 32767
@ X Dw 0 Source is NAN or INF 0010 1 2147483647

154

All denormalized inputs are treated as plus zero.
If the Destination is word or double-word and an overflow occurs (except source is NAN or INF), destination is -32768 for Word and -2147483648 for Double Word.
If the Destination is floating point, all overflows (except +INF) produce NAN (OX7FFFFFFF).
If Destination is an integer and the Source is NAN or infinity (+INF or -INF), a saturated result (32767 for Word and 2147483647 for Double Word) is stored.
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Chapter 10 Math Instructions
XPY - X Power Y Instruction Type: Output
XPY Execution Time for the XPY Instruction
—— X To Power of Y —
Source A N7:0 . When Rung Is:
0< Controller Data Size
_ True False
Source B N7:1 — Word 56.2050 s 03920 s
0< MicroLogix 1400
Dest N7:2 Long word 69.0550 ps 0.3548 ps
0< . . . .
Use the XPY instruction to raise a value (source A) to a power (source B) and store the result in the

destination. If the value in source A is negative, the exponent (source B) should be a whole number.
If it is not a whole number, the overflow bit is set and the absolute value of the base is used in the
calculation

Enter the following parameters when programming this instruction:
Source Ais a value of base to power.

«  Source B is a value or address to compute exponent.
Destination is the address to store the result of computation.

Address Levels for the operands that are involved in the XPY can be ALL word, ALL double word,
ALL float, or a combination. These operands undergo a conversion to float. The calculation of the
source (in float) is then performed, and the result is cast to the data type of Destination.

Table 96 - XPY Instruction Valid Addressing Modes and File Types()

Data Files Function Files® Address Mode® Address Level
D o =
B |2
Parameter = @ - ° == g
= sl &L 152 [EE| | Bz
o gz > ST 8|22 |le|2|2 sl2|2|xg
5 ~ _ | = | = ©o|le|e = E | ©
ol_lolelll=luls|L 2|22 B2 5|5|5218|0 /8| 2lE|2|EIE|E|E|5|2|3]2]2
Source A/B | o | o o | o | o | o . . o | o | o o | o -
Destination | ¢ | « o | o | o | o . . o | o o | o -
(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.
(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.
IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, Ell, BHI, MMI, CS, 10S, and DLS files.
Instruction Operation
When the rung is true, this instruction computes the Source A to power Source B and place the
result in Destination.
If the Destination is floating point, the result is always rounded using the round to even rule.
Table 97 - XPY Instruction Operation
Inputs Conditions Output
Source B - ) S:0/3-0 ) -
Source A Type Type Destination Type |S:2/14 S7ZV.C S:5/0  |Destination
Source A>08&
W, DW, F W, DW, F F X (0 (B) is +NRM 0,000 L (AY**(B)
Source A>08&
W, DW, F W, DW, F F X (A*(B) is +DNRM 0100 L 0
Source A> 0 && .
Source A> 0 8&
WOWF - WOWE oW ! 05 < (A/**(B) < 21474836475 0000 L [RedW™E)
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Table 97 - XPY Instruction Operation (Continued)

Inputs Conditions Output
Source B — . S:0/3-0 . —

Source A Type Type Destination Type (S:2/14 SZVC S:5/0  |Destination
Source A> 0 &&

W, DW, F W, DW, F W, DW X ()(B) < 05 01,00 L 0

W, DW, F DNRM W, DW, F X (AY**(B) is not DNRM 0,000 L 1
Source A< 0 &&

W, DW, F W, DW, F F X Source B=1 10,00 L Source A

DNRM W, DW, F W, DW, F X Source B>0 0100 L 0
Source A< 0 &&

W, DW, F W, DW, F F X Source Bis even integer 0000 L (6]
Source A< 0 && *

W. DW,F W, DW. F F X Source Biis odd integer 1000 L (W8]
Source A> 0 &&

W, DW, F W, DW, F F X (A}**(B) floating point overflow 0,010 1 +INF
Source A< 0 &&

W, DW, F W, DW, F F X Source B is odd integer && 1010 1 -INF
(A)**(B) floating point overflow
Source A> 0 &&

W, DW, F W, DW, F w X ()*(8) > 327675 0,010 1 32767

DNRM DNRM F X X 0,010 1 OX7FFFFFFF

DNRM DNRM w X X 0,010 1 32767

DNRM DNRM DW X X 0,01,0 1 2147483647

DNRM W, DW, F F X Source A<0 0,010 1 OX7FFFFFFF
Source A< 0 &&

W, DW, F W, DW, F F X Source Bis not integer value 1010 1 Abs(Source A) ** (Source B)
Source A= NAN or

WOwF - WDWE o F X Source B = NAN 0010 1 OXTFFFFFFF
(A=INF && B >=0) or

W, DW, F W, DW, F F X ((A<=-10r A>1) and (B=+INF)) or 0,010 1 OX7FFFFFFF
(F<=A<1and B=-INF)
(A=INFand (B <0 or B="-INF)) or

W, DW, F W, DW, F F X (abs(A)>1and B = -INF) or 0110 1 0
(abs(A)<1and B=+INF)

IMPORTANT  The XPY instruction processes at the floating point level, so the result
causes the truncation error when it is used with the long data types.

CPT - Compute Instruction Type: Output
CPT . . .
1 compute | Execution Time for the CPT Instruction
Dest N7:4
0< . When Rung Is:
Expression (N7:0 + N7:1) Controller Data Size
True False
MicroLogix 1400 Word 4.8535 ps 0.6610 ps
O CompufePT | The CPTinstruction performs copy, arithmetic, logical, and conversion operations. You define the
Dest NT:4 operation in the Expression and the result is written in the Destination. The CPT uses functions to
_ 0< operate on one or more values in the Expression to perform operations such as:
Expression (N7:0 + N7:1)*(N7:2 + N7:3) .
«  Converting from one number format to another

«  Manipulating numbers
«  Performing trigonometric functions

The XPY instruction processes at the floating point level, so the result causes the
truncation error when it is used with the long data types.
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Enter the following parameters when programming this instruction:
«  Expression is zero or more lines, with up to 28 characters per line, up to 255 characters.
«  Destination is a word address or the address of a floating point data element.

Table 98 - CPT Instruction Valid Addressing Modes and File Types(

Data Files Function Files® Address Mode® Address Level
% E
E=N el =
Parameter = 2 = @ s |'© 5
= Elo| & - |3 B |= = |
a o S I | o o |5 =BE=] [T
[a g2 1= & (&} T Blo| @ | @ S |B|28| =
- —_ 1 _: (e} - E
N slEl2|elglClel=lzl=8le|le|al|S|EIZ|E|E|=|5|2|8|8
o|l—|lw|la|lw|z|lu|B|a|E|lE2|la|E|2|IE|G|T|a|=|9|8|2|alad|s|E|E|E|E|a|=|8|m|x
Destination | | « o | o | o | o . . o | o o | o .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4) - See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.

Instruction Operation

When the rung is true, this instruction computes the expression and places the result in
Destination.

It takes on the attributes of the instruction that it is computing. The instructions in Table 93 can be
included in the expression section of CPT instruction.

Table 99 - CPT Instruction Operation

Sub Instructions Symbol
Addition +(ADD)
Subtraction - (SUB)
Multiplication *(MUL)
Division /(DIV)
Square Root SOR
Negate - (NEG)
Logical Not NOT
Logical Exclusive Or XOR
Logical Inclusive Or OR
Logical And AND
Covert to BCD T0D
From BCD to Binary FRD
Natural Log LN
Base 10 Log L0G
Tangent TAN
Sine SIN
Cosine CcoS
Arc Tangent ATN
Arc Sine ASN
Arc Cosine ACS
Absolute Value ABS
Radians to Degrees DEG
Degrees to Radians RAD

X to the Power Y **(XPY)
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MATH FLAGS EFFECTS

«  Carry: Is set or reset based on the result of the last instruction in the Expression.

«  Qverflow: Is set anytime an overflow occurs during the evaluation of the Expression. This bit
never cleared in the CPT instruction.

«  Zero: Is set if the lower 31bits of float result of Destination are all zero (handles negative
zero), otherwise reset.

- Sign: Is set if the most significant bit of Destination is set (bit 31 for float), otherwise reset.

The Math Overflow Trap Bit is ONLY set if the Overflow bit is set. Otherwise, it remains in last state.
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RHC - Read High-speed

Clock

ﬂ

RHC

Read High Speed Clock
Dest

N9:0

k

Application-Specific Instructions

This chapter contains general information about the application-specific instructions and explains
how they function in your application program. Each of the instructions includes information on:

«  What the instruction symbol looks like
»  How to use the instruction

These instructions simplify your ladder program by allowing you to use a single instruction or pair
of instructions to perform common complex operations.

In this chapter, you find a general overview preceding groups of instructions. Before you learn
about the instructions in each of these groups, we suggest that you read the overview that
precedes each section. This chapter contains the following overviews:

Application-Specific Instructions

Instruction Used To: Page

RHC Provide a high-performance timestamp for performance diagnostics and 159
performing calculations such as velocity.

RPC Copy the program checksum from processor memory or from the 160
memory module into the data table.

TOF Calculate the number of 992063492 s "ticks" between any two 6
timestamps that are captured using the RHC instruction.

Instruction Type: Output

Execution Time for the RHC Instruction

. When Rung Is:
Controller Data Size
True False
Word 25910 0.2150
MicroLogix 1400 o i i
Long word 31210 ps 01802 ps

The RHC instruction provides a high-performance timestamp for diagnostics and calculation such
as velocity. The controller maintains a 992063492 ps long integer free running clock/counter. This
32-bit value increments every 992063492 pis after power-up.

Enter the following parameters when programming this instruction:

« Destination is the address to store the current value of the 992063492 ps free running
clock. It can be an integer address, long integer address, or Float address.

Table 100 - RHC Instruction Valid Addressing Modes and File Types(l)

Data Files Function Files® Address Mode® Address Level
B HE
Parameter = 2 - ° o= 'g
E Elo| 4 E E E = =
o 2= > 81519 5|82.[BB]| |=|8|E|s
S dEcﬁu%O__fgo'wgg%EﬁEEHBDEg
ol-lw|la|lr|lzlu|BlalZ2 2|2 | BE|I2IE|IG|ITG|z|=|Q|18|2|ala8|s|E|E|E|E|G|=|8 ||
Destination o | . .
(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.
(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.
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IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.

Instruction Operation

This instruction executes on a true rung. When the rung is true, this instruction moves the current
value of the 992063492 pis free running clock into the Destination.

If the Destination is an integer address type, only 16 bits are moved into the address. If the
Destination is floating point address, the long integer value is converted into a float and is moved
the relative address.

After the free running clock reaches OxFFFFFFFF (42608.8025 seconds) value, it wraps around to 0
and continues incrementing. The RESET signal or Power Cycle sets the free running clock to 0.

RPC - Read Program Instruction Type: Output
Checksum Execution Time for the RPC Instruction
RPC When Instructions Is:
—— Read Program Checksum —— Controller True False
Proc/Mmo PROC-MEM MicroLogix 1400 1285k s 02028 s
Dest N7:0
0000h< The RPC instruction reads Program copies the checksum of the processor program from either the

processor's RAM memory or from the installed memory module into the designated destination
integer file location

Enter the following parameters when programming this instruction:

»  Proc/Mmod is an immediate value with a range from 0...1. Specify where the Program
checksum is read, and what type of operation to be performed (Proc-Mem / Mem Mod).

«  Destination is the address to store the result of Program Checksum from processor
memory.

Table 101 - RPC Instruction Valid Addressing Modes and File Types®

Data Files Function Files® Address Mode® Address Level
@g % g
=N e =]
Parameter = g = @ 2l 5
E € |lo § |8 8|8 = =
o e|= o< SI=|9s|2|8|.|8|8 - |2 S | o
o siElalelglelel=|zl=8|lnla|2E|E|E|IZ|E|E|=|S5|2|a8]|8
ol—|lw|la|lw|lz|lu|B|oa|ZE|lE2|lE|E|2|E|G|T|a(=|Q|8|2|a|l6|l=s|E|E|EIE|&|=|8 ||
Source A . .
Destination . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4)  See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.
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TDF - Compute Time

Difference
TDF
—— Compute Time Difference
Start N7:0
Stop N7:1
Dest N7:2

Instruction Operation

When the rung is true, this instruction reads Program Checksum from processor memory or from
memory module and places the result into Destination.

Address Levels for the operands that are involved in the RPC should be Word. The result is stored to
the data type of Destination. The RPC instruction destination address supports Direct Addressing. It
does not support Indirect addressing, Indexed addressing, or Indirect Indexed Addressing.

When the Source A is 1(read from Memory Module), install the memory module in Non-Executing
mode. If the Memory Module is installed during RUN mode, the Destination value is 0.

Instruction Type: Output

Execution Time for the RPC Instruction

. When Rung Is:
Controller Data Size
True False
. . Word 59770 ps 0.2219 ps
MicroLogix 1400
(CroL0g% Long word 72150 s 0.2035 s

The Compute Time Difference Instruction (TDF) is used to calculate the number of 992063492 pis
ticks between any two timestamps that are captured using the RHC instruction. This lets your
program determine the time difference between any two events using a 992063492 ps time base
and places the result into the Destination.

(Stop) - (Start) -> Destination

Enter the following parameters when programming this instruction:

« Startis the address of the earliest value that is previously captured using the RHC
instruction.

« Stop is the address of a later value that is captured using the RHC instruction.
« Destination is the address to store the result of the time difference calculation.

All of these parameters should be of the same data type (Nx:x, Lx:x or Fx:x). The data range for the
Start and Stop timestamp is from -32768...+32767 (Word) or -2,47,483,648...2,147483,647 (Long
Word), or any IEEE-754 32-bit value.

TDF Instruction Valid Addressing Modes and File Types(l)

Data Files Function Files(?) Address Mode®) Address Level
% 2|8
S =S
Parameter = g : ° = t 'g
= €Elo| B - |8 B |= = | =
o o | < a SH =1 RTE k= 5|5 L |G
- 8|z =< SiITlhlslglg|le|2|8| |=|2|E8|x
o — sISa|RIg|Bl=l=|z=|8|lnlg|lE|E|EIZ|E|E|l=|s|B3|a|8
o|—|w»m —“lzle|BlalElElale|2le|lB|T|la|ZE|Q|8|e|als5|S|E|IE|IE|IE|a|=|8|m|T
Start o | . . .
Stop o | . .
Destination o | . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) PTOX and PWMX files are only for use with MicroLogix 1400 BXB or BXBA controllers.

(3) The Data Log Status file can only be used for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(4) - See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.
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162

Instruction Operation

When the rung is true, this instruction calculates the number of 992063492 ps "ticks" that have
elapsed from the Start value to the Stop value and places the result into the Destination.

Any TDF instruction with a floating point address computes the time difference between 2
timestamps that are captured within 10.4025 seconds of each other (1048575 992063492 psec
ticks). It calculates an invalid result if more than 10.4025 seconds have elapsed between the start
and stop timestamps.

Any TDF instruction with an integer address computes the positive time difference between the
START and END timestamps. It calculates an invalid result if more than 327.67 ms have elapsed
between the start and stop timestamps.

Any TDF instruction with a double word address computes the time difference between 2
timestamps that are captured within 42608.8025 seconds of each other (4294967295 992063492
usec ticks). It calculates an invalid result if more than 42608.8025 seconds have elapsed between
the start and stop timestamps.

This instruction does nothing on a false rung.
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Conversion Instructions

The conversion instructions multiplex and de-multiplex data and perform conversions between

binary and decimal values.

Instruction Used To: Page
_ v Decodes a 4-bit value (0...15), turning on the corresponding
DCD - Decode 4 to 1-oH6 bit in the 16-bit destination. 163
Encodes a 16-bit source to a 4-bit value. Searches the source
) e from the lowest to the highest bit and looks for the first set
ENC - Encode 1-of-16 to 4 bit. The carresponding bit position is written to the destination 164
as an integer.
FRD - Convert From Binary Coded Converts the BCD source value to an integer and stores it in 165
Decimal the destination.
_ : -+ | Converts the integer source value to BCD format and stores it
TOD - Convert to Binary Coded Decimal in the destination. 168
B Converts Gray code data (Source) to an integer value and
GCD - Gray Code stores it in the destination. 163
Usmg Decode and Encode Addressing Modes and File Types can be used as shown in Table 102:
Instructions
Table 102 - Conversion Instructions Valid Addressing Modes and File Types(l)
Data Files Function Files Addr?%s Address Level
- |Mode
= @ 3
Parameter = E s |8 e
o @ |.© — —
o 2|z 22 SIZI918|g|8] |=|3|2
N 0n o | | O | — =|l=1a]l! (%] IS |- | S
ol |lolelcl=lu|s | |S2R|EIZIEIGE|IE|E|2IC|0|8|2|EIS|25]2]8]3
Source o | e o | o | . o |l o .
Destination o | o | o] e . o | o .
(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.
IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.
DCD - Decode 4 to 1-of-16 Instruction Type: Output
DCD Execution Time for the DCD Instruction
—— Decode 4 to 1 of 16 —
Source N7:0
When Rung Is:
0000h< Controller g
Dest N7:1 True False
0000000000000000< MicroLogix 1400 46300 ps 0.2720 s
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The DCD instruction uses the lower 4 bits of the source word to set 1 bit of the destination word. All
other bits in the destination word are cleared. The DCD instruction converts the values as shown in

Table 103:
Table 103 - Decode 4 to 1-of-16
Source Bits Destination Bits
15...04 03 02 01 00 15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
X 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
X 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
X 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
X 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
X 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
X 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
X 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
X 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
X 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
X 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
X 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
X 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
X 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
X 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
X 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
X = Not used
ENC - Encode Instruction Type: Output
1-of-16 to 4 Execution Time for the ENC Instruction
— Encodg\icof 16 to 4 — Controller When Rung Is:
Source N7.0 True False
De;)tOOOOOOOOOOOO,\(};):Of MicroLogix 1400 57230 ps 0.3660 ps
0000h<
The ENC instruction searches the source from the lowest to the highest bit, looking for the first bit
set. The corresponding bit position is written to the destination as an integer. The ENC instruction
converts the values as shown in Table 104:
Table 104 - Encode 1-0f-16 to 4
Source Bits Destination Bits
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00 15...04 03 02 01 00
X X X X X X X X X X X X X X X 1 0 0 0 0 0
X X X X X X X X X X X X X X 1 0 0 0 0 0 1
X X X X X X X X X X X X X 1 0 0 0 0 0 1 0
X X X X X X X X X X X X 1 0 0 0 0 0 0 1 1
X X X X X X X X X X X 1 0 0 0 0 0 0 1 0 0
X X X X X X X X X X 1 0 0 0 0 0 0 0 1 0 1
X X X X X X X X X 1 0 0 0 0 0 0 0 0 1 1 0
X X X X X X X X 1 0 0 0 0 0 0 0 0 0 1 1 1
X X X X X X X 1 0 0 0 0 0 0 0 0 0 1 0 0 0
X X X X X X 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1
X X X X X 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
X X X X 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1
X X X 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0
X X 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
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Table 104 - Encode 1-0f-16 to 4 (Continued)

Source Bits Destination Bits

15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00 15...04 03 02 01 00
X 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

X = Determines the state of the flag

If source is zero, the destination is zero and the math status is zero, the flag is
setto 1.

Updates to Math Status Bits

Math Status Bits
With this Bit: The Controller:
S:0/0 Carry Always resets.
. Sets if more than 1bit in the source is set; otherwise resets. The math overflow bit
S:0/1 Overfiow (S:5/0) is not set.
S:0/2 Zero bit Sets if result is zero, otherwise resets.
S:0/3 Sign bit Always resets.

FRD - Convert from Binary  instruction Type: Output

Coded Decimal (BCD) Execution Time for the FRD Instructions
FRD -
From BCD controller When Rung Is:
Source S0 True False
Dest 0?\‘0£g< MicroLogix 1400 5.4790 ps 0.5151 s
1S

The FRD instruction is used to convert the binary coded decimal (BCD) source value to an integer
and place the result in the destination.

Addressing Modes and File Types can be used as shown in Table 105

Table 105 - FRD Instruction Valid Addressing Modes and File Types(l)

. - Address
Data Files Function Files ) Address Level
- |Mode
o
=< (%] -
Parameter = = < | @ -
= E o || - S|«
e ol = 3 S=|9|8|=|8 =&
(&) | |w|lo|w é — =|=|al. ,_,', w | E § .g - -g 2 UE_,
ol_|lw|lalclzlu|B |8 2|2 |E|I2IE|G|IS|E|IZS|ISIC|IC|2|E|S|E|E|=|2|T
Source o | o o | o | 0| o . o | . (3)
Destination o | o o | o o . L. .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.
(3) See FRD Instruction Source Operand on page 166.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 108, and DLS files.
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166

FRD Instruction Source Operand

The source can be either a word address or the math register. The maximum BCD source values
permissible are:

9999 if the source is a word address (allowing only a 4-digit BCD value).

32768 if the source is the math register (allowing a 5-digit BCD value with the lower 4 digits
that are stored in S:13 and the high-order digit in S:14).

If the source is the math register, it must be directly addressed as S:13. S:13 is the only status file
element that can be used.

Updates to Math Status Bits

Math Status Bits
With this Bit: The Controller:
S:0/0 Carry Always resets

Sets if non-BCD value is contained at the source or the value to be
converted is greater than 32,767; otherwise resets. On overflow, the minor
error flag is also set.

Sets if result is zero, otherwise resets
Always resets

S:.0/1 Overflow

S:0/2 Zero bit
S:0/3 Sign bit

Always provide ladder logic filtering of all BCD input devices before you perform
the FRD instruction. The slightest difference in point-to-point input filter delay
can cause the FRD instruction to overflow due to the conversion of a non-BCD

digit.
S1 — EQU — FRD ————————————
1t EQUAL FROM BCD -
15 Source A N7:1 Source 1:0.0
0 0
Source B 1:0.0 Dest N7:2
0 0
— MOV
MOVE
Source 1:0.0
0
Dest N7:1
0

The two rungs that are shown cause the controller to verify that the value I:0 remains the same for
two consecutive scans before it executes the FRD. This helps prevent the FRD from converting a
non-BCD value during an input value change.

To convert numbers larger than 9399 BCD, the source must be the Math Register
(S:13). You must reset the Minor Error Bit (S:5.0) to help prevent an error.
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Example

The BCD value 32,760 in the math register is converted and stored in N7:0. The maximum source
value is 32767 (BCD).

FRD
—— FromBCD —
Source S:13
00032760<
Dest N7:0
32760<
S:14 S:13
0000 0000 0000 OOM 0010 0m O0no 0000
15 0 15 0  5-digit BCD
(o JoJo s [2]7[6]0]
l l l i l N7:0 Decimal 0111 1111 1111 1000
3 2 7 6 0

Convert BCD values to integer before you manipulate them in your ladder program. If you do not
convert the values, the controller manipulates them as integers and their value may be lost.

P If the math register (S:13 and S:14) is used as the source for the FRD instruction

. ! and the BCD value does not exceed four digits, be sure to clear word S:14 before
executing the FRD instruction. If S:14 is not cleared and a value is contained in
this word from another math instruction that is located elsewhere in the
program, an incorrect decimal value is placed in the destination word.

Clear S:14 before executing the FRD instruction is shown.

I — Mov
i MOVE I
— (1) Source N7:2 // 00010010 00110100
4660 4
Dest S:13
4660 &
—CR —m
CLEAR _—
Dest S:14
0
— FRD
FROM BCD I S:13 and S:14 are displayed
Source §13 | 1~ inBCDformat
00001234 41
Dest N7:0
1234 €|
i 0000 0100 11010010

When the input condition 1:0/1is set (1), a BCD value (transferred from a 4-digit thumbwheel switch
for example) is moved from word N7:2 into the math register. Status word S:14 is then cleared to
verify that unwanted data is not present when the FRD instruction is executed.
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TOD - Convert to Binary Instruction Type: Output
Coded Decimal (BCD) Execution Time for the TOD Instructions
TOD .
ToBCD Controller When Rung I
Source N7:0 True False
Dest — MicroLogix 1400 59198 pis 0.3916 s
0000h<

The TOD instruction is used to convert the integer source value to BCD and place the result in the
destination.

Addressing Modes and File Types can be used as shown in Table 106:

Table 106 - TOD Instruction Valid Addressing Modes and File Types(l)

) - Address
Data Files Function Files %) Address Level
< | Mode
= el |3
Parameter = S s |2 -
= S |lo|=|.® = S | =
o a o S eSO T = (R = |5
1 1 (5] (<5}
< g— wlolaold|-|_|= =lalgls || E 3 =1 . sl g
ol—|w|la|lm|z|lu|L |2 | | E|2|E|G|T|a|=|2|8|2|a|E|&|=s|&|=|3|m
Source . . . . . . . . .
Destination e | o | o | o] o] o . o | o . (3

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.
(3) See TOD Instruction Destination Operand on page 168.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 108, and DLS files.

TOD Instruction Destination Operand

The destination can be either a word address or math register.

The maximum values permissible once converted to BCD are:
9999 if the destination is a word address (allowing only a 4-digit BCD value).

« 327768 if the destination is the math register (allowing a 5-digit BCD value with the lower 4
digits that are stored in S:13 and the high-order digit in S:14).

If the destination is the math register, it must be directly addressed as S:13. S:13 is the only status
file element that can be used.

Updates to Math Status Bits

Math Status Bits

With this Bit: The Controller:

S:0/0 Carry Always resets

S:0/1 Overflow glestg isfe?CD result is larger than 9399. On overflow, the minor error flag is
S:0/2 Zero Bit Sets if result is zero, otherwise resets

S:0/3 Sign Bit Sets if the source word is negative, otherwise resets
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GCD - Gray Code

GCD
Gray Code
Source 11:2.0
225<
Dest N7:1
190<

Changes to the Math Register

Contains the 5-digit BCD result of the conversion. This result is valid at overflow.

To convert numbers larger than 9399 decimal, the destination must be the Math

Register (S:13). You must reset the Minor Error Bit (S:5/0) to help prevent an

error.

Example

The integer value 9760 stored at N7:3 is converted to BCD and the BCD equivalent is stored in N7:0.

The maximum BCD value is 9399.

TOD
— ToBCD

Source N7:3

9760<

Dest N10:0

9760<

MSB
9 7 6 O N7:3 Decimal 0010 0no

9 7 6 O N7:0 4-digit BCD 1001 om

Instruction Type: Output

Execution Time for the GCD Instructions

The destination value is
displayed in BCD format.

0010

0110

When Rung Is:
Controller

True False
MicroLogix 1400 54970 ps 0.5618 ps

LSB

v

0000

0000

The GCD instruction converts Gray code data (Source) to an integer value (Destination). If the Gray
code input is negative (high bit set), the Destination is set to 32767 and the overflow flag is set.

Addressing Modes and File Types are shown in Table 107:

Table 107 - GCD Instruction Valid Addressing Modes and File Types®

Data Files Function Files o |Address Mode |Address Level
= 2| |2 =
[+
Parameter = £ B |8 - S| =
o D= i— 8 g O(:j BB 3 = =ls
% sIElalel|gl8lelclzlslglele|e|lEle|5|=|5|2|5
ol |l |m|—=]|= S|l E|l2E|5|T|s|=|Q|18|2|a|lE|lals|g&8|=|2|m
Source o | . I I . o | o .
Destination . . . . . . . . .
(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68
Updates to Math Status Bits
Math Status Bits
With this Bit: The Controller:
$:0/0 Carry Always reset.
S:0/1 Overflow Set if the Gray code input is negative, otherwise is reset.
S:0/2 Zero bit Set if the destination is zero, otherwise reset.
S:0/3 Sign bit Always reset.
S:5/0 Overflow trap Set if the Overflow Bit is set, otherwise reset.
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Notes:
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Logical Instructions

The logical instructions perform bit-wise logical operations on individual words.

Instruction Used To: Page
AND - Bit-Wise AND Perform an AND operation 172
OR - Logical OR Perform an inclusive OR operation 172
XOR - Exclusive OR Perform an Exclusive Or operation 173
NOT - Logical NOT Perform a NOT operation 173

Using Logical Instructions  when using logical instructions, observe the following:
«  Source and Destination must be of the same data size (that is, all words or all long words).

IMPORTANT Do not use the High-speed Counter Accumulator (HSC.ACC) for the
Destination parameter in the AND, OR, and XOR instructions.

« Source A and Source B can be a constant or an address, but both cannot be constants.

«  Valid constants are -32,768...+32,767 (word) and -2,147483,648...+2,147,483,647 (Long
word).

Addressing Modes and File Types can be used as shown in Table 108:

Table 108 - Logical Instructions Valid Addressing Modes and File Types(l)

i Address
Data Files Function Files® o) Address Level
= |Mode
= » S
Parameter = £ s | @ -
= € o |s |® nn S| =
o o | =< - SIS 12 |8|«1|8 =\ 5
(&) gl == w o |o é =|a|: ; </I> g 3 |= = 2| €
> | S — pa— - w —_
ol _lolalclzlulm|L|8l2|2|EI2IEIGIE|F|2|C8|I8|2|E|5|2|8|2]8 D
Source A . . . . . . . . . . . . . . . . . o o . . . . . .
Source B PO O A T o | o o el o o] el o] o e o] o o] o o] o]e o | e
Destination B . . . o o . . . B o . o . . . B .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) PTOX and PWMX files are valid for MicroLogix 1400 BXB or BXBA controllers.

(3) See Important note about indirect addressing.

(4)  Source B does not apply to the NOT instruction. The NOT instruction only has one source value.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.
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Updates to Math Status BitS  After alogical instruction is executed, the arithmetic status bits in the status file are updated. The
arithmetic status bits are in Word 0 bits 0-3 in the processor status file (S2).

Math Status Bits
With this Bit: The Controller:
S:0/0 Carry Always resets.
S:0/1 Overflow Always resets.
S:0/2 Zero bit Sets if result is zero, otherwise resets.
S:0/3 Sign bit Sets if result is negative (MSB is set), otherwise resets.
AND - Bit-Wise AND Instruction Type: Output
— AND Execution Time for the AND Instruction
—— Bitwise AND
Source A N7:.0 .
0000h< Controller Data Size When Rung s:
Source B N7:1 True False
0000h<
: Word 17894 0.3781
Dest N7:2 MicroLogix 1400 al S S
0000h< Long word 1.8185 ps 0.3967 ps
The AND instruction performs a bit-wise logical AND of two sources and places the result in the
destination.
Truth Table for the AND Instruction
Destination = A AND B
Source: A
1o fojojofofoft [1fofo
Source: B
tpfofop p i P pfofofojof[n
Destination:
11 JofofiJofrJofofofofojolo]olo
IMPORTANT Do not use the High-speed Counter Accumulator (HSC.ACC) for the
Destination parameter in the AND, OR, and XOR instructions.
For more information, see Using Logical Instructions on page 171 and Updates to Math Status Bits on
page 135.
OR - Loglcal OR Instruction Type: Output
— OR — Execution Time for the OR Instruction
Bitwise Inclusive OR
Source A N7:0
. When Rung Is:
0000h<
Source B N7 Controller Data Size T False
Dest 00008 P [T 18278 s 0.392 ps
0000h< I Long word 1.8374 pis 0.3956 ps

The OR instruction performs a logical OR of two sources and places the result in the destination.
Truth Table for the OR Instruction

Destination=AOR B

Source: A
Tt JoJofofofofolr [i]o]o
Source: B
tpjofofr pr i pjofofojofn
Destination:

rh oo [t
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IMPORTANT Do not use the High-speed Counter Accumulator (HSC.ACC) for the
Destination parameter in the AND, OR, and XOR instructions.

XOR - Exclusive OR Instruction Type: Output
— XOR — Execution Time for the XOR Instruction
Bitwise Exclusive OR
Source A N7:0 X
When Rung Is:
0000h< Controller Data Size g
Source B N7:1 True False
0000h<
. Word 49480 0.367
Dest N7:2 MicroLogix 1400 al i i
0000h< Long word 48454 ps 0.3646 ps

The XOR instruction performs a logical exclusive OR of two sources and places the result in the
destination.

Truth Table for the XOR Instruction
Destination = A XOR B

Source: A
Tt JoiJofofofofolr [i]o]o
Source: B
tpjofofr p i i o pjofofojof|n
Destination:

oot hlopfop ppppJofop [t ]

IMPORTANT Do not use the High-speed Counter Accumulator (HSC.ACC) for the
Destination parameter in the AND, OR, and XOR instructions.

For more information, see Using Logical Instructions on page 171 and Updates to Math Status Bits on

age 135.
NOT - |_0gIC8.| NOT Instruction Type: Output
ot | Execution Time for the NOT Instruction
Source N7:0 _ When Rung Is:
0< Controller Data Size
Dest N7:1 True False
o<
. . Word 1.3682 ps 0.4074 ps
MicroLogix 1400
(CroL0g% Long word 13620 s 0.3900 s

The NOT instruction is used to invert the source bit-by-bit (one's complement) and then place the
result in the destination.

Truth Table for the NOT Instruction

Destination = ANOT B

Source:

T pJofijojojofojoli i fo]o
Destination:

ofofofofonfop b p i [ifofof |

For more information, see Using Logical Instructions on page 171 and Updates to Math Status Bits on
page 135.
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Notes:
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MOV - Move
MoV
— Move
Source N7:0
0<
Dest N7:1
0<

Move Instructions

The move instructions modify and move words.

Instruction Used to: Page

MOV - Move Move the source value to the destination. 175
B Move data from a source location to a selected portion

MVM - Hasked Move of the destination. 176

Instruction Type: Output

Execution Time for the MOV Instruction

When Rung Is:
Controller Data Size ung
True False
Word 14231 0.3542
MicroLogix 1400 o i e
Long word 14103 ps 0.3722 ys

The MOV instruction is used to move data from the source to the destination. As long as the rung

remains true, the instruction moves the data each scan.

Using the MOV Instruction

When using the MOV instruction, observe the following:

« Source and Destination can be different data sizes. The source is converted to the
destination size when the instruction executes. If the signed value of the Source does not fit

in the Destination, the overflow is handled as follows:

- |f the Math Overflow Selection Bit is clear, a saturated result is stored in the Destination. If
the Source is positive, the Destination is 32,767 (word). If the result is negative, the
Destination is -32,768 (word).

- If the Math Overflow Selection Bit is set, the unsigned truncated value of the Source is

stored in the Destination.

»  Source can be a constant or an address.
« Valid constants are -32,768...+32,767 (word) and -2,147,483,648...+2,147,483,647 (long word).
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Addressing Modes and File Types can be used as shown in Table 109:

Table 109 - MOV Instruction Valid Addressing Modes and File Types()

. Address
Data Files Function Files® ) Address Level
o | Mode
=< %) 3
Parameter = e < | @ -
o 2| x o SI=|°2|8|=|8 = |5
- o |5 > ' ' O | o T ||
© — slElalelglélelzlzl=glsla|alElE|S|=|8|5|E
ol |lw|la|lm|lz|lu|B|la|ZE|lEe|lg|E|2|E|H|T|a|=|29|8|@e|alE|la|ls|a|=|8 T
Source . . o . . o . . . . . . . o . . . . . . . . o . . . .
Destination . o | o o | o o | o @ | @ @@ . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) PTOX and PWMX files are valid for MicroLogix 1400 BXB or BXBA controllers.

(3) See Important note about indirect addressing.

(4) Some elements can be written to. Consult the function file for details.

MVM - Masked Move

MVM
—— Masked Move

Source N7:0
o<

Mask N7:1
0000h<

Dest N7:2
0<

176

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,

STI, EIl, BHI, MMI, CS, 108, and DLS files.

Updates to Math Status Bits

After a MOV instruction is executed, the arithmetic status bits in the status file are updated. The
arithmetic status bits are in Word 0, bits 0 to 3 in the processor status file (S2).

Math Status Bits
With this Bit: The Controller:
S:0/0 Carry Always resets.
) Sets when an overflow, infinity, or NAN (not a number) condition is
S0/ Overflow detected, otherwise resets.
S:0/2 Zero Bit Sets if result is zero, otherwise resets.
S:0/3 Sign Bit Sets if result is negative (MSB is set), otherwise resets.
. () |Sets Math Overflow Trap minor error if the Overflow bit is set,
§:5/0 Math Overflow Trap Bit otherwise it remains in last state.

(1)  Control bit.

If you want to move one word of data without affecting the math flags, use a
copy (COP) instruction with a length of 1 word instead of the MOV instruction.

Instruction Type: Output

Execution Time for the MVM Instruction

. When Rung Is:
Controller Data Size
True False
Word 0.2210 0.1750
MicroLogix 1400 al e IS
Long word 19050 ps 0.2180 ps

The MVM instruction is used to move data from the source to the destination, allowing portions of
the destination to be masked. Table 110 shows the mask bit functions:

Table 110 - Mask Function for MVM Instruction

Source Bit Mask Bit Destination Bit
1 0 last state

0 0 ast state

1 1 1

0 1 0
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Mask data by setting bits in the mask to zero; pass data by setting bits in the mask to one. The

mask can be a constant, or you can vary the mask by assigning a direct address. Bits in the

Destination that correspond to zeros in the Mask are not altered.

Using the MVM Instruction

When using the MVM instruction, observe the following:
«  Source, Mask, and Destination must be of the same data size (for instance, all words or all

long words).

To mask data, set the mask bit to zero; to pass data, set the mask bit to one. The mask can
be a constant value, or you can vary the mask by assigning a direct address.

Bits in the destination that correspond to zeros in the mask are not altered as
shown in the shaded areas in the following table.

Mask Example (Word Addressing Level)

Word Value in Value in Binary

Hexadecimal 55 (43 f2fulolels]rlels]a]3]2]t o
Value in Destination
Bofore Move FFFF L T T A O O O R AR A B 1t |t |t
Source Value 5555 o Jo [t Jo ]t jofrfoffol 1 1
Mask FOFO T v fJofolfofof it 1| 0 0
Value in Destination
After Move 5F5F 01 jo[r |t [t frft]ofrlo] 11 |1

« Valid constants for the mask are -32,768...+32,767 (word) and

-247483,648...+2,147483,647 (long word). The mask is displayed as a hexadecimal

unsigned value from 0000 0000...FFFF FFFF.

Addressing Modes and File Types can be used as shown in Table 111

Table 111 - MVM Instruction Valid Addressing Modes and File Types®

. I Address
Data Files Function Files 2) Address Level
- |Mode
o
=< [%2] —
Parameter = £ < | @ °
= Elo|z|S o S | =
o 2= s S|IS|98|=|8 =15
- > _ 1 ! Q| = Tl
= slolgls|alglgBlzlzlz2l8|a|8|2|E|E|E|z|8|5|2
ol_|luw|la|lm|lzlu|B|oa|E|lE|la|lE|2|E|H|T|a|=|Q9|8|@|a|lE|S|=|5|(=|3|m
Source o | o o | o | @ o | o . o | o o | o
Mask o | o o | o | @ o | o . o | o | o o | o
Destination o | . I I o | . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,

STI, EIl, BHI, MMI, CS, 10S, and DLS files.
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Updates to Math Status Bits

After an MVM instruction is executed, the arithmetic status bits in the status file are updated. The
arithmetic status bits are in Word 0 bits 0...3 in the processor status file (S2).

Math Status Bits

With this Bit: The Controller:

S:0/0 Carry Always resets.

S:0/1 Overflow Always resets.

S:0/2 Zero Bit Sets if destination is zero, otherwise resets.

S:0/3 Sign Bit Sets if the MSB of the destination is set, otherwise resets.
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CPW - Copy Word

CPW

—— Copy Word
Source #HSC:0.2
Dest #NT:0
Length 1

File Instructions

The file instructions perform operations on file data.

Instruction Used To: Page
CPW - Copy Word Copy words of data from one location to another 179
COP - Copy File Copy a range of data from one file location to another 180
e Load a file with a program constant or a value from
FLL - FillFile an element address 161
BSL - Bit Shift Left 182
BSR - Bt Shift Right Load and unload data into a bit array 1bit at a time T
FFL - First In, First Out (FIFO) Load Load words into a file and unload them in the same 184
FFU - First In, First Out (FIFO) Unload | order (firstin, first out) 186
LFL - Last n, First Out (LIF0) Load Load words into a file and unload them in reverse 187
LFU - Last In, First Out (LIFO) Unload | order (last in,first out) 189
) Swap low byte with high byte in a specified number
SWP - Swap of words 190

Instruction Type: Output

Execution Time for the CPW Instruction

Controller When Rung Is:
True False
MicroLogix 1400 2.5630 ps 0.2034 pis

The CPW instruction copies words of data, in ascending order, from one location (Source) to
another (Destination). Although similar to the File Copy (COP) instruction, the CPW instruction allows
different source and destination parameters. Examples include:

« Integer to long word
« Long word to floating point
« Long word to integer
« Integer to PTOX function file

Observe the following restrictions when using the CPW instruction:
« The length of the data transferred cannot exceed 128 words.
«  Function files can be used for Source or Destination, but not both.

«  When referencing either a PLS file or a function file, addressing must be specified to the
sub-element level.

« You can reference a sub-element of bits in a function file containing a combination of read-
only and read/write bits.

«  You cannot directly reference the high word of a long word as an operand in the CPW
instruction.

« A Major fault (003F) is generated if the execution of the instruction exceeds the data table
space.
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« A Major fault (0044) is generated if a write attempt fails to the RTC function file. This only
occurs when attempting to write invalid data to the RTC function file. Examples of invalid
data are: setting the Day of Week to zero or setting the Date to February 30.

Addressing Modes and File Types are shown in Table 112:

Table 112 - CPW Instruction Valid Addressing Modes and File Types®)

. - Address
Data Files Function Files %) Address Level
 |Mode
o
=< [%2) —
Parameter = e s | @ o
= Elo|ls| s - S |+
o o | = S S|I=S|2(8|=w!|8 = |5
o g s no__ Clwnlo|lw S| _ =|=|a|. o || E § 3 | o g g %
ol|l—|lo|lm|—|= Bl<|o|S|le|la|lE|2|5 |5 |5|=s|=|12|8|2|a|E|S5||&|=|2 |um
Source o | o o o o | o | o o | e[ o | o | o o | o f o] e . . . o
Destination . . . . . . . . . . . . . . o o .
Length .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) See Important note about indirect addressing.
(3) Valid for MicroLogix 1400 Series B only.

COP - Copy File

cop
—— Copy File —
Source #N7.0
Dest #N7:1
Length 1

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,

STI, EIl, BHI, MMI, CS, 10S, and DLS files.

Instruction Type: Output

Execution Time for the COP Instruction

When Rung Is:
Controller

True False
MicroLogix 1400 3.6020 ps 01853 ps

The COP instruction copies blocks of data from one location into another.

Table 113 - COP Instruction Valid Addressing Modes and File Types(l)

. I Address
Data Files Function Files ? Address Level
o |Mode
o
=< %) —
Parameter = e < | @ °
E € |o < @ — o =
o o | x< o SI=|2(8(=|8 = |5
%) 3;— Elon|lolol|d|— =l=|al! |lse |w|E ] =1 . g 25
ol—|w|a|—|= Bl<|o|Z2|l2|la|lE|2|IEG|E|E|=|12|8|2|a|E|la|ls|&[=|2|x
Source . . . . . o | o . . . o .
Destination o |- o o | . o | o | . . | . .
Length .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) See Important note about indirect addressing.
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IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.
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FLL - Fill File

FLL
— Fill File
Source
Dest
Length

N7:0
#N7:1

The source and destination file types must be the same except bit (B) and integer (N); they can be
interchanged. It is the address that determines the maximum length of the block to be copied, as
shown in Table 114:

Table 114 - Maximum Lengths for the COP Instruction

Source/Destination Data Type Range of Length Operand
1word elements (word) 1.128
2 word elements (long word) 1..64
3 word elements (counter) 1.42
42 word elements (string) 1.3
Instruction Type: Output
Execution Time for the FLL Instruction
When Rung Is:
Controller Data Size enrung’s
True False
) . Word 31531 ps 0.5290 ps
MicroLogix 1400
Croog Long word 32670 s 0.3918 s

The FLL instruction loads elements of a file with either a constant or an address data value for a
given length. The following figure shows how file instruction data is manipulated. The instruction
fills the words of a file with a source value. It uses no status bits. If you need an enable bit, program
a parallel output that uses a storage address.

Source 2 2
§>

Word to File

Destination

This instruction uses the following operands:

« Source - The source operand is the address of the value or constant used to fill the
destination. The data range for the source is from -32,768...+32,767 (word) or
-2,147483 648...+2,147483,647 (long word), or any IEEE-754 32-bit value.

A constant cannot be used as the source in a timer (T), counter (C), or control (R)
file.
«  Destination - The starting destination address where the data is written.
« Length - The length operand contains the number of elements. The length can range from
1..128 (word), 1...64 (long word), or 1...42 (3 word element such as counter).

The source and destination operands must be of the same file type, unless they
are bit (B) and integer (N).
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Addressing Modes and File Types can be used as shown in Table 115:

Table 115 - FLL Instruction Valid Addressing Modes and File Types(!

. - Address
Data Files Function Files 7 Address Level
= | Mode
o
=< %] —
Parameter = £ < | @ -
o gz - SI=|9(8|gl|8 =5
- a|\= = _ ' ! S| = Tl e
S = s|S|Ialg|g|Ble|l=z|2|8|xs|g|Q|E|2|E|=|8|5|2
o|l_|lo|la|lm|lz|lu|G|l<|o|E|lz|lad |E|2|8|5|T|xa|S Q9|82 |alE|lad|ls|a|=|S|m
Source
Destination o | e S N o | e . o |I'o .
Length .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.

BSL - Bit Shift Left

BSL
—— Bit Shift Left —CEN D>—
File #B3:1
Control R6:0 —CDN >—
Bit Address B32:0/0
Length 1<

182

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.

Instruction Type: Output

Execution Time for the BSL Instruction

When Rung Is:
Controller

True False
MicroLogix 1400 6.1018 ps 5.8258 ps

BSL instruction loads data into a hit array on a false-to-true rung transition, 1bit at a time. The data
shifts left through the array, then unloads, 1bit at a time. Figure 2 shows the operation of the BSL
instruction.

Figure 2 - Operation of BSL instruction

|:| Source Bit 1:22/12
3308282726543 (2] a[20]8[18]17]7%6
47|46 | 4b | 4b | 43 42| 41| 40|39 | 38|37 | 3635|3433 |32
63 62| 61 |60 | 50 |58 | 57 | 56 | 55 | 54 | 53 | 52 | 51 |50 | 49 | 48

RESERVED 73 (72| 71 |70 | 69 | 68 | 67 | 66 | 65 | 64

v

Unload Bit ®6:010) [ ]

Data block is shifted 1bit at a time from
bit 16...73.

58 Bit Array #B3:1

To shift more than 1bit per scan, you must create a loop in your application using the JMP, LBL, and
CTU instructions.

This instruction uses the following operands:
«  File - The file operand is the address of the bit array that is to be manipulated.

«  Control - The control operand is the address of the BSL's control element. The control
element consists of 3 words:

5 4 (B 2 Ju o o [8 7 [6 [543 2]t o
Word 0 EN - DN - ER uL not used
Word 1 Size of bit array (number of bits)
Word 2 not used

EN - Enable Bit is set on false-to-true transition of the rung and indicates that the instruction is enabled.

DN - Done Bit, when set, indicates that the bit array has shifted one position.

ER - Error Bit, when set, indicates that the instruction detected an error such as entering a negative number for the
length or source operand.

UL - Unload Bit is the instruction’s output. Avoid using the UL (unload) bit when the ER (error) bit is set.
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«  Bit Address - The source is the address of the bit to be transferred into the bit array at the
first (lowest) bit position.
«  Length - The length operand contains the length of the bit array in bits. The valid data range
for length is from 0...2,048.

Addressing Modes and File Types can be used as shown in Table 116:

Table 116 - BSL Instruction Valid Addressing Modes and File Types!)

. N Address
Data Files Function Files %) Address Level
< |Mode
o
=< %] —
Parameter = = < | @ -
- a (= = _ 1 ! Q| = Tl e
J slLlgls|glglglElzlzlzl2l8lalg|2|E|2|E|z|8|5|2
ol—|uw|la|lw|lz|lu |G|l |ElE|la|lE|2|E|G|TG|a|S|9|8|e|a|lE|5|=|E|=|S|m
File o | . . . . o | o |
Control (3 . .
Length . .
Source o | e N . . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.
(3) Control file only. Not valid for Timers and Counters.

BSR - Bit Shift Right

—CEND—
—C(OND>—

BSR
— Bit Shift Right
File #B3:3
Control R6:0
Bit Address 1:0/15
Length 1<

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.

Instruction Type: Output

Execution Time for the BSR Instruction

When Rung Is:
Controller
True False
MicroLogix 1400 6.0790 ps 59942 ps
If you wish to shift more than 1 bit per scan, you must create a loop in your application using the
JMP, LBL, and CTU instructions.
The BSR instruction loads data into a bt array on a false-to-true rung transition, 1bit at a time. The
data is shifted right through the array, then unloaded, 1bit at a time. Figure 3 shows the operation
of the BSR instruction.
Figure 3 - Operation of BSR Instruction
Unload Bit (R6:0/10) D
47 [46 |45 [a4 |43 42 [@ |40 |38 [38 [T [36 |3 | [33 %2 .
6 (62 |61 |60 |59 |56 |57 |56 | |5h |53 |52 |5 |50 |4 |48 i%?f;’*"ay
INVALID 60 [68 |67 |66 |65 |64 '
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Source Bit 1:23/06 I:'/

Data block is shifted 1bit at a time from bit 69...32.
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This instruction uses the following operands:
«  File - The file operand is the address of the bit array that is to be manipulated.

«  Control - The control operand is the address of the BSR's control element. The control
element consists of 3 words:

5 14 18 2 Ju o o8 [7 [6 |5 [4 |3 2]t ]o
Word0  |EN® |- DN@ |- Y [uL®  |notused
Word 1 Size of bit array (number of bits)
Word 2 not used

()
Y]
@)

(&)

source operand.

EN - Enable Bit is set on false-to-true transition of the rung and indicates that the instruction is enabled.
DN - Done Bit, when set, indicates that the bit array has shifted one position.
ER - Error Bit, when set, indicates that the instruction detected an error such as entering a negative number for the length or

UL - Unload Bit is the instruction’s output. Avoid using the UL (unload) bit when the ER (error) bit is set.

«  Bit Address - The source is the address of the bit to be transferred into the bit array at the
last (highest) bit position.
« Length - The length operand contains the length of the bit array in bits. The data range for
length is from 0...2,048.

Addressing Modes and File Types can be used as shown in Table 117:

Table 117 - BSR Instruction Valid Addressing Modes and File Types)

) - Address
Data Files Function Files %) Address Level
o |Mode
o
> %) —
Parameter = e < | @ °
E € o |&| S 4 S | &
o 2|z - SI519(8 |5 |8 =g
- =< > _ 1 1 | 5] = k=] (=N =
S —lolSel|g|8le|l=l=|2|8|lx|g|Q|E|2|E|=2|S|5|8
o|l—|vw|m|—=|= S5l | E|2IE|5| TS| xa|lZS|19|8|@2|alE|&8||G8|=|3|m
File o | o o . . o o o . o
Control ) . .
Length . .
Source . . o | o . . . . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.
(3) Control file only. Not valid for Timers and Counters.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.

FFL - First In, First Out (F”:O) Instruction Type: Output

Load
FFL

—— FIFO Load —CEN >—
Source N7:0
FIFO #N7:1 —CDN >—
Control R6:0
Length 1< —CEMD>—
Position 0<

184

Execution Time for the FFL Instruction

When Rung Is:
Controller Data Size on fung s
True False
) . Word 8.2970 ps 6.1730 ps
MicroLogix 1400
Croogx Long word 90910 s 74630 s

On a false-to-true rung transition, the FFL instruction loads words or long words into a user-
created file that is called a FIFO stack. This instruction’s counterpart, FIFQ unload (FFU), is paired
with a given FFL instruction to remove elements from the FIFO stack. Instruction parameters have
been programmed in the FFL - FFU instruction pair that is shown in Figure 4.
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Figure 4 - FFL - FFU Instruction pair

_5’% LOAD 710 | (EN}—|  Destination Position
ource : DN X R ]
FIFO #N7:12 :((EM)) | NZ:T l‘_ N7:2 0
Control R6:0 N7:13 1
Length 34
Position 9 N7:14 2
_FFU FFU instruction .
FIFO UNLOAD | (EU—  unloads data from 4
FIFO #N7:12 L (DN) stack #N7:12 at 5 4 I
o, N | i N e
Length 34 7 N7:12, ending at N7:45
Position 9
- Source 8
FFL and FFU Instruction Pair | 70 }_’ 9
FFL instruction loads
data into stack #N7:12
at the next available
position, 9 in this case. N7:45 33

Loading and Unloading of Stack #N7:12

This instruction uses the following operands:

Source - The source operand is a constant or address of the value that is used to fill the
currently available position in the FIFQ stack. The address level of the source must match
the FIFO stack. If FIFO is a word size file, the source must be a word value or constant. If
FIFO is a long word size file, the source must be a long word value or constant. The data
range for the source is from -32,768...+32,767 (word) or -2,147483,648...+2,147483,647 (long

word).
FIFO - The FIFO operand is the starting address of the stack.

Control - This is a control file address. The status bits, stack length, and the position value
are stored in this element. The control element consists of 3 words:

5 14 (18 Ji2 Ju o o 8 |7 6 |5 |4 |3 |2 |1 o
Word 0 o |- oN@  |EM® | not used
Word 1 Length - Maximum number of words or long words in the stack.
Word 2 Position - The next available location where the instruction loads data.
(1) EN - Enable Bit is set on false-to-true transition of the rung and indicates that the instruction is enabled.
(2) DN - Done Bit, when set, indicates that the stack is full.
(3)  EM - Empty Bit, when set, indicates that FIFQ is empty.
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Length - The length operand contains the number of elements in the FIFO stack to receive
the value or constant found in the source. The length of the stack can range from 1...128
(word) or 1...64 (long word). The position is incremented after each load.

Position - This is the current location pointed to in the FIFO stack. It determines the next
location in the stack to receive the value or constant found in source. Position is a
component of the control register. The position can range from 0...127 (word) or 0...63 (long
word).
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Addressing Modes and File Types can be used as shown in Table 118:

Table 118 - FFL Instruction Valid Addressing Modes and File Types(”

. - Address
Data Files Function Files %) Address Level
= |Mode
o
> [%2) —
Parameter = £ s | @ -
= € lo|m|® o S| =
- a | = >< _ ) 1 o | 2 T |lo| e
o - s|Sla2|8|8=|=|z|2|8|s|g|2|E|8|S|=|S|5|8
ol|l_|lo|la|lw|z|lu|G|lLa|E|E2|la|E|2|E|5|T|a|S|Q|8|2|alE|la|l=s|a|=|S|m
Source o | o o | o . . . o | o | o o | o
FIFO o | . . . . . o | . o | .
Control @ . .
Length . .
Position . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.
(3) Control file only. Not valid for Timers or Counters.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.

FFU - First In, First Out (F”:O) Instruction Type: Output

Unload Execution Time for the FFU Instruction
FFU
. When Rung Is:
—1 FIFO Unload —CEU >—
FFo #N7f 0 Controller Data Size e False
Dest NTL =N e |Word 87180 ps 6.6490 s
Length 1< | —CEM>— 9 Long word 98890 s 72150 s
Position 0<

On a false-to-true rung transition, the FFU instruction unloads words or long words from a user-
created file that is called a FIFO stack. The data is unloaded using first-in, first-out order. After the
unload completes, the data in the stack is shifted one element toward the top of the stack and the
last element is zeroed out. Instruction parameters have been programmed in the FFL - FFU
instruction pair that is shown in Figure 5 on page 186.

Figure 5 - FFL - FFU instruction pair

—_ETIE(L) LOAD 10 | EN—|  Destination Position
ource . DN . .
FIFO #N7:12 :((EM)) | N7-1 l‘_ N7-12 0
Control R6:0 N7:13 1
Length 34
Position 9 N7:14 2
. . 3
_FFU FFU instruction
— FIF0 UNLOAD | (EU—  unloads data from b4
FIFO #N7:12 [ {DN) stack #N7:12 at 5
ggrsl%rol NFZ6% W positon 0, N7:12 B ?o[; Vﬁﬁhditilias'{gfﬁﬁzdat
Length 34 7 N7:12, ending at N7:45
Position 9
Source 8
FFL and FFU Instruction Pair | N7:10 ‘_’ 9
FFL instruction loads
data into stack #N7:12
at the next available
position, 9 in this case. N7:45 33

Loading and Unloading of Stack HNT:12
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This instruction uses the following operands:
+  FIFO - The FIFO operand is the starting address of the stack.

«  Destination - The destination operand is a word or long word address that stores the value
that exits from the FIFO stack. The FFU instruction unloads this value from the first location
on the FIFO stack and places it in the destination address. The address level of the
destination must match the FIFO stack. If FIFO is a word size file, destination must be a word
size file. If FIFO is a long word size file, destination must be a long word size file.

«  Control - This is a control file address. The status bits, stack length, and the position value
are stored in this element. The control element consists of 3 words:

15 |14 13 12 w10 J9 [8[7 [6 1[5 [4[3 [2 [t [0
Word 0 — g0 oN@ M not used
Word 1 Length - Maximum number of words or long words in the stack.
Word 2 Pasition - The next available location where the instruction unloads data.

(1) EU - Enable Unload Bit is set on false-to-true transition of the rung and indicates that the instruction is enabled.
(2) DN - Done Bit, when set, indicates that the stack is full.
(3) EM - Empty Bit, when set, indicates that FIFQ is empty.

« Length - The length operand contains the number of elements in the FIFO stack. The length
of the stack can range from 1...128 (word) or 1...64 (long word).

« Position - Paosition is a component of the control register. The position can range from
0..127 (word) or 0...63 (long word). The position is decremented after each unload. Data is

unloaded at position zero.
Addressing Modes and File Types can be used as shown in Table T19:

Table 119 - FFU Instruction Valid Addressing Modes and File Types®

Data Files Function Files o, |Address Mode®@ | Address Level
= 2| |3
(<5} =)
Parameter = E o |E|E - S | =
a a s I |als |53 = |5
o o E > © 1 ! g 5} @ T | o> OE)
(&) Slonie|lQIS|l=l_|==|2l, v |« [S ] SIS
ol_|low|la|lclz|lu|B|o 8|27 |E|2|E|G|IE|&|ZS|Q|I8|C2|2|E|5|2|85|2|S |
FIFO e | . . . . . . | . e | .
Destination . . . . . . . . . . .
Control @ . .
Length . .
Position . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.
(3) Control file only. Not valid for Timers and Counters.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10, and DLS files.

LFL - Last In, First Out (LIFO)  instruction Type: Output

Load Execution Time for the LFL Instruction
LFL
When Rung Is:
— LIFO Load —CEND— Controller Data Size enrung 's
Source N7:0 True False
LFo - N —COND— R (7 54950 ps 65650 pis
Length 1< | —CEM>— g Long word 73570 s 70030 s
Position 0<

On a false-to-true rung transition, the LFL instruction loads words or long words into a user-
created file that is called a LIFO stack. This instruction’s counterpart, LIFO unload (LFU), is paired
with a given LFL instruction to remove elements from the LIFO stack. Instruction parameters have
been programmed in the LFL - LFU instruction pair that is shown in Figure 6.
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Figure 6 - LFL - LFU instruction pair

__g'p% LOAD 10 | eN)—|  Destination Position
ource : —DN R K ]
LIFO #NT:12 —EEM)) | NZ:N |‘_ N7:12 0
Control R6:0 N7:13 1
Length 34
Position 9 N7:14 2
. . 3
_LFU LFU instruction
—— LIFO UNLOAD | (EU) — unloads data from 4
HFOt #“;:ﬁ o stack ANT- 2t J 34 words are allocated
es A1 L EM ition 0, N7:12 d
Control R6:0 EW) posttion 6 for FIFO stack starting at
Length 34 N7:12, ending at N7:45
Position 9 7
LFL and LFU Instruction Pai Source 8
an nstruction Pair | 70 |_> 9
LFL instruction loads
data into stack #N7:12
at the next available
position, 9 in this case. N7:45 33

Loading and Unloading of Stack #N7:12

This instruction uses the following operands:

« Source - The source operand is a constant or address of the value that is used to fill the
currently available position in the LIFO stack. The data size of the source must match the
LIFO stack. If LIFO is a word size file, source must be a word value or constant. If LIFO is a
long word size file, source must be a long word value or constant. The data range for the
source is from -32,768...+32,767 (word) or -2,147483,648...2,147,483,647 (long word).

« LIFO - The LIFO operand is the starting address of the stack.

«  Control - This is a control file address. The status bits, stack length, and the position value
are stored in this element. The control element consists of 3 words:

15 4 B 12 noJio0 9 |8 7 [6 |5 |4 [3 ]2 |1 ]o
Word 0 VLU oN@  [gM®  |notused
Word 1 Length - Maximum number of words or long words in the stack.
Word 2 Position - The next available location where the instruction loads data.

(1) EN - Enable Bit is set on false-to-true transition of the rung and indicates that the instruction is enabled.
(2) DN - Done Bit, when set, indicates that the stack is full.
(3) EM - Empty Bit, when set, indicates that LIFO is empty.
« Length - The length operand contains the number of elements in the FIFO stack to receive
the value or constant found in the source. The length of the stack can range from 1...128
(word) or 1...64 (long word). The position is incremented after each load.

« Position - This is the current location pointed to in the LIFO stack. It determines the next
location in the stack to receive the value or constant found in source. Position is a
component of the control register. The position can range from 0...127 (word) or 0...63 (long
word).
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Addressing Modes and File Types can be used as shown in Table 120.

Table 120 - LFL Instruction Valid Addressing Modes and File Types®

. - Address
Data Files Function Files %) Address Level
< |Mode
o
> [%2) —
Parameter = £ < | @ -
o 2|z - SIFIS|8|s|8 = |5
- o | = = ] ! [ _ =l > | £
S ._ s|SlalelglSlel=|=(=2|8|lwn|g|2|E|IL2|E|=|8|5]|5
ol—|ow|la|lm|lz|lu |G |La|E|lg|la|lE|2|8|G|TG|a|S|2|8|2 |alE|la|ls|d|=|3|o
Source . . . . . . . . . . B .
LIFO .| . . . . . o [ o o |
Control @ . .
Length . .
Position . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.
(3) Control file only. Not valid for Timers and Counters.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.

LFU - Last In, First Out (|_|FO) Instruction Type: Output

Unload Execution Time for the LFU Instruction
LFU :
When Rung Is:
—— LIFO Unload —CEU >— Controller Data Size g
LIFO #N7:0 True False
Dest | NTL N o— I Word 6.8227 s 6.5089 15
Length 1< —CEMD>— g Long word 76680 ps 12102 ps
Position 0<

On a false-to-true rung transition, the LFU instruction unloads words or long words from a user-
created file that is called a LIFO stack. The data is unloaded using last-in, first-out order (the data
in the stack is not cleared after unloading). Instruction parameters have been programmed in the
LFL - LFU instruction pair that is shown in Figure 7.

Figure 7 - LFL - LFU instruction pair

__|éh:F(|)- LOAD ‘10 | eN)—|  Destination Position
ource . —DN . X ]
i v, _EEM)) [N l—[N7:12 0
Control R6:0 N7:13 1
Length 34
Position 9 N7:14 2
. . 3
_LFU LFU instruction
—1 LIFO UNLOAD | (EU) —{ unloads data from 4
HFot #N;:ﬁ o stack #¥12 2 J 34 words are allocated
es A1 L EM ition 0, N7:12 d
Control R6:0 ) posttion 6 for FIFO stack starting at
Length 34 N7:12, ending at N7:45
Position 9 7
LFL and LFU Instruction Pair Source 8
| N7:10 }_; 9
LFL instruction loads
data into stack #N7:12
at the next available
position, 9 in this case. N7:45 33

Loading and Unloading of Stack #NT:12

This instruction uses the following operands:
« LIFO - The LIFO operand is the starting address of the stack.
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« Destination - The destination operand is a word or long word address that stores the value
that exits from the LIFO stack. The LFU instruction unloads this value from the last location
on the LIFO stack and places it in the destination address. The address level of the
destination must match the LIFO stack. If LIFO is a word size file, destination must be a word
size file. If LIFO is a long word size file, destination must be a long word size file.

«  Control - This is a control file address. The status bits, stack length, and the position value
are stored in this element. The control element consists of 3 words:

5 14 8 2 Ju o J9[8 |7 [6[5[4[3[2]t]o
Word 0 - eu®  [pN@  |gM®  |notused
Word 1 Length - Maximum number of words or double words in the stack.

Word 2 Position - The next available location where the instruction unloads data.

(1) EU - Enable Unload Bit is set on false-to-true transition of the rung and indicates that the instruction is enabled.
(2) DN - Done Bit, when set, indicates that the stack is full.
(3) EM - Empty Bit, when set, indicates that LIFO is empty.
« Length - The length operand contains the number of elements in the LIFO stack. The length
of the stack can range from 1...128 (word) or 1...64 (long word).

« Position - This is the next location in the LIFO stack where data will be unloaded. Position is
a component of the control register. The position can range from 0...127 (word) or 0...63
(long word). The position is decremented after each unload.

Table 121 - LFU Instruction Valid Addressing Modes and File Types(l)

. - Address
Data Files Function Files ? Address Level
- |Mode
o
=< (%)) |
Parameter = = s | @ )
= EIg|B|E = =hh=
— =}
2:5 HE wlolalB =lalT|Llal 8 8| s 2|2 £
y | S - J— = w —_
ol _lola|lclzlulml|8lZla2|E|2IE|G|E|F|2E|SI8|I8S|a|E|5|2 8|23
LIFO e | o . . . . o I o o |
Destination . . . . . . . . . . .
Control @) . -
Length . .
Position . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.
(3) Control file only. Not valid for Timers and Counters.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.

SWP - SW&p Instruction Type: Output
] SwapSWP | Execution Time for the SWP Instruction
Source #ST10:1.DATA[0] When Rung Is:
Length 13 Controller Troe False
MicroLogix 1400 1.0728 ps 0.1963 ps

Use the SWP instruction to swap the low and high bytes of a specified number of words in a bit,
integer, or string file. The SWP instruction has 2 operands:

» Source - The word address containing the words to be swapped.

« Length - The number of words to be swapped, regardless of the file type. The address is
limited to integer constants. For bit and integer file types, the length range is 1...128. For the
string file type, the length range is 1...41. This instruction is restricted to a single string
element and cannot cross a string element boundary.
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Addressing Modes and File Types can be used as shown in Table 122.

Table 122 - SWP Instruction Valid Addressing Modes and File Typest)

. - @)
Data Files Function Files Address Address Level
o |Mode
o
=< [%2) —
Parameter = £ s | @ °
= € |lo | |® nn S| =
i~ o | =< & SI=S|2|8|=|8 =5
- a (= > 1 ! |37 = =] o | £
S — s €lalelglelel=lz=lZ|8|lnle|v|E|L|8|=|5|S|a
ol—|lvw|la|lm|lz|lu|B|l<|o|Z|E2|la | E|I2|IE|G|T|a|Z|2|8|2|a|lE|la|lE|a|=|8|T
Source o . . . o . .
Length . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.

SWP
Swap
Source #ST10:1.DATA[0]
Length 13

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, and DLS files.

EXAMPLE:

Source Value before executing SWP instruction: abcdefghijkImnopgrstuvwxyzabcdefg

Source Value before executing SWP instruction: badcfehgjilknmporgtsvuxwzyabcdefg

The underlined characters show the 13 words where the low byte is swapped with the high byte.
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Notes:
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Sequencer Instructions

Sequencer instructions are used to control automatic assembly machines or processes that have a
consistent and repeatable operation. They are typically time based or event that is driven.

Instruction Used To: Page
SOC - Sequencer Compare Compare 16-bit data with stored data 193
S00 - Sequencer Qutput Transfer 16-bit data to word addresses 195
SOL - Sequencer Load Load 16-bit data into a file 197

Use the sequencer compare instruction to detect when a step is complete; use the sequencer
output instruction to set output conditions for each step. Use the sequencer load instruction to load
data into the sequencer file.

The primary advantage of sequencer instructions is to conserve program memory. These
instructions monitor and control 16 (word) or 32 (long word) discrete outputs at a time in a single
rung.

You can use bit integer or double integer files with sequencer instructions.

SQC - Sequencer Compare  Instruction Type: Output

$QC N .
| Sequencer Compare | CEN> Execution Time for the SQC Instruction
K/I"aesk #,237'.% DN i When Rung Is:
. Controller Data Size
gom:el qugg oo True False
Length &P - Word 31762 ps 0.8505 pis
Position 0< K Long ward 3.2480 s 09823 ps

On a false-to-true rung transition, the SQC instruction is used to compare masked source words or
long words with the masked value at a reference address (the sequencer file) for the control of
sequential machine operations.

When the statuses of all non-masked bits in the source word match those of the corresponding
reference word, the instruction sets the found bit (FD) in the control word. Otherwise, the found bit
(FD) is cleared.

The bits mask data when reset (0) and pass data when set (1).

The mask can be fixed or variable. If you enter a hexadecimal code, it is fixed. If you enter an
element address or a file address (direct or indirect) for changing the mask with each step, it is
variable.

When the rung goes from false-to-true, the instruction increments to the next step (word) in the
sequencer file. Data stored there is transferred through a mask and compared against the source
for equality. While the rung remains true, the source is compared against the reference data for
every scan. If equal, the FD bit is set in the SQCs control counter.

Applications of the SQC instruction include machine diagnostics.

Figure 8 shows how the SQC instruction works.
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Figure 8 - SQC Instruction

sQc

—— Sequencer Compare  —CEN >—
File #B10:11
Mask FFFO DN >—
Source 1:3.0
Control R6:21 —CFD >—
Length 4<
Position 2<

Input Word 1:3.0
|0010 |0100 |1001 |11D1 |

Mask Value FFFO i
|m1 |1m |1m |0000 |

v

Sequencer Ref File #B10:11

Word Step
B10:11 0
B10:12 1
B10:13 (0010 | 0100 | 1001 | 0000 |2
B10:14 3
B10:15 4

SOC FD bit is set when the instruction detects that an input word matches (through mask) its
corresponding reference word.

The FD bit R6:21/FD is set in the example, since the input word matches the sequencer reference
value using the mask value.

This instruction uses the following operands:

«  File - This is the sequencer reference file. Its contents, on an element-by-element basis, are
masked and compared to the masked value stored in source.

If file type is word, then mask and source must be words. If file type is long
word, mask and source must be long words.

« Mask - The mask operand contains the mask constant, word, or file that is applied to both
file and source. When mask bits are set to 1, data is allowed to pass through for comparison.
When mask bits are reset to 0, the data is masked (does not pass through to for
comparison). The immediate data ranges for mask are from 0...0xFFFF or 0...0xFFFFFFFF.

If mask is direct or indirect, the position selects the location in the specified file.

« Source - This is the value that is compared to file.

«  Control - This is a control file address. The status bits, stack length, and the position value
are stored in this element. The control element consists of 3 words:

15 4 13 PE 10 E 8 7 6 [5 (4 [3 [2 1 o
Word 0 EN - DN - ER not used FD not used
Word 1 Length - Contains the number of steps in the sequencer reference file.
Word 2 Position - The current position in the sequence.

EN - Enable Bit is set by a false-to-true rung transition and indicates that the instruction is enabled.

DN - Done Bit is set after the instruction has operated on the last word in the sequencer file. It is reset on the next false-to-true rung transition after the rung goes false.

ER - Error Bit is set when the controller detects a negative position value, or a negative or zero length value. When the ER bit is set, the minor error bit (52:5/2) is also set.

FD - Found bit is set when the statuses of all non-masked bits in the source address match those of the word in the sequencer reference file. This bit is assessed each time the SQC
instruction is evaluated while the rung is true.
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« Length - The length operand contains the number of steps in the sequencer file (as well as
Mask and/or Source if they are file data types). The length of the sequencer can range from
1...256.

- Position - This is the current location or step in the sequencer file (as well as Mask and/or
Source if they are file data types). It determines the next location in the stack to receive the
current comparison data. Position is a component of the control register. The position can
range from 0...255 for words and 0...127 for long words. The position increments on each
false-to-true transition.

Addressing Modes and File Types can be used as shown in Table 123.

Table 123 - SQC Instruction Valid Addressing Modes and File Types(!

. - Address
Data Files Function Files ) Address Level
< | Mode
o
=< wn —
Parameter = = < | @ o
= € o || o S|«
~ 2 [x - SI=|98|z|8 =5
- a |\ = > 1 ! O [ = B |lo| e
o — siS|alg|g|Elsl=z|2|8|ls|g|Q|E|L|S|=|S5|5|8
ol |lw|la|lm|lz|lu|B|lalZE|lE2|la|lE|l2lE|5|c|la|=|9|8|@e|a|lE|l&a|ls|a|=|2 |
File . . . . . o [ o o | o
Mask . . . . o . . . . .
Source o | o . . . . . . . . .
Control @) . .
Length . .
Position . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.
(3) Control file only.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, Ell, BHI, MMI, CS, 10S, LCD, and DLS files.

SQO - Sequencer Output Instruction Type: Output
50 N .
T soqonceroutpt LCEN S Execution Time for the SQO Instruction

File #B3:0

. . When Rung Is:
Mask N7:0 —CDN>—  controller Data Size enrung’s
Dest | N7:1 True False
Contro R6:0

Word 3.6105 09480

Length 1< MicroLogix 1400 al e S
Position 0< Long word 31920 pis 11850 ps

On a false-to-true rung transition, the SQ0 instruction transfers masked source reference words or
long words to the destination for the control of sequential machine operations. When the rung goes
from false-to-true, the instruction increments to the next step (word) in the sequencer file. Data
stored there is transferred through a mask to the destination address specified in the instruction.
Data is written to the destination word every time the instruction is executed.

The done bit is set when the last word of the sequencer file is transferred. On the next false-to-true
rung transition, the instruction resets the position to step 1.

If the position is equal to zero at startup, when you switch the controller from the Program mode to
the Run mode, the instruction operation depends on whether the rung is true or false on the first
scan.

« Ifthe rung s true, the instruction transfers the value in step zero.

« Ifthe rung is false, the instruction waits for the first rung transition from false-to-true and
transfers the value in step 1.

The bits mask data when reset (0) and pass data when set (1). The instruction does not change the
value in the destination word unless you set mask bits.
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The mask can be fixed or variable. It is fixed if you enter a hexadecimal code. It is variable if you
enter an element address or a file address (direct or indirect) for changing the mask with each
step.

Figure 9 explains how the SQ0 instruction works.

Figure 9 - SQO Instruction

SQ0
Sequencer Output EN >—
File #810:1
Mask OFOF | —<C DN >—
Dest 014:0
Control R6:20
Length 4<
Position 2<
Destination 0:14.0 Sxternal Outputs (0:14) at Step
15 87 0 00
|0[]UO |U1[]1 |UOOU |1010 | 01 ON
02 D E—
Mask Value OFOF 03 ON
15 87 0 04  l¢—
|0[]UU |11ﬂ IUU[]U |1111 | 05
06
Sequencer Output File #B810:1 07
Word Step 08 ON
B10:1 0000 0000 0000 0000 0 09
B10:2 1010 0010 m 0101 1 10 “ ON
B10:3 m 0101 0100 1010 2 Current Step 1 L
BlO:4  [0101 0101 0101 0101 3 2|
BlO:5  [0000 [T 0000 [T s 13
14
15
This instruction uses the following operands:
« File - This is the sequencer reference file. Its contents, on an element-by-element, basis are
masked and stored in the destination.
If file type is word, then mask and source must be words. If file type is long
word, mask and source must be long words.
«  Mask - The mask operand contains the mask value. When mask bits are set to 1, data is
allowed to pass through to destination. When mask bits are reset to 0, the data is masked
(does not pass through to destination). The immediate data ranges for mask are from
0...0xFFFF (word) or 0...0xFFFFFFFF (long word).
| If mask is direct or indirect, the position selects the location in the specified file.
« Destination - The destination operand is the sequencer location or file.
«  Control - This is a control file address. The status bits, stack length, and the position value
are stored in this element. The control element consists of 3 words:
15 T 2 u 10 E 8 76 |5 4 [3 2 1 o
Word 0 EN - DN - ER not used FD not used
Word 1 Length - Contains the index of the last element in the sequencer reference file.
Word 2 Position - The current position in the sequence.

EN - Enable Bit is set by a false-to-true rung transition and indicates that the instruction is enabled.
DN - Done Bit is set after the instruction has operated on the last word in the sequencer file. It is reset on the next false-to-true rung transition after the rung goes false.
ER - Error Bit is set when the controller detects a negative position value, or a negative or zero length value. When the ER bit is set, the minor error bit (S2:5/2) is also set.

196
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« Length - The length operand contains the number of steps in the sequencer file (as well as
Mask and/or Destination if they are file data types). The length of the sequencer can range
from 1...256.

« Position - This is the current location or step in the sequencer file (as well as Mask and/or
Destination if they are file data types). It determines the next location in the stack to be
masked and moved to the destination. Position is a component of the control register. The
position can range from 0...255. Position increments on each false-to-true transition.

Addressing Modes and File Types can be used as shown in Table 124.

Table 124 - SQO Instruction Valid Addressing Modes and File Types®

) - Address
Data Files Function Files %) Address Level
< |Mode
o
> —
Parameter = 2 s | @ o
= E lo || — | = S
o [SHPS o S [= a B | = S S =
5 Z— Elan|lo|luo|8|_ =l=lal. ls nlE|2|S E|l_|g|2
o|l_|lwlao|= B o 2lEla|E|2lElG|Ta|=S|I28|e|alEldls|lm|E|=]3
File® . . o o |
Mask® . o | . . ol of ¢ o |
Destination®® . o] . . ol c o]
Control “ . .
Length . .
Position . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) See Important note about indirect addressing.

(3) File Direct and File Indirect addressing also applies.

(4) Control file only

SQL - Sequencer Load

SQL
— Sequencer Load
File #N7:0
Source 1:0.0
Control R6:0
Length 1<
Position 0<

—CEND—
—COND>—

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, EIl, BHI, MMI, CS, 10S, LCD, and DLS files.

Instruction Type: Output

Execution Time for the SQL Instruction

When Rung Is:
Controller Data Size on Hung s
True False
) . Word 2.7700 ps 11741 ps
MicroLogix 1400
(CroL0g% Long word 2.8680 s 12800 s

On a false-to-true rung transition, the SOL instruction loads words or long words into a sequencer
file at each step of a sequencer operation. This instruction uses the following operands:

« File - This is the sequencer reference file. Its contents are received on an element-by-
element basis from the source.

If file type is word, then mask and source must be words. If file type is long
word, mask and source must be long words.

« Source - The source operand is a constant or address of the value that is used to fill the
currently available position sequencer file. The address level of the source must match the
sequencer file. If file is a word type, then source must be a word type. If file is a long word
type, then source must be a long word type. The data range for the source is from -
32,768...32,767 (word) or -2,147483,648...2,147483,647 (long word).

«  Control - This is a control file address. The status bits, stack length, and the position value
are stored in this element. The control element consists of 3 words:

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023 197



Chapter 16 Sequencer Instructions

5 14 |13 2 |u 0 9 [8 [7[6 [543 2]t ]o

Word 0 EN - (DN - |ER Not used FD |Not used
Word 1 Length - Contains the index of the last element in the sequencer reference file.
Word 2 Position - The current position in the sequence.

EN - Enable Bit is set by a false-to-true rung transition and indicates that the instruction is enabled.
DN - Done Bit is set after the instruction has operated on the last word in the sequencer file. It is reset on the next false-

to-true rung transition after the rung goes false.
ER - Error Bit is set when the controller detects a negative position value, or a negative or zero length value. When the ER

bit is set, the minor error bit (52:5/2) is also set.

Length - The length operand contains the number of steps in the sequencer file (this is also
the length of source if it is a file data type). The length of the sequencer can range from
1...256.

Position - This is the current location or step in the sequencer file (as well as source if it is
afile data type). It determines the next location in the stack to receive the value or constant
found in source. Position is a component of the control register. The position can range from
0...255.

Addressing Modes and File Types can be used as shown in Table 125.

Table 125 - SQL Instruction Valid Addressing Modes and File Types(l)

. - Address
Data Files Function Files %) Address Level
 |Mode
= » ]
Parameter = = < | @ -
= EI”|BIE|. |8 S\g
& HE olo |8 alS o | g 8|£ B2t
(&) s 1<K | —|_|=|= wn | n IS S =
ol _|lolal|lclzlulml 2|22 |E|2|IE|G|EIFEICGIE|alE|SIE|E[2]|S]|E
|:"e(3) o | o . . . o | o o | o
Sourcel® o | . . . . sl ol o o | .
Control () . .
Length . .
Position . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

(2) See Important note about indirect addressing.

(3) File Direct and File Indirect addressing also applies.

(4)  Control file anly.

198

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,

STI, EIl, BHI, MMI, CS, 10S, LCD, and DLS files.
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Program Control Instructions

Use these instructions to change the order in which the processor scans a ladder program.
Typically these instructions are used to minimize scan time, create a more efficient program, and
troubleshoot a ladder program.

Instruction Used To: Page
JMP - Jump to Label Jump forward/backward to a corresponding label 199
LBL - Label instruction 199
JSR - Jump to Subroutine 200
SBR - Subroutine Label Jump to a designated subroutine and return 200
RET - Return from Subroutine 200
SUS - Suspend Debug or diagnose your user program 200
TND - Temporary End Abort current ladder scan 200
END - Program End End a program or subroutine 201
B Enable or inhibit a master control zone in your ladder
MCR - Master Control Reset program 201
JMP - Jump to Label Instruction Type: Output
<‘3§A8 5 Execution Time for the JMP Instruction

When Rung Is:
Controller g

True False
MicroLogix 1400 0.3290 ps 0.2320 ps

The JMP instruction causes the controller to change the order of ladder execution. Jumps cause
program execution to go to the rung marked LBL label number. Jumps can be forward or
backward in ladder logic within the same program file. Multiple JMP instructions may cause
execution to proceed to the same label.

The immediate data range for the label is 0...999. The label is local to a program file.

LBL - Label Instruction Type: Input
Q2:0 Execution Time for the LBL Instruction
JBL
Controller When Rung Is:
True False
MicroLogix 1400 0.2633 ps

The LBL instruction is used with a jump (JMP) instruction to change the order of ladder execution.
Jumps cause program execution to go to the rung marked LBL label number.

The immediate data range for the label is 0...999. The label is local to a program file.
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JSR - Jump to Subroutine

JSR
—— Jump To Subroutine —
SBR File Number U:255

SBR - Subroutine Label
SubroustiBnlfe }—

RET - Return from
Subroutine

RET
—{ Return }—

SUS - Suspend

SUS
——  Suspend —
Suspend ID 1

TND - Temporary End
~CTND >

Instruction Type: Output

Execution Time for the JSR Instruction

When Rung Is:
Controller

True False
MicroLogix 1400 0.4615 ps 0.2325 ps

The JSR instruction causes the controller to start executing a separate subroutine file within a
ladder program. JSR moves program execution to the designated subroutine (SBR file number).
After executing the SBR, control proceeds to the instruction following the JSR instruction.

The immediate data range for the JSR file is 3...255.

Instruction Type: Input

Execution Time for the SBR Instruction

When Rung Is:
Controller

True False
MicroLogix 1400 0.2510 ps 0.2510 ps

The SBR instruction is a label that is not used by the processor. It is for user subroutine
identification purposes as the first rung for that subroutine. This instruction is the first instruction
on a rung and is always evaluated as true.

Instruction Type: Output

Execution Time for the RET Instruction

When Rung Is:
Controller

True False
MicroLogix 1400 0.3710 ps 0.2510 ps

The RET instruction marks the end of subroutine execution or the end of the subroutine file. It
causes the controller to resume execution at the instruction following the JSR instruction, user
interrupt, or user fault routine that caused this subroutine to execute.

Instruction Type: Output

The SUS instruction is used to trap and identify specific conditions for program debugging and
system troubleshooting. This instruction causes the processor to enter the suspend idle mode,
causing all outputs to be de-energized. The suspend ID and the suspend file (program file number
or subroutine file number identifying where the suspend instruction resides) are placed in the
status file (S:7 and S:8).

The immediate data range for the suspend ID is -32768...+32767...32767.

Instruction Type: Output

Execution Time for the TND Instruction

200

When Rung Is:
Controller

True False
MicroLogix 1400 0.3320 ps 0.2100 ps

The TND instruction is used to denote a premature end-of-ladder program execution. The TND
instruction cannot be executed from a ST subroutine, HSC subroutine, Ell subroutine, or a user fault
subroutine. This instruction may appear more than once in a ladder program.
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END - Program End
~CEND >~

MCR - Master Control Reset
~CMCR >

On a true rung within the main program (file 2), TND stops the processor from scanning the rest of
the main program and goes directly to the end-of-scan aspects of the processor scan cycle. On a
true rung within a subroutine program, TND returns from the subroutine and continues to scan the
rest of the main program (file 2). If you execute this instruction in a nested subroutine, it ends
execution of all nested subroutines.

Instruction Type: Output

Execution Time for the END Instruction

. When Rung Is:
Controller Instruction
True False
MicroLogix 1400 END 1.2016 ps 1.2032 ps

The END instruction must appear at the end of every ladder program. For the main program file
(file 2), this instruction ends the program scan. For a subroutine, interrupt, or user fault file, the END
instruction causes a return from subroutine.

Instruction Type: Output

Execution Time for the MCR Instructions

. When Rung Is:
Controller Instruction
True False
MCR Start 1.0510 11510
MicroLogix 1400 ul IS s
MCR End 0.4510 ps 0.5510 ps

The MCR instruction works in pairs to control the ladder logic found between those pairs. Rungs
within the MCR zone are still scanned, but scan time is reduced due to the false state of non-
retentive outputs. Non-retentive outputs reset when the rung goes false.

This instruction defines the boundaries of an MCR Zone. An MCR Zone is the set of ladder logic
instructions that are bounded by an MCR instruction pair. The start of an MCR zone is the rung that
contains an MCR instruction that is preceded by conditional logic. The end of an MCR zone is the
first rung containing just an MCR instruction following a start MCR zone rung as shown in Figure 10.

Figure 10 - MCR Zone Rung

0030

S
N

CMCR D—|

0031 - —
Ladder Logic within MCR Zone

0032 |

0033 CMCR >—

While the rung state of the first MCR instruction is true, execution proceeds as if the zone is not
present. When the rung state of the first MCR instruction is false, the ladder logic within the MCR
zone executes as if the rung is false. All non-retentive outputs within the MCR zone reset.

MCR zones let you enable or inhibit segments of your program, such as for recipe applications.
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When you program MCR instructions, note that:
You must end the zone with an unconditional MCR instruction.
«  You cannot nest one MCR zone within anather.
« Do not jump into an MCR zone. If the zone is false, jumping into it activates the zone.
The MCR instruction is not a substitute for a hard-wired master control relay that

provides emergency stop capability. You must still install a hard-wired master
control relay to provide emergency I/0 power shutdown.

instruction operation ceases when the zone is disabled. Reprogram critical

ATTENTION: If you start instructions such as timers or counters in an MCR zone,
A operations outside the zone if necessary.
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lIM - Immediate Input with
Mask

IIM
—— Immediate Input w/Mask ——
Slot 1:0.0
Mask N7:0
Length 1

Input and Output Instructions

The input and output instructions allow you to update selectively data without waiting for the input

and output scans.

Instruction Used To: Page
[IM - Immediate Input with Mask Update data before the normal input scan. 203
|OM - Immediate Output with Mask | Update outputs before the normal output scan. 204
Interrupt the program scan to execute the
REF - 1/0 Refresh ::}0 sc:;n (write outputs, service communications, read 205
puts

Instruction Type: Output

This instruction is used for embedded I/0 only. It is not designed to be used with
expansion 1/0.

When Rung Is:
Controller

True False
MicroLogix 1400 10.9098 ps 0.2064 ps

The IIM instruction allows you to update selectively input data without waiting for the automatic
input scan. This instruction uses the following operands:

« Slot - This operand defines the location where data is obtained for updating the input file.
The location specifies the slot number and the word where data is to be obtained. For
example, if slot = 1:0, input data from slot O starting at Word 0 is masked and placed in input
data file I:0 starting at Word O for the specified length. If slot = I:0.1, Word 1 of slot 0 is used,

and so on.

IMPORTANT  Slot 0 is the only valid slot number that can be used with this
instruction. IIM cannot be used with expansion I/0.

« Mask - The mask is a hex constant or register address containing the mask value to be
applied to the slot. If a given bit position in the mask is a “1", the corresponding bit data from
the slot is passed to the input data file. A “0" prohibits corresponding bit data in the slot
from being passed to the input data file. The mask value can range from 0...0xFFFF.

Bit 15 14 |13 12 {1 J10 Jo [8 |7 |6 [5 [4 [3 [2 [t o
Real Input Input Word
Mask 0 fo Jo Jo o fofoJo it |t 1 i i 1]

Input Data File

Data is Not Updated

Updated to Match Input Word

« Length - This is the number of masked words to transfer to the input data file.
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Input and Output Instructions

Addressing Modes and File Types can be used as shown in Table 126:

Table 126 - IIM Instruction Valid Addressing Modes and File Types("

Data Files Function Files {\\Ad((jjress Address Level
< | Mode
" = el |2[g -
[3°]
arameter = ElL |88 _ 2|
o o | =< o SISe|5|~|8 =g
- a |z >< | ! Qo | L T | o| e
< — s|S|a|g|8|Ele|l=|=|2|8|lx|s|2|E|E|E|=|5|5|2
o|l—|w [ SlolsSI2|la B |IE|B|T|a|[=|I@8|e|alE|la|ls|la|=|3|D
Slot . . o .
Mask . o |l o |l o
Length .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

|OM - Immediate Output with  instruction Type: Output

This instruction is used for embedded I/0 only. It is not designed to be used with
expansion 1/0.

Mask

IOM

Immediate Output w/Mask

Slot
Mask
Length

0:0.0
N7:0
1

When Rung Is:
Controller enrung’s

True False
MicroLogix 1400 10.4010 ps 0.3220 ps

The I0M instruction allows you to update selectively output data without waiting for the automatic
output scan. This instruction uses the following operands:

« Slot - The slot is the physical location that is updated with data from the output file.

IMPORTANT  Slot 0 is the only valid slot number that can be used with this
instruction. I0M cannot be used with expansion I/0.

«  Mask - The mask is a hex constant or register address containing the mask value to be
applied. If a given bit position in the mask is a “T", the corresponding bit data is passed to
the physical outputs. A “0" prohibits corresponding bit data from being passed to the
outputs. The mask value can range from 0...0xFFFF.

Bit 5 |14 [13 J12 1t Jio ]9 [8 [7 [6 |5 [4 |3 [2 ]t o
Output Data Output Word
Mask 0 Jo Jo JoJofoJoJo it it it P i

Real Qutputs

Data is Not Updated

Updated to Match Output Word

« Length - This is the number of masked words to transfer to the outputs.

Addressing Modes and File Types can be used as shown in Table 127.

Table 127 - IOM Instruction Valid Addressing Modes and File Types(l)

Data Files Function Files théress Address Level
- |Mode
o
=< [%2) —
Parameter = =] S| 2 2
= EIRIB|E|. |5 slg
o E = > © T ! 2 oL T | o GE')
© — s || CISICIEl==z|Z(8|w |l |2 E|IQ|S5|o|5 S|
o | — [ s |la|E|lEglalBE|l2IElB T a|=|9|8|e|alElals|a|=|3|T
Slot . . o .
Mask . . . . . . .
Length .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

204
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REF- 1/0 Refresh
~C REF >

Instruction Type: Output

Execution Time for the REF Instruction

When Rung Is:
Controller
True False
: . See MicrolLogix 1400 Contraoller Scan Time
MicroLogix 1400 Calculation on bage 382 0.1490 ps

The REF instruction is used to interrupt the program scan to execute the I/0 scan and service
communication portions of the operating cycle for all communication channels. This includes: write
outputs, service communications (all communication channels, communications toggle
functionality, and communications housekeeping), and read inputs.

The REF instruction has no programming parameters. When it is evaluated as true, the program
scan is interrupted to execute the I/0 scan and service communication portions of the operating
cycle. The scan then resumes at the instruction following the REF instruction.

You cannot execute the REF instruction from an STl subroutine, HSC subroutine, Ell subroutine, or a
user fault subroutine.

Using an REF instruction may result in input data changing in the middle of a
program scan. This condition must be evaluated when using the REF instruction.

instruction. You must ensure that the REF instruction is not placed inside a non-
terminating program loop. Do not place the REF instruction inside a program loop

f ATTENTION: The watchdog and scan timers are reset when executing the REF
unless the program is thoroughly analyzed.
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Notes:
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Interrupts

Interrupts allow you to interrupt your program based on defined events. This chapter contains
information on how to use interrupts, the interrupt instructions, and the interrupt function files.

See also: Using the High-speed Counter and Programmable Limit Switch on page 73.

How to Use Interru pts This section explains some fundamental properties of the User Interrupts, including:
« Whataninterruptis
«  When the controller operation can be interrupted
o Priority of User Interrupts
« Interrupt Latency
«  User Fault Routine

What is an Interrupt?

An interrupt is an event that causes the controller to suspend the task it is currently performing,
perform a different task, and then return to the suspended task at the point where it suspended.
The MicroLogix 1400 controller supports the following User Interrupts:

+  User Fault Routine

«  Event Interrupts (8)

«  High-speed Counter Interrupts (6)
«  Selectable Timed Interrupt

An interrupt must be configured and enabled to execute. When any one of the interrupts is
configured (and enabled) and subsequently occurs, the user program:

1. Suspends its execution.
2. Performs a defined task based on which interrupt occurred.

3. Returns to the suspended operation.
Interrupt Operation Example
Program File 2 is the main control program.
Program File 10 is the interrupt routine.
« AnInterrupt Event occurs at rung 123.
« Program File 10 is executed.
« Program File 2 execution resumes immediately after

program file 10 is scanned. rung 123 ~

rung 275

Program File 2

fung 0 Program File 10

Specifically, if the controller program executes normally and an interrupt event occurs:
1. The controller stops its normal execution.
2. Determines which interrupt occurred.
3. Goes immediately to rung 0 of the subroutine specified for that User Interrupt.
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4. Begins executing the User Interrupt subroutine (or set of subroutines if the specified
subroutine calls a subsequent subroutine).

5. Completes the subroutine.
6. Resumes normal execution from the point where the controller program was interrupted.

When Can the Controller Operation be Interrupted?

The MicroLogix 1400 controllers only allow interrupts to be serviced during certain periods of a
program scan. They are:

«  Atthe start of a ladder rung
»  Anytime during End of Scan

The interrupt is only serviced by the controller at these opportunities. If the interrupt is disabled,
the pending bit is set at the next occurrence of one of the three occasions that are listed above.

UIE, this instruction (OTL, OTE, or UIE) must be the last instruction that is executed
on the rung (last instruction on last branch). It is recommended this be the only

f ATTENTION: If you enable interrupts during the program scan via an OTL, OTE, or
output instruction on the rung.

Priority of User Interrupts

When multiple interrupts occur, the interrupts are serviced based on their individual priority.

When an interrupt occurs and another interrupt has already occurred but has not been serviced,
the new interrupt is scheduled for execution based on its priority relative to the other pending
interrupts. At the next point in time when an interrupt can be serviced, all interrupts are executed
in the sequence of highest priority to lowest priority.

I an interrupt occurs while a lower priority interrupt is being serviced (executed), the currently
executing interrupt routine is suspended, and the higher priority interrupt is serviced. Then the
lower priority interrupt is allowed to complete before returning to normal processing.

If an interrupt occurs while a higher priority interrupt is being serviced (executed), and the pending
bit has been set for the lower priority interrupt, the currently executing interrupt routine continues
to completion. Then the lower priority interrupt runs before returning to normal processing.

Priorities from Highest to Lowest

User Fault Routine highest priority
Event Interrupt0

Event Interruptl

High-speed Counter Interrupt0
Event Interrupt2

Event Interrupt3

High-speed Counter Interrupt]
Selectable Timed Interrupt
Event Interrupth

High-speed Counter Interrupt2
Event Interruptb

High-speed Counter Interrupt3
Event Interrupt6

High-speed Counter Interrupts
Event Interrupt7

High-speed Counter Interruptb lowest priority
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User Interrupt Instructions

User Fault Routine

The user fault routine gives you the option to help prevent a controller shutdown when a specific
user fault occurs. The fault routine executes when any recoverable or nonrecoverable user fault
accurs. The fault routine does execute for non-user faults.

Faults are classified as recoverable, nonrecoverable, and non-user faults. A complete list of faults
is shown in Appendix C, Fault Messages and Error Codes on page 401. Table 128 describes the basic

types of faults.
Table 128 - Fault Types

Recoverable

Nonrecoverable

Non-User Fault

Recoverable Faults are caused by the
user and may be recovered from by
executing logic in the user fault
routine. The user can attempt to
clear the Major Error Halted bit, S:1/13.
Note: You may initiate an MSG
instruction from the controller to
another device to identify the fault

Nonrecoverable Faults are caused by
the user, and cannot be recovered
from. The user fault routine executes
when this type of fault occurs.
However, the fault cannot be cleared.
Note: You may initiate an MSG
instruction to another device to identify

Non-User Faults are caused by various
conditions that cease ladder program
execution. The user fault routine does
not execute when this type of fault
occurs.

condition of the controller. the fault condition of the controller.

Status File Data Saved

The Arithmetic Flags (Status File word S:0) are saved on entry to the user fault subroutine and
rewritten upon exiting the subroutine.

Create a User Fault Subroutine

To use the user fault subroutine:
1. Create a subroutine file. Program Files 3...255 can be used.
2. Enter the file number in word S:29 of the status file.

Controller Operation

The occurrence of recoverable or nonrecoverable faults causes the controller to read S:29 and
execute the subroutine number that is identified by S:29. If the fault is recoverable, the routine can
be used to correct the problem and clear the fault bit S:1/13. The controller then continues in its
current executing mode. The routine does not execute for non-user faults.

User Interrupt Instructions

Used To:

Use this instruction to identify a program file as an interrupt
subroutine (INT label) versus a regular subroutine (SBR label). This 210
should be the first instruction in your interrupt subroutine.

Use the STS (Selectable Timed Interrupt Start) instruction to the
start the STI timer from the control program, rather than starting 210
automatically.

Use the User Interrupt Disable (UID) and the User Interrupt Enable 21
(UIE) instructions to create zones in which I/0 interrupts cannot [
aceur. 212

Use the UIF instruction to remove selected pending interrupts 913
from the system.

Instruction Page

INT - Interrupt Subroutine

STS - Selectable Timed Start

UID - User Interrupt Disable

UIE - User Interrupt Enable

UIF - User Interrupt Flush
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INT - Interrupt Subroutine Instruction Type: Input

INT Execution Time for the INT Instruction
1/0 Interrupt }—

When Rung Is:
Controller

True False
MicroLogix 1400 0.5460 ps 0.5460 ps

The INT instruction is used as a label to identify a user interrupt service routine (ISR). This
instruction is placed as the first instruction on a rung and is always evaluated as true. Use of the
INT instruction is optional.

STS - Selectable Timed Start  instruction Type: Output

STS — Execution Time for the STS Instruction
— Sglectable Timed Start ——
Time ! When Rung Is:
Controller
True False
MicroLogix 1400 20.8470 ps 0.2125 ps

The STS instruction can be used to start and stop the STI function or to change the time interval
between STl user interrupts. The STl instruction has one operand:

«  Time - This is the amount of time (in milliseconds) which must expire before executing the
selectable timed user interrupt. A value of zero disables the STl function. The time range is
from 0...65,535 milliseconds.

The STS instruction applies the specified setpoint to the ST function as follows:
- If you specify a zero setpoint, the ST disables and STI:0/TIE clears (0).

« Ifthe STlis disabled (not timing) and a value greater than 0 is entered into the setpoint, the
STl starts timing to the new setpoint and STI:0/TIE sets (1).

« Ifthe STlis currently timing and you change the setpoint, the new setting takes effect
immediately and the STl continues to time until it reaches the new setpoint.

If the new setting is less than the current accumulated time, the STI times-out immediately.
For example, if the STI has been timing for 15 microseconds, and the STl setpoint is changed
20...10 microseconds, an STl user interrupt occurs at the next start-of-rung.

Addressing Modes and File Types can be used as shown in Table 129.

Table 129 - Addressing Modes and File Types

. — ®
Data Files Function Files Address Address Level
= |Mode
o
=< (7] -
Parameter = = s | @ )
= EI”IB|2|.|glE =
& = olols alS L e g LR 2|2
o X ] =l |= wn | N = | T S| S
Time o . o . . . o . . .

(1) See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTOX, PWMX,
STI, NI, BHI, MMI, CS, 10S, and DLS files.
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UID - User Interrupt Disable

uib
—— User Interrupt Disable —
Interrupt Types 5

Instruction Type: Output

Execution Time for the UID Instruction

When Rung Is:
Controller

True False
MicroLogix 1400 27470 ps 0.1859 ps

The UID instruction is used to disable selected user interrupts. Table 130 shows the types of
interrupts with their corresponding disable bits.

Table 130 - Types of Interrupts Disabled by the UID Instruction

Interrupt Element Decimal Value Corresponding Bit
Ell - Event Input Interrupt Event 4 16384 Bit 14
HSC - High-speed Counter HSC2 8192 Bit 13
Ell - Event Input Interrupt Event5 4096 Bit 12
HSC - High-speed Counter HSC3 2048 Bit 1
Ell - Event Input Interrupt Event 6 1024 Bit10
HSC - High-speed Counter HSC4 512 Bit9
Ell - Event Input Interrupt Event7 256 Bit 8
HSC - High-speed Counter HSCh 128 Bit7
Ell - Event Input Interrupt Event 0 64 Bit 6
Ell - Event Input Interrupt Event 1 32 Bit5
HSC - High-speed Counter HSCO 16 Bit 4
Ell - Event Input Interrupt Event 2 8 Bit 3
Ell - Event Input Interrupt Event 3 4 Bit2
HSC - High-speed Counter HSC1 2 Bit1
STl - Selectable Timed Interrupt STl 1 Bit 0

Note: Bit 15 must be set to zero

To disable interrupts:

1. Select which interrupts that you want to disable.

2. Find the Decimal Value for the interrupts that you selected.
3. Add the Decimal Values if you selected more than one type of interrupt.
4. Enter the sum into the UID instruction.

For example, to disable Ell Event 1and Ell Event 3:

Ell Event 1= 32, Ell Event 3 =4

32 + 4 = 36 (enter this value)
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UIE - User Interrupt Enable  instruction Type: Output

UIE Execution Time for the UIE Instruction
—— User Interrupt Enable —
Interrupt Types 4 When Rung Is:
Controller
True False
MicroLogix 1400 3.4226 ps 0.1968 ps

Use the UIE instruction to enable selected user interrupts. Table 131 shows the types of interrupts
with their corresponding enable bits.

Table 131 - Types of Interrupts Enabled by the UIE Instruction

Interrupt Element Decimal Value Corresponding Bit
Ell - Event Input Interrupt Event 4 16384 Bit 14
HSC - High-speed Counter HSC2 8192 Bit 13
Ell - Event Input Interrupt Event5 4096 Bit 12
HSC - High-speed Counter HSC3 2048 Bit 1
Ell - Event Input Interrupt Event 6 1024 Bit10
HSC - High-speed Counter HSC4 512 Bit 9
Ell - Event Input Interrupt Event7 256 Bit 8
HSC - High-speed Counter HSC5 128 Bit 7
Ell - Event Input Interrupt Event 0 64 Bit 6
Ell - Event Input Interrupt Event 1 32 Bit5
HSC - High-speed Counter HSCO 16 Bit 4
Ell - Event Input Interrupt Event 2 8 Bit 3
Ell - Event Input Interrupt Event 3 4 Bit 2
HSC - High-speed Counter HSC1 2 Bit 1
STl - Selectable Timed Interrupt STl 1 Bit 0

Note: Bit 15 must be set to zero

To enable interrupts:
1. Select which interrupts that you want to enable.
2. Find the Decimal Value for the interrupts that you selected.
3. Add the Decimal Values if you selected more than one type of interrupt.
4. Enter the sum into the UIE instruction.

For example, to enable Ell Event Tand Ell Event 3:

Ell Event 1= 32, Ell Event 3 =4
32 + 4 = 36 (enter this value)

UIE, this instruction must be the last instruction that is executed on the rung (last
instruction on last branch). It is recommended this be the only output instruction

f ATTENTION: If you enable interrupts during the program scan via an OTL, OTE, or
on the rung.
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UIF - User Interrupt Flush

UIF

—— User Interrupt Flush —

Interrupt Types 1

Use the Selectable Timed
Interrupt (STI) Function File

Instruction Type: Output

Execution Time for the UIF Instruction

When Rung Is:
Controller

True False
MicroLogix 1400 27930 pis 0.1847 ps

Use the UIF instruction to flush (remove pending interrupts from the system) selected user
interrupts. Table 132 shows the types of interrupts with their corresponding flush bits.

Table 132 - Types of Interrupts Disabled by the UIF Instruction

Interrupt Element Decimal Value Corresponding Bit
Ell - Event Input Interrupt Event 4 16384 Bit 14
HSC - High-speed Counter HSC2 8192 Bit 13
Ell - Event Input Interrupt Event 5 4096 Bit 12
HSC - High-speed Counter HSC3 2048 Bit 1
Ell - Event Input Interrupt Event 6 1024 Bit10
HSC - High-speed Counter HSC4 512 Bit9
Ell - Event Input Interrupt Event7 256 Bit 8
HSC - High-speed Counter HSC5 128 Bit7
Ell - Event Input Interrupt Event 0 64 Bit 6
Ell - Event Input Interrupt Event 1 32 Bit5
HSC - High-speed Counter HSCO 16 Bit 4
Ell - Event Input Interrupt Event 2 8 Bit 3
Ell - Event Input Interrupt Event 3 4 Bit 2
HSC - High-speed Counter HSC1 2 Bit 1
STl - Selectable Timed Interrupt STl 1 Bit 0

Note: Bit 15 must be set to zero

To flush interrupts:

1. Select which interrupts that you want to flush.
2. Find the Decimal Value for the interrupts that you selected.
3. Add the Decimal Values if you selected more than one type of interrupt.
4. Enter the sum into the UIF instruction.

For example, to disable Ell Event 1and Ell Event 3:

Ell Event1=32, Ell Event 3 =4
32 + 4 =36 (enter this value)

# Function Files

HSC | PTOX | Pt

| en

EEX

Address

|- PFM - Pragram File Mumber

|- ER - Ermor Code

|- 1% - Uger Inkerupt Executing
|- LIIE - User Interupt Enabile

|- LIL - Uszer Intermupt Lost

|- P - Uger Interupt Pending
|- TIE - Timed Interupt Enabled
|- 45 - Auto Start

|- ED' - Error Detected

L SPM - Set Paint Mzec [between interupts]

|RTC | Leo | Mmi | BRI | cso | Est A
alue Description
| |
0
0
0
0
0
0
0
0
0
0

>
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Selectable Timed Interrupt Function File (STI:0)

The Selectable Timed Interrupt (STI) provides a mechanism to solve time critical control
requirements. The STl is a trigger mechanism that allows you to scan or solve control program
logic that is time sensitive.

Example of where you would use the STl are:
«  PID type applications, where a calculation must be performed at a specific time interval.

«  Amotion application, where the motion instruction (PT0) must be scanned at a specific rate
to ensure a consistent acceleration/deceleration profile.

«  Ablock of logic that must be scanned more often.

How an STl is used is typically driven by the demands/requirements of the application. It operates
using the following sequence:

1. The user selects a time interval.

2. When avalid interval is set and the STl is properly configured, the controller monitors the STI
value.

3. When the time period has elapsed, the controller's normal operation is interrupted.
The controller then scans the logic in the STI program file.

5. When the STl file scan is completed, the controller returns to where it was before the
interrupt and continues normal operation.

Selectable Time Interrupt (STI) Function File Sub-elements Summary

Sub-element Description Address Data Format Type User Program Access | For More Information
PFN - Program File Number STI:0.PFN Word (INT) Control Read-only 214
ER - Error Code STI:0.ER Word (INT) Status Read-only 214
UIX - User Interrupt Executing STI:0/UIX Binary (bit) Status Read-only 215
UIE - User Interrupt Enable STI:0/UIE Binary (bit) Control Read/write 215
UIL - User Interrupt Lost STI:0/UIL Binary (bit) Status Read/write 215
UIP - User Interrupt Pending STI:0/UIP Binary (bit) Status Read-only 215
TIE - Timed Interrupt Enabled STI:O/TIE Binary (bit) Control Read/write 215
AS - Auto Start STI:0/AS Binary (bit) Control Read-only 216
ED - Error Detected STI:0/ED Binary (bit) Status Read-only 216
SPM - Set Point ms STI:0.SPM Word (INT) Control Read/write 216

STI Function File Sub-elements

STI Program File Number (PFN)

Sub-element Description Address Data Format Type User Program Access

PFN - Program File Number STI:0.PFN Word (INT) Control Read-only

214

The PFN (Program File Number) variable defines which subroutine is called (executed) when the
timed interrupt times out. A valid subroutine file is any program file (3...255).

The subroutine file that is identified in the PFN variable is not a special file within the controller; it is

programmed and operates the same as any other program file. From the control program
perspective it is unique, in that it is automatically scanned based on the STI setpoint.

STI Error Code (ER)

Sub-element Description Address Data Format User Program Access

Type

ER - Error Code STI:0.ER Word (INT) Status Read-only

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023



Chapter 19 Interrupts

Error codes that are detected by the ST subsystem are displayed in this register. The table below
explains the error codes.

Table 133 - STI Error Code

Error Code |Recoverable Fault (Controller)
1 Invalid Program File Number

Description
Program file number is less than 3, greater than 255, or does not exist.

STI User Interrupt Executing (UIX)

Data Format
Binary (bit)

Address
STI:0/UIX

Sub-element Description
UIX - User Interrupt Executing

User Program Access
Read-only

Type
Status

The UIX (User Interrupt Executing) bit is set whenever the STI mechanism completes timing and the
controller is scanning the STI PEN. The UIX bit is cleared when the controller completes processing
the ST subroutine.

The STIUIX bit can be used in the control program as conditional logic to detect if an STl interrupt is
executing.

STI User Interrupt Enable (UIE)

Data Format
Binary (bit)

Address
STI:0/UIE

Sub-element Description
UIE - User Interrupt Enable

User Program Access
Read/write

Type
Control

The UIE (User Interrupt Enable) bit is used to enable or disable STI subroutine processing. This bit
must be set if you want the controller to process the STl subroutine at the configured time interval.

If you need to restrict when the STl subroutine is processed, clear the UIE bit. An example of when
this is important is if a series of math calculations need to be processed without interruption.
Before the calculations take place, clear the UIE bit. After the calculations are complete, set the UIE
bit and STI subroutine processing resumes.

STI User Interrupt Lost (UIL)

Address
STI:0/UIL

Data Format
Binary (bit)

Sub-element Description
UIL - User Interrupt Lost

User Program Access
Read/write

Type
Status

The UIL (User Interrupt Lost) is a status flag that indicates an interrupt was lost. The controller can
process 1active and maintain up to two pending user interrupt conditions before it sets the lost bit.

This bit is set by the controller. It is up to the control program to use, track if necessary, and clear
the lost condition.

STI User Interrupt Pending (UIP)

Address
STI:0/UIP

Data Format
Binary (bit)

Sub-element Description
UIP - User Interrupt Pending

User Program Access
Read-only

Type
Status

The UIP (User Interrupt Pending) is a status flag that represents an interrupt is pending. This status
bit can be monitored or used for logic purposes in the control program if you need to determine
when a subroutine cannot execute immediately.

The controller automatically sets and clears this bit. The controller can process 1active and
maintain up to two pending user interrupt conditions before it sets the lost bit.

STI Timed Interrupt Enabled (TIE)

Sub-element Description

Address

Data Format

Type

User Program Access

TIE - Timed Interrupt Enabled

STI:O/TIE

Binary (bit)

Control

Read/write
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The TIE (Timed Interrupt Enabled) control bit is used to enable or disable the timed interrupt
mechanism. When set (1), timing is enabled, when clear (0) timing is disabled. If this bit is cleared
(disabled) while the timer is running, the accumulated value is cleared (0). If the bit is then set (1),
timing starts.

This bit is controlled by the user program and retains its value through a power cycle.

STI Auto Start (AS)

Sub-element Description Address Data Format Type User Program Access

AS - Auto Start STI:0/AS Binary (bit) Control Read-only

The AS (Auto Start) is a control bit that can be used in the control program. The auto start bit is
configured with the programming device and stored as part of the user program. The auto start bit
automatically sets the STI Timed Interrupt Enable (TIE) bit when the controller enters any executing
mode.

STI Error Detected (ED)

Sub-element Description Address Data Format Type User Program Access

ED - Error Detected STI:0/ED Binary (bit) Status Read-only

The ED (Error Detected) flag is a status bit that can be used by the control program to detect if an
error is present in the STI subsystem. The most common type of error that this bit represents is a
configuration error. When this bit is set, review the error code in parameter STI:0.ER

The controller automatically sets and clears this bit.

STI Set Point Milliseconds Between Interrupts (SPM)

Sub-element Description | Address Data Format  |Range Type User Program Access

SPM - Set Point ms STI:0.SPM Word (INT) 0...65,535 | Control Read/write

When the controller transitions to an executing mode, the SPM (setpoint in milliseconds) value is
loaded into the STI. If the STl is configured correctly, and enabled, the program file that is identified
in the STl variable PFN is scanned at this interval. This value can be changed from the control
program by using the STS instruction.

The minimum value cannot be less than the time required to scan the STI
program file (STI:0.PFN) plus the Interrupt Latency.
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Use the Event Input

Interrupt (EIl) Function File

Event Input Interrupt Function File (EIl:0)

The Ell (event input interrupt) is a feature that allows you to scan a specific program file
(subroutine) when an input condition is detected from a field device.

Within the function file section of RSLogix 500/RSLogix Micro is an Ell folder. Within the folder are
eight Ell elements. Each of these elements (EIl:0, Ell:1, Ell:2, EIl:3, Ell:4, EIl:5, EII6 and EII7) are
identical; this explanation uses Ell:0 as shown below.

=+ Function Files

HsC | PTOX | Pwmx| sTI ENl ]HTE |Lco | wmi | BHE | cso | ES1 A

Address Walue Dezcription ~

- PFM - Program File Mumber

- ER - Eror Code

— Ul - User Interupt Executing
— UIE - User Interupt Enable

- UIL - User Intermupt Lost

— UIP - User Interupt Pending
 EIE - Event Interupt Enabled
- &5 - Auto Start

- ED - Error Detected

—ES - Edge Select

15 - Input Select

Ell:1

$ >

ot ooooooooo

<

Each Ell can be configured to monitor any one of the first eight inputs (11:0.0/0 to 1:0.0/7). Each Ell
can be configured to detect rising edge or falling edge input signals. When the configured input
signal is detected at the input terminal, the controller immediately scans the configured subroutine.

Event Input Interrupt (Ell) Function File Sub-elements Summary

Sub-element Description Address Data Format Type User Program Access |  For More Information
PFN - Program File Number Ell:0.PFN Word (INT) Control Read-only 217
ER - Error Code Ell:0.ER Word (INT) Status Read-only 218
UIX - User Interrupt Executing Ell:0/UIX Binary (bit) Status Read-only 218
UIE - User Interrupt Enable Ell:0/UIE Binary (bit) Control Read/write 218
UIL - User Interrupt Lost Ell:0/UIL Binary (bit) Status Read/write 218
UIP - User Interrupt Pending Ell:0/UIP Binary (bit) Status Read-only 218
EIE - Event Interrupt Enabled Ell:0/EIE Binary (bit) Control Read/write 219
AS - Auto Start Ell:0/AS Binary (bit) Control Read-only 219
ED - Error Detected Ell:0/ED Binary (bit) Status Read-only 219
ES - Edge Select EIl:0/ES Binary (bit) Contral Read-only 219
IS - Input Select Ell:0.1S Word (INT) Control Read-only 219

Ell Function File Sub-elements

Ell Program File Number (PFN)

Sub-element Description Address Data Format Type User Program Access
PFN - Program File Number EIl:0.PFN Word (INT) Control Read-only

PFN (Program File Number) defines which subroutine is called (executed) when the input terminal
assigned to Ell:0 detects a signal. A valid subroutine file is any program file (3...255).

The subroutine file that is identified in the PFN variable is not a special file within the controller. It is
programmed and operated the same as any other program file. From the control program
perspective it is unique, in that it is automatically scanned based on the configuration of the Ell.
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Ell Error Code (ER)

Sub-element Description Address Data Format Type User Program Access

ER - Error Code Ell:0.ER Word (INT) Status Read-only

Any ER (Error Code) detected by the Ell subsystem is displayed in this register. The table below
explains the error codes.

Ell Error Codes

Error Recoverable Fault o
Code |(Controller) Description
1 ll\?l\JIr?:ihder rogram File Program file number is less than 3, greater than 255, or does not exist
2 Invalid Input Selection Valid numbers must be 0, 1,2, 3, 4,5, 6, or 7.
. Ells cannot shEach of these elements (EII:0, Ell:1, Ell:2, Ell:3, Ell:4, EII:5, EII6
3 Input Selection Overlap | 14 Ei17)is inputs. Each EIl must have a unique input.

Ell User Interrupt Executing (UIX)

Sub-element Description Address Data Format Type User Program Access

UIX - User Interrupt Executing Ell:0/UIX Binary (bit) Status Read-only

The UIX (User Interrupt Executing) bit is set whenever the Ell mechanism detects a valid input and
the controller is scanning the PFN. The Ell mechanism clears the UIX bit when the controller
completes its processing of the Ell subroutine.

The EIl UIX bit can be used in the control program as conditional logic to detect if an Ell interrupt is
executing.

Ell User Interrupt Enable (UIE)

Sub-element Description Address Data Format Type User Program Access

UIE - User Interrupt Enable Ell:0/UIE Binary (bit) Control Read/write

The UIE (User Interrupt Enable) bit is used to enable or disable Ell subroutine processing. This bit
must be set if you want the controller to process the Ell subroutine when an Ell event occurs.

If you need to restrict when the Ell subroutine is processed, clear the UIE bit. An example of when
this is important is if a series of math calculations need to be processed without interruption.
Before the calculations take place, clear the UIE bit. After the calculations are complete, set the UIE
bit and Ell subroutine processing resumes.

Ell User Interrupt Lost (UIL)

Sub-element Description Address Data Format Type User Program Access

UIL - User Interrupt Lost Ell:0/UIL Binary (bit) Status Read/write

UIL (User Interrupt Lost) is a status flag that represents an interrupt has been lost. The controller
can process 1active and maintain up to two pending user interrupt conditions before it sets the
lost bit.

This bit is set by the controller. It is up to the control program to use, track, and clear the lost
condition.

Ell User Interrupt Pending (UIP)

Sub-element Description Address Data Format Type User Program Access

UIP - User Interrupt Pending Ell:0/UIP Binary (bit) Status Read-only
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UIP (User Interrupt Pending) is a status flag that represents an interrupt is pending. This status bit
can be monitored, or used for logic purposes, in the control program if you need to determine when
a subroutine cannot execute immediately.

The controller automatically sets and clears this bit. The controller can process 1active and
maintain up to two pending user interrupt conditions before it sets the pending bit.

Ell Event Interrupt Enable (EIE)

Sub-element Description Address Data Format Type User Program Access
EIE - Event Interrupt Enabled Ell:0/EIE Binary (bit) Control Read/write

EIE (Event Interrupt Enabled) allows the event interrupt function to be enabled or disabled from the
control program. When set (1), the function is enabled, when cleared (0, default) the function is
disabled.

This bit is controlled by the user program and retains its value through a power cycle.

Ell Auto Start (AS)

Sub-element Description Address Data Format Type User Program Access
AS - Auto Start EIl:0/AS Binary (bit) Contral Read-only

AS (Auto Start) is a control bit that can be used in the control program. The auto start bit is
configured with the programming device and stored as part of the user program. The auto start bit
automatically sets the EIl Event Interrupt Enable (EIE) bit when the controller enters any executing
mode.

Ell Error Detected (ED)

Sub-element Description Address Data Format Type User Program Access
ED - Error Detected Ell:0/ED Binary (bit) Status Read-only

The ED (Error Detected) flag is a status bit that can be used by the control program to detect if an
error is present in the Ell subsystem. The most common type of error that this bit represents is a
configuration error. When this bit is set, review the specific error code in parameter Ell:0.ER

The controller automatically sets and clears this bit.

Ell Edge Select (ES)

Sub-element Description Address Data Format Type User Program Access
ES - Edge Select Ell:0/ES Binary (bit) Contral Read-only

The ES (Edge Select) bit selects the type of trigger that causes an Event Interrupt. This bit allows the
Ell to be configured for rising edge (off-to-on, 0-to-1) or falling edge (on-to-off, 1-to-0) signal
detection. This selection is based on the type of field device that is connected to the controller.

The default condition is 1, which configures the Ell for rising edge operation.

Ell Input Select (IS)

Sub-element Description Address Data Format Type User Program Access
IS - Input Select Ell:0.1S Word (INT) Control Read-only

The IS (Input Select) parameter is used to configure each Ell to a specific input on the controller.
Valid inputs are 0...7, which correspond to 11:0.0/0...11:0.0/7.

This parameter is configured with the programming device and cannot be changed from the
control program.
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Chapter 20

The PID Concept

The PID Equation

Process Control Instruction

This chapter describes the MicroLogix 1400 controller Proportional Integral Derivative (PID)
instruction. The PID instruction is an output instruction that controls physical properties such as
temperature, pressure, liquid level, or flow rate using process loops.

The PID instruction normally controls a closed loop using inputs from an analog input module and
providing an output to an analog output module. For temperature control, you can convert the
analog output to a time proportioning on/off output for driving a heater or cooling unit. For an
example, see Analog /0 Scaling on page 232.

The PID instruction can be operated in the timed mode or the Selectable Time Interrupt (STI mode).
In the timed mode, the instruction updates its output periodically at a user-selectable rate. In the
STI mode, the instruction should be placed in an STl interrupt subroutine. It then updates its output
every time the STl subroutine is scanned. The STl time interval and the PID loop update rate must
be the same in order for the equation to execute properly. See Use the Selectable Timed Interrupt

(STI) Function File on page 213 for more information on STl interrupts.

PID closed loop control holds a process variable at a desired setpoint. A flow rate/fluid level
example is shown.

Feedforward Bias

Setpaint m Error PID
2> "1 Equation hX
Flow Rate
Process Control Output
_____ Variable

Level Detector Cl
| <~

Control Valve

The PID equation controls the process by sending an output signal to the control valve. The greater
the error between the setpoint and process variable input, the greater the output signal.
Alternately, the smaller the error, the smaller the output signal. An additional value (feed forward or
bias) can be added to the control output as an offset. The PID result (control variable) drives the
process variable toward the setpoint.

The PID instruction uses the following algorithm:

EXAMPLE: Standard equation with dependent gains:

1 d(PV) .
Output = K E)+ —|(E)dt + TP ——— | +bias
P c{( ) TIJ( ) R ere }

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023 221



Chapter 20

Process Control Instruction

PD Data File
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Standard Gains constants are:

Term Range (Low to High) Reference
Controller Gain K¢ 0.01...327.67 (dimensionless)"! Proportional
Reset Term 1/T, 32767...0.01 (minutes per repeat)?) Integral
Rate Term T 0.01...327.67 (minutes)" Derivative

PD file created by RSLogix 500/
RSLogix Micro.

PID - Proportional Integral

Derivative
PID
— PID —
PID File PD8:0
Process Variable N7:0
Control Variable N7:1
Setup Screen
222

(1) Applies to MicroLogix 1400 controller PID range when Reset and Gain Range (RG) bit is set to 1. For more information on
reset and gain, see PLC-5 Gain Range (RG) on page 229.

The derivative term (rate) provides smoothing with a low-pass filter. The cutoff frequency of the
filter is 16 times greater than the corner frequency of the derivative term.

The PID instruction that is implemented by the MicroLogix 1400 controllers is identical in function to
the PID implementation used by the Allen-Bradley® SLC™ 5/03 and higher processors. Minor
differences primarily involve enhancements to terminology. The major difference is that the PID
instruction now has its own data file. In the SLC™ family of processors, the PID instruction operated
as a block of registers within an integer file. The MicroLogix 1400 controller PID instruction uses a
PD data file.

You can create a PD data file by creating a new data file and classifying it as a PD file type. The
RSLogix application automatically creates a new PD file or a PD sub-element whenever a PID
instruction is programmed on a rung. The PD file then appears in the list of Data Files as shown in
the illustration.

Each PD data file has a maximum of 255 elements and each PID instruction requires a unique PD

element. Each PD element is composed of 20 sub-elements, which include bit, integer and long
integer data. The examples in this chapter use PD file 10 sub-element 0.

Instruction Type: Output

When Rung Is:
Controller

True False
MicroLogix 1400 71750 ps 7.0910 ps

It is recommended that you place the PID instruction on a rung without any conditional logic. If
conditional logic exists, the Control Variable output remains at its last value, and the CVP CV% term
and integral term are both cleared when the rung is false.

To stop and restart the PID instruction, you must create a false-to-true rung
transition.

The example shows a PID instruction on a rung with RSLogix 500/RSLogix Micro programming
software.

‘ B3:0 PID
0047 £ PID
0 PID File PD8:0
Process Variable N7:0
Control Variable N7:1
Setup Screen
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Input Parameters

Table 134 - Input Parameters

When programming, the setup screen provides access to the PID instruction configuration
parameters. The illustration shows the RSLogix 500/RSLogix Micro setup screen.

x|
— Tuning Parameters — Inputs — Flags

Controller Gain ko - [ | ScdedSetPointsPs=[0 ]| | = [d]
. Setpoint MAX[Smax] = AM = (0]

et T Setpoint MIN(Smin = [g ]| | M= 0]

Rate Td = oL=o

Loop Update = (000 | Process Varisble PV = [0 ] A = E
Control Mode = — Output ?E: %

PID Cantal = Control Dutput © (2] = [0 | D4 = [0

Time Mode = OuputMax CV(%)=[0___]| | DB=[0]

Limit Clutput CY = OutputMin - Cv (%)= [0 ] Lll_t: %
Deadband = D Scaled Errar SE = D 5P - ?

Feed Fonward Bias= El Ermor Code = E = E
DN =[0]
ok | Cancel | Hep | EN - [7]

Table 134 shows the input parameter addresses, data formats, and types of user program access.
See the indicated pages for descriptions of each parameter.

Input Parameter Descriptions Address Data Format Range Type /L‘J\itéggsrogram For More Information
SPS - Setpoint PDI0:0.PS Word (INT) 0. 163630 Control | Read/value hat you 23
PV - Process Variable user defined Word (INT) 0..16383 Control Read/write 223
MaxS - Setpoint Maximum PD10:0.MAXS Word (INT) -32.768...+32,767 Control Read/write 224
MinS - Setpoint Minimum PD10:0.MINS Word (INT) -32,768...+32,767 Control Read/write 224
0SP - 0Id Setpoint Value PD10:0.0SP Word (INT) -32,768...+32,767 Status Read-only 224
OL - Qutput Limit PD10:0/0L Binary EJZEDqggtlﬁgd Control Read/write 224
CVH - Control Variable High Limit PD10:0.CVH Word (INT) 0..100% Control Read/write 224
CVL - Control Variable Low Limit PD10:0.CVL Word (INT) 0..100% Control Read/write 225
(1) The range that s listed in the table is for when scaling is not enabled. With scaling, the range is from minimum scaled (MinS) to maximum scaled (Max$).

Setpoint (SPS)

Input Parameter User Program

Descriptions Address Data Format Range Type Access

SPS - Setpoint PD10:0.8PS Word (INT) 0..16383" Control | Read/write
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(1) The range that is listed in the table is for when scaling is not enabled. With scaling, the range is from minimum scaled (MinS)
to maximum scaled (MaxS).

The SPS (Setpoint) is the desired control point of the process variable.

Process Variable (PV)

Input Parameter

Descriptions Address Data Format Range Type User Program Access
PV - Process Variable |user defined |Word (INT) 0..16383 Control Read/write

The PV (Process Variable) is the analog input variable.
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Setpoint MAX (MaxS)

Input Parameter Data User Program
Descriptions Address Format Range Type Access

MaxS - Setpaint . ~ :
Maximum PD10:0.MaxS Word (INT)  |-32,768...+32,767 Control Read/write

If the SPV is read in engineering units, then the MaxS (Setpoint Maximum) parameter corresponds to
the value of the setpoint in engineering units when the control input is at its maximum value.

Setpoint MIN (MinS)

Input Parameter Data User Program
Descriptions Address Format Range Type Access

vin® - Setpoint PDIO:0MINS Word (NT) |-32768..+32767  |Control  |Read/write

If the SPV is read in engineering units, then the MinS (Setpoint Minimum) parameter corresponds to
the value of the setpoint in engineering units when the control input is at its minimum value.

MinS - MaxS scaling allows you to work in engineering units. The deadband,
error, and SPV are also displayed in engineering units. The process variable, PV,
must be within the range of 0...16383. Use of MinS - MaxS does not minimize PID
PV resolution.

Scaled errors greater than +32767 or less than -32768 cannot be represented. If the scaled error is
greater than +32767, it is represented as +32767. If the scaled error is less than -32768, it is
represented as -32768.

Old Setpoint Value (OSP)
Input Parameter Data User Program
Descriptions Address Format Range Type Access

0SP - Old Setpoint Value |PD10:0.0SP Word (INT) |-32,768...+32,767 Status Read-only

The OSP (0ld Setpoint Value) is substituted for the current setpoint, if the current setpoint goes out
of range of the setpoint scaling (limiting) parameters.

QOutput Limit (OL)

Output Parameter User Program
Descriptions Address Data Format |Range Type ACCESS

OL - Output Limit PD10:0/0L Binary E]zzE[]r}S:tlﬁgd Control Read/write

An enabled (1) value enables output limiting to the values defined in PD10:0.CVH (Control Variable
High) and PD10.0.CVL (Control Variable Low).

A disabled (0) value disables OL (Output Limiting).

Control Variable High Limit (CVH)

Output Parameter User Program
Descriptions Address Data Format Range Type ACCeSS
CVH - Control Variable High Limit|PD10:0.CVH | Word (INT) 0..100% Control Read/write

When the output limit bit (PD10:0/0L) is enabled (1), the CVH (Control Value High) you enter is the
maximum output (in percent) that the control variable attains. If the calculated CV exceeds the CVH,
the CV is set (overridden) to the CVH value you entered and the upper limit alarm bit (UL) is set.
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Output Parameters

Table 135 - Qutput Parameters

When the output limit bit (PD10:0/0L) is disabled (0), the CVH value you enter determines when the
upper limit alarm bit (UL) is set.

If CV exceeds the maximum value, the output is not overridden and the upper limit alarm bit (UL) is
set.

Control Variable Low Limit (CVL)

Output Parameter Data
Descriptions Address Format Range Type User Program Access
CVL - Control Variable Low Limit | PD10:0.CVL Word (INT) {0..100% Control Read/write

When the output limit bit (PD10:0/0L) is enabled (1), the CVL (Control Value Low) you enter is the
minimum output (in percent) that the Control Variable attains. If the calculated CV is below the
minimum value, the CV is set (overridden) to the CVL value you entered and the lower limit alarm bit
(LL) is set.

When the output limit bit (PD10:0/0L) is disabled (0), the CVL value you enter determines when the
lower limit alarm bit (LL) is set. If CV is below the minimum value, the output is not overridden and
the lower limit alarm bit (LL) is set.

Table 135 shows the output parameter addresses, data formats, and types of user program
access. See the indicated pages for descriptions of each parameter.

Output Parameter Descriptions Address Data Format Range Type User Program Access For More Information
CV - Control Variable User-defined Word (INT) 0..16,383 Control Read/write 225
CVP - Control Variable Percent PD10:0.CVP Word (INT) 0..100 Control Read/write 225
SPV - Scaled Process Variable PD10:0.SPV Word (INT) 0..16383 Status Read-only 226
Control Variable (CV)
Output Parameter User Program
Descriptions Address Data Format |Range Type Access
CV - Control Variable User-defined Word (INT) 0..16,383 Control Read/write

The CV (Control Variable) is user-defined. See the ladder rung below.

Figure 11 - Ladder Rung

‘ PID
0000 PID

PID File PD10:0

Process Variable N7:0

Control Variable N7:1

Setup Screen

Control Variable Percent (CVP)
Output Parameter Descriptions Address Ec?rtﬁw at Range Type ggﬁgg ogram
CVP - Control Variable Percent PD10:0.CVP Word (INT)  {0..100 Control | Status read

CVP (Control Variable Percent) displays the control variable as a percentage. The range is 0...100%.

I the PD10:0/AM bit is off (automatic mode), CVP tracks the control variable (CV) output being
calculated by the PID equation.

If the PD10:0/AM bit is on (manual mode), CVP tracks the value that can be manipulated in the
Control Variable (CV) data word.
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The only way for a programmer to have control of the PID CV is to place the PID instruction in
manual mode and write to the CV word via the control program or programming software. If no
change is made to CV while in manual mode, the CVP displays the last value calculated by the PID
equation.

Scaled Process Variable (SPV)

Input Parameter Descriptions Address Data Format |Range Type ngggogram
SPV - Scaled Process Variable PD10:0.SPV  [Word (INT)  |0...16383 Status | Read-only

The SPV (Scaled Process Variable) is the analog input variable. If scaling is enabled, the range is the
minimum scaled value (MinS) to maximum scaled value (MaxS).

If the SPV is configured to be read in engineering units, then this parameter corresponds to the
value of the process variable in engineering units. See Analog I/0 Scaling on page 232 for more
information on scaling.

Tuning Parameters The table below shows the tuning parameter addresses, data formats, and types of user program
access. See the indicated pages for descriptions of each parameter.

Table 136 - Tuning Parameters

Tuning Parameter Descriptions Address Data Format Range Type User Program Access |For More Information
KC - Controller Gain - K PD10:0.KC Word (INT) 0...32,767 Control Read/write 227
Tl - Reset Term - T; PD10:0.Ti Word (INT) 0...32,767 Control Read/write 227
TD - Rate Term - T4 PD 10:0.7D Word (INT) 0..32,767 Control Read/write 227
TM - Time Mode PD10:0.TM Binary Oorl Control Read/write 21
LUT - Loop Update Time PD10:0.LUT Word (INT) 1..1024 Control Read/write 228
ZCD - Zero-crossing Deadband PD10:0.2CD Word (INT) 0...32,767 Control Read/write 228
FF - Feed Forward Bias PD10:0.FF Word (INT) -16,383...+16,383 Control Read/write 228
SE - Scaled Error PD10:0.SE Word (INT) -32768...+32,767 Status Read-only 228
AM - Automatic/Manual PD10:0/AM Binary (bit) Oorl Control Read/write 228
CM - Control Mode PD10:0/CM Binary (bit) Oorl Control Read/write 229
DB - PV in Deadband PD10:0/DB Binary (bit) Oorl Status Read/write 29
RG - PLC-5® Gain Range PD10:0/RG Binary (bit) Oorl Control Read/write 229
SC - Setpoint Scaling PD10:0/SC Binary (bit) Oor1 Control Read/write 229
TF - Loop Update Too Fast PD10:0/TF Binary (bit) Oorl Status Read/write 229
DA - Derivative Action Bit PD10:0/DA Binary (bit) Oor1l Control Read/write 230
UL - CV Upper Limit Alarm PD10:0/UL Binary (bit) Oor1 Status Read/write 230
LL - CV Lower Limit Alarm PD10:0/LL Binary (bit) Oor1 Status Read/write 230
SP - Setpoint Out of Range PD10:0/SP Binary (bit) Oor Status Read/write 230
PV - PV Out of Range PD10:0/PV Binary (bit) Oorl Status Read/write 230
DN - Done PD10:0/DN Binary (bit) Oorl Status Read-only 231
EN - Enable PD10:0/EN Binary (bit) Oorl Status Read-only 231
S - Integral Sum PDI0:0.IS (sz"_%im% V4836, e |StEts | Readluie 231
AD - Altered Derivative Term PD10:0.19 I(-302n-?]i¥v|0|\lr$) é,] 47483 648...2 147483647 Status Read-only 231
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Controller Gain (K)

Tuning Parameter User Program
Descriptions Address Data Format Range Type Access
KC - Controller Gain - K, PD10:0.KC | Word (INT) 0..32767  |Control Read/write

Gain K, (word 3) is the proportional gain, ranging from 0...3276.7 (when RG = 0), or 0...327.67 (when

RG =1). Set this gain to one-half the value needed to cause the output to oscillate when the reset
and rate terms (below) are set to zero.

The reset and gain range (RG) bit affects the controller gain. For information, see

PLC-5 Gain Range (RG) on page 229.

Reset Term (T;)

Tuning Parameter Data User Program
Descriptions Address Format Range Type Access

TI- ResetTerm - T; PD10:0.Ti Word (INT) |0...32,767 Control Read/write

Reset T; (word 4) is the Integral gain, ranging from 0...3276.7 (when RG = 0), or 327.67 (when RG = 1)

minutes per repeat. Set the reset time equal to the natural period measured in the above gain
calibration. A value of 1adds the maximum integral term into the PID equation.

Reset term is affected by the reset and gain range (RG) bit. For information, see
PLC-5 Gain Range (RG) on page 229.

Tuning Parameter User Program
Descriptions Address DataFormat  [Range Type Access
TD - Rate Term - Ty PD10:0.TD  |Word (INT) 0...32,767 Control Read/write

Rate T, (word 5) is the Derivative term. The adjustment range is 0...327.67 minutes. Set this value to
1/8 of the integral gain T..

The reset and gain range (RG bit does not affect this word. For information, see
PLC-5 Gain Range (RG) on page 229.

Time Mode (TM)

Tuning Parameter User Program
Descriptions Address Data Format |Range Type Access

TM - Time Mode PD10:0.TM Binary Oorl Control Read/write

The time mode bit specifies when the PID is in timed mode (1) or STI mode (0). Set or clear this bit
with instructions in your ladder program.

When set for timed mode, the PID updates the CV at the rate that is specified in the loop update
parameter (PD10:0.LUT).

When set for STI mode, the PID updates the CV every time the PID instruction is scanned in the
control program. When you select STI, program the PID instruction in the STl interrupt subroutine.
The STl routine should have a time interval equal to the setting of the PID “loop update” parameter
(PD10:0.LUT). Set the STl period in word STI:0.SPM. For example, if the loop update time contains
the value 10 (for 100 ms), then the STI time interval must also equal 100 (for 100 ms).

When using timed mode, your processor scan time should be at least ten times
faster than the loop update time to help prevent timing inaccuracies or
disturbances.
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Loop Update Time (LUT)

Tuning Parameter User Program
Descriptions Address Data Format Range Type Access

LUT - Loop Update Time PD10:0.LUT Word (INT) 1..1024 Control Read/write

The loop update time (word 13) is the time interval between PID calculations. The entry is in 0.01
second intervals. Enter a loop update time five to ten times faster than the natural period of the
load. The natural period of the load is determined by setting the reset and rate parameters to zero
and then increasing the gain until the output begins to oscillate. When in STI mode, this value must
equal the STl time interval value that is loaded in STI:0.SPM. The valid range is 0.01...10.24 seconds.

Zero Crossing Deadband (ZCD)

Tuning Parameter Data User Program
Descriptions Address Format Range Type Access
ZCD - Zero Crossing Deadband | PD10:0.2CD Word (INT) {0...32,767 Control Read/write

The deadband extends above and below the setpoint by the value entered. The deadband is
entered at the zero-crossing of the process variable and the setpoint. This means that the
deadband is in effect only after the process variable enters the deadband and passes through the
setpoint.

The valid range is 0 to the scaled maximum, or 0...16,383 when no scaling exists.

Feed Forward Bias (FF)
Tuning Parameter Data User Program
Descriptions Address Format Range Type Access

FF - Feed Forward Bias | PD10:0.FF Word (INT)  [-16,383...+16,383 Control Read/write

The feedforward bias is used to compensate for disturbances that may affect the CV output.

Scaled Error (SE)

Tuning Parameter Data User Program
Descriptions Address Format Range Type Access

SE - Scaled Error PD10:0.SE Word (INT)  |-32768...+32,767 Status Read-only

Scaled error is the difference between the process variable and the setpoint. The format of the
difference (E = SP-PV or E = PV-SP) is determined by the control mode (CM) bit. See Control Mode

(CM) on page 229.

Automatic / Manual (AM)

Tuning Parameter User Program
Descriptions Address Data Format Range Type ACCESS
AM - Automatic/Manual PD10:0/AM Binary (bit) Oorl Control | Read/write

Set or clear the auto/manual bit with instructions in your ladder program. When 0ff (0), it specifies
automatic operation. When On (1), it specifies manual operation. In automatic operation, the
instruction controls the Control Variable (CV). In manual operation, the user/control program
controls the CV. During tuning, set this bit to manual.

Output limiting is also applied when in manual mode.
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Control Mode (CM)

Tuning Parameter User Program
Descriptions Address Data Format Range Type AcCess
CM - Control Mode PD10:0/CM  |Binary (bit) Oor1 Control Read/write

Control mode, or forward-/reverse-acting, toggles the values E=SP-PV and E=PV-SP.

Forward acting (E=PV-SP) causes the control variable to increase when the process variable is
greater than the setpoint.

Reverse acting (E=SP-PV) causes the control variable to decrease when the process variable is
greater than the setpoint.

PV in Deadband (DB)

Tuning Parameter User Program
Descriptions Address Data Format Range Type ACGESS
DB - PVin Deadband PD10:0/DB Binary (bit) Oorl Status Read/write

This bit is set (1) when the process variable is within the zero-crossing deadband range.

PLC-5 Gain Range (RG)

Tuning Parameter User Program
Descriptions Access

RG - PLC-5 Gain Range PD10:0/RG Binary (bit) Oorl Control Read/write

Address DataFormat  |Range Type

When set (1), the reset (Tl) and gain range enhancement bit (RG) causes the reset minute/repeat
value and the gain multiplier (KC) to be divided by a factor of 10. That means a reset multiplier of
0.01and a gain multiplier of 0.01.

When clear (0), this bit allows the reset minutes/repeat value and the gain multiplier value to be
evaluated with a reset multiplier of 0.1and a gain multiplier of 0.1.

Example with the RG bit set: The reset term (Tl) of 1indicates that the integral value of 0.01
minutes/repeat (0.6 seconds/repeat) is applied to the PID integral algorithm. The gain value (KC) of
Tindicates that the error is multiplied by 0.01and applied to the PID algorithm.

Example with the RG bit clear: The reset term (Tl) of 1indicates that the integral value of 0.1

minutes/repeat (6.0 seconds/repeat) is applied to the PID integral algorithm. The gain value (KC) of
Tindicates that the error is multiplied by 0.1 and applied to the PID algorithm.

This selection does not affect the rate multiplier (TD).

Setpoint Scaling (SC)

Tuning Parameter User Program
Descriptions Address Data Format Range Type ACCESS

SC - Setpoint Scaling PD10:0/SC Binary (bit) Oorl Control Read/write

The SC bit is cleared when setpoint scaling values are specified.

Loop Update Too Fast (TF)

Tuning Parameter User Program
Descriptions Address Data Format Range Type Access

TF - Loop Update Too Fast  |PD10:0/TF Binary (bit) Oorl Status Read/write
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Set the TF hit with the PID algorithm if the controller can't achieve the loop update time specified
due to scan time limitations.

If this bit is set, correct the problem by updating your PID loop at a slower rate or move the PID
instruction to an STl interrupt routine. Reset and rate gains are in error if the instruction operates

with this bit set.

Derivative Action Bit (DA)

Tuning Parameter User Program
Descriptions Address Data Format Range Type Access

DA - Derivative Action Bit PD10:0/DA Binary (bit) Oor1 Control Read/write

When set (1), the derivative (rate) action (DA) bit causes the derivative (rate) calculation to be
evaluated on the error instead of the process variable (PV). When clear (0), this bit allows the
derivative (rate) calculation to be evaluated where the derivative is performed on the PV.

CV Upper Limit Alarm (UL)

Tuning Parameter User Program
Descriptions Access

UL - CV Upper Limit Alarm PD10:0/UL Binary (bit) Oorl Status Read/write

Address Data Format |Range Type

The control variable upper limit alarm bit is set when the calculated CV output exceeds the upper

CV limit.

CV Lower Limit Alarm (LL)

Tuning Parameter Descriptions |Address Data Format  |Range |Type nggl;srogram
LL - CV Lower Limit Alarm PD10:0/LL Binary (bit) Oorl Status Read/write

The control variable lower limit alarm bit is set (1) when the calculated CV output is less than the
lower CV limit.

Setpoint Out Of Range (SP)

Tuning Parameter User Program
Descriptions Address Data Format Range  |Type Aceess
SP - Setpoint Out of Range PD10:0/SP Binary (bit) Oorl Status Read/write
This bit is set (1) when the setpoint:

«  Exceeds the maximum scaled value, or

« Isless than the minimum scaled value
PV Qut Of Range (PV)
Tuning Parameter User Program
Descriptions Address Data Format Range  |Type Access
PV - PV Out of Range PD10:0/PV Binary (bit) Oorl Status  [Read/write

The process variable out of range bit is set (1) when the unscaled process variable
»  Exceeds 16,383, or
« Isless than zero
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Done (DN)

Tuning Parameter User Program
Descriptions Address Data Format Range Type Access

DN - Done PD10:0/DN Binary (bit) Oorl Status Read-only

The PID done bit is set (1) for one scan when the PID algorithm is computed. It resets (0) whenever
the instruction is scanned and the PID algorithm was not computed (applies to timed mode only).

PD10:0.19Enable (EN)

Tuning Parameter User Program
Descriptions Address Data Format Range Type Access

EN - Enable PD10:0/EN Binary (bit) Oorl Status Read-only

The PID enabled bit is set (1) whenever the PID instruction is enabled. It follows the rung state.

Integral Sum (1S)

: User

Tuning Parameter

¥ Address |Data Format Range Type Program
Descriptions Access
IS - Integral Sum  |PD10:0.IS  |Long word (32-bit INT) | -2,147483,648...+2,147483,647 |Status | Read/write
This is the result of the integration ISCJE(dt)

T
I

Altered Derivative Term (AD)
Tuning Parameter User Program
Descriptions Address |Data Format Range Type | access
AD - Altered PDI0:019 |Long word (32-bit INT)  |-2,147483,648...+2147483,647 |Status | Read-onl
Derivative Term - 9 TS e ST y

Runtime Errors

Table 137 - Runtime Error Codes

This long word is used internally to track the change in the process variable within the loop update
time.

Error code 0036 appears in the status file when a PID instruction runtime error occurs. Code 0036
covers the following PID error conditions, each of which has been assigned a unique single-byte
code value that appears in the MSB of the second word of the control block. The error code is also
displayed on the PID Setup Screen in RSLogix 500/RSLogix Micro.

Error Code Description of Error Condition or Conditions Corrective Action
Loop update time
1H D, > 1024 .
. Change loop update time 0 < D, < 1024
Loop update time
D=0
12H Ero<p%rtional gain Change proportional gain K. to 0 < K.
C
13H ITn tf%ral gain {resel) Change integral gain (reset) T; to 0 < T,
|
14H ?:Livgtive gain (rat) Change derivative gain (rate) Tyto 0 < T4
15H Feedforward Bias (FF) is out-of-range. Change FF so it is within the range -16383...+16383.
23H Scaled setpoint min Change scaled setpoint min MinS to
MinS > Scaled setpoint max MaxS -32768 < MinS < MaxS < +32767
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Table 137 - Runtime Error Codes (Continued)

Error Code Description of Error Condition or Conditions Corrective Action
If you are using setpoint scaling and
MinS > setpoint SP > MaxS, or
. . . If you are using setpoint scaling, then change
gZosefggigﬁtsgsln%gggpmnt scaling and the setpaint SP to MinS < SP < Max$, or
3 '
: P - . . If you are not using setpaint scaling, then change
then during the initial execution of the PID loop, this error occurs and bit 11 of A
word 0 of the control block is set. However, during subsequent execution of the setpaint SP to 0 < SP < 8383,
the PID loop if an invalid loop setpoint is entered, the PID loop continues to
execute using the old setpaint, and bit 1 of word 0 of the control block is set.
Scaling Selected Scaling Deselected Scaling Selected Scaling Deselected
AH Deadband < D, or Deadband < O, or Change deadband to Chanae deadband to
Deadband > 0 < deadband < 0 < deadband < 16363
(MaxS - MinS) Deadband > 16383 (MaxS - MinS) < 16383 < <
51H Output high limit < 0, or Change output high limit to
Output high limit > 100 0 < output high limit <100
52H Output low limit < 0, or Change output low limit to
Output low limit > 100 0 < output low limit < output high limit <100
- P Change output low limit to
53t Outputlow fimit > output high fimit 0 < output low limit < output high limit < 100

Analog 1/0 Scaling

To configure an analog input for use in a PID instruction, the analog data must be scaled to match
the PID instruction parameters. In the MicroLogix 1400 controller, the process variable (PV) in the
PID instruction is designed to work with a data range of 0...16,383. The 1762 expansion I/0 analog
modules (1762-IF4, 1762-0F4, 1762-IF20F2, 1762-IT4, and 1762-IR4) are capable of onboard scaling.
Scaling data is required to match the range of the analog input to the input range of the PID
instruction. The ability to perform scaling in the 1/0 modules reduces the amount of programming
that is required in the system and makes PID setup much easier.

The example shows a 1762-IF4 module. The IF4 has four inputs, which are individually configurable.
In this example, analog input 0 is configured for -10...10V and is scaled in engineering units.
Channel O is not being used in a PID instruction. Input 1(channel 1) is configured for 4...20 mA
operation with scaling configured for a PID instruction. This configures the analog data for the PID
instruction.

PID Instruction Analog Data

232

Field Device Input Signal

Analog Register Scaled Data

>20.0 mA 16,384...17.406
20.0 mA 16,383

4,0 mA 0

<4,0mA -819...-1

The analog configuration screen is accessed from within the RSLogix 500/RSLogix Micro
application. Double-click the 1/0 configuration item in the Controller folder, and then select the

specific 1/0 module.
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Application Notes

The configuration for the analog output is identical. Simply address the PID control variable (CV) to
the analog output address and configure the analog output to “Scaled for PID" behavior.

Module #2: 1762-1F4 - Analog 4 Chan. Input 3
E wpanzion General Configuration  Analog Input Configuration l Generic Extra D ata Config ]
Charinel 0 Fiter Channel 1 Fiter
B0 Hz, 450 ms upe + B0 Hz, 450 ms upe -
Input Range Input Range
10 to +10 %D 0t +10VDE -
Diata Format D ata Farmat
R aw /Proportional - Raw/Proportional -
Charinel 2 Filter Channel 3 Fiter
60 Hz. 450 ms upc « B0 Hz. 450 mz upt -
Input R ange Input Range
0l +10%0C - 0t +10YDC
Data Format D ata Format
Fi aw/Proportional - R aw /Proportional -
Ok | Cancel | | Help |

understand its function and how it affects your process. Unexpected operation

ATTENTION: Do not alter the state of any PID control block value unless you fully
A could result with possible equipment damage and/or personal injury.

Input/output Ranges

The input module that measures the process variable (PV) must have a full-scale binary range of
0..16383. If this value is less than O (bit 15 set), then a value of zero is used for PV and the “Process
var out of range” bit is set (bit 12 of Word 0 in the control block). If the process variable is greater
than 16383 (bit 14 set), then a value of 16383 is used for PV and the “Process var out of range” bit is
set.

The Control Variable, which is calculated by the PID instruction, has the same range of 0...16383.
The Control Output (Word 16 of the control block) has the range of 0...100%. You can set lower and
upper limits for the instruction’s calculated output values (where an upper limit of 100%
corresponds to a Control Variable limit of 16383).

Scaling to Engineering Units

Scaling lets you enter the setpoint and zero-crossing deadband values in engineering units, and
display the process variable and error values in the same engineering units. Remember, the
process variable PV must still be within the range 0...16383. The PV displays in engineering units,
however.

Select scaling as follows:

1. Enter the maximum and minimum scaling values MaxS and MinS in the PID control block. The
MinS value corresponds to an analog value of zero for the lowest reading of the process
variable. MaxS corresponds to an analog value of 16383 for the highest reading. These
values reflect the process limits. Setpoint scaling is selected by entering a nonzero value for
one or both parameters. If you enter the same value for both parameters, setpoint scaling is
disabled.

For example, if measuring a full-scale temperature range of -73 °C (PV=0)...+1156 °C
(PV=16383), enter a value of -73 for MinS and 1156 for MaxS. Remember that inputs to the PID
instruction must be 0...16383. Signal conversions could be as follows:
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Table 138 - Signal Conversion example

Example Values

Process limits -73...+1156 °C
Transmitter output (if used) 4.20 mA
Output of analog input module 0..16383

PID instruction, MinS to MaxS -73..41156 °C

2. Enter the setpoint (Word 2) and deadband (Word 9) in the same scaled engineering units.
Read the scaled process variable and scaled error in these units as well. The control output
percentage (Word 16) is displayed as a percentage of the 0...16383 CV range. The actual
value transferred to the CV output is always from 0...16383.

When you select scaling, the instruction scales the setpoint, deadband, process variable, and error.
You must consider the effect on all these variables when you change scaling.

Zero-crossing Deadband DB

The adjustable deadband lets you select an error range above and below the setpoint where the
output does not change as long as the error remains within this range. This lets you control how
closely the process variable matches the setpoint without changing the output.

+DB

P >7 Error range
-0B

Time

Zero-crossing is deadband control that lets the instruction use the error for computational
purposes as the process variable crosses into the deadband until it crosses the setpoint. Once it
crosses the setpoint (error crosses zero and changes sign) and as long as it remains in the
deadband, the instruction considers the error value zero for computational purposes.

Select deadband by entering a value in the deadband storage word (Word 9) in the control block.
The deadband extends above and below the setpoint by the value that you enter. A value of zero
inhibits this feature. The deadband has the same scaled units as the setpoint if you choose scaling.

Output Alarms

You may set an output alarm on the control variable at a selected value above and/or below a
selected output percent. When the instruction detects that the control variable has exceeded either
value, it sets an alarm bit (bit LL for lower limit, bit UL for upper limit) in the PID instruction. Alarm
bits are reset by the instruction when the control variable comes back inside the limits. The
instruction does not help prevent the control variable from exceeding the alarm values unless you
select output limiting.

Select upper and lower output alarms by entering a value for the upper alarm (CVH) and lower
alarm (CVL). Alarm values are specified as a percentage of the output. If you do not want alarms,
enter zero and 100% respectively for lower and upper alarm values and ignore the alarm bits.

Output Limiting with Anti-Reset Windup

You may set an output limit (percent of output) on the control variable. When the instruction
detects that the control variable has exceeded a limit, it sets an alarm bit (bit LL for lower limit, bit
UL for upper limit), and helps prevent the control variable from exceeding either limit value. The
instruction limits the control variable to 0% and 100% if you choose not to limit.

Select upper and lower output limits by setting the limit enable bit (bit OL), and entering an upper
limit (CVH) and lower limit (CVL). Limit values are a percentage (0...100%) of the control variable.
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Application Examples

The difference between selecting output alarms and output limits is that you must select output
limiting to enable limiting. Limit and alarm values are stored in the same words. Entering these
values enables the alarms, but not limiting. Entering these values and setting the limit enable bit
enables limiting and alarms.

Anti-reset windup is a feature that helps prevent the integral term from becoming excessive when
the control variable reaches a limit. When the sum of the PID and BIAS terms in the control variable
reaches the limit, the instruction stops calculating the integral sum until the control variable comes
back in range. The integral sum is contained in element, IS.

The Manual Mode

In the MANUAL mode, the PID algorithm does not compute the value of the control variable. Rather,
it uses the value as an input to adjust the integral sum (IS) so that a smooth transfer takes place
upon reentering the AUTO mode.

In the MANUAL mode, the programmer allows you to enter a new CV value from 0...100%. This value
is converted into a number from 0...16383 and written to the Control Variable address. If your
ladder program sets the manual output level, design your ladder program to write to the CV
address when in the MANUAL mode. Remember that the new CV value is in the range of 0...16383,
not 0...100. Writing to the CV percent (CVP) with your ladder program has no effect in the MANUAL
mode.

PID Rung State

If the PID rung is false, the integral sum (IS) is cleared and CV remains in its last state.

Feedforward or Bias

Applications involving transport lags may require that a bias be added to the CV output in
anticipation of a disturbance. This bias can be accomplished using the processor by writing a value
to the feedforward Bias element (word FF). See Feed Forward Bias (FF) on page 228. The value you
write is added to the output, allowing a feed forward action to take place. You may add a bias by
writing a value between -16383 and +16383 to word 6 with your programming terminal or ladder
program.

PID Tuning

PID tuning requires a knowledge of process control. If you are inexperienced, it is helpful if you
abtain training on the process control theory and methods that are used by your company.

There are a number of techniques that can be used to tune a PID loop. The following PID tuning
method is general and limited in terms of handling load disturbances. When tuning, we recommend
that changes be made in the MANUAL mode, followed by a return to AUTO. Output limiting is applied
in the MANUAL mode.

« This method requires that the PID instruction controls a non-critical application
in terms of personal safety and equipment damage.

« The PID tuning procedure may not work for all cases. It is recommended to use a
PID Loop tuner package for the best result (that is RSTune®, Rockwell Software®
catalog number 9323-1003D).

Procedure

1. Create your ladder program. Verify that you have properly scaled your analog input to the
range of the process variable PV and that you have properly scaled your control variable CV
to your analog output.
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2.

Connect your process control equipment to your analog modules. Download your program
to the processor. Leave the processor in the Program mode.

considered regarding personal safety and equipment damage. It is possible that

f ATTENTION: Ensure that all possibilities of machine motion have been

your output CV may swing from 0...100% while tuning.

10.

1.

12.

13.

14.

16.

If you want to verify the scaling of your continuous system and/or determine the
initial loop update time of your system, see Verifying the Scaling of Your
Continuous System on page 237.
Enter the following values: the initial setpoint SP value, a reset T; of 0, a rate T of 0, a gain
K. of 1, and a loop update of 5.

Set the PID mode to STl or Timed, per your ladder diagram. If STl is selected, confirm that
the loop update time equals the STI time interval.

Enter the optional settings that apply (output limiting, output alarm,
MaxS - MinS scaling, feed forward).

Get prepared to chart the CV, PV, analog input, or analog output as it varies with time with
respect to the setpoint SP value.

Place the PID instruction in the MANUAL mode, then place the processor in the RUN mode.

While monitoring the PID display, adjust the process manually by writing to the CO percent
value.

When you feel that you have the process under control manually, place the PID instruction in
the AUTO mode.

Adjust the gain while observing the relationship of the output to the setpoint over time.

When you notice that the process is oscillating above and below the setpoint in an even
manner, record the time of one cycle. That is, obtain the natural period of the process.

Natural Period = 4x deadtime
Record the gain value. Return to the MANUAL mode (stop the process if necessary).

Set the loop update time (and ST time interval if applicable) to a value of 5 to 10 times faster
than the natural period.

For example, if the cycle time is 20 seconds, and you choose to set the loop update time to
10 times faster than the natural rate, set the loop update time to 200, which would result in
a 2-second rate.

Set the gain K value to 1/2 the gain that is needed to obtain the natural period of the
process. For example, if the gain value recorded in step 9 was 80, set the gain to 40.

Set the reset term T; to approximate the natural period. If the natural period is 20 seconds,
as in our example, you would set the reset term to 3 (0.3 minutes per repeat approximates
20 seconds).

Now set the rate T4 equal to a value 1/8 that of the reset term. For our example, the value 4
is used to provide a rate term of 0.04 minutes per repeat.

Place the process in the AUTO mode. If you have an ideal process, the PID tuning is
complete.

To make adjustments from this point, place the PID instruction in the MANUAL mode, enter
the adjustment, then place the PID instruction back in the AUTO mode.

This technique of going to MANUAL, then back to AUTO, ensures that most of the “gain error” is
removed at the time each adjustment is made. This allows you to see the effects of each
adjustment immediately. Toggling the PID rung allows the PID instruction to restart itself,
eliminating all integral buildup. You may want to toggle the PID rung false while tuning to eliminate
the effects of previous tuning adjustments.
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Verifying the Scaling of Your Continuous System

To ensure that your pracess is linear, and that your equipment is properly connected and scaled,
do the following:

1. Place the PID instruction in MANUAL and enter the following parameters:
- type: 0 for MinS

- type: 100 for MaxS

- type: 0 for C0%

Enter the REM Run mode and verify that PV=0.
Type: 20in C0%

RecordthePV=_______

Type: 40 in C0%.

RecordthePV=_______

Type: 60 in C0%.

Recordthe PV=_______

Type: 80 in C0%.

RecordthePV=_______

. The values that you recorded should be offset from CO% by the same amount. This proves
the linearity of your process. The following example shows an offset progression of 1b.

- C020% =PV 35%
- C040% =PV 55%
- C060% =PV75%
- C080% =PV35%

_
= O

If the values you recorded are not offset by the same amount:
« Either your scaling is incorrect, or
« the process is not linear, or
« your equipment is not properly connected and/or configured

Make the necessary corrections and repeat steps 2...10.

Determining the Initial Loop Update Time

To determine the approximate loop update time that should be used for your process, perform the
following:

1. Place the normal application values in MinS and MaxS.
2. Type:50in CO%.

3. Type: 60 in C0% and immediately start your stopwatch.
4

Watch the PV. When the PV starts to change, stop your stopwatch. Record this value. It is the
deadtime.

5. Multiply the deadtime by 4. This value approximates the natural period. For example, if
deadtime = 3 seconds, then 4 x 3 =12 seconds (= natural period).

6. Divide the value obtained in step 5 by 10. Use this value as the loop updated time. For
example, if:

natural period = 12 seconds, then 12/10 = 1.2 seconds.

Therefore, the value 120 would be entered as the loop update time (120 x 10 ms = 1.2
seconds).

7. Enter the following values: the initial setpoint SP value, a reset T; of 0, a rate T of 0, a gain
K. of 1. and the loop update time determined in step 6.
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Set the PID mode to STl or Timed, per your ladder diagram. If STl is selected, ensure that the
loop update time equals the STl time interval.

Enter the optional settings that apply (output limiting, output alarm, MaxS - MinS scaling,
feed forward).

8. Return to page 236 and complete the tuning procedure starting with step 4.
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ASCII Instructions

Instruction Types and
Operation

ASCII Instructions

This chapter contains general information about the ASCII instructions and explains how they
function in your control program.

The ASCIl instructions are arranged so that the Write instructions precede the Read instructions.

Instruction Function Page
ACL - ASCII Clear Buffer Clear the receive and/or transmit buffers. 243
AIC - Integer to String Convert an integer value to a string. 244
AWA - ASCII Write with Append Write a string with user-configured characters appended. yL
AWT - ASCIl Write Write a string. 246
Tt ine | Pl e bl i e p o3 |
ACB - Number of Characters in Buffer | Determine the total number of characters in the buffer. 248
ACI - String to Integer Convert a string to an integer value. 249
ACN - String Concatenate Link two strings into one. 250
AEX - String Extract Extract a portion of a string to create a new string. 251
AHL - ASCII Handshake Lines Set or reset modem handshake lines. 252
ARD - ASCII Read Characters SRg?r:qu?haracters from the input buffer and place theminto a 953
ARL - ASCII Read Line Fhe:rg ?nriz l;ijn:t IEI]I]; [;:.haracters from the input buffer and place 954,
ASC - String Search Search a string. 255
ASR - ASCII String Compare Compare two strings. 256

There are two types of ASCIl instructions, ASCII string control and ASCII port control. The string
control instruction type is used for manipulating data and executes immediately. The port control
instruction type is used for transmitting data and makes use of the ASCIl queue. More details are
provided.

ASCII String Control

These instructions are used to manipulate string data. When a string control instruction is
encountered in a ladder logic program, it executes immediately. It is never sent to the ASCII queue
to wait for execution. Table 139 lists the ASCII string control instructions that are used by the
MicroLogix 1400 controllers:

Table 139 - ASCII String Control Instructions

MicroLogix 1400 Controller

ACI (String to Integer) AIC (Integer to String)
ACN (String Concatenate) ASC (String Search)
AEX (String Extract) ASR (ASCII String Compare)
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ASCII Port Control

These instructions use or alter the communication channel for receiving or transmitting data. All
ASCII port control instructions support channel 2, and channel 0. Table 140 lists the ASCII port
control instructions that are used by the MicroLogix 1400 controllers:

Table 140 - ASCII Port Control Instructions

MicroLogix 1400 Controller

ABL (Test Buffer for Line) ARD (ASCII Read Characters)
ACB (Number of Characters in Buffer) ARL (ASCII Read Line)

ACL (ASCII Clear Buffer) AWA (ASCII Write with Append)
AHL (ASCII Handshake Lines) AWT (ASCII Write)

When the ACL (ASCII Clear Buffer) instruction is encountered in a ladder logic program, it executes
immediately and causes all instructions to be removed from the ASCII queue, including stopping
execution of the ASCII instruction currently executing. The ER (error) bit is set for each instruction
that is removed from the ASCII queue.

When any of the other port control instructions are encountered in a ladder logic program, it may
or may not execute immediately depending on the contents of the ASCIl queue. The ASCII queue is
a FIFQ (first-in, first-out) queue that can contain up to 16 instructions. The ASCII queue operates as
follows:

When the instruction is encountered on a rung and the ASCII queue is empty, the instruction
executes immediately. It may take several program scans for the instruction to complete.

«  When the instruction is encountered on a rung and there are from 1to 15 instructions in the
ASCII queue, the instruction is put into the ASCII queue and is executed when the preceding
instructions are completed. If the ASCIl queue is full, the instruction waits until the next
program scan to determine if it can enter the ASCII queue. The controller continues
executing other instructions while the ASCII port control instruction is waiting to enter the
queue.

Programming ASCII Instructions

When programming ASCII output instructions, always precede the ASCIl instruction with conditional
logic that detects when new data needs to be sent or, send data on a time interval. If sent on a time
interval, use an interval of 0.5 second or greater. Do not continuously generate streams of ASCII
data out of a communications port.

IMPORTANT  If ASCII write instructions execute continuously, you may not be able to re-
establish communications with RSLogix 500/RSLogix Micro when the
controller is placed into the RUN mode.

Protocol Overview Use the Full ASCII Instruction Set

To use the full ASCll instruction set, you must configure the serial communication channel for ASCII
protocol, as described in ASCII Driver on page 428. Configuration of the two append characters for
the AWA instruction can be found in the General tab of the Channel Configuration screen.

AWA and AWT Instructions with Other Serial Channel Drivers

You can still use the AWA and AWT instructions with the following serial channel drivers to send
strings out of the serial port even though the channel is not configured for ASCII (which is useful for
sending ASCII dial-up strings to an attached phone modem):

«  DF1full-duplex

o DF1 half-duplex Master
«  Modbus RTU Master

« DNP3 Slave
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String (ST) Data File

The serial channel driver packets take precedence over ASCII strings, so if an AWA or AWT
instruction is triggered while a driver packet is transmitted, the ASCII instruction errors out with an
error code of 5.

If you configure the serial channel for any of the following drivers, and an AWA or AWT instruction is
triggered, the ASCIl instruction immediately errors out with an error code of 9:

o DH-485

«  DFThalf-duplex Slave
«  DF1Radio Modem

«  Modbus RTU Slave

File Description

The string data file is used by the ASCIl instructions to store ASCIl character data. The ASCII data
can be accessed by the source and destination operands in the ASCII instructions. The string data
file can also be used by the copy (COP) and move (MOV, MVM) instructions.

String files consist of 42-word elements. One string file element is shown in Table 141. The string file
can contain up to 256 of these elements.

Table 141 - String Data File Structure

String Element
Bt |15 [14 [13 |12 Ju [ [oo Jos [or [os [o5 [o4 03 [o2 ot |00
Word  |upper byte lower byte
0 String Length - number of characters (range is from 0...82)
1 character 0 character 1
2 character 2ayy character 3
l l {
40 character 78 character 79
4 character 80 character 81

Addressing String Files

Table 142 shows the addressing scheme for the string data file.

Table 142 - Addressing Scheme for String Files

Format Explanation
ST String file

STfe.s f File number |The valid file number range is 3...255.
: Element delimiter

The valid element number range is 0...255.
Each element is 42 words in length as shown in Table 141 on page 241.

Sub-element delimiter
The valid sub-element number range is 0...41.

e Element number

s Sub-element You can also specify .LEN for Word O and .DATA[O] through .DATA[40]
number for Word 1...41.
The sub-element represents a word address.
ST9:2 String File 9, Element 2
Examples: STI7:LLEN String File 17, Element 1, LEN Variable
ST13:7.DATA[1] String File 13, Element 7, Word 2 (characters 2 and 3)
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Control Data File File Description

ASCII instructions use the control data element to store control information that is required to
operate the instruction. The control data element for ASCII instructions includes status and control
bits, an error code byte, and two character words as shown in Table 143.

Table 143 - ASCII Instructions Control Data File Elements

Control Element

Word [15 [4 13 12 [u [io Jog Jos o7 Jos [05 [o4 [03 [02 [or |00

0 EN EU DN EM ER UL |RN |FD Error Code Byte
1 Number of characters specified to be sent or received (LEN)
2 Number of characters that are actually sent or received (POS)

EN = Enable Bit - Indicates that an instruction is enabled due to a false-to-true transition. This bit remains set until the

instruction completes execution or generates an error.

EU = Queue Bit - When set, indicates that an ASCII instruction was placed in the ASCII queue. This action is delayed if the
queue is already filled.

DN = Asynchronous Done Bit - Is set when an instruction successfully completes its operation.

EM = Synchronous Done Bit - Not used.

ER = Error Bit - When set, indicates that an error occurred while executing the instruction.

UL = Unload Bit - When this bit is set, the instruction does not execute. If the instruction is already executing, operation
ceases. If this bit is set while an instruction is executing, any data already processed is sent to the destination and any
remaining data is not processed. Setting this bit does not cause instructions to be removed from the ASCII queue. This

bit is only examined when the instruction is ready to start executing.

RN = Running Bit - When set, indicates that the queued instruction is executing.

NOTE: The RN bit is not addressable via the Control (R) file.

FD = Found Bit - When set, indicates that the instruction has found the end-of-line or termination character in the buffer
(only used by the ABL and ACB instructions).

Addressing Control Files

The addressing scheme for the control data file is shown in Table 144.

Table 144 - Addressing Scheme for Control Files

Format  |Explanation

R | Contral file
R:e.s/b | f |File number |The valid file number range is from 3...255.
Element delimiter
The valid element number range is from 0...255.
e |Element number Each element is 3 words in length as shown in Table 143 on page 242.
Sub-element delimiter
Sub-element The valid sub-element number range is from 0...2. You can also specify .LEN or
S
number
/ |Bit delimiter
The valid bit number range is from 0...15.
b |Bit number The bit number is the bit location within the string file element.
Bit level addressing is not available for words 1and 2 of the control element.
R6:2 Element 2, control file 6
Examples: R6:2.0/13 Bit 13 in sub-element 0 of element 2, control file 6
PIES: | p1g:1.LEN Specified string length of element 1, control file 18
R18:1.P0S Actual string length of element 1, control file 18
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ACL - ASCII Clear Buffers

ACL
——  Ascii Clear Buffers
Channel 0
Transmit Buffer Yes
Receive Buffer No

Instruction Type: Output

Execution Time for the ACL Instruction

When Instruction Is:

Controller

True False
MicroLogix 1400 Clear buffers:
Both 26.5540 ps 0.4500 pis
Receive 7.8820 ps 0.3848 ps
Transmit 5.8590 ps 0.3706 ps

The ACL instruction clears the Receive and/or Transmit buffers. This instruction also removes
instructions from ASCIl queue.

For MicroLogix 1400 controllers, the ACL instruction can also be used to clear the
DF1 communication buffers when the channel is configured for any of the DF1

communication drivers.

Select 0 for the channel number that is configured for DF1 and Yes for both the
Receive and Transmit Buffers. When the ACL instruction is executed, any
pending outgoing DF1 replies, any pending incoming DF1 commands and any
pending outgoing DF1 commands are flushed. Any MSG instructions in progress
on that channel errors out with an error code of 0xOC. However, this
functionality is not applied if DCOMM (Default communication setting) is selected.

This instruction executes immediately upon the rung transitioning to a true state. Any ASCII
transmissions in progress are ended when the ACL instruction executes.

The ASCII queue may contain up to 16 instructions that are waiting to run.

Entering Parameters

Enter the following parameters when programming this instruction:
«  Channel — The number of the serial port being used, 0 or 2.

» Receive Buffer - Clears the Receive buffer when set to “Yes” and removes the Receive
ASCII port control instructions (ARL and ARD) from the ASCII queue.

« Transmit Buffer - Clears the Transmit buffer when set to “Yes” and removes the Transmit
ASCII port control instructions (AWA and AWT) from the ASCII queue.

Addressing Modes and File Types can be used as shown in Table 145.

Table 145 - ACL Instruction Valid Addressing Modes and File Types®

Data Files®@ Function Files ’\A;ldgress Address Level
- | Mode
= » S
Parameter = £ s |2 °
E € lo|xc|.® - S | &
5 — | ! = =S| 2| e
< sgiSalg|g|el=l=|=|2|8ls |8 |Q|E|E|E|=|S|5|2
o|l—|vw|m|= LG |l«|o|2 2|2 |BE|I2IE|G|E|E|ZE|Q|8|2|a|lE|l&|s|&|=|2|m
Channel . .
Receive Buffer . .
Transmit Buffer . .
(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) The Control data file is the only valid file type for the Control Element.
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AIC - ASCII Integer to String

AIC
— Integer to String
Source N7:0
Dest ST14:1

Instruction Operation

When you set both Clear Receive Buffer and Clear Transmit Buffer to Yes, all Receive and Transmit
instructions (ARL, ARD, AWA, and AWT) are removed from the ASCIl queue.

When instructions are removed from the ASCII queue, the following bits are set: ER=1,RN =0,
EU = 0, and ERR = OxOE.

Instruction Type: Output

Execution Time for the AIC Instruction

. When Instruction Is:
Controller Data Size
True False
Word 8.3032 0.2591
MicroLogix 1400 al S S
Long word 9.8913 ps 0.2155 ps

The AIC instruction converts an integer or long word value (source) to an ASCII string (destination).
The source can be a constant or an address. The source data range is from -
2147483,648...2,147483,647.

Addressing Modes and File Types can be used as shown in Table 146.

Table 146 - AIC Instruction Valid Addressing Modes and File Typest)

Data Files Function Files Gddress Address Level
- |Mode
= » S
Parameter = S s 2
E € lo|z |8 — S|
S =g < SIZITI8lsl8| |=|5|E
s - | _ = \ ! cl@|= = | 2| &
© — sIS|I2I218(R2 El=|=T|=Z(8|lwn | |4 csl=ElBl=2 S|o
oO|—|w»w Hlzlu|lo|l|a|S|le|la|le|Z|a|w|o|la|S ||| |ajleE|la|lE|a|l=|a|@
Source o | o o | o o o . o . o
Destination . . .
(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
AWA - ASCIl Write with Instruction Type: Output
Append Execution Time for the AWA Instruction
AWA .
ASCII Write Append Controller When Instruction Is:
Channel
Source True False
Control H i
String Length MicroLogix 1400 10.7810 ps 9.0122 ps

Characters Sent
Error
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Use the AWA instruction to write characters from a source string to an external device. This
instruction adds the two appended characters that you configure on the Channel Configuration
screen. The default is a carriage return and line feed appended to the end of the string.

You configure append characters via the Channel Configuration screen. The
default append characters are carriage return and line feed.

Programming AWA Instructions

When you program ASCII output instructions, always precede the ASCIl instruction with conditional
logic that detects when new data needs to be sent or, send data on a time interval. If you send on a
time interval, use an interval of 0.5 second or greater. Do not continuously generate streams of
ASCII data out of a communications port.

IMPORTANT  If ASCIl write instructions execute continuously, you may not be able to re-
establish communications with RSLogix 500/RSLogix Micro when the

controller is placed into the RUN mode.

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023



Chapter 21 ASCII Instructions

This instruction executes on either a false or true rung. However, if you want to repeat this
instruction, the rung must go from false-to-true.

When using this instruction, you can also perform in-line indirection. See In-line Indirection on
page 257 for more information.

Enter Parameters

Enter the following parameters when you program this instruction:
«  Channel - The number of the serial port being used, 0 or 2.
« Source - The string element you want to write.
«  Control - The control data file. See Cantrol Data File on page 242.

«  String Length (.LEN) - The number of characters you want to write from the source string
(0...82). If you enter a 0, the entire string is written. This is word 1in the control data file.

. Characters Sent (.P0S) - The number of characters that the controller sends to an external
device. This is word 2 in the control data file. Characters Sent (.P0S) is updated after all
characters have been transmitted.

The valid range for .POS is 0...84. The number of characters sent to the destination may be
smaller or greater than the specified String Length (.LEN) as described:

- Characters Sent (.POS) may be smaller than String Length (.LEN) if the length of the string
sent is less than what is specified in the String Length (.LEN) field.

- Characters Sent (.P0S) can be greater than the String Length (.LEN) if you use the
appended characters or inserted values from in-line indirection. If the String Length
(.LEN) is greater than 82, the string that is written to the destination truncates to 82
characters plus the number of append characters (this number could be 82, 83, or 84
depending on how many append characters are used).

«  Error - Displays the hexadecimal error code that indicates why the ER bit was set in the
control data file. See ASCIl Instruction Error Codes on page 258 for error code descriptions.

Addressing Modes and File Types can be used as shown in Table 147.

Table 147 - AWA Instruction Valid Addressing Modes and File Types(l)

Data Files® Function Files /’\A’lddress Address Level
| Mode
=< %) S
Parameter = S S| =
E € o | s |.S 4+ O | &=
¥ 2|z > 811318|s|B| |=|2|B
< € |wnlololS|—|_|=l=lal'|lo|w|Ele|S|.|5|2
ol _lo|lao|cl=zlu|B < | |8 |Z|2|E|2|E|IB|IE|FIS|I2I8I8|2|E|S5|2|E|2|S|a
Channel . .
Source . . .
Control . . .
(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) The Control data file is the only valid file type for the Control Element.
EXAMPLE: False-to-True
1 — AWA _(
EN )
’>] f ASCIlI WRITE APPEND
10 Channel 0
Source sTarg [ (ON)
If input slot 1, bit 10 is set, read 25 characters from ST37:42 Cor_1trol Re:gg _( )
and write it to the display device. Then write a carriage String Length ER
return and line feed (default). Characters Sent 0
Error 00

In this example, when the rung goes from false-to-true, the control element Enable (EN) bit is set.
When the instruction is placed in the ASCII queue, the Queue bit (EU) is set. The Running bit (RN) is
set when the instruction is executing. The DN bit is set on completion of the instruction.
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AWT - ASCII Write

AWT

—— ASCII Write —CEND>—
Channel 0
Source ST14:4 —CDN >—
Control R6:1
String Length 40 —CER >—
Characters Sent 0
Error 0
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The controller sends 25 characters from the start of string ST37:42 to the display device and then
sends user-configured append characters. The Done bit (DN) is set and a value of 27 is present in
.POS word of the ASCII control data file.

When an error is detected, the error code is written to the Error Code Byte and the Error Bit (ER) is
set. See ASCII Instruction Error Codes on page 258 for a list of the error codes and recommended
action to take.

For information on the timing of this instruction, see the Timing Diagrams on
page 257

Instruction Type: Output

Execution Time for the AWT Instruction

When Instruction Is:
Controller

True False
MicroLogix 1400 13.6110 ps 72706 ps

Use the AWT instruction to write characters from a source string to an external device.

Programming AWT Instructions

When you program ASCII output instructions, always precede the ASCIl instruction with conditional
logic that either detects when new data needs to be sent or, send data on a time interval. If you
send on a time interval, use an interval of 0.5 second or greater.

IMPORTANT Do not continuously generate streams of ASCII data out of a
communications port. If ASCIl write instructions execute continuously, you
may not be able to re-establish communications with RSLogix 500/RSLogix
Micro when the controller is placed into the RUN made.

This instruction executes on a true rung. Once started, if the rung goes false, the instruction
continues to completion. If you want to repeat this instruction, the rung must transition from false-
to-true.

When using this instruction, you can also perform in-line indirection. See In-line Indirection on
page 257 for more information.

Entering Parameters

Enter the following parameters when you program this instruction:
«  Channel - The number of the serial port being used, 0 or 2.
Source - The string element you want to write.
«  Control - The control data file. See page Control Data File on page 242.

«  String Length (.LEN) - The number of characters you want to write from the source string
(0...82). If you enter a 0, the entire string is written. This is word 1in the control data file.

- Characters Sent (.POS) - The number of characters that the controller sends to an external
device. This is word 2 in the control data file. Characters Sent (.P0S) updates after all
characters are transmitted.

The valid range for .POS is 0...82. The number of characters sent to the destination may be
smaller or greater than the specified String Length (.LEN) as described:

- Characters Sent (.POS) may be smaller than String Length (.LEN) if the length of the string
sent is less than what is specified in the String Length (.LEN) field.

- Characters Sent (.POS) can be greater than the String Length (.LEN) if inserted values
from in-line indirection are used. If the String Length (.LEN) is greater than 82, the string
that is written to the destination truncates to 82 characters.
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«  Error - Displays the hexadecimal error code that indicates why the ER bit is set in the

control data file. See page ASCI Instruction Error Codes on page 258 for error code
descriptions.

Addressing Modes and File Types can be used as shown in Table 148.

Table 148 - AWT Instruction Valid Addressing Modes and File Types®

Data Files® Function Files ;K\Address Address Level
< |Mode
= o S
Parameter = £ CRE o
z EIL (8|S " =S
S E1Elaloly|s SS L lalElEl2_ |l
- _ _ | = ) 2|1=|_|E|8
ol |low|la|lrl=z|lul|B <o |8 lZ|Z|E|2IE|B|IE|E|S(2|I8|8|2|E|E[2|E|2|3|a
Channel . .
Source . . .
Control . . .
(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) The Control data file is the only valid file type for the Control Element.
EXAMPLE: False-to-True
Il — AWT
’4 i ASCIl WRITE —(En )“
10 Channel 0
Source s137:20 |—(pN )
Control R6:23
If input slot 1, bit 10 is set, write 40 characters from ST37:20 to String Length 40 _( )
the display device. Characters Sent 0 ER
Error 0

ABL - Test Buffer for Line

ABL

—— Ascii Test For Line —CEN >—
Channel 0
Control R6:0 DN >—
Characters 1<
Error 0< —CER >—

In this example, when the rung goes from false-to-true, the control element Enable (EN) bit is set.
When you place the instruction in the ASCII queue, the Queue bit (EU) is set. The Running bit (RN) is
set when the instruction executes. The DN bit is set on completion of the instruction.

Forty characters from string ST37:40 are sent through channel 0. The Done bit (DN) is set and a
value of 40 is present in the POS word of the ASCII control data file.

When an error is detected, the error code writes to the Error Code Byte and the Error Bit (ER) is set.
See ASCl Instruction Error Codes on page 258 for a list of the error codes and recommended action
to take.

For information on the timing of this instruction, see the Timing Diagrams on
page 267.

Instruction Type: Output

Execution Time for the ABL Instruction

When Instruction Is:
Controller

True False
MicroLogix 1400 21.5621 ps 1.8710 ps

Use the ABL instruction to determine the number of characters in the receive buffer of the specified
communication channel, up to and including the end-of-line characters (termination). This
instruction looks for the two termination characters that you configure via the channel
configuration screen. On a false-to-true transition, the controller reports the number of characters
in the POS field of the control data file. You must set the channel configuration to ASCII.
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Entering Parameters

Enter the following parameters when you program this instruction:
«  Channel - The number of the serial port being used, 0 or 2.

«  Control - The control data file. See page Control Data File on page 242.

«  Characters - The number of characters in the buffer that the controller finds (0...1024).
This parameter is read-only and resides in word 2 of the control data file.

« Error - Displays the hexadecimal error code that indicates why the ER bit is set in the
control data file. See page ASCII Instruction Error Codes on page 258 for error code

descriptions.

Addressing Modes and File Types can be used as shown in Table 149.

Table 149 - ABL Instruction Valid Addressing Modes and File Types()

Data Files® Function Files Qd(éress Address Level
- |Mode
o
P ter = £ = | e °
arame = Elo |B|& - S |«
~ o= = ; ' ! o |53 = ° o| g
S — s|Salg|g|Ele|l=|=|E|8|wn|g|2|E|2|E|=|8|5|2
oO|l—|vw|m|=|= nl|la|lES|lEg|lad|l|Z|la|ln|lo|lo|=S |20 | |alsE|lalsE | o|(=|a|d
Channel . .
Control . o .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) The Control data file is the only valid file type for the Control Element.

Instruction Operation

When the rung goes from false-to-true, the Enable bit (EN) is set. The instruction is put in the ASCII
instruction queue, the Queue bit (EU) is set, and program scan continues. The instruction is then
executed outside of the program scan. However, if the queue is empty the instruction executes

immediately. Upon execution, the Run bit (RN) is set.

The controller determines the number of characters (up to and including the termination
characters) and puts this value in the POS field of the control data file. The Done bit (DN) is then set.
If a zero appears in the POS field, no termination characters were found. The Found bit (FD) is set if

the POS field is set to a nonzero value.

ACB - Number of Characters instruction Type: Output

in Buffer
ACB
Ascii Chars In Buffer EN >—
Channel 0
Control R6:1 DN >—
Characters 2<
Error 0< ER >—
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Execution Time for the ACB Instruction

When Instruction Is:
Controller

True False
MicroLogix 1400 22.6154 ps 3.5250 ps

Use the ACB instruction to determine the number of characters in the buffer. On a false-to-true
transition, the controller determines the total number of characters and records it in the POS field

of the control data file. The channel configuration must be set to ASCII.
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Enter Parameters

Enter the following parameters when programming this instruction:
«  Channel - The number of the serial port being used, 0 or 2.
«  Control - The control data file. See page Control Data File on page 242.

« Characters - The number of characters in the buffer that the controller finds (0...1024).
This parameter is read-only.

« Error - Displays the hexadecimal error code that indicates why the ER bit is set in the
control data file. See page ASCII Instruction Error Codes on page 258 for error descriptions.

Addressing Modes and File Types can be used as shown in Table 150.

Table 150 - ACB Instruction Valid Addressing Modes and File Typest!)

Data Files® Function Files Qd(éress Address Level
o ode
> [%2) —
Parameter § g % % g
o o =
o ol < a SIS lg|-8 =|5
a >< | ! Qo | L T | o
S . s|ElalglgBlelzlzI218la |8 |S|EIE|E|2|8|E |8
o|l—|w = Sl =2l |BE|2|IE|B|d|a|=|12|8|2|alEla|ls|a|=|S|T
Channel . .
Control . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) The Control data file is the only valid file type for the Control Element.

ACI - String to Integer

ACl

—— String to Integer

Dest

Source

ST10:0
N7:0
0<

Instruction Operation

When the rung goes from false-to-true, the Enable bit (EN) is set. When you place the instruction in
the ASCII queue, the Queue bit (EU) is set. The Running bit (RN) is set when the instruction executes.
The Done bit (DN) is set on completion of the instruction.

The controller determines the number of characters in the buffer and puts this value in the POS
field of the control data file. The Done bit (DN) is then set. If a zero appears in the POS field, no
characters are found. The Found bit (FD) is set when the POS filed is set to a nonzero value.

Instruction Type: Output

Execution Time for the ACI Instruction

. When Instruction Is:
Controller Data Size
True False
d 6.5719 0.2142
MicroLogix 1400 wor S S
long word 1146 ps 01978 ps

Use the ACl instruction to convert a numeric ASCII string to an integer (word or long word) value.

Entering Parameters

Enter the following parameters when you program this instruction:
« Source - The contents of this location are converted to an integer value.

«  Destination - This is the location that receives the result of the conversion. The data range
is -32,768...32,767 if the destination is a word and -2,147483,648...2,147,483,647 if the
destination is a long word.

Addressing Modes and File Types can be used as shown in Table 151 on page 250.
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Table 151 - ACI Instruction Valid Addressing Modes and File Types®)

Data Files®@ Function Files {\\Ad((jjress Address Level
< |Mode
o
P ter z 2 = | @ =
arame = Elo|& |8 o S| =
o | x< S SIRIe|s|lo|8 S| E
o a (= >< © T ' |0 | S| > 2
S _ s€lalg|g|Blel=|z|2|8|x|a |2 |E|L|E|=|E|E|5
ol—|o|la|lm|lz|lu|B|l«|a|S|lE2la|E|2|E|G|T|a|=S|S|8|2|alE|S5|s|G8|=|3S|m
Source . . .
Destination o | . o | . o | . . . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) The Control data file is the only valid file type for the Control Element.

Instruction Operation

The controller searches the source (file type ST) for the first character from 0..9. All numeric
characters are extracted until a non-numeric character or the end of the string is reached. Action
is taken only if numeric characters are found. The string length is limited to 82 characters. Commas
and signs (+, -) are allowed in the string. However, only the minus sign displays in the data table.

This instruction sets the following math flags in the controller status file:

Controller Status File Math Flags

Math Flag Description
S:0Nn Overflow (V) Flag is set if the result is outside of the valid range.
S:0/2 Zero (2) Flag is set if the result is zero.
S:0/3 Sign (S) Flag is set if the result is negative.
S:5/0 Overflow Trap Flag is set when the Overflow flag (S:0/1) is set.
ASCI Strin Flag is set if the Source string exceeds 82 characters.
S:5/15 Manioul atign Error When S$:5/15 is set, the Invalid String Length Error (1F39H) is written to
P the Major Error Fault Code (S:6).

ACN - String Concatenate Instruction Type: Output

— ACN Execution Time for the ACN Instruction
String Concatenate

Source A ST10:11

: When Instruction Is:
Source B ST10:12
Dest ST10:10 Controller True False
MicroLogix 1400 94852 ps 01982 ps

The ACN instruction combines two ASCII strings. The second string appends to the first and the
result that is stored in the destination.

Entering Parameters

Enter the following parameters when programming this instruction:
«  Source A - The first string in the concatenation procedure.
« Source B - The second string in the concatenation procedure.
« Destination - Where the result of Source A and B is stored.
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Addressing Modes and File Types can be used as shown in Table 152.

Table 152 - ACN Instruction Valid Addressing Modes and File Typest)

Data Files® Function Files {\\Adgress Address Level
< |Mode
o
Parameter = £ =@ °
o o | =< - SI=S(2|8|«|8 =5
- a |z >< | ! Qo | 2 T | o| e
S — slS|a|lge|g8|8le|=Z|2Z|8|le|g |2 |E|2|E|=|5|5|8
o|l—|w = | = Slal< |||l |lBE|ElE|h | o|la|=|Q|8|@e|alE|la|ls|a|=|3|D
Source A . . .
Source B
Destination .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) The Control data file is the only valid file type for the Control Element.

AEX - String Extract

AEX
—— String Extract
Source ST10:0
Index 1
Number 5
Dest ST10:3

Instruction Operation

This instruction executes on a false-to-true rung transition. Source B appends to Source A and the
result is put in the Destination. Only the first 82 characters (0...81) write to the destination. If the
string length of Source A, Source B, or Destination is greater than 82, the ASCII String Manipulation
Error ?it 8):5/15 is set and the Invalid String Length Error (1F39H) writes to the Major Error Fault Code
word (S:6).

Instruction Type: Output

Execution Time for the AEX Instruction

When Instruction Is:
Controller

True False
MicroLogix 1400 10.0290 ps 0.1850 ps

The AEX instruction creates a new string by taking a portion of an existing string and storing it in a
new string.

Entering Parameters

Enter the following parameters when programming this instruction:
« Source - The existing string. The Source value is not affected by this instruction.

« Index - The starting position (1...82) of the string that you want to extract. An index of 1
indicates the leftmost character of the string.

«  Number - The number of characters (1...82) that you want to extract, starting at the indexed
position. If the Index plus the Number is greater than the total characters in the source
string, the Destination string is the characters from the Index to the end of the Source string.

- Destination - The string element (ST) where you want to store the extracted string.
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Addressing Modes and File Types can be used as shown in Table 153.

Table 153 - AEX Instruction Valid Addressing Modes and File Types("

Data Files® Function Files ngress Address Level
< |Mode
o
P ter = £ =@ -
arame = Elo|RB|B i S |«
o o SIS |2 |B|.|8 =5
o a = >< o T || Q| Q2 o | > 8
S - s|€lalelg|elzl=lz=|2|8lalg|2|E|L|E|=|8|E|5
ol |low|la|lm|lzlu|B|l«|a|Z|lE2|la|E|2|E|G|T|a|=|9|8|@|a|lE|la|ls|a|=|S|m
Source . . . .
Index . . . . . .
Number o | . o | . . .
Destination . . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68
(2) The Control data file is the only valid file type for the Control Element.

AHL - ASCIl Handshake Lines

AHL

— Ascii Handshake Lines —CEN >—
Channel 0
AND Mask 0002h |—<C DN >—
OR Mask 0000h
Control R6:2 —CER >—
Channel Status 0000h<
Error 0<

252

Instruction Operation

This instruction executes on a true rung.

The following conditions cause the controller to set the ASCII String Manipulation Error bit (S:5/15):
«  Source string length is less than 1or greater than 82.
« Index value is less than 1or greater than 82.
«  Number value is less than 1or greater than 82.
« Index value greater than the length of the Source string.

The Destination string is not changed in any of the above error conditions. When the ASCII String
Manipulation Error bit (S:5/15) is set, the Invalid String Length Error (1F39H) writes to the Major Error
Fault Code word (S:6).

Instruction Type: Output

Execution Time for the AHL Instruction

When Instruction Is:
Controller

True False
MicroLogix 1400 26.5267 ps 29480 ps

Use the AHL instruction to set or reset the RS-232 Request to Send (RTS) handshake control line for
a modem. The controller uses the two masks to determine whether to set or reset the RTS control
line, or leave it unchanged. You must set the channel configuration to ASCII.

Make sure the automatic modem control that is used by the port does not
conflict with this instruction.

Enter Parameters

Enter the following parameters when programming this instruction:
«  Channel - The number of the serial port being used, 0 or 2.

«  AND Mask - Use the mask to reset the RTS control line. Bit 1 corresponds to the RTS control
line. A value of “2” in the AND mask resets the RTS control line; a value of “0" leaves the line
unchanged.

«  OR Mask - The mask used to set the RTS control line. Bit 1 corresponds to the RTS control
line. A value of “2” in the OR mask sets the RTS control line; a value of 0" leaves the line
unchanged.

« Control - The control data file. See Control Data File on page 242.
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«  Channel Status - Displays the current status (0000...001F) of the handshake lines for the
specified channel. This status is read-only and resides in the .POS field in the control data
file. The following shows how to determine the channel status value. In this example, the

value is 001F.

Channel 145 114 113 |12 | {10 {9 [8 |7 |6 |5 [4 |3 2 |t o

Status Bit

Handshake Reserved -- -- RTS |CTS

Control Li

sting O fofofofofofofofofofop [t ]
0 0 1 F

Channel Stat

AN 88 \ord 2 of the Control Element = 0OTF

« Error - Displays the hexadecimal error code that indicates why the ER bit is set in the
control data file. See ASCII Instruction Error Codes on page 258 for error code descriptions.

Table 154 shows Addressing Modes and File Types that can be used.

Table 154 - AHL Instruction Valid Addressing Modes and File Types)

Data Files® Function Files /’\A’ld((jjress Address Level
o |Mode
o
Parameter = 2 = | @ -
= Elo | B|= . S | =
o | =< o SIS |08 =98 = | S5
T; ClElw|o|aw|B =lalTlolal88]E |2t
y | SN - p— = w — ] o
o vwlolclzlulBl<|o 822 EIRIEIGIEIEIS|SIBIE|2|EIS|IE|E|2]|S|a
Channel . .
AND Mask ° L4 ° . . . . . .
UR Mask A4 . i . . . . 3 .
Control . o .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) The Control data file is the only valid file type for the Control Element.

Instruction Operation

This instruction executes on either a false or true rung. However a false-to-true rung transition is
required to set the EN bit to repeat the instruction.

ARD - ASCIl Read Characters  instruction Type: Output

ARD

—| ASCll Read —CEN >
Channel 0
Dest ST10:4 (DN >~
Control R6:3
String Length 10< —CER >~
Characters Read 0<
Error 0<

Execution Time for the ARD Instruction

When Instruction Is:
Controller

True False
MicroLogix 1400 9.3760 s 17770 ps

Use the ARD instruction to read characters from the buffer and store them in a string. To repeat the
operation, the rung must go from false-to-true.

Entering Parameters

Enter the following parameters when programming this instruction:
«  Channel - The number of the serial port being used, 0 or 2.
« Destination - The string element where you want the characters that are stored.
«  Control - The control data file. See Control Data File on page 242.

«  String Length (LEN) - The number of characters that you want to read from the buffer. The
maximum is 82 characters. If you specify a length larger than 82, only the first 82
characters are read. If you specify 0 characters, LEN defaults to 82. This is word 1in the
control data file.
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«  Characters Read (POS) - The number of characters that the controller moved from the
buffer to the string (0...82). This field is updated during the execution of the instruction and
is read-only. This is word 2 in the control data file.

«  Error - Displays the hexadecimal error code that indicates why the ER bit is set in the
control data file. See ASCII Instruction Error Codes on page 258 for error code descriptions.

Addressing Modes and File Types can be used as shown in Table 155.

Table 155 - ARD Instruction Valid Addressing Modes and File Types(l)

Data Files®@ Function Files /’\\/Idgress Address Level
< |Mode
o
P ter = 2 s |e o
arame = El_lg|g 5 S|
o o | x< e SIS |28« |8 =18
5 gl == olo |8 o <o S E|8 £ Bl2E
(&) S | — | _ == wn |n Q|5 =
ol_lo|lalclzluBl<|o 222 |EI2IEIG|IE|IEIZE|ISB|I8|2|E|S|2|E[2]|3|a
Channel . .
Destination . o .
Control . o .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) The Control data file is the only valid file type for the Control Element.

Instruction Operation

When the rung goes from false-to-true, the Enable bit (EN) is set. When the instruction is placed in
the ASCII queue, the Queue bit (EU) is set. The Running bit (RN) is set when the instruction executes.
The DN bit is set on completion of the instruction.

Once the requested number of characters are in the buffer, the characters move to the destination
string. The number of characters moved is put in the POS field of the control data file. The number
in the POS field is continuously updated and the Done bit (DN) is not set until all characters are

read.
For information on the timing of this instruction, see Timing Diagrams on
page 257.
ARL - ASCII Read Line Instruction Type: Output
ARL ion Ti :
[ ASCll Readi Line N Execution Time for the ARL Instruction
Channel 0 - -
Dest ST105 | <DN > Controller When Instruction Is:
Control R6:4 True False
i ER
Siring Length o< (R > MicroLogix 1400 339900 s 85690 ps
Error 0<

Use the ARL instruction to read characters from the buffer, up to and including the Termination
characters, and store them in a string. The Termination characters are specified via the Channel
Configuration screen.

Enter Parameters

Enter the following parameters when you program this instruction:
«  Channel - The number of the serial port being used, 0 or 2.
« Destination - The string element where you want to store the string.
«  Control - The control data file. See Cantrol Data File on page 242.

«  String Length (LEN) - The number of characters that you want to read from the buffer. The
maximum is 82 characters. If you specify a length larger than 82, only the first 82
characters are read and move to the destination. A length of “0" defaults to 82. This is word
Tin the control data file.

254 Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023



Chapter 21 ASCII Instructions

- Characters Read (POS) - The number of characters that the controller moved from the
buffer to the string (0...82). This field is read-only and resides in word 2 of the control data
file.

«  Error - Displays the hexadecimal error code that indicates why the ER bit is set in the
control data file. See ASCII Instruction Error Codes on page 258 for error code descriptions.

Addressing Modes and File Types can be used as shown in Table 156.

Table 156 - ARL Instruction Valid Addressing Modes and File Types(l)

Data Files® Function Files Qd((}ljress Address Level
o |Mode
P t = 2 =2 =
m —_
arameter = El_ e _ |
i~ o | x< e SI=E|2|5|=]8 =5
S ClE|w|o|lald =lalSlLlalE]|8|2 2|2t
5 | S El=T|= [92] = | B S 5]
o » | o | — 5l<| o |8 l2|2|E|I2|E|G|IT|IS|=S|IQIB|IC|2|E|S|E|8|=2|S |
Channel . .
Destination . o .
Control . o .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) The Control data file is the only valid file type for the Control Element.

ASC - String Search

ASC
String Search
Source ST10:6
Index 5
String Search ST10:7
Result N7:1
o<

Instruction Operation

When the rung goes from false-to-true, the control element Enable (EN) bit is set. When you place
the instruction in the ASCII queue, the Queue bit (EU) is set. The Running bit (RN) is set when the
instruction executes. The DN bit is set on completion of the instruction.

Once the requested number of characters are in the buffer, all characters (including the
Termination characters) move to the destination string. The number of characters moved is stored
in the POS word of the control data file. The number in the Characters Read field is continuously
updated and the Done bit (DN) is not set until all characters are read. Exception: If the controller
finds termination characters before reading is complete, the Done bit (DN) is set and the number of
characters found is stored in the POS word of the control data file.

For information on the timing of this instruction, see Timing Diagrams on
page 257.

Instruction Type: Output

Execution Time for the ASC Instruction

When Instruction Is:
Controller

True False
MicroLogix 1400 8.0844 ps 0.1984 ps

Use the ASC instruction to search an existing string for an occurrence of the source string. This
instruction executes on a true rung.

Entering Parameters

Enter the following parameters when programming this instruction:
« Source - The address of the string you want to find.

« Index - The starting position (1...82) within the search string. (An index of Tindicates the
leftmost character of the string.)

«  Search - The address of the string you want to examine.

«  Result - The location (1...82) that the controller uses to store the position in the Search
string where the Source string begins. If no match is found, result is set equal to zero.
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Table 157 - ASC Instruction Valid Addressing Modes and File Types®)

Addressing Modes and File Types can be used as shown in Table 157.

Data Files®® Function Files {\\Agggess Address Level
(=2
= @ 3
Parameter = S s B
= EI|S|S 3 S|z
o 21z < SIT|5|8 |2 ol|>| 8
< s|Slalc|glelel=lzl=|8|wlg|2|E|E&|E|=|5|5|8
o|l—|vw|m|—=|= Sl |E|2|E|G|T|a|=S|Q|8|2|alE|lad|l=s|s|=|2|m
Source . . o | o . o | o .
Index . . .
Search . .
Result o | o o | o | o . o . .
(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) The Control data file is the only valid file type for the Control Element.
EXAMPLE:
Il ASC
1 F String Search
L0 Source ST38:40
Index 35
Ifinput slot 1, bit 10 is set, search the string in ST52:80 String Search ST52:80
starting at the 36th character, for the string found in Result N10:0
ST38:40. In this example, the position result is stored in
N10:0.
Error Conditions

ASR - ASCII String Compare

ASR
— ASCII String Compare
Source A ST10:8
Source B ST10:9

256

The following conditions cause the controller to set the ASCII Error bit (S:5/15).
«  Source string length is less than 1or greater than 82.
« Index value is less than 1or greater than 82.
« Index value is greater than Source string length.

The destination does not change in any of the above conditions. When the ASCII String Manipulation
Error ?it ()8:5/15) is set, the Invalid String Length Error (1F39H) writes to the Major Error Fault Code
word (S:6).

Instruction Type: Input

Execution Time for the ASR Instruction

When Instruction Is:
Controller

True False
MicroLogix 1400 4.8596 ps 0.2016 ps

Use the ASR instruction to compare two ASCII strings. The controller looks for a match in length and
upper/lower case characters. If two strings are identical, the rung is true; if there are any
differences, the rung is false.

Entering Parameters

Enter the following parameters when programming this instruction:
« Source A - The location of the first string used for comparison.
»  Source B - The location of the second string used for comparison.
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Addressing Modes and File Types can be used as shown Table 158.

Table 158 - ASR Instruction Valid Addressing Modes and File Types®

Data Files® Function Files {\\Ad((jjress Address Level
- |Mode
o
Parameter = 2 = | e °
o o | =< - SIE|olg|=|8 =|5
- o ~ =< 1 ! (&S] = o o | £
S s|ISalg|g|8le|l=Z|2|8|lwx|g|2|E|E|E|=|S|5|2
ol—|w|la|lm|lzlu|B|l<|oa|ZE|lElE |28 |h|T|xa|=|9|8|@|a|lE|la|lf|a|=|2 T
Source A . . .
Source B . . .

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68

(2) The Control data file is the only valid file type for the Control Element.

Timing Diagrams

Rung condition

Enable bit (EN)

Queue bit (EU)

Running bit (RN)
NOTE: The RN bit is not addressable via the Control () file.

Done bit
Error bit
(DN or ER)

1. Rung goes true.
2. Instruction successfully queued.
3. Instruction execution complete.

4. Instruction scanned for the first time after execution is complete.

5. Rung goes false.
6. Instruction execution starts.

In-line Indirection

Instruction Operation

I the string length of Source A or Source B exceeds 82 characters, the ASCII String Manipulation
Error bit (S:5/15) is set and the rung becomes false.

Figure 12 - Timing Diagrams for ARD, ARL, AWA, and AWT Instructions

ON ‘ “4'

OF— | |
|
|
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\
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|
\
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\
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\
\ \
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In-line indirection allows you to insert integer and long word values into ASCII strings. You must set
the Running bit (RN) before you can use the string value.

The following conditions apply to performing in-line indirection:
« Al valid integer (N) and long word (L) files can be used.
«  File types are not case sensitive and can include either a colon (:) or semicolon (;).

- Positive value symbol (+) and leading zeros are not printed. Negative values (-) are printed
with a leading minus sign. Commas are not inserted where they would normally appear in
numbers greater than one thousand.

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023 257



Chapter 21

ASCII Instructions

ASCII Instruction Error

EXAMPLE:

For the following examples:
N7:0=25

N7:1=-37

19:0 = 508000

9:1=5

Valid in-line indirection:

Input: Flow rate s currently [N7:0] liters per minute and contains [L9:0] particles per liter
contaminants.

Output: Flow rate is currently 25 liters per minute and contains 508,000 particles per liter

contaminants.

Input: Current position is [N7:1] at a speed of [L9:1] RPM.

Output: Current position is -37 at a speed of 5 RPM.

Invalid in-line indirection:

Input: Current position is [N5:1] at a speed of [L9:1] RPM.

Output: Current position is [N5:1] at a speed of 5 RPM.

Truncation occurs in the output string if the indirection causes the output to
exceed 82 characters. The appended characters are always applied to the

output.

In Table 159 the error codes indicate why the Error bit (ER) is set in the control data file.

Codes

Table 159 - ASCII Instruction Error Codes

Error Code - .

- - Description Recommended Action

Decimal Hexadecimal

0 0x00 No error. The instruction completed successfully. None Required.

3 0x03 lTOhsft: transmission cannot be completed because the CTS signal was Check the modem and modem connections.
While attempting to perform an ASCII transmission, a conflict with the . .

b 0x05 configured communications protocol was detected. Reconfigure the chiannel and retry operation.
The instruction cannot be executed because the communications ) .

7 2 channel has been shut down via the channel configuration menu. Reconfigure the channel and retry operation.
The instruction cannot be executed because another ASCII i

8 0x08 transmission is already in progress. Resend the transmission.
Type of ASCIl communications operation requested is not supported . .

9 0x09 by the current channel configuration. Reconfigure the channel and retry operation.

10 0x0A The unload bit (UL) is set, stopping instruction execution. None required.

1 0x0B The requested number of characters for the ASCII read was too large Enter a valid string length and retry operation.
or negative.
The length of the Source string is invalid (either a negative number or A -

12 0x0C a number greater than 82). Enter a valid string length and retry operation.
The requested length in the Control field is invalid (either a negative . .

13 0x0D number or a number greater than 82). Enter a valid length and retry operation.

14 0x0E Execution of an ACL instruction caused this instruction to close. None required.
Communications channel configuration was changed while .

b 0x0F instruction was in progress. None required.
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ASCII Character Set

Table 160 - Standard ASCII Character Set

Table 160 lists the decimal, hexadecimal, octal, and ASCII conversions.

Column 1 Column 2 Column 3 Column 4

Ctl-  |DEC HEX ocT ASC DEC HEX ocT ASC DEC HEX ocT ASC DEC HEX ocT ASC
r@ 00 00 000 NIL |32 20 040 P 64 40 100 @ 96 60 140 \
A 01 01 001 SOH 33 2 041 ! 65 4 101 A 97 Bl 141 a
"B 02 02 002 STX 34 2 042 " 66 ) 102 B 98 62 142 b
AC 03 03 003 ETX 35 23 043 # 67 43 103 C 99 63 143 c
"D 04 04 004 EQT 36 % 044 $ 68 44 104 D 100 B4 144 d
AE 05 05 005 ENQ 37 25 045 % 69 45 105 E 101 85 145 e
AR 06 06 006 ACK 38 26 046 & 70 46 106 F 102 66 146 f
G 07 07 007 BEL 39 27 047 ' 7 47 107 6 103 67 147 g
" 08 08 010 BS 40 28 050 ( 72 48 10 H 104 68 150 h
N 09 09 011 HT 4 29 051 ) 73 49 m | 105 69 151 i
AJ 10 0A 012 LF ) 2A 052 * 74 4A m J 106 BA 152 j
K m 0B 013 VT 43 28 053 + 75 4B 13 K 107 6B 163 k
AL 12 0c 014 FF 44 2 054 , 76 4C 14 L 108 6C 154 |
M 13 0D 015 CR 45 2 055 - 71 4D 115 M 109 6D 155 m
N 14 0E 016 S0 46 2k 056 ) 78 4E 116 N 10 6E 156 n
| 15 OF 017 3l 47 oF 057 / 79 4F 17 0 m BF 157 0
Ap 16 10 020 DLE 48 30 060 0 80 50 120 p m 70 160 P
) 17 n 021 DC! 49 3 061 1 81 51 121 0 13 71 161 q
"R 18 12 022 DC2 50 3 062 2 82 52 122 R 14 72 162 r
Ag 9 13 023 DC3 51 33 063 3 83 53 123 S 15 73 163 s
AT 20 14 024 DC4 52 3 064 4 84 54 124 T 116 74 164 t
N 21 15 025 NAK 53 35 065 5 85 55 125 u 7 75 165 u
Y 22 16 026 SYN 54 36 066 6 86 56 126 v 18 76 166 v
AW 23 17 027 ETB 55 37 067 7 87 57 127 w 119 77 167 W
AX 2% 18 030 CAN 56 38 070 8 88 58 130 X 120 78 170 X
Ay 25 19 031 EM 57 39 071 9 89 59 131 y 121 7 m y
A7 26 1A 032 SUB 58 3A 072 : 90 5A 132 z 122 7A m z
N 27 B 033 ESC 59 3B 073 : 9 58 133 [ 123 7B 173 {
M 28 1 034 FS 60 3 074 < 92 5C 134 \ 124 7C 174 |
Al 29 D 035 GS Bl 3D 075 = 93 5D 135 ] 125 7D 175 }
AN 30 1E 036 RS 62 3E 076 > 94 5E 136 A 126 7E 176 ~
A 3 3 037 us 63 3F 077 ? 95 5F 137 - 127 F m DEL

The standard ASCII character set includes values up to 127 decimal (7F hex). The MicroLogix 1400
controller also supports an extended character set (decimal 128...255). However, the extended

character set may display different characters depending on the platform you are using.

Decimal values 0...31 are also assigned Ctrl- codes.
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Notes:
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Messaging Overview

Communications Instructions

This chapter contains information about the Message (MSG) and Service Communications (SVC)
communication instructions.

The communication instructions read or write data to another station.

Instruction Used To: Page
Interrupt the program scan to execute the service communications part of the

SVC operating cycle. The scan then resumes at the instruction following the SVC 262
instruction.

MSG Transfer data from one device to another. 263

The communication architecture is composed of three primary components:
« Ladder Scan
«  Communications Buffers
«  Communication Queue

These three components determine when the controller transmits a message. For a message to
transmit, it must be scanned on a true rung of logic. When scanned, the message and the data
defined within the message (if it is a write message) are placed in a communication buffer. The
controller continues to scan the remaining user program. The message is processed and sent out
of the controller via the communications port after the ladder logic completes, during the Service
Communications part of the operating cycle, unless an SVC is executed.

If a second message instruction is processed before the first message completes, the second
message and its data are placed in one of the three remaining communication buffers. This
process repeats whenever a message instruction is processed, until all four buffers are in use.

When a buffer is available, the message and its associated data are placed in the buffer
immediately. If all four buffers for the channel are full when the next (fifth) message is processed,
the message request, not the data, is placed in the channel's communications queue. The queue is
a message storage area that keeps track of messages that have not been allocated a buffer. The
queue operates as a first-in first-out (FIFO) storage area. The first message request that is stored
in the queue is the message that is allocated a buffer as soon as a buffer becomes available. The
gueue can accommodate all MSG instructions in a ladder program.

When a message request in a buffer is completed, the buffer is released back to the system. If a
message is in the queue, that message is then allocated a buffer. At that time, the data associated
with the message is read from within the controller.

If a message instruction was in the queue, the data that is sent out of the
controller may be different than what was present when the message
instruction was first processed.

The buffer and queue mechanisms are completely automatic. Buffers are allocated and released
as the need arises, and message queuing occurs if buffers are full.
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SVC - Service
Communications

SVC
—— Service Communications
Channel Select

262

The controller initiates read and write messages through available communication channels when
configured for the following protocols:

« DH-485

«  DF1full-duplex

+  DFThalf-duplex master
«  DF1half-duplex slave

+ DFlradio modem

«  Modbus RTU master

o Ethernet

For a description of valid communication protocols, see Knowledgebase Quick Starts on page 437.

Instruction Type: Output

Execution Time for the SVC Instruction

-0
Controller When Rung Is:
True False
39.8260 ps (CHO) 01933 ps (CHO)
MicroLogix 1400 59042 s (CH1) 0.1857 ps (CH1)
36.5800 pis (CHO & CH1) 0.1774 ps (CHO & CH1)

(1) This value for the SVC instruction is for when the communications servicing function is accessing a data file. The time
increases when accessing a function file.

Under normal operation the controller processes communications once every time it scans the
control program. If you require the communications port to be scanned more often, or if the ladder
scan is long, you can add an SVC (Service Communications) instruction to your control program.
Use the SVC instruction to improve communications performance/throughput, but it also causes
the ladder scan to be longer.

Place the SVC instruction on a rung within the control program. When the rung is scanned, the
controller services any communications that must take place. You can place the SVC instruction on
a rung without any preceding logic, or you can condition the rung with a number of
communications status bits. Table 161 shows the available status file bits.

The amount of communications servicing performed is controlled by the
Communication Servicing Selection Bits (CSS) and Message Servicing Selection
Bits (MSS) in the Channel Communication Configuration File. See Communication
Servicing Selection and Message Servicing Selection on page 271 for more
information.

For best results, place the SVC instruction in the middle of the control program. You may not place
an SVC instruction in a Fault, DII, STI, or 1/0 Event subroutine.

Channel Select

When using the SVC instruction, you must select the channel to be serviced. The channel select
variable is a one-word bit pattern that determines which channel is serviced. Each bit corresponds
to a specific channel. For example, bit 0 equals channel 0. When any bit is set (1), the corresponding
channel is serviced.

Channel Select Setting

Controller Channel Select Setting Channels Serviced
Th Channel 0
2h Channel 1

MicroLogix 1400

ierorogx h Channel2
Th All Channels
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MSG - Message

MSG
Read/Write Message
MSG File MG9:0

Setup Screen

-

EN
DN
ER

s
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Communication Status Bits

The following communication status bits allow you to customize or monitor communications
servicing. See General Channel Status Block on page 51 for additional status information.

Table 161 - Communication Status Bits

Address Description

Channel 0 Channel 1

CS0:4/0 ES:4/0 ICP - Incoming Command Pending

CS0:4/1 ES:4/1 MRP - Incoming Message Reply Pending
CS0:4/2 ES:4/2 MCP - Outgoing Message Command Pending
CS0:4/4 CAB - Communications Active Bit

Application Example

The SVC instruction is used when you want to execute a communication function, such as
transmitting a message, before the normal service communication portion of the operating scan.

‘ CS0:4 SVC
0000 1 £ Service communications
MCP channel select 0001h

You can place this rung after a message write instruction. CS0:4/MCP is set when the message
instruction is enabled and put in the communications queue. When CS0:4/MCP is set (1), the SVC
instruction is evaluated as true and the program scan is interrupted to execute the service
communication’s portion of the operating scan. The scan then resumes at the instruction following
the SVC instruction.

The example rung shows a conditional SVC, which is processed only when an outgoing message is
in the communications queue.

You may program the SVC instruction unconditionally across the rungs. This is
the normal programming technique for the SVC instruction.

Instruction Type: Output

Execution Time for the MSG Instruction

- When Rung Is:
Controller Rung Condition
True False
Steady state true 2.5670 ps 0.7310 ps
MicroLogix 1400 | False-to-true transition for reads 48.1677 s 0.8510 ps
False-to-true transition for writes 58.8510 ps 09177 ps

Any preceding logic on the message rung must be solved true before the message instruction can
be processed.

Figure 13 - Example Message Instruction

B3:0 MSG
0000 =1 [ Read/write message e
C MSGfile  MGLLO  |=bb—
Setup screen
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If B3:0 is on (1), the MSG rung is true, and MG11:0 is not already processing a message; then MG11:0
is pracessed. If one of the four buffers is available, the message and its associated data are
processed immediately.

How quickly the message is sent to the destination device depends on a number
of issues, including the selected channel's communication protocol, the baud
rate of the communications port, the number of retries needed (if any), and the
destination device's readiness to receive the message.

The Message Element The MSG instruction that is built into the controller uses an MG data file to process the message
instruction. The MG data file, which is shown at left, is accessed using the MG prefix. Each message
CHIESIRHES =)=l instruction uses an element within an MG data file. For example, MG11:0 is the first element in
243 Data Fies =l message data file 11.
B Cross Reference
[ co-auTPUT
-0 n-meut Message File Sub-elements
[ =2-sTATUS
[ Ba- BINARY
[ T4- TiMER Each MSG instruction must use a unique Element in an MSG File. The MSG element for each MSG
..[ ©5- cOUNTER instruction holds all parameters and status information for that particular MSG instruction.
- R&- CONTROL
[ w7 - INTEGER Each MSG File Element consists of sub-elements 0...24 as shown in Table 162.
- mzid =l

Table 162 - Message File Elements

Sub-element |Name Description Parameter |Size User Program Access(!)
0..1 Reserved Word  |Read-only
2 Messaging Type: O (for PCCC), 1 (for CIP™), 2 (for Modbus Master) Word  |Read-only
For PCCC Messaging: bits 07-00 (Cmd code), bits 15-08 (FNC code)
3 For CIP: bits 07-00 (Service Code), bits 15-08 (Supplemental Object Path Data Count) Derived Word  |Read-only
For Modbus Master: bits 07-00 (Function Code), bits 15-08 (Reserved)
4 MGT1:0.1A Internal Physical Address Word  |Read-only
. PCCC: Remote Bridge Link ID ]
5 MG11:0.RBL Modbus Master: not used Y Word  |Read-only
. PCCC: Local Bridge Node Address -~
6 MGT1:0.LBN Modbus Master: not used Y Word  |Read-only
. PCCC: Remote Bridge Node Address ~
7 MG11:0.RBN Modbus Master not used Y Word  [Read-only
. Channel: bits 07-00 (0 for Channel 0, 1for Channel 1) .
8 MG11:0.CHN Slot: bits 15-08 (Not used) Y Word  |Read/write
9 MG11:0.NOD Target Node Number Y Word  [Read/write
10 MG11:0.MTO Message timeout setting or preset in seconds Y Word  [Read/write
) PCCC: Number of bytes to read/write )
L MG11:0.NB Modbus Master: Number of Modbus elements to read/write Word | Read-only
12 MG11:0.TFT Y Word  |Read-only
13 MG1:0.TFN Y Word Read/write
Target Location information - See Table 164 on page 265 for options.
m MGTIOELE arget Location information - See Table 164 on page 265 for options Y Word  Read/write
15 Y Word  |Read-only
16 Control bits - See Table 167 on page 266 for details. N 16-bits  |Read/write
17 Status bits and Range parameter - See Table 168 on page 266 for details. Mixed 16-bits | Read-only
18 MG11:0.ERR Error code - See Error Codes Table 177 on page 310. N Word  |Read-only
19 Time since message started in seconds N Word  [Read-only
20 Reserved Word  [Read-only
21 Internal message start time in seconds N Word  |Read-only
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Table 162 - Message File Elements (Continued)

Sub-element |Name Description

Parameter

Size

User Program Access(!)

Bits 15-08: Internal ERR Error Code

Bits 07-00: Internal Fail Code

Note: When CIP subsystem cannot send a message due to some reason or reply contains
error code, error code is displayed via MSG instruction. When messaging through CIP
communication and nonzero Status Code was received, the low byte is OxEQ and the high
22 byte of this sub-element contains detailed Status Code returned by CIP reply for
MicroLogix 1400 controllers.

Note: When SMTP subsystem cannot send an email due to some reason, error code is
shown via MSG instruction. When messaging through SMTP communication and the low
byte is 0xDD, the high byte of this sub-element contains detailed Fail Code returned by the
SMTP subsystem for MicroLogix 1400 controllers.

Word

Read-only

23 Extended Status Error Code from expansion I/0 communications module. - - -
21 Supplemental Routing Path Data Address: _ _ _
bits 7-0: Starting Element, bits 15-8: File Number

(1) User access refers to user program access (MSG File word or bit used as an operand for an instruction in a ladder program) or access via Comms while in any mode other than download (via

Programming Software or Memory Module).
(2) Channel 1only. See the Routing Information File on page 288.

The Target file information that is contained in sub-elements 12...15 of the MSG File Element depend
upon the message type, as shown in Table 163 to Table 166.

Table 163 - Message File Target Location Information

Target Device = 485 CIF

Sub-element Name Description Parameter Size User Program Access
12 MGT:0.TFT Reserved Y Word Read-only
13 MG1:0.TFN Target File Number Y Word Read/write
14 MG11:0.ELE Offset in elementsinto CIF | Y Word Read/write
15 Reserved Y Word Read-only
Table 164 - Message File Target Location Information
Target Device = 500CPU or PLC
Sub-element Address Description Parameter Size User Program Access
12 MGT1:0.TFT Target File Type Y Word Read-only
13 MGT1:0.TFN Target File Numb” Y Word Read/write

Target File Element Number

] forB,S,N,F, T.C, R, L, ST, i

14 MG11:0.ELE and RIC files; or Target Fle Y Word Read/write

Slot Number for 0 and | files.

Target File Element Number

for 0 and I files.
1 Set to zero for any file other Y Word Read-only

than O or I.
(1) The file number for RTC function files is set to O by the programming software.
Table 165 - Message File Target Location Information
Target Device = Modbus Device
Sub-element Name Description Parameter Size User Program Access
12 MGT:0.TFT starting bit address for coils and inputs |Y Word Read-only
13 MG1:0.TFN Modbus Target Data Address - 1 Y Word Read/write
14 MG11:0.ELE Reserved Y Word Read/write
15 Reserved Y Word Read-only
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Table 166 - Message File Target Location Information

Target Device = CIP Generic

Sub-element Name Description Parameter Size User Program Access
12 MGT:0.TFT Target Class Y Word Read-only
13 MGT1:0.TFN Target Instance Y Word Read/write
14 MGT1:0.ELE CIP Send Data Count Y Word Read/write
Internal Physical Address of CIP Send Data i
b Table Address operand Y Word Read-only

Control Bits, sub-element 16, of the MSG File Element are defined in Table 167:

Table 167 - Message File Sub-element 16 - Control Bits

Bit Address Description Parameter Size User Program Access
Enable
15 MG11:0.0/EN 1=MSG enabled N Bit Read/write
0=MSG not enabled
9.4 Reserved N Bit Read/write
Time Out
8 MG11:0.0/T0 1=MSG time out by user N Bit Read/write
0=no user MSG time out
1.7 Reserved N Bit Read/write
Unconnected Message
. For Channel 1, . .
1 ML11:0.0/UC 1=Unconnected type N Bit Read/write
0=Connected type
Break Connection
. For Channel 1, . .
0 MG11:0.0/BK 1=MSG Connection closed by user N Bit Read/write
0=MSG Connection not closed by user
Status Bits, sub-element 17, of the MSG File Element are defined in Table 168.
Table 168 - Message File Sub-element 17 - Status Bits
. - . User Program
Bit  |Address Description Parameter Size ACCESS
15 Reserved N Bit Read-only
Start:
. 1=MSG transmitted and acknowledged by - -~
14 MG11:0.0/ST target device N Bit Read-only
0 = MSG has not been received by target
Done
13 MG1:0.0/DN 1=MSG completed successfully N Bit Read-only
0 = MSG not complete
Error
12 MG1:0.0/ER 1=Error detected N Bit Read-only
0= No error detected
1 Reserved N Bit Read-only
Enabled and Waiting:
10 MG11:0.0/EW 1=MSG Enabled and Waiting N Bit Read-only
0=MSG not Enabled and Waiting
1.9 Reserved N Bit Read-only
For PCCC Messaging:
i Range (1 = Local, 0 = Remote) ! )
0 MG11:0.0/R For Modbus Messaging: Y Bit Read-only
Range (1= Local)
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Control Bits Parameters

Figure 14 - Channel 0 Setup Screen
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Figure 15 - Channel L Setup Screen
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Exror Divscription
Ho emces
Ignore if Timed Out (TO)
Address Data Format Range Type User Program Access
MG1:0/T0 Binary On or Off Control Read/write

The Timed Out Bit (T0) can be set in your application to remove an active message instruction from
processor control. You can create your own timeout routine by monitoring the EW and ST bits to
start a timer. When the timer times out, you can set the T0 bit, which removes the message from
the system. The controller resets the TO bit the next time the associated MSG rung goes from false
to true.

An easier method is to use the message timeout variable described in Message Timeout on

page 279, because it simplifies the user program. This built-in timeout control is in effect whenever
the message timeout is nonzero. It defaults to 5 seconds for channel 0, so unless you change it, the
internal timeout control is automatically enabled.

When the internal timeout is used and communications are interrupted, the MSG instruction will
time out and error after the set period of time expires. This allows the control program to retry the
same message or take other action, if desired.

To disable the internal timeout control, enter zero for the MSG instruction timeout parameter. If
communications are interrupted, the processor waits indefinitely for a reply. If an acknowledge
(ACK) is received, indicated by the ST bit being set, but the reply is not received, the MSG instruction
appears to be locked up, although it is actually waiting for a reply from the target device.
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Address Data Format Range Type User Program Access

MG1:0/EN Binary On or Off Control Read/write

The Enable Bit (EN) is set when rung conditions go true and the MSG is enabled. The MSG is enabled
when the command packet is built and put into one of the MSG buffers, or the request is put in the
MSG queue. It remains set until the message transmission is completed and the rung goes false.
You can MSG instruction with true rung conditions on the next scan.

IMPORTANT Do not set this bit from the control program.

Enabled and Waiting (EW)
Address Data Format Range Type User Program Access
MG1:0/EW Binary On or Off Status Read-only

The Enabled and Waiting Bit (EW) is set after the enable bit is set and the message is in the buffer
(not in the queue) and waiting to be sent. The EW bit is cleared after the message has been sent
and the processor receives acknowledgment (ACK) from the target device. This is before the target
device has processed the message and sent a reply.

Error (ER)
Address Data Format Range Type User Program Access
MG1:0/ER Binary On or Off Status Read-only

The Error Bit (ER) is set when message transmission has failed. An error code is written to the MSG
File. The ER bit and the error code are cleared the next time that the associated rung goes from
false to true.

Done (DN)
Address Data Format Range Type User Program Access
MG11:0/DN Binary On or Off Status Read-only

The Done Bit (DN) is set when the message is transmitted successfully. The DN bit is cleared the
next time that the assaciated rung goes from false to true.

Start (ST)
Address Data Format Range Type User Program Access
MG1:0/ST Binary On or Off Status Read-only

The Start Bit (ST) is set when the processor receives acknowledgment (ACK) from the target device.
The ST bit is cleared when the DN, ER, or TO bit is set.

The DF1 Radio Modem and Modbus RTU Master protocols do not have acknowledgments. When the
channel that the MSG instruction is being initiated on is configured for either of these two drivers,
the Start Bit (ST) is set when the message has been successfully transmitted.

UnConnected(UC)
Address Data Format Range Type User Program Access
MGN:0/UC Binary On or Off Control Read/write

When the Unconnected hit is set, an unconnected type message is generated whenever that
EtherNet/IP MSG instruction is triggered. When unconnected Ethernet/IP messaging is used, there is
no establishment process of CIP 3 connection (Forward Open, Forward Close, and so on). This is
useful for slow networks to minimize traffic (for example, through cellular modems).
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Timing Diagram for the MSG
Instruction

Break Connection (BK)

Address Data Format Range Type User Program Access

MG11:0/BK Binary On or Off Control Read/write

When the Break bit is set, the Ethernet TCP connection will be closed after the MSG instruction has
completed. If cleared to 0, the Ethernet TCP connection will remain connected after the MSG
instruction has completed. If set to 0 value, the Ethernet/IP connection remains even if the MSG
instruction sent successfully.

This section describes the timing diagram for a message instruction.

Figure 16 - Timing Diagram

(5) Target node processes packet
successfully and returns data (read) or
acknowledges receipt (write).

1) Rung b true.
(1 Rung becomes true (3) Target node receives packet.

now e 5 6
1 I I
EN O ‘ I (R S
| | o
1 o
EW O | —
| I o
1 | I | |
ST O ' '
] 1 o
1 | | _
| | |
DN O t t I
| | o
1 1 1 o
ER 0 1 1 1 1
| | o
o 5

If there iis room in any of the four active message buffers when the MSG rung'becbmes true
and the MSG is scanned, the EN and EW bits for this message are set. If this is an MSG write
instruction, the source data is transferred to the message buffer at this time.

Not shown in the diagram - If the four message buffers are in use, the message request is
putin the message queue and only the EN bit is set. The message queue works on a first-in,
first-out basis that allows the controller to remember the order in which the message
instructions were enabled. When a buffer becomes available, the first message in the queue
is placed into the buffer and the EW bit is set (1).

The control program does not have access to the message buffers or the
communications queue.

Once the EN bit is set (1), it remains set until the entire message process is complete and
either the DN, ER, or TO bit is set (1). The MSG Timeout period begins timing when the EN bit is
set (1). If the timeout period expires before the MSG instruction completes its function, the ER
bit is set (1), and an error code (37H) is placed in the MG File to inform you of the timeout
error.

At the next end of scan, REF, or SVC instruction, the controller determines if it should
examine the communications queue for another instruction. The controller bases its
decision on the state of the channel's Communication Servicing Selection (CSS) and Message
Servicing Selection (MSS) bits, the network communication requests from other nodes, and
whether previous message instructions are already in progress. If the controller determines
that it should not access the queue, the message instruction remains as it was. Either the
EN and EW bits remain set (1) or only the EN bit is set (1) until the next end of scan, REF, or
SVC instruction.

If the controller determines that it has an instruction in the queue, it unloads the
communications queue entries into the message buffers until all four message buffers are
full. If an invalid message is unloaded from the communications queue, the ER bit in the MG
file is set (1), and a code is placed in the MG file to inform you of an error. When a valid

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023 269



Chapter 22 Communications Instructions

message instruction is loaded into a message buffer, the EN and EW bits for this message
are set (1).

The controller then exits the end of scan, REF, or SVC portion of the scan. The controller's
background communication function sends the messages to the target nodes specified in
the message instruction. Depending on the state of the CSS and MSS bits, you can service up
to four active message instructions per channel at any given time.

3. If the target node successfully receives the message, it sends back an acknowledge (ACK).
The ACK causes the processor to clear (0) the EW bit and set (1) the ST bit. The target node
has not yet examined the packet to see if it understands your request.

Once the ST bit is set (1), the controller waits for a reply from the target node. The target
node is not required to respond within any given time frame.

If the Target Node faults or power cycles during the message transaction, you
never receive a reply. This is why you should use a Message Timeout value in
your MSG instruction.

4, Step 4is not shown in the timing diagram. If you do not receive an ACK, step 3 does not
occur. Instead, either no response or a negative acknowledge (NAK) is received. When this
happens, the ST bit remains clear (0).

No response may be caused by:

« The target node is not there.

« The message became corrupted in transmission.

« The response was corrupted in response transmission.
A NAK may be caused by:

« Target node is busy.

« Target node received a corrupt message.

« The message is too large.

When a NAK occurs, the EW bit is cleared (0), and the ER bit is set (1), indicating that the
message instruction failed.

5. Following the successful receipt of the packet, the target node sends a reply packet. The
reply packet contains one of the following responses:

« Successful write request.
« Successful read request with data.
« Failure with error code.

At the next end of scan, REF, or SVC instruction, following the target node reply, the
controller examines the message from the target device. If the reply is successful, the DN bit
is set (1), and the ST bit is cleared (0). If it is a successful read request, the data is written to
the data table. The message instruction function is complete.

If the reply is a failure with an error code, the ER bit is set (1), and the ST bit is cleared (0).
The message instruction function is complete.

6. Ifthe DN or ER bit is set (1) and the MSG rung is false, the EN bit is cleared (0) the next time
the message instruction is scanned.

See MSG Instruction Ladder Logic on page 272 for examples using the message instruction.
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Communication Servicing
Selection and Message
Servicing Selection

Figure 17 shows the Channel Configuration dialog for Communication Servicing Selection and
Message Servicing Selection.

Figure 17 - Channel Configuration

Channel Configuration m
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Communication Servicing Selection

Use the checkbox to enhance communication capability. If the checkbox is unchecked,
communication throughput (and scan time) increases.

When Communications Servicing Selection is checked, at the next execution of a Service
Communications (SVC) instruction, I/0 Refresh (REF) instruction, or when it performs
Communications Servicing, whichever occurs first, commands/replies are processed as follows:

«  One incoming channel command
«  One incoming channel message reply
«  One outgoing channel message on the overflow queue

When the Communications Servicing Selection bit is unchecked, at the next execution of a Service
Communications (SVC) instruction, I/0 Refresh (REF) instruction, or when it performs
Communications Servicing, whichever occurs first, commands/replies are processed as follows:

+  One incoming channel command

« (Conditional) If the Message Servicing Selection is clear (not checked) first, all incoming
channel message replies; then all outgoing channel messages on the overflow queue. If the
Message Servicing Selection is set (checked), First the incoming channel message reply;
then one outgoing channel message on the overflow queue.

«  All remaining incoming channel commands
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MSG Instruction Ladder

Logic

0000

0001

0002

272

User-supplied input

Message Servicing Selection

Use this checkbox to enhance communication capability. If this is checked and the Communication
Servicing Selection checkbox is not checked the MSG functionality throughput (and scan time)

increases.

«  When this checkbox is checked, the controller services one outgoing channel MSG
instruction at the next Service Communications (SVC) instruction, I/0 Refresh (REF)
instruction, or when it performs Communications Servicing. When this checkbox is clear
(unchecked), the controller services all outgoing channel MSG instructions at the next
Service Communications (SVC) instruction, I/0 Refresh (REF) instruction, or when it performs

Communications Servicing.

«  The controller applies the Message Servicing Selection (channel) bit when the

Communications Servicing Selection (channel) bit is clear (unchecked).

Enable the MSG Instruction for Continuous Operation

The message instruction is enabled during the initial processor program scan and each time the
message completes. For example, when the DN or ER bit is set.

Message-enable bit

11 MG11.0 B3:0
7 E £ o—
0 EN 0

The message instruction is enabled with each
false-to-true transition of bit B3:0/0

Message Done Bit

B3:0 MSG
1 E Read/Write Message
0 MSG File MG11:0

Setup Screen

EN
DN
ER

MG11:0 B3:0
1 E U>—
DN 0

Message Error Bit
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Local Messages

Enable the MSG Instruction Via User Supplied Input

This is an example of controlling when the message instruction operates. Input I:1/0 could be any
user-supplied bit to control when messages are sent. Whenever [:1/0 is set and message MGT1:0 is
not enabled, the message instruction on rung 0001 is enabled.

Internet (if necessary)
Ethernet switch

8

] O 1

B 1 —
5 Sl
I
MicroLogix 1400 NET-ENI/ENIW MicroLogix 1000 SLC 5/05

DH-485 Network

AIC+

The controller is capable of communicating using local or remote messages. With a local message,
all devices are accessible without a separate device acting as a bridge. Different types of electrical
interfaces may be required to connect to the network, but the network is still classified as a local
network. Remote messages use a remote network, where devices are accessible only by passing or
routing through a device to another network. For more information on remote networks, see Local
Messages on page 273.

Local Networks

The following three examples represent different types of local networks.

EXAMPLE: Local DH-485 Network

PanelView

SLC 5/04

MicroLogix 1000 MicroLogix 1400 MicroLogix 1500
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EXAMPLE: Local DeviceNet Network with DeviceNet Interface (1761-NET-DNI)
DNI - SLC'5/03 with T747-SDN DN PanelView 550

PanelView

DeviceNet Network

MicroLogix 1000 MicroLogix 1400 MicroLogix 1500

EXAMPLE: Local DF! Half-duplex Network

g RS-232 (DF1 half-duplex Protocol)

MicroLogix 1000 MicroLogix 1400 MicroLogix 1500 (slave)
(slave) (slave) SLC 5/04 (slave) SLC 5/03 with 1747-KE
interface module (slave)

Configure a Local Message The rung in 274 shows an MSG instruction that is preceded by conditional logic. Access the
message setup screen by double-clicking Setup Screen.

Figure 18 - MSG Instruction after Conditional Logix

B3:0 MSG
L

0000 4 Read/Write Message EN
0 MSG File MG11:0 DN
Setup Screen ER

Use the RSLogix Message Setup Screen that is shown in Figure 19 on page 275 to configure “This

Controller”, “Target Device”, and “Control Bits". Descriptions of each of the elements follow.
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Figure 19 - RSLogix Message Setup Screen

Paul Wt Masiage |
MG il [, Ty

1. The Edit mark should be
deleted in rung 0 of the ladder T Contioler Contick

Bas
program Charvt: [Tringal ] ekl )
Commmmrsc.sbion Comwardd MNP ot
2. Use blue or gray for the color Dt T Akt | b b (£ [
of the Window title. o n Elmmares 1 EmmER
gl Dice Mrinage tew ]
Maniugs Tewod [5 Bezime Daeteg 511
Dot T i kb 7 ; Maraage Erabled EH} []
Lozl Plosche el ke | i
Lt § Fusmsin L
Emex
Ewis Cindeftion] 0
s Dminpiarn
Ho T

This Controller Parameters

Channel

The MicroLogix 1400 controller supports messaging on all three channels. Channel 0 is the RS-232/
RS-485 port, Channel 1is the Ethernet port and Channel 2 is the RS-232 port.

WS - Rung #2:0 - 7

Goraal |
This Eontroles

Taget Derace
Haarsgs Doaat [T
Dot Tabie Sckbasr: 7
Loral Rioche Balich [eec ] [
Loxcal / emcte | L ocal

If either Channel O (Integral) or Channel 2 (Integral) is selected and that channel is already
configured for Modbus RTU Master, or if Channel 1(Integral, Modbus TCP) is selected, then the next
line with display "Modbus Command.

= Thiz Contraller

Chaninel IEI [Imkeqral) j

Commu R
01 (Integral]
1 (Integral, Modbus TCP]
2 (Integral]
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Communication Command

=2 MSG - Rung #2:0 - ?

General |

This Controller
Channel: [0flntegral)
Communication Cormmand: I_DDCF‘U Read
Data Tahble Address: ;.:_
Size in Elements:

PO
ik T
i p e G rite

Target Device : |PLCE Read

Message Timeout : |BICE yWrite

Data Table &ddress: T2
Lacal Mode Addr (dec): [

Local / Remate & [Cocal

The controller supports six different types of communications commands. If the target device
supports any of these command types, the controller should be capable of exchanging data with
the device. Supported commands include:

Communication Command Types

ggmmg%cation Description Used For

The target device is compatible with and supports the SLC 500 command -

500CPU Read set (all MicroLogix controllers). Reading data
- The target device is compatible with and supports the SLC 500 command -

500CPU Write set (all MicroLogix controllers). Sending data

L85CIF Readm The target device is compatible with and supports the 485CIF (PLC-2®). Reading data

485CIF Write The target device is compatible with and supports the 485CIF (PLC-2). Sending data
g The target device is compatible with and supports the PLC-5 command -

PLC-5 Read set Reading data

PLC-5 Write 12{3 target device is compatible with and supports the PLC-5 command Sending data

(1) See Important note.

IMPORTANT  The Common Interface File (CIF) in the MicroLogix 1100, 1200, 1400, 1500,
and SLC 500 processors is File 9. The CIF in the MicroLogix 1000 controller
is Integer File 7.

Modbus Command
= M5G - Rung #2:0 - 1 (=113
Gerersl |
Thiz Corrolier Corired Rie
. T — geee i trned cut (TOL
B Cnmmard ||:|1 Fiesd Cod Status [Thoooo| j ing Evscution [EW] m
Al W
—W’ 1 R Cod Shahss [hocsnd 2
Gize T Elemends: |02 Resd Ingut Satus [1oooo)]
U3 Fieand Hokdrng egebins: [ 4o Emox ERL [0]
Taigst Device n4 Rﬁﬁill_r_'fu Registers [assnd) Mszage dore [OH]: |“ |
M T i’ 05 'wiite Sirvghe Cod [Dhooacd) .
e T Ut "wiibe Srghe Hegeslen | oo Mesiags Tiandmatteg (ST m
ME Dot A [1-BRR3R) 1ﬁ'w'|h-H|.irh-|'ris ||'|sam| Mestsos Ensbied [ENE
Sk Mo Addimas fdeck LIEW Fieg
) —
Emer
Enoi Codefext O

o Desgaplon

Mo emorg

276 Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023



Chapter 22

Communications Instructions

Modbus Command Types
Modbus Command Used For
01 Read Coil Status Reading bits
02 Read Input Status Reading bits
03 Read Holding Registers Reading words
04 Read Input Registers Reading words
05 Write Single Coil Writing 1bit
06 Write Single Register Writing Tword
15 Write Multiple Coil Writing multiple bits
16 Write Multiple Registers Writing multiple words
Data Table Address
This variable defines the starting address in the local controller. Valid file types for the Data Table
Address are shown:
Message Read Message Write
Output (0)

. Input (I
B (9 S
Timer () Timer (T)
Counter (C) Counter (C)
Control (R) Control (R)
Integer (N) Integer (N)
Floating Point (F)" Floating Point (F){
Long Word (L) Long Word (L)
String (ST) String (ST)
ASCII (A)(Z) ASCI (A)(Z)

Real-time clock (RTC)®

(1) Message Type must be 500CPU or PLC-5. The Local File Type and Target File Type must bath be Floating Point.
(2)  ASCII type not supported by MicroLogix 1400 Series A controllers.

(3) 500CPU write RTC-to-Integer or RTC-to-RTC only.

Only Bit (B) and Integer (N) file types are valid for Modbus Command messages.
Modbus bit commands require a starting bit address for the Data Table Address.

Floating Point (F) and Long (L) file types are valid for Modbus Command
messages for Holding Registers (commands 03, 06 and 16) when Data is

configured for 32 hit.

Size in Elements

This variable defines the amount of data (in elements) to exchange with the target device.

The maximum amount of data that can be transferred via an MSG instruction is 103 words (120
words for Modbus commands) and is determined by the destination data type. The destination data
type is defined by the type of message: read or write.

«  For Read Messages: When a read message is used, the destination file is the data file in the

local or originating processor.

Input, Output, string, and RTC file types are not valid for read messages.

«  For Write Messages: When a write message is used, the destination file is the data file in the

target processor.

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023

271



Chapter 22

Communications Instructions

278

The maximum number of elements that can be transmitted or received are shown in Table 169. You
cannot cross file types when sending messages. For example, you cannot read a timer into an
integer file and you cannot write counters to a timer file. The only exceptions to this rule are that:

» Long integer data can be read from or written to bit or integer files, and
«  RIC files can be written to integer files.

#=Jable 169 s not intended to illustrate file compatibility, only the maximum
.0 number of elements that can be exchanged in each case.

Table 169 - Maximum Number of Elements Transmitted or Received

Message Type File Type Element Size y?éllénn%?\t'iu[;glr)vessage
0,1,B,N,A T-word 103
2-word 51
48SClF TCR Sword |3
oM 42-word 2 (write-only)
0.1,BNA T-word 103
F L 2-word 51
500CPU T.CR 3-word 34
RTC 8-word 1 (write-only)
ST 42-word 2
0.1,BNA T-word 103
pLLS F(U’ L 2-word 51
T 5-word 20
ST 42-word 1
B, N (command 5) T-bit 1
B, N (command 6) T-word 1
Modbus Commands |8/ N T-bit 1820 Modbus bit elements (120 words)
(commands 1, 2, and 15) (Commands 1and 2 are Read-only, 15 is write-only.)
%or\:nmands 3, 4,and 16) mult-register zlegnr;lr?wigltjiss raeglr?;ez glrinl]%ee:r;tg—gﬁﬂl,\,\{grigs\zvrite—only.)

(1) Message Type must be 500CPU or PLC-5. The Local File Type and Target File Type must both be Floating Point.

Target Device Parameters

= MSG - Rung #2:0 - 7

[ Gerwral |
Thia Ceeredier Corired Bies
S vt i ined out (TO
Commurication Commard G005 Fead |
Dista Teble Adess: [ 1 Auaiing Eureution W) 1]
Size in Elements: |1 |
Emox ERL [0]
_» T st Drevios Muzage done [DH). [0 |
Mezzage Timeout : C Mhesiags Tiandratting (ST m
Data TableAddmer [f | Message Enskied (ENE [0 ]
Local Mode Add fdock [
Local / Bemale: (| gcal

Emer

Enoi Codefext O

Eno Desgaplon

Mo eimorn
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Message Timeout

This value defines how long, in seconds, the message instruction has to complete its operation
once it has started. Timing begins when the false-to-true rung transition occurs, enabling the
message. If the timeout period expires, the message errors out. The default value is 5 seconds (2
seconds for Modbus commands). The maximum timeout value is 255 seconds.

Message Timeout for any MicroLogix 1400 controller channel 1 MSG cannot be modified in the
Ethernet Message Setup dialog box. It is assigned by the processor and is determined by adding
the Channel 1 MSG Connection Timeout to the MSG Reply Timeout, then adding 15 seconds. This
value can be modified by changing one or both of the timeout values in the channel configuration
screen for channel 1. The modified message timeout applies to all Ethernet MSG instructions.

MSG timeout for channel 1= MSG Connection Timeout + MSG Reply Timeout + 15 (seconds)

If the message timeout is set to zero, the message instruction will never time out. Set the Time Out
bit (TO =1) to flush a message instruction from its buffer if the destination device does not respond
to the communications request.

Data Table Address/Offset

This variable defines the starting address in the target controller. The data table address is used
for a 500CPU and PLC-5 type messages. A valid address is any valid, configured data file within the
target device whose file type is recognized by the controller. Valid combinations are shown in
Table 170.

Table 170 - Valid Address Combinations

Message Type Local File Type Target File Type
0,1,8,N,FI,L 0,18, B,N,FV L
T T

500CPU and PLC-5 c C
R R
rrct N, RTC

500CPU, PLC-5 and 485 CIF ST ST

(1) Message Type must be 500CPU or PLC-5. The Local File Type and Target File Type must both be Floating Point.
(2)  500CPU write RTC-to-Integer or RTC-to-RTC only.

The data table offset is used for 485CIF type messages. A valid offset is any value in the range
0...255 and indicates the word or byte offset into the target's Common Interface File (CIF). The type
of device determines whether it is a word or byte offset. MicroLogix controllers and SLC processors
use word offset; PLC-5 and Logix processors use byte offset.

Modbus - MB Data Address (L...65536)

Modbus addressing is limited to 16 bits per memory group, each with a range of 1...65,536. There
are four memory groups, one for each function:

«  Coils (addressed as Oxxxx)
- Contacts (Ixxxx)

« Input registers (3xxxx)

«  Holding registers (4xxxx)

Coils and contacts are addressed at the bit level. Coils are outputs and can be read and written.
Contacts are inputs and are read-only.

Input registers and holding registers are addressed at the word level. Input registers are used for
internally storing input values. They are read-only. Holding registers are general purpose and can
be both read and written.

The most significant digit of the address is considered a prefix, and does not get entered into the
MB Data Address field when configuring the message instruction.
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Local Messaging Examples

280

When the message is sent, the address decrements by 1and converts into a 4-character hex
number to be transmitted via the network (with a range of 0-FFFFh); the slave increments the
address by 1, and selects the appropriate memory group based on the Modbus function.

Modbus protocol may not be consistently implemented in all devices. The
Modbus specification calls for the addressing range to start at 1; however, some
devices start addressing at 0.

The Modbus Data Address in the Message Setup Screen must be incremented by
one to access properly a Modbus slave’'s memory, depending on that slave's
implementation of memory addressing.

Local/Slave Node Address

This is the destination device's node number if the devices are on a DH-485, DeviceNet (using
1761-NET-DNI), DF1, or Modbus network.

To initiate a broadcast message on a DH-485, DF1 half-duplex, or DF1 Radio
Modem network, set the local node address to -1.

To initiate a broadcast message on a Modbus network, set the slave node
address to 0. Do not initiate more than one Modbus broadcast message at a
time. When sequentially triggering multiple Modbus broadcast messages, insert
at least 10 ms. delay in between each message.

Local/Remote

This variable defines the type of communications that is used. Always use local when you need
point-to-point communications via DF1 full-duplex or network communications such as Ethernet/
IP, DeviceNet (using 1761-NET-DNI), DF1 half-duplex, or DF1 Radio Modem. For DH-485, use local if
the target node is on the same DH-485 network as this controller, or remote if the path to the target
node goes through one or more communication bridges.

Five examples of local messaging are shown in this section:
«  500CPU message type
«  485CIF message type
«  PLC-5 message type
«  Modbus RTU Message type
«  EtherNet/IP Message type
«  Write Message type with ST data file

A summary of the message instruction configuration parameters is shown in Table 171 on page 281.
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Table 171 - Message Instruction Configuration Parameters

Parameter

Description

This Controller

Channel

|dentifies the communication channel. Channel 0, Channel 1, Channel 1 Modbus TCP, or Channel 2

Communication command
(500CPU, 485CIF, and PLC-5
message types)

Specifies the type of message. Valid types are:
500CPU Read

500CPU Write

485CIF Read

485CIF Write

PLC-5 Read

PLC-5 Write

Modbus command

Specifies the type of message. Valid types are:
« 01Read Coil Status

« 02 Read Input Status

« 03 Read Holding Registers

« 04 Read Input Registers

« 05 Write Single Coil

« 06 Write Single Register

« 15 Write Multiple Coils

« 16 Write Multiple Registers

Data table address

For a Read, this is the starting address that receives data. Valid file types are B, T, C, R, N, F, L, A, and ST (for Modbus
command, B, N, F, and L only).

For a Write, this is the starting address that is sent to the target device. Valid file types are 0,1, B, T, C, R, N, F, L, ST, and
RTC (for Modbus command, B, N, F, and L only).

Size in elements

Defines the length of the message in elements.

« T-word elements; valid size: 1...103.

« 2-word elements; valid size: 1...51.

« 8-word RTC elements; valid size: 1

« 42-word String elements; valid size 1...2

« Timer (500CPU and 485CIF), Counter, and Control elements; valid size: 1...34.
« PLC-5 Timer elements; valid size: 1...20

« Modbus bit elements: 1...1920

« Modbus register elements: 1...120

Target Device

Defines the amount of time the controller waits for the reply before the message errors. A timeout of 0 seconds means

Message timeout that the controller waits indefinitely for a reply. Valid range is from 0...255 seconds.
For a Read, this is the address in the target processor that is to return data. Valid file types are 0,1, S, B, T, C, R N, F. L,
Data table address and ST.

(500CPU and PLC-5 message
types)

For a Write, this is the starting address in the target processor that receives data. Valid file types are 0,1, S, B, T, C, R N,
F. L, ST, and RTC

Data table offset This is the word offset value in the common interface file (byte offset for PLC device) in the target processor, which is to
(485CIF message types) send the data.
MB data address Specifies the Modbus address in the target device. Valid range is from 1...65,536.

Local slave node address

Specifies the node number of the device that is receiving the message. Valid range is 0...31 for DH-485 protocal, 0...254
for DF1 protocal, 0...63 for DeviceNet, or 0...247 for Modbus.

Local/remote

Specifies whether the message is local or remate. (Modbus messages are local only.)
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Example 1 - Local Read from a 500CPU

Message Instruction Setup

= MSG - Rung #2:0 - 7

Drasta Table Addeess: (W70
Size inElements: [10 |

Taigat Device

Message Timeouk: 5

Diata Table Addesr [y7 50
Ll Mode Sddi [deck [
Loeal / Borsmale |

Eno Desgaplon

Mo eimorn

Carirel Bies
Igrwee i tined cut [TOE [0

Auasitieg Eneeution (B[]

Emox ERL [0]

Meszage done (DN [0 |
Mesiags Tiandmatteg (ST m
Mestage Ersbied [ENE [0 ]

Emer

Enoi Codefext O

In this example, the controller reads 10 elements from the target's (Local Node 2) N7 file, starting at
Word N7:50. The 10 words are placed in the controller's integer file starting at Word N7:0. If 5
seconds elapse before the message completes, error bit MGT1:0/ER is set, indicating that the

message timed out.

Table 172 shows valid transfers between file types for MicroLogix messaging.

Table 172 - Valid File Type Combinations

Local Data Types Communication Type Target Data Types
o0 B N, L <> Read/write 0,1,S, BN, L

T <> Read/write T

C <> Read/write C

R <> Read/write R

RTc@ —> Write N, RTC

ST <> Read/write ST

F <> Read/write F

F <> Read/write 485CIF

F <> Read/write F

(1) Output and input data types are not valid local data types for read messages.
(2)  500CPU write RTC-to-Integer or RTC-to-RTC only.
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Example 2 - Local Read from a 485CIF

Message Instruction Setup

= M%G - Rung #2:0 - ¥

Gerers |
This Corirelier Coorirel Bies
e T — oo ned o 101 2
Crmmmirication Command [15500F Fead
Dista Tabbe Addeecs: (N7 Awaitng Execusion (£} 1]
Size in Elemnents: [1n_ |
Emox ERL [0]
Taiget Device Message done (DL [ |
Mezage Timeowt: 15 | Mesags Trananittig (5T1 [0
Dol Tabk Dot Messoge Enatied €N 0]
Lisesad Mo Adde deck
Local / Boemole :
Emer
Enoi Codefext O
Eng Descaplon
Mo st

In this example, the controller reads five elements (words) from the target device's (Local Node 2)
CIF file, starting at Word 20 (or byte 20 for non-SLC 500 devices). The five elements are placed in
the controller’s integer file starting at Word N7:0. If 15 seconds elapse before the message
completes, error bit MGT1:0/ER is set, indicating that the message timed out.

Table 173 shows valid transfers between file types for MicroLogix messaging.

Table 173 - Valid File Type Combinations

Local Data Types Communication Type Target Data Types
UU)‘ |(1), BN, L <> Read/write 485CIF
T <> Read/write 485CIF
C <> Read/write 485CIF
R <> Read/write 485CIF
ST <> Read/write 485CIF

(1) Output and input data types are not valid local data types for read messages.
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Example 3 - Local Read from a PLC-5

Message Instruction Setup

= MSG - Rung #2:0 - 7

Gerersl |
Thiz Corinolier Corired Rie
e (T E— oo ned o 101 2
Crmmurication Command [PLLS Bead
Diste Teble Addkess: (NP0 Auaiing Eureution W) 1]
Size inElements: [10 |
Emon PR 0]
Taiget Device Message done (DL [ |
Measage Timecut: o | Mhesiags Tiandratting (ST m
e — Metage Enited €11
Liwal Miede: e [dec
Loeal / Borsmale |
Emer
Enoi Codefext O
Eno Desgaplon
Mo eimorn

In this example, the controller reads 10 elements from the target device's (Local Node 2) N7 file,
starting at Word N7:50. The 10 words are placed in the controller's integer file starting at Word N7:0.
If 5 seconds elapse before the message completes, error bit MG11:0/ER is set, indicating that the
message timed out.

Valid transfers between file types for MicroLogix messaging.

Table 174 - Valid File Type Combinations

Local Data Types Communication Type Target Data Types
o 0 B N L <> Read/write 0,1,S,BNL

T <> Read/write T

C <> Read/write C

R <---> Read/write R

ST <> Read/write ST

(1) Output and input data types are not valid local data types for read messages.

Example 4 - Configure a Modbus Message for Channel 0 or Channel 2

This section describes how to configure a local message using the Modbus communication
commands. Since configuration options are dependent on which channel is selected, the
programming software has been designed to show the options that are available only for the
selected channel.
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Before configuring the MSG instruction, open the Channel Configuration screen and set the Driver to
Modbus RTU Master. For more information on Channel Configuration, see Modbus RTU Master

Configuration on page 422.

Message Setup Screen

[ —r

"

O & 1F { HeadNirise Bain CEH™
. woore. [N |
" Sabup Seren CER
M |

5 MSG - Rung #2:0 - 7

:i"wml':|
T e Comtieoer Coriied Bits
Charet oo Psed sl DD |
Mol Commannd. [ Resd Holding Negiters [doma) | ) )
Dists Table Addvecs: ann | Aviaiting Eveculion EWE 1]
Sivein Elements: [1 | Das [1RRE |
Ewon [ER: [0
Target Devace Megage done [DMN] |I'I |
Message Tmeous -
M Diokn Ackebess [1-BSB3RE []__ Mestage Crabied [ENE [0 ]
Slawe Mnde Ackdress [deck [§ I
e —
Emer
Ens Codefext 0
Emer Dheseriphion
Ho s

Rung 0 shows a standard RSLogix 500/RSLogix Micro message (MSG) instruction that is preceded
by conditional logic.

1. Access the message setup screen by double-clicking Setup Screen.

2. The RSLogix 500/RSLogix Micro Message Setup Screen appears. This screen is used to
setup or monitor message parameters for This Controller, Target Device, and Control Bits.
Descriptions of each of these sections follow.

This Controller Parameters

If a Channel configured for Modbus Master is selected in the Channel field of the Message Setup
Screen, the following Modbus Command options become available:

+  01Read Coil Status (0xxxx)

« 02 Read Input Status (Txxxx)

« 03 Read Holding Registers (4xxxx)
« 04 Read Input Registers (3xxxx)

« 05 Write Single Coil (Oxxxx)

« 06 Write Single Register (4xxxx)

« 15 Write Multiple Coils (Oxxxx)

« 16 Write Multiple Registers (4xxxx)

Data Table Address

Local file types must be Binary (B) or Integer (N) for Modbus commands. Starting data table address
for coil/input bit commands (1, 2, 5 and 15) require a bit address. Starting data table addresses for
register commands (3, 4, 6 and 16) require a word address.

Size in Elements

Size in elements defaults to “1". For coil/input commands (1, 2, 5 and 15), elements are in bits. For
register commands (3, 4, 6 and 10), elements are in words.

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023 285



Chapter 22

Communications Instructions

286

Target Device

Message Timeout

Message timeout is specified in seconds. If the target does not respond within this time period, the
message instruction generates a specific error. See MSG Instruction Error Codes. The amount of
time that is acceptable should be based on application requirements and network capacity/
loading. A 2-second message timeout is sufficient, as long as only one message is triggered at a
time.

Modbus Data Address (decimal)

The default Modbus Data Address is 1. The Range is 1...65,536.

Slave Node Address (decimal)

The default Slave Node Address is 1. The Range is 0...247. Zero is the Modbus broadcast address
and is only valid for Modbus write commands (5, 6, 15 and 16).

Example 5 - Configure an Ethernet/IP Message

This section describes how to configure a local message when you are use Ethernet
communication channel 1 of the MicroLogix 1400 controller.

I MSG - Rung #2:0 - 7

Leneial | Mlﬂlgpl
This Contioler Contiol Bt
Charentt 1 [integal | Imu{hmnumm
Comnunication Command: [S00CP| Risad ] Breah Conmecton [BEL [1]
T re— Arating Exscuton [EwL [
Siein Elemerts [I__|
Emar [EAE[D]
Tanget Durvices Message done [CHE [0 ]
Mesoge Toeoul: [ 1] Mezange Treamamising (ST [0 |
Diala | dbbe Arbbess: Massage Enabiled [EN [0 |
Local / Renmte: [Local | MubHop  [res |
Foutrgg Indeimastbon FlelRIL [R00 | —
Emoe Code{Hiessf 01
Emor Digscrpbion
Ha emors

Rung 0 shows a standard RSLogix 500/RSLogix Micro message (MSG) instruction that is preceded
by conditional logic.

1. Access the message setup screen by double-clicking Setup Screen.

2. The RSLogix 500/RSLogix Micro Message Setup Screen appears. This screen is used to
setup or monitor message parameters for This Controller, Target Device, and Control Bits.
Descriptions of each of these sections follow.
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This Controller Parameters

Channel

You must select Channel 1(Integral) to use Ethernet pathways for messaging.

= M50 - Rung #2:0 - 7

Gearersl |
This Corirolin Cirirel Biex
Igevcste i tirvvsd ot [T1
Channet 1 [Indegrsl] - f tm
oG rvgran —————J Fiead ek )
AT g Evecution €} 1]
Emoe FER [0 ]
Taiget Device Meszage done (DN [0 |
Message Timeouk: 5 essades Tiandmitiog (ST El
Data Table Addess: [j7.50 Mestage Enabled ENE 0]
Leeal Mode Sddi |deck [2
Loeal / Bormale :
Emor
Enoi Codefext O
Eno Desgaplon
M e

Communication Command

The controller supports seven different types of communication commands. If the target device
supports any of these command types, the controller should be capable of exchange data with the
device. You can use one of the seven kinds of message commands, 500CPU, 485CIF, PLC-5, and CIP
Generic[. See the previous examples for the usage of each command.

= M50 - Rung #2:0 - ¥

Gerersl | MuitHog |

This Corirolin Cirirel Biex
Chores e
Commuricafion Commersd [S30zny Resd =] Brésk Lonnectin (KL o]
Dita Table Addrets: Awitng Execusion (£} 0]
Gize i Elemends: | SO0CFL Wike
4H50F Fmad Emox ERL [0]
Taoet Dot ;n-ggrnﬁ.- Messzage dune DM [0 ]
Mezage Timeout : oy moca Mhesiags Tiandratting (ST m
Dok Table Addiss: | [P Geresic Mestage Ensbied IENE [0]
Local / Bt WhitHng:
Reuting Indmaticn FiefRIT [E100 Emor
Enoi Codefext O
Eno Desgaplon
Mo #mors

Target Device Parameters

Message Timeout

Message Timeout for any MicroLogix 1400 controller channel 1 MSG cannot be madified in the
Ethernet Message Setup dialog box. It is assigned by the pracessor and is determined by adding
the Channel 1MSG Connection Timeout to the MSG Reply Timeout, then adding 15 seconds. This
value can be modified by changing one or both of the timeout values in the channel configuration
screen for channel 1. The modified message timeout applies to all Ethernet MSG instructions.
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Routing Information File

The Routing Information (RI) File stores the path for reaching the destination node. Each RI File
Element consists of sub-elements 0...19 as shown in the following table.

To reach another MicroLogix 1400 controller, an SLC 5/05, a PLC-5E, or a controller connected to
Ethernet via a 1761-NET-ENI, enter the destination IP address.

Routing Information File Element

Sub-element Bit Description

Subtype of Ethernet message:
0 - « 16 (0x10) for normal Multi-Hop MSG

« 17 (0x11) for Remote Multi-Hop MSG for a DH+™ Network
1 - High word of 32-bit target IP address”
2 - Low word of 32-bit target IP address
3 8..15 ASA Service Code

0.7 Internal Object Identifier (I01) size in words (1...5)

4.8 - ASA Internal Object Identifier (101)
9 - ASA Connection Path Size in words (1...8)
10..17 - ASA Connection Paths
18..19 - Reserved for future use - always 0

(1) IPaddress is stored in network byte order (big-endian order). For example, IP address 10.121.30.11is stored as 0x0a791e0b. Then
the IP address is stored as described in Table 175.

Table 175 - IP Address Sub-element

Sub-element Bit Value

. 8..15 0x79 (decimal value: 121)
0.7 0x0a (decimal value: 10)

) 8.15 0x0b (decimal value: 1)
0.7 0xle (decimal value: 30)

Channel 1 Ethernet

In each MSG instruction setup screen, enter in RIx:y for the Routing Information File, where x is an
existing Rl file number or an unused file number, and y is an unused RI element number. Each
Channel 1 Ethernet MSG Instruction must have its own RIx:y. If the RIx:y entered in the MSG setup
screen does not yet exist, then the programming software automatically creates it when the rung is
verified.

Geneal | MuliHop |

Tl Caorili et Conliol Bits
- e s (101
Conmmurecabon Commansd.  [S00CF Fread ] Break Connection [BET [0 |

Dk Table Address: [N7 0 ] Auwsiting Euecufion [E1 0|
Size in Elemeres: |1 | vt ERL 0]
Meszage dune (DN [0 |
Mesiags Tiandmtteg [ST] m
Mestage Ernabled [EH]

Taiget Dawice
Messoge Tmecut: [
Data Tahle Sddinssy

Locd /Remoto : [Local | MulHom  fres |
Foulrg Irformaton FlelRIL [RI10.0 B

Ennt CodefHest 0

Esion D escrapbaon

Mo ediois

In this example, the controller reads 10 elements from the target's N7 file, starting at Word N7:50
using 500CPU Read command. The 10 words are placed in the controller's integer file starting at
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Word N7:0. If 33 secands elapse before the message completes, error bit MG11:0/ER is set,
indicating that the message timed out.

If the target device is another MicroLogix 1400 controller, an SLC 5/05, a PLC-5E, or a controller
connected to Ethernet via a 1761-NET-ENI, then enter in the device's IP address in the “To Address”
column as shown under the Multi-hop tab.

= MSG - Rung #2:0 - 7

Bereral | HultHoo |

Irs = ik Hop Dl = Hewmorye Hop
[Feom Devce | Fiom Posl | T o Auddiess [ype |_'Il.l.l'ul'l.|m
1 b lnci ol g LCharmel 1 [t el Do (sl

For more information on routing through a ControlLogix® gateway, see Configure a Multi-hap
Remote Message on EtherNet/IP Communication Channel on page 295.

If the target device is a ControlLogix, FlexLogix™ or CompactLogix™ controller with an Ethernet
interface, then enter the interface IP address in the first row of the “To Address” column, press the
computer Insert key to add a hop. Select ControlLogix Backplane and enter in the backplane slot
number for the controller (always O for FlexLogix and CompactLogix, 0-16 for ControlLogix) in the
second row of the “To Address” column as shown under the Multi-hop tab.

Gerered Mauting |

|res = fucked Hop Dl = Renmerve Hop
Fiom D | From Pt | Todddas Type | Tohddinss
This Procnses 1 Esneind IP Dnwicm (] 190 168 1 201
CortrolL oy Backplarm Nt 1756 Backobans Siolldect u

If the target device is a ControlLogix controller with a ControlNet® interface, then enter the
interface's IP address of the 1756 EtherNet/IP module in the first row of the “To Address” column,
press the computer's Insert key to add a hop. Select ControlLogix Backplane and enter in the
backplane slot number of the ControlNet Interface module (0-16 for ControlLogix) in the second row
of the “To Address” column as shown below under the Multi-hop tab. Double-click the From Device
under the ControlLogix Backplane and select the 1756-ControlNet Interface. Enter the address of
the ControlNet Interface using 1747-KFC15.

:MSG - MGG : {1 Clamants) =10 =]

Grsgral [ MuliHos ||

Ines = Add Hop Dl = Agmove Hop
Fr?l'l'l Diovice
5 H d k
Em‘ tackplang ?ﬂw (deck:
orbalNet ktedace [P nmﬁ:ma:mb: b
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Example 6 - Configure Local Write Message with ST file

The MicroLogix 1400 controller can use a message instruction to transfer string file data to the
target device (SLC5/0x, 1756-L1).

The following message setup screen is used to send local PLC-5 write to the 1756-L1 via a 1756-
ENBT module. A message read also works.

MSG - MGSD:T : {1 Clamanis)

[EmErsl | MukHop |
— Thits Contrallar ~Canlral Bits ™ -
Channel: Tramall Bgrearm i timad out (TO):
Communic T A T ] Benak Connscion (HE):
[ Dista Tuble Address! [ST00 Fowaiting Execition (EW:
Sizn in Elomnes:
Ervar (ER):
Targin Dipvice Miassagn dond (DN):
Mesrage Timeoot : B Meszage Traremiting (5T):
Data Table Address: [TVO0 | Massage Ensbled (EN):
Local / Remate | [Cocal | Mulifop!  [fag_]
Aouting Informaten FileAD: JEEE | Fror
Ermce Code(tiex): 0
- Ermor Deseription
No emoes

H T Pockwell Auteaatisn wo ENET
[ o]
TELLER Jriactiv: [ .=
Symbok[ 1 |
1 ]
e | _Properias | g | e |

The “rcv_string” tag on the ControlLogix controller is created as a string type and mapped PLC/SLC
mapping table to allow the controller to accept those messages.

fa String Browser - rev_siring x|

Fochwel Audonston Lo ENET] =)=

a*

e

ﬂ

|

R

;I 5T
Posibors 27 Count: 27 of 2 < | Enore 22 |
14 I Carmel Boph I Help I
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Remote Messages

The controller is also capable of remote or off-link messaging. Remote messaging is the ability to
exchange information with a device that is not connected to the local network. This type of
connection requires a device on the local network to act as a bridge or gateway to the other
network.

Remote Networks

DH-485 and DH+ Networks

The illustration below shows two networks, a DH-485 and a DH+ network. The SLC 5/04 processor
at DH-485 node 17 is configured for pass through operation. Devices that are capable of remote
messaging and are connected on either network can initiate read or write data exchanges with
devices on the other network, based on each device's capabilities. In this example, node 12 on
DH-485 is a MicroLogix 1400 controller. The MicroLogix 1400 controller can respond to remote
message requests from nodes 40 or 51 on the DH+ network and it can initiate a message to any
node on the DH+ network.

« The MicroLogix 1000 controller can respond to remote message requests, but it
cannot initiate them.

« The MicroLogix 1400 controller capabilities are the same as the MicroLogix 1200
or MicroLogix 1500 controllers in this example.

This functionality is also available on Ethernet by replacing the SLC 5/04 at DH-485 node 17 with an
SLC 5/05 processor.
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Figure 20 - DH-485 and DH+ Networks

SLC 5/04
DH-485 Network

MicroLogix 1000 MicroLogix 1200 SLC 5/04

DH+ Network Node 19

SLC 5/04

DeviceNet and Ethernet Networks

The illustration below shows a DeviceNet network using DeviceNet Interfaces (1761-NET-DNI)
connected to an Ethernet network using an SLC 5/05. In this configuration, controllers on the
DeviceNet network can reply to requests from devices on the Ethernet network, but cannot initiate
communications to devices on Ethernet.

Figure 21 - DeviceNet and Ethernet Networks

PanelView

SLC5/03 i
. PanelView 550
DeviceNet Network

MicroLogix 1400 MicroLogix 1200 MicroLogix 1500 SLC5/05

Ethernet Network

SLC 5/05 PLC-5E
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Configuring a Remote Remote capability is configured through the RSLogix 500/RSLogix Micro Message Setup screen.

Message
Example Configuration Screen and Network

The message configuration that is shown below is for the MicroLogix 1400 controller at node 12 on
the DH-485 netwaork. This message reads five elements of data from the SLC 5/04 (node 51 on the
DH+ network) starting at address N:50:0. The SLC 5/04 at Node 23 of the DH+ network is configured
for pass thru operation.

g The MicroLogix 1400 controller capabilities are the same as the MicroLogix 1200
Q :1:'_},.-‘ or MicroLogix 1500 controllers in this example.

= M50 - Rung #2:0 - 7

Gervrd | buitdop |
Thia Corrolier Coorirel Bies
— Igrvse i mwlmtlﬂ
Crmmmirication Command [SO0CAU Fesd Elr\.e?kI: .uml'DRtm
Drala Table Addezs: [N7.0 At Execuion W 2]
S ElEments (|
] —
Taigel Devica Mesange done (DN [0 ]
Massags Timeout: [B | Maseags Tiansnallng (571 (1]
Diata Table Adchess: [TEETINNN Messarge Ensbie [EN]. [0 ]
Local / Flemate : [Remotn | Mubon:  [res |
Mo ting rdoemation Fie(il} [RIOD | Erot
Fremote Station Addiess (et [R1 ] -
Riernote Dridge Link ;. [100 | et a0
Emgs D poaphion
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Figure 22 - DH-485 and DH+ Example Network

DH-485 Network

LinkID=1

Node 10 AIC+ Node 1 AIC+ Node 12
MicroLogix 1000 MicroLogix 1200 MicroLogix 1400 SLC5/04
DH+ Network Node 23 octal (19 decimal)
Link ID = 100
Node 63 octal (51 decimal) Node 40 octal (32 decimal)
SLC 5/04 PLC-5
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“This Controller” Parameters
See Target Device Parameters on page 278.

“Control Bits” Parameters

See Control Bits Parameters on page 267.

“Target Device” Parameters

Message Timeout

See Message Timeout on page 279.

Data Table Address

See Data Table Address/Offset on page 279.
Local Bridge Address

This variable defines the bridge address on the local network. In the example, DH-485 node 12
(MicroLogix 1400 controller on Link ID 1) is writing data to node 51 (SLC 5/04 on Link ID 100). The SLC
5/04 at node 17 is the bridge device.

This variable sends the message to local node 17.

Remote Bridge Address

This variable defines the remote node address of the bridge device. In this example, the remote
bridge address is set to zero, because the target device, SLC 5/04 at node 63 (octal) is a remote-
capable device. If the target device is remote-capable, the remote bridge address is not required. If
the target device is not remote-capable (SLC 500, SLC 5/01, SLC 5/02, and MicroLogix 1000 Series A,
B and C), the remote bridge address is required.

Remote Station Address

This variable is the final destination address of the message instruction. In this example, integer file
50 elements 0...4 of the SLC 5/04 on Link ID 100 at node 63 (octal) receives data from the
MicroLogix 1400 controller at node 12 on Link [D 1.

Remote Bridge Link 1D

This variable is a user-assigned value that defines the remote network as a number. This number
must be used by any device initiating remote messaging to that network. In the example, any
controller on Link ID 1sending data to a device on Link ID 100 must use the remote bridge link ID of
the pass thru device. In this example, the SLC 5/04 on Link ID1, node 17 is the pass thru device.

Network Link ID

Set the Network Link ID in the General tab on the Channel Configuration screen. The Link D value is
a user-defined number between 1and 65,535. All devices that can initiate remote messages and
are connected to the local network must have the same number for this variable.
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Configure a Multi-hop
Remote Message on

EtherNet/IP Communication

Channel

Channel Conliguralion

Genessl Cranned U | Channed 1 | Channel 2 |

Profocal Conbal

tiw  EICI -| oo
[ incirusl
= 1=am x — ]

" ]

Token Held Facior |

M Kad Addbess |31

e |

Cancel | Help

You can configure a multi-hop remote message in the RSLogix 500 application Message Setup

screen.

Three examples of EtherNet/IP messaging are shown in this section:

« MicroLogix 1400 controller Ethernet to SLC5/04 DH+ via ENET and DHRIO
»  MicroLogix 1400 controller Ethernet to SLC 5/03 DH-485 via ENET, DHRIO, and 1785-KA5

bridge device

«  MicroLogix 1400 controller Unsolicited Write Message to RSLinx via Ethernet
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Network Message Example I

EXAMPLE: MicroLogix 1400 Controller Ethernet to SLC5/04 DH+ Via ENET and DHRIO

In Figure 23 the MicroLogix 1400 controller (CH1 Ethernet) sends a remote message to an SLC 5/04
processor (DH+ Node 51). The remote message passes through an ENET module, a ControlLogix
chassis (Gateway), and a DHRIO module. In order for the message to pass through the network, a
Multi-hop MSG must be configured and a DHRIO Routing table must exist.

Ethernet Hub
EOoEE0E

100.100.115.1
DHRIO Link ID 24

Control Logix Gateway SLC5/04

Backplane [0} @) - [Q\ [0}

LinkID20 [ = in CRARTTT
| g % n o7 I@
— 1 @—-ﬁ]
— A o
— I 0
100100.115.7 | Link

Link 1D 16

Belden 9463 "Blue Hose" cable is used to connect the DH+ devices on the network. Ethernet cable
and an Ethernet hub are used to connect the ENET module and the MicroLogix 1400 controller CH1
Ethernet ports together.

Figure 24 - MicroLogix 1400 Controller CHL Configuration

Channel Conliguralion
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Subnel Mask: | 25525 MR 0
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Dol Do M [
PrvapMamaSanec[ 8 0 0
Secondaplamiees | O 0 0 . O
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[ ADOTFErabls [ DHOP Erstls
F GHMP Sorvss Enatde [ SHTF Chend Eralie
¥ HTTE Serve Enasle
F Aits Magotints
Pt Sing | 100700 Mba Pl Duplecutsl Duples el

Lleas Proevicesd Vash: Pagas
Shartrg [Lata Fils Musbar |0
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Mg Fsply Tevssoud [ TS} | 200
sty Tiwdend b Min] | 30
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DHRIO Routing table creation

To create a DHRIO Routing table, open up RSLinx and under Communication select RSWho.

fie £

¥ Autcherwns
= B] Wirkstslen
B fg Lo Gaboways, Efemet
& #x 48_0F11 DH-858 i

m
G s A8 ETH, Etemet RSLrs  17S50HRAI
oy AD KT, DH-A0S
T i/
O ek gttt RS Lina:

B 0. 1 PS-DR0R. 1TSEDHRAIND 5
75, FLCS20E. LAl 520 LAg_520
o gy AE_ETCA, Confrolel

Fox Hinky, posss F1 ] ] ] | |

Right-click on top of the DHRIO module and a drop-down box opens.

% AS L Gatowsy - RSWhs

Fie [t Vew Conmricsions Sision QOEAOPC Secgly \indm Hel
= &l £18| &l v

BARS

+-ng A_DFL-1. DHA0S (1] ol

# pg AR_ETH-, Frherres ASlire 1 75-0HAL
5 # AB KT, OH-288

- B8

[AD_FT-2. st Highway Phus i

i, fork statean, RSLrs
Y RS TT ™

75.FLC5 | Pemovs AR50
& iy AH_ETEA, G

For Help, press F1

Select Module Configuration.

Select DHRIO Routing Table tab. If no routing table has been created the following should appear.
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1756-DHAID Condigueation

General | DHRIO Aeuing Tabke | Channel Configuiniion |

1TSE-DHAID - Skt &
Ll & < DH= [Larsh, Ursdslwesd]
Channed B - DH# [Link Lrcefieed]

LosdFrom fde | Sevetofie | fesoe Detats]  Repesh

ooy | Hen

[ ] coaenl |

Right-click the Backplane and select Edit Module. Make sure that the Backplane Link ID is set to 20.

Right-click the 1756-DHRI0 module and select Edit Module. Make sure that CH A's Link ID is set for 7
and CH B's Link ID is set for 2. Select OK. Channel B is not necessary.

Right-click the Backplane and select Add Module. Select 1756-ENET.

Enter the correct slot number 2 and Link 1D 16 for the ENET module.

Right-click the 1756-ENET Link ID and select Add Module. Select AB PLC.

Enter the IP address (100.100.115.]) for the destination and then select the Ethernet processor and

its Link ID (24).
The Configuration should now look like Figure 25
Figure 25 - 1756-DHRIO Routing Table Configuration

1756-DHAID Condigueation

Berwral | DI Reuing Table | Charnel Configuiation |

= =
= 1TSEDHRAID - Shot &

Chanel £ - DH+ [Linik, 7]
i Channel B - DH [Link 2]
=-F VREENET - Sk 2
FHET [Link 18]
=] 88 PLC - LP. Addiess 100,100,151
AE FLE |Lrk 24
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Figure 26 on page 299 shows the logic necessary for the MicroLogix 1400 controller.
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Figure 26 - MicroLogix 1400 Controller Logic
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An MSG route must be configured in the Multi-hop tab of the MSG Setup Screen.

Select the Multi-hop tab.

Enter in the IP address of the 1756 ENET module, select ControlLogix backplane, press the Insert
key, and enter in the backplane slot numbers of the DHRIO module (0-16) under the To Address'

fields.
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Select the ControlLogix Backplane to highlight it and press <Insert> to add another hop.

Double-click the From Device under the ControlLogix Backplane and select the 1756-DHRIO.

Make sure that the From Port for the DHRIO module is set for Channel A.

Enter in the destination node address (DH+ octal address of the target processor) under the To

Address.

=10 #
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Note: Make sure that the Target Device Data Table Address exists in the target device.

Network Message Example 2:

EXAMPLE: MicroLogix 1400 Controller Ethernet to SLC 5/03 DH-485 Via ENET, DHRIO, and 1785-KA5

Bridge Device

In Figure 27 the MicroLogix 1400 controller (CH1 Ethernet) sends a remote message to an SLC 5/03

processor (DH+ Node 51). The remote

message passes through an ENET module, a ControlLogix

chassis (Gateway), a DHRIO module, and a 1785-KA5 bridge device. In order for the message to pass
through the network, a multi-hop MSG must be configured and a DHRIO Routing table must exist. It
must route to a DHRIO module onto DH+ through a 1785-KA5 bridge to DH-485. Follow the example

below for the configuration steps.

Figure 27 - MicroLogix 1400 Controller Remote Message to SLC 5/03 Processor
ML 1400

SLC5/03 & KFC
o [

|
& @ o)
=L

Ethernet Hub
pOEEOE

I B

DF1 ) 100.100.115.1
DHRIO Link ID 24
Control Logix Gateway
T o =
= = e
— = g
= = e

100.100.115.7 | T

LinkiD27 (7
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Add a 1785-KA5 Bridge

Routing to a DHRIO module onto DH+ through a 1785KA5 bridge to DH-485. In order for the RSLinx,
RSWho window to browse the DH-485 network you must configure the 1785KA5 bridge in the
ControlLogix Gateway Configuration software (1756gtwy). Follow the example below for the
configuration steps.

To go from a DHRIO module through a 1785-KA5 bridge device to a DH-485 network, the DHRIO
module must be configured using the ControlLogix Gateway Configuration tool. For example, if a
1785-KA5 bridge is on a DH+ network at node 37 and the DH-485 Link ID is 13, complete the
following:

DHRIO Routing table creation
1

Genesl Rouling Tsble | Channel Configuration |

=
= 1 ToE-DHEM - Skt b

Channel A = DHs [Link 3%

Channidl B = DH= [Link 27)

=-Jd DH+ Bridge - Node 37
Baidge [Link 13]

Go to the routing table configuration tab. Right-click on the DHRIO channel being used and select
Add Module. Select the DH+ Bridge. Enter the DH+ node number of the KA (37 in this example), and
the Link ID of the DH-485 (13 in this example). Select Apply.

You can now browse through the KA5 module from RSWho.

= B3 Backplane, 1756=-A7A
= § 00, 1755-L61 LOGI:SEG], MLI100_MSG_TEST
-2 Channel 0, DFI
f§ 00, 1756-L61 LOGIXESE]
- j 06, 1Ts5=0HRIOC, 1756=-DHRIOSC
-2z CH A, Data Highway Plus
00, 1#56=0HAIOAC, VISE=0HAKC
= 12, SLC-5M04, PROC.)
-5 Channel 0, DH-485
= 10, SLC-5/04
—-2% CH B, Data Highway Plus
g‘ 02, 176-DHRIOAC. 1756-DHAK/C
- 31, 1795-KAL
i 25 DH4ES, DH-485
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ML1400 Channel! Configuration

Channel Conliguralion
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The following is the message setup screen for the MicroLogix 1400 controller.
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Fumsone Eridgn Link I Ermst Codidtnal 0

Ha ooy

An MSG route must be configured in the Multi-hop tab of the MSG Setup Screen. Select on the Multi-
hop tab.

p—yT

Enter in the IP address of the 1756 ENET module, select ControlLogix backplane, press the Insert
key, and enter in the backplane slot numbers of the DHRIO module (0-16) under the 'To Address'
fields. Select the ControlLogix backplane to highlight it and press <Insert> to add another hop.
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Double-click the From Device under the ControlLogix backplane and select the 1756-DHRIO. Make
sure that the From Port for the DHRIO module is set for Channel B.

Enter in the destination Link ID (DH+ address of target processor) under the To Address. Press the
Insert key to add another hop. Double-click the From Device and select Remote (DH/DH+/DH-485).
Enter in the destination node address (DH+ octal address of the target processor) under the To
Address.

Note: Make sure that the Target Device Data Table Address exists in the target device.

Network Message Example 3:

EXAMPLE: MicroLogix 1400 Controller Unsolicited Write Message to RSLinx Via Ethernet

To initiate an unsolicited write MSG to RSLinx via EtherNet/IP you must send a remote format
message that includes Source Link ID and address, and Destination Link ID and address.

The MicroLogix 1400 controller can send remote Ethernet messages using EtherNet/IP messages.
The local version of EtherNet/IP messages uses the 0x4B Execute PCCC Service Code, whereas the
remote version must use the Ox4C Execute DH+ Service Code.

The remote Ethernet Message Setup Screen works the same as for a remote DH-485 message. If
you select Remote in the Selectable Local/remote field, two new fields display: Remote Station
Address and Remote Bridge Link ID.

Set up MicroLogix 1400 controller unsolicited MSG communication with OPC client from the RSLinx
side.

«  Remote Bridge Link ID 15 (dec)

«  Remote Station Address 63 (dec)

« Chan1Network LinkID 0

«  Source Station Address 0 (always)

There are four steps that are required to send unsolicited message to RSLinx DDE/OPC client
applications via EtherNet/IP

«  Configure a new DDE/OPC topic in RSLinx for unsolicited data.
«  Configure Remote Routing Configuration.

«  Configure the DDE topic and Item in RSLinx.

«  Configure the MicroLogix 1400 controller MSG instruction.

1. Configure a new DDE/OPC topic in RSLinx for unsolicited data.

In RSLinx, select DDE/OPC menu, then select Topic Configuration. Select new, enter a topic
name, and select OK. The DDE/OPC Topic Configuration dialog appears.

1=
Tnpic List Data Source  Data Collection | Advanced Communicaton |
MLTDLUNSOUICITEDMSS
Processor Tyge: [S7-Cm. =]
Data Colection Mode

™ Polled Messages (mSach
= Uneabeied Meseages
r

™ Sgnd ol undoliched vpdales

Commusiciion Tirs -0t (Seci)
™ U SHmis LLALDOEH DA TARTALA
e L
(-]

F Updats Hotink atie & pokos
™ Oplimize poke packels

r
™ Fail Ungolicingd metaiges i dath will b ovirwritien

Hew | Cone | Delee | dooty | Dore |
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Topic List [ Dita Sourca | Duta Colisction Advanced Commusication |
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2. Configure Remote Routing Configuration after you select Remote Addressing, select

Configure, and select the 1785-KA5 Bridge/5130-KA for the Bridge Device. Select DH+ for the
Remote Network Type and Local ID is set to 15(dec), Local KAS is set to 63(dec). The Remate
ID should match the Network Link ID of the initiating MicroLogix 1400 controller, and must be
unique between controllers initiating unsolicited messages to RSLinx:

xix
Fraface Dttt
Towis Le Dits Beesriw | Dita Coliegsion Achancid Camsusicaten |
ML UNSOLICITEDMES
EREEAd T o coset el Bt e b
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Local i0H{0-255 decimal) [T et 10 (0-05 decimalp: [T .._;..4“..'.“._.] .
| Lical #45 (0-63 ol £ — e | _

Fiamais Mtk 'Ihl.‘lﬁ.n Hegtrwary [Mas (DHe 1 -I

_bew | e | pees | gy | Bew | e |

3. Configure the DDE topic and Item in RSLinx

a. Connect to the RSLinx OPC Server:
loix

Eiw  Server Mew Halo

Dl =17

Fiady | I I
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b. Add a new group:
- RS - OPC Tesd Chent - [~ASLing OPC Seevs oloix
o Bl Serer Group Pem Leg '!Mw 'ﬁ!Mﬂw Helo =18 x|

Dlwig) 5/~

[rsamew Guuwp |
&
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Update fate {mSeck: [T —
T Ban: [T i
X Deadband: [T % Allow Timeed
Bovine [WCornectianPomt (Fey I0 =
I wi TimeStams

Ivll I |
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c. Add a new item:

h-h“
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e e gy T Femars = wR mapeSpEa S Fan E e

d. The “Sub Quality” are “Bad” until an unsolicited message is received:

| mEHIE

,.:5. :.u- Bow Jen Lin Ve Mot [ iR
B MLITXINIOUCT TR T 8 Bad 1 3 nasea

il ] &

| I d

4, Conflgure the ML1400 MSG instruction

ML1400 Channel 1 Network Link ID must be matched with the DDE/OPC Topic Remote ID
configured in step #2 (0, in this example). Also configure a Remote Ethernet MSG in the
ML1400 to Remote Station Address 63 and Remote Link ID 15:
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Channel Conlig
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Trigger MSG instruction. Once complete, an OPC Test Client displays the N7:0 data, and
“Good” Sub Quality:

& M | AL TITAS AT §

] I M
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Configure a CIP Generic The MicroLogix 1400 controller supports CIP Generic messages over Ethernet port. This section
; describes how to configure a CIP Generic message when you are use Ethernet communication
Message Via Ethernet channel 1 of the MicroLogix 1400 controller. The Network Configuration is shown below.

ML 1400

Ethernet Hub
EOEBDEDO®E

10.121.29.144
DHRIO Link ID 24
Control Logix Gateway
LD 20 2l
n = |:|
10.121.29.199
Link ID 16

The RSLogix Message Setup Screen is shown below. This screen is used to configure “This
Controller”, “Target Device”, and “Control Bits". Descriptions of each of the elements follow.

=100 x|
[Gwreeral | MuiMop | Send Data | Receive Duta |
Thih Cesttrillie aftrol B =
Channsl: [TTntegrall Igneen il Srmed oul (TON
= . g [T Carertc 1 Braak Connection ()
[Data Table Addewss (Fecaim): Awaiting Exncution [EW)
in : -
Size in Byws (Recwive) {Sand) B
e Maztage Sane (DN):
Massage Tneeat : [ ] Message Transmising (5T):
Mirigige Ensled (EN)
Local f Rarnots © MokHop:  [Fem ]
Extended Mouting Info File(ARG: Eovee
Sarvce: [Farant (o1 beibte Sngs ] Sevice Code (s | "
Tass s PO (dech: Eeres CadulHisl! 0
Instance (bl [T ] {dec:
Ancbute (hauh [ | (duek:
Ermar Daseription
Mo #merd
= 2100 =]

ma = A Heg [oidl = Narmide Ban
Fram 6 T T s
[k,

“This Controller” Parameters

You must select CIP Generic in Communication Command field. Also the size of bytes (receive or
send) is the length of service data to be sent or received in the message.
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“Target Device” Parameters

Extended Routing Information File

The CIP generic communication command requires an extended routing information file type, RIX,
to store the longer path information for CIP generic message types. Each RIX file Element consists
of sub-elements 0...24 as shown in the following table. To reach another MicroLogix 1400 controller,
an SLC 5/05 processor, a PLC-5E processor, or a controller connected to Ethernet via 1761-ENI,
simply enter in the destination IP address.

Extended Routing Information File Element

Sub-element Bit Description
0 i Subtype of Ethernet Message:
19 (0x13) for CIP Generic MSG

1 - High word of 32-bit target IP address
2 - Low word of 32-bit target IP address
3 15..8 ASA Service

7.0 Internal Object Identifier (I01) size in words (1...5)
4.8 - ASA Internal Object Identifier (101)
9 - ASA Connection Path Size in words (1...15)
10...24 - ASA Connection Paths

Service Type and Service Code

The table below indicates the service (for example, Get Attribute Single or Set Attribute Single) that
you want to perform. Available services depend on the class and instance that you are using. When
you select the drop-down menu on the right of the Service Type box, then a drop-down list with
Custom as the default appears to select one of the service types. Depending on which Service Type
you select, you must fill the Class, Instance, and Attribute field that is represented as “? mark with
an appropriate Hex value.

The Service Code is the code for the requested EtherNet/IP service. This value changes based on
the Service type that you select. When you select a Service type other than Custom, this is a read-
only box. If you select “Custom” in the Service type box, then you must specify a Service Code in
this box. Only the Service Code is filled. Enter the Class, Instance, and Attribute as shown in

Table 176.

Table 176 - Service Type Pull-Down List

Auto-Fill fields

Service Service Code Class Instance Attribute
Custom ? ? ? ?
Read Assembly 0x0E 0x04 ? 3
Write Assembly 0x10 0x04 ? 3
Read Output Point 0xOE 0x10 ? 3
Write Output Point 0x10 0x09 ? 3
Read Input point 0xOE 0x08 ? 3
Read Parameter 0xOE 0xOF ? 1
Write Parameter 0x10 0xOF ? 1
Read Analog Input 0xO0E 0x0A ? 3
Write Analog Output 0x10 0x0B ? 3
Generic Get Attribute Single 0x0E ? ? ?
Generic Set Attribute Single 0x10 ? ? ?
Generic Get Member 0x18 ? ? ?
Generic Set Member 0x19 ? ? ?
Reset Identity Object 0x05 0x01 ? N/A

Note 1: Enter values where there is a question mark.
Note 2: Edits are disabled where there are values.
Note 3: All other fields that are not mentioned here are unaffected by the Service Type.
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In this example, a Get Attribute Single message reads a single attribute value. The Class Code OxF5
indicates TCP/IP Interface Object. The TCP/IP Interface Object provides an attribute that identifies
the link-specific object for the assaciated physical communications interface. Each device
supports exactly one instance of the TCP/IP Interface Object for each TCP/IP capable
communications interface on the module. A request to access instance 1 of the TCP/IP Interface
Object always refers to the instance associated with the interface over which the request is
received.

The attribute ID 5 identifies TCP/IP network interface configuration parameters (consist of IP
address, network mask, gateway address, DNS name)

The controller reads 30 elements for a single attribute value from the ControlLogix controller. The
30 bytes are placed in the controller's integer file starting at Word N7:0

When the message is replied successfully, you can check configuration parameters in the Receive
Data tab.

- a MSG - MG : {1 Elements) =0 =]

Genoral | Multition | Sond Data [Fecer Ut |
Byin Otz 0 1 2 3 4 E & 7 n
b N zo 121 10 o0 252 255 255 @ O
Lo 0 0 @ @ @ 0 o0 @ 6 0
20 o0 @ &6 0 @ 0 & @ @0
Doclmal =] Padie m

CIP Generic Error Codes/Internal Fail Codes

When CIP Generic subsystem cannot send a message due to some reason or reply contains error
code, error code is shown via MSG instruction. Error Code OxEQ is stored in Word 18 of the MG file.
Internal Fail Code is stored in Word 22 of the MG file. When messaging through CIP communication
and the low byte is OxEQ, the high byte of this sub-element contains detailed Fail Code returned by
the CIP subsystem.
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MSG Instruction Error Codes  when the processor detects an error during the transfer of message data, the processor sets the

ER bit and enters an error code that you can monitor from your programming software.

Table 177 - MSG Instruction Error Codes

Error Code Description of Error Condition

02H Target node is busy. NAK No Memory retries by link layer exhausted.

03H Target node cannot respond because message is too large.

04H Target node cannat respond because it does not understand the command parameters OR the control block may have been inadvertently modified.

05H Local processor is offline (possible duplicate node situation).

06H Target node cannot respond because the requested function is not available.

07H Target node does not respand.

08H Target node cannot respond.

O%H Local modem connection has been lost.

0BH Target node does nat accept this type of MSG instruction.

0CH Received a master link reset (one possible source is from the DF1 master).

OFH DCOMM button was activated while an ASCII instruction was waiting to execute.

10H Target node cannot respond because of incorrect command parameters or unsupported command.

12H Local channel configuration protocol error exists.

13H Local MSG configuration error in the Remate MSG parameters.

15H Local channel configuration parameter error exists.

16H Target or Local Bridge address is higher than the maximum node address.

TH Local service is not supported.

18H Broadcast is not supported.

20H PCCC Description: Host has a problem and does nat communicate.

2H Bad MSG file parameter for building message.

30H PCCC Description: Remote station host is not there, disconnected, or shutdown.

3H Message timed out in local processor.

39H Local communication channel is reconfigured while MSG active.

SMH STS in the reply from the target is invalid.

40H PCCC Description: Host could not complete function due to hardware fault.

45H MSG reply cannot be processed. Either Insufficient data in MSG read reply or bad network address parameter.

50H Target node is out of memory.

60H Target node cannot respond because the file is protected.

70H PCCC Description: Processor is in Program Mode.

80H PCCC Description: Compatibility mode file missing or communication zone problem.

8H Modbus Error 1: lllegal Function

82H Modbus Error 2: lllegal Data Address

83H Modbus Error 3: lllegal Data Value

84H Modbus Error 4: Slave Device Failure

85H Modbus Error 5: Acknowledge

86H Modbus Error 6: Slave Device Busy

87H Modbus Error 7: Negative Acknowledge

88H Modbus Error 8: Memory Parity Error

89H Modbus Error: Non-standard reply. Actual code that is returned can be found in the upper byte of sub-element 22.

90H PCCC Description: Remote station cannot buffer command.

BOH PCCC Description: Remote station problem due to download.

COH PCCC Description: Cannot execute command due to active IPBs.
No IP address configured for the network, or
Bad command - unsolicited message error, or

DOH Bad address - unsolicited message error, or
No privilege - unsolicited message error, or
Multihop messaging cannot route request

DH Maximum connections used - no connections available.

D2H Invalid Internet address or host name.

D3H No such host exists.
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Table 177 - MSG Instruction Error Codes (Continued)

Error Code Description of Error Condition

D4H Cannot communicate with the name server.

D5SH Connection is not completed before user-specified timeout.

D6H Connection timed out by the network.

D7H Connection refused by destination host.

D8H Connection was broken.

D9H Reply not received before user-specified timeout.

DAH No network buffer space available.

DBH Multi-hop messaging CIP message-format error.

DCH Class 3 CIP connections are duplicated for the same IP address.

DDH SMTP General Error Code. The error code that is returned can be found in the upper byte of sub-element 22.

DEH CIP Object Specific General error code. The error code that is returned can be found in the upper byte of sub-element 22.

DFH Multi-hop messaging has no IP address is configured for network.

EOH Expansion I/0 Communication Module Error or CIP device response errar code. The error cade that is returned can be found in the upper byte of
sub-element 22.

EH PCCC Description: lllegal Address Format, a field has an illegal value.

E2H PCCC Description: lllegal Address format, not enough fields specified.

E3H PCCC Description: lllegal Address format, too many fields specified.

E4H PCCC Description: lllegal Address, symbol not found.

E5H PCCC Description: lllegal Address Format, symbol is 0 or greater than the maximum number of characters support by this device.

E6H PCCC Description: lllegal Address, address does not exist, or does not point to something usable by this command.

ETH Target node cannot respond because the length requested is too large.

E8H PCCC Description: Cannot complete the request, situation changed (file size, for example) during multi-packet operation.

E9H PCCC Description: Data or file is too large. Memory unavailable.

EAH PCCC Description: Request is too large; transaction size plus word address is too large.

EBH Target node cannot respond because target node denies access.

ECH Target node cannot respond because the requested function is currently unavailable.

EDH PCCC Description: Resource is already available; condition exists.

EEH PCCC Description: Command cannot be executed.

EFH PCCC Description: Overflow; histogram overflow.

FOH PCCC Description: No access.

FH Local processor detects illegal target file type.

F2H PCCC Description: Invalid parameter; invalid data in search or command block.

F3H PCCC Description: Address reference exists to a deleted area.

F&H PCCC Description: Command execution failure for unknown reason; PLC-3® histogram overflow.

F5H PCCC Description: Data conversion error.

FBH PCCC Description: The scanner is not able to communicate with a 1771 rack adap}er. This could be due to the scanner not scanning, the s”elected adapter not
being scanned, the adapter is not responding, or there is an invalid request of a “Demand Chain Management™ (DCM) Block Transfer (BT)".

F7H PCCC Description: The adapter is not able to communicate with a module.

F8H PCCC Description: The 1771 module response was not valid size, checksum, and so on.

F9H PCCC Description: Duplicated Label.

FAH Target node cannot respond because another node is file owner (has sole file access).

FBH Target node cannot respond because another node is program owner (has sole access to all files).

FCH PCCC Description: Disk file is write protected or otherwise inaccessible (offline only).

FDH PCCC Description: Disk file is being used by another application; update not performed (offline only).

FFH Local communication channel is shut down.

The MSG error code reflects the STS field of the reply to your MSG instruction.

« Codes EO to EF represent EXT STS codes O to F.
« Codes FO to FC represent EXT STS codes 10 to 1C.
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Special Function with MSG
instruction

312

The MicroLogix 1400 controller supports the configuration of IP address, Subnet Mask, Gateway
Address, Default Domain Name, Primary Name Server, and Secondary Name Server in the Ethernet
Channel Configuration File via Ethernet MSG instruction.

The MicroLogix 1400 controller also supports SMTP Email. With the SMTP Configuration in the
Channel Configuration and MSG instruction, the MicroLogix 1400 controller can send SMTP
messages to an Email Server. MicroLogix 1400 Series B controllers support the configuration of the
SMTP Configuration File via the Ethernet MSG instruction.

These features are enabled by sending the 485CIF write Write message to the local IP address with
ST data file type.

Ethernet Channel Configuration Change Functionality
You can use an MSG instruction to change the Ethernet Channel Configuration.

Set up MSG for Changing Channel Configuration

Figure 28 - General MSG Setup Screen to change IP Address

=10l x|

=4MSEG - MG10:0 : {1 Elements)

C | MuttiHon |
This Contraller
Channel: [T {Integral}

~Control Bits ——————————————
lanore if timed out {TO):[0]
Communication Command: [45E5CIF Write | Break Connection (BKY: (0]

Data Table Address: [ST30:0 &waiting Execution (EW): 0]

Size in Elernents: [7 UnConnected (UC):[0]
Error (ER: 0|

Message done (DN):[0 ]
Message Transmitting (3T):[0]
Message Enabled (EM:[D ]

— Target Device

Message Timeout :
Data Table Offset: o ]

Local / Rernote : MultiHop:
Routing Infarmation File(RI}: [RIZ0:0 _Etror

Errar Code(Hex): 0

Mo errors

’rError Description

Figure 29 - Multi-hop Setup Screen to change IP Address
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Frarm Device | Fromn Part | To Address Type | To Address
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Figure 30 - Setup String Data File

ata File ST30

pl_

[5T30:0 | Hadix:l 'I

Symbol: | | Columns:lz vl

Desc: [ J
5Ta0 j Properties | Usage | Help |

Parameters for configuration:
«  Channel - Channel must be "1 (Integral)".
+  Communication Command - Communication Command must be “485 CIF Write".

» Data Table Address - Data Table Address must be a String file. To change Ethernet
Channel Configuration, you must enter the characters for the configuration parameter.

« Size in Elements - Size in Element must be 1.
«  Message Timeout - Not editable

« Data Table Offset - Valid value is 0...5, 10, and 40 for Ethernet Channel Configuration. For
Series B controllers, 50...53 and 60...69 for SMTP Configuration. Basically, “Data Table Offset”
in MSG configuration setup screen is used to direct the “internal virtual offsets”. You can
configure the listed parameter by sending a String File Data to these offsets.

Table 178 - Data Table Offset Addressing to change Channel Configuration parameters

Data Table

Offset Affect to; Description Comments
Writable by an element of the String File. Changes IP address in Ethernet Communication File. Disables BOOTP/DHCP flags in
0 Ethernet [P address Ethernet Communication File. Power cycle is required.
Writable by an element of the String File. Changes Subnet Mask in Ethernet Communication File. Disables BOOTP/DHCP flags
! Ethernet Subnet Mask in Ethernet Communication File. Power cycle is required.
Writable by an element of String File. Changes Default Gateway Address in Ethernet Communication File. Disables BOOTP/
2 Ethernet Gateway Address DHCP flags in Ethernet Communication File. Power cycle is required.
3 Ethernet Default Domain Name Writable by an element of a String File. Used for DNS naming in SMTP subsystem.
b Ethernet Primary Name Server Writable by an element of a String File. Used for DNS naming in SMTP subsystem.
5 Ethernet Secondary Name Server | Writable by an element of a String File. Used for DNS naming in SMTP subsystem.
Apply IP address, Subnet Mask, and | Applies IP address, Subnet Mask, and Default Gateway Address configured by Offset 0, 1, and 2 right away. These parameters
10 Default Gateway Address right are updated to the Ethernet Status File also if they are applied.
away. The String File that is configured in MSG instruction is ignored.
1 DNP3 Unsolicited Channel To change unsolicited channel, you must enter the characters 0, 1, or 2 (that is, 0 = Channel 0; 1= Channel 1; 2 = Channel 2)
Switching in the string data file.
Flushes all DNS names in DNS Cache before TTL (Time to Live) timeout.
40 Flush DNS Cache String File that is configured in MSG instruction is ignored.
50 Email Server Writable by an element of String File. Changes Email Server in the SMTP Configuration File.
51 From Address Writable by an element of String File. Changes Email Server in the SMTP Configuration File.
- Authentication To set Enable or Disable state for Authentication, change the Password. For more details, see Password below.
52 User Name Writable by an element of String File. Changes User Name in the SMTP Configuration File.
Writable by an element of String File. Changes Password in the SMTP Configuration File.
53 Password When the string size of Password is 0, then Authentication is disabled. When the string size of the Password is not 0, then
Authentication is enabled.
60 TO Address [0] Writable by an element of String File. Changes TO Address [0] in the SMTP Configuration File.
61 T0 Address [1] Writable by an element of String File. Changes TO Address [1] in the SMTP Configuration File.
62 T0 Address [2] Writable by an element of String File. Changes TO Address [2] in the SMTP Configuration File.
63 T0 Address [3] Writable by an element of String File. Changes TO Address [3] in the SMTP Configuration File.
64 T0 Address [4] Writable by an element of String File. Changes TO Address [4] in the SMTP Configuration File.
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Table 178 - Data Table Offset Addressing to change Channel Configuration parameters (Continued)

65 T0 Address [5] Writable by an element of String File. Changes TO Address [5] in the SMTP Configuration File.
66 T0 Address [6] Writable by an element of String File. Changes TO Address [6] in the SMTP Configuration File.
67 TO Address [7] Writable by an element of String File. Changes TO Address [7] in the SMTP Configuration File.
68 TO Address [8] Writable by an element of String File. Changes TO Address [8] in the SMTP Configuration File.
69 T0 Address [9] Writable by an element of String File. Changes TO Address [9] in the SMTP Configuration File.
« Local / Remote - “Local / Remote” has no impact on the operation.
+  Multi-hop - Not editable
« Routing Information File - Routing Information File must be Rl data.
»  Break Connection (BK) - This bit has no impact on the operation.
« |P address of Multi-hop - IP address of Multi-hop must be local IP address.
Considerations for Changing Ethernet Channel Configuration
If you sent a message with Data Table Offset 0, 1, or 3 to change IP address,
Subnet Mask, or Gateway Address respectably, these addresses will be applied
after power-cycle. If you want to change IP address, Subnet Mask, and Gateway
Address right away, you must send another Ethernet message to the local IP
address with Data Table Offset 10.
ATTENTION: If you sent an Ethernet message to the local IP address with Data
Table Offset 10 and the different IP address has been configured, all Ethernet
connection is broken.
Considerations for Changing SMTP Configuration
The maximum string size in SMTP configuration file is 62 bytes. MSG returns an error if the string
size exceeds 62 bytes.
For the change of the Email Server, once an email is triggered, a TCP connection between Email
Server and the controller is kept. In this case, although an MSG changes the Email Server in the
SMTP configuration file, SMTP subsystem does not disconnect the TCP connection. So, a newly
configured Email Server is not applied immediately. In this case, you can use BK bit in the MSG
instruction that triggers email so that the TCP connection is closed immediately after the
completion of the SMTP message.
If a parameter in the SMTP configuration file must be changed, every MSG instruction must be
triggered serially. This means that the next MSG with a parameter modification must not be
triggered before the previous MSG email is complete. This is because SMTP protocol sends several
packets to send a single email.
For example, if you need two consecutive MSG instructions for sending emails after each MSG for
changes to TO address offset 0, you might write ladder programs as shown.
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a M3 to change TO address offset O(ml @ml com).
——MEG

FeadWrite Massage  —( BN ——
MG File MGI00:0 —CDH —
Setup Screen = —CER)—

a MEG to send email to ml@ml.com after completion of a MG in Fung 0.

MG10040 MEG
] E Read/Write Massage  —{ BN —
DN MSGFile MGI01:0 —(DH —

Setup Screen = —CER)—

a M3 to change T address offset O{m2@ml.com). This message does not see the completion of the MSG in Fung 1.
MG

FeadWrite Messaze  |—CEN ——
MSGFile MGIO02:0 | —CDH 3—
Setup Sereen = —(ER:I—

a MEG to send email to m2@ml com after completion of a MEG in Fung 2.

MG102:0 MSG
JE FeadWrite Message  —CEH ——|
DH MSGFile MGI03:0 (DN 31—

Setup Screen = —(ER.:I—

In this case, rung 0 and 2 are executed almost simultaneously. And rung 1 may not be started or
completed, since it needs several transactions between the Email Server and the controller to
completely send a single email.

The MSG in rung T may send the email to the second address m2@ml.com. To avoid this situation,
the MSG instruction in rung 2 must not be executed before the completion of the MSG in rung 1. The
MSG in rung 2 must see the completion (DN bit set) of the MSG in rung 1. The following ladder
program is more correct.

a M3G to change T address offset O(ml @ml.com).
TISG

FeadWrite Messaze  |—CEN —

MSGFile MGIO0:0 —( DN —
Setup Screen e —CER)—

a M3 to send email to ml@ml.com after completion of a MSG in Fung 0.

MG100:0 MEG
JE FeadWrite Message  —CEN |
DH MSGFil:  MG1010 —CDH 33—

Setup Sereen = —(ER:]—

a M3 to change TO address offset O{m2@ml.com). This message see the completion of the MEG in Fung 1.
MG

1 E Read/Write Message  —CEN +——
DH MSGFile MGI02:0 (DN 31—
Setup Sereenm = —LER —

a M3 to send email to m2@ml com after completion of a MEG in Fung 2.
MG102:0 MEG

] E ReadWrite Message  —CEH 3——
DH M3GFile MGI030 —C{DH 32—

Setup Screen = —CER-:'—

Email Functionality

This section describes how to configure an SMTP email message when you use Ethernet
communication channel 1 of the MicroLogix 1400 controller.

Setup SMTP Configuration File

While the processor is selected to a MicroLogix 1400 controller, “SMTP Client Enable” checkbox is
shown in the Ethernet Channel Configuration tab. If this checkbox is checked, SMTP configuration
page appears. Otherwise, SMTP configuration page does not appear.

You must configure SMTP configuration before sending SMTP messages.
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Figure 31 - SMTP Client Enable Bit Setup Screen

Channel Configuration

General | Channel 0 Channel 1 | Chan, 1 - SMTP | Channel 2|
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MNewark, Link, 1D ID
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I~ Disable EtherNet/IP Incoming Connections
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Figure 32 - SMTP Configuration Setup Screen

Channel Configuration x|

Generall Channel Dl Channel 1 Chan. 1-SMTP | Channel 2|

— SMTP Caonfiguration

ltern | LEM | Shiing Test |
Ernail 5 erver 13 192168.1.100

From Address 22 Fromaddress(@ml1 400, com
Authentication Enabled

User Hame g Username
Password -

TO Addressf0] 21 T oaddress00@m1 400.com
TO Address[1] 21 Toaddress1@ml1 400 com
TO Address[2] 21 T oaddress20Em1 400.com
TO Address[3] 21 Toaddress 3@ml1 400 com
TO Address[4] 21 Toaddress4Em1 400.com
TO Address[3] 21 Toaddresshi@ml1 400.com
TO Address[6] 21 T oaddressBEml1 400.com
TO Address[7] 21 Toaddress7EmlT400.com
TO Address[8] 21

TO Address[3] 21

k. I Cancel | Apply | Help |

The following explains the parameters to be configured:

«  Email Server - Email Server IP address or DNS name. For input of the DNS name, make
sure that the Default Domain Name has been configured in Ethernet Channel Configuration,
where the DNS subsystem queries total DNS name to DNS server. For example, if “dnsname”
is entered, and “default.com” is configured in the Default Domain Name of the Ethernet
Channel Configuration, the DNS subsystem queries “dnsname.default.com” to the DNS
Server.

In the MicroLogix 1400 Series B controllers, the configuration for alternate SMTP Port number
is supported. The default SMTP Port number in the MicroLogix 1400 controller is 25 in TCP. To
specify the target IP address and port number in the Email Server configuration, you can
enter them in the following format:

HOSTNAME>

<IPADDR>
<HOSTNAME>?port=<xxx>
<IPADDR>?port=<xxx>

For example:

REMOTE_MOD: equivalent to REMOTE_MOD?port=25
192.168.1.100: equivalent to 192.168.1.100?port=25
REMOTE_MOD?port=28123
192.168.1.100?port=28123

«  FROM Address - Email From Address. From Address must be written as an email style.

« Authentication - Disable or Enable. Disable is a default value. If this flag is disabled, “User
Name” and “Password” tab is changed to non-editable.

« User Name - User Name registered in the SMTP server. According to the SMTP server,
Username must be written as an email style.
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« Password - Password registered in the SMTP server

« TOAddress [0] - Email TO address [0]. To Address must be written as an email style.
« TOAddress [1] - Email TO Address [1]. To Address must be written as an email style.
« TOAddress [2] - Email TO Address [2]. To Address must be written as an email style.
« TOAddress [3] - Email TO Address [3]. To Address must be written as an email style.
« TOAddress [4] - Email TO Address [4]. To Address must be written as an email style.
« TOAddress [5] - Email TO Address [5]. To Address must be written as an email style.
« TOAddress [6] - Email TO Address [6]. To Address must be written as an email style.
« TOAddress [7] - Email TO Address [7]. To Address must be written as an email style.
« TOAddress [8] - Email TO Address [8]. To Address must be written as an email style.
« TOAddress [9] - Email TO Address [9]. To Address must be written as an email style.

These parameters are non-editable in RUN mode. You can change them in offline or online
PROGRAM mode. Maximum character length for the string parameters is 62 bytes. LEN (=Length)
fields in the SMTP Configuration File are not editable. If String Text is entered, the RSLogix 500
application updates the Length fields automatically.

Configure MSG Setup Screen  The picture below provides an example of how the MSG Instruction would be configured to be used

to send SMTP Message to send SMTP message.
Figure 33 - General MSG Setup Screen for SMTP messaging

=101 x|

550:0: (1 Elernents)

Il MultiHop |

Controller ~Contral Bits————————————

lgnare if timed out (TOY: (0]
Break Connection (BK}: (0]

Awaiting Execution (EWD:[D]

Channel: [T {Inteqral) |
Communication Comnmand: [48ECIF Write |

Data Table Address: [ST70:0

Size in Elements: 2| Error (EF:([T]
— Target Device Message done (DM):[0 ]
Message Timeout : Message Transmitting (ST): [ ]
Data Table Offset: Message Enabled (EN):[T ]
Local / Remote & tultiHop: Yes
Routing Information File: _Etror

Error Code(Hex): 0

’rError Description

Mo errors

Figure 34 on page 319 shows Multi-hop setup screen and configured Email Subject and Body using
an ST file.
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Figure 34 - Multi-hop Setup Screen for SMTP messaging

=aMEG - MEE0:0 : (1 Elements)

=101.x
GEniral FEWHEE1
Ing = Add Hop il = Remoer Hop
From Davice Fram Port | To Addrazs Tups | To Addrese |
hls MlcroLomnh: ninel T EfherielAP Levice (st L0

Figure 35 - Setup String Data File

i3 Data File ST70

Offset
AT70:0
ST70:1

LEN
13

17 Email Body [N7:0]

<
[ET700 |Hadi><:|
Syrnbal: | | Columns:ﬁ
Desc: |
ST j Ernpertiesl Usage I Help I

An explanation of the parameters is provided here.
«  Channel - Channel must be “1 (Integral)’".
«  Communication Command - Communication Command must be “485 CIF Write".

« Data Table Address - Data Table Address must be a String file and the String file must
contain Email Subject and Email Body. If Data Table Address is not a String File, the contents
of email subject are filled to “No Subject” and the content of the email body is filled to “No
Body".

« Size in Elements - Size in Element must be 1or 2. To send SMTP messages, Size in
Elements must be 1or 2. The first string element (Offset O of String File) is a subject and the

second string element (Offset 1 of String File) is an email body. If Size in Element is 1, the
contents of the email body is filled to “No Body".

« Message Timeout - Not editable

« Data Table Offset - Valid value is 100...109 for SMTP messaging. Basically, “Data Table
Offset” in MSG configuration setup screen is used to direct the “internal virtual offsets”. You
can configure the listed parameter setting by sending a String File Data to these offsets.

Table 179 - Data Table Offset Addressing for SMTP messaging

8?};16‘“8 Affect to; Description Comments

100 gﬁr}g i?%lgtﬁrgggﬁ gi?e'address [0] configured in Used to trigger the SMTP message
101 gﬁr}g ig‘%;tﬁrasmﬁ l-]i?efa\ddress [1] configured in Used to trigger the SMTP message
102 gﬁr}g ﬁ?,fﬁ';ﬁé{gﬁ FTi?e'address [2] configured in Used to trigger the SMTP message
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Table 179 - Data Table Offset Addressing for SMTP messaging (Continued)

to .
Send email to SMTP TO address [8] configured in .

108 STP configuration Fie. Used to trigger the SMTP message
Send email to SMTP TO address [9] configured in )

109 SMTP configuration Fie. Used to trigger the SMTP message

« Local / Remote - “Local / Remote” has no impact on the operation.
«  Multi-hop - Not editable
+ Routing Information File - Routing Information File must be Rl data.

«  Break Connection (BK) - If this bit is cleared for SMTP messaging, the connection with the
SMTP Server is not closed after the SMTP message is sent out to the SMTP Server. If this bit is
set, the connection is closed.

«  IP address of Multi-hop - IP address of Multi-hop must be local IP address.

SMTP Error Codes/Internal Fail Codes

When the SMTP subsystem cannot send an email, the error code is shown via MSG instruction. Error
Code OxDD is stored in Word 18 of the MG file (MGx:y.ERR). Internal Fail Code is stored in Word 22 of
MG file (MGx:y.22). When messaging through SMTP communication and the low byte is 0xDD, the
high byte of this sub-element contains detailed Fail Code returned by the SMTP subsystem.

The element values of Fail Codes are shown in Table 180.
Table 180 - Fail Codes in MG File

(Fﬁgfc))/dgzm w Comment

0x0000 Delivery is successful to the mail relay server.
0x010D SMTP mail server IP address is not configured.
0x020D To (destination) Address is not configured or invalid.
0x03DD From (reply) Address is not configured or invalid.
0x04DD Unable to connect to SMTP mail server.

0x050D Communication error with SMTP server.

0x06DD Authentication is required.

0x070D Authentication failed.

0x10DD SMTP Configuration File does not exist.

Inline Indirection in String File for Subject and Body

You can use the Inline Indirection functionality for the Email subject and body. In the previous
General MSG setup screen, Email subject is ST70:0 and body is ST70:1. If "SMTP BODY 0 [N7:0]"is
written in the String File, "[N7:0]" is replaced by a String of the value N7:0.

SMTP Authentication Encoding

If the SMTP Authentication Flag is enabled, the MicroLogix 1400 controller sends encoded Username
and Password. There are several authentication methods; login, plain, cram-md5, and so on.
However, the MicroLogix 1400 controller supports only the login method. Base64 encoding is used
to log into the SMTP server.

Sending Email in User Fault Routine

When the controller mode is changed to User Fault mode, the user fault routine must be defined in
the word 29 (Fault Routine $2:29) of System Status File before e-mails can be sent. The SMTP MSG
instruction must be used in the configured Fault Routine as well.
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Figure 36 - Configuration for sending Email in UFR

=3DataFile 52 -- STATUS o ] 4|
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0]
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Major Error Executing User Fault Atn, 5:5/3 =[0]
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Notes:
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Channel Configuration for

Modbus TCP

Modbus TCP

With the Modbus TCP feature, you can use a MicroLogix 1400 controller to communicate via Modbus
TCP protocol.

The TCP feature is supported in the MicroLogix 1400 Series B controller only.

MicroLogix 1400 Series B controllers support both the TCP Server and Client features. Modbus TCP
Client takes over Modbus Master features and Modbus TCP Server takes over Modbus Slave features
on the Ethernet.

Both Modbus TCP Server and Client are enabled through Channel Configuration. For Modbus TCP
Client, an MSG instruction is used to send or receive the Modbus TCP packets.

For Modbus TCP Server, the MicroLogix 1400 controller supports up to 16 connections
simultaneously. For Modbus TCP Client, 16 connections are supported.

The default communication protocol for the Ethernet Channel 1in the MicroLogix 1400 controller is
EtherNet/IP. To communicate with Modbus TCP protocol in the MicroLogix 1400 Series B controller,
the channel must be configured for Modbus TCP protocol.

Programming the MicroLogix 1400 Series B controller is done using RSLogix 500/RSLogix Micro,
version 8.30.00 or later. In RSLogix 500/RSLogix Micro, select the MicroLogix 1400 Series B project
tree.

H RSLogix 500 Pro - UNTITLED

Eile Edit Wiew Search Comms Tools  windomw Help

[DEHE & % BR[o o =l &
[OFFLINE 2] [Ma Forces Bl “He [ =T oo wm
|N|:| Edits |ﬂ |FDICBS Enabled |ﬂ : i

Driver &B_ETHIF] | Al» Muser ABit A4 TimerfCournter £

=0 Project =
--C| Help 0000
=2 Cortroller

= i Controller Properties
----- Q Processor Status
----- Q Function Files
- fil 1o Caonfiguration
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To enable Modbus TCP protocol, select Modbus TCP Enable in the Channel 1 configuration.

=
Gerensd | Channed Chasnna! | | Chaneed 2 | Chan 1+ Mo |

[ 5N [ -

T o Wtk ik 0 [0
Subeet Mathc | 1 L i} 4
_ [+ et Prireidinc 140nd Fragpees —

Daisdk Domair Navsi [ :
e |
Srcirboy Niwm Soves [ 0 0 1 | el
[ BODTREnskle [~ DHCP Enable M s Connecton Timeout [s 1 {15000
¥ SHMP S Eratle [ SMITE Clend Enabin Mg Plaghe Tiecut b ey 5000

& HITP Setvei Enable [ D83 gven IP Enalble : )
MTMBH!&IM
¥ Mt TCF Ensbi

™ Daible Erharhlsl W irc oo Connachons
ik Negtiste ™ Db Dl [P ekiess Dobertam
Pt Sutieg 1701000 Migss Full DugdensHal Dgiies =]

Contact [
Loesten |

Ok | Cecd | mew | Hew |

Unlike serial port configuration, you must cycle power to the controller after downloading the
Ethernet port configuration to enable Modbus TCP.

Modbus TCP Server Configuration

Modbus TCP Server configuration can be done in the Chan. 1- Modbus tab.

=
Gerenel| Channed 8| Chanvel 1 | Channel 2 Chan 1 - Hiadtaat |
Mot TCP configumstion
+ Wiz Dista Table File Humbee
tﬂrmiu— Irwn-git--m[o_
Mwiu— Hmnwrnm[u—rmu
I Engbie Accoes Conirol s I Addasser
Cert [P [""._'.'_'T'_."" Luzc:al Fon Mussbes TCP: [5T7

mﬂ! (T ]
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Modbus TCP Server Configuration Parameters

This configuration is for the Modbus TCP Server subsystem in MicroLogix 1400 controllers. The
parameter Modbus TCP Enable is configured in the Channel 1tab and other parameters are
configured in the Chan. 1- Modbus tab.

Modbus TCP Enable

The valid selections are Enabled (Checked) and Disabled (Unchecked). Default value is Disabled
(Unchecked). A power cycle is required for changes to take effect.

Modbus Data Table File Numbers

The parameters File Numbers for Coils, Contacts, Input Registers and Holding Registers are
configurable, with B or N files only. Valid range is 0, 3, 7, 9...255. Default value is 0.

Modbus Slave Memory Map on page 425 for more details.

Expanded for Holding Registers

The valid selections are Enabled (Checked) and Disabled (Unchecked). Default value is Disabled
(Unchecked).

When the selection is Disabled (Unchecked), a single file is allocated for the Holding Registers that
are configured.

When the selection is Enabled (Checked), multiple files are allocated for the Holding Registers that
are configured successively.

Modbus RTU Slave Configuration on page 424 for more details.

Enable Access Control for IP Addresses

The valid selections are Enabled (Checked) and Disabled (Unchecked). Default value is Disabled
(Unchecked).

When the selection is Disabled (Unchecked), MicroLogix 1400 controller accepts the requests from
any Modbus TCP Client.

When the selection is Enabled (Checked), MicroLogix 1400 controller accepts the requests only from
the Modbus TCP Client IP Address, which is configured in the parameters Client IP Address0 to
Client IP Address4. The maximum number of Client IP Addresses for Access Control is 5.

Client IP Address0...Client IP Address4

This value is used for validation of the Client IP address when the Enable Access Control for IP
Addresses is Enabled (Checked). This value is only valid when the Enable Access Control for IP
Addresses is Enabled (Checked).

The valid value is an IP address. Default value is 0.0.0.0.
Local TCP Port Number

This value is used to configure Local TCP Port Number, which is used for TCP socket listening.
The valid range is 0...65535. Default value is 502.

Diagnostic File Number
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The diagnostic file number is used to store the diagnostics for troubleshooting the Modbus TCP
Ethernet subsystem. The status of Modbus TCP Server and Client subsystem is stored in this data
file.

The value of this parameter is N file only. Valid range is 0, 7, 9...255. Default value is 0.

See Diagnostics for Modbus TCP on page 329 for troubleshooting information.

Modbus TCP Client Configuration

Modbus TCP Client configuration can be done in the Chan. 1- Modbus tab.

B
Germel | Charnel 0| Channel 1 | Chareal 2 Chan 1- M |
Mo TCP configueshon
lboeitnrs [t Table File Mumbeny
(sl 121 [ Ingust Reeguriees (T30 i
Contacts T3] [0 Hpldirg Mleguteny (000 i3 I Enpareisd

™ Engtie Azcoss Corbiol by B Addresser

Clert IPOL Lol Pon Musbe TCP. [
Gl [T 0 n Disgrochc e o~

Pz C0 0 00,0
[herd 1P |—
Genife o o o8 5

i Cancel | o | Hee |

Modbus TCP Client Configuration Parameters

This configuration is for Modbus TCP Client subsystem in MicroLogix 1400 controllers. The
parameter Modbus TCP Enable is configured in the Channel 1tab and other parameters are
configured in the Chan. 1- Modbus tab. The only parameter in the Chan. 1- Modbus tab for Modbus
TCP Client is the parameter Diagnostic File Number.

Modbus TCP Enable

The valid selections are Enabled (Checked) and Disabled (Unchecked). Default value is Disabled
(Unchecked). A power cycle is required for changes to take effect.

Diagnostic File Number

The diagnostic file number is used to store the diagnostics for the troubleshooting of Modbus TCP
Ethernet subsystem. The status of Modbus TCP Server and Client subsystem is stores to this data
file.

The value of this parameter is N file only. Valid range is 0, 7, 9...255. Default value is 0.
See Diagnostics for Modbus TCP on page 329 for troubleshooting information.
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Messaging for Modbus TCP
Client
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In MicroLogix 1400 controller ladder programs, use an MSG instruction to request or receive a

Modbus TCP packet.

MSG Configuration Parameters

1. Inanew MSG instruction, double-click Setup Screen in the MSG instruction.

MEG

—— FReadWnte Iassagze —‘:EN:J—
MSGFile  MGlOO DN 3—
Setup Screen —[:ER:)—

2. Select Integral, Modbus TCP from the Channel drop-down list.
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Mezsage Timeout | |
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Undt Iderifar:
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Routing Iedormation FiladAl):
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Errcer (ER):
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You can see configurable parameters that are similar to the ones for Modbus Master MSG
instruction over Serial communication. Table 181 describes the parameters.

Table 181 - Modbus TCP MSG Parameter

Modbus TCP MSG o
Parameter Description
Message Timeout The default value is 2 seconds. However, once this MSG instruction is activated, it is

changed to 33 seconds by the contraller.

Unit Identifier

This is used in the identification of a remote slave that is connected on a serial line or on
other buses. Default value is 255. Use this default value if the target device is not a
gateway.

Routing Information File (RI)

Specify an Rl file.

Ethernet (IP) Address

Enter the IP Address of the target device.
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Table 181 - Modbus TCP MSG Parameter (Continued)

Modbus TCP MSG -
Parameter Description
Port Enter the TCP Port Number of the target device. Default value is 502.

TO bit: If this bit is set, the MSG instruction causes message timeout and set error bit.

. BK bit: If this bit is set, the TCP connection is closed after the Modbus TCP message is sent
Control Bits (T0, BK, EN) out to the Target Device.
EN bit: If this bit is set, the MSG instruction is triggered.

Error Codes as described for Ethernet/IP messaging. See MSG Instruction Error Codes on
Error Code (Hex) age 310,

Error Code descriptions as described for Ethernet/IP messaging. See MSG Instruction Error

Error Description Codes on pae 310.

For more information, see:

« The Message Element on page 264
o Modbus RTU Master on page 421

Message Instruction Timeouts

The default MSG instruction timeout is 33 seconds; the maximum MSG timeout is approximately 146
seconds. Specify the MSG instruction timeout by setting the appropriate configuration in Ethernet
Channel Configuration:

«  MSG Connection Timeout: Up to 65,500 milliseconds
«  MSG Reply Timeout: Up to 65,500 milliseconds

The MSG timeout is determined by adding the MSG Connection Timeout, MSG Reply Timeout, and
Default addition time (15 seconds).

Change between Executing and Non-Executing Controller Modes

Executing modes include Run, Remote Run, Test Continuous Scan, and Test Single Scan modes. All
others are Non-Executing modes.

If the MicroLogix controller transitions from Executing to Non-Executing mode while Modbus TCP
MSG requests are active, all connections are forced closed by the controller.

In the RSLogix 500/RSLogix Micro ladder program, you can also set the MGx:y.TO bit for any
outstanding Modbus TCP MSG instructions. This causes the MSG instruction to time out and set the
MGx:y.ER bit.
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Di&gﬂOStiCS for Modbus TCP Diagnostic Counters and Errors in the Modbus TCP subsystem for the Ethernet channel are logged
in the N Data File. The data file is configured with the parameter Diagnostic File Number. Table 182
shows the 80 words of the data file for troubleshaoting.

Table 182 - Data File Words for Troubleshooting

Word Offset | Description Category
TCP Server
0 Counter for Commands Received Link Layer Diagnostics for Modbus
TCP Server.

1 Counter for Commands Received with Error

2 Counter for Replies Sent

3 Counter for Replies Sent with Error

4 Reserved

5 Reserved

6 Error Count in sessions

7 Error Code in sessions. See Range of Error codes for Modbus
TCP Server and TCP Client on page 330.

8 Incoming Message Connections

9 Maximum Connections Allowed

10..19 Reserved

20 Presentation Layer Error Code

Vil Presentation Layer Error Count

2 Function Code that caused the last error

23 Last Transmitted Error Code

2% Data file number of last error request

25 Data element number of last error request

26 FC 1 Counter

2 F 2 Counter E’Egs?eﬁgggn Layer Diagnostics for

28 FC 3 Counter Modbus Slave.

29 FC 4 Counter

30 FC5 Counter

31 FC 6 Counter

32 FC 8 Counter

33 FC 15 Counter

34 FC 16 Counter

35..39 Reserved

40 Counter for Commands Sent

4 Reserved

42 Counter for Replies Received

43 Counter for Replies Received with Error

bh Counter for Replies Timed Out

4b Reserved TCP Client

46 Error Count in sessions Link Layer Diagnostics for Modbus

47 Error Code in sessions. See Range of Error codes for Modbus TCP Clent.
TCP Server and TCP Client on page 330.

48 Outgoing Message Connections

49 Maximum Connections Allowed

50...56 Reserved

57..59 Reserved, Firmware use only
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Table 182 - Data File Words for Troubleshooting (Continued)

Word Offset | Description Category

60 Error code 1 counter

61 Last device reporting error code 1

62 Error code 2 counter

63 Last device reporting error code 2

64 Error code 3 counter

65 Last device reporting error code 3

66 Error code 4 counter TCP Client ) )
Presentation Layer Diagnostics for

67 Error code 5 counter Modbus Master

68 Error code 6 counter

69 Error code 7 counter

70 Error code 8 counter

7 Non-Standard Response Counter

72 Last device reporting error code 4-8 (Non-Std Response)

73..719 Reserved

Range of Error codes for Modbus TCP Server and TCP Client

Word offsets 7 and 47 reflect the Error Codes in sessions for Modbus TCP Server and TCP Client
respectively. The possible Error Codes are listed in Table 183. Others that are not defined here are

reserved.

Table 183 - Error Codes for Modbus TCP Server and TCP Client

Value (DEC) Error Code Description

0 NO_ERROR No error found

1 ERR_SOCKET_CREATE Socket error during Create operation

2 ERR_SOCKET_LISTEN Socket error during Listen operation

3 ERR_SOCKET_BIND Socket error during Bind operation

4 ERR_SOCKET_ACCEPT Socket error during Accept operation

5 ERR_SOCKET_CONNECT Socket error during Connect operation

6 ERR_SOCKET_SEND Socket error during Send operation

7 ERR_SOCKET_RECEIVE Socket error during Receive operation

8 ERR_SOCKET_UNLISTEN Socket error during Unlisten operation

9 ERR_SOCKET_UNBIND Socket error during Unbind operation

10 ERR_SOCKET_UNACCEPT Socket error during Unaccept operation

1l ERR_SOCKET_DISCONNECT Socket error during Disconnect operation

12 ERR_SOCKET_DELETE Socket error during Delete operation.

13..04 Reserved -

15 ERR_QUE_FULL Firmware use only

16 ERR_BUFFER_ALLOC Firmware use only

17 ERR_PACKET_ALLOC Firmware use only

18 ERR_PACKET_RELEASE Firmware use only

19..29 Reserved -

30 ERR_CONN_REJECTED l/r:aclﬁjrgtl[:)?\ Connection is rejected by the IP address
31 ERR_INVALID_HEADER_CRC Received packet header has invalid CRC

32 ERR_INVALID_HEADER Received packet header has invalid packet format
33 ERR_INVALID_PACKET_CRC Received packet has invalid CRC

34 ERR_BAD_PACKET_RECEIVED Received packet is unknown

35 ERR_PACKET_REJECTED Received packet is rejected

36 ERR_CONNECTION_BROKEN Ig:sgrr)]nnection has been broken for an unspecified
37..49 Reserved -
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Table 183 - Error Codes for Modbus TCP Server and TCP Client (Continued)

Value (DEC) Error Code Description

50 ERR_INVALID_IP_ADDRESS Target IP Address is invalid.
51 ERR_INVALID_PORT Target Port Number is invalid.
52 Reserved -

The Channel 1- Modbus TCP tab of the Channel Status dialog allows you to see status and errors for

Server Link Layer, Server Application, Client Link Layer, and Client Application Layer.

Channe[Status = |[-=

Channel D] Channel 0 - EH[1 Channel 1 Channel 1 - Modbus TCP lEhanneI 2]

Maodbus TCP

SEWEILIHKLG}'BI Server &pplication La_l,Jer1 Cliert Link La_l,Jer] Client &pplication La_l,Jer]
Commands Received = EI Commands Received with Emror = EI
Replies Sent = EI Replies Sent with Errar = EI

Error Count in Sessions = EI Error Code in Sessions = EI

Incoming Message Connections = El M aximum Connections Allowed = EI

Clear |

Channel Status = ”EI
Chantel D] Channel 0 - Ext | Channel 1 Channel 1 - Madbus TCP ] Charinel 2]
Modbuz TCP
Server Link Layer Client Link Layer ] Client Application Layer ]
Application Layer Error Code = D FC 3 Counter = D
Application Laper Error Count = D FC 4 Courter = D
Function Code last enar = D FC & Counter = D
Last Tranzmitted Eror Code = D FC B Counter = D
Data file Mum last errar request = [0 | FCBCourter= [ |
Data elerment Mum last eror request = D FC 15 Caunter = D
FC1Counter= [0 ] FC1E Counter= [0 |
FC2Courter= [0 |

LClear |

Channe[Status = |-

Channel U] Channel 0 - E:-:t1 Channel 1 Channel 1 - Modbus TCP l Channel 2]

Modbus TCF

Server Link Layer ] Server Application Layer Client Application Layer ]

Caommands Sent = EI Fepliez Received = EI
Fieplies Received with Ermar = El Feplies Timed Out = El
Errar Count in Sessions = EI Ertor Code in Sessions = EI

Outgaing Message Connections = El M axirum Connections Allowed = El

Clear |
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E Channel Status = @

Channel D] Channel 0 - EHt] Channel 1 Channel 1 - Modbus TCP 1 Channel 2]

tadbus TCP

Server Link La_l,ler] Server Application Layer ] Client Link Layer | Chient Appiication Layer

Eror Code 1 Counter= [0 | Eror Code 4 Counter= [0 |
Last Device Reporting Errar Code 1= [0 Errar Code 5 Counter = [0
Errar Code 2 Counter = [ Errar Code 6 Counter = [

Last Device Reporting Errar Code 2 = D Errar Code 7 Counter = D
Error Code 3 Counter = [ Error Code 8 Counter = [
Laszt Device Reporting Error Code 3= (g Mon-Standard Response Counter = [
Last Dievice Reporting Error Code 4-8 or Mon-Standard Response = |0

LClear |
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Overview

Socket Interface
Architecture

Socket Interface Using CIP Generic Messaging

The socket interface allows you use a MicroLogix controller to communicate, via the Ethernet
Subsystem, with Ethernet devices that do not support the EtherNet/IP application protocol, such as
barcode scanners, RFID readers, or other standard Ethernet devices.

Before you use the socket interface, you should be familiar with the following:
«  Basic TCP/IP, UDP, and socket programming concepts
«  How to write socket programs in a programming language, such as C or Visual Basic
« How to use diagnostic tools, such as a network sniffer

«  Application protocols of the devices and applications with which the MicroLogix controller
communicates

+  How to write ladder logic for a MicroLogix controller

The socket interface is implemented via the Socket Object in the Ethernet Subsystem. MicroLogix
controller programs communicate with the Socket Object via MSG instructions. MSG requests to the
Socket Object are similar to socket API calls in most computer operating systems. The Socket
Object services let you open connections, accept incoming connections, send data, and receive
data.

To communicate with another device, you must understand the other device application protocaol.
The Ethernet Subsystem has no application protocol knowledge — it simply makes the socket
services available to programs in MicroLogix controllers.

Number and Type of Sockets

You can create as many as eight socket instances. Each socket instance can be one of these
socket types:

«  UDP socket (to send/receive UDP datagrams)
«  TCP client socket (the RSLogix 500 application initiates the connection)
- TCP server socket (another device initiates the connection to RSLogix 500)

To partition the eight available socket instances between UDP and TCP sockets you can:
« Use all eight instances for client TCP connections.

« Use all eight instances to listen for incoming TCP connections and then accept eight
connections from other device.

«  Perform both TCP client and server operations.
«  Perform both TCP and UDP operations.

When you use the socket instance as a TCP server type, you don't need to make a listen socket.
Even if you would like to listen for incoming TCP connections to the same port, you should create a
new socket instance. No listen socket instance is supported.
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Available Socket Services

Socket Service Socket Instance
CreateSocket Server or Client
OpenConnection Client
AcceptConnection Server

Read Server or Client
Write Server or Client
DeleteSocket Server or Client

DeleteAllSockets

Server or Client

Once you open a connection on a client socket instance, you cannot use the same socket instance
to accept incoming connections. Similarly, if you accept connections on a socket instance, you
cannot then use the instance to open outgoing connections. This behavior is consistent with
standard socket APl behavior.

Typical Sequence of Transactions for a TCP Client

The following diagram shows a typical sequence of socket interface transactions with the
MicroLogix controller acting as a TCP client.

Here, the MicroLogix controller sends data to a device and then the device sends a response. This
is a typical sequence of transactions. Depending on the application protocol, the device could
initiate sending data to the MicroLogix controller once the connection is open.

Additionally, each Write does not require an application response or acknowledgment. The
application protocol determines the exact sequence of application transactions.

Typical Sequence of Transactions for a TCP Client

: Ethernet Subsystem Remote Ethernet Device
MSG in Ladder Program 10101010 1010101
CreateSocket —
< CreateSocket Response
Instance=102
OpenConnection .
“10.10.10.11?Port=49200"
Open TCP Connection —
~®—— Accept TCP Connection
-®—(penConnection Response
Write ®
Data = abc
Data = abc
Write Response
o Theresponseisreturnedtothe  —————@Receive Data
controller as soon as the data
is sent
Read ®
Timeout =10000 ms
° Send Data
Data = xyz
° Read Response
Data = xyz
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Typical Sequence of Transactions for a TCP Server

The following diagram shows a typical sequence of socket interface transactions with the
MicroLogix controller as a TCP server.

The exact sequence of sending and receiving data depends on the application protocol.

Typical Sequence of Transactions for a TCP Server

Remote Ethernet
MSG in Ladder Program Eéq%r?gtlgubsystem Device
e 1010.10.11

CreateSocket .
Port=49100

° CreateSocket Response
Instance=102

AcceptConnection >
Timeout = 10000 ms

(ListenTCP Connection)

< Open TCP Connection
Port=49100

@ (Accept TCP Connection)
AcceptConnection Response

Send Data
9 Datacabe

Data = abc -

Read
Timeout = 10000 ms

Read Response
@ —— Data=ahbc

Write

Data = xyz
Data = xyz

Write Response

Theresponseis returnedto ~ ~e@———  Receive Data
the controller as soon as the

data is sent

Typical Sequence of Transactions for UDP Without OpenConnection

The following diagram shows a typical sequence of socket interface transactions for UDP
communications without using the OpenConnection service to specify the destination address. In
this case, the MicroLogix controller specifies the destination for each datagram and receives the
sender address along with each datagram it receives.

The example shows the MicroLogix controller sending data to a device and then the device sending
a response. This is a typical sequence of transactions. Depending on the application protocaol, the
device could instead initiate sending data to the MicroLogix controller. Additionally, each Write does
not require an application response or acknowledgment. The application protocol determines the
exact sequence of application transactions.

Typical Sequence of Transactions for UDP Without OpenConnection

Remote Ethernet
MSG in Ladder Program féq%r?g’igubsystem Device
S 10.10.10.11
CreateSocket ®
Port=49100

° CreateSocket Response
Instance=102

Write
10.10.10.11?Port=49200 —
Data = abc
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Typical Sequence of Transactions for UDP Without OpenConnection

Remote Ethernet
MSG in Ladder Program féq%r?gtlgubsystem Device
e 10.10.10.11
Data = abc o Receive Data From
Port = 49200
Write Response
o The response is returned to
the controller as saon as the
data is sent
Read ® @ Send Data To
Timeout =10000 ms 10.10.10.10?port=49100
Data = xyz
Read Response @
10.10.10.11?Port=49200
Data = xyz

Typical Sequence of Transactions for UDP With OpenConnection

The following diagram shows a typical sequence of socket interface transactions for UDP
communications when using the OpenConnection service to specify the destination address.

The exact sequence of sending and receiving data depends on the application protocaol.

Typical Sequence of Transactions for UDP With OpenConnection

Remote Ethernet
MSG in Ladder Program féq%r?gtlgubsystem Device
S 10.10.10.11
CreateSocket >
Port=49100
CreateSocket Response
* stance=102
OpenConnection .
10.10.10.11?Port=49200
-@®——— (penConnection Response
Write
Data = abc —
_ Receive Data From
Data = abe % o400
Write Response
° The response is returned
to the controller as soon
as the data is sent
Read > @ Send Data To
Timeout =10000 ms 10.10.10.10?port=49100
Data = xyz
Read Response <
@— 1010:0.11?Port=43200
Data = xyz
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Communicate With the In MicroLogix controller programs, you can use a CIP Generic MSG instruction to request socket
Socket Object Via an MSG SEVICes.
Instruction —
el | MutiHen | SendData | Feceive Dats |
”:h_ wul:mfmmfrmm
Cormuracafion Commnd [CIP Ganase ] Tisak: Comresciion [} m
Dt Tl Adress fleceivet [7 — | el [ I Arating Descusion T 2]
e in Bgbas Pleceivel [1_ | Bandt 1| Eres ERL ]
Taaget Divvica Mattags dore [OH] 5]
Mestage Tiecut: [ Hetiage Tranemiteg 571 |2 ]

Peexnage Enatied (EM] |2 ]

Loeal f Remate: [Locd Muliap: t““
Esdersied Houbrng Info FisFI<L [+ Eisad
Sevvice [Cupem | SerdcaCodefest [7 | -~ el
umﬂx:ﬂm]'u_||rb=r|'-'_| E s Condaflacct
Intance st [ [ooch 1|
L e T

Ernos Bieacription

= MSG - Rung #2:0 - 7 =101x]
| Send Data | Receive Data |
Ins = Add Hop Del = Remove Hop
From Device | From Port | To &ddress Type | To &ddress
This MicroLogix Channsl 1 EtherNetAF Device {str:)
4| | »]

Configure the MSG with these values.

Message Parameters

CIP Generic MSG Parameter Description
Channel Select 1 (Integral)
Communication Command Select CIP Generic
Service Select Custom

Each socket service has a unique Service Code:
« CreateSocket: 4B (hexadecimal)

« OpenConnection: 4C (hexadecimal)
AcceptConnection: 50 (hexadecimal)

Service Code « Read: 4D (hexadecimal)
« Write: 4E (hexadecimal)
« DeleteSocket: 4F (hexadecimal)
« DeleteAllSockets: 51 (hexadecimal).
Class Specify 342 (hexadecimal) for the Socket Object.

Specify:

« 0 for CreateSocket and DeleteAllSockets services

« Instance number returned by CreateSocket for other
Instance services

Use a relay ladder instruction to move the returned
instance number from a CreateSocket service into the
MGx:y.TFN element of an MSG instruction.
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Message Parameters (Continued)

CIP Generic MSG Parameter

Description

Attribute

Specify the attribute value only when getting or setting an
attribute, not when using other services.

Data Table Address (Send)

Specify N file.

Contains the request parameters for the socket service.
Create a user-defined data type (UDT) for the request
parameters for each service.

Size in Bytes (Send)

Specify the length of the Send Element.

Data Table Address (Receive)

Specify N file.

Contains the response data that is returned by the service.
Create a user-defined data type for the response data for
each service.

Size in Bytes (Receive)

Specify the length of the Receive Element.

Extended Routing Info File(RIX)

Specify RIX file.

Control Bits(TO, BK, EN)

TO bit: If this bit is set, the MSG instruction causes message
timeout and set error bit.

BK bit: Specify 0. This bit is not used for this Socket Object
and is ignored.

EN bit: If this bit is set, the MSG instruction is triggered.

Error Code(Hex)

See Possible Error Codes for Socket Services on page 354.

Error Description

See Possible Error Codes for Socket Services on page 354.

To Address in MultiHop tab

Always specify “127.0.0.1". The "To Address" must point to
the controller Local IP address.

Data in Send Data tab

This tab shows the Send Data table in CIP byte order. Some
parameters in Socket Interface services require ASCII
string format.

Use this tab to enter the ASCII string with ASCII Radix. See
OpenConnection on page 344.

Data in Receive Data tab

This tab shows the Receive Data table in CIP byte order.

For details on specific services, see Sacket Object Services on page 341.

Message Transfer Sizes

The maximum amount of application data you can send or receive depends on whether you
configure the MSG instruction as connected or unconnected. The size of the application data
excludes the parameters in the Read and Write services.

Message Transfer Sizes

Service

TCP or UDP
(Configured on the CreateSocket Service parameter)

Maximum Amount of Application Data
(Configured on the Read or Write Service parameter)

TCP Client/Server

Read UDP with OpenConnection Service 240(=252-12) bytes
UDP without OpenConnection Service
TCP Client/Server

Write UDP with OpenConnection Service 236(=252-16) bytes

UDP without OpenConnection Service

338

For Read/Write service from/to TCP sockets, if the application data is larger than the maximum
size, you can issue multiple reads or writes to receive or send the entire application message.

For Read service from UDP sockets, if the application data is larger than the maximum size, you
can issue multiple Reads to receive the entire application message.

For Write service to UDP sockets, the size application data cannot exceed the maximums that are
listed for Read and Write services.
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Service Timeouts

You must specify a Timeout parameter (in milliseconds) for any service that might not complete
immediately (OpenConnection, AcceptConnection, Read, and Write). The timeout tells the Socket
Object the maximum amount of time that it should wait when attempting to complete the service.
While waiting for the service to complete, the MSG instruction is enabled.

If the requested service does not complete before the Timeout period expires, the Socket Object
returns a response to the service request. See the service descriptions for the content of the
response.

IMPORTANT  Make the value of the service Timeout parameter shorter than the MSG
instruction timeout, otherwise application data could be lost.

Message Instruction Timeouts

The default MSG instruction timeout is 33 seconds; the maximum MSG timeout is approximately
146 seconds. Specify the MSG instruction timeout by setting the appropriate configuration of the
Ethernet Channel Configuration:

«  MSG Connection Timeout: Up to 65,500 milliseconds
«  MSG Reply Timeout: Up to 65,500 milliseconds

The MSG timeout is determined by adding the MSG Connection Timeout, MSG Reply Timeout, and
Default addition time (15 seconds).

Socket Interface Timeouts

Each socket instance has an Inactivity Timeout (default of 30 minutes). If a socket instance
receives no service requests for the amount of time that is specified by the Inactivity Timeout, the
socket instance is deleted. If you then try to use the socket instance, the MSG instruction may
receive the error NO_SOCKET or FORCE_BUFFER_RETURN.

If you put the controller in Program mode before existing socket instances time out, the controller
disconnects all connections and delete all socket instances.

IMPORTANT  Make sure the Inactivity Timeout is longer than the longest interval between
socket operations. If the Inactivity Timeout is too short, socket instances
may time out, resulting in MSG instruction errors.
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PI’OQ ramming You should observe the following programming considerations.

Considerations
TCP Connection Loss

Your application program may encounter conditions that result in TCP connection loss. For
example, a network cable can be unplugged, or a target device can be turned off.

Your application program should detect the loss of TCP connections and handle those events
appropriately. You can detect connection loss when a:

o Read service returns with an error.

«  Write service returns with an error. See Possible Error Codes for Socket Services on
page 3b4.

Depending on the application, you might want to:
«  Fault the controller.
- Try to re-establish the connection (in the case of a client connection).
- Wait for another incoming connection to be established (in the case of a server connection).

If you want to re-establish communications with the other device, you must:
« Delete the socket instance for the lost connection.

o |fthe connect_ion is a client connection, create a new socket instance and issue an
OpenConnection service to the target device.

« I the connection is a server connection, issue an AcceptConnection service to wait for
another connection from the remote device.

Change Controller Mode Between Executing and Non-Executing

Executing mode includes Run, Remote Run, Test Continuous Scan, and Test Single Scan modes. Any
others are Non-Executing modes.

If the MicroLogix controller transitions from Executing to Non-executing mode while socket
requests are active, all connections are closed and all instances are deleted. This is forced by the
controller. You can experience the error code NO_SOCKET from MSG instructions. See Possible Error

Codes for Sacket Services on page 354.
In RSLogix 500, you can also set the MGx:y.T0 bit for any outstanding socket-related MSG
instruction. This causes the MSG instruction to timeout and sets the MGx:y.ER bit.

Application Messages and TCP

A TCP connection is a byte stream between two application entities. The application protocol
determines the message formats. Messages can be fixed size or variable size.

If an application sends variable size messages, a common strategy is to first send a fixed size
‘header' containing the size of the message, followed by the message. The receiving device can
first issue a Read of the fixed size header to determine the remaining size, and then issue a
subsequent Read to receive the remaining data.

Partial Reads

Itis possible for a Read service to return a BuflLen that is less than the requested amount of data.
For example, your program may request 100 bytes of data. Because TCP is a byte stream and not a
datagram protocol, you can receive less than 100 bytes when the Read service returns.
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Depending on the application protocol, you can issue additional Read requests to receive all data. If
the application protocol dictates that all messages are 100 bytes, then you must issue additional
Reads until you receive 100 bytes. If the application protacol uses variable size messages, your
program needs additional logic to handle variable message sizes as defined by the application
protocaol.

When you issue multiple Read services, be careful to adjust the destination data table that receives
the data so that data is not overwritten. This fragment of Structured Text logic shows an example
of handling a partial Read service.

/* copy the nessage we just read */

CPW ( ReadResponse. Buf[ 0], ReadBuf|[CurrentlLen],
ReadResponse. Buf Len ) ;

CurrentlLen := CurrentlLen + ReadResponse. Buf Len;

/* do we need to read nore data get a conplete
nmessage? */

if ( CurrentlLen < ApplicationMsgLen ) then

/* issue another read */

ReadPar ans. Buf Len : = Applicati onMsgLen - CurrentLlen;
MSG ( ReadMs®) ) ;

end_if;

IMPORTANT  If you do not issue consecutive Read services, the rest of the application
data is lost. For example, if the application data size is 100 bytes and you
issue a Read service with 50 bytes, you should read the rest of data 50
bytes with consecutive Read service. If you issue a Write service without
consecutive Read service, the rest of data 50 bytes is lost.

Partial Writes

Your program may need to handle the situation, although uncommon, where the Write service is
unable to send all specified bytes. Such a situation can occur if the Write service is called multiple
times before the target application can receive the data.

If the Write service is not able to send all requested data, your program should issue subsequent

Writes to send the remaining data. Your program should also adjust the source data table, so that
old data is not sent.

Socket Object Services The Socket Object supports the following services.

Socket Service
CreateSocket
OpenConnection
AcceptConnection
Read

Write
DeleteSocket
DeleteAllSockets

The MicroLogix controller assumes that the outgoing data is in CIP byte order except the application
data(data in Buf). The application data is sent out as it is.

The MicroLogix controller assumes that the incoming data is in CIP byte order except the
application data. For example, if you issue a Write service with 2 bytes integer, that integer is sent
over a TCP connection or in a UDP datagram in CIP byte order. If you issue a Read service and your
destination data table (for the response) contains an integer, the MicroLogix controller assumes
that the incoming data is in CIP byte order.

Depending on the native byte order of the application, you are communicating with, you may have
to convert the byte order in the RSLogix 500 application.
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Table 184 shows an example for Write service.
Table 184 - N File for Sending Contains: 22 Bytes

Nx:1 Nx:2 Nx:3 Nx:4, Nx:5 NX:6 NX:7 NX:8 ...

Timeout Emr pordar o BufLen Reserved Buf

(&4 bytes) (2 bytes) (2 bytes) (4 bytes) (2 bytes) (2 bytes) (n bytes)

10,000 ms 2: family 100: port 1234 6 0 "ABCEDEF"
27100000 0200 6400 0102 03 04 06 00 0000 4147 43 44y 45 46

So, N file should contain the data in CIP byte order as shown:
2710 00 00 02 00 64 00 0102 03 04 06 00 00 00 41 42 43 44 45 46

N File for Receiving Contains: 4 Bytes

Nx:0 Nx:1

BufLen Reserved

(2 bytes) (2 bytes)

6 0

06 00 0000

So, N file contains the data in CIP byte order as shown:
06 000000

CreateSocket

The CreateSocket service creates an instance of the Socket object. The service returns an instance
number that you use in the subsequent socket operations.

Call the CreateSocket service with instance 0 (Socket object class).

Parameter Value

Service Type CreateSocket
Service Code 4B (hexadecimal)
Class 342 (hexadecimal)
Instance 0

Attribute 0

MSG Configuration Parameters

To call this service, select Setup Screen in the MSG instruction and enter the values that are shown
in Figure 37.

Figure 37 - CreateSocket MSG Configuration Parameters
= MSG - MG50:0 : {1 Elements) =10/ x|

] MultiHop | Send Data | Receive Data |

Contraller —Confral Bits —E
Channel: [T{integrall) ] lanore if imed out {TO):
Communication Command: [CIP Generic ] Break Connection (BKIE 0]

\Data Table Address (Receive): [la00 (Send): [30:0 Awiaiting Execution (EW): [T ]

Size in Bytes (Receive): I | (Send): Error (EF): 1] |

- Target Device Message done (D) [U] |
Message Timeout: ] Message Transmitting (ST): [T]

Massage Enablad (ENJ: [0 ]
Local /£ Remote : MultiHop:  [¥es |

Extended Routing Info File(Rlx): Enen
Service! [Custom ] Service Code (hex}: Error Code(Hex): 0

Class (hex): [542 (dech [G34
Instance {hex): [0 (dec): [0

Attribute (hexd: [0 (dec)i [0
~Enor Description
Mo errors
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Configure the MSG with these values:

CIP Generic MSG Parameter Description
Channel 1(Integral)
Communication Command CIP Generic
Service Custom

Service Code

4B (hexadecimal)

Class 342 (hexadecimal)
Instance 0

Attribute 0

Data Table Address (Send) Specify N file

Size in Bytes (Send) 12 bytes

Data Table Address (Receive) Specify N file

Size in Bytes (Receive) 4 bytes

Extended Routing Info File(RIX) Specify RIX file

To Address in MultiHop tab 127.0.01

Considerations:

Use the instance returned by CreateSocket on subsequent service requests.
Use a relay ladder instruction to move the returned instance number from a CreateSocket service into the MGx:y.TFN

element of an MSG instruction.

N File for Sending Contains: 12 Bytes

Nx:0 Nx:1 Nx:2

Nx:3 Nx:4, Nx:5

SocketType Reserved
(2 bytes) (2 bytes) (2 bytes)

SocketAddr Family

SocketAddr Port SocketAddr IP Address
(2 bytes) (4 bytes)

»  SocketType - Specify 1for TCP, 2 for UDP. 0 or all others are reserved.

« Reserved - Specify 0.
o Structure of SocketAddr:

- Family - Specify the address family. Must be 2.

- Port - Specify a local port number, or set to 0 (the local port number is chosen by
Ethernet subsystem). For TCP client operations, specify 0 unless you want a specific local
port number. For TCP server communications, specify the port number on which to
accept incoming connection requests. For UDP, to receive datagrams on a specific port,

you must specify a local port number.

- IPAddr - Specify an IP address. Typically, set to 0 (any address).

N File for Receiving Contains: 4 Bytes

Nx:0 Nx:1
Sockinstance Reserved
(2 bytes) (2 bytes)

« Socklnstance - Contains Instance number of the socket.
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OpenConnection

The OpenConnection service does one of the following:
« For TCP, opens a TCP connection with the specified destination address.
«  For UDP, associates a destination IP address and port number with the specified socket.

Open Connection Parameter

Parameter Value

Service Type OpenConnection

Service Code 4C (hexadecimal)

Class 342 (hexadecimal)

Instance 0. Use a relay ladder instruction to move the returned instance number from a
CreateSocket service into the MGx:y.TFN element of an MSG instruction

Attribute 0

MSG Configuration Parameters

To call this service, select Setup Screen in the MSG instruction and enter the values that are shown
in Figure 38.

Figure 38 - OpenConnection MSG Configuration Parameters
= MSG - MG5D:1 : {1 Elements) o] x|

MultiHop | Send Data | Receive Data |

This Contraller - Control Bits ——————————
Channel: [T {Integral} | Ignare if timed .DUt (TOX[T]
Communication Command: [CIF Generic | Break Connection (BK): [0]

(Send): [WN310 Awaiting Execution (EW): [07]
Size in Bytes (Receiva): (Sendk 32|
Error (ER): [0]

— Target Device Message done (DMN): [0 ]
Message Timeout : Message Transmitting (ST3: 0]
Message Enabled (EM): [T ]

Local / Rernote ¢ MultiHop: Yoo
Extended Routing Info File(RIX}: _Etrar
Service! [Custom | Zervice Code (hexd: [T ] Errar Code{Hex): 0
Class (hexr): [342 {dec) [534
Instance thexy: [0 ] (deck: [§ ]
Aftribute (hewd: [@ | ddech [0 |

’rError Description

Mo errors

Configure the MSG with these values:

CIP Generic Message Parameters

344

CIP Generic MSG Parameter Description
Channel 1(Integral)
Communication Command CIP Generic
Service Custom

Service Code 4C (hexadecimal)
Class 342 (hexadecimal)

0 Use a relay ladder instruction to move the returned instance number

Instance from a CreateSocket service into the MGx:y.TFN element of an MSG
instruction.

Attribute 0

Data Table Address (Send) Specify N file

Size in Bytes (Send)

8+ n (number of characters in the destination address) bytes

Data Table Address (Receive)

Not used. The MSG instruction does not return any data.

Size in Bytes (Receive)

0 bytes
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CIP Generic Message Parameters (Continued)

CIP Generic MSG Parameter Description
Extended Routing Info File(RIX) Specify RIX file
To Address in MultiHop tab 127.0.01
Considerations:

In some cases, the OpenConnection service can return before the timeout period without creating a TCP connection. For
example, if the destination device is running, but is not listening for connections on the specified port number,
OpenConnection returns with an error before the timeout period.

For UDP, if you use OpenConnection, you do nat have to specify the IP address and port number each time you send
data. If you do not specify an IP address and port number, you can only receive data from the previously specified IP
address and port number in the OpenConnection service.

For UDP, if you do not use OpenConnection, you must specify the destination address each time you call the Write
service to send data. When you call the Read service, in addition to the data, you receive the address of the sender. You
can then use the address of the sender to send a response via the Write service.

N file for Sending Contains: 8 Bytes + n Bytes

Nx:0, Nx:1 Nx:2 Nx:3 Nx:4...
Timeout DestAddr Length DestAddr Reserved DestAddr Data
(& bytes) (2 bytes) (2 bytes) (n bytes, max 64 bytes)

« Timeout - Specify the timeout in milliseconds.
« DestAddr Length - The length of the destination address.
« Reserved - Specify 0.

- DestAddr Data - Specify an array of characters (maximum of 64) to define the destination
of the connection. Specify either of these:

- Hostname?port=xxx

- |PAddr?port=xxx
For example, to specify an IP address, enter "10.88.81.10?port=2813". To specify a host
name, enter "REMOTE_MOD?port=2823".

N file for receiving contains: 0 bytes
- NONE

AcceptConnection

The AcceptConnection service accepts a TCP connection request from a remote destination.
Before calling AcceptConnection, call CreateSocket and specify the local port number that accepts
the connection. When AcceptConnection completes, it returns a socket instance that you use for
sending and receiving data on the newly created connection.

The AcceptConnection service is not valid for UDP sockets.

Parameter Value

Service Type AcceptConnection

Service Code 50 (hexadecimal)

Class 342 (hexadecimal)

Instance 0. Use a relay ladder instruction to move the returned instance number from a
CreateSocket service into the MGx:y.TFN element of an MSG instruction

AMtribute 0
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MSG Configuration Parameters

To call this service, select Setup Screen in the MSG instruction and enter the values that are shown

in Figure 39.
Figure 39 - AcceptConnection MSG Configuration Parameters
F:M5E - ME50:1 : {1 Elements) B =10| x|
Ol :'| MutiHap | Send Data | Faceive Data |
~ Thiz Condroller Corirol Bite |
. 1 lanore I tmed out (TO: [
Chanmel: [| |'||-.-,B%ra|;| | ' :
Commu on Command: [CIF Goneri ] AHII}I;E 'E"“m::‘h;mfﬁ:::ﬂ
Db Tahile Aulideiess (Hrceiseds [M41:0 Rend)s [fa0 WWaRING Cecin :
Slize In Bites (Recelve): ITH_] (Send): |.|_|_I E—
mor |
~ Target Device Messape done l:IJNJ:H

Meszsage Timeow : B | Meszaqe Transmiting (ST):[0]

Messaga Enabled (EMN):[T]

Local / Ramate ultitiop:
Etended Routing Info Flle(RED: [FLRELT Erar
Sarvice: [Custom ] =ervice Coda (hex): B0 | Error CodatHax): 0
Class (hexd: [F87 ] (dec)k [FH
Il e dhi)s {dec): [0
Afinibute (hewd: [T | (deck: [0

Exroe DeseripSion

Mo emors

Configure the MSG with these values:

CIP Generic Message Parameters

CIP Generic MSG Parameter Description
Channel 1(Integral)
Communication Command CIP Generic
Service Custom

Service Code 50 (hexadecimal)
Class 342 (hexadecimal)

0 Use a relay ladder instruction to move the returned instance number

346

Instance from a CreateSocket service into the MGx:y.TFN element of an MSG
instruction.

Attribute 0

Data Table Address (Send) Specify N file

Size in Bytes (Send) 4 bytes

Data Table Address (Receive) Specify N file.

Size in Bytes (Receive) 12 bytes

Extended Routing Info File(RIX) Specify RIX file

To Address in MultiHop tab 127.0.01

Considerations:

Create a separate socket instance (CreateSocket) for each port number that accepts connections. After you create a
sacket instance, call AcceptConnection to wait for an incoming connection request. You can accept connections on the
same port number. Each call to AcceptConnection returns a different instance number to use when later reading and

writing data.

If you use a local port number that is already in use by Ethernet Subsystem other than Socket Interface subsystem, you
may receive an ADDR_IN_USE error (see Possible Error Codes for Socket Services on page 354). Ethernet Subsystem

uses these port numbers:

. 80 - HTTP Server

. 161 - SNMP Server

. 2222 - EtherNet/IP Server
. 44818 - EtherNet/IP Server
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N File for Sending Contains: 4 Bytes

Nx:0, Nx:1

Timeout
(4 bytes)

« Timeout - Specify the timeout in milliseconds.

N File for Receiving Contains: 12 Bytes

Nx:0 Nx:1 NXx:2 Nx:3 Nx:4, Nx:5
Socklnstance Reserved FromAddr Family FromAddr Port FromAddr IP Address
(2 bytes) (2 bytes) (2 bytes) (2 bytes) (4 bytes)

«  Sockinstance - Contains the instance for this service. Use this Instance on subsequent
Read and Write services for this connection.

« Reserved - Specify 0.

«  Structure of FromAddr:
- Family - Contains the address family. Must be 2.
- Port - Contains a remote port number.
- Addr - Contains a remote IP address.

Read

The Read service reads data on a socket. You can specify a number of bytes to receive. The Read
service returns the number of bytes received.

For TCP, the Read service returns when any data is received, up to the requested number of bytes.
The Read service can return fewer bytes than were requested. Your application might need to
issue multiple Read requests to receive an entire application message.

For UDP, the Read service completes when a datagram is available

Parameter Value

Service Type Read

Service Code 4D (hexadecimal)

Class 342 (hexadecimal)

Instance 0. Use a relay ladder instruction to move the returned instance number from a
CreateSocket service into the MGx:y.TFN element of an MSG instruction

Attribute 0
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MSG Configuration Parameters

To call this service, select Setup Screen in the MSG instruction and enter the values that are shown

in Figure 40.

Figure 40 - Read MSG Configuration Parameters

= MSG - MG50:3 : (1 Elements}

Il MultiHop | Send Data | Fieceive Data |
This Contraller

=0l x|

— Control Bits

Channel: [T {nteqral) |

lanore if imed out {TOY:[T]

Caomrunication Command: [CIP Generic

| Break Connection (BK): [0 ]

Data Table Address (Receivel! [N45:0 |
Size in Bytes (Receive): [752

end)! N30 fweaiting Execution (EW): [T]

(Send):

— Target Device

Errar (ER): (0]

Extended Routing Info File(Rlx): [RL<ED:3

Message Timeout

Local / Remote : MultiHop:

Message done (DM} [0 ]
Message Transmiting (ST): (0]
Message Enabled (EN): [0

— Errar
Service: [Custorn | Service Code thex): [d0 | Error CodetHex): 0
Class (hex): [347 (dec): [334
Instance (hex): [0 (dec): [0
Aftribute (hex): [0 {dec): [0
Errar Description
’7 Mo errors
Configure the MSG with these values:
CIP Generic MSG Parameter Description
Channel 1(Integral)
Communication Command CIP Generic
Service Custom
Service Code 4D (hexadecimal)
Class 342 (hexadecimal)
0 Use a relay ladder instruction to move the returned instance
Instance number from a CreateSocket service into the MGx:y.TFN element
of an MSG instruction.
Attribute 0
Data Table Address (Send) Specify N file
Size in Bytes (Send) 8 bytes
Data Table Address (Receive) Specify N file.

Size in Bytes (Receive)

12 bytes + n (number of bytes of data to receive) bytes

Extended Routing Info File(RIX)

Specify RIX file

To Address in MultiHop tab 127.0.01

N File for Sending Contains: 8 Bytes

Nx:0, Nx:1 NXx:2 Nx:3

Timeout BufLen Reserved Family
(4 bytes) (2 bytes) (2 bytes)

« Timeout - Specify the timeout in milliseconds.

«  BuflLen - Specify the number of bytes of data to receive. If configured BufLen is less than
the actual received data length, the rest of the data can be read from the next read request
service. If BufLen is larger than the actual received data length, all received data is stored
to the Buf. For more detail, see Partial Reads on page 340.

+ Reserved - Specify 0.
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N File for Receiving Contains: 12 Bytes + n Bytes

Nx:0 Nx:1 NX:2, Nx:3 NXx:4 Nx:5 NX:6...
FromAddr Family | FromAddr Port FromAddr IP Address  |BufLen Reserved Buf
(2 bytes) (2 bytes) (& bytes) (2 bytes) (2 bytes) (n bytes)

«  Structure of FromAddr:

- Family - Contains the address family. Must be 2.

- Port - Contains a local port number.

- Addr - Contains an IP address.
«  BufLen - Contains the number of bytes of data received.
+  Buf - Contains the data.

Write

The Write service sends data on a socket. You can specify the number of bytes to send. The Write
service attempts to send the requested number of bytes and returns the number of bytes sent.

Parameter Value

Service Type Write

Service Code 4E (hexadecimal)
Class 342 (hexadecimal)

0. Use a relay ladder instruction to move the returned instance number from a
CreateSocket service into the MGx:y.TFN element of an MSG instruction

Attribute 0

Instance

MSG Configuration Parameters

To call this service, select Setup Screen in the MSG instruction and enter the values that are shown
in Figure 41

Figure 41 - Write MSG Configuration Parameters

= MSG - MGH0:2 : {1 Elements) 1Ol x|
| MultiHop | Send Data | Receive Data |

This Controller —Contral Bits———————————

Channel: [ {Tnfegral ] lgnore if timed lout (TC3: 0]

Communication Cammand: [CIP Generic | Brggk CUHHECF'UH (BK)EE

Data Table Address (Receivel: [N4Z:0 (Send): [N3Z:0 Awaiting Execution (EW): 0]
Size in Bytes (Receive): (Send): [E0

(LI Error (ER): (0]

— Target Device Message done (DMN): [0 ]

Message Timeout : Message Transmitting (ST):[0_]

Message Enabled (EM):[T]
Local / Remaote MultiHop: Yes

Extended Routing Info File(RIXY: [RI=E0:2 T
Service! [Costom | Service Code (hex): [4E Error Cade(Hex): 0
Class (hex): [347 (dec): [534
Instance (hexd [0 f{dec): [0
Atribute (hex): [0 {dec): [0

Ertor Description
’7 Mo errors

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023 349



Chapter 24

Socket Interface Using CIP Generic Messaging

Configure the MSG with these values:

CIP Generic Message Parameters

CIP Generic MSG Parameter Description
Channel 1(Integral)
Communication Command CIP Generic
Service Custom
Service Code 4E (hexadecimal)
Class 342 (hexadecimal)
0 Use a relay ladder instruction to move the returned instance
Instance number from a CreateSocket service into the MGx:y.TFN element
of an MSG instruction.
Attribute 0
Specify N file.

Data Table Address (Send)

In this N file, Inline Indirection functionality is supported for ASCII
communication. For more detail, see Inline Indirection.
functionality on page 351.

Size in Bytes (Send)

16 bytes + n (number of bytes of data to send) bytes

Data Table Address (Receive)

Specify N file.

Size in Bytes (Receive) 4 bytes
Extended Routing Info File(RIX) Specify RIX file.
To Address in MultiHop tab 1270.0.1

Considerations:

For TCP connections, ToAddr is ignored. Connectionless UDP messages may use the address that is stored in the open

connection service.

N File for Sending Contains: 16 Bytes + n Bytes

Nx:0, Nx:1 Nx:2 Nx:3 Nx:4, Nx:5 NX:6 NXx:7 NX:...
Timeout ToAddr Family ToAddr Port ToAddr IP Address BufLen Reserved Buf
(& bytes) (2 bytes) (2 bytes) (4 bytes) (2 bytes) (2 bytes) (n bytes)
« Timeout - Specify the timeout in milliseconds.
«  Structure of ToAddr:

- Family - Specify the address family. Must be 2.

- Port - Specify a local port number, or set to 0 (the local port number will be chosen by
the Ethernet subsystem). For TCP client operations, specify 0 unless you want a specific
local port number. For TCP server communications, specify the port number on which to
accept incoming connection requests. For UDP, to receive datagrams on a specific port,
you must specify a local port number.

- Addr - Specify an IP address. Typically, set to O (any address).

«  BufLen - Specify the number of bytes of data to write.
« Reserved - Specify 0.
«  Buf - Specify the data to write.

N File for Receiving Contains: 4 Bytes

Nx:0 Nx:1

BufLen Reserved

(2 bytes) (2 bytes)
«  BufLen - The number of bytes that were written.
+ Reserved - Contains 0.
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Inline Indirection functionality

You can use Inline Indirection functionality for N file in Write service.

If "SEND N7:2 = [N7:2]" is written in the Buf field of the N file, "[N7:2]" is replaced to a string of the
value of N7:2. For example, if N7:2 contains a data 39, the string "SEND N7:2 = 39" is sent out. If
"SEND 19:3 = [19:3]" is written in the Buf field of the N file, "[L9:3]" is replaced to a string of the
value of L9:3. For example, if L9:3 contains a data 3456789, the string "SEND L9:3 = 3456789" is sent
out.

The number of replaced characters may be smaller or larger than the number of Inline Indirection
characters. If the number of replaced characters is smaller than the number of Inline Indirection
characters, NULL is filled in at the end of the buffer, as many as the difference between the
numbers. If the number of replaced characters is larger than the number of Inline Indirection
characters, the transmitted data is trimmed by as many characters as the difference between the
numbers.

Inline Indirection can be supported for N file or L file only.

DeleteSocket

The DeleteSocket service deletes a socket instance. For a TCP connection, the DeleteSocket service
also closes the connection before deleting the instance.

Parameter Value

Service Type Read

Service Code 4F (hexadecimal)

Class 342 (hexadecimal)

Instance 0. Use a relay ladder instruction to move the returned instance number from a
CreateSocket service into the MGx:y.TFN element of an MSG instruction

Attribute 0

MSG Configuration Parameters

To call this service, select Setup Screen in the MSG instruction and enter the values that are shown
in Figure 42.

Figure 42 - DeleteSocket MSG Configuration Parameters
= MSG - MGE0:4 : (1 Elements) =101

MultiHop | Send Data | Receive Data |

This Controller ~Contral Bits ————————————
Channel: [T {Inteqral) lgnare if timed out (TO)[07]

Communication Command: [P 5 - Break Connection (BK): (0]
l Eneric | Awaiting Execution (EW): 0]

Size in Bytes (Receive): (Send):
L] o] Errar (ER}: 0]
— Target Device Message done (DM 0]
Message Timeout : Message Transmitting (3T): (0]

Message Enabled (EN):[T7]

Local / Remaote ! MultiHap: Ves

Extended Routing Info File(Rlx): [BR4ED:L T
Service! [Custorm | Service Code (hex): [dF Error Cods(Hex): 0
Class (hex): [347 (dec): [@34
Instance thex): [0 {decl: [0
Aftribute (hex): [0 {dec): [0
Error Description
’7 Mo errars
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352

Configure the MSG with these values:

CIP Generic Message Parameters

CIP Generic MSG Parameter Description

Channel 1(Integral)

Communication Command CIP Generic

Service Custom

Service Code 4F (hexadecimal)

Class 342 (hexadecimal)
0 Use a relay ladder instruction to move the returned instance

Instance number from a CreateSocket service into the MGx:y.TFN element
of an MSG instruction.

Attribute 0

Data Table Address (Send) Not used.

Size in Bytes (Send) 0 bytes

Data Table Address (Receive) Not used.

Size in Bytes (Receive) 0 bytes

Extended Routing Info File(RIX) Specify RIX file

To Address in MultiHop tab 127.0.01

Considerations:

Delete a sacket instance if it is no longer needed. If unused instances are nat deleted and you continue to create
additional instances, you can exceed the maximum number of instances.

N file for sending contains: 0 bytes
- NONE

N file for receiving contains: 0 bytes
- NONE

DeleteAllSockets

The DeleteAllSockets service deletes all currently created socket instances. For TCP, the
DeleteAllSockets service also closes all connections before deleting the instances.

Parameter Value

Service Type DeleteAllSockets
Service Code 51 (hexadecimal)
Class 342 (hexadecimal)
Instance 0

AMttribute 0
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MSG Configuration Parameters

To call this service, select Setup Screen in the MSG instruction and enter the values that are shown

in Figure 43.

Figure 43 - DeleteAllSockets MSG Configuration Parameters

= MSG - MG5K0:5 : (1 Elements)

MultiHop | Send Data | Receive Data |
This Contraller

(=]

—Control Bits

Channel: [ {ntegral

lgnare if timed out (TOM 0]

Communication Command: [CIF Generc

| Break Connection (BK): [0 ]

Size in Bytes (Receivell [T | {Send 0]

dwvaiting Execution (EW): [T]

Errar (ERY: [0]

— Target Device

Message Timeout :

Local / Remate tultiHop: Ves

Message dane (DN): [0 ]
Message Transmitting (ST): (0]
Message Enabled (EN): [T ]

Extended Routing Info File(RIX): [RTEDE

Service! [Custom

Class (hex): [347 (dec): [G34
Instance (hex): (dech: [T__ |

aftribute thexd: [0 ] (deck: @ ]

| Service Cade (hex):

—Error
Error CodefHex): 0

Errar Description
’7 Mo errars

Configure the MSG with these values:

CIP Generic MSG Parameters

CIP Generic MSG Parameter Description
Channel 1(Integral)
Communication Command CIP Generic
Service Custom

Service Code 51 (hexadecimal)
Class 342 (hexadecimal)
Instance 0

Attribute 0

Data Table Address (Send) Not used.

Size in Bytes (Send) 0 bytes

Data Table Address (Receive) Not used.

Size in Bytes (Receive) 0 bytes
Extended Routing Info File(RIX) Specify RIX file
To Address in MultiHop tab 127.0.01

Considerations:
Call the DeleteAllSockets service with instance 0.

A typical use of DeleteAllSockets is when application development and debugging are complete.

N file for sending contains: 0 bytes
- NONE

N file for receiving contains: 0 bytes
- NONE
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Possible Error Codes for
Socket Services

If the Socket Object encounters an error with a service request, or while processing the service
request:

The Socket Object returns an error code.
The MSG instruction sets the MGx:y/ER bit.

The MSG instruction sets error codes in Word 18(MGx:y.ERR) of MG file. Low byte is error code
OxDE (Object-Specific General Error) and high byte is 0.

The MSG instruction sets internal fail code in Word 22(MGx:y.22) of MG file. Low byte is error
code OxDE (Object-Specific General Error) and high byte of this sub-element contains
detailed extended error code.

Table 185 describes the values of the extended error code.

Table 185 - Socket Services Error Codes

\(/ngs Error Code Description
01 NO_SOCKET No sacket available with the same instance.
02 NO_BUFFER_AVAILABLE No Ethernet buffer available.
03 MAX_CONNECTION Reached to maximum connections.
04 ILLEGAL_SEQUENCE Socket Interface Sequence is not valid.
05 CONNECTION_BROKEN TCP connection has been broken when Read or Write operation.
06 ADDR_IN_USE The port number is in use already.
07 DNS_ERROR IP address could not be resolved from DNS server.
MSG buffer has been returned while DeleteSocket or
08 FORCE_BUFFER_RETURN DeleteAllSockets services are executed. Or while the Inactivity
timer is expired.
Reserved -
10 INVALID_SEND_DATA_SIZE Invalid send data size in the MSG instruction.
1 INVALID_SERVICE_CODE Invalid Service Code in the parameter of the service.
12 INVALID_SOCKET_TYPE Invalid socket type in the parameter of the service.
13 INVALID_SERVER_TYPE Invalid server type in the parameter of the service.
14 INVALID_TYPE_CODE Invalid type code in the parameter of the service.
15 INVALID_FAMILY Invalid family in the parameter of the service.
16 INVALID_PORT Invalid port in the parameter of the service.
17 INVALID_ADDRESS Invalid IP address in the parameter of the service.
18 INVALID_ADDRESS_LENGTH Invalid address structure length in the parameter of the service.
19 INVALID_DATA_LENGTH Invalid data length in the parameter of the service.
W e e e e o e i Fr et
Reserved -
20 SOCKET_ERROR_CREATE Socket error during Create operation.
2 SOCKET_ERROR_LISTEN Socket error during Listen operation.
2 SOCKET_ERROR_BIND Socket error during Bind operation.
23 SOCKET_ERROR_ACCEPT Socket error during Accept operation.
2% SOCKET_ERROR_CONNECT Socket error during Connect operation.
25 SOCKET_ERROR_SEND Socket error during Send operation.
26 SOCKET_ERROR_RECEIVE Socket error during Receive operation.
27 SOCKET_ERROR_UNLISTEN Socket error during Unlisten operation.
28 SOCKET_ERROR_UNBIND Socket error during Unbind operation.
29 SOCKET_ERROR_UNACCEPT Socket error during Unaccept operation.
2A SOCKET_ERROR_DISCONNECT Socket error during Disconnect operation.
2B SOCKET_ERROR_DELETE Socket error during Delete operation.
Reserved -
30 OPEN_CONN_TIMEOUT Open connection operation timer was expired.
31 ACCEPT_CONN_TIMEOUT Accept connection operation timer was expired.
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Table 185 - Socket Services Error Codes (Continued)

\(/Sg)g Error Code Description

32 READ_TIMEOUT Read operation timer was expired.

33 WRITE_TIMEOUT Write operation timer was expired.
Reserved -
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Notes:
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RCP - Recipe

ECE

— BRecipe

Eecipe File Fhamber
Recipe Fhamber
File Operation

Load

Recipe and Data Logging

This chapter describes how to use the Recipe and Data Logging functions.

Instruction Type: Output

Execution Time for the RCP Instruction

. When Rung Is:
Controller Operation
True False
) . Load 14.5910 ps 0.5205 ps
MicroLogix 1400
(Cro0g% Store 16,8690 ps 0.4515 pis

The RCP file allows you to save custom lists of data associated with a recipe. Using these files along
with the RCP instruction lets you transfer a data set between the recipe database and a set of user-
specified locations in the controller file system.

The recipe data is stored in Data Log Queue memory.

The following reasons may help you choose which type of memory to use:

«  All'recipe data is stored into the controller memory module. Because the recipe data is
stored in Data Log Queue memory, it does not consume user program space.

- Ifyou are not using the data logging function, it allows you more memory (up to 64K bytes)
for RCP files. You can use the Data Log Queue for data logging and recipe data, but the total
cannot exceed 128K bytes.

See step 2, “Create an RCP File” on page 358 for the recipe file procedure.

The RCP instruction uses the following parameters:

« Recipe File Number - The file number that identifies the custom list of addresses that are
associated with a recipe.

«  Recipe Number - Specifies the number of the recipe to use. If the recipe number is invalid,
a user fault (code 0042) is generated.

«  File Operation - Identifies whether the operation is a Load from the database or a Store to
the database.

When executed on a True rung, the RCP instruction transfers data between the recipe database
and the specified data locations.

Addressing Modes and File Types are shown in Table 186 on page 358:
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Table 186 - RCP Instruction Valid Addressing Modes and File Types®

Data Files Function Files g Address Mode |Address Level
(<5}
=
[3+
£
Parameter » g l. k=
= > | e 5} - | &
g ElElg|& 3 S |2z
= &E < IS8l lg] |e=|m|E]8
< = slISIRIB|IEIsl=lzlZEglzl8lalg|E|E2|E|=|S|5|8|a
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(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.

Recipe File and Programming Example

Configuring the RCP file

1. Using RSLogix 500/RSLogix Micro, locate and select RCP Configuration Files. Right-click and
select New.

ECCE [0/
o L LaDz- o |p—
1] Data Files aoo
B crozs Reterence
-[A on-outPUT
[ 1 - inpUT

[ s2-sTATUS
[ B3-BNARY

[ T4 - TIMER

-.[A ©5 - COUNTER
—-[A R& - CONTROL
[ W7 - NTEGER
[ F&-FLOAT
-2 Data Logging

L[ configuration

[ status

W I CF Configuration Files
E-{_7] Farce Files

i..[@ oo - ouTPUT Paste
B 11 - mput

=1+ Custom Data Monitors
. L. cOM 0 - Unitled

2. Create an RCP File.

x
File: Protection: [~ Memory Module /Dawnload |LI
LCancel |
Mumber of Recipes: I
Hel
M ame: IUntitIed __Dl
[ escription: I

"Location where recipe data iz stored [applies to all recipe files]

) Wser Program % Data Log Husue

« File - The number that identifies the RCP file. It is the Recipe File Number that is used in the
RCP instruction in your ladder program and identifies the recipe database.

Number of Recipes - The number of recipes that are contained in the RCP file. This can
never be more than 256. This is the Recipe Number that is used in the RCP instruction in
your ladder program.

Name - A descriptive name for the RCP file. Do not exceed 20 characters.
Description - The file description (optional)
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- Location where recipe data is stored (applies to all recipe files) - This allows you to
designate a memory location for your RCP files.

« User Program - Cannot be used
- Data Log Queue - Recipe data is stored in the data log memory space (max 64K bytes).

IMPORTANT Al recipe data is stored into the controller's memory module (1766-MM1).
3. Enter the RCP file parameters as shown. When finished, select OK.

Create RCP File x|
File: _ &
Cancel
Murnber of Recipes: (3 _—I
B Help
Marne: [Paint Colors

Description: |HCP "Quick Start” example for mixing paint colors

Location whete recipe data iz stored (applies to all recipe files)
’V(‘ ser Program & Data Log Quewe

4, Anew dialog appears. In this dialog, enter the values as shown.

Il RCP File 0 - RCP Example g -|al x|
Address Length Initial D ata Diescription |
W70 1 A00 Fed Pigment
M7 1 h00 Green Pigment
N72 1 0 Blue Pigment
T4.0.PRE 1 500 Mixing Time

]

Current Recipe Dﬂ

5. Change the Current Recipe from 0 to 1. Notice that the addresses were duplicated, but the

data was not.
6. Enter the data for Recipe 1as shown.

RI=IE
Address Length Initial D ata Description |
M7:0 1 h00 Fied Pigment
M7 1 0 Green Pigment
M7:2 1 a00 Blue Pigment
T4:0.PRE 1 Mixing Time

500
S I

STy

7. Change from Recipe 1to Recipe 2 and enter the following data.

i nop e 0- P exampie R -Iolx]
Address Length Initial D ata Description |
H7:0 1 333 Fied Pigment
M7 1 333 Green Pigment
NF2 1 333 Blue Pigment
T4.0.PRE 1 1000 Mixing Time

The Recipes are now configured.
8. Create the following ladder logic.
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i
=
Load Tellowr Paint Load Purple Paint Load White Paint J
Eecipe EFecipe Fecipe
E30 E30 E3:0 FCP
o ———J e e Pucipe
1] 1 2 Fecipe Fila Mamber 1]
Recipe Humber u]
File Operation Load
Load Parple Pamnt Load Tellowr Paint Load White Paint
Eecipe Eecipe ERecipe
B30 Ez0 B30 FCP
000l ——d e e e Facipe
1 1] 2 Fecipe Fila Muamber 1]
Recipe Humber 1
File Operation Load
Load White Paint Load Yellowr Paint Load Parple Paint
Recipe Recipe Recipe
B30 E3:0 E3:0 FCF
mE e e e | Fecipe
2 u] 1 Fecipe Fila Namber 1]
Recipe Humber 2
File Operation Load
("EHD "—
-
I{IPI\FiIe?i ||i|_| »

Application Explanation of Operation

When B3:0/0 is energized and B3:0/1and B3:0/2 are de-energized, Recipe File 0:Recipe number 0
executes loading the following values to create Yellow paint.

« N7:0=500
« N7:1=500
« N7:2=0

+ T40.PRE=500

When B3:0/1is energized and B3:0/0 and B3:0/2 are de-energized, Recipe File 0:Recipe number 1
executes loading the following values to create Purple paint.

« N7:0=500
« N71=0
« N7:2=500

« T4:0.PRE=500

When B3:0/2 is energized and B3:0/0 and B3:0/1 are de-energized, Recipe File 0:Recipe number 2
executes loading the following values to create White paint.

« N7:0=333
o N7:1=333
o N7:2=333

« T40.PRE=1000
Monitor the N7 data file. Notice the values change after each bit is toggled.
This example describes loading values from an RCP file to data table addresses. However, by

changing the RCP file operation from Load to Store, values can be loaded by ladder logic into the
recipe database for each Recipe number.
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Data Logging

Queues and Records

Program Files

Calculation of Consumed Memory

The consumed memory in this example can be calculated by the following equation.

Data Field Memory Consumption
N7:0 2-byte

N7:1 2-byte

N7:2 2-byte

T4:0.PRE 2-byte

Integrity Check 2-byte

Total 10-byte

Consumed nmenory size for Recipe File 0

Data Field per a recipe * Nunber of Recipes
10 * 3 (bytes)

30 bytes

Data Logging allows you to capture (store) application data as a record for retrieval later. Each
record is stored in a user-configured queue in battery backed memory (B-Ram). Records are
retrieved from the MicroLogix 1400 controller via communications. This chapter explains how Data
Logging is configured and used.

This section contains the following topics:
«  (Queues and Records on page 361
«  Configure Data | og Queues on page 365
« DLG - Data Log Instruction on page 366

« Data Log Status File on page 367
o Retrieve (Read) Records on page 368

The MicroLogix 1400 controller has 128K bytes (128 x 1024) of additional memory for data logging
purposes. Within this memory, you can define up to 256 (0...255) data logging queues. Each queue
is configurable by size (maximum number of records stored), and by length (each record is 1...109
characters). The length and the maximum number of records determine how much memory is
used by the queue. You can choose to have one large queue or multiple small queues.

The memory that is used for data logging is independent of the rest of the processor memory and
cannot be accessed by the User Program. Each record is stored as the instruction is executed and
is non-volatile (battery-backed) to help prevent loss during power-down.

Data Files Function Files Specialty Files
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Example Queue 0

This queue is used to show how to calculate the string length of each record and maximum

number of records.
Queue 0 (Date = v/, Time = v/, Delimiter =)

Date Time N7:11 L14:0 T4:5.ACC 11:3.0 B3:2

Record 0 01/10/2000 . |20:00:00 . |2315 . |103457 . (200 . (8190 .| 4485
Record 1 01/10/2000 . |20:30:00 . |2400 . |103456 . |250 . |8210 .| 4375
Record 2 01/10/2000 . |21:00:00 . |275 . | 103455 o225 . |8150 . |4335
Record 3 01/10/2000 . |21:30:00 . |2380 . 103455 (223 . (8195 . |4360
Record 4 01/10/2000 . [22:00:00 . (2293 . 1103456 . |21 . 8390 .| 4375
Record 5 01/10/2000 . |22:30:00 . |2300 . |103455 |23 . |8400 .| 4405
Record 6 01/10/2000 . |23:00:00 . |2308 . |103456 |25 . |8100 .| 439
Record 7 01/10/2000 . |23:30:00 . |2350 . |103457 . |208 . (8120 .| 4415
Record 8 01/11/2000 . (00:00:00 (2295 . |103457 . |209 . |8145 . |4505
Record 9 01/11/2000 . |00:30:00 . |2395 . |103456 ool . |8190 . |4305
Record 10 01/11/2000 . |01:00:00 . |2310 . |103455 |22 . |8195 .| 4455
Record 11 01/11/2000 . |01:30:00 (2295 . |103456 . |233 . 8190 | 4495

String Length of Record

The size of a record is limited so that the length of the maximum formatted string does not exceed
109 characters. Use Table 187 to determine the formatted string length.

Table 187 - Record String Length

Data Memory Consumed Formatted String Size
Delimiter 0 bytes 1 character

Word 2 bytes 6 characters

Long word 4 bytes 11 characters

Date 2 bytes 10 characters

Time 2 bytes 8 characters

String 84 bytes 89 characters

Float 4 bytes 13 characters

For queue 0, the formatted string length is 59 characters, as shown:

Data Date Time N7:11 L14:0 T4:5.ACC 11:3.0 11:2.1

Characters |10 1 1|8 116 T |n 1 1|6 116 1 |6

=10+1+8+1+6+T1+1M+1+6+1+6+1+6
=59 characters
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Number of Records

Using Queue 0 as an example, each record consumes:

Record Field Memory Consumption
Date 2 bytes

Time 2 bytes

N7:11 2 bytes

L14:0 4 bytes

T4:5.ACC 2 bytes

[1:3.0 2 bytes

B3:2 2 bytes

Integrity Check 2 bytes

Total 18 bytes

In this example, each record consumes 18 bytes. So if one queue was configured, the maximum
number of records that could be stored would be 7281. The maximum number of records is

calculated by:

Maxi mum Nunmber of Records =
128K byt es/ 18 bytes

(128) (1024)/ 18
7281 records

Example Queue 5

Queue 5 (Time = v/, Delimiter = TAB)

Data Log File Size/Record Size

Time NT:11 11:3.0 I1:2.1
Record0  |20:00:00 |23 TAB 8190 TAB 4465
Record1  |20:30:00 B [2400 TAB (8210 TAB 4375
Record2  |21:00:00 |27 TAB  [8150 TAB 4335
Record3  |21:30:00 B [2380 TAB  [81%5 TAB 4360
Record4  |22:00:00 B 2293 TAB  [8390 TAB 4375
Record5  |22:30:00 B [2301 TAB  |8400 TAB 4405
Record6  |23:00:00 B [2308 TAB  [8100 TAB 4395
String Length of Record

The size of a record is limited so that the length of the maximum formatted string does not exceed
109 characters. Use Table 188 to determine the formatted string length.

Table 188 - Record String Length

Data Memory Consumed Formatted String Size
Delimiter 0 bytes 1 character

Word 2 bytes 6 characters

Long word 4 bytes 11 characters

Date 2 bytes 10 characters

Time 2 bytes 8 characters

String 84 bytes 89 characters

Float 4 bytes 13 characters

For queue 5, the formatted string length is 29 characters, as shown:

Data

Time

N7:11

11:3.0

11:2.1

Characters

8

1

6

1 1|6

116

=8+1+6+1+6+1+6=29characters
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Number of Records

Using Queue 5 as an example, each record consumes:

Record Memory Consumption

Record Field Memory Consumption
Time 2 bytes

N7:M 2 bytes

N:3.0 2 bytes

N:2.1 2 bytes

Integrity Check 2 bytes

Total 10 bytes

Each record consumes 10 bytes. S if only one queue was configured, the maximum number of
records that could be stored would be 13107. The maximum number of records is calculated by:

Maxi mum Nunber of Records = Data Log File Size/ Record Size
= 128K bytes/ 10 bytes

(128) (1024)/ 10
13107 records

Example Maximum Record of String Data

String Length of Record

The size of a record is limited so that the length of the maximum formatted string does not exceed
109 characters. Use Table 189 to determine the formatted string length.

Table 189 - Record String Length

Data Memory Consumed Formatted String Size
Delimiter 0 bytes 1 character

Date 2 bytes 10 characters

Time 2 bytes 8 characters

String element 84 bytes 89 characters

For queue 0, the formatted string length is 29 characters, as shown below:

Data Date Time String
Characters |10 118 1 189
=10+1+8+1+83=109 characters

Number of Records

Using Queue 0 as an example, each record consumes:

Record Memory Consumption

Record Field Memory Consumption
Date 2 bytes

Time 2 bytes

ST10:0 84 bytes

Integrity Check 2 bytes

Total 90 bytes

364 Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023



Chapter 25 Recipe and Data Logging

Configure Data Log Queues

Maxi mum Nunmber of Records

Each record consumes 90 bytes. So if only one queue was configured, the maximum number of
records that could be stored would be 1456. The maximum number of records is calculated by:

= Data Log File Size/Record Size

= 128K byt es/ 90 bytes

(128)(1024)/90
1456 records

Configure Data Logging using RSLogix 500/RSLogix Micro programming software version V8.10.00
or later.

Open a MicroLogix 1400 controller project. The first step in using Data Logging is to
configure the data log queues. Access to this function is provided via the RSLogix 500/

RSLogix Micro Project tree:

& EMAMPLE RESET DLG.... M=l E3

H-1] Hep
3 | Ciotibrodigr
4 ] Program Filkes

O =tatus
4+ ] Fom Filios
F-] Custom Dada Monion
-] Dacabass

Double-click Configuration
/ to access Data Log

[# ] Dwia Fiies
= Dada mem/ Configuration.
O configusa

2. The Data Log Queue dialog appears. Double-click Data Log Configuration.

i Corigprie e
108 Appearance of Data Log Queue
o= e Configuration dialog before
i e WA THO® 15 creating a queue.
DO W (P31 Fore {1 12340 195
BTNEE DD 156
WANDE  UHEW 158
WANE THON 15
PEAXEE KR 15
i 1 #isl | i
L
O 0 21 el et brom COELLCRE -1 yomm |
gt 22008 221 R € oty o DLV P11 o
il | |

information.

3. The Data Log Queue dialog box appears as shown below. Use this dialog to enter the queue

— Configuiaicn
Nurberof Fleconds I o |

Separshoe Chasacter r
I Date Stamp
™ Time Slam
Addrais bo Leg

| limuﬂl
_ Dewe |

Cusrerk Address Lt

Concel
_He |

Enter the information shown in Table 190 on page 366.
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Table 190 - Data Log Queue Configuration Parameters

Bg’;gnla(é%e?ueue Configuration Description
Number of Records Defines the number of records (data sets) in the queue.
Choose the character to act as the separator for the data in this queue (tab,
Separator Character comma, or space). The separator character may be the same or different for
each queue configured.
Date Stamp if selected, the date is recorded in mm/dd/yyyy format!.
Time Stamp if selected, the time is recorded in hh:mm:ss format®).
Enter the address of an item to be recorded and select Accept to add the
Address to Log address to the Current Address List. The address can be any 16-bit or 32-bit
piece of data.
This is the list of items to be recorded. Record size can be up to 109 bytes. You
Current Address List can use the Delete button to remove items from this list. See Example Queue 0
on page 362 for information on record size.

A record consists of configured Date Stamp, Time Stamp, Current Address List, and Separator Characters.

(1) If the real-time clock is disabled and Date Stamp and Time Stamp are selected (enabled), the date is recorded as 00/00/0000 and
the time as 00:00:00.

4. After entering all information for the data log queue, select OK. The queue is added to the
Data Log Queue dialog with a corresponding queue number. This is the queue number to
use in the DLG instruction.

DLG - Data Log Instruction  instruction Type: Output

DLG Execution Time for the DLG Instruction
— Data Log —
queue number 0 Controller When Rung Is:
True False
MicroLogix 1400 89910 ps 2.6050 ps

IMPORTANT  You must configure a data log queue before programming a DLG
instruction into your ladder program.

The DLG instruction triggers the saving of a record. The DLG instruction has one operand:
Queue Number - Specifies which data log queue captures a record.
The DLG instruction only captures data on a false-to-true rung transition. The DLG rung must be

reset (scanned false) before it captures data again. Never place the DLG instruction alone on a
rung. It should always have preceding logic, as shown:

] 4
[
B30 DLG _
0oon J E Data Log
u] quens wmuther u]
{END 57—
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Data Log Status File

There is a Data Log Status (DLS) file element for each Data Log Queue. The DLS file does not exist
until a data log queue has been configured.

The Data Log Status file has 3-word elements. Word 0 is addressable by bit only through ladder
logic. Words 1and 2 are addressable by word and/or bit through ladder logic.

The number of DLS file elements depends upon the number of queues that are specified in the
application. Table 191 describes the status bits and words.

Table 191 - Data Log Status (DLS) File Elements

Control Element
Word 15 14 13 12 1 10 09 (08 |07 |06 (05 |04 |03 |02 (01 |00

0 NG {0 |oN@ [ov® o™ jo o {0 |0 |0 |0 |0 |0 |0 |0 |0
1 FSZ = File Size (number of records allocated)

2 RST = Records Stored (number of records recorded)

(1)  EN=Enable Bit

(2) DN = Done Bit

(3) 0V =O0verflow Bit
(4) CO = ClearQueue bit

Data Logging Enable (EN)

When the DLG instruction rung is true, the Data Logging Enable (EN) is set (1) and the DLG instruction
records the defined data set. To address this bit in ladder logic, use the format: DLS0:Q/EN, where
0 is the queue number.

Data Logging Done (DN)

Use the Data Logging Done (DN) bit to indicate when the associated queue is full. This bit is set (1) by
the DLG instruction when the queue becomes full. This bit clears when a record is retrieved from
the queue. To address this bit in ladder logic, use the format: DLS0:0/DN, where 0 is the queue
number.

Data Logging Overflow (0V)

Use the Data Logging Overflow (0V) bit to indicate when a record gets overwritten in the associated
queue. This bit is set (1) by the DLG instruction when a record is overwritten. Once set, the OV bit
remains set until you clear (0) it. To address this bit in ladder logic, use the format: DLS0:0/0V,
where ( is the queue number.

Data Logging ClearQueue (CQ)

Use the Data Logging ClearQueue(C0) bit to clear the associated queue. You set (1) this bit. This bit
clears when all records in the associated queue are cleared from memory. To address this bit in
ladder logic, use the format DLS0:0/CQ, where ( is the queue number.

File Size (FSZ)

File Size (FSZ) shows the number of records that are allocated for this queue. The number of
records is set when the data log queue is configured. FSZ can be used with RST to determine how
full the queue is. To address this word in ladder logic, use the format: DLS0:0.FSZ, where ( is the
queue number.

Records Stored (RST)

Records Stored (RST) specifies how many data sets are in the queue. RST is decremented when a
record is read from a communications device. To address this word in ladder logic, use the format:
DLS0:0Q.RST, where Q is the queue number.
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If a queue is full and another record is saved, the oldest record is averwritten.
Queue behavior is the same as a FIFO stack—first in, first out. If a queue is full
and an additional record is saved, the “first” record is deleted.

Table 192 shows the types of instructions that you can use DLS information in.

Table 192 - Instruction Types

Instruction Type Operand

Relay (Bit) Destination Output Bit

Source A

Source B

Low Limit (LIM instruction)

Test (LIM instruction)

C
ompare High Limit (LIM instruction)

Source (MEQ instruction)

Mask (MEQ instruction)

Compare (MEQ instruction)

Source A

Math Source B

Input (SCP instruction)

Source A

Logical
4 Source B

Move Source

Retrieve (Read) Records Retrieve data from a data logging queue by sending a logical read command that addresses the
Data Log retrieval file. The oldest record is retrieved first and then, deleted. The record is deleted
as soon as it is queued for transmission. If there is a power failure before the transmission is
complete, the record is lost.

Retrieve the data as an ASCII string with the following format:

<DATE><UDS><TIME><UDS><1ST DATA><UDS><2ND DATA><UDS>...<UDS><LAST DATA><NUL>

» Where:
<date> = mm/dd/yyyy - ASCIl characters (date is optional)
<time> = hh:mm:ss - ASCII characters (time is optional)
<UDS> = User-Defined Separator (TAB, COMMA, or SPACE)
<X Data> = ASCII decimal representation of the value of the data
<NUL> = Record string is null terminated

« |f the real-time clock module is disabled in the controller, <date> is formatted as 00/00/
0000, and <time> is formatted as 00:00:00.

« The Communications Device determines the number of sets of data that have been
recorded but not retrieved. See Data Log Status File on page 367.

« The controller performs a data integrity check for each record. If the data integrity check is
invalid, a failure response is sent to the Communications Device. The data set is deleted as
soon as the failure response is queued for transmission.

For easy use with Microsoft® Excel® use the TAB character as the separator
character.

368 Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023



Chapter 25

Recipe and Data Logging

Access the Retrieval File

Command Structure

You can use a dedicated retrieval tool or create your own application.

Retrieval Tool

You can download the MicroLogix Data Log Extract Utility tool from rok.auto/pcdc. The tool requires
RSLinx® Classic Lite or RSLinx Classic communication software, version 2.50.00 or later. RSLinx
must be installed on the same computer as the MicroLogix Data Log Extract Utility.

Information for Creating Your Own Application

Controller Receives Communications Packet

DST |SRC |STS |TNS | FNC A2 |Byte Size |[File No. |File Tpe Ele. No. S/Ele. No.
Application Fields
Field Function Description
DST Destination Node
SRC Source Node
Cmd Command Code
STS Status Code Set to zero
NS Transaction Number Always 2 bytes
FNC Function Code
Byte Size Number of bytes to be read Formatted string length (see equation below)
File Number Always set to zero
File Type Must be A5 (hex
Element Number Queue number Determines the queue to be read (0...255)
Sub-element Number Always set to zero
Equation
Record Field1 |+ Record Field 2|+ Record Field 3 +RecordField 7 |= fgg’gfgt‘*d String
Record Field Sizes
Data Type Maximum Size
Word 7 bytes (characters
Long Word 12 bytes (characters)
Date Field 11 bytes (characters)
Time Field 9 bytes (characters)
Float 14 bytes (characters)
String 90 bytes (characters)

« The formatted string length cannot exceed 109 bytes in length.

« The last byte is a zero value representing the terminator character.
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Controller Responds with Reply

Reply Structure

SRC |DST | Cmd 4f |STS |TNS DATA EXT STS
Field Function Description

SRC Source Node

DST Destination Node

Cmd Command Code

STS Status Code

TNS Transaction Number Always 2 bytes

DATA Formatted string

If the data integrity check fails, the record is deleted and an error is sent with STS of OxFO and ext
STS of OxOE.

For more information on writing a DF1 protocol, see DFI Protocol and Command Set Reference
Manual, publication 1770-RM516.

Conditions that Will Erase

the Data Retrieval File

IMPORTANT  The data in the retrieval file can only be read once. Then it is erased from
the processor.

The following conditions cause previously logged data to be lost:
«  Program download from RSLogix 500/RSLogix Micro to controller

«  Memory Module transfer to controller except for Memory Module autoload of the same
program

«  Full Queue - When a queue is full, new records are recorded over the existing records,
starting at the beginning of the file. You can put the following rung in your ladder program to
help prevent this from happening:

B30 LECQ DL
% Less Than or Eql (4==E) DataLog
o Souree & DLS0:5 EST qaene marher 5
7

Somwce B DLS0:5 FE2
7
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Chapter 26

LCD Overview

LCD - LCD Information

This chapter describes how to use the LCD functions.

Through the embedded LCD, the MicroLogix 1400 controller lets you monitor bit, integer, and long
integer data within the controller, and optionally modify that data, to interact with your control
program integers, and to the optional 1764-DAT for the MicroLogix 1500 controllers, the embedded
MicroLogix 1400 controller LCD allows access to 256 bits, 256 integer, and 256 long integers, each of
which can be individually protected. If you need to know the speed of a conveyor, the status of a
remote sensor, or how close your process is running relative to its optimal temperature, you can
monitor your LCD.

You can manually start an operation, change a timing sequence, or make adjustments to a counter,
and use the LCD to simulate push buttons or numeric entry devices. By simply moving or copying
data in and out of the bit and integer files, you now can monitor and modify the parameters that
your controller uses.

O000C0m RU O0000m RUN
B3:8/2 Nf:D
=0N =+B810857

Making use of the MicroLogix 1400 controller LCD Instruction, your controller can directly interface
with a local operator using your ladder logic. The LCD Instruction executes under two modes of
operation, the first mode being ladder logic output to the display only (hereafter called Display Only
mode). In this Display Only mode, up to three lines of data, with up to 16 characters per line, can be
sent to the display from the ladder logic running in the controller. Think of this as messaging to the
LCD. These lines can consist of combinations of Bits, Integers, Long Integers, Floating, and String
characters. So now the control program can send alert/alarm messages, I/0 data values, simple
text messages, or combinations of these messages to the operator. These messages can be
triggered by events such as input sensors, timer done bits, message from another controller, or
based on a scheduled action using the embedded real-time clock, or free running timers.

00000N RU
Machine
twenty-two

is running

The second mode of operation again allows for output from the ladder logic to the display, but adds
input from the operator back to the controller (hereafter called Display With Input mode). Up to two
lines of up to 16 characters each can still be sent to the LCD for display, but the third line, in this
mode, is used to obtain numeric input. Bit, integer, or long integer file types can be used to provide
this input.

You can select User Display from the LCD menu. The User Display screen shows the specified
output data when the LCD Instruction is energized.
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O0000N RUN
Enter New

PSI Pressure
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If DISPLAY WITH INPUT is set to YES, you can input using the LCD keypad to enter Bit, Integer, or
Long Integer data.

LCD Function File Within the RSLogix 500/RSLogix Micro Function File Folder, you see an LCD Function File. This file
provides access to LCD and Trimpot configuration data, and also allows the control program
access to all information about LCD screen, keypad, and Trimpot.

If the controller is in the Run mode, TUF, TMIN, TMAX may not be changing, those
values can be available for changing only when the program is downloaded.
EFunction Files =k
HSC | PTOX | PWMX| STl | EI | RTC MMI | BHI | csn | ES1 |4l
Address Walue Description
sy
- CBL - Customnized Boot Lago ASCI File ' [
- 5CD - Start with Custornized Display 1]
- TO - Data Input Timeout of LCD Instructic 0
- DM - LCD Instruction Job Done 1
- ERR - LCD Display Operation Error Bit |0
- ERM - LCD Module Operation Error Murm 0
- TUF - Target User Define File Mumber |0
- J0G - Jog data update Mode Sat 1]
= THIMN - Trimpot Low Walue 1] al
- ThA% - Trimpot High Walue 250 CCOM.TUF. |
- POTO - Trimpot 0 Data ( TMIN -TM&S) D m
EPOTI - Trimpot 1 Data (TMIN = TMAR) |0
= WHND - Instruction Display Window 0
- 0K - 0K key in Custornized Display 0
FESC - ESC key in Customized Display ([
- BACKOMN - Backlight timer on/off 1
- BACKTIME - Backlight time 0
L CHST - LCD Contrast Value 25
The LCD Function File contains status information and control configurations for the LCD, Trimpot,
and keypad, such as:
« Information about whether to use a customized display at power-up
«  Keypad key-in mode and timeout settings
«  Bit, Integer, and Long Integer data files to monitor
«  Current Trimpot values and Trimpot value range settings

LCD Function File Sub- LCD function file is composed of 15 sub-elements. These sub-elements are either bit, word
structures that are used to provide control over LCD, Keypad, Trimpot. Table 193 provides a

elements Summary summary of the sub-element.

Table 193 - LCD Function File

User Program

Feature Address Data Format Type Access

CBL - Customized Boot Logo ASCI file address LCD:0.CBL Word (INT) Control Read/write

SCD - Start with Customized Display LCD:0/SCD Binary (bit) Control Read-only

T0 - Data Input Timeout of LCD instruction LCD:0.T0 Word (INT) Control Read-only

DN - LCD Instruction Job Done LCD:0/DN Binary (bit) Status Read-only

ERR - LCD Display Operation Error Bit LCD:0/ERR Binary (bit) Status Read-only

ERN - LCD Module Operation Error Number LCD:0.ERN Word (INT) Status Read-only

TUF- Target User-Defined File Number LCD:0.TUF Word (INT) Control Read-only

JOG - Jog data update Mode set LCD:0/J0G Binary (bit) Control Read/write

372
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Table 193 - LCD Function File (Continued)

Feature Address Data Format Type X(s:gggogram
TMIN - Trimpot low value LCD:0.TMIN Word (INT) Control Read-only
TMAX - Trimpot high value LCD:0.TMAX Word (INT) Control Read-only
POTO - Trimpot O Data (TMIN - TMAX) LCD:0.POTO Word (INT) Status Read-only
POT1 - Trimpot 1Data (TMIN - TMAX) LCD:0.POTI Word (INT) Status Read-only
WND - Instruction Display Window LCD:0/WND Binary (bit) Status Read-only
0K - OK key in Customized Display LCD:0/0K Binary (bit) Status/control Read/write
ESC - ESC key in Customized Display LCD:0/ESC Binary (bit) Status/control Read/write
CNST - LCD contrast LCD:0.CNST Word (INT) Control Read/write
BACKON - LCD backlight on/off LCD:0.BACKON Binary (bit) Status/control Read/write
BACKTIME - LCD backlight timer LCD:0.BACKTIME Binary (bit) Status/control Read/write
LCD Function File Sub- Customized Boot Logo ASCI! File Address Offset (CBL)
elements Feature Address Data Format Type User Program Access
cBlL - Customized Soot Logo ASC 1 ¢p.0.cpl. Word (INT) Control Read/write

Customized Boot Logo ASCII File Address Offset (CBL) defines which ASCII file number is used for
boot image. When the imported BMP file exists in an ASCII data file and a valid ASCII file is set, the
controller checks the file type and file size in the BMP header. If there is a proper image in an ASCII
file, the controller displays the BMP image in the whole screen. If an ASCII file does not have enough
space to display an image, or a data value is not valid, the controller displays the default logo
image.

Start with Customized Display (SCD)

User Program
Feature Address Data Format Type Access
gfs[;la §ta” with Customized | on./50p Binary (i) Control |Read-only

Start with Customized Display (SCD) specifies whether to display a customized LCD screen instead
the default I/0 Status screen at power-up. When this bit is set (1), the controller enters the
Customized Display mode at power-up, instead entering the default mode and displaying the 1/0
Status screen, and interfaces with LCD instructions in the ladder program. By setting this bit to On
(1), you can let your controller display LCD instructions or get keypad inputs at power-up, without
additional operations.

Data Input Timeout of LCD instruction (TO)

Feature Address Data Format Type Xiﬁ; l; Srogram
T0 - Data Input Timeout of LCD . ~
instruction LCD:0.70 Word (INT) Control Read-only

Data Input Timeout of LCD instruction (T0) specifies timeout period for data input when key inputs
from the LCD instruction in the ladder program. When this word is set to zero (0), it means no
timeout means that no timeout is used. When set to a positive value, the LCD exits U-DISP mode
and continues to the upper menu if there is no keypad input for more than the specified timeout
period.
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LCD Instruction Job Done (DN)

Feature Address DataFormat  [Type ng;gsrogram
DN - LCD Instruction Job Done |LCD:0/DN Binary (bit) Status Read-only

LCD Instruction Job Done (DN) is set (1) when an LCD instruction is completed. If the Display With
Input bit of the LCD instruction is clear (0, No), DN bit is set (1) immediately after its execution result
is displayed on the LCD. If the Display With Input bit is set (0, Yes), DN bit is set (1) when the 0K or
ESC key is pressed.

LCD Display Operation Error Bit (ERR)

Feature Address Data Format Type /lizggsPsrogram
EﬁR - LCD Display Operation Error LCD:0/ERR Binary (bi Status Read-only

LCD Display Operation Error Bit (ERR) bit indicates whether there is a Trimpot range error at each
program download. Whenever a program is downloaded, the controller compares the old Trimpot
values (POTO and POT1) with the new Trimpot range (TMIN to TMAX) and sets (1) ERR bit if an error is
found and resets (0) if no error is found.

For example, if old POTO =100, new TMIN=200 and TMAX=50, controller sets (1) ERR bit. This means
that a Trimpot range error has occurred at program download.

For more information about Trimpot functionality, refer to Using trimpots described in the
MicroLogix 1400 Programmable Controllers User Manual, publication 1766-UM001.

LCD Module Operation Error Number (ERN)

Feature Address Data Format Type ngggog ram
ERN - LCD Module Operation ) i
Error Number LCD:0.ERN Word (INT) Status Read-only

LCD Module Operation Error Number (ERN) shows the error code when an error occurs in LCD
configurations and operation.

LCD Error Codes
Error Code Name Description
0 None of Error Normal condition.
. The retentive trimpot value crashed by external failure as like
1 Trimpot Hardware fault battery fault errar.
2 Trimpot Range Over The trimpot range of new program is range over.

Target User Defined File Number (TUF)

Feature Address Data Format Type Xiigspgwam
Ilﬂfnb Zz:rqet User-Defined File || op.0.TuF Word (NT) Control Read-orly

Target User Defined File Number (TUF) specifies the data file number to monitor on the LCD. If the
data type to display is not System Status, Bit, Integer, Long Integer or Floating, the controller
displays the "Not S/B/N/L/F" message. For more information, see Using trimpots described in the
MicroLogix 1400 Programmable Controllers User Manual, publication 1766-UMOO1.
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Jog Data Update Mode Set (JOG)

User Program
Feature Address Data Format Type Access
;]StG - Jog data update Mode |, ¢y, 0 Binary (bit) Control Read/write

Jog data update Mode set (JOG) determines how the value changes are applied when you press
the Up and Down keys see change the data value for a trimpot. When this bit is set (1), the changes
are applied immediately whenever you press the Up and Down keys. When it is clear (0), the
changes are applied only when you press the OK key after you have changed the value using the
Up and Down keys.

There are three ways to change JOG bit:
«  Edit the LCD Function File with your RSLogix 500/RSLogix Micro programming tool.
«  Manipulate the bit using a ladder program.
«  Use the Advance Set and KeyIn Mode menus on the LCD.

Trimpot 0 Data (TMIN - TMAX) (POTO),
Trimpot L Data (TMIN - TMAX) (POT?)

Feature Address Data Format Type /l_J\(S;gISDSrogram
?El{\?() frimpot 0 Bata (THIN -, ¢ poo Word (INT) Status Read-only
?SIEX) Trimpot 1Data (TMIN -1, .0 pom Word (NT) Status Read-orly

The Data resident in POTO represents the position of trimpot 0. The Data resident in POT1
corresponds to the position of trimpot 1. Those valid data range for both is from TMIN to TMAX. POTO
and PQOT1 value is evaluated on valid value when a new program is downloaded. If the previous
Trimpot value is out of the new Trimpot range, Trimpot value is changed to the nearest bound. For
example, old POTO =1000, new TMIN=0 and TMAX=250, controller changes the POTO from 1000 to
250 after downloading the program. You can check the ERR and ERN to see if the POT value is
modified or not. The POTO operation that is described is identical to POTI.

Instruction Display Window (WND)

Feature Address DataFormat  [Type Xg(e;gsrogram
WND - Instruction Display Window |LCD:0/WND Binary (bit) Status Read-only

WND is set when LCD menu is in U-DISP. The controller also notifies this status to LCD screen as U-
DISP status.

OK Key in Customized Display (OK)

User Program
Feature Address Data Format Type AcCEsS
OK - OK key in Customized . . . Status/ .
Display LCD:0/0K Binary (bit) aonrol Read/write

OK is set when OK key is pressed. This bit should be cleared to get the next key input. Because once
OK key is pressed, this bit is set and latched until it is cleared by manually. This 0K bit is useful for
LCD instruction. You can use this bit as any input of ladder logic when you program with several
LCD instructions.

OK bit is presented for handy interface to LCD instruction and keypad, so it is just
updated in U-DISP screen.

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023 375



Chapter 26 LCD - LCD Information

ESC Key in Customized Display (ESC)

User Program
Feature Address Data Format Type Aocess
ESC - ESC key in Customized . ' . Status/ )
Display LCD:0/ESC Binary (bit) aontrol Read/write

ESC is set when ESC key is pressed. This bit should be cleared to get the next key input. Because
once ESC key is pressed, this bit is set and latched until it is cleared by manually. This ESC bit is
useful for LCD instruction. You can use this bit as any input of ladder logic when you program with
several LCD instructions.

ESC bit is presented for handy interface to LCD instruction and keypad, so it is
just updated in U-DISP screen.

LCD Backlight On/Off (BACKON)

User Program
Feature Address Data Format Type ACCeSS
BACKON - LCD Backlight on/off  {LCD:0/BACKON Binary (bit) Control Read/write

LCD Backlight On/0ff (BACKON) specifies whether to turn the backlight on or off. When this bit is set
(1), the LCD backlight turns on. Otherwise, the backlight always off.

LCD BacKlight Time (BACKTIME)

User Program
Feature Address Data Format Type ACCeSS
BACKTIME - LCD Backlight timer | LCD:0/BACKTIME Binary (bit) Control Read/write

LCD Backlight Time (BACKTIME) specifies the backlight timer period. When this bit is set to zero , the
default backlight timer period of 30 seconds applies. When set to (1), the backlight is always on.

LCD Contrast (CNST)

User Program
Feature Address Data Format Type ACCesS
CNST - LCD Contrast LCD:0/CNST Word (INT) Control Read/write

LCD contrast (CNST) sets the contrast of the LCD, with a range of 15...35. If the entered data is out of
range, the contrast value is changed to the nearest bound value of range. When set to a positive
value, the LCD continues to apply the specified contrast value.

LCD - LCD Instruction Instruction Type: Output
LCD Execution Time for the LCD Instruction
— LCD Duasplay —
L2 Somrce & 3TN0 .
When Rung Is:
L2 Source B g Controller enRung’s
L3 Source 4 5Tl True False
L5 Sonree B o n .
L4 Somres & 5T92 MicroLogix 1400 21233 ps 0.2191 ps
L4 Source B a . . . . .
Display With Input Ha The LCD instruction is used to display string or number, get value with keypad.
Setup Screen =

376

/Display area on the LCD

OO000N RU

<«—Line2(Operand 1+ Operand 2)
<«—— Line 3(Operand 3 + Operand 4)
~«—— Line 4 (Operand 5 + Operand 6)

Addressing Modes and File Types can be used as shown in Table 194:
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Table 194 - LCD Instruction Valid Addressing Modes and File Types®”

Data Files Function Files Address Address Level
[=2]
P = g r -
3]
arameter = Elo |8 » 2|
o S < |a o =5
o g > © T ] o2 o8
(&) -l |O|lo|O | — — = 1a ! w [ s =
— = [92] = | © oS D
o|_ — L L8l IEIRIE|GIE|IE|IZS|ISI8 |2 |a S8 |=|8 |

Line 2 Source A

Line 2 Source B

Line 3 Source A

Line 3 Source B

Line 4 Source A¥)

Line 4 Source BY

Display With Input

el e o] o] [Immediate |5
=

(1) For definitions of the terms that are used in this table see Use the Instruction Descriptions on page 68.
(2) L4 Source A"B, N, L" Data File is only available when Display With Input is set to 1.
(3) L4 Source B operand is not available when Display With Input is set to 1.

If Display With Input is set to 0 and the address mode of L2 Source A,
L2 Source B, L3 Source A, L3 Source B, L4 Source A, L4 Source B are immediate mode, these values
is 0.

Default Values:

» L2 Source A, L2 Source B, L3 Source A, L3 Source B,
L4 Source A, L4 Source B: 0 (Zero means Address that is not assigned)

- Display With Input: 0 (Zero means Display Only mode)

On a true rung status, the LCD instruction operation depends on how to set the Display With Input
operand value. If Display With Input operand is clear (0), LCD instruction mode is set to String or
(and) number display. If Display With Input operand is set (1), LCD instruction mode is set to String
or (and) number display and value input. You can use two operands per line message to display the
two different data. If Bit or Integer or Long Integer or Floating data file is assigned to any operands
(except the Display With Input operand), the number converted to signed range string
automatically. If the value is less than zero, minus sign (*-") is attached to the head of converted
string.

If you need to get long range data (-2,147,483,648 ~ +2,147483,647) from the keypad, use the L
data file.

The largest string size of each line is 16 characters. If there are more than 16 characters in the
string file, the remaining characters except the first 16 are ignored. Special characters such as
carriage return and new line are invalid and have no effect on the next line.

Getting Value with Keypad

Your application program can get value from keypad inputs if Display With Input bit is set (1) in LCD
instructions. Manual inputs can be obtained with arrow, ESC, and OK keys. In this case, Line 4 is
used for manual input. L4 Source A is used to specify the target file or element to store manual
input and the L4 Source B is not used. Where, the data value range for different file types are as
follows:

« Integer file (word): -32,768...+32,767
« Bitfile:0or1
« Long file (double word): -2,147483,648...+2,147483 647

When rung conditions go true, the LCD instruction displays Line 2 and Line 3 strings and positions
the cursor at Line 4. Then, you can input a desired value using the LCD keypad. Manual input is
applied when the OK key is pressed. If the ESC key is pressed, manual input is canceled and no
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operation is followed. During manual input with the LCD keypad, Line 2 and Line 3 displays are not
updated.

Displaying Special Characters

With the LCD instruction, the LCD screen can display the characters of A...Z, a to z, 0...9, and special
characters in the range of ASCIl 0x00...0x7F. If an Input character is in the range of ASCII
0x80...0xFF, a question mark (?) is displayed on the LCD.

Be careful that some special characters are substituted with the corresponding embedded
characters in the LCD. Figure 44 on page 378 shows the available character set on the LCD. For
information on how to manipulate a string file for display of special characters, see the RSLogix
500/RSLogix Micro Online Help.

Figure 44 - LCD Character Set

Bl a o0 01 p 024 03L 044 05 06— O7Fe 0OBQ 09 04 OB OC®¥OD OEA OF#

e RANANENONUAREREN
ASCII code (Hex)

04 114121 130 149 151 164 174 187 19} 14~ 1B+ 1C 1F

200 A0 22T 234 2% 25E A ¥ 28 23] 24 2B+ 2C, ZD- ZE. 2R

200 311 322 333 344 356 366 3¥F 588 3939 34: 3B 3C< 3D=3E: 3F 7Y

a0 @dal & 42B 43C 44D 45E 46F 470G 48H 431 440 4BK 4CL 4DMAEN 4F O

BOP 510 52FR 535 547 550 86Y B7WEEX B9Y BAZ BB BCA 8D ] BE ™

BD" Ela B2b B3c B4d Bhe BEF BYg BEBh B30 BA| BBEL BCl EDmEBEn BF o

f0p g 721 73 74t 75u 76w 77w 78w 79y 7hz 7BL VC| 7D} 7FE~ 7F1
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Programming Instructions

MicroLogix 1400 Controller Memory Usage and

Instruction Execution Time

This appendix contains a complete list of the MicroLogix 1400 controller programming instructions.
The list shows the memory usage and instruction execution time for each instruction. Execution
times using indirect addressing and a scan time worksheet are also provided.

Table 195 lists the execution times and memory usage for the programming instructions. These

M emory Usage and values depend on whether you are using word or long word as the data format.
Execution Time
Table 195 - MicroLogix 1400 Controllers - Memory Usage and Instruction Execution Time for Programming Instructions

Word Long Word
Programming Instruction Instruction Mnemonic |Execution Time in ps Memory | Execution Time in us Memory

Usage in Usage in

True False Words True False Words
ASCII Test Buffer for Line ABL 215621 1.8710 114 None None None
Absolute Value ABS 14410 0.3750 114 15390 0.3730 None
ASCII Number of Characters in Buffer | ACB 22.6154 3.5250 14 None None None
ASCII String to Integer ACI 6.5719 0.2142 114 TM46 0.1978 None
ASCII Clear Buffer ACL (bath) 26.5540 0.4500 157 None None None
ASCII Clear Buffer ACL (receive) 78820 0.3848 157 None None None
ASCII Clear Buffer ACL (transmit) 5.8590 0.3706 157 None None None
ASCII String Concatenate ACN 94852 0.1982 157 None None None
Arc Cosine ACS 18.0150 0.3750 114 18.3070 0.4150 None
Add ADD 1.8868 0.3540 157 1.7807 0.3546 None
ASCII String Extract AEX 10.0290 01850 2.00 None None None
ASCIl Handshake Lines AHL 26.5267 29480 2.00 None None None
ASCIl Integer to String AIC 8.3032 0.2591 114 9.8913 0.2155 None
And AND 1.789%4 0.3781 157 1.8185 0.3967 None
ASCII Read Characters ARD 9.3760 17770 157 None None None
ASCII Read Line ARL 339910 8.5690 157 None None None
ASCII String Search ASC 8.0844 0.1984 2.00 None None None
Arc Sine ASN 42.4610 0.3870 114 431010 0.3790 None
ASCII String Compare ASR 4.8596 0.2016 114 None None None
Arc Tangent ATN 146.7510 0.3740 114 146.4885 0.4088 None
ASCII Write with Append AWA 10.7810 9.0122 157 None None None
ASCII Write AWT 13.6110 12706 157 None None None
Bit Shift Left BSL 61018 5.8258 157 None None None
Bit Shift Right BSR 6.0790 59942 157 None None None
Clear CLR 2.0522 0.374 0.7 2.0125 0.3691 None
File Copy CcoP 2.5630 0.2034 157 None None None
Cosine N 112.m0 0.7686 114 19.8070 0.76%4 None
Compute CPT 4.8535 0.6610 0.14 None None None
Copy Word CPw 2.5630 0.2034 157 None None None
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Table 195 - MicroLogix 1400 Controllers - Memory Usage and Instruction Execution Time for Programming Instructions (Continued)

Word Long Word
Programming Instruction Instruction Mnemonic | EXecution Time in ps Memory | Execution Time in us Memory
Usage in Usage in
True False Words True False Words
Count Down CTD 0.4350 0.3803 0N None None None
Count Up CTu 0.4849 0.3812 07 None None None
Decode 4-to-10f 16 DCD 4.6300 0.2720 114 Nane None None
Radians to Degrees DEG 217310 0.4106 14 31.2470 0.4098 None
Divide DIV 2.3124 0.3914 157 2.3636 0.3914 None
Data Log DLG 89910 2.6050 0n None None None
Encode 1-of-16 to 4 ENC 57230 0.3660 114 None None None
End END 1.2016 1.2032 014 None None None
Equal EQU 1.0814 1.0854 129 1.0674 1.0828 None
FIFO Load FFL 8.2970 6.1730 157 9.0910 74630 None
FIFO Unload FFU 8.7180 6.6490 157 9.8890 72150 None
Fill File FLL 31531 0.5290 157 3.2470 0.3918 None
Convert from BCD FRD 54790 0.5151 071 None None None
Gray Code GCD 5.4970 0.5618 114 Nane None Nane
Greater Than or Equal To GEQ 1.0710 0.2228 129 1.0601 0.2242 None
Greater Than GRT 1.0682 0.2414 1.29 1.0942 0.2212 None
High-Speed Load HSL 18.8260 0.2910 243 18.6510 0.4690 None
Immediate Input with Mask IIM 109098 0.2064 157 None None None
Interrupt Subroutine INT 0.5460 0.5460 07 None None None
Immediate Output with Mask |OM 10.4010 0.3220 157 None None None
Jump JMP 0.3290 0.2320 0N None None None
Jump to Subroutine JSR 0.4615 0.2325 0n None None None
Label LBL 0.2633 none 0 None None None
LCD Display LCD 21233 0.2191 3.9 None None None
Less Than or Equal To LED 1.0640 0.1847 129 1.0364 01851 None
Less Than LES 1.0772 0.2106 1.29 1.0935 0.2137 None
LIFO Load LFL 6.4950 6.5650 157 7.3570 7.0030 None
LIFO Unload LFU 6.8227 6.5089 157 76680 72102 None
Limit LIM 7.0970 0.2086 17 7.3803 0.2009 None
Natural Log LN 127.3260 0.4094 114 130.3635 0.4094 None
Base 10 Logarithm L0G 112.7110 0.7686 114 19.8070 0.76%4 None
Master Control Reset MCR (End) 0.4510 0.5510 014 None None None
Master Control Reset MCR (Start) 1.0510 17510 0.4 None None None
Masked Comparison for Equal MEQ 6.2730 0.1934 1 71602 0.1780 None
Move MoV 14231 0.3542 114 14103 0.3722 None
Message, Steady State MSG 2.5670 0.7310 114 None None None
escage, Fase-to-True Transition for | g 481677 0.8510 14 None None None
Hessage, False-to-True Transiton for | e 58.8510 09177 14 None None None
Multiply MUL 3.3260 0.3920 157 3.3476 0.3918 None
Masked Move MVM 0.2210 0.1750 157 19050 0.2180 None
Negate NEG 1.3570 0.3548 114 1.3660 0.3413 None
Not Equal NEQ 15056 01880 1.29 1.3892 0.2070 None
Not NOT 1.3682 0.4074 114 1.3620 0.3300 None
One Shot ONS 0.2776 0.310 0 None None None
Or OR 1.8278 0.3962 157 1.8374 0.3956 None
One Shot Falling 0SF 1.3672 2.0952 114 None None None
One Shot Rising OSR 1.3766 1.3724 114 None None None
QOutput Enable 0TE 0.2685 0.2629 0.57 None None None
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Table 195 - MicroLogix 1400 Controllers - Memory Usage and Instruction Execution Time for Programming Instructions (Continued)

Word Long Word
Programming Instruction Instruction Mnemonic |EXecution Time in ps Memory | Execution Time in us Memory
Usage in Usage in
True False Words True False Words
QOutput Latch 0TL 0.2541 0.1882 0.57 None None None
QOutput Unlatch oTu 0.2830 01732 057 None None None
Proportional Integral Derivative PID 11750 70910 157 None None None
Pulse Train Output PTO 11.0210 5.5115 0n None None None
Pulse-width Modulation PWM 13.2160 71710 0 None None None
Reset Accumulator RAC 8.3310 0.2030 114 None None None
Degrees to Radians RAD 23.0610 0.4070 114 26.21 0.3790 None
Recipe RCP 14.5910 0.5205 14.8690 0.4515 None
/0 Refresh REF None 0.1490 014 None None None
Reset RES 0.6320 0.4305 0n None None None
Return RET 0.3710 0.2510 014 None None None
Read High-Speed Clock RHC 2.5910 0.2150 114 31210 0.1802 None
Read Program Checksum RPC 4.2844 0.2028 114 None None None
Real-time Clock Adjust RTA 999.8510 0.4090 014 None None None
Retentive Timer On RTO 1710 (ON=0) 0.5480 07 None None None
0.6100 (DN=1)
Subroutine SBR 0.2510 0.2510 014 None None None
Scale SCL 109080 0.3608 2.00 None None None
Scale with Parameters SCP 83.2971 0.3878 2.86 87.0493 0.2910 None
Sine SIN 92.8635 0.4210 114 95.0760 0.4210 None
Sequencer Compare SQC 3762 0.8505 2.00 3.2480 09823 None
Sequencer Load SOL 2.7700 11741 157 2.8680 1.2800 None
Sequencer Qutput SQ0 3.6105 09480 2.00 31920 11850 None
Square Root SOR 54.8140 0.3561 114 451450 0.3732 None
Selectable Timed Interrupt Start STS 20.8470 0.2125 0n None None None
Subtract SUB 1.8426 0.3767 157 1.7651 0.3758 None
Suspend SUS None None None None None None
. o eoscu o3 cxo)
Service Communications SvC 36,5800 (CHO & 01857 (CH1) 1.86 None None None
CH) 01774 (CHO & CH1)
Swap SWP 1.0728 0.1963 114 None None None
Tangent TAN 122.6760 0.3915 114 1269135 0.4234 None
Compute Time Difference TDF 59770 0.2219 157 12150 0.2035 None
Temporary End TND 0.3320 0.2100 014 None None None
Convert to BCD T0D 59198 0.3916 0n None None None
Off-delay Timer TOF 0.5203 }][]5%6222%’\:1::% 01 None None None
On-delay Timer TON 20358 (([']]h'f;?) 0.8608 (ON=0) |01 None None None
User Interrupt Disable uiD 2.7470 0.1859 0n None None None
User Interrupt Enable UIE 3.4226 0.1968 0n None None None
User Interrupt Flush UIF 2.7930 0.1847 0n None None None
Examine if Closed XIC 0.2646 0.2512 0n None None None
Examine if Open XI0 0.2513 0.2775 0n None None None
Exclusive Or XOR 49480 0.3671 157 4.8454 0.3646 None
X Power Y XPY 66.2050 0.3920 1.57 69.0550 0.3548 None
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MicroLogix 1400 Controller Indirect Addressing

The following sections describe how indirect addressing affects the execution time of instructions
in the MicroLogix 1400 controller. The timing for an indirect address is affected by the form of the
indirect address.

For the address forms in the following table, you can interchange the following file types:
« Input (l) and Output (0)
- Bit(B), Integer (N)
«  Timer (T), Counter (C), and Control (R)
«  String (ST)

The following is an example of how to calculate a typical scan time for a ladder program. In this
example, a program scan time of 15.0 ms is assumed. The program scan time includes the system
overhead time.

Communication Channels Inactive

Program scan time: 15 ms
System overhead: 3.35 ms (typically 20% of program scan time)

Ladder logic execution time:
program scan time - system overhead = 15-3.35 = 11.65 ms

One Or More Communication Channels Active

When any of the channels are active, the following typical overheads should be taken into account:
«  Channel 0 overhead: 0.8 ms
Channel 1overhead: 0.4 ms
«  Channel 2 overhead: 0.7 ms

If Channel Tis active and the other two channels are inactive, total program scan time is:

Program scan time (when no communication channels active) + Channel 1overhead = 15 ms
+04ms=154ms

I all Channels are active, total program scan time is:

Program scan time (when no communication channels active) + Channel 0 overhead +
Channel 1 overhead + Channel 2 overhead =15 ms + 0.8 ms + 0.4 ms + 0.7 ms= 169 ms
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System Status File

The status file lets you monitor how your controller works and lets you direct how you want it to
work. This is done by using the status file to configure control bits and monitor both hardware and

programming device faults and other status information.

IMPORTANT Do not write to reserved words in the status file. If you intend to write to
status file data, it is imperative that you first understand the function fully.

Table 196 lists the status file (S:) words.
Table 196 - Status File Words

Address Function Page
S:0 Arithmetic Flags 384
S:1 Controller Mode 385
S:2 STl Mode 388
S:2/9 Memory Module Program Compare 388
S:2/15 Math Overflow Selection 389
S:3H Watchdog Scan Time 389
S:4 Free Running Clock 389
S5 Minor Error Bits 390
S:6 Major Error Code 392
S:7 Suspend Code 392
S:8 Suspend File 393
S9 Active Nodes (Nodes 0 to 15) 393
S:10 Active Nodes (Nodes 16 to 31) 393
S:13, S:14 Math Register 393
S:15L Node Address 393
S:15H Baud Rate 394
S:22 Maximum Scan Time 394
S:29 User Fault Routine File Number 3%
$:30 STl Setpoint 3%
S:31 STl File Number 394
S:33 Channel 0 Communications 395
S:35 Last 100 pSec Scan Time 396
S:36/0 Ethernet Port Disable 396
$:36/1 Auto Reset Configuration 396
$:36/10 Data File Overwrite Protection Lost 396
S3:36M DNP3 10K Events Configuration 397
S:36/12 DNP3 Hold Time Configuration 397
S:36/13 DNP3 IN1.7 Restart Configuration 397
$:37 RTC Year 397
$:38 RTC Month 398
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Table 196 - Status File Words (Continued)

Address Function Page
$:39 RTC Day of Month 398
S:40 RTC Hours 398
S:41 RTC Minutes 398
S:42 RTC Seconds 398
$:53 RTC Day of Week 399
S:57 0S Catalog Number 399
$:58 0S Series 399
$:69 OS FRN 399
S3:60 Processor Catalog Number 39
S:61 Processor Series 39
S:62 Processor Revision 399
S:63 User Program Functionality Type 400
S:64L Compiler Revision - Build Number 400
S:64H Compiler Revision - Release 400
Status File Details
Arithmetic Flags

The arithmetic flags are assessed by the processor after the execution of any math, logical, or
move instruction. The state of these bits remains in effect until the next math, logical, or move
instruction in the program is executed.

Carry Flag
Address Data Format Range Type User Program Access
S:0/0 Binary Oorl Status Read/write

This bit is set (1) if a mathematical carry or borrow is generated. Otherwise the bit remains cleared
(0). When a STI, High-speed Counter, Event Interrupt, or User Fault Routine interrupts normal
execution of your program, the original value of S:0/0 is restored when execution resumes.

Overflow Flag
Address Data Format Range Type User Program Access
S:0Nn Binary Oorl Status Read/write

This bit is set (1) when the result of a mathematical operation does not fit in the destination.
Otherwise the bit remains cleared (0). Whenever this bit is set (1), the overflow trap bit S:5/0 is also
set (1). When an STI, High-speed Counter, Event Interrupt, or User Fault Routine interrupts normal
execution of your program, the original value of S:0/1is restored when execution resumes.

Zero Flag
Address Data Format Range Type User Program Access
S:0/2 Binary Oorl Status Read/write

This bit is set (1) when the result of a mathematical operation or data handling instruction is zero.
Otherwise the bit remains cleared (0). When an STI, High-speed Counter, Event Interrupt, or User

Fault Routine interrupts normal execution of your program, the original value of S:0/2 is restored

when execution resumes.
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Sign Flag
Address Data Format Range Type User Program Access
S:0/3 Binary Oorl Status Read/write

This bit is set (1) when the result of a mathematical operation or data handling instruction is
negative. Otherwise the bit remains cleared (0). When a STI, High-speed Counter, Event Interrupt, or
User Fault Routine interrupts normal execution of your program, the original value of S:0/3 is
restored when execution resumes.

Controller Mode

User Application Mode

Address Data Format Range Type User Program Access
S:1/0 to S:1/4 Binary 0..1m0 Status Read-only

Bits O...4 function as follows:

S:1/0to S:1/4 Mode 1D | Controller Mode Use by MicroLogix Controller®

sS4 |S:/3 S22 |SiUL (S0 1400

0 0 0 0 0 0 Remote download in progress.

0 0 0 0 1 1 Remote Program mode. .

0 0 0 1 1 3 Remote suspend mode. ) )
Operation halted by execution of the SUS instruction.

0 0 1 1 0 6 Remate Run mode.

0 0 1 1 1 1 Remote Test continuous mode. .

0 1 0 0 0 8 Remote Test single scan mode. .

1 0 0 0 0 16 Download in progress. .

1 0 0 0 1 17 Program mode. .

1 1 0 1 1 97 Suspend mode. ) ) ) .
Operation halted by execution of the SUS instruction.

1 1 1 1 0 30 Run mode .

(1) Valid modes are indicated by the (+) symbol. N/A indicates an invalid mode for that controller.

Forces Enabled
Address Data Format Range Type User Program Access
S:/5 Binary 1 Control Read-only

When user sets (1) this bit, I/0 forcing is enabled. When the bit is reset (0), I/0 forcing is disabled.
Enabling I/0 force means that you can force I/0 by writing I/0 force files. When 1/0 force is disabled,
whatever is written in the 1/0 force file does not affect the physical output or input data file.

This bit can only be modified in offline mode. You must set/reset this bit first and then
download the program in order for the change to take effect.

Forces Installed

Address Data Format Range Type User Program Access
S:1/6 Binary Oorl Status Read-only

This bit is set (1) by the controller to indicate that one or more inputs or outputs are forced. When
this bit is clear, a force condition is not present within the controller.
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Fault Override At Power-Up

Address Data Format Range Type User Program Access
S:/8 Binary Oorl Control Read-only

When set (1), causes the controller to clear the Major Error Halted bit (S:1/13) at power-up. The
power-up mode is determined by the controller mode switch and the Power-Up Mode Behavior
Selection bit (S:1/12).

See also: FO - Fault Override on page 49.

Startup Protection Fault

Address Data Format Range Type User Program Access
S:1/9 Binary Oorl Control Read-only

When set (1) and the controller powers up in the RUN or REM Run mode, the controller executes the
User Fault Routine before the execution of the first scan of your program. You have the option of
clearing the Major Error Halted bit (S:1/13) to resume operation. If the User Fault Routine does not
clear bit S:1/13, the controller faults and does not enter an executing mode. Program the User Fault
Routine logic accordingly.

When executing the startup protection fault routine, S:6 (major error fault code)
contains the value 0016H.

Load Memory Module On Error Or Default Program

Address Data Format Range Type User Program Access

S0 Binary Oorl Control Read-only

For this option to work, you must set (1) this bit in the control program before downloading the
program to a memory module. When this bit it set in the memory module and power is applied, the
controller downloads the memory module program when the control program is corrupt or a
default program exists in the controller.

If you clear the controller memory, the controller loads the default program.

The mode of the controller after the transfer takes place is determined by the controller mode
switch and the Power-Up Mode Behavior Selection bit (S:1/12).

See also: LE - Load on Error on page 50.

Load Memory Module Always

Address Data Format Range Type User Program Access

Sam Binary Oorl Control Read-only

For this option to work, you must set (1) this bit in the control program before downloading the
program to a memory module. When this bit is set in the memory module and power is applied, the
controller downloads the memory module program.

The mode of the controller after the transfer takes place is determined by the controller mode
switch and the Power-Up Mode Behavior Selection bit (S:1/12).

See also: LA - Load Always on page 50.

Power-Up Mode Behavior

Address Data Format Range Type User Program Access

Sn2 Binary Oorl Control Read-only
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If Power-Up Mode Behavior is clear (0 = Last State), the mode at power-up is dependent upon the:
« Position of the mode switch
«  State of the Major Error Halted flag (S:1/13)
+ Mode at the previous power down

If Power Up Mode Behavior is set (1= Run), the mode at power-up is dependent upon the:
«  Position of the mode switch
«  State of the Major Error Halted flag (S:1/13)

IMPORTANT  If you want the controller to power up and enter the Run mode, regardless
of any previous fault conditions, you must also set the Fault Override bit
(S:1/8) so that the Major Error Halted flag is cleared before determining the

power-up mode.

Table 197 - Power-Up Mode

Table 197 shows the Power-Up Mode under various conditions.

MicroLogix 1400 Controller -
Mode Switch Position at Power- |Major Error Halted EO\r/]ver; Up Mode Mode at Last Power-Down Power-Up Mode
Up ehavior
Fal P
Program e Don't Care Don't Care rogram
True Program w/Fault
REM Download, Download, REM Program, Program, or Any
Test mode REM Program
False Last State REM Suspend or Suspend REM Suspend
Remote REM Run or Run REM Run
Run Don't Care REM Run
True Don't Care Don't Care REM Program w/Fault
REM S
Last State uspend or Suspend Suspend
False Any Mode except REM Suspend or Suspend Run
Run :
Run Don't Care Run
True Don't Care Don't Care Run w/Fault

(1) Run w/Faultis a fault condition, as if the controller were in the Program /w Fault mode (outputs are reset and the controller program is not being executed). However, the controller enters Run mode
as soon as the Major Error Halted flag is cleared.

See also: MB - Mode Behavior on page 50.

Major Error Halted
Address Data Format Range Type User Program Access
S:13 Binary Oorl Status Read/write

The controller sets (1) this bit when a major error is encountered. The controller enters a fault
condition and Word S:6 contains the Fault Code that can be used to diagnose the condition. Any
time bit S:1/13 is set, the controller:

« Turns off all outputs and flashes the FAULT status indicator, or

«  Enters the User Fault Routine allowing the control program to attempt recovery from the
fault condition. If the User Fault Routine is able to clear S:1/13 and the fault condition, the
controller continues to execute the control program. If the fault cannot be cleared, the
outputs are cleared and the controller exits its executing mode and the FAULT status
indicator flashes.

A\
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Future Access (OEM Lock)

Address

Data Format

Range

Type

User Program Access

SNk

Binary

Oorl

Status

Read-only

When this bit is set (1), it indicates that the programming device must have an exact copy of the
controller program.

See also: Allow Future Access Setting (OEM Lock) on page 42.

First Scan Bit
Address Data Format Range Type User Program Access
S:/15 Binary Oorl Status Read/write

When the controller sets (1) this bit, it indicates that the first scan of the user program is in progress
(following entry into an executing mode). The controller clears this bit after the first scan.

The First Scan bit (S:1/15) is set during execution of the startup protection fault routine.
See $:1/9 for more information.

STI Mode

STI Pending

Address® Data Format Range Type User Program Access

S$:2/0 Binary Oorl Status Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated at STI:0/UIP.
See Use the Selectable Timed Interrupt (STI) Function File on page 213 for more information.
STl Enabled

Address® Data Format Range Type User Program Access

S:2Nn Binary Oorl Control Read/write

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated at STI:0/TIE. See Use the Selectable Timed Interrupt (STI) Function File on
page 213 for more information.

STI Executing

Address
S:2/2 Binary Oorl Control Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated at STI:0/UIX. See Use the Selectable Timed Interrupt (STI) Function File
on page 213 for more information.

Data Format Range Type User Program Access

Memory Module Program Compare

Address

Data Format

Range

Type

User Program Access

S:2/9

Binary

Oorl

Control

Read-only
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When this bit is set (1) in the controller, its user program and the memory module user program
must match for the controller to enter an executing mode.

If the user program does not match the memary module program, or if the memory module is not
present, the controller faults with error code 0017H on any attempt to enter an executing mode.

See also: LPC - Load Program Compare on page 50.

Math Overflow Selection
Address Data Format Range Type User Program Access
S:214 Binary Oorl Control Read/write

Set (1) this bit when you intend to use 32-bit addition and subtraction. When S:2/14 is set, and the
result of an ADD, SUB, MUL, or DIV instruction cannot be represented in the destination address
(underflow or overflow),

1. The overflow bit S:0/1is set.
2. The overflow trap bit S:5/0 is set.

3. The destination address contains the unsigned truncated least significant 16 bits or 32 bits
of the result.

The default condition of S:2/14 is cleared (0). When S:2/14 is cleared (0), and the result of an ADD,
SUB, MUL, or DIV instruction cannot be represented in the destination address (underflow or
overflow),

1. The overflow bit S:0/1is set.
2. The overflow trap bit S:5/0 is set.

3. The destination address contains +32,767 (word) or +2,147.483,647 (long word) if the result is
positive; or -32,768 (word) or -2,147483,648 (long word) if the result is negative.

To provide protection from inadvertent alteration of your selection, program an unconditional OTL
instruction at address S:2/14 to ensure that the new math overflow operation. Program an
unconditional OTU instruction at address S:2/14 to ensure the original math overflow operation.

Watchdog Scan Time
Address Data Format Range Type User Program Access
S:3H Byte 2..255 Control Read/write

This byte value contains the number of 10 ms intervals that are allowed to occur during a program
cycle. The timing accuracy is from -10 ms to +0 ms. This means that a value of two results in a
timeout 10...20 ms.

If the program scan time value equals the watchdog value, a watchdog major error is generated
(code 0022H).

Free Running Clock

Address Data Format Range Type User Program Access
S:4 Binary 0...FFFF Status Read/write

This register contains a free running counter. This word is cleared (0) upon entering an executing
mode.

Bits in status word 4 can be monitored by the user program. The bits turn on and off at a particular
rate (cycle time). The On/Off times are identical, and are added to determine the cycle time.
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S:4 Free Running Clock Comparison for SLC 500 and MicroLogix Controllers

The Free Running Clocks in the SLC 500 and MicroLogix controllers function the same, but have
different resolutions. The resolution of the Free Running Clock depends upon which controller that
you use.

«  SLC500 and MicroLogix 1000 controllers - 10 ms/bit (0.010 seconds/bit)

«  MicroLogix 1100, MicroLogix 1200, MicroLogix 1400, and MicroLogix 1500 controllers -
100 ps/bit (0.0001 seconds/bit)

Table 198 illustrates the differences.

Table 198 - Free Running Clock Cycle Times (all Times are in Seconds)

it SLC 500 and MicroLogix 1000 Controllers R\Atllgg)oLa%%:ilXMﬂggLM;;Ollé%%)ééi(t)rqoI‘welfsr olLogix
On/Off Time Cycle Time On/Off Time Cycle Time

S:4/0 0.010 0.020 0.0001 0.0002
S:4N 0.020 0.040 0.0002 0.0004
S:4/2 0.040 0.080 0.0004 0.0008
S:4/3 0.080 0.160 0.0008 0.0160
S:hfh 0.160 0.320 0.0016 0.0320
S:4/5 0.320 0.640 0.0032 0.0640
S:4/6 0.640 1.280 0.0064 01280
S4/1 1.280 2.560 0.0128 0.2560
S:4/8 2.560 5120 0.0256 05120
S:4/9 5120 10.240 0.0512 01024
S:4/10 10.240 20.480 0.1024 0.2048
S:4M 20.480 40960 0.2048 0.4096
S:4/12 40960 8192 0.4096 0.8192
S:413 8192 163.84 0.8192 1.6384
S:hk 163.84 32768 1.6384 3.2768
S:4/15 327.68 655.36 3.2768 6.5536

For example, if bit S:4/7 is monitored in an SLC 500, then that bit will be on for 1.28 seconds and off
for 1.28 seconds for a total cycle time of 2.56 seconds. If bit S:4/7 is monitored in a MicroLogix 1400
controller, then that bit is on for 0.0128 seconds and off for 0.0128 seconds for a total cycle time of
0.0256 seconds.

Minor Error Bits

Overflow Trap Bit
Address Data Format Range Type User Program Access
S:5/0 Binary Oorl Status Read/write

If this bit is ever set (1) upon execution of the END or TND instruction, a major error (0020H) is
generated. To avoid this type of major error from accurring, examine the state of this bit following a
math instruction (ADD, SUB, MUL, DIV, NEG, SCL, TOD, or FRD), take appropriate action, and then clear
bit S:5/0 using an OTU instruction with S:5/0.
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Control Register Error

Address Data Format Range Type
$:5/2 Binary Oorl Status

User Program Access
Read/write

The LFU, LFL, FFU, FFL, BSL, BSR, SO0, SOC, and SQL instructions are capable of generating this
error. When bit S:5/2 is set (1), it indicates that the error bit of a control word that is used by the
instruction has been set.

If this bit is ever set upon execution of the END or TND instruction, major error (0020H) is generated.
To avoid this type of major error from occurring, examine the state of this bit following a control
register instruction, take appropriate action, and then clear bit S:5/2 using an OTU instruction with
S:6/2.

Major Error Detected in User Fault Routine

Address Data Format Range Type
S:6/3 Binary Oorl Status

User Program Access
Read/write

When set (1), the major error code (S:6) represents the major error that occurred while processing
the User Fault Routine due to anather major error.

Memory Module Boot

Address Data Format Range Type
S:5/8 Binary Oorl Status

User Program Access
Read/write

When this bit is set (1) by the controller, it indicates that a memory module program has been
transferred due to S:1/10 (Load Memory Module on Error or Default Program) or S:1/11 (Load Memory
Module Always) being set in an attached memory module user program. This bit is not cleared (0)
by the controller.

Your program can examine the state of this bit on the first scan (using bit S:1/15) on entry into an
Executing mode to determine if the memory module user program has been transferred after a
power-up occurred. This information is useful when you have an application that contains
retentive data and a memory module has bit S:1/10 or bit S:1/11 set.

Memory Module Password Mismatch

Address Data Format Range Type
S:5/9 Binary Oorl Status

User Program Access
Read/write

At power-up, if Load Always is set, and the controller and memory module passwords do not
match, the Memory Module Password Mismatch bit is set (1).

See also: Program Password Protection on page 39.

STl Lost
Address® Data Format Range Type User Program Access
S:5/10 Binary Oorl Status Read/write

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction from
another device).

This address is duplicated at STI:0/UIL. See Use the Selectable Timed Interrupt (STI) Function File
on page 213 for more information.

Processor Battery Low
Address Data Format Range Type User Program Access
S:6M Binary Oorl Status Read-only
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This bit is set (1) when the battery is low.

IMPORTANT Install a replacement battery immediately. See your hardware manual for
more information.

See also: RTC Battery Operation on page 47.

Auto Reset Status Bit
Address Data Format Range Type User Program Access
S$:5/12 Binary Oorl Status Read-only

When this bit is set (1) by controller, it indicates that the controller restarted because of Auto-Reset
functionality.

The controller clears (0) this bit in these conditions:
1. Successful user program download.
2. Normal restart of the controller.

Input Filter Selection Modified

Address Data Format Range Type User Program Access
S:5/13 Binary Oorl Status Read/write

This bit is set (1) whenever the discrete input filter selection in the control program is not
compatible with the hardware.

ASCII String Manipulation Error

Address Data Format Range Type User Program Access
S3:6/15 Binary Oorl Status Read

This bit is set (1) whenever an invalid string length occurs. When S:5/15 is set, the Invalid String
Length Error (IF39H) is written to the Major Error Fault Code word (S:6).

Major Error Code
Address Data Format Range Type User Program Access
S:6 Word 0..FFFF Status Read/write

This register displays a value that can be used to determine what caused a fault to occur. See
|dentify Controller Faults on page 401 to learn more about troubleshooting faults.

Suspend Code
Address Data Format Range Type User Program Access
S:7 Word -32,768...+32,767 Status Read/write

When the controller executes a Suspend (SUS) instruction, the SUS code is written to this location,
S:7. This pinpoints the conditions in the application that caused the Suspend mode. The controller
does not clear this value.

Use the SUS instruction with startup troubleshooting, or as runtime diagnostics for detection of
system errors.
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Suspend File
Address Data Format Range Type User Program Access
S:8 Word 0...255 Status Read/write

When the controller executes a Suspend (SUS) instruction, the SUS file is written to this location, S:8.
This pinpoints the conditions in the application that caused the Suspend mode. The controller does
not clear this value.

Use the SUS instruction with startup troubleshooting, or as runtime diagnostics for detection of
system errors.

Active Nodes (Nodes 0 to 15)

Address® Data Format Range Type User Program Access

S:9 Word 0...FFFF Status Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated in the Communications Status File (CSx:0.27). See Active Node Table
Block on page 60 for more information.

Active Nodes (Nodes 16 to 31)

Address® Data Format Range Type User Program Access

S:10 Word 0...FFFF Status Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated in the Communications Status File (CSx:0.28). See Active Node Table
Block on page 60 for mare information.

Math Register

Address Data Format Range Type User Program Access
S:13 (low byte) Word -32,768..+32,767  |Status Read/write

S:14 (high byte) Word -32,768...+32,767  |Status Read/write

These two words are used with the MUL, DIV, FRD, and TOD math instructions. The math register
value is assessed upon execution of the instruction and remains valid until the next MUL, DIV, FRD,
or TOD instruction is executed in the user program.

Node Address
Address® Data Format Range Type User Program Access
S:15 (low byte) Byte 0...255 Status Read-only

(1) This byte can only be accessed via ladder logic. It cannot be accessed via communications (such as a message
instruction from another device).

This address is duplicated in the Communications Status File (CSx:0.5/0 through CSx:0.5/7). See
General Channel Status Black on page 51 for more information.
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Baud Rate
Address® Data Format Range Type User Program Access
S:15 (high byte) Byte 0...255 Status Read-only

(1) This byte can only be accessed via ladder logic. It cannat be accessed via communications (such as a message
instruction from another device).

This address is duplicated in the Communications Status File (CSx:0.5/8 through CSx:0.5/15). See
General Channel Status Block on page 51 for more information.

Maximum Scan Time
Address Data Format Range Type User Program Access
S22 Word 0...32,767 Status Read/write

This word indicates the maximum observed interval between consecutive program scans.

The controller compares each scan value to the value contained in S:22. If a scan value is larger
than the previous, the larger value is stored in S:22.

This value indicates, in 100 us increments, the time elapsed in the longest program cycle of the

controller. Resolution is -100 ps to +0 ps. For example, the value 9 indicates that 800 to 900 us was
observed as the longest program cycle.

User Fault Routine File Number

Address

Data Format

Range

Type

User Program Access

S:29

Word

0...255

Status

Read-only

This register is used to control which subroutine executes when a User Fault is generated.

STI Setpoint
Address® Data Format Range Type User Program Access
S$:30 Word 0...65535 Status Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message

instruction from another device).

This address is duplicated at STI:0/SPM. See Use the Selectable Timed Interrupt (STI) Function File

on page 213 for more information.

STI File Number

Address®

Data Format

Range

Type

User Program Access

S:31

Word

0...65535

Status

Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message
instruction from another device).

This address is duplicated at STI:0/PFN. See Use the Selectable Timed Interrupt (STI) Function File
on page 213 for more information.
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Channel 0 Communications

Incoming Command Pending

Address® Data Format Range Type User Program Access

$:33/0 Binary Oorl Status Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated in the Communications Status File at CS0:0.4/0. See General Channel
Status Block on page 51 for more information.

Message Reply Pending
Address® Data Format Range Type User Program Access
S3:33N Binary Oorl Status Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated in the Communications Status File at CS0:0.4/1. See General Channel
Status Block on page 51 for more information.

Outgoing Message Command Pending

Address® Data Format Range Type User Program Access

S$:3312 Binary Oorl Status Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated in the Communications Status File at CS0:0.4/2. See General Channel
Status Block on page 51 for more information.

Communications Mode Selection

Address® Data Format Range Type User Program Access

S$:33/3 Binary Oor1l Status Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated in the Communications Status File at CS0:0.4/3. See General Channel
Status Block on page 51 for more information.

Communications Active

Address® Data Format Range Type User Program Access

S:33/4 Binary Oorl Status Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated in the Communications Status File at CS0:0.4/4. See General Channel
Status Block on page 51 for more information.

Scan Toggle Bit
Address Data Format Range Type User Program Access
S$:33/9 Binary Oorl Status Read/write

The controller changes the status of this bit at the end of each scan. It is reset upon entry into an
executing mode.
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Last 100 pSec Scan Time
Address Data Format Range Type User Program Access
S3:35 Word 0...32767 Status Read/write

This register indicates the elapsed time for the last program cycle of the controller (in 100 ps
increments).

Ethernet Port Disable
Address Data Format Range Type User Program Access
$:36/0 Binary Oorl Control Read-only

When clear (0), this bit indicates that the Ethernet port is enabled upon power cycle.
When set (1), this bit indicates that the Ethernet port is disabled upon power cycle.

See Appendix G of the MicroLogix 1400 Programmable Controllers User Manual, publication 1766-
UMO0O1 for more information on Ethernet Port Disable.

Auto Reset Configuration
Address Data Format Range Type User Program Access
S:361 Binary Oorl Control Read-only

When clear (0), this bit indicates that Auto-Reset functionality is disabled.
When set (1), this bit indicates that Auto-Reset functionality is enabled.
By default, the bit value is clear (0), that is, the Auto Reset functionality is disabled.

See Chapter 8 of the MicroLogix 1400 Programmable Controllers User Manual, publication
1766-UM001 for more information on the Auto Reset Functionality.

Data File Overwrite Protection Lost

Address Data Format Range Type User Program Access
$:36/10 Binary Oorl Status Read/write

When clear (0), this bit indicates that at the time of the last program transfer to the controller,
protected data files in the controller were not overwritten, or there were no protected data files in
the program being downloaded.

When set (1), this bit indicates that data has been overwritten. See User Program Transfer
Requirements on page 37 for more information.

See Set Download File Protection on page 36 for more information.
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DNP3 10K Events Mode Selection Bit

Address Data Format Range Type User Program Access
S3:36M Binary Oorl Control Read-only

When clear (0), this bit indicates that DNP3 6013 events configuration is loaded upon power cycle.
When set (1), this bit indicates that DNP3 10K events configuration is loaded upon power cycle.

See Appendix F of the MicroLogix 1400 Programmable Controllers User Manual, publication
1766-UMO0Q1 for more information on configuring 10K Events for DNP3 Slave.

DNP3 Event Hold Time Selection Bit

Address Data Format Range Type User Program Access
3:36/12 Binary Oorl Control Read-only

When clear (0), this bit indicates that DNP3 event hold time is retriggered on each new event
detected.

When set (1), this bit indicates that DNP3 event hold time is not retriggered on each new event
detected.

See Appendix F of MicroLogix 1400 Programmable Controllers User Manual, publication
1766-UMQ01 for more information.

DNP3 1INL.7: DEVICE_RESTART Selection Bit

Address Data Format Range Type User Program Access
$:36/13 Binary Oorl Control Read-only

When clear (0), this bit indicates that DNP3 |IN1.7: DEVICE_RESTART is set only when the controller
has been restarted.

When set (1), this bit indicates that DNP3 IIN1.7: DEVICE_RESTART is set only when the controller has
been restarted, or the DNP3 driver has been configured in channel configuration.

See Appendix F of the MicroLogix 1400 Programmable Controllers User Manual, publication 1766-
UMOOT1 for more information.

RTC Year
Address® Data Format Range Type User Program Access
S:37 Word 1998...2097 Status Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated in the Real-time Clock Function File at RTC:0.YR. See Real-time Clock
Function File on page 46 for more information. Note: This value does not update while viewing
online in RSLogix 500/RSLogix Micro. Monitor address in function file to see online values.
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RTC Month
Address® Data Format Range Type User Program Access
S3:38 Word 1.2 Status Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated in the Real-time Clock Function File at RTC:0.MON. See Real-time Clock
Function File on page 46 for more information. Note: This value does not update while viewing
online in RSLogix 500/RSLogix Micro. Monitor address in function file to see online values.

RTC Day of Month
Address® Data Format Range Type User Program Access
S:39 Word 1..31 Status Read-only

(1) This bit can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated in the Real-time Clock Function File at RTC:0.DAY. See Real-time Clack
Function File on page 46 for more information. Note: This value does not update while viewing
online in RSLogix 500/RSLogix Micro. Monitor address in function file to see online values.

RTC Hours
Address® Data Format Range Type User Program Access
S:40 Word 0..23 Status Read-only

(1) This word can only be accessed via ladder logic. It cannot be accessed via communications (such as a message
instruction from another device).

This address is duplicated in the Real-time Clock Function File at RTC:0.HR. See Real-time Clock
Function File on page 46 for more information. Note: This value does not update while viewing
online in RSLogix 500/RSLogix Micro. Monitor address in function file to see online values.

RTC Minutes
Address® Data Format Range Type User Program Access
S:41 Word 0..59 Status Read-only

(1) This word can only be accessed via ladder logic. It cannot be accessed via communications (such as a message
instruction from another device).

This address is duplicated in the Real-time Clock Function File at RTC:0.MIN. See Real-time Clock
Function File on page 46 for more information. Note: This value does not update while viewing
online in RSLogix 500/RSLogix Micro. Monitor address in function file to see online values.

RTC Seconds
Address® Data Format Range Type User Program Access
S:42 Word 0..59 Status Read-only

(1) This word can only be accessed via ladder logic. It cannot be accessed via communications (such as a message
instruction from another device).

This address is duplicated in the Real-time Clock Function File at RTC:0.SEC. See Real-time Clock
Function File on page 46 for more information. Note: This value does not update while viewing
online in RSLogix 500/RSLogix Micro. Monitor address in function file to see online values.
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RTC Day of Week
Address® Data Format Range Type User Program Access
3:63 Word 0.6 Status Read-only

(1) This word can only be accessed via ladder logic. It cannot be accessed via communications (such as a message instruction
from another device).

This address is duplicated in the Real-time Clock Function File at RTC:0.DOW. See Real-time Clock
Function File on page 46 for more information. Note: This value does not update while viewing

online in RSLogix 500/RSLogix Micro. Monitor address in function file to see online values.

0S Catalog Number
Address Data Format Range Type User Program Access
S:57 Word 0..32,767 Status Read-only

This register identifies the Catalog Number for the Operating System in the controller.

0S Series
Address Data Format Range Type User Program Access
3:68 ASCII A.Z Status Read-only

This register identifies the Series letter for the Operating System in the controller.

OS FRN
Address Data Format Range Type User Program Access
3:69 Word 0...32,767 Status Read-only

This register identifies the FRN of the Operating System in the controller.

Processor Catalog Number

Address

Data Format

Range

Type

User Program Access

S:60

ASCII

NI

Status

Read-only

This register identifies the Catalog Number for the processor.

Processor Series

Address Data Format Range Type User Program Access
S:61 ASCII A..Z Status Read-only

This register identifies the Series of the processor.

Processor Revision

Address Data Format Range Type User Program Access
S:62 Word 0...32.767 Status Read-only

This register identifies the revision (Boot FRN) of the processor.
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User Program Functionality Type

Address Data Format Range Type User Program Access
S3:63 Word 0...32,767 Status Read-only

This register identifies the level of functionality of the user program in the controller.

Compiler Revision - Build Number

Address Data Format Range Type User Program Access
S:64 (low byte) Byte 0...255 Status Read-only

This register identifies the Build Number of the compiler that created the program in the controller.

Compiler Revision - Release

Address Data Format Range Type User Program Access
S:64 (high byte) Byte 0...255 Status Read-only

This register identifies the Release of the compiler that created the program in the controller.
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Identify Controller Faults

Fault Messages and Error Codes

This chapter describes how to troubleshoot your controller.

While a program is executing, a fault may occur within the operating system or your program.
When a fault occurs, you have various options to determine what the fault is and how to correct it.
This section describes how to clear faults and provides a list of possible advisory messages with
recommended corrective actions.

Automatically Clear Faults

You can automatically clear a fault by cycling power to the controller when the Fault Override at
Power-Up bit (S:1/8) is set in the status file.

You can also configure the controller to clear faults and go to RUN every time that you cycle power
to the controller. This is a feature that OEMs can build into their equipment to allow End Users to
reset the controller. If the controller faults, you can reset it by cycling power to the machine. To
accomplish this, set the following bits in the status file:

o S2:1/8 - Fault Override at Power-up
o $2:1/12 - Mode Behavior

If the fault condition still exists after cycling power, the controller reenters the fault mode. For more
information on status bits, see System Status File on page 383.

You can declare your own application-specific major fault by writing your own unique
value to S:6 and then setting bit S:1/13 to help prevent reusing system defined codes.
The recommended values for user-defined faults are FFOO to FFOF.

Manually Clear Faults Using the Fault Routine

The occurrence of recoverable or nonrecoverable user faults can cause the user fault subroutine to
be executed. If the fault is recoverable, the subroutine can be used to correct the problem and
clear the fault bit S:1/13. The controller then continues in the Run or test mode.

The subroutine does not execute for non-user faults. See User Fault Routine on page 209 for
information on creating a user fault subroutine.

Fault Messages

This section contains fault messages that can occur during operation of the MicroLogix 1400
controller. Each table lists the error code description, the probable cause, and the recommended
corrective action.
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Table 199 - Error Codes

(El_rlg’(g Code Advisory Message Description Fault Classification |Recommended Action
The default program is loaded to the controller
memory. This occurs: « Redownload or transfer the program.
« if a power down occurred during program | « Verify that the battery is connected.
0001 NVRAM ERROR download or transfer from the memory Non-User - Contact your local Rockwell Automation representative if
module. the error persists.
« RAM integrity test failed.
« See proper grounding guidelines and using surge
: ;hneo?:n;?\lli%m:rlljtngrxieﬁgtrﬁgllyhr;rsdevtvggee to suppressors in your contraller User Manual.
0002 UNEXPECTED RESET failurey Non-User « Verify that the battery is connected.
. The défault program s loaded « Contact your local Rockwell Automation representative if
) the error persists.
0003 MEMORY MODULE USER Memory module memary error. This error can Non-User Reprogram the memory module. If the error persists, replace
PROGRAM IS CORRUPT also occur when going to the Run mode. the memory module.
« Cycle power on your controller. Then, redownload your
. program and start up your system.
While the controller was powered up, ROM or S - P .
| « See proper grounding guidelines and using surge
0004 MEMORY INTEGRITY ERROR Eﬁgl Eﬁcacrrr]lsciogllljgé or when a background | Non-User suppressors in your controller User Manual.
oy ' « Contact your local Rockwell Automation representative if
the error persists.
0005 Reserved N/A N/A -
0006 MEMORY MODULE HARDWARE | The memory module hardware faulted or the Non-User « Upgrade the OS to be compatible with the memory module.
FAULT memory module is incompatible with the 0S. « Obtain a new memory module.
0007 EggggY MODULE TRANSFER Failure during memory module transfer. Non-User E}e:é}ts:;p;] [t)r:ﬁ Itgz\nsfer. If the error persists, replace the
« Cycle power on your controller. Then, redownload your
program and reinitialize any necessary data.
« Start up your system.
0008 E/?Q%‘F;NTERNAL SOFTWARE | unexpected software error occurred. Non-User « See proper grounding guidelines and using surge
suppressors in your controller User Manual.
« Contact your local Rockwell Automation representative if
the error persists.
« Cycle power on your controller. Then, redownload your
program and reinitialize any necessary data.
« Start up your system.
0009 E%%&IJNTERNAL HARDWARE An unexpected hardware error occurred. Non-User « See proper grounding guidelines and using surge
suppressors in your controller User Manual.
« Contact your local Rockwell Automation representative if
the error persists.
« Download a new 0S using ControlFLASH™.
The operating system that is required for the i « Contact your local Rockwell Automation representative for
000A 05 MISSING OR CORRUPT user program is corrupt or missing. Non-User more information about available operating systems your
controller.
« Upgrade the 0S using ControlFLASH.
. « Replace the Controller.
0008 BASE HARDWARE FAULT %h;&a;:ﬁﬁ;%;r?hgagsfauIted oris Non-User - Contact your local Rockwell Automation representative for
’ more information about available operating systems your
controller.
oon ﬁ)l(SEglldEABLE FILE21S Ladder File 2 is missing from the program. Non-User « Recompile and reload the program.
« Reload the program or recompile and reload the program.
The ladd h inteqrit If the error persists, be sure to use RSI programming
0012 LADDER PROGRAM ERROR r;’bgmer program has a memory INegrity o _yyser software to develop and load the program.
p ’ « See proper grounding guidelines and using surge
suppressors in your controller User Manual.
1/0 CONFIGURATION FILE Recompile and reload the program, and enter the Run mode.
0015 ERROR The user program I/0 configuration is invalid. | Non-User If the error persists, be sure to use RSI programming
software to develop and load the program.
The user faultroutine was executed at power: - Either reset bit S:1/81f this is consistent with the
(r’lljz'a'or Error Halted) was notpcle?are ot the o application requirements, and change the mode back to
0016 STARTUP PROTECTION FAULT ) : Recoverable RUN, or
of the User Fault Routine. The User Fault lear S: . .
Routine ran because bit S:1/3 was set at power- + clear S:1/13, the Major Error Halted bit, before the end of the
up. User Fault Routine.
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Table 199 - Error Codes (Continued)

Error Code

(Hex) Advisory Message Description Fault Classification |Recommended Action
Bit S:2/9is set in the controller and the memary
NVRAM/MEMORY MODULE Transfer the memory module program to the controller and
0017 module user program does not match the Nonrecoverable

USER PROGRAM MISMATCH controler user program. then change to Run mode.

« Upgrade the 0S using ControlFLASH to be compatible with
the memory module.
0018 EFESSI?KMMI?\I%%EPXTSIIEBTE The user program in the memory module is Non-User « Obtain a new memory module.

WITH0S incompatible with the 0S. « Contact your local Rockwell Automation representative for
more information about available operating systems your
controller.

USER PROGRAM . gpqtradte the [IIS ulsi;g ﬁontlrlollFlt_ASH.t . .y

001A INCOMPATIBLE WITH OS AT | The user program is incompatible with the 0S. | Non-User + ontact your local Rockwel Automation representative for

POWER-UP more information about available operating systems your
controller.

« Correct the instruction logic causing the error.
0020 MINOR ERROR AT END-OF- | A minor fault bit (bits 0...7) in S:5 was set at the Recoverable « Enter the status file display in your programming software

SCAN DETECTED end of scan. and clear the fault.

« Enter the Run mode.
0021 Reserved N/A N/A
. « Determine if the program is caught in a loop and correct
0022 WATL‘HDUG TIMER EXPIRED, | The program scan time exc.eeded the Nonrecoverable the problem.
SEE S:3 watchdog timeout value (S:3H). . . .
« Increase the watchdog timeout value in the status file.
0023 STI ERROR An error occurred in the STI configuration. Recoverable gffoﬁhe Error Code in the STI Function File for the specific
« Afault routine num?er v;as entered in the « Either clear the fault routine file number (S:29) in the status
status file, number (S:29), but either the fault file, or
0028 wg%gg&*%%&g EIX[UE routine was not physically created, or Non-User « create a fault routine for the file number reference in the
« the fault routine number was less than 3 or status file (S:29). The file number must be greater than 2
greater than 255. and less than 256.
- . Correct the program to ensure that there are no indirect
prog pace. Recompile, reload the program and enter the Run mode.
« Remove Recipe/Data Log configuration when DNP3 10K
oms | NVALIDDNP3 AND RCP/DLG ~|DNP3 10K events are enabled along with |\ , et it 53611 s s, hen reoad and fun.

CONFIGURATION Recipe/Data Log in user program. « Clear DNP3 10K events bit (S:36/11) bit in the user program,

then reload and Run.
DNP3 event configuration (S:36/11) bit in the S

DNP3 EVENTS f Cycle power for the new DNP3 configuration to take effect

002B latest downloaded by user project differs from |Non-User

CONFIGURATION MISMATCH the power-up configuration. and enter the Run mode.

002E EIl ERROR An error occurred in the Ell configuration. Recoverable gffoﬁhe Error Code in the Ell Function File for the specific
. : . Correct the user program to reduce the nesting levels that
0030 E%EEEJST lﬂﬁ#ESTlNG Igﬁt‘rjglffe'rnrsntgﬁ'ronsnzscténg lovel excoded the Non-User are used and to meet the restrictions for the JSR instruction.
Y space. Then reload the program and Run.
« Modify the program so that the controller supports all
0031 UNSUPPORTED INSTRUCTION | The program contains an instruction that the Non-User instructions.

DETECTED controller does not support. « Recompile and reload the program and enter the Run

mode.
A sequencer instruction length/pasition « Correct the program to ensure that the length and position
0032 Eg%SF?EéSSUPLAEETsmE OF parameter references outside of the entire Recoverable parameters do not point outside the data file space.
data file space. « Recompile, reload the program, and enter the Run mode.
The length/position parameter of a BSL, BSR, « Correct the program to ensure that the length and position
0033 Eglﬁ/S%SE%/FDZ%FFH/ELE%’//xLCFEU FFL, FFU, LFL, or LFU instruction references Recoverable parameters do not point outside of the data space.
outside of the entire data file space. « Recompile, reload the program, and enter the Run mode.
« If the program is moving values to the accumulated or
0034 NEGATIVE VALUE IN TIMER A negative value was loaded to a timer preset Recoverable preset word of a timer, verify these values are not
PRESET OR ACCUMULATOR | or accumulator. negative.
« Reload the program and enter the Run mode.
The program contains a Temporary End (TND),
0035 ILLEGAL INSTRUCTION IN Refresh (REF), or Service Communication Nonrecoverable « Correct the program.

INTERRUPT FILE

instruction in an interrupt subroutine (STI, Ell,
HSC) or user fault routine.

« Recompile, reload the program, and enter the Run mode.
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Table 199 - Error Codes (Continued)

Error Code

(Hex) Advisory Message Description Fault Classification |Recommended Action
An invalid value is being used for a PID See Process Control Instruction on page 221 for more
0038 INVALID PID PARAMETER instruction parameter. Recoverable information about the PID instruction.
0037 HSC ERROR An error occurred in the HSC configuration. | Recoverable See the Error Code i the HSC Function Filefor the specifi
An error occurred in the PTOX instruction Recoverable or Non- | See the Error Code in the PTOX Function File for the specific
0038 PTOX ERRDR configuration. User error.
003C PWMX ERROR An error occurred in the PWMX instruction Recoverable or Non- | See the Error Code in the PWMX Function File for the specific

configuration.

User

error.

INVALID SEQUENCER LENGTH/

A sequencer instruction (S00, SOC, SOL) length/

Correct the user program, then recompile, reload the

003D POSITION position parameter is greater than 255. Recoverable program, and enter the Run mode.
A BSR or BSL instruction length parameter is
greater than 2048 or an FFU, FFL, LFU, LFL .
003E ::'TQISLF!ADR%ETHEIE OR LIFO/ instruction length parameter is greater than  |Recoverable Eg{rzecthghfngrsne;rprrt;]%raThtérnarlétllg:(tjearrrllgrsu?]ata file space
128 (word file) or greater than 64 (double word 9 y map. ’
file)
A COP, CPW, or FLL instruction length « Correct the program to ensure that the length and
003F SR}DXCFTIE/QI-JAEETQDI-: OF parameter references outside of the entire Recoverable parameter do not point outside of the data file space.
data space. « Recompile, reload the program, and enter the Run mode.
0042 INVALID RECIPE NUMBER Number of Recipes specified is greater than oo b1 + Correct the value for Number of Recipes.
256. « Recompile, reload the program, and enter the Run mode.
Write attempt to RTC function file failed. This
only occurs when attempting to write invalid . P—
0044 INVALID WRITE T0 RTC data to the RTC function file. Examples of Recoverable Correct t_he invalid data.
FUNCTION FILE invalid data are: setting the Day of Week to « Recompile, reload the program, and enter the Run mode.
zero, or setting the Date to February 30.
A particular controller type was selected in the « Connect to the hardware that is specified in the user
0050 CONTROLLER TYPE MISMATCH | user program configuration, but did not match Non-User program, or
the actual controller type. « Reconfigure the program to match the attached hardware.
A particular hardware type (AWA, BWA, BXB, . ; o
o051 BASE TYPE MISHATCH AWAA, BWAA, BXBA) was selected in the user Non-User g?é\;;c;] t% rthe hardware that is specified in the user
program configuration, but did no match the R !
actual base. « Reconfigure the program to match the attached hardware.
The hardware minimum series that is selected « Connect to the hardware that is specified in the user
0052 MINIMUM SERIES ERROR in the user program configuration was greater |Non-User program, or
than the series on the actual hardware. « Reconfigure the program to match the attached hardware.
Unable to read analog to digital converter (ADC) .
EMBEDDED ANALOG INPUT 4 - Cycle power. Check for a noise problem and be sure that
0061 FAULT ?étt?irgé]edded analog input even after multiple | Nonrecoverable proper grounding practices are used.
« Check connections.
. . « Check for a noise problem and be sure that proper
o1 E)éE%lg{SION 1/0 HARDWARE lgeacnosri\;rnollllegr ﬁ]aondnu% communicate with an Nonrecoverable grounding practices are used.
p ’ « Replace the module.
« Cycle power.
« See the I/0 Module Status (I0S) file.
xx79(! Eﬁ%ﬁsm"l 1/0 MODULE An expansion I/0 module generated an error. | Nonrecoverable « Consult the documentation for your specific /0 module to
determine possible causes of a module error.
« Check connections.
. . « Check for a noise problem and be sure that proper
g EFEE%?{S")N 1/0 HARDWARE l)t(\eacnosri\;rnollllegr r?]aondnu% communicate with an Non-User grounding practices are used.
p ’ « Replace the module.
« Cycle power.
The maximum number of exoansion 1/0 cables « Reconfigure the expansion I/0 system so that it has an
0083 MAX 1/0 CABLES EXCEEDED allowed was exceeded p Non-User allowable number of cables.
’ « Cycle power.
0084 MAX 1/0 POWER SUPPLIES The maximum number of expansion /0 power Non-User « Reconfigure the expansion I/0 system so that it has the
EXCEEDED supplies allowed was exceeded. correct number of power supplies.
Th . ber of ion /0 « Reconfigure the expansion 1/0 system so that it has an
0085 MAX 1/0 MODULES EXCEEDED | |1 MaXiMmum RUMBE of expansion Non-User allowable number of modules.

modules allowed was exceeded.

Cycle power.
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Table 199 - Error Codes (Continued)

visory Message escription ault Classification |Recommended Action
(Elflg%c"de Advisory M Descripti Fault Classification |R ded Acti
« Change the baud rate in the user program I/0
An expansion 1/0 module could not configuration, and
xx86() Eﬁéh&'g%/ 0 MODULE BAUD communicate at the baud rate that is specified |Non-User « Recompile, reload the program and enter the Run mode, or
in the user program 1/0 configuration. « Replace the module.
« Cycle power.
« The expansion I/0 configuration in the user
program did not match the actual
. ?ﬁgfgu?;:]lgnﬁ;o confiauration in the user « Either correct the user program I/0 configuration to match
g0 1/0 CONFIGURATION 0 ra?n specified a mogdul e butone was | Non-User the actual configuration, or
XX MISMATCH Eot%ound %r ' « With power off, correct the actual I/0 configuration to
« The expansion I/0 module configuration data match the user program configuration.
size for a module was greater than what the
module is capable of holding.
The number of input or output image words . S
g5l EXPANSION I/0 MODULE that are configured in the user program Non-User ﬁﬂg%%trtgf ":JSE{ grr%%rt?][ﬂtl\/,\?grcgg f;gnu(jratlon to reduce the
XX CONFIGURATION ERROR exceeds the image size in the expansion I/0 R . '
module. « Recompile, reload the program, and enter the Run mode.
« See the I/0 status file.
xx89(12) EﬁE%gSlON /0 MODULE An expansion I/0 module generated an error. | Non-User - Consult the documentation for your specific 1/0 module to
determine possible causes of a module error.
« Either an expansion I/0 cable is configured in « Correct the user program to eliminate a cable that is not
EXPANSION 1/0 CABLE the user program, but no cable is present, or present.
xx8AM@ | CONFIGURATION MISMATCH |« an expansion I/0 cable is configured in the  |Non-User « Recompile, reload the program and enter the Run mode, or
ERROR user program and a cable is physically « Add the missing cable.
present, but the types do not match. « Cycle power.
+ Either an expansion I/0 power supply is
EXPANSION 1/0 POWER Eﬁ'v‘vfé?”sfgﬁlnyt.er?SEén‘ir%?mm putro . .CUff‘iCt the user program to eliminate a power supply that
xx8B?  [SUPPLY CONFIGURATION |~ an expansion 1/0 power supply is configured | Non-User . Rosomnt reioad the oroaram and enter the Run mode. of
MISMATCH ERROR in the user program and a power supply is -comprie, program and '
physically present, but the types do not « With power removed, add the missing power supply.
match.
« Correct the user program I/0 configuration so that the
An expansion I/0 object (that is cable, power object types match the actual configuration, and
i |EXPANSION /0 OBJECT TYPE | supply,or module) in the user program /0 [ " Recompil,reload the program, and enter the fun mode.
XL MISMATCH configuration is not the same object type as is N
hysically present « Correct the actual configuration to match the user
physicaly p ’ program 1/0 configuration.
« Cycle power.
0xIF39 INVALID STRING LENGTH The first word of string data contains a Recoverable Check the first word of the string data element for invalid

negative, zero, or value greater than 82.

values and correct the data.

(1) xxindicates module number. If xx = 0, the problem cannot be traced to a specific module.
(2) The xxin this error code means that the error occurs at the location of the last properly configured Expansion 1/0 module +1. Use this information with the specific error code to determine the source
of the problem.
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Contact Rockwell If you need to contact Rockwell Automation or local distributor for assistance, it is helpful to obtain

Automation for Assistance the following information ready:
«  Controller type, series letter, and revision letter of the base unit

«  Series letter, revision letter, and firmware (FRN) number of the processor (on bottom side of
processor unit)
You can also check the FRN by reviewing Word S:59 (Operating System FRN) in the
Y Status File.
«  Controller status indicators
«  Controller error codes (found in $2:6 of status file) or LCD screen
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DH-485 Communication
Protocol

Protocol Configuration

Use the information in this appendix for configuring communication protocols. The following
protocols are supported from any RS-232 communication channel:

+ DH-485

«  DFTfull-duplex

«  DF1half-duplex

«  DF1Radio Modem
+  Modbus RTU

« ASCl

« DNP3Slave

See the MicroLogix 1400 Programmable Controllers User Manual, publication 1766-UM001 for
information about required network devices and accessories.

See Appendix F of the MicroLogix 1400 Programmable Controllers User Manual, publication
1766-UMO001 for more information about configuring serial channels for DNP3 Slave.

The information in this section describes the DH-485 network functions, network architecture, and
performance characteristics. It also helps you plan and operate the controller on a DH-485
network.

DH-485 Network Description

The DH-485 protocol defines the communication between multiple devices that coexist on a single
pair of wires. DH-485 protocol uses RS-485 half-duplex as its physical interface. RS-485 is a
definition of electrical characteristics; it is not a protocol. RS-485 uses devices that can co-exist on
a common data circuit, thus allowing data to be easily shared between devices.

The DH-485 network offers:
« Interconnection of 32 devices
«  Multi-master capability
«  Token-passing access control
« The ability to add or remove nodes without disrupting the network
«  Maximum network length of 1,219 m (4,000 ft.)

The DH-485 protocol supports two classes of devices: initiators and responders. Al initiators on the
network get a chance to initiate message transfers. To determine which initiator has the right to
transmit, a token-passing algorithm is used.

The following section describes the protocol that is used to control message transfers on the DH-
485 network.
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DH-485 Token Rotation

A node holding the token can send a message onto the network. Each node is allowed a fixed
number of transmissions (based on the Token Hold Factor) each time it receives the token. After a
node sends a message, it passes the token to the next device.

The allowable range of node addresses is 0...31. There must be at least one initiator on the network,
such as a MicroLogix controller, or an SLC 5/02 or higher pracessor.

DH-485 Broadcast Messages

A broadcast write command is sent as a DH-485 Send Data No Acknowledgment (SDN) packet. No
acknowledgment or reply is returned.

DH-485 Configuration Parameters

When communications are configured for DH-485, the following parameters can be changed:
Table 200 - DH-485 Configuration Parameters

Parameter Options Programming Software Default
Baud Rate 9600, 19.2K 19.2K

Node Address 1...31 decimal 1

Token Hold Factor 1.4 2

Max Node Address 1..31 31

The major software issues that you need to resolve before installing a network are discussed in the
following sections.

Software Considerations

Software considerations include the configuration of the network and the parameters that can be
set to the specific requirements of the network. The following are major configuration factors that
have a significant effect on network performance:

«  Number of nodes on the network
o Addresses of those nodes
o Baudrate

The following sections explain network considerations and describe ways to select parameters for
optimum network performance (speed). See your programming software documentation for more
information.

Number of Nodes

The number of nodes on the network directly affects the data transfer time between nodes.
Unnecessary nodes (such as a second programming terminal that is not being used) slow the data
transfer rate. The maximum number of nodes on the network is 32.

Set Node Addresses

The best network performance occurs when node addresses are assigned in sequential order.
Initiators, such as personal computers, should be assigned the lowest numbered addresses to
minimize the time that is required to initialize the network. The valid range for the MicroLogix
controllers is 1...31 (controllers cannot be node 0). The default setting is 1. The node address is
stored in the controller Communications Status file (CS0:5/0...CS0:5/7). Configure the node address
via Channel Configuration using RSLogix 500/RSLogix Micro. Select the Channel O tab.
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DF1 Full-duplex Protocol

Set Controller Baud Rate

The best network performance occurs at the highest baud rate, which is 19200. This is the default
baud rate for a MicroLogix device on the DH-485 network. All devices must be at the same baud
rate. This rate is stored in the controller Communications Status file (CS0:5/8...CS0:5/15). Configure
the baud rate via Channel Configuration using RSLogix 500/RSLogix Micro. Select the Channel 0
tab.

Set Maximum Node Address

Once you have an established network configured, and are confident that you are not adding more
devices, you may enhance performance by adjusting the maximum node address of your
controllers. It should be set to the highest node address being used.

IMPORTANT  All devices should be set to the same maximum node address.

MicroLogix 1400 Controller Remote Packet Support

These controllers can respond and initiate with the device's communications (or commands) that
do not originate on the local DH-485 network. This is useful in installations where communication is
needed between the DH-485 and DH+ networks.

DF1 full-duplex protocol provides a point-to-point connection between two devices. DF1 full-duplex

protocol combines data transparency (American National Standards Institute ANSI - X3.28-1976
specification subcategory D1) and 2-way simultaneous transmission with embedded responses

(subcategory F1).

The MicroLogix controllers support the DF1 full-duplex protocol via RS-232 connection to external
devices, such as computers, or other controllers that support DF1 full-duplex.

DF1is an open protocol. See DF1 Protocol and Command Set Reference Manual, publication 1770-

RM513, for more information.

DF!L Full-duplex Operation

DF1 full-duplex protocol (also referred to as DF1 point-to-point protocol) is useful where RS-232
point-to-point communication is required. This type of protocol supports simultaneous
transmissions between two devices in both directions. DF1 protocol controls message flow, detects

and signals errors, and retries if errors are detected.

When the system driver is DF1 full-duplex, the following parameters can be changed:

Table 201 - DF! Full-duplex System Driver Parameters

Parameter Options Programming Software Default
Channel MicroLogix 1400: Channel 0 0

Driver DF1 Full full-duplex DF1 full-duplex
Baud Rate 300, 600, 1200, 2400, 4800, 9600, 19.2K, 38.4K 19.2K

Parity None, even None

Source ID (Node Address) 0...254 decimal 1

Control Line No handshaking, full-duplex modem No handshaking
Error Detection CRC, BCC CRC

Embedded Responses Auto detect, enabled Auto detect
Duplicate Packet (Message) Detect Enabled, disabled Enabled

ACK Timeout (x20 ms) 1...65535 counts (20 ms increments) 50 counts

NAK retries 0...255 3 retries

ENQ retries 0...255 J retries

Stop Bits Not a setting, always 1 1
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DF1 half-duplex protocol provides a multi-drop single master/multiple slave network. In contrast to
the DF1 full-duplex protocol, communication takes place in one direction at a time. You can use the
RS-232 port on the MicroLogix controller as both a half-duplex programming port, and a half-
duplex peer-to-peer messaging port.

The MicroLogix 1400 controller supports half-duplex modems using RTS/CTS hardware
handshaking.

DF1 half-duplex supports up to 255 devices (addresses 0...254, with address 255 reserved for
master broadcasts).

When configuring a message instruction, set the target node address to -1 for
broadcast messages.

Broadcast messages are handled as follows:

DFL Half-duplex Master Driver Broadcast Messages

A broadcast write command that is initiated by the DF1 half-duplex master is received and
executed by all DF1 half-duplex slaves. A broadcast write command received by the DF1 half-
duplex master after polling a DF1 half-duplex slave is received, acknowledged, and rebroadcast
without being executed by the DFT half-duplex master. It is treated like any other slave-to-slave
command, except that no acknowledgment is expected after rebroadcast.

DF! Half-duplex Slave Driver Broadcast Messages

When a DF1 half-duplex slave initiates a broadcast write command, it is queued up just like any
other MSG command until it receives a poll from the DF1 half-duplex master. After transmitting the
broadcast write command, the DF1 half-duplex slave receives an acknowledgment that the DF1
half-duplex master received the packet without error. When the DF1 half-duplex master
rebroadcasts the broadcast write command, the initiating DF1 half-duplex slave receives and
executes the command along with all other slave nodes receiving the broadcast packet. No
acknowledgment or reply is returned.

Choose a Polling Mode for DF1 Half-duplex Master

A master station can be configured to communicate with slave stations in either Message-based
polling mode or Standard polling mode.

Message-Based Polling Mode

Message-based polling mode is best used in networks when communication with the slave stations
is not time critical and where you need to be able to limit when and how often the master station
communicates with each slave station. It is not recommended for larger systems that require time
critical communication between the master and all slave stations, or for systems where slave
station-initiated messages are going to be used.

With Message-Based polling mode, the only time a master station communicates with a slave
station is when a message (MSG) instruction in ladder logic is triggered to that particular slave
station’s address. This polling mode gives the user complete control (through ladder logic) over
when and how often to communicate with each slave station.

If multiple MSG instructions are triggered simultaneously, they are executed in order, one at a time,
to completion (for instance, the first MSG queued up is transmitted and completed to done or error
before the next queued up MSG is transmitted). Anytime a message is triggered to a slave station
that cannot respond (for instance, if its modem fails), the message goes through retries and time-
outstimeoutstime to message every responding slave station increases linearly with the number of
slave stations that cannot respond.
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If the Message-based selection is Allow Slaves to Initiate Messages, a slave station can initiate a
message to the master station (polled report by exception messaging) or to another slave station
(slave-to-slave messaging). The MSG command packet remains in that slave station transmit
queue until the master station triggers its own MSG command packet to it (which could be seconds,
minutes, or hours later, depending on the master ladder logic).

If the Message-based selection is Don't Allow Slaves to Initiate Messages, then even if a slave
station triggers and queues up an MSG instruction in its ladder logic, the master station does not
process it.

Standard Polling Mode

Standard polling mode is recommended for larger systems that require time critical
communication between the master and all the slave stations, or for any system where slave
station-initiated messages are going to be used (this includes slave programming over the
network, since this uses the same mechanism that slave-to-slave messaging uses). The Active
Node Table automatically keeps track of which slaves are (and are not) communicating. Do not use
standard polling mode in cases where you need to be able to limit when and how often the master
station communicates with each slave station.

Standard polling mode causes the master station to send continuously one or more 4-byte poll
packets to each slave station address that you configure in the poll lists in round robin fashion - as
soon as the end of the polling list is reached, the master station immediately returns, and starts
polling slave stations from the top of the polling list over again. This is independent and
asynchronous to any MSG instructions that might be triggered in the master station ladder logic. In
fact, this polling continues even while the master station is in Program mode!

When an MSG instruction is triggered while the master station is in Run mode, the master station
will transmit the message packet just after it finishes polling the current slave station in the poll list
and before it starts polling the next slave station in the poll list (no matter where it currently is in
the poll list). If multiple MSG instructions have been triggered simultaneously, at least four message
packets may be sent out between two slave station polls. Each of these messages have an
opportunity to complete when the master polls the slave station that was addressed in the
message packet as it comes to it in the poll list.

If each of the transmitted message packets is addressed to a different slave station, the order of
completion is based on which slave station address comes up next in the poll list, not the order in
which the MSG instructions are executed and transmitted.

When a slave station receives a poll packet from the master station, if it has one or more message
packets queued up to transmit, either replies to a command received earlier or MSG commands
that are triggered locally in ladder logic, the slave station transmits the first message packet in the
transmit queue.

If the standard mode selection is Single Message per Poll Scan, then the master station goes to the
next station in the poll list. If the standard mode selection is Multiple Messages per Poll Scan, the
master station continues to poll this slave station until its transmit queue is empty.

The master station knows that the slave station has no message packets queued up to transmit
when the slave station responds to the master poll packet with a 2-byte poll response.

Every time a slave station responds or fails to respond to its poll packet, the master station
“automatically” updates its Active Node Table (again, even if it's in Program mode). In this list, 1 bit
is assigned to each possible slave station address (0...254). If a slave station does not respond
when it is polled, its Active Node Table bit is cleared. If it does respond when it is polled, its Active
Node Table bit is set. Besides being an excellent online troubleshooting tool, two common uses of
the Active Node Table are to report good/bad communication status for all slave stations to an
operator interface connected to the master station for monitoring, alarming and logging purposes,
and to precondition MSG instructions to each particular slave.

This second use is based on the supposition that if a slave station does not respond the last time it
is polled, it may not be able to receive and respond to an MSG instruction, and so it most likely
processes the maximum number of retries and timeouts before completing in error. This slows
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down both the poll scan and any other messaging occurring. With this technique, the minimum
time to message to every responding slave station actually decreases as the number of slave
stations that can't respond increases.

IMPORTANT  To remotely monitor and program the slave stations over the half-duplex
network while the master station is configured for Standard polling mode,
the programming computer DF1 slave driver (typically Rockwell Software
RSLinx) station address must be included in the master station poll list.

About Polled Report-by-Exception

Polled report-by-exception lets a slave station initiate data transfer to its master station, freeing
the master station from constantly reading blocks of data from each slave station to determine if
any slave input or data changes have occurred. Instead, through user programming, the slave
station monitors its own inputs for a change of state or data, which triggers a block of data to be
written to the master station when the master station polls the slave.

About Slave-to-Slave Messaging

If one slave station has a message to send to another, it simply includes the destination slave
station address in the message instruction destination field in place of the master station address
when responding to a poll. The master station checks the destination station address in every
packet header that it receives from any slave station. If the address does not match the slave
station address, the entire message is forwarded back onto the telemetry network to the
appropriate slave station, without any further processing.

Addressing Tips

Each station on the network, including the master station, must have a unique address. The
address range is 0...254, so you can have a maximum of 255 stations on a single telemetry

network. Station address 255 is the broadcast address, which you cannot select as a station
individual address.

DF1 Half-duplex Master Standard Polling Mode

With standard polling mode, the master device initiates all communication by polling each slave
address that is configured in the priority and normal polling ranges. The slave device may only
transmit message packets when the master polls it. Based on a slave inclusion in the priority and/
or normal poll ranges, the master polls each slave on a regular and sequential basis to allow slave
devices an opportunity to communicate. During a polling sequence, the master polls a slave either
repeatedly until the slave indicates that it has no more message packets to transmit (“standard
polling mode, multiple messages per scan”) or just one time per polling sequence (“standard
polling mode, single message per scan”), depending on how the master is configured.

The polling algorithm polls all priority slave addresses each poll scan (priority low to priority high)
and a subset of the normal slave address range. The number of normal slave addresses to poll
each poll scan is determined by the Normal Poll Group Size configuration parameter. To poll all
slave addresses each poll scan with equal priority, define the entire slave address range in either
the Priority Poll Range or the Normal Poll Range, and leave the other range disabled. You can
disable the Palling Range is by defining the low address as 255.

An additional feature of the DF1 half-duplex protocol in Standard Polling Mode operation is that it is
possible for a slave device to enable a MSG instruction in its ladder program to send or request
data to/from the master or another slave. When the initiating slave is polled, the message
command is sent to the master. If the message is addressed to the master, then the master replies
to the message. If the master recognizes that the message is not intended for it, but for another
slave, the master immediately rebroadcasts the message so that it is received by the intended
slave. This slave-to-slave transfer is a built-in function of the master device and is also used by
programming software to upload and download programs to processors on the DF1 half-duplex
link.
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Figure 45 - Standard Mode Channel Configuration
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DF1 Half-duplex Master MSG-based Polling Mode Operation

With MSG-based Polling Mode, the master device only initiates communication with a slave when a
MSG instruction to that slave is triggered in ladder logic. Once the read or write command has been
transmitted, the master waits the Reply MSG Timeout period and then polls that slave for a reply to
its command. The master can be configured either to ignore (MSG-based Polling, don't allow slaves
to initiate) or to accept (MSG-based Polling, allow slaves to initiate) MSGs that may have been
triggered and queued up in the slave.

Figure 46 - Message-Based Polling Mode Channel Configuration
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When the system driver is DF1 half-duplex Master, the parameters in Table 202 can be changed.
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Table 202 - DF1 Half-duplex Master Configuration Parameters

Parameter Options Programming
Software
Default
Channel MicroLogix 1400: Channel 0 0
Driver DF1 Half Half-duplex Master
Baud Rate 300, 600, 1200, 2400, 4800, 9600, 19.2K, 38.4K 19.2K
Parity None, even None
Node Address 0...254 decimal (255 is reserved for broadcast) 1
. No Handshaking, half-duplex Modem (RTS/CTS Handshaking), full-duplex Modem (RTS on) .
Control Line No Handshaking (485 Network) No Handshaking
Error Detection CRC, BCC CRC
Enabled, disabled
Duplicate Packet Detect Detects and removes duplicate responses to a message. Duplicate packets may be sent under noisy communication conditions |Enabled
if the sender Message Retries are set greater than 0.
0...65535 (can be set in 20 ms increments) - only with the control line set to “Half-duplex Modem (RTS/CTS Handshaking)”
RTS Off Delay (x20 ms) Specifies the delay time between when the last serial character is sent to the modem and when RTS is deactivated. Gives the |0
modem extra time to transmit the last character of a packet.
0...65535 (can be set in 20 ms increments) - only with the control line set to “Half-duplex Modem (RTS/CTS Handshaking)”
RTS Send Delay (x20 ms) Specifies the time delay between setting RTS until checking for the CTS response. For use with modems that are not ready to |0
respond with CTS immediately upon receipt of RTS.
0...255
Message Retries Specifies the number of times the master device attempts to resend a message packet when it does not receive an ACK from |3
the slave device. For use in noisy environments where acknowledgments may become corrupted in transmission.
0...65535 (can be set in 1 ms increments)
When the Control Line is set to “No Handshaking”, this is the delay time before transmission. Required for 1761-NET-AIC physical
Pre Transmit Delay (xIms) | half-duplex networks. The 1761-NET-AIC needs 2 ms of delay time to change from transmit to receive mode.
When the Control Line is set to “half-duplex Modem (RTS/CTS Handshaking)', this is the minimum time delay between receiving
the last character of a packet and the next RTS assertion.
0...255 (can be set in 20 ms increments)
. Specifies the amount of time the master waits for an acknowledgment to a message it has transmitted before it retries the
ACK Timeout (x20 ms) message or errors out the message instruction. 50
This timeout value is also used for the poll response timeout.
0...255 (can be set in 20 ms increments) - only with MSG-based Polling Modes
Reply MSG Timeout (x 20 ms) | Specifies the amount of time the master will wait after receiving an ACK to a master-initiated MSG before polling the slave 1
station for its reply.
Priority Polling Range - High |Select the last slave station address to priority poll - only with Standard Polling Modes. 0
Priority Polling Range - Low | Select the first slave station address to priority poll. Enter 255 to disable priority polling - only with Standard Polling Modes. 255
Normal Polling Range - High |Select the last slave station address to normal poll - only with Standard Polling Modes. 0
Normal Polling Range - Low | Select the first slave station address to normal poll. Enter 255 to disable normal polling - only with Standard Polling Modes. 255

Normal Poll Group Size

Enter the quantity of active stations in the normal poll range that you want polled during a scan through the normal poll range
before returning to the priority poll range. If no stations are configured in the Priority Polling Range, leave this parameter at 0.

414
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DF! Half-duplex Master Channel Status

Channel Status data is stored in the Communication Status Function File.

Figure 47 - Viewing Channel Status Data for DF1 Half-duplex Master
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Table 203 - Communication Status Function DF1 Half-duplex Master Channel Status
Status Field Status File Location® Definition
Messages Sent CSx:10 The total number of DF1 messages sent by the processor (including message retries).
Messages Received CSx:1 The number of messages received with no errors
Polls Sent CSx:15 The number of poll packets sent by the processor
. The number of times the processor could not receive a message because it did not have
Lack of Memory CSx:17 available memary.
Last Normal Poll List Scan CSx:19 Time in 100 ms increments of last scan through Normal Poll List
Last Priority Poll List Scan CSx:21 Time in 100 ms increments of last scan through Priority Poll List
Message Retry CSx:13 The number of message retries sent by the processor
" . The number of messages that are sent by the processor but not acknowledged by the
Undelivered Messages CSx:12 destination device.
. . . The number of times the processor received a message packet identical to the previous
Duplicate Messages Received CSx:18 message packet.
Bad Packets Received CSx:16 The number of incorrect data packets that the process receives for which no ACK is returned.
Max Normal Pall List Scan CSx:20 Maximum time in 100 ms increments to scan the Normal Poll List
Max Priority Poll List Scan CSx:22 Maximum time in 100 ms increments to scan the Priority Poll List
RTS (Request to Send) CSx:9/1 The status of the RTS handshaking line (asserted by the processor)
CTS (Clear to Send) CSx:9/0 The status of the CTS handshaking line (received by the processor)
DCD (Data Carrier Detect) CSx:9/3 Reserved

(1) xequals the Channel number.

Monitor Active Stations

To see which slave stations are active when the channel is configured for Standard Polling Mode
(either single or multiple message per scan), view the DF1 half-duplex Master Active Node Table.
The table is stored in the Communications Status Function File, words CSx:27...CSx:42, where x is
the channel number (x = 0 for MicroLogix 1400 controllers). Each bit in the table represents a
station on the link, from 0...254, starting with CSx:27/0 for address 0 and CSx:42/14 for address
254. The bit for address 255 (CSx:42/15) is never set, since it is the broadcast address, which never
gets polled.

When valid Normal and/or Priority Poll Ranges are defined:
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« Ifaslave responded the last time it is polled by the master, the bit corresponding to its

address is set (1= Active).

« Ifaslave didn't respond the last time it is polled by the master, the bit corresponding to its

address is cleared (0 = Inactive).

The bit corresponding to the address that is configured for the DF1 Master is always

cleared because the master address never gets polled.

If you are using RSLogix 500/RSLogix Micro version 7.00.00 or higher, you can view the active node
table by clicking “Processor Status” and then selecting the tab for the DF1 Master channel.

Figure 48 - Example Active Node Table
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At power-up or after reconfiguration, the master station assumes that all slave stations are

inactive. A station is shown active only after it responds to a poll packet.

DF1 Half-duplex Slave Configuration

When the system driver is DF1 half-duplex Slave, the following parameters can be changed:

Table 204 - DF! Half-duplex Slave Configuration Parameters

Parameter

Options

Programming

Software Default

Channel MicroLogix 1400: Channel 0 0
Driver DF1 Half-duplex Slave
Baud Rate 300, 600, 1200, 2400, 4800, 9600, 19.2K, 38.4K 19.2K
Parity None, even None
Node Address 0...254 decimal (255 is reserved for broadcast) 1
Control Line ”g Hggggﬂgmg&ggﬁg&%’;g(’dem (RTS/CTS Handshaing) No Handshaking
Error Detection CRC, BCC CRC

Enabled, disabled
EQT Suppression When EQT Suppression is enabled, the slave does nat respond when polled if no message is queued. This saves modem Disabled

transmission power when there is no message to transmit.

Duplicate Packet (Message)
Detect

Enabled, disabled
Detects and removes duplicate responses to a message. Duplicate packets may be sent under noisy communication conditions
if the sender Message Retries are set greater than 0.

Enabled

0...65535 (can be set in 20 ms increments)
Poll timeout only applies when a slave device initiates a MSG instruction. It is the amount of time that the slave device waits for

&OzlloTr'nH:fOUt a poll from the master device. If the slave device does not receive a poll within the Poll Timeout, a MSG instruction error is 3000
generated, and the ladder program needs to requeue the MSG instruction. If you are using a MSG instruction, it is recommended
that a Poll Timeout value of zero is not used. Poll Timeout is disabled when set to zero.

RS Off Dela 0...85535 (can be set in 20 ms increments) - only with the control line set to “Half-duplex Modem (RTS/CTS Handshaking)’

(x20 ms) y Specifies the delay time between when the last serial character is sent to the modem and when RTS is deactivated. Gives the |0

modem extra time to transmit the last character of a packet.
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Table 204 - DF! Half-duplex Slave Configuration Parameters (Continued)

Programming

Parameter Options Software Default
RTS Send Dela 0...65535 (can be set in 20 ms increments) - only with the control line set to “Half-duplex Modem (RTS/CTS Handshaking)”
(x20 ms) y Specifies the time delay between setting RTS until checking for the CTS response. For use with modems that are notready to |0

respond with CTS immediately upon receipt of RTS.

0...255
Message Retries Specifies the number of times the master device attempts to resend a message packet when it does not receive an ACK from |3

the slave device. For use in noisy environments where acknowledgments may become corrupted in transmission.

0...65535 (can be set in 1 ms increments)
Pre Transmit Dela When the Control Line is set to “No Handshaking", this is the delay time before transmission. Required for 1761-NET-AIC physical

y half-duplex networks. The 1761-NET-AIC needs 2 ms of delay time to change from transmit to receive mode. 0

(x1ms)

When the Control Line is set to “half-duplex Modem (RTS/CTS Handshaking)', this is the minimum time delay between receiving
the last character of a packet and the next RTS assertion.

DF!1 Radio Modem Protocol

This driver implements a protocol, optimized for use with radio modem networks, which is a hybrid

between DF1 full-duplex and DF1 half-duplex protocols and is not compatible with either protocol.

The primary advantage of using the DF1 Radio Modem protocaol for radio modem networks is in
transmission efficiency. Each read/write transaction (command and reply) requires only one
transmission by the initiator (to send the command) and one transmission by the responder (to
return the reply). This minimizes the number of times the radios need to “key-up” to transmit,
which maximizes radio life and minimizes radio power consumption. It also maximizes
communication throughput. In contrast, the DF1 half-duplex protacol requires five transmissions
for the DF1 Master to complete a read/write transaction with a DF1 Slave - three by the master and

two by the slave.

IMPORTANT  The DF1 Radio Modem driver should only be used among devices that
support and are configured for the DF1 Radio Modem protocol. DF1 Radio
Modem protocol is supported by SLC 5/03, 5/04 and 5/05 controllers;
MicroLogix 1400, 1200 and 1500 controllers; and Logix controllers at Version

16.1 firmware or higher.

Like the DF1 full-duplex protacol, the DF1 Radio Modem allows any node to initiate to any other node
at any time (if the radio modem network supports full-duplex data port buffering and radio
transmission collision avoidance). Like the DF1 half-duplex protocol, up to 255 devices are
supported, with unigue addresses from 0...254. A node ignores any packets received that have a
destination address other than its own, except for broadcast packets. A broadcast write command
that is initiated by any DF1radio modem node is executed by all other DF1 radio modem nodes that

receive it. No acknowledgment or reply is returned.

Unlike either DF1 full-duplex or DF1 half-duplex protocols, the DF1 Radio Modem protocol excludes
ACKs, NAKs, ENOs, or poll packets. Data integrity is ensured by the CRC checksum.
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Use the DFL Radio Modem

Using RSLogix 500/RSLogix Micro version 7.00.00 or higher, the DF1 Radio Modem driver can be
configured as the system mode driver for Channel 0 in MicroLogix 1400 controllers.

Channel configuration appears as follows. Figure 49 shows Channel 0 configuration.

Figure 49 - DF1 Radio Modem Channel 0 Configuration (MicroLogix 1400 Controller)
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When the system driver is DF1 Radio Modem, the following parameters can be changed for Channel 0.

Table 205 - DF1 Radio Modem Channel 0 Configuration Parameters

Parameter

Options

Programming

Software Default
Channel Channel 0 0
Driver DF1 Radio Modem
Baud Rate 300, 600, 1200, 2400, 4800, 9600, 19.2K, 38.4K 19.2K
Parity None, even None
Node Address 0...254 decimal (255 is reserved for broadcast) 1
Store and Forward File Store and Forward allows messages between two out-of-radio-range nodes to be routed through one or more in-radio-range 0
Number nodes. This is the data table file number that is used for the Store and Forward Table.
Control Line No Handshaking, half-duplex Modem (RTS/CTS Handshaking) No Handshaking
Error Detection CRC, BCC CRC

0...65535 (can be set in 1 ms increments)
When the Control Line is set to “No Handshaking", this is the delay time before transmission. Required for 1761-NET-AIC physical

(er]enT];z)msmit Delay half-duplex networks. The 1761-NET-AIC needs 2 ms of delay time to change from transmit to receive mode. 1
When the Control Line is set to “half-duplex Modem (RTS/CTS Handshaking)', this is the minimum time delay between receiving
the last character of a packet and the next RTS assertion.
The DF1 Radio Modem driver can be used in a “pseudo” Master/Slave mode with any radio modem,
as long as the designated “Master” node is the only node that initiates MSG instructions, and as long
as only one MSG instruction is triggered at a time.
For modern serial radio modems that support full-duplex data port buffering and radio
transmission collision avoidance, the DF1 Radio Modem driver can be used to configure a “Master-
less” peer-to-peer radio network, where any node can initiate communications to any other node
at any time, as long as all nodes are within radio range so that they receive each other's
transmissions.
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Use Store and Forward Capability

DF1 Radio Modem also supports Store and Forward capability to forward packets between nodes
that are outside of radio range of each other. Each node that is enabled for Store and Forward has
a user-configured Store and Forward Table to indicate which received packets that it should
rebroadcast, based on the packet source and destination addresses.

Configure the Store and Forward Table

The Store and Forward Table can be configured to use any valid binary data table file (B,
B9...B255) of length 16 words. Each bit in the file corresponds to a DF1 Radio Modem node address.
To configure a MicroLogix controller to Store and Forward message packets between two other
nodes, the bits corresponding to the addresses of those two other nodes must be set. For instance,
if node 2 is used to Store and Forward message packets between nodes 1and 3, then both bits Bx/
Tand Bx/3 (where x is the configured data table file number) would have to be set in the Store and
Forward Table file that is shown in Figure 51. You can set bit 255 to enable Store and Forward of
broadcast packets, as well.

IMPORTANT  Once Store and Forward is enabled, duplicate packet detection is also
automatically enabled. Whenever Store and Forward is used within a radio
modem network, every node should have a Store and Forward Table file
that is configured, even if all bits in the file are cleared, so that duplicate
packets are ignored.

Figure 50 - Applying DF1 Radio Modem Protocol
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Note 1 - The link layer of Node 1 blocks the retransmission of a packet that is received with the SRC byte equal to the receiving node station address. Packets received
that originate from the receiving node should never be retransmitted.

Note 2 - To prevent Node 2 from retransmitting a duplicate packet, the link layer of Node 2 updates the duplicate packet table with the last 20 packets received.
Note 3 - The link layer of Node 4 blocks the retransmission of a packet that is received with the SRC byte equal to the receiving node station address. Packets
received that originate from the receiving node should never be retransmitted.

Note 4 - To prevent Node 3 from retransmitting a duplicate packet, the link layer of Node 3 updates the duplicate packet table with the last 20 packets received.

If you are using RSLogix 500/RSLogix Micro version 7.00.00 or higher, you can view the store and
forward table by clicking Processor Status and then selecting the tab for the DF1 Master channel.

Figure 51 - Example Store and Forward Table
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DF1 Radio Modem Channel Status

Channel Status data is stored in the Communication Status Function File.

Figure 52 - View Channel Status for DFL Radio Modem
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Table 206 - Communication Status Function DF1 Radio Modem Channel Status

Status Field Diagnostic File Location® Definition
Messages Sent CSx:10 The total number of DF1 messages sent by the processor (including message retries)
Messages Received CSx:M The number of messages received with no errors
. The number of times the processor could not receive a message because it did not have

Lack of Memory CSx:17 available memory
Undelivered Messages ) ;r; glgmber of messages that the processor could not send due to bad modem handshake

. . . The number of times the processor received a message packet identical to the previous
Duplicate Messages Received CSx:18 message packet
Bad Packet Received 0Sx:16 tTr':J% ggtrgger of data packets received by the processor that had bad checksum or were
RTS (Request to Send) CSx:9N The status of the RTS handshaking line (asserted by the processor)
CTS (Clear to Send) CSx:9/0 The status of the CTS handshaking line (received by the processor)
DCD (Data Carrier Detect) CSx:9/3 Reserved

(1) xrepresents the Channel number.

DF1 Radio Modem System Limitations

The following questions must be answered to determine if you can implement the new DF1 Radio
Modem driver in your radio modem network:

1. Do all devices support DF1 Radio Modem protacol?

To be configured with the DF1 Radio Modem driver, using RSLogix 6.0 or higher,
MicroLogix 1200 controllers must be at FRN 7 or higher and MicroLogix 1500 controllers must
be at FRN 8 or higher.

SLC 5/03, 5/04 or 5/05 processors must all be at FRN C/6 or higher to be configured with the
DF1 Radio Modem driver using RSLogix 500/RSLogix Micro version 5.50 or higher.

All MicroLogix 1400 controllers support DF1 Radio Modem protocaol. RSLogix 500/

RSLogix Micro version 7.0 or higher is required to configure the MicroLogix 1400 contraoller.
Starting with Version 16.1, all Logix controllers can be configured for DF1 Radio Modem
protocol.

2. Does each node receive the radio transmissions of every other node, being both within radio
transmission/reception range and on a common receiving frequency (either via a “Simplex”
radio mode or via a single, common, full-duplex repeater)?
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Modbus RTU Protocol

If so, then go to question #3 to see if you can use the DF1 Radio Modem driver to configure a
peer-to-peer radio network. If not, then you may still be able to use the DF1 Radio Modem
driver, by configuring intermediary nodes as Store and Forward nodes.

3. Do the radio modems handle full-duplex data port buffering and radio transmission collision
avoidance?

If so, and the answer to #2 is yes as well, then you can take full advantage of the peer-to-
peer message initiation capability in every node (that is, the ladder logic in any node can
trigger a MSG instruction to any other node at any time). If nat, then you may still be able to
use the DF1 Radio Modem driver, but only if you limit MSG instruction initiation to a single
“master” node whose transmission can be received by every other node.

4. Can | take advantage of the SLC 5/03, 5/04 and 5/05 channel-to-channel pass thru to
program remotely the other SLC and MicroLogix nodes using RSLinx and RSLogix 500/
RSLogix Micro running on a PC connected to a local SLC processor via DH+ or Ethernet?

Yes, with certain limitations imposed based on the radio modem network. See SLC 500
Instruction Set Reference Manual, publication 1747-RMOQT, for more pass thru details and
limitations when using the DF1 Radio Modem driver.

This section shows the configuration parameters for Modbus RTU (Remote Terminal Unit
transmission mode) protocol. For more information about the Modbus RTU protocol, see the
Modbus Protocol Specification (available from https:/www.modbus.org).

The driver can be configured as Modbus RTU Master or Modbus RTU Slave. The Modbus RTU Slave
driver maps the four Modbus data types such as coils, contacts, input registers, and holding
registers into four binary and/or integer data table files that you create.

Modbus RTU Master

Message instructions are used to transfer information between the data files in the Modbus RTU
Master and the Modbus RTU Slaves. See Communications Instructions on page 261 for detailed
information about configuring a MSG instruction for Modbus Communications.

Modbus addressing is limited to 16 bits per memory group, each with a range of 1...65,536. There
are four memory groups, one for each function:

«  Coils (addressed as Oxxxx)
«  Contacts (Ixxxx)

« Input registers (3xxxx)

« Holding registers (4xxxx)

Coils and contacts are addressed at the bit level. Coils are like outputs and can be read and written
to. Contacts are like inputs and are read-only. Input registers and holding registers are addressed
at the word level. Input registers are used for internally storing input values. They are read-only.
Holding registers are general-purpose and can be both read and written to.

The most significant digit of the address is considered a prefix, and does not get entered into the
Modbus Data Address field when configuring the message instruction.

When the message is sent, the address decrements by 1and converted into a 4-character hex
number to be transmitted via the network (with a range of 0-FFFFh); the slave increments the
address by 1, and selects the appropriate memory group based on the Modbus function.

Modbus protocol may not be consistently implemented in the field. The Modbus
specification calls for the addressing range to start at 1; however, some devices start
addressing at 0.

The Modbus Data Address in the Message Setup Screen may must be incremented by
one to access a Modbus slave memory properly, depending on that slave
implementation of memory addressing.
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Modbus RTU Slave

The coil and contact files can contain up to 4,096 coils or contacts in each register when the data
table file is configured for a maximum size of 256 words. Each input register and holding register
file can contain up to 256 registers when the data table file is configured for a maximum size of 256
words. With the “Expanded" box checked, the controllers can be configured to use up to six 256-
word data table files for a total of 1,536 Modbus Holding registers.

A request to access a group of holding registers that span across two files is

‘ permitted. The maximum number of registers in a command does not allow for more
than two files to be accessed during a single Modbus command.

Modbus RTU Master Configuration

Select the Modbus RTU Master from the Channel Configuration menu as shown in Figure 53.

Figure 53 - Modbus RTU Master Configuration
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The Baud defaults to 19,200.

The Control Line can be configured as:
« No Handshaking
«  Full-duplex Modem (RTS on)
«  Half-duplex Modem (RTS/CTS handshaking)
«  No Handshaking (485 Network)

= Toconnect directly to an RS-485 Modbus network, use a 1763-NCO1 cable and
.0 configure the Control Line setting for No Handshaking (485 network).
The Protocol Control defaults are:
« No Handshaking
« InterChar. Timeout =0
«  Pre Transmit Delay = 0

When the system driver is Modbus RTU Master, the following communication port parameters can
be changed:
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Table 207 - Port Parameters for the Modbus RTU Master

Programming Software

Parameter Options Default
Channel Channel 0 0
Driver Modbus RTU Master
Baud Rate 300, 600, 1200, 2400, 4800, 9600, 19.2K, 38.4K 19.2K
Parity none, even, odd none
Control Line No Handshaking, full-duplex Modem (RTS on), half-duplex Modem (RTS/CTS handshaking), No Handshaking (485 Network) | No Handshaking
Inter-character Timeout (x1 | 0...65535 (can be set in 1ms increments); 0 = 3.5 character times 0
ms) Specifies the minimum delay between characters that indicates the end of a message packet.
RTS Off Dela 0...65535 (can be set in 20 ms increments)
(x20 ms) y Specifies the delay time between when the last serial character is sent to the modem and when RTS is deactivated. Gives |0
the modem extra time to transmit the last character of a packet.
RTS Send Dela 0...65535 (can be set in 20 ms increments)
(x20 ms) y Specifies the time delay between setting RTS until checking for the CTS response. For use with modems that are not ready |0
to respond with CTS immediately upon receipt of RTS.
0...65535 (can be set in 1ms increments)
Pre Transmit Dela When the Control Line is set to No Handshaking, this is the delay time before transmission. Required for 1761-NET-AIC
(xI ms) y physical half-duplex networks. The 1761-NET-AIC needs 2 ms of delay time to change from receive to transmit mode. 0
When the Control Line is set to half-duplex Modem or full-duplex Modem, this is the minimum time delay between
receiving the last character of a packet and the RTS assertion.
Stop Bits 152 1
Data Bits 7 8
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Modbus RTU Slave Configuration

The Modbus configuration screen and configuration procedure are shown inFigure 54.

Figure 54 - Modbus RTU Slave Configuration
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1. To configure Channel 0 and data files for Modbus communication, select the Channel 0

Configuration tab.

Choose “Modbus RTU Slave” driver and assign driver characteristics.

Enter Modbus Data Table File Numbers. Select the Expansion checkbox to use multiple

holding register data files.

The controller default is one data file of 256 registers. The Expansion checkbox

enables an additional five files and 1280 holding registers.

The five additional tables do not need to be individually defined, but sequentially follow
the first integer or bit file. For example, if the first file is N10 (or B10), then the additional
five files are N11 (or BT1), N12 (or B12), N13 (or B13), N14 (or B14), and N15 (or B15).

4. Enter the data table size and type for each required file. The data table files (not including
the five additional tables if Expanded is checked) are created automatically.

When the system driver is Modbus RTU Slave, the following communication port parameters can be

changed:

Table 208 - Port Parameters for the Modbus RTU Slave

Programming Software

Parameter Options Default
Channel Channel 0 0
Driver Modbus RTU Slave

Baud Rate 300, 600, 1200, 2400, 4800, 9600, 19.2K, 38.4K 19.2K
Parity none, even, odd none
Node Address 1...247 decimal 1
Control Line No Handshaking, half-duplex Modem (RTS/CTS Handshaking), No Handshaking (485 Network) No Handshaking
Inter-character Timeout (x1 | 0...8553 (can be set in 1 ms increments); 0 = 3.5 character times 0

ms) Specifies the minimum delay between characters that indicates the end of a message packet.

Modbus Data Table File Coils (Discrl?te uutp'uts, Modbus addresses 0001...4096) range = 3...255, 0 = No file . 0
Number Assignment Contacts (Discrete inputs, Modbus addresses 10001...14096) range = 3...255, 0 = No file 0

(Must be Binary or Integer [ Input Registers (Read-only, Modbus addresses 30001...30256) range = 3...255, 0 = No file 0

file type) Holding Registers (read/write, Modbus addresses 40001...40256) range = 3...265, 0 = No file 0

RTS Off Delay 0...85535 (can be set in 20 ms increments) ' ' ' ' '

(x20 ms) Specifies the delay time between when the last serial character is sent to the modem and when RTS is deactivated. Gives |0

the modem extra time to transmit the last character of a packet.

424
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Table 208 - Port Parameters for the Modbus RTU Slave (Continued)

Parameter Options ngglrjzﬁmmmg Software
RTS Send Dela 0...65535 (can be set in 20 ms increments)
(x20 ms) y Specifies the time delay between setting RTS until checking for the CTS response. For use with modems that are not 0

ready to respond with CTS immediately upon receipt of RTS.

0...65535 (can be set in 1 ms increments)
Pre Transmit Dela When the Control Line is set to No Handshaking, this is the delay time before transmission. Required for 1761-NET-AIC
(xms) y physical half-duplex networks. The 1761-NET-AIC needs 2 ms of delay time to change from receive ta transmit mode. 0

When the Control Line is set to half-duplex Modem, this is the minimum time delay between receiving the last character of

a packet and the RTS assertion.
Stop Bits 152 1
Data Bits 7 8

Modbus Slave Memory Map
The Modbus Memory map is summarized Table 209 and detailed.
Table 209 - Modbus to MicroLogix Memory Map - Summary
Valid MicroLogix Addressin
Modbus Addressing | Description - g g -
File Type Data File Number Address
0001...4096 Read/write Modbus Coil Data space Bit (B) or Integer (N) 3..255 bits 0...4095
10001...14096 Read-only Modbus Contact Data space Bit (B) or Integer (N) 3...255 bits 0...4095
30001...30256 Read-only Modbus Input Register space Bit (B) or Integer (N) 3...255 words 0...255
30501...30532 Modbus Communication Parameters Communication Status File - -
31501...31566 Read-only System Status File space Status (S) 2 words 0...65
40001...40256 Read/write Modbus Holding Register space Bt (B) or Integer (N) 3..255 words 0...255
. . . . ds 0...255 of f

40957.. 4128000 Read/write Modbus Holding Register space Bit (B) or Integer (N) 3...255 \Iilvglrdiﬁq Registgr fﬁg;
41501...41566 Read/write System Status File space Status (S) 2 words 0...65
41793...420480 Read/write Modbus Holding Register space Bit (B) or Integer (N) 3...255 w&r(ﬂﬁg%é?gtg: an last

(1) These addresses only become active when specially configured for expanded holding registers.

Table 210 - Modbus Slave to MicroLogix Memory Map - Detail

Modbus Addressing Modbus Address Reference Modbus Function Code (decimal)
0001...4096 Read/write Modbus Coil Data space 15715
10001...14096 Read-only Modbus Contact Data space 2
30001...30256 Read Modbus Input Register space 4
30501 Modbus Data Table Coil File Number A
30502 Modbus Data Table Contact File Number 4
30503 Modbus Data Table Input Register File Number 4
30504 Modbus Data Table Holding Register File Number 4
30506 Pre-Send Delay 4
30507 Modbus Slave Address 4
30508 Inter-character Timeout 4
30509 RTS Send Delay 4
30510 RTS Off Delay 4
30511 Parity 4
30512 Presentation Layer Error Code 4
30512 Presentation Layer Error Code 4
30513 Presentation Layer Error Count A
30514 Executed Function Code Error b
30515 Last Transmitted Exception Code 4
30516 File Number of Error Request 4

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023 425



Appendix D Protocol Configuration

Table 210 - Modbus Slave to MicroLogix Memory Map - Detail (Continued)

Modbus Addressing Modbus Address Reference Modbus Function Code (decimal)
30517 Element Number of Error Request 4
30518 Function Code 1 Message Counter - Read Single Output Coil 4
30519 Function Code 2 Message Counter - Read Discrete Input Image 4
30520 Function Code 3 Message Counter - Read Single Holding Register 4
30521 Function Code 4 Message Counter - Read Single Input Register 4
30522 Function Code 5 Message Counter - Set/Clear Single Output Coil 4
30523 Function Code 6 Message Counter - read/write Single Holding Register 4
30524 Function Code 8 Message Counter - Run Diagnostics 4
30525 Function Code 15 Message Counter - Set/Clear for Block of Output Coils 4
30526 Function Code 16 Message Counter - read/write for Block of Holding Registers 4
30527 Modem Status 4
30528 Total messages responded to by this slave 4
30529 Total messages to this Slave 4
30530 Total Messages Seen 4
30531 Link Layer Error Count 4
30532 Link Layer Error 4
31501...31566 Read-only System Status File b
40001...40256 Read/write Modbus Holding Register space (Ist Holding Register file). 3,6,16
40257...40512 Read/write Modbus Holding Register space (2nd Holding Register file). 3,6,16
40513...40768 Read/write Modbus Holding Register space (3rd Holding Register filg). 3,6,16
40769...41024 Read/write Modbus Holding Register space (4th Holding Register file). 3,6,16
41025...41280 Read/write Modbus Holding Register space (5th Holding Register file). 3,6,16
41501...41566 Read/write System Status File 3,6,16
41793...42048 Read/write Modbus Holding Register space (6th Holding Register filg). 3,6,16
Modbus Commands

The controller that is configured for Modbus RTU Slave responds to the Modbus command function
codes listed in Table 211.

Table 211 - Supported Modbus Commands as a Modbus RTU Slave

e o
Read Coil Status 1 -
Read Input Status 2 -
Read Holding Registers 3 -
Read Input Registers 4 -
Write Single Coil”) 5 -
Write Single Holding Register“) 6 -
Echo Command Data 8 0
Clear Diagnostic Counters 8 10
Write Muttiple Coils 15 -
Write Multiple Holding Registers™ 16 -

(1) Broadcast is supported for this command.

Table 212 - Supported Modbus Commands as a Modbus RTU Master

Command (Félgcciti&)COde ?éxgltj£glt)|on Code
Read Coil Status 1 _
Read Input Status 2 -
Read Holding Registers 3 R
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Table 212 - Supported Modbus Commands as a Modbus RTU Master (Continued)

Command (Félgccitimfg)%de ?(;Jé)glurgglt)lon Code
Read Input Registers A -
Write Single Cail? 5 -
Write Single Holding Register“) 6 -
Write Muttiple Coils 15 -
Write Multiple Holding Reqistersm 16 -

(1) Broadcast is supported for this command.

Modbus Error Codes

Upon receiving a Modbus command that is not supported or improperly formatted, the controller
that is configured for Modbus RTU Slave responds with one of the exception codes that are listed in

Table 213:

Table 213 - Modbus Error Codes Returned by Modbus RTU Slave

Error Code  |Error Description Transmitted Exception Code®
0 No error. none

1 Function Code cannot Broadcast. The function does not support Broadcast. nothing transmitted
2 Function Code not supported. The controller does not support this Modbus function or subfunction. 1

3 Bad Command Length. The Modbus Command is the wrong size. 3

4 Bad Length. The function attempted to read/write past the end of a data file. 3

5 Bad parameter The function cannot be executed with these parameters. 1

6 Bad File Type The file number being referenced is not the proper file type. 2

7 Bad File Number The file number does not exist 2

8 Bad Modbus Address The function attempted to access an invalid Modbus address.? 3

9 Table Write protected The function attempted to write to a read-only file. 3

10 File Access Denied Access to this file is not granted. 2

1 File Already Owned Data file is owned by another process. 2

(1) If Modbus Command is sent with a valid Broadcast address, then no exception reply is sent for Error Codes 2...11.

(2) See Table 209 on page 425 for valid Modbus memory mapping.

The following table lists the possible error codes and error descriptions for the Modbus RTU Master

MSG Instruction.

Table 214 - Modbus Error Codes in Modbus RTU Master MSG Instruction

Error Code |Error Description Received Exception Code
81 llegal Function Lh;:g:;ti;grg%d;gpat is sent by the Master is not supported by the slave or has an 1
8 llegal Data Address glrwz gségsagdtrﬁgts gggtréss ;elfserr]e[:]rtlgelzlweﬂwe Master command does not exist in the slave, 9
83 llegal Data Value Ez:en gﬁltvt?elrﬁobglpgagrgrtﬁ;;i [rjlgszlilowed, either because it is out of range, or it is 3
84 Slave Device Failure An unrecoverable error occurred while the slave was attempting to perform the 4

requested action.

The slave has accepted the request, but a long duration of time is required to process

85 Acknowledge the request. 5
86 Slave Device Busy The slave is processing a long-duration command. 6
87 Negative Acknowledge The slave cannot perform the program function that is received in the command. 7
88 Memory Parity Error Lhee ms:]a:\;e attempted to read the extended memory, but detected a parity error in the 8
89 Non-standard Error Code An error code greater than 8 is returned by the slave. >8
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When Channel 0 or Channel 2 is configured for Modbus RTU Master or Modbus RTU Slave, the
associated Channel Status screen displays a Link Layer Error Count and a Link Layer Error Code.
Use Table 215 to interpret the Link Layer Error Code being displayed.

Table 215 - Modbus RTU Link Layer Error Codes

Error Code Description

0 No error

1 No receive buffer available for reply

2 Too short message received

3 Too long message received

4 UART error during reply reception

5 Bad CRC in reply packet

6 CTS 1second timeout before transmission
7 CTS dropped in mid-packet transmission
9 Packet received from unknown slave or bad slave
10 Function code mismatch

1l Function code not supported

13 Reply timeout

The ASCII driver provides connection to other ASCII devices, such as barcode readers, weigh scales,
serial printers, and other intelligent devices.

You can use ASCII by configuring the RS-232 port, channel O for an ASCII driver. When configured
for ASCII, all received data is placed in a buffer. To access the data, use the ASCII instructions in
your ladder program. See ASCII Instructions on page 239 for information on using the ASCII
instructions. You can also send ASCII string data to most attached devices that accept ASCII data/
characters.

Only ASCll instructions can be used when a channel is configured for ASCII. If you use a
Message (MSG) instruction that references the channel, an error occurs.

The channel configuration screen is shown in Figure 55.

Figure 55 - ASCII Driver Configuration

Channel Configuration m

Gereial Channol 0 | Chanrel 1| Chanrsi 2 |

Padly  [wONE x|
Cang Ries | 1 j
Deta Bils 8 -
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Tearvanation F W

Protocol Contsol

Contml Line | Mo Hardshaking |

Chedietrs Mnde: [1grane -
™ Echo

[ =OMNSR0FF

The controller updates changes to the channel configuration at the next execution of a Service
Communications (SVC) instruction, /0 Refresh (REF) instruction, or when it performs
Communications Servicing, whichever comes first.
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When the driver is set to ASCII, the following parameters can be changed:

Table 216 - ASCII Channel Configuration Parameters

i Programming Software
Parameter Description Default
Channel Channel 0 0
Driver ASCII
Baud Rate Toggles between the communication rate of 300, 600, 1200, 2400, 4800, 9600, 19.2K, and 38.4K. 1200
Parity Toggles between None, 0dd, and Even. None
Specifies the first termination character. The termination character defines the one or two character sequence that is used to
Termination 1 specify the end of an ASCII line received. Set the first ASCIl termination character to undefined (\ff) to indicate that no ASCII receiver | \d
line termination is used.
Specifies the second termination character. The termination character defines the one or two character sequence that is used to
Termination 2 specify the end of an ASCII line received. Set the second ASCII Termination character to undefined (\ff) and the first ASCII \ff
Termination character to a defined value (\d) to indicate a single character termination sequence.
Control Line Toggles between No Handshaking, full-duplex Modem (RTS On), half-duplex Modem (RTS/CTS handshaking), and No Handshaking | o Handshaking
(485 Network)
The Delete Mode allows you to select the mode of the “delete” character. Toggles between Ignore, CRT, and Printer.
Delete Mode affects the characters echoed back to the remote device. When Delete Mode is enabled, the previous character is
removed from the receive buffer.
Delete Mode In CRT mode, when a delete character is encountered, the controller echoes three characters to the device: backspace, space, and | Ignore
backspace. This erases the previous character on the terminal.
In Printer Mode, when a delete character is encountered, the controller echoes the slash character, then the deleted character.
Enable the Echo parameter to use Delete Mode.
Echo When Echo Mode is enabled, all characters that are received are echoed back to the remote device. This allows you to view Disabled
characters on a terminal that is connected to the controller. Toggles between Enabled and Disabled.
Allows you to Enable or Disable XON/ XOFF software handshaking. XON/XOFF software handshaking involves the XON and XOFF
control characters in the ASCII character set.
When the receiver receives the XOFF character, the transmitter stops transmitting until the receiver receives the XON character. If
XON/XOFF the receiver does not receive an XON character after 60 seconds, the transmitter automatically resumes sending characters. Disabled
Also, when the receive buffer is more than 80% full, an XOFF character is sent to the remote device to pause the transmission.
Then, when the receive buffer drops to less than 80% full, an XON character is sent to the remote device to resume the
transmission.
RTS Off Delay (x20 |Allows you to select the delay between when a transmission is ended and when RTS is dropped. Specify the RTS Off Delay value in 0
ms) increments of 20 ms. Valid range is 0...65535.
RTS Send Delay | Allows you to select the delay between when RTS is raised and the transmission is initiated. Specify the RTS Send Delay value in 0
(x20 ms) increments of 20 ms. Valid range is 0...65535.
Stop Bits 152 1
Data Bits 7 8
Ethernet Driver The MicroLogix 1400 supports Ethernet communication via the Ethernet communication channel 1.

Ethernet is a local area network that provides communication between various network devices at

107100 Mbps.

TCP/IP is the mechanism that is used to transport Ethernet messages. The MicroLogix 1400
processor uses TCP/IP to establish sessions and to send MSG commands. Connections can be
initiated by either a client program (INTERCHANGE™ or RSLinx application) or a processor. See
Communications Instructions on page 261 for the MSG instruction operation to see how connections
are established using the MSG instruction. The MicroLogix 1400 Ethernet connector conforms to
ISO/IEC 8802-3 STD 802.3 and uses 10/100Base-T media. Connections are made directly from the
MicroLogix 1400 to an Ethernet hub or switch. The network setup is simple and cost-effective.

There are two ways to configure the MicroLogix 1400 Ethernet channel 1. The configuration can be
done via a BOOTP or DHCP request at processor power-up, or by manually setting the configuration

parameters using RSLogix 500/RSLogix Micro application.
See Example 5 - Configure an Ethernet/IP Message on page 286.
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Table 217 - Ethernet Configuration Parameters

Parameter Options Programming
Software Default

Driver Ethernet Ethernet

Hardware Address | The processor Ethernet hardware address. This value cannot be changed. /Efjhder?g Hardware
1...254 (zero and 255 are reserved for broadcast purposes.)

IP address The processor Internet address. You must specify the IP address to enable the pracessor to connect to the TCP/IP network. You  {0.0.0.0
can specify the address manually, or enable BOOTP or DHCP (in the Protocol Control section of this dialog) to provide the address.

0...255 in each field.
Used by the processor to interpret IP addresses when the Internet is divided into subnets. The subnet mask must be specified. You
can do this either manually or by enabling BOOTP or DHCP.

Subnet Mask The processor compares and screens addresses using the mask to identify its own address to see if it should listen to 0.0.0.0
corresponding messages. The comparison occurs in binary. Any address position for which the mask is set to a binary 1is o
compared; any address position for which the mask is set to a binary 0 is ignored. For example, if the mask is 255.255.255.0 the
processor listens to all addresses whose first three segments match its own address regardless of the value in the last segment.

(255 in decimal equals to 1111 1111 in binary.)
1...254 in each field.

Gateway Address | The IP address of the gateway that provides a connection to another IP network. This field is required when you communicate with {0.0.0.0
other network devices, not on a local subnet.

Default Domain The default domain name can have the following formats:

Name ‘a.b.c,'a.b’ or'a, where a, b, c must start with a letter, end with a letter or digit, and have as interior characters only letters, digits, |NULL
or hyphens. Maximum length is 63 characters.

ggp;:rry Name This is the IP address of the computer acting as the local Ethernet network Primary Domain Name System (DNS) server. 0.0.0.0

ggf\?:rdary Name This is the IP address of the computer acting as the local Ethernet network Secondary Domain Name System (DNS) server. 0.0.0.0
0..199.

Network Link ID | The Link ID assigned to the MicroLogix 1400 controller either by an RSLinx OPC topic or by the routing table in a 1756-DHRIO or 1756~ |0

DH485 module.

Enabled, disabled

Check this box to enable BOOTP. If enabled, this causes the processor at power up to try to obtain its network-related parameters

(IP address, subnet mask, gateway address, and so on) via BOOTP request. You cannot manually change the IP address if BOOTP is
enabled. If you disable BOOTP make sure that you have an IP address specified. If you change this field from enabled to disabled,

BOOTP Enable the change takes effect only when the system is restarted. If BOOTP is enabled, DHCP is disabled automatically. 1 {enabled)
Note: If BOOTP is enabled, you must have the BOOTP server running always because the processor requests its address to the
BOOTP server at any time during its power-up.
Enabled, disabled.
DHCP Enable DHCP (Dynamic Host Configuration Protocol) automatically assigns IP addresses to client stations logging on to a TCP/IP network. |0 (disabled)
There is no need to assign permanent IP parameters manually. DHCP is only available when BOOTP is disabled.
Enabled, disabled.
Check this box to enable SNMP (Simple Network Management Protocol). Disable SNMP to ensure better security since it helps
SNMP Server prevent anyone from obtaining information about the processor ar network using SNMP. 1 (enabled)
Enable Any change to this function does not take effect until the system is restarted.

This function can be changed through online modification of the channel configuration or through offline modification followed by
downloading it to the processor. Once changed, the function will be operational in the processor after the system is restarted.

SMTP Client Enable

The SMTP Client service enable switch. When SMTP is enabled, MicroLogix 1400 controllers can transmit email messages generated
by a 485CIF write message with a string element. There must be an SMTP server on the network that is able to process an email
service. This provides a versatile mechanism to report alarms, status, and other data-related functions.

0 (disabled)

HTTP Server
Enable

Enabled, disabled.

Check this box to enable HTTP (Hyper-Text Transfer Protocol). Disable HTTP to ensure better security since it helps prevent access
to the processor using a web browser. Disabling HTTP prevents you from viewing the extended diagnastics available through a web
browser.

Any change to this function does not take effect until the system is restarted.

This function can be changed through online modification of the channel configuration or through offline modification followed by
downloading it to the processor. Once changed, the function will be operational in the processor after the system is restarted.

1(enabled)

Auto Negotiate

Enabled, disabled.

Check this box to enable Auto Negotiation. Auto Negotiation allows the processor to negotiate with switches, routers, and modems
for optimal performance. When Auto Negotiation is enabled, the port speed selections list the available options. When two settings
are shown for port speed, Auto Negotiation chooses the optimal setting. When one setting is shown, that setting will be used if
possible. If the attached device does not support 100 Mbps full-duplex, then the default setting is 10 Mbps half-duplex.

1(enabled)

DNP3 over IP
Enable

Enabled, disabled.

Check this box to enable DNP3 over IP subsystem.

Any change to this function does not take effect until the system is restarted. This function can be changed through online
modification of the channel configuration or through offline modification followed by downloading it to the processor. Once
changed, the function will be operational in the processor after the system is restarted.

You cannot enable both DNP3 over IP and Modbus TCP. This field is only available for MicroLogix 1400 0S Series B controllers.

0 (disabled)
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Table 217 - Ethernet Configuration Parameters (Continued)

Parameter Options Programming
Software Default
Enabled, disabled.
Check this function to enable Modbus TCP client and server subsystem. Any change to this function does not take effect until the
Modbus TCP system is restarted. This function can be changed through online modification of the channel configuration or through offline 0 (disabled)
Enable modification followed by downloading it to the processor. Once changed, the function will be operational in the processor after the
system is restarted.
You cannot enable both DNP3 over IP and Modbus TCP. This field is only available for MicroLogix 1400 0S Series B controllers.
Enabled, disabled.
Select this function to disable the Ethernet/IP inbound subsystem to avoid a security issue when using DNP3 over IP. When this box
Disable Ethernet/IP |is selected, the MicroLogix 1400 controller does not allow any inbound connections (MSG instruction uses outbound connections
Incoming and works). This function can be changed through online modification of the channel configuration or through offline modification |0 (enabled)
Connections followed by downloading it to the processor. Once changed, the function is operational in the processor after the system is
restarted.
This field is only available for MicroLogix 1400 0S Series B contrallers.
Enabled, disabled.
Disable Duplicate | By default the MicroLogix 1400 controller broadcasts probe packets to detect if there is another device on the network with the
IP address same IP address. Few packets are sent, but this can cause high traffic if many MicroLogix 1400 controllers are on the network or if |0 (enabled)
Detection the network is slow (such as when using Ethernet radio modems). Select this function to disable duplicate IP address detection.
This field is only available for MicroLogix 1400 OS Series B controllers.
Auto Negotiate is enabled.
10/100Mbps full-duplex/half-duplex.
100 Mbps full-duplex or 100 Mbps half-duplex.
100 Mbps full-duplex or 10 Mbps full-duplex.
100 Mbps half-duplex or 10 Mbps full-duplex.
100 Mbps full-duplex.
100 Mbps half-duplex.
. 10 Mbps full-duplex. 10/100Mbps full-duplex/
Port Setting 10 Mbps hal-duplex Only. half-duplex
Auto Negotiate is disabled.
100 Mbps full-duplex Forced.
100 Mbps half-duplex Forced.
10 Mbps full-duplex Forced.
10 Mbps half-duplex Forced.
Select the port setting from the drop-down list. The selections vary depending on whether you are online or offline, and whether
Auto Negotiation is enabled or disabled.
MSG Connection ~ {250...65,500 ms. 15000
Timeout (x Tms) | The number of milliseconds allowed for a MSG instruction to establish a connection with the destination node.
MSG Reply Timeout |250...65,500 ms. 3000
(x ms) The number of milliseconds the Ethernet interface waits for a reply from a command that it initiated (through a MSG instruction).

R The amount of time (in minutes) that a MSG connection may remain inactive before it is terminated. The Inactivity Timeout has a .
Inactivity Timeout 1 minute resolution and a range from 1...65,500 minutes. 30 minutes.
Contact The Contact string that is specified by the SNMP client. The maximum length is 63 characters. Null
Location The Location string that is specified by the SNMP client. The maximum length is 63 characters. Null

SNMP MIB Il Data Groups

Simple Network Management Protocol (SNMP) specifies the diagnostic data that a host computer
must maintain for a network management software to access. Hosts typically keep:

«  Statistics on the status of their network interfaces
« Incoming and outgoing traffic

«  Dropped datagrams

«  Error messages

Network management protocols let network management software access these statistics.

Management Information Base Il is the SNMP standard for the management of network data. The
following table lists the MIB Il data items and their descriptions available from the MicroLogix 1400
controller when SNMP Server is enabled within the Channel 1 configuration. (MIBs sysContact and
sysLocation are read/write - all other MIBs are read-only.)

The MicroLogix 1400 controller supports SNMP version SNMPv2c.
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Note: We recommend that you disable the SNMP server unless you need the functionality.

Table 218 - MIB Data and Descriptions

Group MIB Description
sysDescr Description of device.
sysObjectlD Identity of agent software.
sysUpTime How long ago the agent started.
System sysContact Device contact information.
sysName Device name.
sysLocation Device location.
sysServices A value that indicates the set of services that this entity may potentially offer.
ifNumber The number of network interfaces (regardless of their current state) present on this system.
ifndex Interface number.
ifDescr Description of the interface.
ifType Type of interface.
ifMtu MTU size.
ifSpeed Transmission rate in bits/second.
ifPhysAddress Media-specific address.
ifAdminStatus Desired interface state.
ifOperStatus Current interface state.
ifLastChange How long ago interface changes state.
ifinOctets Total octets received from the data.
Interfaces ifnUcastPkts Unicast packets delivered.
ifnNUcastPkts Broadcast/multicast packets delivered.
ifinDiscards Packets discarded due to resource limitations.
ifinErrors Packets discarded due to format.
iflnUnknownProtos Packets destined for unknown protocols.
ifOutOctets Total octets sent on the media.
ifOutUcastPkts Unicast packets from above.
ifOutNUcastPkts Broadcast/multicast packets from above.
ifOutDiscards Packets discarded due to resource limitations.
ifOutErrors Packets discarded due to errors.
ifOutQLen Packet size of output queue.
ifSpecific MIB-specific pointer.
atlfindex The interface on which this entry's equivalence is effective.
Address Translation atPhysAddress The media-dependent physical address.
atNetAddress ;gg rbéits\{vork Address (for example, the IP address) corresponding to the media-dependent physical
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Table 218 - MIB Data and Descriptions (Continued)

Group MIB Description
ipForwarding Acting as a gateway or host.
ipDefaultTTL Default TTL for IP packets.
ipInReceives Total datagrams received.
ipinHdrErrors Datagrams discarded due to format errors.
ipInAddrErrors Datagrams discarded due to misdelivery.
ipForwDatagrams Datagrams forwarded.
ipInUnknownProtos Datagrams destined for unknown protocols.
ipInDiscards Datagrams discarded due to resource limitations.
ipInDelivers Datagrams delivered.
ipOutRequests Datagrams from above.
ipOutDiscards Datagrams discarded from above.
ipOutNoRoutes Datagrams discarded due to no route.
ipReasmTimeout Time out value for reassembly queue.
ipReasmReqds Fragments received that need reassembly.
ipReasm0Ks Datagrams successfully reassembled.
ipReasmeails Reassembly failure.
ipFragsOK Datagrams successfully fragmented.
ipFragsFails Datagrams fail fragmented.
ipFragsCreates Fragments created.
ipAdEntAddr The IP address of this entry.

P ipAdEntifindex Interface number.
ipAdEntNetMask Subnet mask for IP address.
ipAdEntBcastAddr LSB of IP broadcast address.
ipAdEntReasmMaxSize The largest IP datagram able to be reassembled.
ipRouteDest Destination IP address.
ipRoutelfindex Interface number.
ipRouteMetricl Routing metric number 1.
ipRouteMetric2 Routing metric number 2.
ipRouteMetric3 Routing metric number 3.
ipRouteMetrick Routing metric number 4.
ipRouteNextHop Next hop (gateway IP address for indirect routing).
ipRouteType Type (direct, remote, valid, invalid).
ipRouteProto Mechanism is used to determine route.
ipRouteAge Age of route in seconds.
ipRouteMask Subnet mask for route.
ipRouteMetrich An alternate routing metric for this route.
ipRoutelnfo Route information.
ipNetToMedialfindex Interface number.
ipNetToMediaPhysAddress Media address of mapping.
ipNetToMediaNetAddress IP address of mapping.
ipNetToMediaType How mapping was determined.
ipRoutingDiscards Routing entries discarded.
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Table 218 - MIB Data and Descriptions (Continued)

Group MIB Description
icmplnMsgs ICMP messages received.
icmplnErrors Error ICMP messages received.
icmplnDestUnreachs Destination unreachable ICMP messages received.
icmpInTimExcds Time exceed ICMP messages received.
icmpInParmProbs Param error ICMP messages received.
icmpInSrcQuenchs Source quench ICMP messages received.
icmplInRedirects Redirect ICMP messages received.
icmplInEchos Echo request ICMP messages received.
icmplInEchoReps Echo reply ICMP messages received.
icmplInTimestamps Time stamp request ICMP messages received.
icmpInTimestampReps Time stamp reply ICMP messages received.
icmpinAddrMasks Address mask request ICMP messages received.

CHP icmpInAddrMaskReps Address mask reply ICMP messages received.
icmpOutMsgs ICMP messages transmitted.
icmpOutErrors Error ICMP messages transmitted.
icmpOutDestUnreachs Destination unreachable ICMP messages transmitted.
icmpOutTimeExcds Time exceed ICMP messages transmitted.
icmpQOutParmPrabs Param error ICMP messages transmitted.
icmpOutSrcQuenchs Source quench ICMP messages transmitted.
icmpOutRedirects Redirect ICMP messages transmitted.
icmpOutEchos Echo request ICMP messages transmitted.
icmpOutEchoReps Echo reply ICMP messages transmitted.
icmpOutTimestamps Time stamp request ICMP messages transmitted.
icmpOutTimestampReps Time stamp reply ICMP messages transmitted.
icmpOutAddrMasks Address mask request ICMP messages transmitted.
icmpOutAddrMaskReps Address mask reply ICMP messages transmitted.
tcpRtoAlgorithm |dentifies retransmission algorithm.
tcpRtoMin Minimum retransmission timeout in ms.
tcpRtoMax Maximum retransmission timeout in ms.
tcpMaxConn Maximum of simultaneous TCP connections allowed.
tcpActiveOpens Number of active opens.
tcpPassiveOpens Number of passive opens.
tcpAttemptfFails Number of failed connection attempts.
tcpEstabResets Number of connections reset.
tepCurrEstab Number of current connections.

TCP tcpInSegs Number of segments received.
tcpOutSegs Number of segments sent.
tcpRetranSegs Number of segments retransmitted.
tcpConnState State of connection.
tcpConnLocalAddress Local IP address.
tcpConnLocalPort Local TCP port.
tcpConnRemoteAddress Remote IP address.
tcpConnRemotePort Remote TCP port.
tepinkrrors Number of segments discarded due to format errors.
tcpOutRsts Number of resets generated.
udplnDatagrams Datagrams delivered above.
udpNoPorts Datagrams destined for unknown ports.

UDP udplnErrors Datagrams discarded due to format errors.
udpOutDatagrams Datagrams sent from above.
udpLocalAddress Local IP address.
udpLocalPort Local UDP port.
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Table 218 - MIB Data and Descriptions (Continued)

Group MIB Description
egplnMsgs EGP message received.
egpinkrrors Error EGP message received.
egpOutMsgs EGP message transmitted.
egpOutErrors Error EGP message transmitted.
egpNeighState EGP state of the local system with respect to this entry's EGP neighbor.
egpNeighAddr IP address of this entry's EGP neighbor.
egpNeighAs Autonomous system of this EGP peer.
egpNeighinMsgs Number of EGP messages received without error from this EGP peer.
egpNeighlnErrs Number of EGP messages received with error from this EGP peer.

Eop egpNeighOutMsgs Number of EGP messages transmitted without error to this EGP peer.
egpNeighOutErrs Number of EGP messages transmitted with error to this EGP peer.
egpNeighInErrMsgs Number of EGP-defined error messages received from this EGP peer.
egpNeighOutErrMsgs Number of EGP-defined error messages transmitted to this EGP peer.
egpNeighStateUps Number of EGP state transitions to the UP state with this EGP peer.
egpNeighStateDowns Number of EGP state transitions to the DOWN state with this EGP peer.
egpNeighintervalHello Interval between EGP Hello command.
egpNeighintervalPoll Interval between EGP Hello command retransmissions (in hundredths of a second).
egpNeighMode Interval between EGP Poll command retransmissions (in hundredths of a second).
egpNeighEventTrigger Polling mode of this EGP.
egpAs Event to trigger operator initiated start and stop Autonomous system number of this EGP entity.
snmplinPkts SNMP packets received.
snmpOutPkts SNMP packets transmitted.
snmplnBadVersions Bad version SNMP packets received.
snmplnBadCommunityNames Bad community name SNMP packets received.
snmplnBadCommunityUsers Bad community user SNMP packets received.
snmplInASNParseErrs ASN parse error SNMP packets received.
snmplinTooBigs Too large SNMP packets received.
snmpinNoSuchNames No such name SNMP packets received.
snmplinBadValues Bad value SNMP packets received.
snmplnReadOnlys Read-only SNMP packets received.
snmplnGenErrs Generation error SNMP packets received.

s o e e 1Y s S ot s
snmplnTotalSetVars Igseutlgt)afl rr:érgsi(;rgoéar'llilg gﬁﬁgtssetth?{tez gi\éztbsgﬂ :Itered successfully by the SNMP protocol entity as the

SNMP

snmplinGetRequests

Number of get request packets received.

snmplnGetNexts

Number of get next packets received.

snmplnSetRequests

Number of set request packets received.

snmplnGetResponses

Number of set response packets received.

snmplInTraps

Number of trap messages received.

The total number of SNMP PDUs that are generated by the SNMP protocol entity and for which the value

snmpOufTooBigs of the error-status field was “too Big".

The total number of SNMP PDUs that are generated by the SNMP protocol entity and for which the value
snmpOutoSuchNames of the error-status field was “No Such Names".

The total number of SNMP PDUs that are generated by the SNMP protocol entity and for which the value
snmpOutBacValues of the error-status field was “Bad Values".

The total number of SNMP PDUs that are generated by the SNMP protocol entity and for which the value
snmpQuientrrs of the error-status field was “Gen Err”.
snmpOutGetRequests Number of get request packets transmitted.
snmpOutGetNexts Number of get next packets transmitted.
snmpOutSetRequests Number of set request packets transmitted.
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Table 218 - MIB Data and Descriptions (Continued)

Group MIB Description
SNMP (Continued) snmpOutGetResponses Number of set response packets transmitted.
snmpOutTraps Number of trap messages transmitted.
snmpEnableAuthenTraps Indicates whether the SNMP entity is permitted to generate authentication failure traps.
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Appendix E

# 17444 Pulse Train Qutput

(PTOX) Quick Start

Knowledgebase Quick Starts

The PTOX and PWMX functions are only available when using the BXB or BXBA models of the

MicroLogix 1400 controller.

Locate the Function Files under Controller in RSLogix 500/RSLogix Micro v8.10.00 or later, as shown
in Figure 56, and select the PTOX tab, then select the [+] sign next to PTOX:0.

Figure 56 - Function files

= Function Filas

HEC PTOX [P |STI |EN |RTC |icD | s |men | csn | ES1 [ coale

= OUT < D
=DM - Do
D - Diecrderating Slahe:
|~ FE - Fun Slabus
= A% - Aocelesting Status
RP . Ramp Panile:
= 55 - Corlied Slep
=15 - Idhe Slateg

=% - Jog Puulee Stahus

4P . Ang Puisr
= - Jog Lorlmeous
= EH - Endsbls Haed Stop

ER - Enwm Lode

=« Jugg Freguency [Hz

& PTOM
B P2

£

ED - Enow Detestesd Stahe:
- HS - Mossmal Dpes gbon Satus

ACE ey Contirccs Staha
Al - AccelTiece Pubes Independen

EH - Enashls Siahe [folinws mng slale)

- OF - Dtpagt Freguesncy (Hzl
OFS - Dpreating Firequency Stahe [He

= TOP - Totad Qutpest Pulpes To De Genesated
PP . Outpus Prdses Pancursesd
= ADF - Aol Thecsl Pubees o FaecE b, d ADI=1

| Value i ion

S == = = = = == R = = i = i = R —

Enter the following parameters as the “Minimum Configuration” required for the PTOX to generate

pulses.
PTOX:0.0UT Select Destination Output for pulses: Output 0:0/2, 0:0/3 or 0:0/4
PTOX:0.0F Output Frequency - Frequency of pulses: 0...100,000 Hz

e Data less than zero and greater than 100,000 generates a PTOX error

. Total Output Pulses - Determines the total number of pulses to be generated
Rl by the controller
PTOX:0 ADP Accel/Decel Pulses - How many of the total pulses are used for the Accel/

Decel component
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Example

The following example generates 10,000 pulses on Output 0:0/2 at a frequency of 500 Hz and 100
pulses are used for Accelerating and 100 pulses are used for decelerating.

=2 Function Files M= E3

HSC  FTO |Pwe |51 |en | R1C |oat TR | w4

3
Address I Yalue I
HFTO.0 [
- OUT - Output
- DM - Done
- DS - Decelerating Status
- RS - Run Status
- &S - Accelerating Status
— RF - Ramp Praofile
15 - Idle Status
- ED - Ermor Detected Status
M5 - Marmal Operation Status
- JPS - Jog Pulze Status
—JC5 - Jog Continuous Status
- JP - Jog Pulze
- JC - Jog Continuous
- EH - Enable Hard Stop
- EM - Enable Status [follows rung state)
- ER - Ermor Code
- OF - Output Frequency [Hz)
 OFS - Operating Frequency Status [Hz)
— JF -Jog Frequency [Hz)
— TOP - Total Dutput Pulses To Be Generated 10000
— OFF - Output Pulzes Produced 0
= ADP - Accel/Decel Pulses 100

%]

Ccegooooooooooo o e oo
=

. E30 FTO -
0000 & J E Pulse Train Cratpat ™
2 PTO Humber [u] bl
2
2
{END —

By toggling Bit B3/0 the PTOX can be activated. On execution, the PTOX instruction generates the
number of pulses that are entered into the PTOX:0.TOP long word and then stop. To restart, toggle
B3/0.

General Information on the PTO

Once running, the PTOX instruction continuously generates pulses until all pulses have been
generated or the PTOX:0/EH (Enable Hard Stop) bit has been activated.

After the EH bit is set, the instruction generates a PTOX error of 1(hard stop detected). To clear this
error the PTOX instruction must be scanned on a false rung of logic, and the EH bit must be off.

To change the Total Output Pulses Generated in a working program a new value can be moved into
PTOX:0.TOP by using the MOV command.

IMPORTANT  After the PTOX has been initiated and is generating pulses, a new TOP value
does not take effect until the PTOX has either completed generating pulses
and is restarted or is Hard Stopped using PTOX:0/EH bit and is restarted.
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# 17446 Pulse-width

Modulation (PWMX) IMPORTANT  The PTOX and PWMX functions are only available when using the BXB or
Quick Start BXBA models of the MicroLogix 1400 controller.

Locate the Function Files under Controller in RSLogix 500/RSLogix Micro v8.10.00 or later and select
the PWMX tab, then select the [+] sign next to PWMX:0 as shown.

= Function Filas E"E'EI

HSC | PTo PwMH |sTi | BN |RTC |Lco | wea |BM | csn | E e

Arkdregs ke e ior
ot
= OUT = Chalpedd
= O - Drescalarstireg Shahu
RE - Ram Staha
= A« Pcelen gl Slatus
= PP - Profile Pacamater Selact
15« Il Stahe
= ED - B Debeched Slalu:
- M5 - Mol Oy gfion Satus
| EH - Eralsbe Haed Stop
- E% - Ersble Srabus Bollows nang jkate]
ER - Ennu Code
= UF < Dulpad Freguncy [H:
= 05 - Opessting Frequency St [Hz)
W - Dty Cypede [ g, 45F = 45 RX]
1= D5 = Dty ool Satus |eug . 456 = 106X
ADDY - Acce] Diacel Doy [10ms)
B Pkl
H P

L *

nrﬁnrﬁnnnrﬁnrﬁnl

Enter the following parameters as the “Minimum Configuration” required for the PWMX to generate
a waveform at the specified frequency.

PWMX:0.0UT Select Destination Output for pulses: Output 0:0/2, 0:0/3 or 0:0/4
PWMX:0.0FS Output Frequency - Frequency of the PWM: 0...40,000 Hz
PWMX:0.DC PWMX Duty Cycle - Controls the output signal of the PWM: 1...1000
DC =1000 100% Output On (Constant no waveform)
DC=0750 075% Output On 025% Output Off
DC=0500 050% Output On 050% Output Off
DC=0250 025% Output On 075% Output Off
DC = 0000 000% Output Off (Constant no waveform)
Example
The following example generates a waveform on Qutput 0:0/2 at a frequency of 250 Hz and a 50%
Duty Cycle.
= Function Files M= E3
HsC | PTo PwM |sTi en | RTC |oar | TR | mm | <]
Address I alue I
Bl PO .}
FOUT - Output 2
- RS - Run Status I}
15 - Idle Status i}
- ED - Ermor Detected Status 1]
— MS - Marmal Operation Status 0
- EH - Enable Hard Stop I}
- ES - Enable Status [follows rung state) i}
- ER - Ermor Code 1]
- OF - Output Frequency [Hz) 280
- OFS - Operating Frequency Status (Hz) I}
- OC - Duty Cycle [e.g., 456 = 45.6%) 500
L DCS - Dty Cycle Statuz [2.a.. 456 = 45.6%)
Pladhd:1

The following ladder logic needs to be entered into file #2.
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# 17447 High Speed Counter
(HSC) Quick Start

TWH

® B3 | ;
0000 & ] E Pulse Width Modulation
T W Humbaz L} Tl

l CE . :‘I I

By toggling Bit B3/0 the PWMX instruction can be activated.

IMPORTANT  Once activated, the PWMX instruction continuously generates a waveform
until B3/0 is toggled Off or the PWMX:0/EH (Enable Hard Stop) bit has been
activated.

General Information

The MicroLogix 1400 controller has six 100 kHz high-speed counters. There are three main high-
speed counters (counters 0, 1, and 2) and three subhigh speed counters (counters 3, 4, and b).

Each main high-speed counter has four dedicated inputs and each sub high-speed counter has
two dedicated inputs.

HSCO uses inputs 0...3, HSC1 utilizes inputs 4...7, HSC2 utilizes inputs 8...11, HSC3 utilizes inputs 2
and 3, HSC4 utilizes inputs 6 and 7 and HSCb utilizes inputs 10 and 1.

In some cases, the master counter mode can disable a subcounter. See HSC Mode (MOD) on
page 82. Input device connection depends on the counter mode selected. The MicroLogix 1400
controller uses a 32-bit signed integer for the HSC this allows for a count range of (+/-)
2,147483,641.

Getting Started

Locate the Function Files under Controller in RSLogix 500/RSLogix Micro and select the HSC tab,
then select the [+] sign next to HSC:0 as shown.

+ Function Files

HSC |Prox | Pwx|sT |En |ATC |co |mea |em |cso |Est |csz |uedel
Sathchns Wb Deeipder o

PFH - Progeam File Numbes
ER - Erros Cocde

LB - Ul ges Inbemapt £ vecuting
INE - User Irgemupd L resble
LIL - Lijar Indesssupd List
UIF - Uged Indemupt Panding
FE - Funchion Ersblad

AS - Bakd Slat

ED - Emy Detected

CE - Courting Enabled
S - Set Pt arneberg

LW - Loww Preper Mack
HPM - Hgh Praget Matk:
LIFM - U et Matk.
OFM - Do Math

LPY - Lows Pegsed Intaimugt
HP - High Predet Intemapt
LIFT - Uit Irdesmupd
DF] - Orwaifioer Indesmapt
LPH - Low Precet Resched
HPF - High Prasat Reached
DR - Courk Dwechion

[ m B R B B e e B SRR il e e e [ e e [l B e e ]

UF - Ureiesfiorr

OF = Qrweifiow

MO - Mode Dore

CL  Connt Dowm

CL < Count Up

MUD = PLS e [k 15] HEC Mode [t 70) O [h

ALL - fuaagaislie 1]

HIF « Hagh Presst LA
LOF : Low Fieest =147 4EmAl
VT - Dhverflem LIRS
UNF - Ursdsiliow =147 4mAl
UME - Dutgeat Mach Bits 1]
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Enter the parameters shown in Table 219 for the minimum configuration required for the HSC to
count pulses.

IMPORTANT  There is no additional ladder logic that is required to enable the High-speed
Counter. In other words, there is no HSC instruction that is needed for the

ladder logic program.

Table 219 - Minimum Configuration for HSC Count Pulses

Parameter Description

HSC:0.PEN Program File Number defines which subroutine is executed when the HSC:0 accumulated count equals the High or Low preset or passes through Overflow
or Underflow. The Integer number that is entered must be a valid subroutine program file (3...255).

HSC:0/AS Auto-Start defines if the HSC function automatically starts when the MicroLogix controller enters run or test.

HSC:0/CE Counting Enabled control bit is used to enable or disable the HSC.

HSC:0.HIP High Preset is the upper setpoint (in counts) that defines when the HSC generates an interrupt and execute the PFN subroutine.

Example

The following example uses the HSC in Mode O - “Up Counter”. The “Up Counter” clears the
accumulated value (0) when it reaches the High Preset (HIP). This mode configures 11:0.0/0 (1:0/0)

as the HSC:0 input.

IMPORTANT  Each mode for the HSC configures the inputs for different functionality.

In this example, the HSC counts input pulses coming into I:0/0, when the total number of pulses
that are counted equals the High Preset (HIP) the HSC jumps to subroutine file #3.

The HIP is set for 5000 pulses in this example. Also, once the HIP is reached the HSC resets
HSC:0.ACC to zero and starts counting again.

IMPORTANT « ltis assumed that you have connected a device to I:0/0 to generate pulses.
« The following ladder logic does not need to be entered into File #2, however
this allows for easy viewing of the accumulated counts from the HSC:0.ACC.
« Ladder Logic Subroutine file #3 must be created in order for this example
to work. If the subroutine is not created the CPU will fault due to an HSC
Error Code 1- Invalid File Number for PFN has been entered.

FEISE A= e o - B
B Profect = MOV
Ee-@ e 0000 Move |

{20 Controller .
i Cortroller Properties Source HSC'O'ACCO<

Q Processzor Status

Q Function Files piesh N7
m 10 Configuration o<
i)}E Channel Configuration
B+ Program Files

B svso- @
B svsi- il

ﬁ LADZ -

-4 LAD 3 - HSC_SUB

[ a0oss. = (O] ; 5

SHgl Progct MOV
+- ] leip Move
= (] Contoles umin

i Caonirodiar Properias
5:'. Procaasd Sias
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Proper wiring of a single ended encoder (Typical Allen-Bradley 845TK) when configuring HSC.MOD
for Mode 6 (Quadrature Counter).

Figure 57 on page 442 shows an encoder that is connected to the MicroLogix 1400 controller.

The minimum configuration that is required for Mode 6 operation is to enter a file number for the
PFN parameter, set the AS and CE bits to a (1) and enter a (6) for the MOD parameter.

Figure 57 - MicroLogix 1400 Controller with Encoder

+24WDC

CoM ‘

A

; I;

Note: If the encoder is a high voltage differential line driver,
do not terminate A, B, or Z.

# Indicates that a wire makes a connection.

1764-24BWA

Troubleshooting Problem #1: The input display on the MicroLogix LCD screen turns on and off, but no counts are
seen in the HSC accumulator.

Solution: The input filter frequency may need to be adjusted to capture the input pulses.

Follow these steps:
1. Select I/0 Configuration.
2. Highlight the MicroLogix 1400 controller.
3. Select Adv Config.
4. Select the Embedded I/0 Configuration tab.
5. Adjust Input filters as needed.
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Module #0: Bul. 1766  MicroLogix 1400 Serfes A
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Problem( 4)#2: The HSC instruction does not accumulate counts and the Error Code (ER) shows a
value of (1).

Solution: A file number was entered into (PFN) but the value entered was less than (3) or greater
than (255) or the file number entered was correct, however the file does not exist.

Create the NEW program file. Right-click Program Files.

HSLaglx 300 Fro - 1400 AHSS
Fls [ Vs Seach Cowse Took Window belp

DEH & % YR AA0 D s MRE -

[ 3] [Fo e “ [ ==
ug[m Fracas L resblect

Hode: 1d [TET Toer JUN ) Fimas Courden J Tpuiiuiped J{ Compars |

76 1400 A.HSS
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¥ (2 ol
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T P tion Filss
1 6 Contigeuasn
o [ Chasssl Configmaton
B
B smo V...
B ssi
& oz WVerify Pragram
23] Cista Pk
B coan Rk
[ oo curreuT
0 18- wipur
O = sTamus

LT LTHD

Progaties...

O na- seany
O 14- TRR
O cs- coumTiR
O he- conTRoL
O ur- mrram
O ra- Fowr

[For Hels, press FL

Problem #3: Some of my outputs do not turn On or Off when the ladder logic appears to indicate
that they should.

Solution: OMB (Qutput Mask Bits) - Verify what the OMB has been configured for in the HSC

function file. If an output has been assigned to the HSC for control, then the output is not controlled
anywhere else in the ladder program. Only the HSC has control over these outputs.
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# 17465 Message (MSG)
Quick Start

444

Communications Specifications

The MicroLogix 1400 controller contains a total of (12) Message Buffers.

Any incoming MSG, communication, and/or responses to a command the

(8) Incoming MLI400 intiated.
; Any outgoing MSG, communication and/or responses to incoming request for
(4) Outgoing data.

The Outgoing queue also supports unlimited queuing. This means that even if a buffer is not
available the MSG simply waits until one of the outgoing buffers becomes available and then
transmit.

IMPORTANT  If a message has been waiting in the queue, at the moment of buffer
availability, the most current data is sent, not the data that was available at
the time the message instruction was first scanned true.

How quickly a message is sent or received to/by a destination device depends on a number of
factors, including the selected channels communication protocol, baud rate of the communications
port, number of retries, destination devices readiness to receive, ladder logic scan time, and so on.

Message (MSG) instruction

The message instruction (MSG) is an output instruction which, when configured correctly, allows
data to be sent or received to other compatible devices.

The MSG instruction in the MicroLogix 1400 controller uses a Data File MG to process the message
instruction. All message elements are accessed using the MG prefix (for example: MSG done
bit = MG11:0/DN).

Continuous Message Example

The following example illustrates how, by using the MSG Done (DN) and Error (ER) bits to unlatch the
Enable (EN) bit the MSG instruction can be configured for continuous execution.

This example uses MGT1:0 for the MSG file and requires two MicroLogix controllers one a
MicroLogix 1400 controller need to be configured as Node 1and the other processor as node 4.

The processor at node 1contains the ladder logic shown and transfer data from it's N7:0 Integer file
to the processor at node 4's N7:0 Integer file. Since N7:0 is the source file for this example, you
must enter data into this register for node 1. For this example Locate N7:0 in the ML1400 (Node 1)
and enter the value 63.

MicroLogix 1000

Node 4 == 1 ]
MicroLogix 1400

Node 1

(L)
[N
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Figure 58 - MicroLogix 1400 Controller (Node 1) Ladder Logic
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Figure 59 - MSG Setup Screen
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MicroLogix 1000 (Node 4) Ladder Logic

No ladder logic is required in the destination processor, however, the communications channel
must be configured to match the source processor. Since the default settings for the

MicroLogix 1400 controller communications channel is DF1 protocal, 19200 Kbaud the MicroLogix
1000 controller must be configured to match.

Figure 60 - MicroLogix 1000 Channel Configuration

QF 1465 Conlga stion

. DHADS DF
Primaty Protocek |~ "

Bout | [1m =] || lem =]
Miods Adders '1_ I‘_

U Pl D
T Hisll Do Slavem |
ok | Cancel | Hee |

IMPORTANT

« Do not connect to MicroLogix 1000 directly using a 1761-CBL-AMOO cable.

« After the ladder logic has been entered into the MicroLogix 1400 controller

and the MicroLogix 1000 controller channel configuration has been
changed, leave it connected until the COMM O status indicator on the

MicroLogix 1400 controller starts to blink. This ensures proper connection to
the controllers using a 1761-CBL-PM02 cable.
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Verify Data Sending

To verify that the data has been sent to node 4, disconnect the PMO2 cable and connect the PC
running RSLogix 500/RSLogix Micro to the ML1000 (Node 4). Go to N7:0 and view the data, this
should match the data in N7:0 of node 1.

Another way to verify that the data has been sent to node 4 is to replace the Target Device Data
Table Address with an output modules address. In this example, the output module is a MicroLogix
1000, the address is 0:0.0 This displays on the output status indicators, whatever number (in binary
format) was entered into N7:0 of the ML1400.

IMPORTANT By addressing 0:0.0 the outputs of the destination processor are energized
upon successful transmission of data. Verify that nothing is connected to
the outputs to ensure safe operation of the controller.

If a 16-point MicroLogix 1000 is being used as the destination processor (Node 1), and the number
63 is entered into the example, all outputs are energized. If the number entered is greater than 63,
then a fault may occur with an error stating that the extended 1/0 bit (S:0/8) is not set. In this case,
clear the fault, go offline, set bit (S:0/8) and redownload the ladder program.

The example uses the DF1 full-duplex protocaol. This is a point-to-point or One Device to One Device
protacaol, using this protocol that no other devices can be connected. To create a network of
multiple processors or devices use the DH-485 protocol and 1761-NET-AIC devices.

IMPORTANT  This example was written using a MicroLogix 1400 controller
communicating with a MicroLogix 1000. However any DF1 or DH-485 device
may substitute MicroLogix 1000 (such as MicroLogix 1200 controllers,
MicroLogix 1500 controllers, SLC 5/03 processors, 5/04 processors, 5/05
processors, PLC-5 processors, barcode scanners, and so on).

# 17501 Selectable Timed ~ What is an Interrupt?
Interrupt (STI) Quick Start

An interrupt is an event that causes the processor to suspend the task that it is performing,
perform a different task, and then return to the suspended task at the point where it suspended.

Selectable Timed Interrupt

STl provides a mechanism to solve time-critical control requirements. The STl is a trigger
mechanism that allows you to scan or solve control program logic that is time sensitive.

Example of application: A block of logic that must be scanned more often than the rest of the
ladder program.

Getting Started

Locate the Function Files under Controller in RSLogix 500/RSLogix Micro version 8.10.00 or later
and select the STl tab as shown.
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SPH - Gk Poirk M sec [betwedn rtemugs )

Dn::u:u:cu::u:u:i

Enter the parameters shown in Table 220 as the minimum configuration required for the STI.

Table 220 - Minimum Configuration for STI

Parameter Description
Program File Number defines which subroutine is executed when the SPM value
STI:0.PFN has timed out. The Integer number that is entered must be a valid subroutine

program file (3...255).
Auto-start defines if the STI function automatically starts when the MicroLogix 1400

SILO/AS controller enters run or test.
STI-0/UIE User Interrupt Enabled control bit is used to enable or disable the STI subroutine
) from processing.
. Setpoint (in milliseconds) defines the interval that the interrupt scans the PFN
STI-0.5PM subroutine.
Example

The following example configures the STI to execute subroutine file #3 (PFN=3) every 2 seconds
(SPM=2000). In the subroutine file, there is an ADD instruction that simply adds the value of Tto
N7:0 each time the subroutine is scanned.

This example also sets the User Interrupt Enable bit and the Auto Start bit allowing the STl to
execute.

=4 Function Files

Bl |RTC |pat | TR | MMt |BHI |cso | ios |

HsC | PTO | PwM

Address alue

- PFM - Program File Mumber 3
- ER - Ermaor Code 1]
- U - User Interrupt Executing 0
- UIE - User Interrupt Enable 1
- UIL - Usger Interupt Lost 0
— UIP - User Interrupt Pending 0
- TIE - Timed Intemupt Enabled 0
- AS - Auto Start 1
- ED - Error Detected 1]
L SPM - Set Paint Maac (between interrupts) 2

noo

IMPORTANT  Ladder Logic Subroutine file #3 must be created in order for this example
to work. If the subroutine is not created the CPU will fault due to a STl Error
Code 1- Invalid File Number for PFN has been entered.
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# 17503 Real-time Clock
(RTC) Quick Start

448

I S

Guidelines on Using Interrupt bits

If the Auto Start bit (AS) is set, this starts the interrupt upon power-up and sets the Timed Interrupt
Enabled bit (TIE) automatically, allowing the interrupt to execute as shown in the example.

If the AS bit is not set, then the TIE bit must be set through the ladder logic in order for the interrupt
to execute.

The User Interrupt Enable bit (UIE) determines if the interrupt executes or not.

General Information

The RTC instruction provides Year, Month, Day, Day of Month, Day of Week, Hour, Minute, and Second
information to the RTC Function file in the controller.

The MicroLogix 1400 controller has a built-in real-time clock.

Getting Started

Locate the Function Files under Controller in RSLogix 500/RSLogix Micro version 8.10.00 or later
and select the RTC tab as shown.

= Functien Filas (=113
HEC | PTOE | Pt STI [ Em [ATC Jliem | wWwi | BHI | csn | ES1 | coede
Day of Wenk = IEI Aakbars J Wahss | D ety
L I
0D /MM S Y VTl - Year ] —
Datew [0 ][04 [0 ]| | 0K - Merth il
HH - MM - 58 m‘fl-uv g
. . - Higms
Time =l b0 =0 | P by e 0
SEC - Secord i
Sel Dabe & Time D - Day 08 The Wenk 1]
015 - Diesabiind i
Discade Choch BL - ATC Dattesy is Lowe i
< ¥

Values can be entered for the Year, Month, Day, Hour, Minute, and Seconds offline, once
downloaded, the values take effect immediately.

Note: The RTC Online calculates the Day of the week.

Select Set Data & Time to set the MicroLogix 1400 controller clock to the same Date and Time as the
computer connected online.
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# 17558 User Interrupt
Disable (UID) Quick Start

:-_;:4 Function Files [_ [O] x|
HsC | PTO | PwM | 5T | EN RTC |DAT | TR | MM BRI | cso ios |
Day of tweek = 153.‘.*.'"?3.8 Jaue
MR
DD 7 Mk A ey
=R -Year 2000
Date=[1_|+[1 ]/ [2000 = MON - Month 1
HH : MM : 55 -Eg‘f 'HDBP 10
FEN X X - - Hour
Time=[0 ][0 ]: [0] ~ MIN - Minute 0
- 5SEC - Second 1]
Set Date & Time - DO - Day OF The Week B
- DS - Disabled 0
L BL -RTC Battery iz Low 0

Dizable Clock, |

Select Disable Clock to disable the RTC from functioning and decrease the drain on the battery

during storage.

RTC:0/BL

The Battery Low bit is set (1) when the battery is low. This means that the battery will fail in
fewer than 14 Days after which the RTC data may become invalid. At this time, replace the
battery. The RTC uses the same battery that the controller uses.

The UID instruction can be used as an output instruction to disable selected user interrupts.

Once a user interrupt is disabled, the User Interrupt Enable bit (UIE) for the selected interrupt is

cleared or resets to zero. This stops the interrupt from executing.

To re-enable an interrupt, set the UIE bit to a one, or use a UIE instruction.

Table 221 indicates the types of interrupts that are disabled by the UID.

Table 221 - Types of Interrupt Disabled by the UID

Interrupt Element Decimal Value Corresponding Bit
Ell - Event Input Interrupt Event 4 16384 bit 14
HSC - High-speed Counter HSC2 8192 bit 13
Ell - Event Input Interrupt Event5 4096 bit 12
HSC - High-speed Counter HSC3 2048 bit 11
Ell - Event Input Interrupt Event 6 1024 bit 10
HSC - High-speed Counter HSC4 512 bit 9
Ell - Event Input Interrupt Event7 256 bit 8
HSC - High-speed Counter HSC5 128 bit 7
Ell - Event Input Interrupt Event 0 64 bit 6
Ell - Event Input Interrupt Event 1 32 bit 5
HSC - High-speed Counter HSCO 16 bit 4
Ell - Event Input Interrupt Event 2 8 bit 3
Ell - Event Input Interrupt Event 3 4 bit 2
HSC - High-speed Counter HSC 2 bit 1
STl - Selectable Timed Interrupt STl 1 bit 0

Note: Bit 15 must be set to zero

To disable interrupts follow these steps.
1. Select which Interrupt to disable from Table 221.
2. Locate the decimal value for each Interrupt.

3. Add the decimal values if more than one Interrupt was selected.
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4. Enter the sum into the UID instruction.
For example, to disable Ell Event 1and Ell Event 3:
Ell Event 1= 32 Ell Event 3 = 04
32 + 04 = 36 (Enter this value in the UID instruction)

Guidelines on Using Interrupt bits

The setting of the Auto Start bit (AS) starts the interrupt on power-up and sets the Timed Interrupt
Enabled bit (TIE) automatically, allowing the interrupt to execute.

If the AS bit is not set, then the TIE bit must be set through the ladder logic in order for the interrupt
to execute.

The User Interrupt Enable bit (UIE) determines if the interrupt executes or not.

# 18465 RTC The following example illustrates a message write from an SLC 5/03 or higher processor to a
Synchronization Between MicroLogix 1400 controller with RTC enabled.
Controllers Quick Start This example can also apply for messaging between MicroLogix 1100, 1200, 1400, and 1500

controllers. When messaging from a MicroLogix 1100/1200/1400/1500 controller to
MicroLogix 1100/1200/1400/1500 controller, use RTC:0as the source instead of (S:37 - S:42).

Minimum Hardware/Software Requirements
«  All MicroLogix 1400 controllers
«  MicroLogix 1200 Series B FRN 2 controllers
«  MicroLogix 1500 Series B FRN & controllers
«  RSLogix 500/RSLogix Micro v8.10.00
+  All MicroLogix 1100 controllers

Example

The example shows network connections using DH-485, however DF1 full-duplex or half-duplex
Ethernet/IP also works.

+24VDC

1747-CP3

Additional MicroLogix 1200/1500s
MicroLogix 1400

of 0 )

1. Configure the SLC Channel O port for DH-485 protocol.
2. Enter the following ladder logic into the SLC processor.
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Figure 61 - Ladder Logix Example
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Cenbi] Black 10040
Fontrl Bk Length I4
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Time
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Figure 61 messages the SLC 500 Date and Time data (S:37 - S:42) to the MicroLogix 1400 controller
RTC each time the SLC processor is powered up and placed into the RUN mode or each time the
Time Synchronization Bit (B3:0/0) is enabled.

A\

For each processor that requires its RTC to be synchronized, an MSG write is required. This is done
simply by duplicating the ladder logic, referencing a different Control Block (N100:0 = MSG1 |
N100:20 = MSG2 | N100:40 = MSG3, and so on.) and specifying a different node address in the MSG
set-up screen.

ATTENTION: Valid years for the MicroLogix 1400 controller begin with 1998. Any
date/time/year values, before 1998, that are sent to a MicroLogix controller
generates MSG Error Code 10 h.
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# 18498 Data Logging (DLG)  General Information
Quick Start

452

The Data Logging feature allows the creation of memory queues to capture or store application
data as a record for later retrieval. Each record is stored in a user-configured battery backed
queue. The size of memory where queues are stored is 128K bytes, this is independent of the rest
of the processor memory.

Configure the DLG Instruction in a MicroLogix 1400 Controller

1. Create a new RSLogix 500/RSLogix Micro project for the MicroLogix 1400 controller.
2. Create a rung of ladder logic in File 2 as shown.

HELaD 2 =1al x|

2
B30 DL J
o000 ] E DataLog
u] qaeue muther u]

END

IMPORTANT  The DLG instruction ONLY captures data on a false-to-true rung transition.

3. Double-click Data Logging - Configuration in the controller organizer to access the Data Log
Queue Configuration dialog.

"2 DATALOGEXAMPLER i ]
- Help ‘l
E-23 Cortroller

----- i Contraller Properties
----- Q Processor Status

..... Q Function Files

----- IR 10 Configuration

----- Il}E Channel Configuration
[=-{_] Program Files

=] Data Files

----- B cross Reference

..... [ od-output

..... B VT

..... [ s2-sTaTUS

..... [ e3-BMaRy

..... [ 14-TMER

..... [ cs- counTER

..... [ Re - conTROL

..... [ w7 - INTEGER

..... [ Fs-FLOAT

=21 Data Logging

D Configuration

[ status =
4| Iy

IMPORTANT  Every time you select Configuration a new queue is added. To delete
queues, select the queue and select Delete.
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4, Double-click Data Log configuration to open the Configuration dialog.

%

ok | caen | Hen |

5. Complete the Data Log Queue as shown. The number of records and addresses selected are
arbitrary for this example.

[oatatogguese |
Configrats

ummmm.: 10 o |

Smpunabor Chuacher 4”:"#

= Lpace Hek: I

™ Comma
T Tab

' Dute Siamp
[ Time Stavg
Sabhmes lo Log

IMPORTANT Integer file N10 must be created with a length of 5 or the software does not
compile the ladder program. Also, an embedded RTC must be enabled and
configured if the Date and Time stamp are to be used. If an RTC module is
disabled the data for these fields contain zeros.

6. Select OK when completed.
7. Select 0K and accept the Data Log Queue dialog.
8. After creating the N10 file, enter the following values for each.

#4Data File N10 {dec) —- DATA

4| r[=
[M1o:0 | HadiH;IDecimal v|
Syl [ | Calurnns: I 10 vl

Desc: | |
;I .
W10 — Froperties | Uzage | Help |

9. Download the program to your MicroLogix 1400 controller.
10. Go online.
11. Toggle the Data Logging Enable(B3:0/0) bit Off to On a total of five times.
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Use the MicroLogix Data Logging Tool

The MicroLogix Data Log Extract Utility reads data from data log queues that are stored in
MicroLogix controllers.

You can print the extracted data and save it to a Microsoft Excel spreadsheet file. You can also
configure a schedule in the MicroLogix Data Log Extract Utility to read automatically data from one
or more MicroLogix controllers, and store the data in Microsoft Excel spreadsheet files.

The MicroLogix Data Log Extract Utility requires RSLinx® Classic Lite or RSLinx Classic
communication software, version 2.50.00 or later. RSLinx must be installed on the
same computer as the MicroLogix Data Log Extract Utility.

The MicroLogix Data Log Extract Utility is the only supported method to retrieve data that has been
stored in the processor.

Install the MicroLogix Data Log Extract Utility

1. Download MicroLogix Data Log Extract Utility from rok.auto/pcdc.

2. Extract the files from the MicroLogix Data Log Extract Utility archive file to a convenient
directory.

3. Double-click the GetDataLog.exe file.

datalog.ini
dataloglog

% GetDatalog.chm ( ypiled
GetDatalog.chw

@ GetDatalog.exe

4, If RSLinx Classic is not already running on the computer, the MicroLogix Data Log Extract
Utility starts RSLinx Classic.

@ Micrologix Datalog Extract Utility - a X
File Configuration Help

85

Devices path | Queue Dial-up | Datal | Data2 | Data3 | Datas

< >

Information

< >
Ready
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Select the MicroLogix Controller

You must select the MicroLogix controllers before reading data from the data log queues.

0 data.

You must be able to locate the desired MicroLogix controller in RSLinx before reading

1. In the MicroLogix Data Log Extract Utility, select Configuration —> Select Devices.

Select Devices

¥ Autobrowse iy
== Workstation, RATBJCYGGSOQPRY
@& Linx Gateways, Ethernet
#-85 AB_DF1-1, Data Highway Plus
525 AB_DF1-2, DH-485
=] 00, Workstation, DF1-COME
=T 01, MicroLogix 1400, UNTILED)
#-&5 AB_ETHIP-1, Ethemet
[ & AB_VBP-1, 1789-A17/A Virtual Chassis

=

=

< >

o]

X

Selected devices
RATBJCYGGSOQPRVIAB_DF1-2\1

< >

Cancel |

From the Select Devices dialog, locate your MicroLogix controller.
To add the controller to the list of selected devices, select the controller, then select [-—>].
To remove a controller from the list of selected devices, select {<——].

IMPORTANT By default the MicroLogix 1400 controller communications are configured
for 19200 baud If using defaults select 19200, otherwise, select the baud
rate that is configured in the MicroLogix Channel Configuration Screen.

5. Once a valid connection is established, from the File menu, select Read Datalog.

o MicroLogix Datalog Extract Utility
File Configuration

Read Datalog

Help

Stop Reading Datalog Ctrl+

B e R e e s
»>ave to Microsoft Exce eadchest
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6. The utility retrieves the status information from the MicroLogix 1400 controller.

B tiocloge Cetelog Evirect Uty = 0 3
Fle Configuistion Heip

55 K-

Devites gath | Cseue | Duabus | | Duie | Tiene | Ctatal | Data? | Duat | Danst Dk’ ]
RATRICYGGWOPRVAEDFI-] & Mona i | 1200 T 140 i

§1:5835 Faeed 10 reconds bom EATHE

GOSCPRVIAS .
T 2000 Rk 10 recoidd B FEATEROWGOS0OPEIAE DF 1-0

RATRFOVOOSD0SRIAE DFT-0 Cueun B 1615

456

In the example, you can see that Queue #0 has 10 records that are allocated and 3 that are
recorded.

IMPORTANT  If you do not see three records, verify whether your Data Logging

Enable bit is toggled 3 times causing the 3 entries to be recorded in
the Queue.

To save a copy of the log, from the File menu, select Save to Microsoft Excel Spreadsheet...

Save As it
Savein: | MLX_Datalog j ¢= rj( B~
MNarme - Date modified

No items match your search.
< >
File name:; |M\,r_DLG_Data s
Save astype: |Worksheet Files (") ] Cancel

IMPORTANT  Remember that once the data records have been read from the
MicroLogix controller, the queue is automatically cleared.

1. Enter a file name. Our example uses “My_DLG_Data".
8. Open the data file that you created using Microsoft Excel.

IMPORTANT  If you are unable to locate your file in Excel, remember “Files of

type” must be changed to “Text Files” or “All files (**)" to locate your
saved file.
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Data Logging queues

The headings for each column are not stored in the data file. These headings are added to
the Excel file for readability.

DLG Instructions
\] \

Date Time Da Data6 Data7 Datas8
0471772022 11:59:06
04/17/2022 11:59:07
04/17/2022 11:59:09
0471772022 11:59:10
0471772022 11:59:11
0471772022 11:59:12
0471772022 11:59:15
04/17/2022 11:59:20
BN 04/17/2022 11:59:21
04/17/2022 11:59:22

A4 7 N4 A
No data point changes for each DLG instruction

Each time the DLG instruction receives a false-to-true transition, another entry is saved in
the Data Logging queue as a row. The data reflects that the DLG instruction was executed
five times. Each DLG instruction is represented in a column named Datal, Data2, Data3, and
so on. The data also reflects that no data points had changed during each DLG execution.

Frequently Asked Questions

Question L: Can | write my own software application to retrieve the data that is stored in the Data
Logging queue?

Answer 1: Yes. In the MicroLogix 1400 Programmable Controller Instruction Set Reference manual,
under the Data Logging chapter, all information necessary to create your own software application,
for retrieving the data that is stored in the controller Data Logging queue, is shown. See Recipe and

Data Logging on page 357.

Question 2: Can the MicroLogix 1400 controller automatically send the information that is stored in
the Data Logging queue directly to a printer?

Answer 2: No. To retrieve data, use either the MicroLogix Data Log Extract Utility or you must create
a custom application. If the data does not need to be stored in the controller, but is sent directly to
a printer, then use the ASCIl instructions of the MicroLogix controller to send out the data.
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Notes:
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Basic Req
4040 kHz

uirements to Use
PTOX and PWMX in

a MicroLogix Controller

PTOX and

PWMX function file

changes in Series B

Controller

How to Use 40 kHz PTOX/PWNMX of a
MicroLogix 1400 Series B Controller

The Pulse Train Output (PTOX) and Pulse-width Modulation (PWMX) function files of a

MicroLogix 1400 Series B controller are changed to support 40 kHz PTOX and PWMX. In addition, a
newer version of the RSLogix 500 application is released to support the changes. To ensure
seamless operation of the MicroLogix 1400 Series B controller, special attention is required in
handling some of PTOX and PWMX function file elements in user programs. In this section, detailed
information regarding changes in PTOX and PWMX function files of a MicroLogix 1400 Series B
controller and how to handle PTOX and PWMX function file elements are described.

The MicroLogix 1400 Series A controller does not support 4040 kHz PTOX and PWMX. Only the
MicroLogix 1400 Series B controller supports 40 kHz PTOX and PWMX with any version of the
RSLogix 500 application.

IMPORTANT  When you use a prior version of the RSLogix 500 application (version 7.10
or lower) with MicroLogix 1400 Series B controller, the maximum operating
frequency of PTOX and PWMX is still 32,767 Hz. To use 4040 kHz PTOX and
PWMX with a prior version of RSLogix 500, variable type change process is
required (unsigned integer to signed integer).

In a prior version of the RSLogix 500 application (version 7.10 or lower), the frequency elements
(PTOX.OF, PTOX.OFS, PTOX.JF, PWMX.QF, PWMX.OFS) of PTOX and PWMX function files are treated as
signed

16 bit (-32,768...+32,767) and MicroLogix 1400 Series A controller firmware doesn't support values
above 20,000 (20 kHz). However, these values are changed to unsigned 16 bit and 40,000 (40 kHz)
respectively to implement 40 kHz PTOX and PWMX functions in a Series B controller.

Table 222 - Changes Made in PTOX and PWMX Function Files of MicroLogix 1400 Series B Controller and the RSLogix 500 Application Version 7.2

RSLogix 500 Version 7.10 or Lower

RSLogix 500 Version 7.2 or Higher

ML1400 Series A |MI_1400 Series B ML1400 Series A ML1400 Series B

OF
PTOX  [OFS

JF

OF
PWMX

OFS

Signed 16-bit value: -32768~32767

Unsigned 16-bit value: 0~65535

(F/W generates fault when it exceeds 20000) (F/W generates fault when it exceeds 40000)

The newer version of the RSLogix 500 application and MicroLogix 1400 Series B controller handles
PTOX and PWMX frequencies as unsigned 16-bit integer. Therefore, if an older version of the
RSLogix 500 application is used with MicroLogix 1400 Series B controller or the newer version of the
RSLogix 500 application is used with a Series A controller, compatibility issues occur.

«  RSLogix 500 application display issues - Since an older version of the RSLogix 500
application treats PTOX/PWMX frequencies as signed integers, if you upload a program from
a MicroLogix 1400 Series B controller into the software, a negative frequency value may
display. For example, 40 kHz is 0x3C40 in hexadecimal. The 0x9C40 is 40,000 in unsigned
integer, but -25,536 in signed integer.
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RSLogix 500 Application
Display Issues

« Instruction issues - All instructions in a MicroLogix controller treat integer as signed integer.
Therefore, unsigned integers in PTOX/PWMX function file elements must be treated carefully
when they are used in the variables for instructions. An undesired result may be returned or
a math overflow may be detected during instruction executions. Use a workaround such as
copying PTOX/PWMX frequencies to long integer before manipulation.

The difference in PTOX/PWMX between Series A and Series B is the maximum output frequency. The
Series A supports up to 20 kHz for PTOX/PWMX output frequency and the Series B supports up to
40 kHz. In other words, a Series A controller PTOX/PWMX output frequency range is in signed 16-bit
range (-32768...+32767) and a Series B controller PTOX/PWMX output frequency range is in
unsigned 16-bit range (0...65,535). For this reason, there may be a display issue when displaying
output frequency in RSLogix 500. However, since an output frequency can't be a negative value,
the MicroLogix 1400 controller works properly although the displayed value looks odd.

Table 223 and Table 224 summarize possible display issues for each different combination of a
RSLogix 500 application version and MicroLogix 1400 controller series.

Table 223 - MicroLogix 1400 Compatibility with RSLogix 500 Application

ML1400 Project of RSLogix 500 Version 7.10 |ML1400 Series A Project of RSLogix 500 MLL400 Series B Project of RSLogix 500
or Lower Version 7.2 or Higher Version 7.2 or Higher

ML1400 Series A 4 4 U]

ML1400 Series B Display issues may occur® Display issues may occur” 4

(1) (During download) If OF or JF value is set over 20,000, then the MicroLogix 1400 Series A controller reports an error before running the PTOX or PWMX instruction.
(2) (During Upload) To set the OF or JF value over 32,767, enter a negative decimal value or hex value. For example, to set OF value as 40,000, enter OF = -25,536 (dec) or 9C40H (hex). The OFS value is
also displayed as a negative decimal value if an OFS value is over 32,767. There is no problem with the operation although negative values are displayed.

Table 224 - New RSLogix 500 Application Compatibility with Old RSLogix 500 Application

ML1400 Project of RSLogix 500 Version | ML1400 Series A Project of RSLogix 500  |ML1400 Series B Project of RSLogix 500
7.10 or Lower Version 7.2 or Higher Version 7.2 or Higher

l7JJp{|]0(E)1rd ﬁ;@? RSLogix 500 version |, 4 Display issues may occur.

Upload using RSLogix 500 versian 4 4 4

7.2 or higher

(1) If the values of OF, OFS, JF are greater than 32,767, than these values display as negative value. For example: If the JF value is 40,000 with a Series B controller project of the RSLogix 500 application
version 7.2 or later, then -25,5636 displays with a RSLogix 500 application version 7.10 or lower. There is no problem with operation although negative values are displayed.

Instruction Issues

460

There are some instruction issues to support maximum frequency of PTOX and PWMX up to 40 kHz.
Normally, MicroLogix controllers and the RSLogix 500 application treat data variables as signed
value. When you set the frequency value that is greater than 32,767 using MOV, EQU, NEQ, LES, LEQ,
GRT, GEQ, MEQ, LIM, ADD, SUB, MUL, DIV, NEG, ABS and SCP instructions, numerical issues may
happen. 2's complement notation and hexadecimal values are useful to solve this issue.

e MOV Instruction

When setting JF, OF, OFS of the PTOX/PWMX function file using the MOV instruction, you can't enter a
source operand value that is over 32,767 in decimal format because the operand format is 16-hit
signed integer (-32,768...+32,767) even though 16-bit unsigned integer (0...65,535) is functionally
supported by PTOX/PWMX. To solve this issue, use 2's complement notation or hexadecimal value.
For example, if you want to set the PTOX:0.JF to 40,000, then put 2's complement of 40,000
(-25,536) or 9C40h (hexadecimal value) to source operand as shown.

[ [w3n)
— Move —
Source -26536
-25536<
Dest FTOO.JF
0=

*  EQU/NEQ/MEQ Instruction

When comparing the JF, OF, OFS of PTOX/PWMX with a specific value using the EQU, NEQ, or MEQ
instruction, you can't put the specific value that is over 32,767 because these variables are
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unsigned 16-bit value in this instruction. To solve this issue, use 2's complement notation or
hexadecimal value.

For example, when you want to check if the PTOX:0.0F is equal (EQU) 35,000 or not equal (NEQ), put
a 2's complement of 35,000 (-30,536) or 88B8h (hexadecimal value) as a specific value as shown.

——EQu | ——NEQ | ——MEQ
{ Egual —— Mot Equal f——— Masked Equal F—
Source & PTO0.0OF Source A PTO:0.0F Source PTO0.0F
35000 35000 35000
Source B -30538 Source B -30536 Mask OFFFFh
-30538 =-30535 -1

Compare  -30535
<30536 |

Otherwise, change the variable type to Long Type (32-bit) by CPW instruction before the execution
of these instructions as shown.

P'ulll.
Copy Waord
Source EPTOO0F
Dast ELm0
Length 1
—EQuU B30
Equal - =
Source A L& 1]
35000=
Source B 25000
35000=
NEQ B30
Mat Equal oD

Soutce & L&:0 1
36000=

Source B as000
AE000=

—NMEQ
— Masked Equal

Source L&:0
A5000=

Mask FFFFH
B5625<

Compare 35000
35000=

L END 37—

o LES/LEQ/ GRT/ GEQ/ LIM Instruction

The operands of LES, LEQ, GRT, GEQ, and LIM instruction work as signed value, but JF, OF, OFS of

PTOX/PWMX are unsigned 16-bit variable for a MicroLogix 1400 Series B controller. Therefore, these
instructions could cause undesired results when JF, OF and OFS of PTOX/PWMX values are greater
than 32,767. For example, assume the PWMX:0.0F value is 35,000 and the value to compare is 100.
Actually, PWMX:0.0F is greater than 100, but the executed result of this instruction is the opposite.
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To solve this issue, change the variable type to Long Type (32-bit) by CPW instruction before the
execution of these instructions as shown.

| CPW
| Copy Word |
Sowce FPWMO.OF
Diest w0
Length 1
LES | B30
—— Less Than (4<B) e
Source A L%:0 1]
35000
Source B 100
100=
LEQ B30
- Less Than or Eql (A<=B) L
Source A Lag 1
35000<
Source B 100
Iwci
GRT B30
| cumater Than(a>B) | - -
Source 4 L3:0 2
35000<
Source B 100
100<
GEQ B30
——— Gatr Than or Egf (A>=8) - E-—
Source 4 La0 3
35000=
Source B 100
100=
—LIM
——— Limit Test
Low Lim 100
100=
Test L9:0 WSC (PTO PR gh (BN (RRD |LCD (e Eale)
35000 P o] O | spnphon I8
HighlUm 40000 [Fodm
A0000 | iFmddER 1
L END " —

« ADD/ SUB/ MUL Instruction

To get an unsigned result without Math Overflow Error from ADD/SUB/MUL instructions, set the S:2/
14 (Math Overflow Selected) bit and clear the S:5/0 (Math Overflow Trap) bit after the execution of

these instructions.

For example, assume the PTOX:0.0F value is 20,000 and you want to set that value to x2 (twice)
using the MUL instruction. If you clear the S2/14 bit and you don't clear the S:5/0 bit after execution
of the MUL instruction, then the result is 32,767 and a Math Overflow Error is reported at the End of

Scan.
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Figure 62 - ADD Instruction Workaround Example: PTOX:0.0F (40,000) = PTOX:0.0F (20,000) + 20,000

532
1 - —-—
Id
— e — — AL
Equal | Add - .
Source A PTO:0.OF Sowce A PTOOOF
40000+ 40000
| Seurce B 20000 Source B 20000

200:00<|

Figure 63 - MUL Instruction Workaround Example: PTOX:0.0F (40,000) = PTOX:0.0F (20,000) X 2

—— Mo ————

Mere —

Souite 20400
2000 =

Dest PTOD.OF
40000

2

—Eou

| Seaunce A PTO0.OF
| 40000+
| Source B 20000

20000
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Figure 64 - SUB Instruction Workaround Example: PTOX:0.0F (20,000) = PTOX:0.0F (40,000) - 20,000

Mo

f Move —

Source 25515 |
-25524<

Dot PTO0.OF
20000

52

— B ——————

—— Egual

- ——
14

-

qu
| Scawce & PTODOF
20000

| u d
| Seucs B -26634

-15536+«

+ Sublract H—
Sowce A PTO0.0OF |
- |

Source B

200001
20000 |
20000 |

20000 |

BYD
p—
]

Crasiflow

Trap
56
U—

a

< EMD

Signed 16 bit: 0x9C40 (Hexadecimal) = -25,536,

Unsigned 16 bit: 0x3C40 (Hexadecimal) = 40,000
»  DIV/SCP Instruction

The operands of DIV and SCP instructions work as signed value, but JF, OF, OFS of PTOX/PWMX are
unsigned 16-hit variable for a MicroLogix 1400 Series B controller. Therefore, these instructions
could cause undesired results when JF, OF and OFS of PTOX/PWMX values are greater than 32,767.
For example, assume the PWMX:0.0F value is 40,000 (3C40h) and you want to divide it by 2. The
expected result is 20,000, but the actual return value is -12,768 because the DIV instruction
recognizes 9C40h as -25,536.

To solve this issue, change JF, OF, OFS of PTOX/PWMX type to Long Type (32-bit) by CPW instruction
before the execution of these instructions as shown.

—CPW
Copy Word
Source BPVWMOD.OF
Dast ®L9:0
Langth 1
— 1Y .
Divide —
Source & L0
40000«
Socwrce B 2
b
Dest W70
20000-<
SCP -
Scale wiFarameters —
Input L&D
40000
Input hén., o
- q 0~
| BN AT |LCD | Mkl jielE]
e ooy Inpat Macx 4000
| Darncrigtin 1= 40000-<
Scaled Min, ]
0=
Scaled Max., 20000
20000<
Output NT:2
20000
 EMD »—
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* NEG/ABS Instruction

The operands of NEG and ABS instructions work as signed value, but JF, OF, OFS of PTOX/PWMX are
unsigned 16-hit variable for a MicroLogix 1400 Series B. Therefore, these instructions could cause
undesired results when JF, OF and OFS of PTOX/PWMX values are greater than 32,767. If PTOX:0.JF
is 40000, the expected NEG result is -40,000 and the expected ABS result is 40,000. However, the
actual results are 25,536 both because both NEG and ABS instruction recognize 9C40h as -25,536.

To solve this issue, change the JF, OF, OFS of PTOX/PWMX type to Long Type (32-bit) by CPW

instruction before the execution of these instructions as shown.

W FTO |Pwa | BT JEM [ATC | LED | | BRile]
et L L 2l
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——CPW
1 Copy Ward
Source #PTCOLOIF
Dwasi mLo:0
Length 1
- HEG
Negate
Source L9:0
40000+
Dremt L1
~40000-=
——ABS
Absclute Value
Source L0
40000
Crest L2
40000
{ END
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Notes:
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Appendix G

History of Changes

This appendix contains the new or updated information for each revision of this publication. These
lists include substantive updates only and are not intended to reflect all changes. Translated
versions are not always available for each revision.

1766-RMOOLI-EN-P, June 2019

Change

Added S:36/0 related status file words.
Added S:36/0 related bit descriptions.
Added the 0061 error code.

1766-RMOOIH-EN-P, July 2018

Change

Updated descriptions for sub-element 3 in Routing Information File Element table.
Added DNP3 related status file words.

Added DNP3 related bit descriptions.

Added 002A and 002B fault messages.

1766-RMO01G-EN-P, March 2017

Change
Password protection for Series B.

1766-RMOO1F-EN-P, May 2014

Change
Support for clear controller memory feature from FRN 15 onwards.

1766-RMOO1E-EN-P, May 2012

Change
Updated firmware revision history.
Updated firmware updates section.

1766-RMO01D-EN-P, September 2011

Change

Updated firmware revision history.

Updated firmware updates section.

Added TND - Temporary End description.

Updated Modbus error codes in Modbus RTU master MSG instruction table description.
Updated Modbus RTU link layer error codes table description.

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023 467



Appendix G History of Changes

1766-RMOO1C-EN-P, June 2010

Change

Updated firmware revision history.

Updated firmware updates section.

Added application-specific functional group description.

Added file functional group description.

Updated COP instruction valid addressing modes and file types table.

Added the Using the Full ASCII Instruction Set section.

Added email server section under Consideration for Changing SMTP Configuration.

Added inline indirection in string file for subject and body description.

1766-RMO01B-EN-P, October 2009

Change

Updated firmware revision history.

Updated firmware updates section.

Added 1762-1032T Input Image description.

Added 1762-0V32T, 1762-0B32T Output Image description.
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Glossary

address

AIC+ Advanced Interface Converter

application

ASCII

baud rate

bit

block diagrams

Boolean operators

branch

communication scan

control program
controller

controller overhead

control profile
counter
CPU (Central Processing Unit)

data table

DIN rail

download
DTE
EMI

embedded /0
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The following terms and abbreviations are used throughout this manual.

A character string that uniquely identifies a memory location. For example, 1:1/0 is the memory
address for data that is located in Input file word 1, bit 0.

A device that provides RS-232 isolation to an RS-485 half-duplex communication link. (Catalog
Number 1761-NET-AIC.)

1) A machine or process that is monitored and controlled by a controller. 2) The use of computer- or
processor-based routines for specific purposes.

American Standard Code for Information Interchange. A standard for defining codes for information
exchange between equipment produced by different manufacturers. The basis of character sets
used in most microcomputers; a string of seven binary digits represents each character.

The speed of communication between devices. Baud rate is typically displayed in K baud. For
example, 19.2K baud = 19200 bits per second.

The smallest unit of memory that is used in discrete or binary logic, where the value 1represents
On and 0 represents Off.

A method used to illustrate logic components or a sequence of events.

Logical operators such as AND, OR, NAND, NOR, NOT, and Exclusive-OR that can be used singularly
or in combination to form logic statements or circuits. Can have an output response of T or F.

A parallel logic path within a rung of a ladder program. Its primary use is to build OR logic.

A part of the controller's operating cycle. Communication with devices (such as other controllers
and operator interface devices) takes place during this period.

User logic (the application) that defines the controller's operation.
A device, such as a programmable controller, used to control output devices.

A portion of the operating cycle used for housekeeping purposes (memory checks, tests,
communications, and so on).

The means by which a controller determines which outputs turn on under what conditions.
A device that counts the occurrence of some event.
The decision-making and data storage section of a programmable controller.

The part of processor memory that contains 1/0 status and files where user data (such as bit,
integer, timers, and counters) is monitored, manipulated, and changed for control purposes.

Manufactured according to Deutsche Industrie Normenausshus (DIN) standards, a metal railing that
is designed to ease installation and mounting of your devices.

The transfer of program or data files to a device.
Data Terminal Equipment
Electromagnetic interference.

Embedded I/0 is the controller's onboard I/0. For MicroLogix controllers, embedded 1/0 is all /0
residing at slot 0.
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expansion 1/0

encoder

executing mode

false

FET

FIFO (First-In-First-Out)
file

full-duplex

half-duplex
Hard disk drive
high byte

housekeeping

input device
input scan
inrush current

instruction

instruction set
1/0

jump

ladder logic

least significant bit (LSB)
Light-emitting diode(LED)
LIFO (Last-In-First-Out)
low byte

logic

Master Control Relay (MCR)

mnemonic
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Expansion 1/0 is /0 that is connected to the controller via a bus or cable. MicroLogix 1100, 1200 and
1400 controllers use Bulletin 1762 expansion 1/0. MicroLogix 1500 controllers use Bulletin 1769
expansion 1/0. For MicroLogix controllers, embedded I/0 is all I/0 residing at slot Tand higher.

A device that detects position, and transmits a signal representing that position.

Any run or test mode.

The status of an instruction that does not provide a continuous logical path on a ladder rung.

Field Effect Transistor. DC output capable of high-speed operation.

The order that data is stored and retrieved from a file.

A collection of data or logic that is organized into groups.

A mode of communication where data can be transmitted and received simultaneously (contrast
with half-duplex).

A mode of communication where data transmission is limited to one direction at a time.
A storage device in a personal computer.
Bits 8 to 15 of a word.

The portion of the scan when the controller performs internal checks and services
communications.

A device, such as a push button or a switch that supplies an electrical signal to the controller.
The controller reads all input devices that are connected to the input terminals.

The temporary surge of current produced when a device or circuit is initially energized.

A mnemonic that defines an operation that the processor performe. A rung in a program consists
of a set of input and output instructions. The controller evaluates the input instructions as being
true or false. In turn, the controller sets the output instructions to true or false.

The set of instructions available within a controller.

Input and Output

Changes the normal sequence of program execution. In ladder programs, a JUMP (JMP) instruction
causes execution to jump to a specific rung in the user program.

A graphical programming format that resembles a ladder-like diagram. The ladder logic
programing language is the most common programmable controller language.

The element (or bit) in a binary word that carries the smallest value of weight.
Used as status indicator for pracessor functions and inputs and outputs.

The order that data is stored and retrieved from a file.

Bits 0 to 7 of a word.

A general term for digital circuits or programmed instructions to perform required decision-
making and computational functions.

A hard-wired relay that can be deenergized by any series-connected emergency stop switch.

A simple and easy to remember term that is used to represent a complex or lengthy set of
information.
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Modbus RTU Slave

modem

modes
negative logic

network

nominal input current

normally closed

normally open

off-delay time

offline

offset

off-state leakage current

on-delay time

one shot

online

operating voltage

output device

output scan
pCCC
processor
processor files

program file

Program mode
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A half-duplex serial communication protocol.

Modulator/demodulator. Equipment that connects data terminal equipment to a communication
line.

Selected methods of operation. Example: run, test, or program.
The use of binary logic in such a way that “0" represents the desired voltage level.

A series of stations (nodes) connected by some type of communication medium. A network is
composed of a single link or multiple links.

The typical amount of current seen at nominal input voltage.

Contacts on a relay or switch that are closed when the relay is deenergized or deactivated. They
are open when the relay is energized or the switch is activated.

Contacts on a relay or switch that are open when the relay is deenergized or the switch is
deactivated. They are closed when the relay is energized or the switch is activated.

The Off delay time is a measure of the time that is required for the controller logic to recognize that
a signal has been removed from the input terminal of the controller. Circuit component delays and
any applied filters determine the time.

When a device is not scanning/controlling or when a programming device is not communicating
with the controller.

A continuous deviation of a controlled variable from a fixed point.

When a mechanical switch is opened (off-state), no current flows through the switch.
Semiconductor switches and transient suppression components that are sometimes used to
protect switches, have a small current flow when they are in the off state. This current is referred
to as the off-state leakage current. To ensure reliable operation, the off-state leakage current
rating must be less than the minimum operating current rating of the device that is connected.

The On delay time is a measure of the time that is required for the controller logic to recognize that
a signal has been presented at the input terminal of the controller.

A programming technique that sets a bit On or Off for one program scan.

When a device is scanning/controlling or when a programming device is communicating with the
controller.

For inputs, the voltage range needed for the input to be in the On state. For outputs, the allowable
range of user-supplied voltage.

A device, such as a pilot light or a mator starter coil that receives a signal or command from the
controller.

The controller turns on, off, or modifies the devices that are connected to the output terminals.
Programmable Controller Communications Commands

A Central Processing Unit. (See CPU.)

The set of program and data files resident in the controller.

Areas within a processor that contain the logic programs. MicroLogix controllers support multiple
program files.

When the controller is not scanning the control program.
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program scan

programming device
protocol

read

relay

relay logic
restore
reserved bit
retentive data

RS-232

Run mode

rung

RTU
save
scan

scan time

sinking

sourcing

status
terminal

throughput

true
upload

watchdog timer

write
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A part of the controller's operating cycle. During the program scan, the logic program is processed
and the Output Image is updated.

Programming package used to develop ladder logic diagrams.
The rules of data exchange via communications.

To acquire data. For example, the processor reads information from other devices via a read
message.

An electrically operated device that mechanically switches electrical circuits.
A representation of binary or discrete logic.

To transfer a program from a device to a controller.

A location reserved for internal use.

Information (data) that is preserved through power cycles.

An EIA standard that specifies electrical, mechanical, and functional characteristics for serial
binary communication circuits.

An executing mode during which the controller scans or executes the logic program.

A rung contains input and output instructions. During Run mode, the inputs on a rung are evaluated
to be true or false. If a path of true logic exists, the outputs are made true (energized). If all paths
are false, the outputs are made false (deenergized).

Remote Terminal Unit

To save a program to a computer hard disk drive.

The scan is composed of four elements: input scan, program scan, output scan, and housekeeping.

The time required for the controller to complete one scan.

A term used to describe current flow between two devices. A sinking device provides a direct path
to a ground.

A term used to describe current flow between two devices. A sourcing device or circuit provides a
power.

The condition of a circuit or system.
A point on an 1/0 module that external devices, such as a push button or pilot light, are wired to.

The time between when an input turns on and a corresponding output turns on or off. Throughput
consists of input delays, program scan, output delays, and overhead.

The status of an instruction that provides a continuous logical path on a ladder rung.
Data is transferred from the controller to a programming or storage device.

A timer that monitors a cyclical process and is cleared at the conclusion of each cycle. If the
watchdog runs past its programmed time period, it causes a fault.

To send data to another device. For example, the processor writes data to another device with a
message write instruction.
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Index

A

ABL instruction 247
ABS instruction 138
absolute value instruction 138
ACB instruction 248
accuracy, timer 120

ACl instruction 249

ACL instruction 243
ACN instruction 250
active nodes status 393
ADD instruction 137
address 469
Addressing

considerations 412
addressing

direct addressing 69

immediate addressing 69

indirect addressing 69

indirect addressing of a bit 70

indirect addressing of a file 69

indirect addressing of a word 69

modes 68

using in-line indirection 257
AEX instruction 251

AHL instruction 252

AIC instruction 244

AIC+ Advanced Interface Converter 469
allow future access setting 42
AND instruction 172
application 469

ARD instruction 253
arithmetic flags 384

ARL instruction 254

ASC instruction 255

ASCII

definition 469
ASCII character set 259

ASCII clear buffers instruction 243
ASCII control data file 242
ASCII file 241
ASCII handshake lines instruction 252
ASCIl instruction error codes 258
ASCIl instructions 239

error codes 258

status bits 241, 242

timing diagram 257
ASCIl integer to string instruction 244
ASCII number of characters in buffer

instruction 248

ASCII protocol parameters 240
ASCII read characters instruction 253
ASCII read line instruction 254
ASCII string compare instruction 256
ASCII string concatenate 250
ASCII string extract 251
ascii string manipulation error 392
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ASCII string search instruction 255
ASCII string to integer instruction 249
ASCII test buffer for line instruction 247
ASCII timing diagram 257

ASCII write instruction 246

ASCII write with append instruction 244
ASR instruction 256

AWA and AWT timing diagram 257

AWA instruction 244

AWT instruction 246

B

base hardware information file 50
battery

operation 47
battery low status bit 391

baud rate 469

baud rate status 394

BHI Function File 50

bit 469

bit instructions 113

bit shift left instruction 182
bit shift right instruction 183
bit-wise AND instruction 172
block diagrams 469
Boolean operators 469
branch 469

BSL instruction 182

BSR instruction 183

C

carry flag 384
catalog number status 399
channel 0
communications status 395
CS0 communications status file 50
channel configuration
DF1 full-duplex parameters 409
DF1 half-duplex parameters 414, 416
DF1 radio modem parameters 418
DH485 parameters 408
Modbus RTU Slave parameters 424
clear instruction 138
clearing
controller faults 401
clock, free running 389
CLR instruction 138
communication instructions 261
communication protocols
DF1 full-duplex 409
DF1 half-duplex 410
DHABS 407
Modbus Slave RTU 421
communication scan 469
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Index

474

communications

active status bit 395
channel 0 status 395
mode selection status bit 395
status file 50, 61
compare instructions 127

compiler revision

build number status 400
release status 400
contact Rockwell Automation for assistance

406
control profile 469
control program 469
control register error status bit 391
controller
definition 469
fault messages 401
mode 387
mode status 385
overhead 469
status file 383
controller properties 35
conversion instructions 163
convert from binary coded decimal (BCD)
instruction 165
convert to binary coded decimal (BCD)
instruction 168
COP instruction 180
copy file instruction 180
copy word instruction 179
count down instruction 124
count up instruction 124
counters

counter file 123
counter file and status bits 124
definition 469
how counters work 123
CPU (central processing unit), definition 469

CPW instruction 179
CS function file 50, 61
CTD instruction 124
CTU instruction 124

D

data file download protection 36
data file overwrite protection lost status bit 396

Rockwell Automation Publication 1766-RMO01J-EN-P - June 2023

data files 35
bit (B) 35
control (R) 35
counter (C) 123
floating point (F) 35, 135
/0 images for expansion modules (MicroLogix
1200) 20
input (1) 35
input and output addressing examples 26
integer (N) 35
long word (L) 36
message (MG) file 264
organization and addressing 241
output (0) 35
PID (PD) 222
programmable limit switch (PLS) 90
protecting data files 36
status (S) file 383
string (ST) file 241
timer (T) 119
data logging 361, 367
Quick Start example 452
data table 469

DCD instruction 163
decode 4 to 1-of-16 instruction 163
DF! full-duplex protocol 409

configuration parameters 409
description 409
DF!L half-duplex protocol 410

configuration parameters 414
description 410
DH485 communication protocol 407

configuration parameters 408
DH485 network

configuration parameters 408
description 407
protocol 407
token rotation 408
DIN rail 469

DIV instruction 138
divide instruction 138
DLG

Quick Start example 452
DLG Instruction 366

download 469
DTE, definition 469

E

Ell function file 217

embedded /0 19

EMI 469

ENC instruction 164

encode 1-0f-16 to 4 instruction 164
encoder

definition 470
quadrature 85
END instruction 201

EQU instruction 128
equal instruction 128



Index

error codes 401, 402

ASCll instruction error codes 258

fault messages and error codes 401

HSC error codes 76

major error code status 392

math overflow trap bit 135

math status bits 135

MSG instruction error codes 310

PID runtime errors 231

PTOX error codes 106

PWMX error codes 111

STl error code 215

troubleshooting guide 401
errors, identifying 401
Ethernet

Configuring an Ethernet/IP Message 286

DeviceNet and Ethernet Networks 292

Driver 429

Multi-hop Remote Message 235
Ethernet Port Disable 396
event input interrupt (Ell) function file 217
examine if closed instruction 113
examine if open instruction 113
example

active station file 61, 416

DLG Quick Start 452

HSC Quick Start 440

MSG Quick Start 444

PTOX Quick Start 437

PWMX Quick Start 439

RTC Quick Start 448

RTC Synchronization Quick Start 450

STl Quick Start 446

user interrupt disable (UID) Quick Start 449
exclusive OR instruction 173
executing mode 470
execution time

MicroLogix 1500 instructions 379
expansion 1/0 20

analog 1/0 configuration 22

discrete I/0 configuration 20

F

false 470
fault messages 401
fault override at power-up bit 386
fault recovery procedure 401
fault routine
description of operation 209
file number status 394
manually clearing faults 401
operation in relation to main control program
207
priority of interrupts 208
faults
automatically clearing 401
identifying 401
manually clearing using the fault routine 401
recoverable and non-recoverable 209
FET 470
FFL instruction 184
FFU instruction 186
FIFQ (First-In-First-Out) 470
FIFO load instruction 184
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FIFO unload instruction 186
file 470

file instructions 179

fill file instruction 181
filtering, inputs 27

first scan status bit 388

FLL instruction 181

forces enabled status bit 385
forces installed status bit 385
forcing, inputs and outputs 27
FRD

example 167
instruction 165
free running clock 389

free running clock status 389
full-duplex 470
function files 45

base hardware information (BHI) 50
communications status (CS) file 50, 61
event input interrupt (Ell) 217
high-speed counter (HSC) 73
input/output status file (I0S) 66
memory module information (MMI) 48
pulse train output (PT0) 98
pulse width modulation (PWM) 108
real-time clock (RTC) 46
selectable timed interrupt (STI) 213
future access status bit 388

G

GCD instruction 169

GEQ instruction 129

Gray code instruction 169

greater than instruction 128

greater than or equal to instruction 129
GRT instruction 128

H

half-duplex 412, 470
hard disk 470
high byte 470
high-speed counter

Quick Start example 440
high-speed counter function file 73

high-speed counter load instruction 89
high-speed outputs 95

housekeeping 470

HSC

Quick Start example 440
HSC function file 73

HSL instruction 89

170 470

170 configuration 19

170 forcing 27

170 refresh instruction 205
identifying controller faults 401
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Index

476

[IM instruction 203

immediate input with mask instruction 203
immediate output with mask instruction 204
in-line indirection 257

input and output instructions 203

input device 470

input filter selection modified status bit 392
input filtering 27

input scan 470

input/output status file 66

inrush current 470

instruction 470

instruction execution time 379

instruction set

definition 470
MicroLogix 1500 execution times 379
overview 67

INT instruction 209

interrupt subroutine instruction 209
interrupts

interrupt instructions 209

interrupt subroutine (INT) instruction 210

overview 207

selectable timed start (STS) instruction 210
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fault override 49
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mode behavior 50
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