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Important User Information

Solid state equipment has operational characteristics differing from those of
electromechanical equipment. Safety Guidelines for the Application,
Installation and Maintenance of Solid State Controls (Publication SGI-1.1
available from your local Rockwell Automation sales office or online at
http://www.ab.com/manuals/gi) describes some important differences
between solid state equipment and hard-wired electromechanical devices.
Because of this difference, and also because of the wide variety of uses for
solid state equipment, all persons responsible for applying this equipment
must satisfy themselves that each intended application of this equipment is
acceptable.

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 we use notes to make you aware of safety
considerations.

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.

IMPORTANT Iden.tifie.s information that i§ critical for successful
application and understanding of the product.

Identifies information about practices or circumstances
that can lead to personal injury or death, property
damage, or economic loss. Attentions help you:

ATTENTION

¢ identify a hazard
e avoid a hazard
¢ recognize the consequence

AT Labels may be located on or inside the drive to alert
people that dangerous voltage may be present.

BURN HAZARD Labels may be located on or inside the drive to alert
people that surfaces may be dangerous temperatures.

o ol | s
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Preface

Who Should Use this
Manual

Purpose of this Manual

Read this preface to familiarize yourself with the rest of the manual.
The preface includes:

e Who Should Use this Manual
e Purpose of this Manual

e Common Techniques Used in this Manual

Use this manual if you are responsible for designing, installing,
programming, or troubleshooting control systems that use SLC 500
4-Channel Thermocouple/mV Input Module.

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.

This manual describes the procedures you use to install, wire, and
troubleshoot your 4-channel thermocouple/mV module. This manual:

e explains how to install and wire your module

e gives you an overview of the SLC 500 programmable controller
system

Refer to your programming software user documentation for more
information on programming your SLC 500 programmable controller.
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Related Documentation

The following documents contain additional information concerning
Rockwell Automation products. To obtain a copy, contact your local
Rockwell Automation office or distributor.

For Read this Document Document Number
In-depth information on the SLC Instruction Set. SLC 500 Instruction Set Reference Manual | 1747-RM001
A description on how to install and use your Modular SLC 500 SLC 500 Modular Hardware Style User 1747-UM011
programmable controller. Manual
A description on how to install and use your Fixed SLC 500 Installation & Operation Manual for Fixed | 1747-6.21
programmable controller. Hardware Style Programmable Controllers
A description on how to install the SLC 500 4-Channel SLC 500 4-Channel Thermocouple/mV 1746-IN010
Thermocouple/mV input module Module Installation Instructions
Information on reducing electrical noise. System Design for Control of Electrical GMC-RMO01

Noise
In-depth information on grounding and wiring Allen-Bradley® Allen-Bradley Programmable Controller 1770-4.1
programmable controllers. Grounding and Wiring Guidelines
A description of important differences between solid-state Application Considerations for Solid-State | SGI-1.1
programmable controller products and hard-wired electromechanical | Controls
devices.
An article on wire sizes and types for grounding electrical National Electrical Code - Published by the National Fire Protection
equipment. Association of Boston, MA.
A glossary of industrial automation terms and abbreviations. Allen-Bradley Industrial Automation AG-7.1

Glossary

Publication 1746-UMO007C-EN-P - July 2004



Preface 3

If you would like a manual, you can:

e download an electronic version from the internet at:
— www.theautomationbookstore.com
— http://www.ab.com/manuals

e order a printed manual by:

— contacting your local distributor or Rockwell Automation
representative

— visiting www.theautomationbookstore.com

— calling 1.800.963.9548 (USA/Canada) or 001.330.725.1574
(Outside USA/Canada)

Your Questions or Comments on this Manual

If you find a problem with this manual, or you have any suggestions
for how this manual could be made more useful to you, please
contact us at the address below:

Rockwell Automation

Automation Control and Information Group
Technical Communication, Dept. AGO2V
P.O. Box 2086

Milwaukee, WI 53201-2086

Common Techniques Used The following conventions are used throughout this manual:
in this Manual

e Bulleted lists such as this one provide information, not
procedural steps.

e Numbered lists provide sequential steps or hierarchical
information.

e [talic type is used for emphasis.
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Chapter 1

General Description

Overview

This chapter describes the thermocouple/millivolt module and
explains how the SLC controller gathers thermocouple or millivolt
initiated analog input from the module. This chapter includes:

e General Description

e System Overview

The thermocouple/mV module receives and stores digitally converted
thermocouple and/or millivolt (mV) analog data into its image table
for retrieval by all fixed and modular SLC 500 processors. The module
supports connections from any combination of up to four
thermocouple or mV analog sensors.

The following tables define thermocouple types and their associated
full scale temperature ranges and also list the millivolt analog input
signal ranges that each 1746-NT4 channel will support. To determine
the practical temperature range your thermocouple supports, refer to
the specifications in Appendix A.

Type °C Temperature Range °F Temperature Range
J -210° to 760° -346° to 1400°

K -270° to 1370° -454° 10 2498°

T -270° to 400° -454° 10 752°

B 300° to 1820° 572° t0 3308°

E -270° to 1000° -454° 10 1832°

R 0° to 1768° 32° to 3214°

S 0° to 1768° 32° to 3214°

N 0° to 1300° 32°t0 2372°

CJC Sensor | 0° to 85° 32° to 185°
Millivolt Input Type Range

+50 mV -50 mV dc to +50 mV dc
+100 mV -100 mV dc to +100 mV dc

Each input channel is individually configurable for a specific input
device and provides open-circuit, over-range, and under-range
detection and indication.
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1-2 Overview

Channel Status

Hardware Features

The thermocouple module fits into any single-slot, except the
processor slot (0), in either an SLC 500 modular system or an SLC 500
fixed system expansion chassis (1746-A2). It is a Class 1 module (uses
8 input words and 8 output words). It interfaces to thermocouple
types J, K, T, E, R, S, B, and N, and supports direct £50 mV and +100
mV analog input signals.

The module requires the use of Block Transfer in a remote
configuration.

The module contains a removable terminal block providing
connection for four thermocouple and/or analog input devices. There
are also two, cold-junction compensation (CJC) sensors used to
compensate for offset voltages introduced into the input signal as a
result of the cold-junction, i.e., where the thermocouple wires connect
to the module wiring terminal. There are no output channels on the
module. Module configuration is done via the user program. There are
no DIP switches.

Side Label

/

LEDs (Green) \‘IUL
[zl Door Label > /
CHANNEL £
Module S stats OO0 -2 i
odule Status MODULE STATUS [ iz mo
-
LED (Green) —] & —7 = £8
— [x]
=]
JR— c
Removabie A ) O Y|t :
Terminal Block SHELD =
CHLI+ =
SHIELD S
CHLI- =
SHIELD
CHL2+
CJC Sensors SHELD =
SHIELD
=
CJCB-
Cable Tie Slots ® R
Ny
O L] —1
I
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System Overview

Hardware Function

Channel Status LED Display operating and fault status of
Indicators channels 0, 1,2, and 3

Module Status LED Displays module operating and fault status
Side Label (Nameplate) Provides module information

Removable Terminal Block | Provides physical connection to input devices.
It is color coded green.

Door Label Permits easy terminal identification
Cable Tie Slots Secure and route wiring from module
Self-Locking Tabs Secure module in chassis slot

General Diagnostic Features

The thermocouple/mV module contains diagnostic features that can
help you identify the source of problems that may occur during
power-up or during normal channel operation. These power-up and
channel diagnostics are explained in chapter 7, Module Diagnostics
and Troubleshooting.

The thermocouple module communicates to the SLC 500 processor
through the parallel backplane interface and receives +5V dc and
+24V dc power from the SLC 500 power supply through the
backplane. No external power supply is required. You may install as
many thermocouple modules in your system as the power supply can
support.

SLC Processor Thermocouple Modules

/\

_0_/_/!_/_0_ [D\
e oo o |folfoo)a
28 /28 F5/58/ 8

:f.‘:'j —y !’

=7
0o
0000
0000
0000
00oo
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Each individual channel on the thermocouple module can receive
input signals from thermocouple sensors or mV analog input devices.
You configure each channel to accept either input. When configured
for thermocouple input types, the thermocouple module converts the
analog input voltages into cold-junction compensated and linearized,
digital temperature readings. The 1746-NT4 uses the National Bureau
of Standards (NBS) Monograph 125 and 161 based on IPTS-68 for
thermocouple linearization.

When configured for millivolt analog inputs, the module converts the
analog values directly into digital values. The module assumes that the
mV input signal is already linear.

System Operation

At power-up, the thermocouple module performs a check of its
internal circuits, memory, and basic functions. During this time the
module status LED remains off. If no faults are found during the
power-up diagnostics, the module status LED is turned on.

—_— Channel Data Word
Channel Status Word

| Thermocouple

—>
Thermocouple or mV Input Psrtgeiggr
Analog Signals ~ ____|  Module
Channel Configuration Word
—>

After power-up checks are complete, the thermocouple module waits
for valid channel configuration data from your SLC ladder logic
program (channel status LEDs off). After configuration data is written
to one or more channel configuration words and their channel enable
status bits are set, the channel status LEDs go on and the
thermocouple module continuously converts the thermocouple or
millivolt input to a value within the range you selected for the enabled
channels.

Each time a channel is read by the module, that data value is tested by
the module for a fault condition, i.e. open circuit, over range, and
under range. If such a condition is detected, a unique bit is set in the
channel status word and the channel status LED blinks.

The SLC processor reads the converted thermocouple or millivolt data
from the module at the end of the program scan, or when
commanded by the ladder program. The processor and thermocouple
module determine that the backplane data transfer was made without
error, and the data is used in your ladder program.
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Module Operation

The thermocouple module input circuitry consists of four differential
analog inputs multiplexed into a single analog-to-digital (A/D)
convertor. The mux circuitry also continuously samples the CJC A and
CJC B sensors and compensates for temperature changes at the cold
junction (terminal block). The figure on the following page shows a
block diagram for the analog input circuitry.

The A/D convertor reads the selected input signal and converts it to a
digital value. The multiplexer sequentially switches each input
channel to the module’s A/D convertor. Multiplexing provides an
economical means for a single A/D convertor to convert multiple
analog signals. However, it does affect the speed at which an input
signal can change and still be detected by the convertor.

Thermocouple Compatibility

The thermocouple module is fully compatible with all SLC 500 fixed
and modular controllers. It is compatible with all NBS MN-125
standard types J, K, T, E, R, S, and B thermocouple sensors and
extension wire; and with NBS MN-161, 14AWG, standard type N
thermocouple and extension wire. Refer to Appendix C for more
details.

The Series B (or higher) 1746-NT4 differential design allows for a
maximum channel-to-channel common-mode voltage
difference/separation of 2 volts. This means that if you are using an
NT4 with multiple grounded thermocouples with metallic sheaths or
exposed thermocouples with measuring junctions that make contact
with electrically conductive material, their ground potentials must be
within 2 volts. If this is not done, your temperature readings will be
inaccurate or the module could be damaged. If your grounded
thermocouple protective sheath is made of an electrically
non-conductive material such as ceramic, then the voltage separation
specification is not as important. Refer to Appendix D for an
explanation of grounded, ungrounded, and exposed thermocouples.

Use the analog common (ANALOG com) terminal for applications that
have multiple grounded thermocouples. This analog common
terminal must be jumpered to either the (+) or (-) terminal of any
active channel which is connected to a grounded thermocouple. See
Wiring Considerations on page 3-8 for complete information on the
use of the ANALOG com terminal.
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Input Circuit Block Diagram

Input Circuit Block Diagram

TerminalBlock = __ Module Circuitry  __ _ _ ___ ___________
e e | :
CJCA Sensor: Cg ! 4 :
1 ] Open Circuit !
! | Detection ‘
| : ? o :
Channel 0 ' : 4 :
: oo |
ungrounded \ !
thermocouple User-Selected
Filter Frequency
Channel 1 !
— 1
T e i 1
within ——grounded v Analog to . A
2V* — thermocouple ) ——  Digital Digital | — Digital
Multiplexer Convertor Filter  Value
Channel 2 |
[ |
e/ro— :
ithi ——grounded 1
V\gvgn — thermocouple v !
i Channel 3 :
-—|
*See Important note below «7 | ]
——grounded ‘ :
— thermocouple ‘ ]
user supplied /'Analg? 1 !
Jumper Common | 1
: < l 7 o] :
CJCB Sensor :Cg ! 4 :
. Chassis Ground !
" (internally connected) |

I gd  When using multiple grounded and/or exposed
thermocouples that are touching on electrically

conductive material with Series B or higher
1746-NT4, the ground potential between any two
channels cannot exceed 2 volts.
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