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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.

> D>

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

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.

ARCFLASH 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> >




Where to Start

You must complete the steps that are described in the following graphic to implement the RAPID Equipment Interface
Add-On Instruction. The tasks that are required to complete each step are listed in the respective chapters.

Unzip the RAPID Equipment

Interface OEM Toolkit.zip file

Chapter 1 - Install the RAPID Equipment Interface

Chapter 2 - RAPID Equipment Interface Data
Mapping

Chapter 3 - Test the Application
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Where to Start

Notes:
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Summary of Changes

This manual contains new and updated information as indicated in the

following table.
Topic Page
Updated the Download the Toolkit section N
Data mapping changes 18
Data mapping changes 20
Data mapping changes 30
Added FactoryTalk Analytics for Machines chapter 63
Updated RAPID_EM Status Tags table 73
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Summary of Changes

Notes:
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Preface

About This Publication

The beginning of each chapter contains the following information. Read these sections carefully before you begin work
in each chapter:

o Before You Begin - The chapters in this quick start do not have to be completed in the order in which they appear.
However, this section defines the minimum amount of preparation that is required before completing the current
chapter.

e What You Need - This section lists the tools that are required to complete the steps in the current chapter,
including, but not limited to, hardware and software.

o Follow These Steps - This section illustrates the steps in the current chapter and identifies the steps that are
required to complete the examples.

RAPID Equipment Interface Toolkit

This document is used with the RAPID Equipment Interface OEM Toolkit. You can access the toolkit at the Rockwell
Automation® Product Compatibility and Download Center (PCDC) that is available at:

http://compatibility.rockwellautomation.com/Pages/home.aspx

The toolkit includes the following:
¢ Implementation instructions, that is, this document
e Import files that contain the Equipment Interface Add-On Instruction and UDTs
e Example data mappings
e Interface Testing Tool, that is, a FactoryTalk® View Studio application
e Instructional videos

e Add-On Instruction/UDT documentation

IMPORTANT  Add-On Instruction and UDT definitions are already included in the 02_RungExports and 03_RoutineExports files, found in the
03_Examples folder. If you are using these example files to create your interface, the Add-On Instruction and UDT definitions
found in the 02_AppFiles folder is not needed.

RAPID Equipment Interface Recommendations

The most efficient way to complete the Add-On Instruction installation is to import the Equipment Interface Add-On
Instruction (AOI) and Data Mapping rungs provided with the toolkit. When the rung or routine import method is used,
the following are automatically created:

o Add-On Instruction definitions
e UDT definitions
e An instance of the Add-On Instruction

¢ Controller-scope tags
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Preface

Alternatively, you can import the Add-On Instruction and UDT definitions independently, and construct your own EI
routines, but only if you are familiar with the RAPID interface.

IMPORTANT  If the installation process results in a conflict, due to duplicate UDTs, Add-On Instructions, or associated tags, you must mediate
the conflict without changing the RAPID_EI data structure. Changes to this structure impact the ability of your machine to
communicate with the RAPID System supervisory controller when your equipment is integrated into a production line.

The RAPID_Interface_ AOl is protected so modifications are not possible. Do not modify the RAPID _Interface_ AOI.
Changes to this structure can result in unexpected equipment behavior, and make it difficult for the system integrator to
provide support during line integration and start-up.

Use of the RAPID Interface Equipment Mapping (RAPID_EM) data structure, included in the examples that are
provided, is optional. However, following these examples makes sure that you avoid data type mismatches with the

RAPID system.

If your existing equipment data tags are in the correct format, these tags can be mapped directly into the
RAPID_Interface_AOI instead of using the RAPID_EM tags. Such mapping is useful if MES data structures are in
place, or if the equipment was programmed by using Rockwell Automation® Power Programming (V4.x) or other
ISA-TR88.00.02 based templates.

IMPORTANT  Machine programs that are constructed by using Power Programming, version 4.2, or earlier, contain a UDT_Event, which serves
as the structure for the FirstOutFault tag. The RAPID_EI and RAPID_EM tag structures contain a UDT with the same name.
Overwriting the existing UDT_Event structure with the RAPID UDT_Event structure is typically okay as the new definition adds a
tag element and does not modify or remove any existing elements. It must be verified that the addition of the category element
to the UDT_Event data structure does not adversely affect the existing program or systems that communicate with it.
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Preface

Disclaimer

Individuals who use this information are responsible for determining that the Rapid Interface Program is acceptable for
use in their application. Rockwell Automation, Inc. is not responsible for damages that can result from the use of this
information. The illustrations, charts, and examples that are shown in this document are intended solely to clarify the
functions of Rockwell Automation products and the RAPID application. We offer options for interfacing with the
RAPID application. The requirements that are associated with a specific installation vary, and Rockwell Automation,
Inc. cannot assume responsibility or liability for any given application.

No patent liability is assumed by Rockwell Automation, Inc. with respect to use of this information.

Download the Toolkit

Complete these steps to download the latest version of the RAPID OEM Toolkit.

1. Go to the Rockwell Automation Product Compatibility and Download Center
(http://www.rockwellautomation.com/rockwellautomation/support/pede.page).

2. Click Find Downloads.

Figure 1-The Rockwell Automation Product Compatibility and Download Center
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Preface

The Find Product Downloads page appears. See Figure 2.
3. In the Product Search field, type RAPID and select the RAPID Equipment Interface Toolkit in the latest version.

Figure 2 - Find Product Downloads Page
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The Downloads page for the selected product appears. See Figure 3.
4. Click Select Files to choose the files for your Download Cart.

Figure 3 - Downloads Page
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Preface

The Available Downloads page appears. See Figure 4.
5. Click Download Software Updates.

Figure 4 - Available Downloads Page

Available Downloads

Product Selected: RAPID Equipment Interface
Product Version: 4.00.00
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CLOSE

The Download Cart page appears. See Figure 5.
6. Select the RAPID Equipment Interface Toolkit.

Figure 5 - Download Cart Page
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Additional Resources

These documents contain additional information concerning related products from Rockwell Automation.

Resource Description

Industrial Automation Wiring and Grounding Guidelines, publication 1770-4.1 Provides general guidelines for installing a Rockwell Automation industrial system.
Product Certifications website, Provides declarations of conformity, certificates, and other certification details.
http://www.rockwellautomation.com/global/certification/overview.page

You can view or download publications at

http://www.rockwellautomation.com/global/literature-library/overview.page. To order paper copies of technical

documentation, contact your local Allen-Bradley distributor or Rockwell Automation sales representative.

This document is intended for use by Original Equipment Manufacturers (OEMs) who are preparing their equipment
for integration into a production line that employs the RAPID Line Integration™ System, version 4.x. It explains how to
incorporate the RAPID_Interface_AOI into an existing equipment control program by using RSLogix 5000° software.

System integrators can also use this document to add RAPID Equipment Interfaces to existing equipment in a
manufacturing facility in which they plan to deploy a RAPID system.

To use this document effectively, the implementer must be proficient at programming with RSLogix 5000 software,
including the development and use of User Defined Data Types (UDTs) and Add-On Instructions (AOIs). They must
also have a thorough understanding of the control program and associated equipment functions, for the target
equipment.
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Chapter 1

Install the RAPID Equipment Interface

This chapter describes how to install the RAPID EI, and associated UDT data structures, into your control program.

Topic Page
Before You Begin 15
Import the RAPID Equipment Interface Add-On Instruction 16
Verify There Are No Conflicts 17

By using this chapter, you complete the following tasks:

e Import the Add-On Instruction definition.
e Import the associated UDT definitions (RAPID_EI UDT and RAPID_EM UDT).

e Map tags to the interface Add-On Instruction for communication between the RAPID supervisor and the
RAPID Equipment Interface.

e Map tags to the interface Add-On Instruction for communication between the RAPID Equipment Interface and
the RAPID Equipment Mapping.

You can complete the tasks that are described in this chapter manually. We recommend that you import the files that are
provided in folder 02_AppFiles. If you use the base Add-On Instruction and UDT definition L5X files, additional work
is required to enter the tag references on the Add-On Instruction. The example files include the mapping UDTs.

Before You Begin

Before you import the RAPID_Interface_ AOI, verify that the target program does not have UDT or Add-On

Instruction definitions that conflict with definitions being imported.

The following graphic shows the UDT and Add-On Instruction definitions that are imported.

- -5 Data Types
=-&5) User-Defined
..... UDT_Event

e - Strings

..... UDT_PML_Commands
..... UDT_PML_States

..... UDT_RAPID_EI

..... UDT_RAPID_E1_Cmd
..... UDT_RAPID_EI Sts

..... UDT_RAPID_EM

..... UDT_RAPID_EM_Cmd
..... UDT_RAPID_EM_Sts
----- UDT_UserVariables

=5, Add-On-Defined
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Chapter1 Install the RAPID Equipment Interface

IMPORTANT  Allinstructions included in the import files are compatible with ControlLogix® applications using RSLogix 5000° software
version, 16 or later. However, if you are using a ControlLogix application with RSLogix 5000 software, version 20 or later, with
Add-On Instructions that were created with RSLogix 5000 software, version 19 or earlier, the Add-On Instructions must be

unsigned, imported, and then re-signed.

You can complete the tasks in this chapter manually. However, we recommend that you import the files in the

02_AppFiles folder of the toolkit.

Import the RAPID Equipment Interface Add-On Instruction

Complete the following steps.

1. In your program logic, right-click a rung and choose Import Rungs.

E b w| ek

& CutRung Crl+X
Cepy Rung Ctrl+C

End) Paste Ctrl+V

Delete Rung Del

Add Rung Ctrl+R

Edit Rung Enter
B +D

| Rungs... s

2. Navigate to the desired L5X file and click Import.

Recent Places Erface_ AL with_RAPID_EM_UDT_V19.L5%

135 AM Logix Des

{i Import Rungs LJ&
Lok in . 02_RungExports - g ¥ e -
= Name = Date modified Type
che Interface_AQLwith 10/1/2013 3:12 PM Logix Des

{5 Interface AOL with_RAPID EM_UDT V20.L5X 5/8/201310:6 AM _ Logix Des

Files af tppe: RSLogix 5000 XML Files (*.L5X)
Filez containing: |—| Rungs

Inte: R99_RaPID (MainFrogram)

[] Dwerenite Selected Rungs

! DataMappingExample.l5X - 10:39 AM Logix Des
Desktop Interface_DataMappingExample_w_DefectExample.l5X 9/19/201312:23PM  Logix Des
w=all
Libraries
A
Computer
@v " 11 [ |
Fom= Interface_AO|_with_RAPID_EM_UDT_V20.L5X >
Metwork A
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Install the RAPID Equipment Interface ~ Chapter 1

The Import Configuration dialog box appears.

i Import Configuration ===
£ 5 Find - B % [FndMeplace. | |
Find Within: Final Name [
Imnpert Content: l
| = | Cenfigure Rung Properties |
Imported Rungs: 2
Dperation Creats v | aftes last Rung
i) References il be imported as
3 1} Add-On Instuctior: Y configured in the References folders
On [ Data Types
8 EnorsAwamings Routine Properties
Mame: R33_RAPID
Desciiption:
Type: ] Ladder Diagram

InPriogram: (B MainProgiam

[ ok Cancel | [ Hep

Ready

3. Complete the steps that are described in the Verify There Are No Conflicts section.

Verify There Are No Conflicts

Before you click OK to complete the import, verify that there are no conflicting tags, data types, or Add-On Instructions,
and consider the following:

o Ifall of these sections have an operation of Create, there are no conflicts.

o If there are any items that have an operation of Use Existing, you must verify that there is not a conflict or that
setting the operation to Overwrite does not cause a problem with any existing tags or programming.

After the import operation is complete, the UDTs in the target program must match the RAPID definition of all
UDTs or communications are impacted.

Import Name perston|_y | Final Name
| RaPID_EI [ |ceae RAPID_EI
2 o=t Create RAPID_EM
Rapid_Interface Create /3 | Repid_Intertace
TN
Import Name Operation Final Name & | 5] Revisi] Revision Note | Description
RAPID_Interface, Create RAPID_Inteiface_A0I «/[v30 |- CommsLos...
N~——
»
Lo - e N p—
[J90-RAPID (Rungs) | 00T Event 7 [Ceae \_ |2 [UDT_Event -]
B Tags UDT_PML_Commands [ [ceae \ |2 [ uDT_PML_Commands B
2 Dn InsTm UDT_PML_States Create ) | UDT_PML_States ]
= Create ) |UDT_RAPID_EI B
s/ Wamning UDT_RAPID_EI_C; Create ) |UDT_RAPID_EI_Cmd ]
UDT_RAPID_EI_Sts Create ) | UDT_RAPID_EI_Sts ]
|__|upT_RepID_EM Create ) | UDT_RAPID_EM -
UDT_RAPID_EM_Crd \  |Create /|3 |upT_RaPD_EM_Cmd || RAPID: Equipn)
UDT_RAPID_EM_Sts \ |Create /|2 |uoT_RariD_gM_sts ==+|| RAPID: Equipn
|| UDT_Useivariables Create // ) | UDT_UseiVariables =

Click OK to complete the import.
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Chapter1 Install the RAPID Equipment Interface

When the import process is complete, the rung shown is added to your program. The tags are mapped to the Add-On
Instruction as shown.

HAPID_Interface_AOH These UDTs contain data structures that are used to
=i / communicate between the RAPID_Interface_AOl and
RAPID_Interface_ADI RAPID _Interface |Z| = the RAPID Supervisory controller.
Cfg_TestModeEnable The supervisor handles the MSG Read/Write
Ref RAPIDCommands RAPID_El.Cmd - communication.
Ref_RAPIDStatus RAPID ElSts
Ref_SM_Cfg SM.Cfg -~ Use the Smart Machine tags with FactoryTalk® Analytics
Ref SM_Sts S Sis for Machines.
Out_StateCommand RAPID_EM.Cmd.StateCmdint -
0 RAPID_EM.Cmd connects RAPID command data from
Out_StateCommandBool RAPID_EM.Cmd.StateCmdBool = the RAPID_Interface_AOI to the equipment.
Out_EguipmentMame RAPID_EM.Cmd.Name
COut_LineMame RAPID_EM.Cmd.LineName
Out_Recipe RAPID_EM.Cmd.Recipe
1
Out_ResetCounters RAPID_EM.Cmd. ResetCounters
0E
Out_SpeedSP RAPID_EM.Cmd.SpeedSetPoint
12 Ei 3
KL Esramiaos HEDE) BN Mode RAPID_EM.Sts connects equipment status data to the
| P RAPID_Interface_A0L.
Inp_CurrentMedeName RAPID_EM.Sts. ModeName
Inp_CurrentState RAPID_EM. Stz State
K 3
Inp_CurrentStateBool RAPID_EM Stz StateBool
Inp_CurrentStateName RAPID_EM. Stz StateName
Inp_RecipeName RAPID_EM.Sts.RecipeMame
Inp_ProducingModeEnableff  RAPID_EM.St=.ProducingMode
1¢
Inp_Egquipmentactualspee RAPID_EM. Stz CurrentSpeed
0¥
Inp_RAPIDContrelEnabled |RAPID_EM.Sts LineControlEnabled
1¢
Inp_FirstOutFault RAPID_EM. Stz FirstOutFaulkEvent
Inp_TotalCount RAPID_EM.St=. TotalCount
K 3
Inp_GoodCount RAPID_EM.5t=.GoodCount Blocked and Starved Conditions are DINT (bits 1to 15 =
0 lanes):
Inp_CensumedUnitRatio RAPID_EM.Sts.UnitRatio + LanesBlocked.1 = represents lane 1 blocked
1.0¢ condition
Inp_Res=setDone RAPID_EM.St= RezetDone « LanesStarved.1 represents lane 1 starved condition
0F
Inp_BlockedSts_Lanes RAPID_EM.Stz. LanesBlocked ‘
K 3
Inp_StarvedStz Lanes RAPID_EM. Stz LanesStarved ‘/
0F

The RAPID_Interface_ AOI is installed. The data structures are created and mapped to the Add-On Instruction.
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Chapter 2

RAPID Equipment Interface Data Mapping

This chapter describes how to map equipment data to the RAPID_EM data structure.

Topic Page
Data Mapping for RAPID Line Performance 20
Data Mapping for RAPID Line Control 30
RAPID Equipment Interface with ISA-TR88.00.02 (PackML) 33

By using this chapter, you complete the following tasks:

e Find or establish the required data elements in your equipment control program.

e Map these data elements to the RAPID_EM data structure.
You can complete data mapping by using the sample code import files that are provided in folder 02_AppFiles or by
creating your own custom code. Regardless of whether you start with our sample code or create your own code, you must

follow the RAPID data mapping instructions that are described in this chapter.

If the target equipment program was programmed per ISA-TR88.00.02 / PackML, note the information that is provided
on page 33 regarding an alternative implementation method for the equipment interface for PackML based programs.

For more information on the data structure, see Appendix A, RAPID_EM Data Structure on page 67.
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Chapter 2

RAPID Equipment Interface Data Mapping

Data Mapping for RAPID Line Performance

Add-On Instruction Tag Mapping Requirements for RAPID Line Performance Functions

The following graphic shows the minimum tag mapping requirements for equipment that is installed in a production
line with a RAPID Line Performance system.

RAPID_Interface_A01
Cfg_TestModeEnable
Ref RAPIDCommands
Ref_RAPIDStatus

Ref SM_Cfg

Ref SM_St=s
Out_StateCommand

COut_StateCommandBool
COut_EquipmentMame
Out_LineName
Out_Recipe
Out_ReszetCounters
Qut_SpeedSP

Inp_CurrentMode

Inp_CurrentModeName
Inp_CurrentState

Inp_CurrentStateBool
Inp_CurrentStateMame
Inp_RecipeMame

RAPID_Interface_ A0k

RAPID_Interface [L..]
e
EFD_Eicmal |
RAPID ElLSts
SH.Cig

5 sts| ]
RAPID_EM.Cmd.StateCmdint
ne
RAPID_EM.Cmd.StateCmdBool
RAPID_EM.Cmd.Mame
RAPID_EWM.Cmd.LineMName
RAPID_EM.Cmd.Recipe

1€
RAPID_EM.Cmd.ResetCounters
Ne
RAPID_EM.Cmd.SpeedSetPoint
1266 ¢

RAFID EM.Sts.Mode |

1%
RAPID_EW.Stz.ModeMame

RAPID EW.Sts State |,

0+

[ RAPID EM.StsStateBool |

Inp_ProducingModeEnabled | RAPID EM.Sts Producinghode |
Inp_EgquipmentactualSpeed | BAPID Er.1.5ts.turrent5geed|
0&

Inp_RAPIDContrelEnabled RAPID_EM.Sts LineControlEnabled

RAPID_EM.St=. StateMame
RAPID_EM.St=. RecipeMame

1&

1

Inp_FirstOutFault
Inp_TotalCount

RAPID EW.Sts FirstOutFaultEvent
RAPID_EM.St= TotalCount

Inp_GoodCount |

Inp_ConzumedUnitRatic |

Inp_RezetDone

Inp_BlockedSts_Lanes |

Inp_StarvedSts_Lanes |

[ &

RAPID EW.Sts.GoodCount
0+

RAPID_EM.Sts UnitRatio
1.0¢

RAPID_EM.St=. ResetDone

i

RAPID EM.Sts.LanesBlocked
0e

RAPID_EM.Sts. LanesStarved
0&

NN

N

I

These tags are for supervisory communications.
RAPID_EI.Cmd

RAPID_EI.Sts

The supervisor handles the MSG Read/Write communication.

Use the Smart Machine tags with FactoryTalk® Analytics for
Machines.

Mode (DINT)
Production =1
Non-Production > 1

Use one of these tags to indicate the current equipment state.
State (DINT)

StateBool (BOOL Structure)

The ISA88-TR88.00.02 Report (PackML) defines the states.

ProducingMode: (BOOL) = 1 when in equipment is producing

CurrentSpeed: (REAL) Actual Production Rate (parts per minute)

FirstOutFault.Trigger: (BOOL) On for entire Downtime event
FirstOutFault.Message: (String) Fault Message text
FirstOutFault.ID: (DINT) Used only if Message not available
FirstOutfault.Category: (DINT) Defined by RAPID End User

N\

Total Count: Equipment Infeed Count. (Consumed)
Good Count: Equipment Discharge Count (Processed)
« Unit Ratio: Unit of Measure ratio of total to good.
See further clarification on the following pages.

Blocked and Starved Conditions are DINT (bits 1to 15 = lanes):
« LanesBlocked.1 = represents lane 1 blocked condition
« LanesStarved.1 represents lane 1 starved condition

20
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Data Mapping Logic Requirements for RAPID Line Performance Functions

The following sections contain examples of how data, including part counts, can be mapped from the existing equipment
control system tags into the RAPID_EM structure. The RAPID_EM data mapping is highlighted in green in the
following examples. These code examples are provided as rung and routine .L5X files that can be imported directly into
your existing equipment control program:

e DPart Counting - Total and Good Parts Counts Provided

e Part Counting - Total Parts Are Calculated

o Dart Counting - Unit Ratio (Inp_ConsumedUnitRatio)

e Blocked and Starved Conditions (Inp_BlockedStatus_Lanes.xx, Inp_StarvedStatus_Lanes.xx

o Equipment Mode Status (Inp_CurrentMode, Inp_CurrentModeName)

e Equipment State Status ( Inp_CurrentState, Inp CurrentStateBool)

o First Out Fault Status (Inp_FirstOutFault)

o Current Speed Status (Inp_EquipmentActualSpeed)

In these examples, part counts are described by using the terms that are commonly associated with OEE and Machine
Performance applications, and ISA-TR88.00.02 / PackML standards. The RAPID Equipment Interface requires that
Total Counts and Good Counts be mapped to the EM data structure. If they are provided by using the PackML (ISA-
TR88.00.02) data mapping method, it is important to make sure that the part counts adhere to the rules associated with
the use of the inp_ConsumedUnitRatio value as detailed here, which is NOT included in PackML.

Also, a Unit Ratio value that indicates the ratio of Total Parts to Good Parts must be provided. As an example, Bottles per
Case, which can vary by each SKU produced on a machine. It is understood that on some equipment, Total or Good can
be calculated by adding or subtracting a bad part count to the part count that is provided.

The calculation could be Total - Bad = Good or Good + Bad = Total; however the unit ratio must be factored into this
math.

RAPID/Overall Effectiveness ISA-TR88.00.02 / PackML Terms Measured At Example: Cartoner Making Twelve
(OEE) Terms Packs

Total Parts Consumed Parts Infeed (ans

Good Parts Processed Parts Discharge (artons

Unit Ratio — SKU-based Value =12

When Total and Good parts are natively provided by the equipment sensors, the counter values can be free running and
rollover at any value. RAPID only considers positive incremental count values as valid counts as a means of letting a
rollover to occur without disrupting the part count accumulation over the course of long production runs.

When a good or total count must be calculated, give this need special consideration. The calculation becomes invalid if a
part count that is used in the calculation rolls over at another time than the other part count used in the calculation. The
location of the part count (infeed/discharge) also has to be considered closely so that the Good and Total parts are
reported with the proper Unit Ratio as shown in the previous table.
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The Unit Ratio, that is, tag Inp_ConsumedUnitRatio, must accurately represent the following:
e The Ratio of Infeed parts to Discharge parts
o The Ratio of the Inp_TotalParts unit of measure to the Inp_GoodParts unit of measure

You must follow both rules regardless of where parts counts are taken.

Part Counting - Total and Good Parts Counts Provided

IMPORTANT  This example shows the preferred method for counting the native parts.

The following graphics show the locations, that is, the labeler station and pack stations, where parts are typically counted
on most equipment.

Use these counting locations to make sure that all losses within the confines of the equipment unit are accounted for.
This method is also the simplest to implement. The Unit Ratio is provided so the supervisory system can properly count
the Bad (Defective) part count, and so part quantities are tracked properly through the entire line.

Consumed (total) count Processed (good) count
location (preferred) location (preferred)

Unit Ratio = (1) Quantity of consumed parts that are required to make one processed part.

Product Flow

Consumed (total) count Processed (good) count
location (preferred) location (preferred)

Unit Ratio = (6) Quantity of consumed parts that are required to make one processed part.
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In the following code example, a part is counted by using an ADD instruction each time the photo-eye transitions from
off to on. Additional logic can be required if all photo-eye off to on transitions cannot be trusted to be a new part. For
example, de-bounce logic can be required. In general, the part countinglogic is relatively simple when using the preferred

counting method.

Simple Part Counts & Unit Ratio Status

Mo

Eguipment_InfeedPartCount_PE  Wrk_TotalPartCount_ons

as

1 F = NS

Egquipment_DischargePartCount_PE  Wrk_GoodPartCount_ons

-ADD
Add —
Source A Wrk_TotalPartCount
6103 &
Source B 1

Dest Wrk_TotalPartCount

6103 &

A0

1 F e L]

Add
Source A Wrk_GoodPartCount

6100 &

Source B 1

Dest Wrk_GoodPartCount

6100 &

Total Preduct Count
(Consumed at Infeed)
MO

WMove
Source Wrk_TotalPartCount

F=Z T

Desl RAPID_EM.Sts.TetalCount

=2k

I

Good Product Count
(Processed at
Discharge)

MOV
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Part Counting - Total Parts Are Calculated

IMPORTANT  This example shows an optional method for counting native parts.

When a machine has only one counter at its discharge and bad parts are counted at a downstream inspection/reject
device, Total parts count must be calculated based on the discharge count and unit ratio value. The Good parts count

must be calculated by using the following formula:

Total Parts = (Discharge sensor counts * Unit Ratio)

— Unit of Measure is Bottles (Reported as if the count was measured at the infeed.)

Bad Parts = (Discharge sensor counts * Unit Ratio)

— Unit of Measure is Bottles

Good Parts = (Total Parts - Bad Parts) / Unit Ratio)

— Unit of Measure is Cases

IMPORTANT It can appear in this calculation that the unit ratio is not necessary. If it is not used, the result is a unit ratio that is not
consistent with the first unit ratio rule that is described in section Part Counting - Total and Good Parts Counts Provided.

/’

This sensor/device is counting the
parts that this machine has processed.
Because anomalies are being counted
downstream, this count is used to
calculate the Inp_TotalParts value.

This sensor/device is counting
anomalies that are produced by the
pack station that is used to calculate
and populate the Inp_GoodParts
value. See the following example for
how to map this tag value.

IMPORTANT: Rollover of all counter values that are used in a calculation have to be
synchronized so the mathematical difference between their absolute values remains valid.

In the following code example, the Total part count increments by the amount of the Unit Ratio by using the compute
(CPT) instruction. In this example, the case packer is discharging 6 bottles for every case that is counted.
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This example also shows how to make sure that a rollover of a part counter does not cause the calculation to become
invalid. This logic confirms that an invalid count value does not get through by checking that it is greater than the
previous value, unless it is a valid rollover as detected in the first rung.

The part counting logic becomes slightly more complicated when having to use calculations to determine the count
values. However, if logic such as what is shown in these examples is used, reliable part counts can be achieved.

Rollover Monitor

Synchronized Reset

Calculate Good Parts

LEQ- Wirk_ I_ons LE: MO! il MO
|—— Less Than or Eql (A<=B) {ons} Less Than (A<B) H— Hove Move —— Move —
Source A Wrk_TotalPartCount Source A Wrk_TotalPartCount Source Source Wrk_TotalPartCount Source Wrk_TotalPartCount
6103 ¢ 6103 ¢ 6103 B102 &
Source B 1 Source B 0 Dest Wrk_TotalPartCount Dest Wrk_DefectPartCount Dest  Wrk_GoodPartCount
8103 ¢ 3¢ 8100 &
Grir Than or Egl (A>=B)
Source A Wrk_TotalPartCount
6103 ¢
Source B 0
Good Product Count
Total Product Count (Processed at
(Consumed at Infeed) Discharge)
o o
[ Move [— Move —
(aICU|ate TOtal Parts Source ‘Wrk_TotalPartCount Source Wrk_TotalPartCount
6102 ¢
Dest RAPID_EM Sts TotalCount I Dest RAPID_EM Sts GoodCount
6102 ¢
(Consumed at Infeed)
Equipment_DischargePariCount_PE  Wrk_TetalPartCount_ons PT- RT MO
JE {ons] Compute H— Greater Than (a-8) Move —
Dest ‘Wrk_TotalPartCount Source A ‘Wrk_TotalPartCount Source Wrk_TotalPartCount
G102 & 6103 ¢ B102 &
Expression Wrk_TotalPartCount + RAPID_EM.Sts.UnitRatio Source B RAPID_EM.Sts.TotalCount Dest RAPID_EM.Sts TotalCount
6103 ¢ B102 &
Equipment_DefectPartCount_PE  Wrk_DefectPartCount_ons DD-
JE [ons} Add —
Source A Wrk_DefectPartCount
3¢
Source B 1
Test for Value Increment Dest Wik DefecPariCount
3¢
Gooed Product Count
(Processed at
Discharge)
—1— Subtract ——1— Greater Than (A=B) Move —
Source A Wrk_TotalPartCount Source A Wrk_GoodPartCount Source ‘Wrk_GoodPartCount
6103 ¢ 5100
Source B Wrk_DefectPartCount Source B RAPID_EM Sts GoodCount I Dest RAPID_EM Sts GoodCount
3¢ G100 &
Dest Wrk_GoodPartCount
8100 ¢
MNumber of Infeed
Parts Per Discharge
Part
Move —
Source

Equipment_Recips_UnitsPerCase
4

Dest

RAPID_EM Sts UnitRatio
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Part Counting - Unit Ratio (Inp_ConsumedUnitRatio)

The Unit Ratio is simply the quantity of Total parts (as measured or calculated at the equipment infeed) that is required
to make one Good part (as measured or calculated at the equipment discharge). For example, the number of bottles
needed per case, or the number of cases per pallet.

Most equipment control systems that group products in some manner have a tag that tells you the number of infeed
products that are required to create one discharged product. If this information is not available in the machine, it likely is
always one or it can be derived from the recipe number that is being sent to the equipment from the RAPID supervisor
or provided from another system.

For equipment such as a capper, labeler, or filler, the unit ratio is typically a value of 1. In this example, the quantity of
infeed parts (bottles/caps) is the same as the quantity of discharged parts.

Number of Infeed
Parts Per Discharge
Part
MOV
Mewve —
Scurce Eguipment_Recipe_UnitsPerCase

A sl

Dest I RAPID_EW . Sts UnitRatio

0

The Unit Ratio, that is, tag Inp_ConsumedUnitRatio, must accurately represent the following:
o The Ratio of Infeed parts to Discharge parts
o The Ratio of the Inp_TotalParts unit of measure to the Inp_GoodParts unit of measure

You must follow both rules regardless of where parts counts are taken.
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Blocked and Starved Conditions (Inp_BlockedStatus_Lanes.xx, Inp_StarvedStatus_Lanes.xx

This example shows simple logic to detect in-feed starved and discharge blocked conditions. Additional logic can be
required if the machine uses multiple in-feed or discharge lanes.

[N apP ]—
Equipment_DischargeBlocked_PE TON
JF Timer On Delay EN
Timer Wrk_DischargeBlocked_Timer
Preszet 2000 Db —
Accum 0

Product / Material
Infeed Lanes Blocked

Wrk_DischargeBlocked_Timer.DN RAPID_EM.Sts. Lane=Blocked. 1
e
e
Equipment_InfeedPrimed_PE TON:
J'E Timer On Delay -CEN

Timer Wrk_InfeedStarved_Timer
Prezet 2000 & DN»—
Accum 0

Product / Material
Discharge Lanes

Starved
Wrk_InfeedStarved_Timer. DN RAPID_EM Sts LanesStarved. 1
EE
B

Equipment Mode Status (Inp_CurrentMode, Inp_CurrentModeName)

As a minimum, RAPID Ready machines must report when they are in production mode (value=1), and when they are
not. The following example uses the Auto_Mode tag from the existing program to initiate the value for Mode,
ModeName, and ProducingMode. If more modes are available in the existing equipment control program, these values
can also be reported to the RAPID System by using the values that are shown in Appendix A.

{MoP
Name of Current Current Mode is a
Current Mode Mode Production Mode
Equipment_Auto_Mode TO- COP- RAPID_EW.Sts ProducingMode
] | Nove Copy File H | |
Source 1 Source Ismmm.mmm_ -
Cest RAPID_EM.Sts.ModeName
Desl RAPID_EW.Sts. Mode ] Length T
T
MName of Current Current Mode is a
Current Mode Idode Production Mode
Equipment_&uto_Mode MO COP RAPID_EW.Sts Producingiode
J'F Move Copy File | e
Source 4 Source i = L
Dest I RAPID_EWM.Stz.ModeName
Desl RAPID_EM.Sts Mode Length T
T
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Equipment State Status (Inp_CurrentState, Inp_CurrentStateBool)

Equipment state can be reported by using either StateBool or State (DINT) tags. In this example, the Boolean structure
is active, so the DINT value is set to zero. All unused Boolean tags must be set to zero. Also included in this program are
permissives to make sure that only one machine state is reported at a time. These permissives prioritize the faulted state as
the highest and the running state as the lowest, to make sure that the reporting is accurate.

Current Machine

Equipment_Faulted I RAPID_EW.Sts. StateBool.Aborted I
1E

J L

Current Machineg

Equipment_Stn;Iped Equipment_Faulted I RAPID_EM.Sts.StateBool. Stopped I
JE ]

Jr

Current Machine

Equipment_|dle| Egquipment_Stopped Egquipment_Fauted I RAPID_EM .Stz StateBool ldle I
1E

J E e f—

Current Machine

Equipment_Sugpended Equipment_ldle  Equipment_Stopped  Equipment_Faulted I RAPID_EM.Sts StateBool Suspended I
C
L

— e e e ] P

vy

Current Machine

Equipment_Rurning  Equipment_Suspended Eguipment_ldle Eguipment_Stopped  Eguipment_Faulted I RAPID_EW. Stz StateBool Executing I
1E m—
10

| — e P

o 115 2§ 1)

Current Machine Current Machine

RAPID_EM. Stz StateBool Stopping  RAPID_EM.Sts StateBool Starting

= =

Current Machine Current Machine Current Machine Current Machine Current Machine

RAPID_EM Sts. StateBool Aborting  RAPID_EM.Sts. StateBoolHolding  RAPID_EW . Sts StateBoolHeld RAPID_EM Sts StateBoolUnHelding  RAPID_EM Sts StateBool Suspending
. . . U, .

Current Machine

RAPID_EM.Sts.StateBoolUnSuspending I

12

Current Machine
State (PackML
format)
MO
Wove —f
Source 0

Dest RAPID_EM.Sts State

Sts.State (DINT) takes precedence over
Sts.StateBool if Sts.State is nonzero.
Sts.State must = 0 for Sts.StateBool to
function as shown here.
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First Qut Fault Status (Inp_FirstOutFault)

In this example, we show how to manipulate the FirstOutFaultEvent Message, ID, Category, and Trigger. To avoid an
unknown fault in the RAPID Performance Management system, the Message and/or ID value must be present before
the Trigger bit is turned on. A good option to consider is to add a permissive that requires one of these values to be
present, before turning on the trigger bit.

IMPORTANT Do not use dashes in fault message strings. The dash character is viewed as a delimiter by RAPID, and can cause the event strings
to be truncated.

Messages are preferable to IDs in RAPID. The equipment/machine programmer defines the Fault ID and Message
values. If the programmer uses an ID instead of a message, a cross-reference list of IDs and corresponding messages must
be provided to the RAPID system integrator, before RAPID installation. Create this cross-reference list in electronic
format.

Fault categories 1...10 are assigned during RAPID installation. In addition to the example code, it can be necessary to
map values from the equipment program into the Fault Category, FaultCodeText, and/or FaultCodelID. This is expected
when these values are not already provided within the existing equipment control program. If no category number is
provided with the fault event, then the event is categorized as NC or General Fault. Detailed and accurate reporting of
faults makes it easier to determine the root cause of machine and line level downtime, by using RAPID reports and data.

IMPORTANT A RAPID system integrator or end user assigns the categories.

The following graphic shows programming code that is used with this example.

Initial Cause of Initial Cause of Initial Cause of
Fault Captured Fault Captured Fault Captured
Egquipment_Faulted OF- MO MO
. 1 F Copy File ——— Move ——— Move T
5 y = Source Equipment_FaultCategory Source Equipment_FaultCodelD
Baq RAPID_EM Sts FirstOutFaultEvent M I shel
Lerm Dei RAPID_EM.Sts.FirstOutFaultEvent.Category Destl RAPID_EMW.Sts.FirstOutFaultEvent.ID

Initial Cause of

I RAPID_EM.Sts FirstOutFauttEvent. Trigger I
T

Intial Cause of Initial Cause of Intial Cause of
Fault Captured Fault Captured Fault Captured
Equipment_Faulted OF- MO MO
3 E Copy File ——— Move ——— Move —
o Source 1] Source 1]
Dai RAPID_EM.Sts. FirstOutFauttEvent. M I
L Des{ RAPID_EM.Sts FirstOutFaultEvent. Category Dei RAPID_EM.Sts FirstOutFautEvent.ID I

Initial Cause of

RAPID_EM Sts FirstOutFaultEvent Trigoer I
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Current Speed Status (Inp_EquipmentActualSpeed)

The equipment speed status is typically derived from a main drive actual speed parameter, or a virtual master axis
velocity. Always report this value in parts or units per minute at the discharge of the equipment. The following graphic

shows programming code that is used with this example.

Actual Running
Speed
MO

Move

Data Mapping for RAPID Line Control

Seurce Egquipment_CurrentSpeed_PPM

Dest RAPID_EM.Sts CurrentSpeed

| == |

Add-On Instruction Tag Mapping Requirements for RAPID Line Control Functions

The following graphic shows the minimum required tag mapping for Line Control functionality.

RAPID_Interface_AOk

RAPID_Interface_A0l

RAPID_Interface ||

Cfg_TestModeEnable D&
Ref RAPIDCommands rrEPD e &
Ref RAPIDStatus | RAPID ElSts
Ref SM_Cfg SM.Cfg
Ref SM_Sts SM.Sis ol
Out_StateCommand RAPID_EM.Cmd.StateCmdint

o ]
COut_StateCommandBool RAPID_EM.Cmd.StateCmdBool
Out_EguipmentMame RAPID_EM.Cmd.Name
Out_LineMame RAPID_EM.Cmd.LineName
Out_Recipe RAPID_EM.Cmd.Recipe

Out_ReszetCounters

12.66

Inp_Currentiode |

Inp_CurrentModeName

Inp_CurrentStateBool | RAPID EM.Sts.StateBool |

Inp_CurrentStateName RAPID_EM.Sts StateName
Inp_RecipeName RAPID_EM.St=.RecipeName

1 &
Inp_Equipment&ctualSpeed | RAPID Er.1.5ts.Current5peed|‘

1%

Inp_FirstOutFault RAPID_EM Stz FirstOutFaulkEvent

Inp_TotalCount RAPID_EN.Sts.TotalCount
0+

Inp_GoodCount RAPID_EM Stz GoodCount
0&

Inp_ConzumedUnitRatio RAPID_EM.St=. UnitRatio
1.0%

Inp_ResetDone RAPID_EMN.St=.ResetDone
0+

RAPID EM.Sts LanesBlocked
0+

Inp_StarvedSts_Lanes |RAPID EM.Sts LanesStarved |

0e

Inp_BlockedSts_Lanes

Y

These tags are for supervisory communications.
RAPID_EI.Cmd
RAPID_EI.Sts
The supervisor handles the MSG Read/Write communication.
Use the Smart Machine tags with FactoryTalk Analytics for
Machines.

Use one of these tags to indicate to the current equipment the
desired machine state:

StateCmdBool (DINT)

StateCmdBool (BOOL Structure)

The ISA88-TR88.00.02 Report (PackML): defines States.

Mode (DINT)

1% .
RAPID_EM.Cmd ResetCounters + Production=1

0e « Non-Production > 1

Out_SpeedSP RAPID_EM.Cmd.SpeedSetPoint
RAPD EM.Sts Mode| Use one of these tags to indicate the current equipment state.
1& - State (DINT)
RAPID_EM.Sts ModeName « StateBool (BOOL Structure)

Inp_CurrentState | RAPD EM.Sts State The ISA88-TR88.00.02 Report (PackML): defines States.

0+
Inp_ProducingModeEnabled  RAPID_EM Sts ProducingMode /C”"e"tSPM (REAL) Actual Production Rate (parts per minute)

0e LineControlEnabled: (BOOL) Indicates that the equipment lets
Inp_RAPIDControEnabled[ FAPD_EM.Sts LineControEnabled |A/f€m°t€<0mma"d5ff°mthe""efO"UOL

Blocked and Starved Conditions are DINT (bits 1 to 15 = lanes):
LanesBlocked.1 = represents lane 1 blocked condition
LanesStarved.1 represents lane 1 starved condition
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Data Mapping Logic for Line Control Functions

The following examples show how data, including part counts, can be mapped from the existing equipment control

system tags into the RAPID_EM structure. The RAPID_EM data mapping is highlighted in green in the following
examples. These code examples are provided as rung and routine .L5X files that can be imported directly into your

existing equipment control program.

IMPORTANT  This code is only an example. Your machine can require different interlocking to function properly. Power Programming, of
which samples from are shown in the section, is NOT required to implement the RAPID Equipment Interface.

Line Control Enable (Inp_RAPIDControlEnabled)

The RAPID Equipment Interface activates the state commands only if the RAPID_EM.Sts.LineControlEnabled
(Inp_RAPIDControlEabled) bit is turned on by the equipment program. This bit tells the RAPID Line Control system

that the machine is able to respond to Start, Stop, Suspend, or Unsuspend commands.

Line Control Enable (&llow RAPID Control)

NOP}—|
Equipment is
Current Machine Current Machine Current Machine Allowing Remote
State (Bool Format) State (Bool Format) State (Bool Format) Control
Equipment_Auto_Mode EQU- RAPID_EM Sts StateBool Starting RAPID_EM Sts StateBool Aberting  RAPID_EM Sts StateBool Aborted RAPID_EM Sts LineControlEnabled
B Equal JIE &/ B 3 E L
1€ Q" " 4 F Y JC c i
SHIREA Current Machine
e 2
Source B RAPID_EM.Sts Mode Siote {BooiFormat),
16 RAPID_EM Sts.StateBool Executing
9 E
Equipment is
Allowing Remote
Control
RAPID_EM Sts LineControlEnabled
B
4 €
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State Commands (Out_StateCommandBool - Boolean Format - or - Out_StateCommand - INT Format)

The equipment state command is used by the RAPID Line Control system to tell a machine to go from a running state to

a suspended state, from a suspended state to a running state, or to stop from any state.

The following example shows State Command Logic from programs that were constructed by using Power Programming

[REMOTE SUPERVESORY SUSPEND / UNSUSPEND CONDITIONS
Thass rungs manage ramote Suspend and Unsuspand commands panding state
State Command
(PackML Bool Format)
Wirk_ Susper Wik_| 4
AT 1)
‘Slate Command
PackML Bool Format]
_EM Cmgd L Uin! Wri_RemoteSuspendRequested Wit RemoteUnSuspendRequested
5 15 o L
PRODUCE CONDMONS
The Unit Condition Se4 Here i Used fo indicale If ALL Produce Conditions Have Been Mt
Produce Conditions indicate That There Are No Uaterial infeed Starvation Conditions, Hor Any Qutfeed Biockage Condiions.
Theses May Be Generated By Sensors Tied o the Local Maching, Or By Condiions Transferred By Machines From Upssream Or Downstream.
H Ay Produce Condition Is Lost Vihile the Maching is i the Execute State, Then a State Transiion is intiabed From the Execute Siate fo the:
1) Suspending Stale, i the Suspending State is Enaband
Z) Suspended State, H the Suspending Stale is Disabied
When ALL Produce Conditions Are Satisfied, Then a Staie Tranadion Is inkated From the Suspended State fo the:
1L g State, I the g Stale I8 Enabied
2) Execute State, i the UnSuspending Staie s Dsabled
Summany of sl
Primary Product Suspend Reguests
Discharge s Blocked ghven to Machine
RAPD_EM Sts Lane(15tared UMO1. UNCenditions AnySuspendRequested
3t
Primary Product
Infead i Blocied
RAPD_EM Sts Lane01Bkcked
3k
State Command
[PacklL Boed Farmat)
RAPID_EM Cmd. StateCmdBioal Suspend
Summary of al
UnSuspend Reguests
given io Maching
Wirk_UpsireamStarved  Wirk_Ds Wiirk_F UKD UKCondiions &ryUnSuspendiequested
= E Ik
: JE
Slate Command
(PackML Bood Farmat)
RAPD_EM.Cmd StateCmdBool UnSuspend  Wirk_RemoteSuspendRequested
JE E
STOP CONDIMORS
The Un& Condion Sat Herd i@ Ussd ta iade & Stals Tranalion of the Current Wisds Operation Procsdurs 1o ha:
1} Stepping Swate. I the Stopeng Siabe s Enabled
2} Stopped State, I the Stoppang Stete B Csabied
Fram Any of the Folowing States:
Reseting, idie, Startng, Execule, Moiding. Heid, Untalding, 3 U 9. Compieting
Summary of 1 Sog
Abas me to the [Requests given in
hardwired stop FB Ugching
np_Hardwired_Stop UNO1.UNCondtions SnyStopRequested
3 E
Stop buttan from
the HMI
Ured 1 WML St0p
1E
AN
State Command
(PackML Bool Format)
RAPD_EW.Cmd. StaieCrmdBool Siop
1E
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The following example rungs show how the logic in the example State Command Logic on page 32 ties to the state
model command interface of the machine.

State Command for the State Change from execute to Suspended
Reguest that
Summary of all current state
The Execute state Suspend Requests transition 1o
is active given to Machine Suspending
UNO1_MachineStatelModel Sts_Execute  UNO1 UNConditions AnySuspendRequested UNO1_MachineStateModel Cmd_Suspend
1 i
JC
State Command for the State Change from execute to Suspended
Request that
current state
The Suspended state transition to
is active. Execute
UNO1_MachineStateModel Sts_Suspended  Wrk_StarfWarningExpired UNO1_| L .Cmd_L
JE JE
STATE TRANSITION COMMAND
STOP
This Command is Triggered by the Unit Condition Indicating Any Stop Condition Is Present.
The Command Initiates in the PackML AOI for the Current Mode Operation Procedure to Transition From the FoBowing List of States
(Resetting, kdle, Starting, Execute, Holding, Hedd, UnHolding, ding, 5 ded, L fing, C leting, Or Complete), When Each Is Enabled, To:
1) The Stopping State, Iif Stopping is Enabled
2) The Stopped State, If Stopping is Disabled
The Aborting state The Aborted state The Stopping state The Stopped state The Clearing state
is active. is active. is active. is active. is active.
UNO1_MachineStateModel Sts_Aborting  UNO1_MachineStateModel Sts_Aborted  UNO1_MachineStateModel Sts_Stopping  UNO1_MachineStateModel. Sts_Stopped  UNO1_MachineStateModel.Sts_Clearing
o E = - - E - E
Reguest that
Summary of all Stop current state
Reguests given to transition to
Machine Stopping
UNO1.UNConditions.AnyStopRequested UNO1_MachineStateModel Cmd_Stop
L
1C

Remaining Tags Required for RAPID Line Control Functions

All other tags that are required for line control functionality have been explained in previous sections.

RAPID Equipment Interface with ISA-TR88.00.02 (PackML)

For equipment that has been programmed based on ISA-TR88.00.02 (PackML) there are two methods in which the
PackML data can be mapped into the equipment interface:

e DPacktags can be mapped to the RAPID_EM data structure as shown in Chapter 1 and Chapter 2.

e Packtags data elements can be mapped directly into the interface.

The RAPID application was designed around PackML terminology, state model, and data structures. Therefore, most
data elements can be mapped directly into the interface without any additional logic. When using this method, the
RAPID_EM data elements can be replaced directly with PackML tags. There are some data elements that RAPID
requires that are not available from the PackML data structure. You must map some data as shown in Chapter 1 and

Chapter 2.
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The following graphic shows how PackML data elements (PackTags) can be directly mapped to the equipment interface
Add-On Instruction without any additional mappinglogic. Some RAPID data elements are not provided by the
PackTags data structure so these tags must be mapped to other equipment data points as described in Chapter 1 and

Chapter 2.
RAPID Interface ADI
RAPID_Interface_AD RAPID Interface (L] [~ Sts_RAPIDControlActive —
Cfg_TesthModeEnsble 0%
Ref RAPIDCommands RAPID_EI.Cmd =5 St TesthModeEnabled 30—
Ref RAPIDStatus RAPID ElSts
Out_StateCommand PachL_Data. Command. CntrlCmd = Sts HeartbeatFault>—

For a complete definition of all data mapping tags, see Appendix A.

34

-

A ~ i~

Out_StateCommandBoo
Cut_EguipmentMdame
Cut_LineName

F's-:xML_D_ats.E:}rnmsn:l.Unithm:—
RAPID_EM.Cmd.LineName

Out_Recipe RAPID_EM.Cmd.Recipe
0
Cut_ResetCounters | PacklL_Data. Command. ResetPackMLTimes
K
Out_SpeedSP | PackhML_Data.Command. MachSpeed |
o<
Inp_Curmrenthode |F'acn:ML_Data.Statu&.Uniﬂ-J:}dECurrEﬂt \
I
Inp_CurrentMeodeMName | PackML Data. Status.UnithtedeCumentiame \
Inp_CurmrentState PackhL_[DCata. Status. StateCumrent
U t\
Inp_CurrentStateBool BAPID EN Sts StateBoo
Inp_CurrentStateMame PackML_DCata. Status StateCumrentMame
Inp_RecipeMame FEFID_ENM 5. HeC peEName
Inp_PreducingModeEnabled RAPID_EM.5ts.PreducingMode
0%
Inp_Equipmentictual Speed | PackhML_Dats. S5tatus CurbdachSpeed |
e
Inp_RARIDControlEnabled RAPID_EM.Sts.LineControlEnabled
o
Inp_FirstCutFault I FPackhiL Dats.Admin FirstOutFault
Ir;_TctsICCL.r'II PachL_Data Admin. ProdConsumedCount]0]). Count
e
Inp_GeoodCount | PackML_Dsata.Admin. Prod ProcessedCount[0].Count
T+
Inp_CensumedUnitRatic RAPID_EM.Sts.UnitRatic
00+
Inp_ResstDone | PackhML_Data. Status. ResetPadhMLTimesDone |
e
Inp_BlodkedSts_Lanel | PackhL_Data. Status. MaterialInterlodks. 1 |
Ue
Inp_BlockedSts_Lanel2 PackhL_Dats. Status. Materialinterlodks. 2
D&
Inp_BlockedSts_LaneD?3 PackhL_Dats. Status. Materialinterlodks. 3
ok
Inp_BlockedSts_Lanel4 PackhL_Data. Status Materialinterlocks. 4
ok
Inp_BlodkedSts_Lanels PackhL_Dats Status Materiallnterlocks. 5 /
0

Inp_5StarvedSts_Lanelt | PachL_Data. Status. MaterialIinterlocks. 16
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Chapter 2

Additional Resources

For more information on ISA-TR88.00.02 and PackML programming concepts, see the following:
¢ Industry Standards websites:

- http://www.omac.org/

— http://www.isa.org/

o Rockwell Automation websites (ISA-88 Modular Programming capabilities from Rockwell Automation):

— http://www.rockwellautomation.com/rockwellautomation/solutions-services/oem/design-develop-deliver

modular-programming.page?

- http://www.rockwellautomation.com/rockwellautomation/solutions-services/oem/power-
programming.page?

- hteps://rockwellautomation.custhelp.com/app/answers/detail/a_id/66060

IMPORTANT  You must have a Rockwell Automation® Technical Support Center account to access this link.
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Notes:
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Chapter 3

Test the Application

This chapter describes how to use the Equipment Interface test tool.

Topic Page
Testing Tool Instructional Videos 38
RAPID El (Equipment Interface) Verification Utility Guideline 39
Set Up the Verification Utility 39
Use the Test Tool 44
Start and Overview 45
Test the Interface Response - Equipment Status Display 50
Test the Interface Response - Verification Utility Display 58
Equipment Data Display 60
Test the Changeover Interface 61

The Equipment Interface testing tool is a FactoryTalk® View Studio ME application. Use this testing tool to verify that
the Equipment Interface Add-On Instruction is functioning properly in the equipment control program.

The FactoryTalk View Studio ME interface testing tool lets you verify that your machine data is mapped properly for use
with the RAPID Line Integration™ System. Once your data is mapped, use this tool to verify that the data being sent to
the RAPID system accurately reflects the actual status your equipment.

Start FactoryTalk View Studio ME and restore the RAPID_Interface_Test_Tool_v3.apa found in the Equipment

Interface folder structure.

RAPID_Interface_AOI R
Cfg_TestModeEnable

Ref_RAPIDCommands

Ref RAPIDStatus

RAPID_Interface_AQF——

Qut_StateCommand RAPID_EM.Cmd.StateCmdint

apid_interface (L) [ Sts_RAPIDControlActive }—
1¢
RAPID_EI.Cmd {Sts_TestModeEnabled )—
RAPID_ELSts
—{Sts_HeartbeatFault)—
-

0

Set to 1 during testing only.

By default, the testing tool is set to connect to the following:

e Controller Topic Name: EQUIPMENT - Set in RSLinx" Enterprise DDE/OPC settings

o Controller TagName: RAPID_EI - Set in the View Studio project parameters
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You must modify the settings that are shown in the following graphic if you are not using the default values.

() FactoryTalk View Studio - Machine Edition
Ble Edt Vew Applcation Tools Window Help

-0 x|

|#8&| D= #E|-
[Explorer —Ropid Interface TestT ﬂ
£l Local (GWRAFIDSERVER)

=l Rapid Interface Test Tool v3
=/, Raid Interface Test Tool v3

id Interface Test Tool v3/ (Parameters)

=lofx|

=3 System == Parameter File Created 2013/01/29 s=s=sss==s==== =
Project Settings ! Parameter files are used with graphic displays to specify the tags a display
& Runtime Securty I uses at run time. You assign parameter files in certain application component
Diagnostice List Setup I and object properties dialog boxes. Please see the Help for details.
Global Connections 1 Syntax:
Startup L] #replacement=tagname
=2y HMI Tags L]
Tags L]
=123 Graphics I The RAPID verification ool can be used on applications where the base tage
® Displays I name (RAPID_EI) has been altered. This only be nec Y in si i
Global Objects ! where more than one Equipment Interface AOI resides in a single controller.
i Symbol Factory | USE "RAPID_EI" AS THE BASE TAG NAME UNLESS MORE THAN
[+ [ Libraries ONE INTERFACE AQI IS PRESENT IN A CONTROLLER.
[+ Images

Local Messages #1=RAPID_El_Leg1
B53 ia‘ms #1=RAPID_El_Leg2
Alam Setup =0R=
=3 Information #1=RAPID_EI[0]
‘ Information Setup #1=RAPID_EI[1]

Examples:
#1=RAFPID_EI_Main

#1=RAPID_EI[2]

Default Setting

When configured correctly, the application runs directly from FactoryTalk View Studio software. Click Application >
Test Run Application to use the tool.

Testing Tool Instructional Videos

The RAPID Equipment Interface OEM Toolkit includes instructional videos that show how to use the contents of the
toolkit, including how to test your application.

IMPORTANT  The WebEx ARF player is required to play the recordings. After successful connection to the links below, you receive instructions
about how to use the player.

You can access the Toolkit at the Product Compatibility and Download Center
at http://rockwellautomation.com/support as an additional download with a valid serial number

for FactoryTalk View SE, ME, or RSLogix 5000° software.
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RAPID El (Equipment Interface) Verification Utility Guideline

This section provides guidelines for how to use the RAPID Equipment Interface Verification Utility from the RAPID
Equipment Interface OEM Toolkit.

Use this utility to check the following:
o That the interface Add-On Instruction and data structures are installed properly
e That the required data points have been populated to the interface

e That the interface is prepared for acceptance testing

The examples in this section refer to the Verification Utility of the Equipment Interface Toolkit version 4.x. The toolkit
can be downloaded from the Rockwell Automation Compatibility and Download Center. The download is also
described in Download the Toolkit on page 11.

Versions

Use RAPID Interface version 4, which is part of the RAPID Equipment Interface Toolkit v4.x. This version includes the
interface Add-On Instructions, documentation, sample code, the Verification Utility, and instructional videos. The
RAPID Equipment Interface Toolkit 4.x can be downloaded from the Rockwell Automation website.

Compatibility

Version 4.x of the RAPID Equipment interface is intended for use with v4.x of the RAPID Line Integration™ Solution
supervisory controller.

Version 4.x of the RAPID Equipment Interface can be used with supervisory controllers v3.5 or later by performing one
of the two methods:

e Program an OTE instruction to disable the interface data map diagnostics unconditionally. Tag name =
EI_ErrorDetectionEnable.

e Install v3.5 Patch006, which provides support to allow the interface data map diagnostics. This patch entails
updating the RAPID Root Cause Add-On Instruction, which requires a download to the supervisory controller.

Set Up the Verification Utility

1. Copy the files onto a laptop that has FactoryTalk” View Studio (v8.1) installed.

TIP  The folder 04_Testing Tool consists of files, instructions, and a video that explains the use of the utility. View the instructional
videos.

2. Open the RAPID Equipment Interface Toolkit 4.x -> 04_Testing Tool -> 01_ViewME Application folder.

3. To restore the RAPID Interface Verification Utility v4.apa file, double-click the .apa file for the RAPID Interface
Test Tool.
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The FactoryTalk View Application Manager dialog box appears. See Figure 6.
4. Click Next.

Figure 6 - FactoryTalk View Application Manager Dialog Box
x|

Specify the application archive to restore.

\Documents RS View Enterprise \ME"\Archives\RAPID Interface Litility v4m ap: |

< Back Next > Cancel | Hep |

The FactoryTalk View Application Manager name dialog box appears. See Figure 7.

S. Type the desired name for the application (or leave it with the standard name), then click Finish.

Figure 7 - FactoryTalk View Application Manager Name Dialog Box.

x

Enter a name for the new application.

RAPID Interface Liility v

=
<Back |[ Finish ]' Cancel | Hep |

The application is now available in the FactoryTalk View Studio environment. See Figure 8.
6. Open FactoryTalk View Studio and select View Machine Edition.
7. Click Continue.
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Figure 8 - FactoryTalk View Studio Start-up Screen

Application Type Selection x|

FactoryTalk \iew Studio {

Select the type of application you would like to configure:

L
:
7 daah, :
View Site Edition View Site Edition KR =R = L B View Machine Edition
(Metwork Distributed)  (Network Station) (Local Station)

Continue I Exit |

The existing projects in FactoryTalk View Studio dialog box appear. See Figure 9.

8. Choose your application name and click Open.

Figure 9 - Existing Project in FactoryTalk View Studio
x|

"New Existing |

Application Name |
AdminPasswordReset OCX Demo

BlockMachine Demo
InstantFizz_ME
Objects 5 Screen Demo

RAPID Interface Utility v4

Last Opened With: IFactoryTaIk View Studio 8.10

Resolution: ICustom size (300x620)

Language: [English (United States), en-US |

Open Cancel |

9. Open in the FactoryTalk View Studio environment and then open the RSLinx® Enterprise Communication Setup.

10. Point the Device Shortcut (Equipment) to your controller.

In the example, the topic points to a controller in slot 2 on the virtual backplane. See Figure 10.

11. Click Apply.
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Figure 10 - RSLinx Enterprise Setup Screen

| Device sh Desian ILacall | Runtime (Target] |
e | sos |
® Equipment B E RSLinx Enterprise, PMHMI

=88 1789-A17, Backplane
E R Rl

Copy fram Design to Rurtime:

[

-

3 B V030212
-] 4, 1756-4Lx/Em, ControlLogix 55xx Emulator
&5 EtherNet, Ethernet

12. To make sure that the runtimes you create also point to this controller, click Copy from Design to Runtime.

Figure 11 - Copy from Design to Runtime

[ Diesign (L) | Runtime [Target)|
Remove | Apply

" Eemco = RsLinx Enterprise, PMHMI

18 1789-A17, Backplane

Capy from Design to Runtime

3, 1756-Lx/Em, RAPID_V0302_12
4, 1756-Lx/Em, ControlLogix 55xx Emulator
o Etherlet, Ethernet

13. To save the changes, click Okay.
14. From the Parameters folder, open the parameter file “Set TagName_RAPID_ET”

Figure 12 - Parameters Folder

5) FactoryTalk View Studio - View Machine Edition
Flle Edt View Appicaton Tools Window Help

CEEIEE ALY

Local (PMHMI)
=iff Rapid Intertace Test Tool v3
[, Rapid Interface Test Tool v3
53 System
[=] Project Setiings
-& Runtime Security
] Diagnostics List Setup
Global Connections
Startup
253 HMI Tags
t g Tags
E1E3 Graphics
Displays £i SetTagName RAPID_FI - /Rapid Interface Test Tool v3/ (Parameters)
Global Objects
& Symbol Factory
Libraries
‘B Images
+[#] Parameters
SetTaghame_RAPID_EI
Local Messages
E1E3 Aams
“ Bl Mam Setup
E1E3 Information
& Information Setup
B Information Messages

I uses at run time. You assign parameter files in certain application components
1 and object properties dialog boxes. Please see the Help for details.

I Syntax:

! #replacement=tagname

1

1

! The RAPID verification tool can be used on applications where the base tage
! name (RAPID_EI) has been changed. This should only be necessary in situations
1 where more than one Equipment Interface AOI resides in a single controller.

B153 Logic and Corirol | USE "RAPID_EI" AS THE BASE TAG NAME UNLESS MORE THAN
& Macros | ONE INTERFACE AOI IS PRESENT IN A CONTROLLER.

E1Z3 Data Log 1
*-E# Data Log Models ! Examples: .

E1E3 RecipePlus #102=RAPID_EI_Main
@ RecipePlus Setup

@ RecipePlus Editor
= B4 RSLinx Enterprise

g | Communication Setup
B3 System

—RAPID_EI[0]
#102=RAPID_EI[1]
#102=RAPID_EI[2]

#102=[Equipment]RAPID_EI
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The name of the RAPID Equipment Interface Tag is specified in this parameter file. If you have one RAPID Interface on
your controller, the predefined name RAPID_EI is correct. If you use multiple RAPID Interfaces on one controller, or if
you have given the Interface Tag another name, specify the name here. The test tool displays work with the Tag that is

specified here for the parameter #102. Verify that the Tagname corresponds to the RAPID Interface that you want to
check.

In the example, several RAPID Interfaces are saved on one controller. The RAPID Interfaces are stored in an array with

the name RAPID_EI To test one of the interfaces, set the parameter to the instance of the array that is being monitored
(in this example RAPID_EI[1]).

Figure 13 - Set TagName_RAPID_EI Parameter File to the RAPID Interface Add-On Instruction Tagname

e_RAPID_EI - /Rapid Interface Test Tool v3/ (Parameters) il =[]
= Parameter File Modified 2013/05/08 == =

I Parameter files are used with graphic displays to specify the tags a display

! uses at run time. You assign parameter files in certain application components

! and object properties dialog boxes. Please see the Help for details.

I Syntax:

I #replacement=tagname

1

1

! The RAPID verification tool can be used on applications where the base tage

| name (RAPID_EI) has been changed. This should only be necessary in situations
1 where more than one Equipment Interface AOI resides in a single controller.

! USE "RAPID_EI" AS THE BASE TAG NAME UNLESS MORE THAN

! ONE INTERFACE AOI IS PRESENT IN A CONTROLLER.

1

! Examples:

1 #102=RAPID_EI_Main
! #102=RAPID_EI_Legl
! #102=RAPID_EI_Leg2
! =OR=
!

1

1

#102=RAPID_EI[0]
#102=RAPID_EI[1]
#102=RAPID_EI[2]

#0102=[Equipment]RAPID_EI[1]

15. Save and close the parameter file.
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Use the Test Tool

You can use the test tool in one of two ways:
¢ Use the test application function of the FactoryTalk View Studio environment. See Figure 14.

o Create a runtime and run the test application on an FactoryTalk View ME client such as a laptop or PanelView™
Plus.

To use the test tool from FactoryTalk View Studio, click Test Application or select Test Application from the Application
Menu.

Figure 14 - Test Application Button in FactoryTalk View Studio

=145 RAPID Interface Btifity vd
=/ RAPID Interfack [tility vd

=8, RAPID Interebe Utility vé
E1EH System
| Project Settings

- &= Runtime Security
Q‘j Diagnostics List Setup
' Global Connections
p Startup

123 HMI Tags

g Tags

Ea Graphics

E Displays

! 2B Glohal Ohiects

To use the test tool from a FactoryTalk View ME client:

1. From the Application menu, select Create Runtime Application.

2. Type the File Name and the storage location. Click Save.

Use the .mer file on a laptop computer, or use the Transfer Utility to transfer the file. For example, transfer the file
to a PanelView Plus terminal.

Figure 15 - Create Runtime Application Dialog Box.

T
Savein: [ ). Runtime H er =

Name + | -| Date modified | +| Type -

No items match your search.

PMHMI
*

4 | |
File name: APID Intertace Uty vémme | Save |
Save as ype: Rurtime 8.10 Application (~mer) =

Conversion to devel application
Help
& Always allow conversion

" Mever allow conversion

" Conversion protected by password

Passwrd. |

Carfim Fassiord: |
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Start and Overview

When you start the utility from the Test Application button, or as a client on your laptop, or a PanelView Plus Panel, you
access the Home screen. The Home screen contains information about the possible risks of using the Verification Utility
on your machine. You must accept the terms and conditions of use to use of the utility.

The Equipment Status Display is used to verify the interface manually, and to check the availability of required data
during acceptance testing.

Figure 16 - Equipment Status Display

Equipment Status & Control

RAPID CONTRC rBLOCKED STATUS——
« SOME MACHINES CLEARING
i ] _ DISCHARGE 1 HOT BLOCKED
DISCHARGE 2 NOT BLOCKED
= STOP ALWAYS ACTIVE L
STARTING DISCHARGE 3 NOT BLOCKED

e
EXECUTE ~PRODUCT COUNT. DISCHARGE 4 NOT BLOCKED

< SUSPEND AND UNSUSPEND
STOPPING
K WHEN RAPID CONTROL
- — _ —
HOLDING

_DIAGNOSTIC S— HELD Total Parts (Consumed)
Previous State UNHOLDING 97
STOPPING - —
Sttt SUSPENDING | Good Parts (Processed) STARVERSTATY
STOPPED SUSPENDED 96 INFEED 1 NOT STARVED
Previous Command UNSUSPENDING |, /11t Ratio (ex-Cans/Case) INFEED 2 NOT STARVED
START ABORTING
1 INFEED 3 NOT STARVED
Current Command ABORTED
STOP COMPLETING - INFEED 4 NOT STARVED
Previous Mode COMPLETED INFEED 5 NOT STARVED
MODE 3
Current Mode Diagnostic Errors
PRODUCTION
EQUIPMENT EQUIPMENT FAULT AND FAULT VERIFICATION UTILITY PACKML
STATUS DATA MODE DATA ~ CATEGORIES UTILITY HELP HELP

Diagnostics were added to the RAPID Equipment Interface Add-On Instruction to capture errors that can occur in the
interface. A Diagnostic Error window on the Equipment Status Display shows any interface errors along with any
machine faults.

Interface errors include:
o Illegal Mode value (Mode range must be from 1...31)
o Illegal State value (must be legal State bit or value from 1...17)
e Fault Trigger when equipment is Executing
e No Fault Trigger when equipment is Aborted
o Fault Trigger with no Fault Message or ID
e Fault Trigger with no Fault Category
e RAPID Suspended with no Blocked or Starved conditions
e Reset Counter command timeout
e Unit Ratio invalid (Unit Ratio must be greater than or equal to zero)

e Part Counting error (Total and Good count increment when equipment is Executing)

The Verification Utility display enables automatic testing of equipment status data and equipment command data for one
step at a time. Each step, when executed, reports a PASS or FAIL status.
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TIP  The verification does not start unless the tag (fg_TestModeEnable of the Add-On Instruction Interface is set to 1, which places
the interface in test mode.

Figure 17 - Verification Utility Display

RA rification Util -
The Verification Utility will step through equipment status data and START
equipment command data and report a "PASS or "FAIL" status on each step.
Follow the prompt for each step and press the TEST PB to verify the interface.
PARAMETER: Cfg_TestModeEnable
Intertace Status - Equip to RAPID: Interface Stabus - Equip to RAPID: Intertace Command - RAPID 1o Equip:
1. NOTTESTED Production Mode 14. NOTTESTED FirstOutFault-wioiD |27, NOTTESTED Start
2. NOTTESTED WonProductionMode |15, NOTTESTED FirstOutFault-withiD [28. NOT TESTED Suspend
3. NOTTESTED Aborted State 16. NOTTESTED Lane 1 Blocked 29. NOTTESTED Unsuspend
4. NOTTESTED Stopped State 17. NOTTESTED Lane 2 Blocked 30. NOTTESTED Stop
5. NOTTESTED Iidie State 18. NOTTESTED Lane 3 Blocked 31. NOTTESTED Reset
6. NOTTESTED Suspended State 19. NOTTESTED Lane 4 Blocked 32, NOTTESTED Hold
7. NOTTESTED Executs State 20. NOTTESTED Lane 5 Blocked 33. NOT TESTED Unhcld
8. NOTTESTED Held State 21. NOTTESTED Lane 1 Starved 34, NOTTESTED ResetCounters
8. NOTTESTED Total Count 22, NOTTESTED Lane 2 Starved
10. NOTTESTED Good Count 23. NOTTESTED Lane 2 Starved
11. NOT TESTED Unit Ratic 24. NOTTESTED Lane 4 Starved
12. NOTTESTED Counters ResetDone 25. NOTTESTED Lane 5 Starved
13. NOTTESTED Cument Speed 26. NOTTESTED RAPID Control Enable
EQUIPMENT EQUIPMENT FAULT AND FAULT VERIFICATION UTILITY PACKML
STATUS DATA MODE DATA ~ CATEGORIES UTILITY HELP HELP

The other interactive displays (Equipment Data and Fault Categories) do not access the data of the RAPID interface on
the target machine (just the current speed). The displays are filled by the supervisory system and can be used to write
values to the controller and show that this function is working as well. These functions are briefly explained in a later
section.

The static help displays (Utility Help, see Figure 18 and PACKML Help, see Figure 19) give you information about the
utility itself and the OMAC PackML states and their transitions (see also Appendix B, RAPID Equipment Interface
Add-On Instruction Online Help File (AOI Inputs/Outputs) on page 73).
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Figure 18 - Utility Help Display
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If you use the Verification Utility as a client or in Test Application Mode in the development environment without the
RAPID Server, the test tool Comm Heart Beat stays dark. When you look to your RAPID Interface Add-On
Instruction on your controller, the Add-On Instruction shows a heartbeat fault.

Figure 20 - Heartbeat Fault Due to Missing Supervisory System
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Out_LineName RAPID_EM.Cmd LineName
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0
< SUSPEND AND UNSUSP Out_SpeedSP RAPD_EM.Cmd SpeedSetPoint
‘0K WHEN RAPID CONTR 6000«
ENABLED Inp_Currenthlode RAPD_EM Sts.Mode
1+
Inp_CurrentModeName RAPD_EM.Sts.ModeName
~DIAGNOSTICS—— Inp_CurrentState RAPD_EM Sts State
Previous State 2¢
ey Inp_CurrentStateBool RAPD_EM.Sis. StateBool
Inp_CurrentStateint RAPID_EM. Sts. Stateint
Current State Inp_CurrentStateHame RAPD_EM Sts StateName
STOPPED Inp_Recipetames RAPD_EM.Sts Recipetlame
Previous Ci i Inp_ProducingModeEnabled  RAPD_EM.Sts ProducingMode
1+
START Inp_EguipmentéctualSpeed RAPD_EM Sts CurrentSpeed
Current Command | o
STOP Inp_RAPIDC RAPID_EM Sts.LineC:
. 14
Previous Mode Inp_FirstDutFault RAPD_EM Sts FirstOutFaulEvent
MODE 3 Inp_TotalCount RAPID_EM.Sts TotalCount
TEST MODE Current Mode 310+
DISABLED i 'pﬁom_ Inp_GoodCount RAPD_EM _Sts GoodCount
3084 ¢
7 Inp_ConsumedUnitRatio RAPID_EM Sts UnRatio
EQ 10«
Inp_ResetDone RAPD_EM.Sts ResetDone
STATUS P = e
—_— Inp_BlockedSts_Lanes RAPID_EN Sts LanesBlocked
0
ﬁ Inp_StarvedSts_Lanes RAPD_EW.Sts LanesStarved
0

This fault occurs because the Interface Add-On Instruction has no connection to the supervisory system. Due to the
missing communication to the system, the RAPID Add-On Instruction is issuing a Stop command. In this example, the
fault causes the machine to change its state to the Stopped State (see Figure 20).
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To use the Verification Utility that is connected to the equipment controller, set Cfg_TestModeEnable on the Add-On
Instruction Interface to 1. The Sts_ HeartbeatFault becomes inactive and the Sts_TestModeEnabled becomes set. The
value can be changed directly on the Add-On Instruction faceplate.

Figure 21 - Setting the RAPID Interface Add-On Instruction in Test Mode
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Enable the test mode normally to use the Verification Utility without the RAPID server and without the logic addressing
the heartbeat fault.

TIP  Each download disables the test mode by setting the Cfg_TestModeEnable to 0. Each time that you perform similar tests that
require an environment without the RAPID Server, change the Tag value to 1.

See Test the Interface Response - Equipment Status Display on page 50 to learn how to use the Equipment Status display
to verify the RAPID Equipment Interface manually. Results can be recorded manually using the example templates that
are located in appendices of this document.

See Test the Interface Response - Verification Utility Display on page 58 to learn how to use the Verification Utility
display to step automatically through, and report the verification of the RAPID Equipment Interface.
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Test the Interface Response - Equipment Status Display

You can supervise the current mode and the current state of the machine from the marked sections on the Equipment

Status display. See Figure 22.

Figure 22 - Mode and State Indicators on the Equipment Status Display
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EQUIPMENT  EQUIPMENT  FAULT AND FAULT  VERIFICATION  UTILITY PACKML
STATUS DATA MODEDATA  CATEGORIES  UTILITY HELP HELP

Check the available states for the different modes.

A change from Production to the Manual mode (Mode 3 in this example) can be supervised as shown in Figure 23 and
Figure 24. The programming must set all modes that do not belong to the key performance indicator (KPI)-relevant
production time for RAPID_EM.Sts.ProducingMode to 0. Normally all modes >1 if OMAC PackML tags/modes are
used.
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Figure 23 - Mode Changed to Manual (3)

Rockwell Automation Publication RAPID-QS001D-EN-P - September 2017 51



Chapter3  Test the Application

Figure 25 is an example of a corresponding logic (which can be found in the Machine Sample Code of the RAPID
Toolkit in the CM98_RAPID_Interface routine). The marked indicator of the test tool supervises whether the
Producing Mode is active or not.

Figure 25 - Example Logic to Indicate Production Relevant Modes and Non-production Modes
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Besides the OMAC PackML States, RAPID needs additional information when a machine is suspended due to up- or
downstream reasons to be able to do a root-cause analysis.

The display extension on the right side gives additional information about the suspended state in starvation or blockage
situations.

Figure 26 - Equipment Status Display Mode and State Indicators
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TIP  The beacon stack lights of the machine must also reflect the RAPID states. The specification for the colors can be found in the 5-
Lamp Beacon Stack Light Specification (EAS007).
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Validate Counters in the Interface

When the machine is producing, the Total Parts Counter and the Good Parts counter increment as material is processed
in the machine. To test if the interface works properly, the verification of the counts can be done with the status utility as
shown in Figure 27.

Also the Unit Ratio, which is set in the interface, is shown in Figure 27.

Figure 27 - Equipment Status Display Counters and Unit Ratio

If the Reset Counter Option is enabled, you can also reset the counters here and see the reset done response of the
machine. Test this function if the equipment supplier implements it.

Figure 28 - Equipment Status Display Directly After the Reset Counts Button was Clicked and the Reset Done Handshake Came From the Machine
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Validate Faults on the Status Display

Use the Fault Message and Fault Category Display, combined with the states as shown in Figure 29, to verify the faults of
the machine.

Figure 29 - Fault Message on the Equipment Status Display
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In this example, the faults are classified into four categories.
e Material
o Utilities
o Electrical

e Mechanical

A random selection of the total faults is tested during acceptance tests because many fault codes normally exist at
a machine.

The fault categories can be written from the Verification Utility to the controller in the Fault Categories display. This
function simulates the RAPID Server but is normally not needed during tests.
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Figure 30 - Fault Categories Display

Fault Message: Light Curtain #1 Blocked
ID: 0 Category: 1

Fault status and information can also be visualized on the Fault and Mode Data display as shown in Figure 31.

Figure 31 - Fault Information on the Fault and Mode Data Display
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Testing RAPID Line Control

If the equipment supplier has implemented Line Control, you can use the Verification Utility to test the function of
standard line control.

To control the machine with the Verification Utility, the equipment supplier must set the
RAPID_EM.Sts.LineControlEnabled Bit to 1 to enable line control in the interface as shown in Figure 32.

Figure 32 - RAPID_EM.Sts.LineControlEnabled Set to 1
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Out_StateCommand RAPID_EM Cmd StateCmdint I 5ts_HeartbestFaut »—
0+
Out_StateCommandBool RAPID_EM.Crmd StateCmdBoal
Out_Equipmerdhlame RAPID_EM Cmd Name
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0+
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The RAPID Verification Utility indicates whether Line Control is enabled and allows commands to be given to the
machine.

To verify that the machine reacts as expected by the equipment supplier, test the commands.
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Figure 33 - Line Control Test Buttons on the Equipment Status Display

TIP  For line control requirements, refer to the end user or system integrator of each RAPID Line Integration™ Solution project/
machined delivered, as the requirements can vary. The typical requirements are:

No control commands required.

Suspend/Unsuspend Only. (Line control only, no startup/shutdown sequencing)
Suspend/UnSuspend/Stop functions. (Full line control w/manual start only)
Full Control Required. (Suspend, Unsuspend, Start, and Stop)
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Test the Interface Response - Verification Utility Display

You can use the Verification Utility display to test equipment status data and equipment command data automatically.
Each step, when executed, reports a PASS or FAIL status.

TIP  The verification does not start unless the tag Cfg_TestModeEnable of the Add-On Instruction Interface is set to 1, which places
the interface in test mode.

Figure 34 - Verification Utility Display
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Current Mode: (1) Production

RAPID Equipment Interface Verification Uil -

The Verification Utility will step through equipment status data and START

equipment command data and report a "PASS or "FAIL" status on each step.

Fallow the prompt for each step and press the TEST PB to verify the interface.

PARAMETER: Cfg_TestModeEnable

Interface Status - Equip to RAPID: Intertace Status - Equip to RAPID: Intertace Command - RAPID to Equip:
1. NOTTESTED Production Mode 14 NOTTESTED FirstOutFault-wioid |27. NOTTESTED Start

2. NOTTESTED Non-Production Mode 15. NOTTESTED FirstOut Fault-withi0 | 28. NOTTESTED Suspend

3. NOTTESTED Aborted State 16. NOTTESTED Lane 1 Blocked 29. NOTTESTED Unsuspend
4. NOTTESTED Stopped State 17. NOTTESTED Lanme 2 Blocked 30. NOTTESTED Stop

5. NOTTESTED Idie State 18. NOTTESTED Lane 3 Blocked 31. NOTTESTED Reset

6. NOTTESTED Suspended State 19. NOTTESTED Lane 4 Blocked 32. NOTTESTED Held

7. NOTTESTED Execute State 20. NOTTESTED Lane 5 Blocked 33. NOTTESTED Unhoid

8. NOTTESTED Heid State 21. NOTTESTED Lane 1 Starved 34, NOTTESTED ResetCounters
8. NOTTESTED Total Count 22, NOTTESTED Lane 2 Starved
10. NOTTESTED Good Count 23. NOTTESTED Lane3 Starved
11. NOT TESTED Unit Ratic 24. NOTTESTED Lane 4 Starved
12. NOTTESTED Counters ResetDone 25. NOTTESTED Lane 5 Starved
13. NOTTESTED Cumrent Speed 26. NOTTESTED RAPID Control Enable

EQUIPMENT EQUIPMENT FAULT AND FAULT VERIFICATION UTILITY PACKML

STATUS DATA MODE DATA ~ CATEGORIES UTILITY HELP HELP

Once started, a verification can be skipped or pointed back to any step for retest. The verification can also be aborted at
any time.

IMPORTANT  All PASS and FAIL status information on the display is lost when the verification is aborted.

The Verification Utility wizard displays the step number and message for the current step as shown in Figure 35. The
RAPID Equipment Interface Add-On Instruction parameter that is tested is also displayed.
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Figure 35 - Step and Test Information Shown on the Verification Utility Display
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For each step, the equipment supplier places the machine that corresponds to the message displayed for that step then

clicks Test.
o Ifthe system passes the test, then the utility increments to the next step.

e If the system fails the test, then the message displays the reason for the failure and remains on the current step, as

shown in Figure 36.

Figure 36 - Step 5 Test Failed Message
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RAPID Equipment Interface Venﬂcaﬂon util

The Verification Utility will step through equipment status data and
equipment command data and report a "PASS or FAIL" status on each step.
Follow the prompt for each step and press the TEST PB to verily the interface.
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State 19. NOTTESTED Lane 4 Blocked 32, NOT TESTED Hold
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8. NOT TESTED Held State 21. NOTTESTED Lane 1 Starved 34, NOTTESTED Reset Counters
9. NOT TESTED Total Count 22) NOTTESTED Lane 2 Starved
10, NOT TESTED Good Count 23, NOTTESTED Lane 3 Starved
11, NOT TESTED UnitRatio 24, NOTTESTED Lane 4 Starved
12, NOTTESTED Counters ResstDone | 25. NOT TESTED Lane 5 Starved
13. NOTTESTED Current Speed 26. NOTTESTED RAPID Control Enable
EQUIPMENT ~ EQUIPMENT  FAULT AND FAULT  VERIFICATION  UTILITY PACKML
STATUS DATA MODEDATA  CATEGORIES UTILITY HELP HELP

A Log is created once verification starts and is stored in the Verification Log file. The log file stores “PASS”, “FAIL”, and
“Not Tested” information for each step.
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The file (which is created in the FactoryTalk View data logger) can be converted to .csv format for use in excel.
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> . RAPID Interface Utility vé | Default Location of File
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Equipment Data Display

The Equipment Data display can be used to show the optional data, which can be sent to the machine by the Line
Controller. If the equipment supplier uses this data to trigger activities on the machine, use the Verification Utility to
trigger activities without the presence of a RAPID Server. Type information manually into the RAPID_EI.Cmd tags.
In Figure 37, a Batch ID and a recipe number are entered manually.

This display also shows the Current Speed of the machine.

Figure 37 - The Equipment Data Display

If a RAPID Server is present, the data is populated from there.
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Test the Changeover Interface

The Changeover interface of the machine can be validated by using the Changeover section on the Equipment Status
display as shown in Figure 38.
1. Click Start Runout to simulate the Start Runout command.

The equipment sends the status that Runout is complete. The Runout Comp indicator on the screen shows the
status.

2. Click Send Next Config to simulate a Send Next Configuration or Job.

The equipment sends the status that Changeover is complete. The Change Comp indicator on the screen shows
the status.

Figure 38 - Equipment Status Display
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You can use the Verification Utility to test the Changeover interface. The Changeover interface was added to the
Verification Utility Wizard as shown in Figure 39.
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UTILITY PACKML
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Figure 39 - Verification Utility

RAPID E ment Interface Validation Utili
The Validation Utility will step through equipment status data and
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Follow the prompt for each step and press the TEST PB to execute the test.

PARAMETER:| Cfg_TestModeEnable
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Interface Status - Equip to RAPID: Interface Status - Equip to RAPID: Interface Command - RAPID to Equip:
1. |NOT TESTED Production Mode 14,NOT TESTED FirstOut Fault-wio 1D |27, NOT TESTED Start
2. |NOT TESTED Hon-Production Mode (15, NOT TESTED FirstOut Fault -with D |28./NOT TESTED Suspend
3. |NOT TESTED Aborted State 16 NOT TESTED Lane 1 Blocked 29.NOT TESTED Unsuspend
4. |NOT TESTED Stopped State 17.NOT TESTED Lane 2 Blocked 30.NOT TESTED Stop
5. |NOT TESTED ldie State 18/ NOT TESTED Lane 3 Blocked 31./NOT TESTED Reset
6. |NOT TESTED Suspended State 19.NOT TESTED Lane 4 Blocked 32.NOT TESTED Hold
7. |NOT TESTED Execute State 20.NOT TESTED Lane 5 Blocked 33.NOT TESTED Unhold
8. |NOT TESTED Held State 21.NOT TESTED Lane 1 Starved pes Reset Counters
9. |NOT TESTED Total Count 22.NOT TESTED Lane 2 Starved T
10. NOT TESTED Good Count 23/NOT TESTED Lane 3 Starved 35.NOT TESTED Runout
11.NOT TESTED Unit Ratio 24/NOT TESTED Lane 4 Starved 36,NOT TESTED Next Config Sent
12/NOT TESTED Counters ResetDone |25, NOT TESTED Lane 5 Starved v SIME Trom Etps
TEST MODE 13- NOT TESTED Current Speed 26.NOT TESTED RAPID Control Enablefl (37 /0T TESTED Runout Gomp
DISABLED 38. NOT TESTED Change Comp
>

. EQUIPMENT EQUIPMENT FAULT AND FAULT VALIDATION uTILITY PACKML
STATUS DATA MODE DATA CATEGORIES  UTILITY HELP HELP

See Test the Interface Response - Verification Utility Display on page 58 for more information about the Verification
Utility.
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FactoryTalk Analytics for Machines

This chapter describes how to set up the controller data for FactoryTalk® Analytics for Machines.

Topic Page
Set Up the Controller Data 63
Configuration 64
Status 65

Set Up the Controller Data

For the FactoryTalk Analytics for Machines to work, the data in the controller must be set up following the guidelines for
the RAPID Equipment Interface. To support the remote access capabilities for FactoryTalk Analytics for Machines, two
UDT parameters have been added: Ref_SM_Cfgand Ref_SM_Sts.

RAPID_Interface_A0|
Cfg_TestModeEnable
Ref_RAPIDCommands
Ref RAPIDStatus

RAPID_Interface_AQb——m———

RAPID_Interface_Local | ...

0&
Equipment.Cmd

Egquipment.Sts

Ref_SM_Cfg SM_Cfg

Ref SM_Sts SM_Sts

Out_StateC d StateC dDINT
0&

Out_StateCommandBool StateCommandBOOL

Out_EgquipmentName EquipmentName

Out_LineName LineName

Out_Recipe Recipe
0&

Out_ResetCounters ResetCounters
0&

Out_SpeedSP SpeedSP
0.0+

Inp_CurrentMode CurrentMode
1€

Inp_CurrentModeName CurrentModeName

Inp_CurrentState CurrentStateDINT
9&

Inp_CurrentStateBool CurrentStateBOOL

Inp_CurrentStateMame CurrentStateName

Inp_RecipeMame RecipeName

Inp_ProducingModeEnabled ProducingModeEnabled
0&

Inp_Equi tualspeed tualspeed
600+«

Inp_RAPIDCentrolEnabled RAPIDControlEnabled
0&

Inp_FirstOutFault FirstOutFault

Inp_TotalCount TotalPartCount
2838381 &

Inp_GoodCount GoodPartCount
473083 &

Inp_ConsumedUnitRatio ConsumedUnitRatio
60&

Inp_ReszetDone ResetCountersDone
0&

Inp_BlockedSts_Lanes OutfeedBlocked
0&

Inp_StarvedSts_Lanes InfeedEmpty
0&

0 Sts_RAPIDControlactive »—
{Sts_TestModeEnabled»—

0 Sts_HeartbeatFault>—
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Configuration

To connect a machine to the FactoryTalk Analytics for Machines cloud site, structured tags have been added to the
RAPID_Equipment_AOI Add-On Instruction. The SM_Cfg tag is used to configure several analytic processes that are
found on the cloud site.

Figure 40 - SM_(fg Tag

— SM_Cfg focol) fiocod UDT_SM_Cfg
+/-5M_Cfg.AvailableTime {aanl aeal UDT_PML_States
+-SM_Cfg. RunTime {---1 [---1 UDT_PML_States
+/-SM_Cig.DownTime focol) focod UDT_PML_States
+/-5M_Cig. MTIS01 focol flocod UDT_PML_States
+/-SM_Cig. MTOS01 focol focod UDT_PML_States
+/-SM_Cig MTIS02 focol) focod UDT_PML_States
+1-SM_Cfg. MTOS02 [..-} [ UDT_PML_States
+/ SM_Cig.MTIS03 focol) fiocod UDT_PML_States
+/-5M_Cfg. MTOS03 focol focod UDT_PML_States
+-SM_Cig.MTIS04 [...1 [...} UDT_PML_States
+/-SM_Cig MTOS04 focol) focod UDT_PML_States
+/-SM_Cig. MTIS05 focol flocod UDT_PML_States
+-SM_Cig. MTOS05 focol focod UDT_PML_States

SM_Cig.CPV1Scaler 0.5 Float REAL
SM_Cig CPV2Scaler 0.25 Float REAL
SM_Cig.CPV3Scaler 0.125 Float REAL
SM_Cfg.CPV4Scaler 1.0 Float REAL

Use the SM_Cfg.Availabl¢Time, SM_Cfg.RunTime, SM_Cfg.DownTime, and the SM_Cfg.MTxS tags to select which
machine states are mapped to time-based analytic functions. Each of these tags has a substructure that is made up of the
PackML states.

Figure 41 - Tag Substructure PackML States

—-5M_Cig faoch fooch UDT_SM_Cfg
—-5M_Cfg Available Time ea Mool UDT_PML_States
SM_Cfg Available Time. Resetting 1 Decimal BOOL
SM_Cfg Available Time.Idle 1 Decimal BOOL
SM_Cfg Available Time Starting 1 Decimal BOOL
SM_Cfg. Available Time. Executing 1 Decimal BOOL
SM_Cfg Available Time. Stopping 1 Decimal BOOL
SM_Cfg Available Time . Stopped 1 Decimal BOOL
SM_Cfg Available Time.Holding 1 Decimal BOOL
SM_Cfg Available Time.Held 1 Decimal BOOL
SM_Cfg Available Time. UnHolding 1 Decimal BOOL
SM_Cfg Available Time Suspending [u] Decimal BOOL
SM_Cfg Available Time .Suspended a Decimal BOOL
SM_Cfg Available Time. Un Suspending [1] Decimal BOOL
SM_Cfg Available Time .Completing 1 Decimal BOOL
SM_Cfg Available Time Completed 1 Decimal BOOL
SM_Cfg Available Time. Aborting 1 Decimal BOOL
SM_Cfg Available Time Aborted 1 Decimal BOOL
SM_Cfg Available Time Clearing 1 Decimal BOOL
+/-5M_Cfg. RunTime [...1 eeal UDT_PML_States
+ 5M_Cfg.DownTime faoch fooch UDT_PML_States
+/-5M_Cfg.MTIS01 faoch fooch UDT_FML_States
+-5M_Cig. MTOS01 Hoool Hooo! UDT_PML_States
+/-5M_Cig MTIS02 faoch fooch UDT_PML_States
+/-5M_Cfg. MTO502 faoch fooch UDT_FML_States
+-5M_Cig.MTIS03 faool {--.1 UDT_PML_States
+/-5M_Cfg. MTO503 faoch fooch UDT_FML_States
+ SM_Cfg MTIS04 [...1 [...1 UDT_PML_States
+ 5M_Cfg MTOS04 faoch fooch UDT_PML_States
+/-5M_Cfg.MTIS05 faoch fooch UDT_FML_States
+-5M_Cig. MTOS05 Hoool Hooo! UDT_PML_States
SM_Cfg.CPV15caler 0.5 Float REAL
SM_Cfg CPV25caler 0.25 Float REAL
SM_Cfg.CPV3Scaler 0.125 Float REAL
SM_Cfg CPV4Scaler 1.0 Float REAL
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o SM_Cfg.AvailableTime: Selects which states indicate that the machine is considered available for production.
— Typical settings: All states are On except Suspending, Suspended, and Unsuspending.

e SM_Cfg.RunTime: Selects which states indicate that the machine is considered to be running.
— Typical settings: The Starting and Executing states are On.

e SM_Cfg.DownTime: Selects which states indicate that the machine is down and cannot produce.
— Typical settings: The Holding, Held, Unholding, Aborting, Aborted, and Clearing states are On.

o SM_Cfg.MTIS /SM_Cfg.MTOS: Mean Time In State (MTIS) and Mean Time Out of State (MTOS) are used
to determine average On (In State) and Off (Out of State) duty cycles of combinations of states. Each
combination of MTIS and MTOS work together, and is similar to Mean Time Between Fault and Mean Time To
Repair (MTBF and MTTR) concepts. Whereas MTBEF/MTTR focuses exclusively on the fault state, MTxS
allows Mean Time calculations on any combination of states. The MTIS states are used to define which
combination of states are considered In state. MTOS states are used to define which combination of states are
considered Out of state.

o Example 1: To create MTxS01 to function as an MTBF/MTTR equivalent, set the Aborting, Aborted, and
Clearing states On for MTISO01, and set all states except Aborting, Aborted, and Clearing states On for
MTOSO1.

o Example 2: To create MTxS02 to function as Mean Time calculation on the machines Suspended time, set the
MTIS02 Suspending, Suspended, and Unsuspending states to On and the MTOSO02 Starting and Executing
state to On. This setting results in an MTxS02 calculation that shows the average amount of time a machine
spends suspended versus the running time. When all other states are set to off in the MTIS02 and MTOS02
configuration, they are ignored and not included in the calculation.

Status

The SM_Sts tag is the data that is read by the cloud and is not intended for direct use within the machine programming.

Figure 42 - SM_Sts Tag

— 5M_Sts ozl fozcd UDT_SM_Sts
+-5M_5ts State El Decimal DINT
+-5M_Sts.Cat '"Mechanical’ [oanl STRING
+-5M_Sts Desc 'Infeed Jam' e STRING

SM_5ts. Trigger 0 Decimal BOOL
SM_Sts IdealRate 1.0 Float REAL
+-5M_5ts.RunTime 47435 Decimal DINT
=+-SM_Sts. Avail Time 82019 Decimal DINT
+-5M_5ts.DownTime 25373 Decimal DINT
SM_Sts. TotalPartsRatio 0.16666667 Float REAL
+-5M_5ts. TotalParts 2838381 Decimal DINT
SM_Sts.GoodPartsRatio 1.0 Float REAL
+-5M_5ts.GoodParts 473063 Decimal DINT
+-SM_Sts. MTIS 2 Decimal DINT
+-5M_S5ts.MTOS 36 Decimal DINT
SM_Sts.PV1Value 210.0 Float REAL
SM_Sts.PV2Value 100.0 Float REAL
SM_Sts.PV3Value 50.0 Float REAL
SM_Sts PVdWalue 400.0 Float REAL
SM_Sts.PVEValue 0.0 Float REAL
SM_Sts CPV1Value 1394057.0 Float REAL
SM_5ts CPV15caler 0.5 Float REAL
SM_Sts CPVZ2Value 7940.0 Float REAL
SM_Sts.CPV25caler 0.25 Float REAL
SM_Sts CPV3Value 3370.0 Float REAL
SM_5te.CPV35caler 0.125 Float REAL
SM_Sts. CPV4Value 63522.0 Float REAL
SM_Ste.CPV4Scaler 1.0 Float REAL
SM_Sts CPV5Value 0.0 Float REAL
SM_Sts.CPV5Scaler 0.0 Float REAL
SM_Sts. AuditValue —-2230198935396853979 Decimal LINT
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Notes:
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Appendix A

RAPID EM Data Structure

This appendix provides definitions of the tags that are used with the RAPID_EM data structure.

RAPID Equipment Interface Tag List

Table 1 describes the RAPID_EM status tags.
Table 1- Rapid Tag Descriptions

Tag Details
Tag Name Description Data Format Requirement Comment
RAPID_EM.Sts.Mode Current Mode of Equipment. DINT Required Production =1,

1="Production Mode

2 =(IP (Cleaning)

3 =Change Over

4 = Maintenance/Manual
5 =0ther

Non-Production > 1

RAPID_EM.Sts.ModeName Current Mode of Equipment String
Name of Current Mode if it is not

as defined in the target program.

Required if .Mode is not being
used as standard

Optional: Name of current mode
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RAPID_EM Data Structure

Table 1- Rapid Tag Descriptions (Continued)

Tag Details
Tag Name Description Data Format Requirement Comment
RAPID_EM.Sts.State This tag presents the current DINT Required Unless .StateBool is if not .StateBool

equipment state that is
represented by an integer value.
This tag s typically used when an
ISA-TR88.00.02 state model
exists with values as defined.

ISA-TR88.00.02 (PackML) defines

integer values as:

+ 1= (learing [Optional state]

« 2= "Stopped [Required state:
Default state if not Running,
Suspended, or Faulted]

« 3=Starting [Optional state]

« 4=Idle [Optional state]

«+ 5=Suspended [Required
state: External upstream/
downstream permissive is
present]

6= Execute [Required state:
“Running”]

« 7= "Stopping [Optional state]

« 8= Aborting [Optional state]

+ 9=Aborted [Required state:
FirstQutFault values must be
provided when in this state]

+10=Holding [Optional state]

+ 11="Held [Optional state]

«12=UnHolding [Optional
state]

« 13=Suspending [Optional
state]

«14=Unsuspending [Optional
state]

«15=Resetting [Optional
state]

«16=Completing [Optional
state]

« 17=Complete [Optional
state]

used

RAPID_EM.Sts.StateBool

This tag presents the current
state of the equipment with a
unique Boolean tag that
represents each state. All states
are mutually exclusive, as
defined by ISA-TR88.00.02.

NOTE: I .State is not zero, then
this tag is ignored.

UDT_PML_States

Required if .State is not being
used.

if not .State
unused states must be set to 0!

RAPID_EM.Sts.StateName Name of current state if not String Optional Optional: Name of current state if
defined as above. not defined as standard
RAPID_EM.Sts.RecipeName Name of current recipe being String Optional Optional: Name of current recipe
used by equipment. in use of equipment
RAPID_EM.Sts.ProducingMode | If current mode must be BOOL Required Producing Mode = 1 (BOOL) if
monitored for performance, set you want to monitor the current
to Boolean value=1 (True). mode for performance.
RAPID_EM.Sts.CurrentSpeed Current rate of machine DINT Required Actual Production Rate in parts

measured in discharged or
processed parts per minute.

per minute
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Table 1- Rapid Tag Descriptions (Continued)

Tag Details

Tag Name Description Data Format Requirement Comment

RAPID_EM.Sts.LineControlEnabl | When RAPID Line Control BOOL Required Indicated that the equipment

ed function is being implemented, allows commands from line
Set to Boolean value=1 (true) control
when the equipment can accept
remote commands. (Start, Stop,

Suspend, Unsuspend)

RAPID_EM.Sts.FirstOutFaultEven | Reason for being in Fault/ UDT_Event Required Fault Message ID (if not .Message

tID Aborted state. The .Message used)
string and/or ID value must be -

Message populated before turning on the Fault Message Text (if not .ID
trigger bit. The trigger stays on used)

Gt until the equipment is no longer Examole:

‘ategory faulted or stopped. xamp e ]

The category number is assigned (ategongs.
by the end user or RAPID system 1: Material;
integrator. Categories are used to 2: Utilities;
report fault events as being 3: Electrical;
related to items like Materials, . .
Utilities, Mechanical, Electrical, 4 Mechanical

Trigger Safety. On for entire downtime event
The equipment/machine (BooL)
programmer defines the .ID and
.Message tags.

RAPID_EM.Sts.TotalCount Quantity of parts that are DINT Required Equipment Infeed Count
consumed by the equipment.

Typically counted at the
equipment infeed.

RAPID_EM.Sts.GoodCount Quantity of parts that are DINT Required Equipment discharge count
processed by the equipment.
Typically counted at the
equipment discharge.

RAPID_EM.Sts.UnitRatio Number of consumed parts that | Real Required Ratio of total to good (must fit to
are contained in each processed .TotalCount and .Good Count of
part. (example: bottles per case) Equipment)

RAPID_EM.Sts.ResetDone Reserved for future use - - Reserved for future use

RAPID_EM.Sts.Lane01Blocked Primary Product Infeed is BOOL Required At least one downstream blocked
Blocked condition is required (BOOL)

RAPID_EM.Sts.Lane02Blocked Use only if multiple discharge BOOL Optional Optional if more downstream
lanes exist. conditions available

RAPID_EM.Sts.Lane03Blocked Use only if multiple discharge BOOL Optional
lanes exist.

RAPID_EM.Sts.Lane04Blocked Use only if multiple discharge BOOL Optional
lanes exist.

RAPID_EM.Sts.Lane05Blocked Use only if multiple discharge BOOL Optional
lanes exist.

RAPID_EM.Sts.Lane01Starved Primary Product Infeed is BOOL Optional At least one upstream starved
Starved condition is required (BOOL)

RAPID_EM.Sts.Lane02Starved Use only if multiple infeed lanes | BOOL Optional At least one upstream starved
or consumed materials exist. condition is required (BOOL)

RAPID_EM.Sts.Lane03Starved Use only if multiple infeed lanes | BOOL Optional
or consumed materials exist.

RAPID_EM.Sts.Lane04Starved Use only if multiple infeed lanes | BOOL Optional
or consumed materials exist.

RAPID_EM.Sts.Lane05Starved Use only if multiple infeed lanes | BOOL Optional

or consumed materials exist.
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Table 1- Rapid Tag Descriptions (Continued)

Tag Details

Tag Name

Description

Data Format

Requirement

Comment

RAPID_EM.Cmd.StateCmdint

Optional: Can be used instead of
StateCmdBool if it is desired to
process the command in an
integer format.

Typical commands that are used
by the line control function are

Suspend, Unsuspend, and Stop.
Only implement

Start if a remote start is allowed
from an idle state.

Command Definitions:

+ 1=Reset [not used by
RAPID]

« 2=Start [optional if remote
start from idle is allowed]

+ 3 =Hold [not used by RAPID]

+ 4 =UnHold [not used by
RAPID]

« 5=Suspend [required if line
control is in use]

« 6="UnSuspend [required if
line control is in use]

« 7=">Stop [required if line
control is in use]

8= Abort [not used by
RAPID]

+ 9 =C(lear [not used by RAPID]

DINT

Optional

if not .StateCmdBool

RAPID_EM.Cmd.StateCmdBool
.Suspend

.Unsuspend

Stop

.Start (optional)

If RAPID Line Control function is
being implemented and
.StateCmdInt is not being used,
these values must be available.
Requires machine level
programming to initiate machine
state changes. Typical
Commands that are used by the
line control function are
Suspend, Unsuspend, and Stop.
Only implement Start if a remote
startis allowed from an idle
state.

NOTE: StateCmdBool is only
monitored if StateCmdint is
equal to zero.

UDT_PML_Commands

Required

if not .SateCmdint

RAPID_EM.Cmd.Name

(Can be used on local HMI

String

Optional

Optional to be used on HMI

RAPID_EM.Cmd.LineName

(an be used on local HMI

String

Optional

Optional to be used on HMI

RAPID_EM.Cmd.Recipe

(an be used to set the recipe for
the current machine. Requires
machine-level programming to
implement.

DINT

Optional

Optional to set the recipe for the
machine that is running (needs

respective programming on the
equipment)

RAPID_EM.Cmd.SpeedSetPoint

Reserved for future use

BOOL

Future use reserved

RAPID_EM.Cmd.ResetCounters

Reserved for future use

Real

Future use reserved
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Table 2 describes the RAPID_EM command tags.

Table 2 - RAPID_EM Command Tags

UDT_RAPID_EM_Cmd Description Data Format
Requirement: If RAPID Line Control functionality is being implemented and .StateCmdInt is not being used, | .StateCmdBool UDT_PML_Commands
these values must be available. Requires machine level programming to initiate machine state changes. Typical | Syspend
commands that are used by the line control function are Suspend, Unsuspend, and Stop. Only implement Startif a Unsuspend
remote start is allowed from an idle state. NOTE: StateCmdBool is only monitored if StateCmdInt is equal to zero. | Stop P
.Start (optional)

Optional: Can be used instead of StateCmdBool if it is desired to process the command in an integer format. StateCmdint DINT
Typical commands that are used by the line control function are Suspend, Unsuspend, and Stop. Only implement
Start if a remote start is allowed from an idle state.
Command Definitions:

1= Reset [not used by RAPID]

2 = Start [optional if remote start from idle is allowed]

3 =Hold [not used by RAPID]

4 = UnHold [not used by RAPID]

5 = Suspend [required if using line control]

6 = UnSuspend [required if using line control]

7 = Stop [required if using line control]

8 = Abort [not used by RAPID]

9 = (lear [not used by RAPID]
Optional: Can be used on local HMI .Name STRING
Optional: Can be used on local HMI LineName STRING
Optional: Can be used to set current running machine recipe. Requires machine level programming to .Recipe DINT
implement.
Reserved for future use .SpeedSetPoint REAL
Reserved for future use .ResetCounters BOOL
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Notes:
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Appendix B

RAPID Equipment Interface Add-On Instruction Online Help File (AOI

Inputs/Outputs)

This chapter describes the online help parameters that are used with the RAPID _Interface_AOI, version 4.0. You can
use the Add-On Instruction in the following programming languages:

e Ladder Logic

e Function Block Diagrams

e Structured Text

The online help parameters are required for line control programming, line performance programming, or both.

The equipment program must control these parameters for RAPID to function as designed. We recommend that all
parameters that are described in Chapter 1 and Chapter 2 are programmed.

RAPID_EM Status Tags

Table 3 describes the RAPID_EM status tags.

Table 3 - RAPID_EM Status Tags

Required Parameter Name Data Type Usage
x-both RAPID_Interface_AQI RAPID_Interface_AQI InOut
x-both Enableln BOOL Input
view only EnableQut BOOL Output
x-both (fg_TestModeEnable BOOL Input
x-both Ref_RAPIDCommands UDT_RAPID_EI_Cmd InOut
X-both Ref_RAPIDStatus UDT_RAPID_EI_Sts InOut
x-control only Out_StateCommand DINT Output
x-control only Out_StateCommandBool UDT_PML_Commands InOut
optional Out_EquipmentName STRING InOut
optional Out_LineName STRING InOut
optional Out_Recipe DINT Output
optional Out_ResetCounters BOOL Output
optional Out_SpeedSP REAL Output
x-both Inp_CurrentMode DINT Input
optional Inp_CurrentModeName STRING InOut
X-or below Inp_CurrentState DINT Input
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Required Parameter Name Data Type Usage
x-or above Inp_CurrentStateBool UDT_PML_States InOut
optional Inp_CurrentStateName STRING InOut
optional Inp_RecipeName STRING InOut
x-both Inp_ProducingModeEnabled BOOL Input
optional Inp_EquipmentActualSpeed REAL Input
x-control only Inp_RAPIDControlEnabled BOOL Input
x-performance only Inp_FirstOutFault UDT_Event InOut
x-performance only Inp_TotalCount DINT Input
x-performance only Inp_GoodCount DINT Input
x-performance only Inp_ConsumedUnitRatio REAL Input
optional Inp_ResetDone BOOL Input
x-both Inp_BlockedSts_Lanes.01 BOOL Input
optional Inp_BlockedSts_Lanes.02 - 15 BOOL Input
X-both Inp_StarvedSts_Lanes.01 BOOL Input
optional Inp_StarvedSts_Lanes.02 - 15 BOOL Input
view only Sts_RAPIDControlActive BOOL Output
view only Sts_TestModeEnabled BOOL Output
view only Sts_HeartbeatFault BOOL Output
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Memory Usage in Controller Program

This appendix describes how the import of the RAPID Equipment Interface to your Logix5000™ controller program

impacts the available memory.

Table 4 shows an example of how controller memory usage changes after the import.

Table 4 - Controller Memory Usage Example

Example Program:

Impact of Importing the Equipment Interface Add-

Impact of Adding the Equipment Interface Data

Available Free Memory Before Implementing | On Instruction and Associated UDTs Mapping Logic
the Equipment Interface Free Memory After Add- | Memory Used by Add-On | Free Memory After Data | Memory Used by Data
On Instructions and Instructions and UDTs Mapping Logic Mapping Logic
UDTs are Imported
2,048,204 bytes 2,027,256 bytes 20,948 bytes (21 KB) 2,023,492 bytes 3,764 bytes (4 KB)
Fixed Canvary

IMPORTANT  Asshown in Table 4, the amount of memory use for the Add-On Instruction is fixed. However, the data mapping logic can vary
depending if logic is needed to create the data and if control and information functions are being implemented.
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Memory Usage in Controller Program

RAPID Equipment Interface Memory Usage

The RAPID Equipment Interface memory usage affects the available Data and Logic Memory portion of controller
memory. The I/O Memory portion of controller memory is unaffected by importing the RAPID Equipment Interface.

The following graphic shows how the values on the Estimate tool dialog box change.

Estimated 1/0 Memory
0 Total

B (] Free:

= B Used:

Largest Block Free:

4 Max Used:

Before RAPID Equipment Interface is Added

Estimated Data and Logic Memory

505,856 bytes i Total

487,000 bytes N [ Free:
18,856 bytes = [ Used:
18,856 bytes B 4 Max Used:

487,000 bytes Largest Block Free:

2,087,152 bytes
2,048.204 bytes
48,948 bytes

48 948 bytes
2,048,204 bytes

Impact of Add-On Instructions and UDTs

Estimated 1/0 Memory Estimated Data and Logic Memory

Total: 505.856 bytes Total: 2,097.152 bytes
i [ Free: 487,000 bytes - [ Free: 2,027.256 bytes
= B Used: 18,856 bytes = B Used: 69,896 bytes
i 4 Max Used: 18.856 bytes ) 4 Max Used: 69.896 bytes
Largest Block Free: 487,000 bytes Largest Block Free: 2,027,256 bytes

Impact of Mapping Logic

Estimated 1/0 Memory Estimated Data and Logic Memory

Total: 505,856 bytes T Total: 2,097,152 bytes

[ Free: 487.000 bytes - [ Free: 2,023,492 bytes

= B Used: 18,856 bytes = B Used: 73,660 bytes
 Max Used: 18.856 bytes . o Max Used: 73,660 bytes

Largest Block Free: 487,000 bytes Largest Block Free: 2.023.492 bytes
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OMAC PackML State Model

Definitions of the OMAC PackML States that are taken from the PackML Standard ISA-TR88.00.02, Chapter 4.

TIP

Types of States

For further information, see the standard document ISA-TR88.00.02.

For the purposes of understanding, three machine state types are defined:

e Acting State: A state that represents some processing activity. It implies the single or repeated execution of steps in
alogical order, for a finite time or until a specific condition has been reached. In ISA-88, states that end in “-ing”
are referred to as Transient states.

o Wait State: A state that is used to identify that a machine has achieved a defined set of conditions. In such a state,
the machine maintains a status until it transitions to an Acting state or the Dual state. In ISA-88, the Wait state

was referred to as a Final or Quiescent state.

¢ Dual State: A Wait state that is causing the machine to behave as in an Acting state. The Dual state is
representative of a Machine state that can be continuously transitioning between Acting and Waiting, and

Looping, as defined by the logical sequence required. As noted in ISA-88, the Execute, or Running state, is a
Transient state. This Machine state has been recharacterized to include the diversity of operation that is found in

packaging and discrete machines.

Table 5 - OMAC PAckML States

State Name Description
STOPPED State The machine is powered and stationary after completing the STOPPING state. All communications with other systems are functioning (if
Type: Wait applicable).
A Reset command causes an exit from STOPPED to the RESETTING state.
STARTING State This state provides the steps that must be taken to start the machine and is a result of a starting type command (local or remote).
Type: Acting After this command, the machine begins to Execute.
IDLE State This state indicates that RESETTING is complete. This state maintains the machine conditions that were established during the RESETTING
Type: Wait state and performs operations that are required when the machine is in IDLE.
SUSPENDING State This state is a result of a change in monitored conditions due to process conditions or factors. The trigger event causes a temporary
Type: Acting suspension of the EXECUTE state.

SUSPENDING often results from starvation of upstream material in-feeds (for example, container feed, beverage feed, crown feed, or
lubricant feed) that is outside the dynamic speed control range. It can also result from a downstream outfeed blockage that helps prevent
the machine from EXECUTING continued steady production. During the controlled sequence of SUSPENDING, the machine transitions to a
SUSPENDED state.

The operator can force the SUSPENDING state.
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Table 5 - OMAC PAckML States (Continued)

State Name Description

SUSPENDED State The machine can run at a relevant setpoint speed without product being produced while the machine is waiting for external process

Type: Wait conditions to return to normal. When the offending process conditions return to normal, the SUSPENDED state transitions to
UNSUSPENDING and hence continue towards the normal EXECUTE state.
Note: The SUSPENDED state can be reached as a result of abnormal external process conditions and differs from HELD. HELD typically result
from an operator request or an automatically detected machine fault condition that must be corrected before an operator request to
transition to the UNHOLDING state is processed.

Acting UNSUSPENDING This state is a result of a machine generated request from SUSPENDED state to return to the EXECUTE state. In this state, the system can

State Type ramp up speeds, turn on vacuums, and re-engage clutches.
This state is done before EXECUTE state, and prepares the machine for the EXECUTE state.

EXECUTE State Once the machine is processing materials, it is deemed to be executing or in the EXECUTE state. Different machine modes result in specific

Type: Dual types of EXECUTE activities. For example, if the machine is in the Production mode, EXECUTE results in products being produced. In Clean
Out mode, the EXECUTE state refers to the action of cleaning the machine.

STOPPING State This state executes the logic that brings the machine to a controlled stop as reflected by the STOPPED state. Normal STARTING of the

Type: Acting machine cannot be initiated unless RESETTING had taken place.

ABORTING State The ABORTED state can be entered at any time in response to the Abort command or on the occurrence of a machine fault. The aborting

Type: Acting logic brings the machine to a rapid safe stop. Operation of the emergency stop causes the safety system.to stop the machine. It also
provides a signal to initiate the ABORTING State.

ABORTED State This state maintains machine status information relevant to the Abort condition.

Type: Wait The machine can only exit the ABORTED state after an explicit Clear command, following manual intervention to correct and reset the
detected machine faults.

HOLDING State When the machine is in the EXECUTE state, the Hold command can be used to start HOLDING logic. This logic brings the machine to a

Type: Acting controlled stop or to a state that represents HELD for the particular unit control mode. A machine can go into this state either when an
internal equipment fault is automatically detected or by an operator command. The Hold command stops the machine while the operator
intervenes manually in the process, such as to remove a broken bottle from the in-feed. The operator then restarts execution when normal
conditions are restored.
To restart production correctly after the HELD state, the system preserves data from the point at which the Hold command is given. All
relevant process setpoints and the return status of procedures at the time of receiving the Hold command must be saved in the machine
controller when executing the HOLDING procedure.

HELD State The HELD state holds operation while material blockages are cleared, stops throughput while a downstream problem is resolved, or enables

Type: Wait the safe correction of an equipment fault before production resumes.

UNHOLDING State The UNHOLDING state is a response to an Operator command to resume the EXECUTE state.

Type: Acting The Unhold command retrieves the saved setpoints and restores status conditions to prepare the machine to reenter the normal EXECUTE
state.
Note: An operator Unhold command is always required and UNHOLDING can never be initiated automatically.

(OMPLETING State This state is an automatic response from the EXECUTE state. Normal operation has run to completion (for example, processing of material at

Type: Acting the infeed stops).

COMPLETE State The machine has finished the COMPLETING state and is now waiting for a Reset command before transitioning to the RESETTING state.

Type: Wait

RESETTING State This state is the result of a RESET command from the STOPPED or complete state.

Type: Acting RESETTING typically causes a machine to sound a horn and place the machine in a state where components are energized awaiting a START
command.

CLEARING State Initiated by a state command to clear any faults that occurred when ABORTING and faults that are present in the ABORTED state before

Type: Acting proceeding to a STOPPED state.
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OMAC PackML State Model

Appendix D

A comparison of the ISA $88 states (ISA 88.01) with the OMAC PackML states in Table 5 is shown in Table 6.
Table 6 - Compare ISAS88 States with OMAC PAckML States

ISA 88.01 Example

Technical Report Equipment States

Procedural States Value Unit/Machine States Wait Acting
<not defined> 1 (learing X
Stopped 2 Stopped X

<not defined> 3 Starting X
Idle 4 dle X

Paused 5 Suspended X

Execute 6 Execute X X
Stopping 7 Stopping X
Aborting 8 Aborting X
Aborted 9 Aborted X

Holding 10 Holding X
Held N Held X

Restarting 12 Unholding X
Pausing 13 Suspending X
<not defined> 14 Unsuspending X
<not defined> 15 Resetting X
<not defined> 16 Completing X
Complete 17 Complete X
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Notes:

80 Rockwell Automation Publication RAPID-QS001D-EN-P - September 2017






Rockwell Automation Support

Use the following resources to access support information.

Knowledgebase Articles, How-to Videos, FAQs, Chat, User

Forums, and Product Notification Updates. https://rockwellautomation.custhelp.com/

Technical Support Center

Local Technical Support Phone Numbers Locate the phone number for your country. http://www.rockwellautomation.com/global/support/get-support-now.page
. . Find the Direct Dial Code for your product. Use the code to . ) o
Direct Dial Codes route your calldirectly to a technical support engineer. http://www.rockwellautomation.com/global/support/direct-dial.page
Literature Library Instal!atlon Instructions, Manuals, Brochures, and http://www.rockwellautomation.com/global/literature-library/overview.page
Technical Data.
Product Compatibility and Download Get help determining how products interact, check ) ’
Center (PCDC) features and capabilities, and find associated firmware. http://www.rockwellautomation.com/global/support/pcdc.page

Documentation Feedback

Your comments will help us serve your documentation needs better. If you have any suggestions on how to improve this document, complete the
How Are We Doing? form at http://literature.rockwellautomation.com/idc/groups/literature/documents/du/ra-du002_-en-e.pdf.
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