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Logix 5000 Controller Safety Application Instruction Set

Important User Information

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

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

If this equipment is used in a manner not specified by the manufacturer, the protection provided by the equipment may be impaired.

In no event will Rockwell Automation, Inc. be responsible or liable for indirect or consequential damages resulting from the use or
application of this equipment.

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

No patent liability is assumed by Rockwell Automation, Inc. with respect to use of information, circuits, equipment, or software described in
this manual.

Reproduction of the contents of this manual, in whole or in part, without written permission of Rockwell Automation, Inc., is prohibited.

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

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

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

> >

IMPORTANT: |dentifies information that is critical for successful application and understanding of the product.

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

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

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

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

B> > >

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

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

Rockwell Automation recognizes that some of the terms that are currently used in our industry and in this publication are not in alignment
with the movement toward inclusive language in technology. We are proactively collaborating with industry peers to find alternatives to
such terms and making changes to our products and content. Please excuse the use of such terms in our content while we implement
these changes.
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Logix 5000 Controller Safety Application Instruction Set

Summary of changes

This manual includes new and updated information. Use these reference tables to locate changed information.

Global changes
None in this release.

New or enhanced features

This table contains a list of topics changed in this version, the reason for the change, and a link to the topic that contains the changed

information.

Table 1. Changes in this version

Topic

Reason

All Safety instruction topics

Added the ControlLogix 5590 as a controller that supports Safety instructions.

All Safety instruction topics

Removed the CompactLogix 5480 from the list of controllers that support Safety
instructions.

Most Safety instruction topics

Updated the Important note under the Operands section to clarify programming
practices that can cause unexpected operation.

Most Safety instruction topics

Updated the footnote that describes the need to monitor the transition of the Reset
input. Earlier versions described a requirement based on the IS0 13849-1 standard,
which has been revised and no longer states that requirement.

Backing tag usages that can cause unexpected operation on page

Added a topic to explain programming practices that can cause unexpected
operation.

Dual Channel Input Monitor (DCM) on page 58

Changed "Drop down" to "list item" for the Safety Function and Input type operands.

Dual Channel Input Stop (DCS) on page 80

Updated the list of supported controllers.

Four Sensor Bi-Directional Muting (FSBM) on page 144

Updated the description for the FSBM (backing tag) operand.

Rockwell Automation, Inc. Publication 1756-RM0950-EN-P - September 2025
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Logix 5000 Controller Safety Application Instruction Set

Preface

This reference manual describes the Rockwell Automation GuardLogix Safety Application Instruction Set, which is type-approved
and certified for safety-related function in applications up to and including Safety Integrity Level (SIL) 3 according to IEC61508, and
Performance Level, PLe (Cat.4), according to IS013849-1.

The timing diagrams that are presented in the manual are for illustrative purposes only. The actual response times are determined by the
performance characteristics of your application.

Use this manual if you are responsible for designing, programming, or troubleshooting safety applications that use GuardLogix controllers.

You must have a basic understanding of electrical circuitry and familiarity with relay ladder logic. You must also be trained and experienced
in the creation, operation, programming and maintenance of safety systems.

The term Logix5000 controller refers to any controller that is based on the Logix5000 operating system.

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

Studio 5000 environment
The Studio 5000 Automation Engineering & Design Environment® combines engineering and design elements into a common environment.
The first element is the Studio 5000 Logix Designer® application. The Logix Designer application is the rebranding of RSLogix 5000®

software and will continue to be the product to program Logix 5000™ controllers for discrete, process, batch, motion, safety, and drive-
based solutions.

Studio 5000 Logix Designer®

The Studio 5000® environment is the foundation for the future of Rockwell Automation® engineering design tools and capabilities. The
Studio 5000 environment is the one place for design engineers to develop all elements of their control system.

GuardLogix controller operation

The GuardLogix safety controllers are part of a de-energize to trip system, which means that all of its outputs are set to zero when a fault is
detected.

6 Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.



Logix 5000 Controller Safety Application Instruction Set

Certified instructions

These tables list the instructions that are certified for use in GuardLogix systems. For the latest information, see our safety certificates and
revision release lists at this URL:

http://www.rockwellautomation.com/global/certification/safety.page?

Studio 5000 Logix Designer®Software Version 31 and Later Drive Safety Instructions

Instruction abbreviation Instruction name Certification
SBC Safe Brake Control TUV
NI Safe Direction TUV
SFX Safety Feedback Interface TV
SLP Safety-Limited Position TUV
SLS Safety-Limited Speed TV
S0S Safe Operating Stop TV
SS1 Safe Stop 1 TV
SS2 Safe Stop 2 TV

RSLogix 5000 Software Version 17 and Later Metal Form and Safety Instructions

Instruction abbreviation Instruction name Certification
AVC Auxiliary Valve Control TV
CBCM Clutch Brake Continuous Mode DGUV*
TUvV
CBIM Clutch Brake Inch Mode DGUV*
TUvV
CBSSM Clutch Brake Single Stroke Mode DGUV*
TV
CPM Crankshaft Position Monitor DGUV*
TV
CROUT Configurable Redundant Output DGUV*
TUvV
CSM Cam Shaft Monitor DGUV*
TUvV
DCM Dual Channel Input Monitor DGUV*
TuvV
DCS Dual Channel Input Stop DGUV*

Rockwell Automation, Inc. Publication 1756-RM0950-EN-P - September 2025 7
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Instruction abbreviation Instruction name Certification
TUV
DCSRT Dual Channel Input Start DGUV*
TUV
DCST Dual Channel Input Stop with Test DGUV*
TUV
DCSTL Dual Channel Input Stop with Test and Lock DGUV*
TUV
DCSTM Dual Channel Input Stop with Test and Mute TUV
DCA Dual Channel Analog Input - integer version TV
DCAF Dual Channel Analog Input - floating point version TUV
EPMS Eight Position Mode Selector DGUV*
TUV
FSBM Four Sensor Bidirectional Muting TUV
MMVC Maintenance Manual Valve Control DGUV*
TUV
MVC Maintenance Valve Control DGUV*
TUV
SMAT Safety Mat TUvV
THRSe Two-Hand Run Station - Enhanced DGUV*
TUV
TSAM Two Sensor Asymmetrical Muting TUV
TSSM Two Sensor Symmetrical Muting TV

*At the time of publication, these instructions are not DGUV-certified for use with Compact GuardLogix 5370 controllers, and are certified

only for firmware versions 17...21 for GuardLogix and 1768 Compact GuardLogix controllers.

RSLogix 5000 Software Version 14 and Later Instructions

Instruction abbreviation Instruction name Certification

DIN Diverse Input TV

ENPEN Enable Pendant TUV

ESTOP Emergency Stop TV

FPMS Five Position Mode Selector TUV
8 Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.
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Instruction abbreviation Instruction name Certification
LC Light Curtain TV

RIN Redundant Input Tuv

ROUT Redundant Output TUvV

THRS Two-hand Run Station TUV
Terminology

In this manual, programming software refers to both the Studio 5000 Logix Designer application and RSLogix 5000 software. This table
defines abbreviations that are used in this manual.

Abbreviation Description

AOPD Active Opto-electronic Protective Device
BCAM Brake Cam

BDDC Bottom Dead Center

CVT Circuit Verification Test

DCAM Dynamic Cam

ESPE Electro-sensitive Protective Equipment
TCAM Takeover Cam

Additional resources

These documents contain additional information concerning related Rockwell Automation products.

Resource

Description

Industrial Automation Wiring and Grounding Guidelines, publication 1770-4.1

Provides general guidelines for installing a Rockwell Automation industrial system.

Product Certifications webpage

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

You can view or download publications at http://www.rockwellautomation.com/literature. To order paper copies of technical

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

Legal notices

Rockwell Automation publishes legal notices, such as privacy policies, license agreements, trademark disclosures, and other terms and
conditions on the Legal Notices page of the Rockwell Automation website.

Software and Cloud Services Agreement

Review and accept the Rockwell Automation Software and Cloud Services Agreement here.

Open Source Licenses

Rockwell Automation, Inc.
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The software included in this product contains copyrighted software that is licensed under one or more open source licenses. Copies of
those licenses are included with the software. Corresponding Source code for open source packages included in this product are located at
their respective web site(s).

Alternately, obtain complete Corresponding Source code by contacting Rockwell Automation via the Contact form on the Rockwell
Automation website:

http://www.rockwellautomation.com/global/about-us/contact/contact.page

Please include "Open Source" as part of the request text.

Afull list of all open source software used in this product and their corresponding licenses can be found in the OPENSOURCE folder. The
default installed location of these licenses is:

C:\Program Files (x86)\Common Files\Rockwell\Help\Product Name\Release Notes\OPENSOURCE\index.htm

10 Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.
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Chapter 1

De-Energize to Trip systems

Overview

This chapter provides overview information on safety controllers and safety instructions.

The Safety controller is part of a De-Energize to Trip system. This means that all of its outputs
are set to zero when a fault is detected.

De-energize to Trip System

In addition, the Safety controller automatically sets any input values associated with faulty input
modules to zero. As a result, any inputs being monitored by one of the diverse input instructions
(DIN or THRS) should have the normally closed input conditioned by logic as shown here:

Input Module Momally Closad Input
Connection Faulted Data
| | T
i N

Memally Closed Input
Status

/

The exact ladder logic depends on your specific system requirements, and the functionality
of the Safety input module. The result, however, should be the same: to create a Safe state of
one for the normally closed input of the diverse input instructions. This example logic actually
overrides the input value in the input tag.

The normally closed input of the diverse input instruction should be placed in a Safe state
whenever the connection to the input module is lost, or the normally closed input point is
faulted.

The input value should remain intact to represent the actual state of the field device when there
is a connection and the normally closed input point is not faulted.

Failure to implement this type of logic does not create an unsafe condition, but it does result
in the instruction latching an Inputs Inconsistent fault, requiring a clear fault operation to be
performed.

Input and Output Line Conditioning

Rockwell Automation, Inc.

Safety I/0 modules provide pulse test and monitoring capabilities. If the module detects a
failure, it sets the offending input or output to the Safe state and reports the failure to the
controller.

The failure indication is made via the input or output point status, and is maintained for a
configurable amount of time, or until the failure is repaired, which ever comes last.

IMPORTANT: Ladder logic must be included in the application program to latch these I/0 point failures and ensure
proper restart behavior.

Publication 1756-RM0950-EN-P - September 2025 l
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For more information on Safety I/0 modules, refer to the publications listed in Additional
resources on page

1/0 Module Connection Status

ACIP SafetyTM system provides connection status for each |/0 device in the safety system. If an
input connection failure is detected, the operating system sets all associated inputs to the de-
energized (Safe) state, and reports the failure to the ladder logic. If an output connection failure
is detected, the operating system can only report the failure to the ladder logic.

IMPORTANT: Ladder logic must be included in the application program to latch these 1/0 point failures and ensure
proper restart behavior.

How to Latch and Reset Faulted 1/0

The following diagrams provide examples of the ladder logic required to latch and reset an 1/0
module connection or point failure. The first image shows the ladder logic for an input point,
and the second shows the ladder logic for an output point.

IMPORTANT: Both of these diagrams are examples, and are for illustrative purposes only. The suitability of this
logic depends upon your specific system requirements.

The safety instructions shown throughout this manual can manage the fault and reset conditions of
safety inputs and outputs. If you do not use safety instructions, additional programming may be required
to manage fault latching and recovery.

Input latch logic:

Falling Edge Reset
Reset PB Storage Bit
Reset_PB OSF
] E Storage Bit ResetSB -————
Output Bt ResetOB {SB)—
—(0B)—
Reset Falling Edge
Safety Input Status Output Bt Internal Tag
SafetylO:1:1.Pt00Status ResetOB InputFaulted
JE =/ [== { >
internal Tag
InputFaulted
JLC
4L
Safety Input Data internal Tag Safety input For Use
SafetylO:1:LPt00Data  InputFaulted Safetyinput00
— | [ ==/ [ S —

The first rung monitors a Reset input and provides a reset on the falling edge of the Reset_PB
(Reset0B).

The second rung latches an internal indication that either the module connection or the specific
input point has failed. The latched fault resets on the falling edge of the Reset_PB only if the
fault has been repaired. This prevents the safety function from automatically restarting if the
Fault Reset signal gets stuck on.

Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.
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The third rung shows the input point data used in combination with the internal fault indication
to control an output.

The output is internal data that may be used in combinational logic later to drive an actual
output. If an actual output is used directly, it may or may not require logic similar to that shown
in Figure 1.3 for latching and resetting output connection failures.

The Fault Reset contact shown in these examples is typically activated as a result of operator
action. The Fault Reset could be derived as a result of combinational logic or directly from an
input point (in which case it may or may not require conditioning of its own).

Output latch logic:

Faling Edge Reset
Reset PB Storage Bit
Reset_PB OSF
I E torage Bt ResetSB |———
ResetOB (S8)—
08—
Reset Faling Edge
Safety Output Status Output Bit Internal Tag
Safetyl0:2:1L PtO00utputStatus Res#t0OB QutputF aulied
JE ) e <>
Internal Tag
QutputF auled
1C
4k
Logic Generated
Safety Enable Internal Tag Safety Output Data
SafetyEnable OutputFauled Safetyi0:2.0 Pt00Data

The ladder logic in the output example has a similar latch and reset concept as that shown in
the input example.

The first rung monitors a Reset input and provides a reset on the falling edge of the Reset_PB
(Reset0B).

The second rung latches an internal indication that either the module connection or the specific
output point has failed. The latched fault resets on the falling edge of the Reset_PB only if the
fault has been repaired. This prevents the safety function from automatically restarting if the
Fault Reset signal gets stuck on.

The third rung includes application-specific logic to drive the state of an output point. This logic
is conditioned by the output faulted internal indicator.

False Rung State Behavior

The information provided in this manual regarding the GuardLogix Safety application
instructions depicts the "True Rung State" (Ladder Diagram Logic) behavior of the instructions.

The "False Rung State" behavior is exactly the same (internal state machines continue to run
and change states based on the inputs) except that all outputs, including prompts and fault
indicators, are set to zero when the instructions are disabled or on a false rung.

Publication 1756-RM0950-EN-P - September 2025 13
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1/0 Point Mapping
Input
These tables identify the mapping between the Safety I/0 module’s Input points and the
controller tags when the Safety /0 module’s Input Status module definition is configured for
Point Status or Combined Status.
moduleName is the name you assign to the 1/0 module. Slot is the chassis slot that the module
occupies.
Mapping for 1732 and 1791 Safety I/0 modules:
1/0 Module Point Controller Tag Reference
Data Point Status Combined Status
INO moduleName:|.Pt00Data moduleName:|.Pt00InputSt | moduleName:1.Combinedin
atus putStatus
INT moduleName:|.Pt01Data moduleName:1.Pt0TInputSta
tus
IN2 moduleName:|.Pt02Data moduleName:|.Pt02InputSt
atus
INn moduleName:|.PtnData moduleName:1.PtninputSta
tus
Mapping for 1734 Safety 1/0 modules:
1/0 Module Point Controller Tag Reference
Data Point Status Combined Status
INO AdapterName:slot:|.Pt00D | AdapterName:slot:1.Pt00Sta | AdapterName:slot:1.Combin
ata tus edInputStatus
INT AdapterName:slot:|.Pt01D | AdapterName:slot:|.Pt01Sta
ata tus
IN2 AdapterName:slot:1.Pt02D | AdapterName:slot:|.Pt02Sta
ata tus
INn AdapterName:slot:|.PtnData | AdapterName:slot:1.PtnSta
tus
Mapping for 1756, 5069, and 5094 Safety I/0 modules:
1/0 Module Point Controller Tag Reference
14 Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.
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Combined Status

Data Point Status

INO AdapterName:slot:1.Pt00.D | AdapterName:slot:1.Pt00.St
ata atus

IN1 AdapterName:slot:|.Pt01.D | AdapterName:slot:1.Pt01.Sta
ata tus

IN2 AdapterName:slot:|.Pt02.D | AdapterName:slot:|.Pt02.St
ata atus

INn AdapterName:slot:|.Ptn.D | AdapterName:slot:1.Ptn.Sta

ata

tus

Not applicable

O For 1756 and 5069 modules in chassis 1/0 applications, Local replaces AdapterName.

Output

These tables identify the mapping between the Safety 1/0 module’s Output points and the
controller tags when the Safety /0 module’s Input Status module definition is configured for
Point Status or Combined Status.

ModuleName is the name you assign to the I/0 module. Slot is the chassis slot that the module

occupies.

Mapping for 1732 and 1791 Safety 1/0 modules:

1/0 Module Point Controller Tag Reference
Data Point Status Combined Status
ouTo moduleName:0.Pt00Data | moduleName:].Pt000utputS | moduleName:l.CombinedOu
tatus tputStatus
0uT1 moduleName:0.Pt01Data moduleName:1.Pt010utputS
tatus
0uT 2 moduleName:0.Pt02Data | moduleName:].Pt020utputS
tatus
0UTn moduleName:0.PtnData moduleName:|.PtnOutputSt
atus
Mapping for 1734 Safety 1/0 modules:
1/0 Module Point Controller Tag Reference
Data Point Status Combined Status

Publication 1756-RM0950-EN-P - September 2025
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ouTo AdapterName:slot:0.Pt00D | AdapterName:slot:1.Pt000ut
ata putStatus

0uT1 AdapterName:slot:0.Pt01D | AdapterName:slot:1.Pt010ut
ata putStatus

ouT 2 AdapterName:slot:0.Pt02D | AdapterName:slot:1.Pt020ut
ata putStatus

0UTn AdapterName:slot:0.PtnD | AdapterName:slot:1.PtnOutp

ata

utStatus

moduleName:].CombinedOu
tputStatus

Mapping for 1756, 5069, and 5094 Safety I/0 modules:

1/0 Module Point Controller Tag Reference
Data Point Status Combined Status
ouTo AdapterName:slot:0.Pt00.D | AdapterName:slot:1.Pt00.St | Not applicable
ata atus
0uT1 AdapterName:slot:0.Pt01.D | AdapterName:slot:1.Pt01.Sta
ata tus
0uT 2 AdapterName:slot:0.Pt02.D | AdapterName:slot:1.Pt02.St
ata atus
0UTn AdapterName:slot:0.Ptn.D | AdapterName:slot:.Ptn.Sta

ata

tus

O For 1756 and 5069 modules in chassis 1/0 applications, Local replaces AdapterName.

The following I/0 status information is relevant for all safety instructions.

Connection Status

Connection status (.ConnectionFaulted) is the status of the safety connection between the
safety controller and safety 1/0 module. When the connection is operating properly, the bit is LO
(0). When the connection is not operating properly, the bit is HI (1). When the connection status
is not operating properly, all module defined tags are L0, and have invalid data.

Point Status

Point Status is available for safety inputs (.PtxxInputStatus) and safety outputs
(.PtxxOutputStatus). When a point status tag is HI (1), it indicates that the individual channel

Publication 1756-RM0950-EN-P - September 2025
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is functioning and wired correctly. It also indicates the safety connection between the safety
controller and the safety I/0 module on which this channel resides is operating properly.

Combined Status

Combined Status is available for safety inputs (.CombinedInputStatus) and safety outputs
(.CombinedOutputStatus). When the combined status tag is HI (1), it indicates that all input or
output channels on the module are functioning and wired correctly. It also indicates that the
safety connection between the safety controller and the safety /0 module on which these
channels reside is operating properly.

Whether combined status or point status is used depends on the application. Point status
provides more granular status.

The dual channel safety instructions have built-in safety 1/0 status monitoring. Input and
Output statuses are parameters for the safety input and output instructions. All dual channel
safety instructions have input status for input channels A and B. The CROUT instruction has
input status for Feedbacks 1and 2, and output status for the output channels driven by the
CROUT outputs 01and 02. The status tags used in these instructions must be HI (1) for the

Publication 1756-RM0950-EN-P - September 2025



Chapter 1

Overview

18

safety instruction output tag(s) with 01 for input instructions and 01/02 to energize the CROUT

instruction.

AEMNTR:1:|. PtIE5tatus

AEMNTR:Z: | PHI20uwrtput

Safety_Actustor. 01

AEMNTR:1:1. PtI05tatus

AENTR:1: [ Pt 15tatus

IE2S Pt 00 _01_InputS
tatus

Crual Channel Input Stop

C5 Safety_Interlock | O

Yy SAFETY GATE
put Type EQUIVALENT - ACTIVE FF

HIGH

MAMUAL

AENTR:1:| Pt00Data

D

AENTR:1:1.PtD1Data

D

Input Status |BES_Pt_00_01_InputS

AEMTR:1: [ PtOT5tatus

AENTR:Z:1. Pt03Owrtpurt

Status Status

Owrtput Status

tatus
D4

Resst
Ddn

IEES_Pt 05 OT_InputS
tatus

0B85 Pt 02 03 Owtput
Status

onfigurable Redundant Owbput

Safaty Actustor o1

NEGATIVE

D4 FF

back 1 AENTR:1:1. Pt0&Data

D

back 2 AENTR:1:1.Pt0TData

D

IBES Pt 05 07 _InputS

tatus
D4

OBES Pt 02_02_Output

Status
O

Resst
O

Safety Actuator. 02 AENTR:Z:D.PtlZData  AENTR:Z:0.FtdIData

IMPORTANT: Interrogate Safety I/0 status when using instructions such as XIC and OTE. Verify safety input channel
status is HI (1) before using a safety input channel as an interlock. Verify safety output channel status is HI (1)
before energizing a safety output channel.

Publication 1756-RM0950-EN-P - September 2025
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Safety Instructions

In the controller organizer, you can recognize safety programs by the red bar == that is

incorporated into the icons. The red bar indicates the program will execute in safety memory.

The buttons for instructions that function as part of a safety program, or are supported by a

safety program, have a red triangle Al in the right corner of each button.

System Dependencies

The safety application instructions depend on the safety I/0 modules, controller operating
system, and the ladder logic to perform portions of the safety functions.

Available Instructions

Ladder Diagram

These safety instructions were introduced in Logix Designer version 17. Rockwell Automation
recommends using these instructions for logic in safety systems.

CROUT on DCA on page | DCM on DCS on page | DCSRT on DCST on DCSTL on DCSTM on
page 21 4 page 58 80 page 69 page 96 page 109 page 127

FSBM on page 144 SMAT on page 174 THRSe on page 187 TSAM on page 205 TSSM on page 227

These legacy instructions are supported but in most cases are not as efficient as the
instructions introduced in Logix Designer version 17.

DIN on page | ENPEN on ESTOP on FPMS on LC on page | RIN onpage | ROUT on THRS on
32 page 530 page 522 page 551 539 513 page 557 page 565

Safety application instructions are intended for use within a safety system that has a controller
and 1/0 modules. These instructions are intended for Safety Integrity Level (SIL) 3, PLe/Category
(CAT) 4 applications.

If you want to Use this instruction
Monitor dual-input safety devices whose main purpose is to DCS

provide a stop function, such as an E-stop, light curtain, or gate

switch.

Monitor dual-input safety devices whose main purpose is to DCST

provide a stop function, such as an E-stop, light curtain, or gate
switch. It includes the added capability of initiating a functional
test of the stop device.

Monitors dual-input safety devices whose main purpose is to stop a | DCSTL
function, such as an E-stop, light curtain, or gate switch. It includes

Publication 1756-RM0950-EN-P - September 2025 19



Chapter 2

Safety Instructions

20

the added capability of initiating a functional test of the stop
device and can monitor a feedback signal from a safety device and
issue a lock request to a safety device.

Monitor dual-input safety devices whose main purpose is to DCSTM
provide a stop function, such as an E-stop, light curtain, or gate

switch. It includes the added capability of initiating a functional

test of the stop device and the ability to mute the safety device.

Energize dual-input safety devices whose main function is to start | DCSRT
a machine safely, for example an enable pendant.

Monitor dual-input safety devices. DCM
Indicate that a safety mat is unoccupied. SMAT
Provide temporary, automatic disabling of the protective TSAM
function of a light curtain, using two muting sensors arranged
asymmetrically.

Provide temporary, automatic disabling of the protective TSSM
function of a light curtain, using two muting sensors arranged
symmetrically.

Provide temporary, automatic disabling of the protective function | FSBM
of alight curtain, using four sensors arranged sequentially before

and after the light curtain’s sensing field.

Monitor two diverse safety inputs, one from a right-hand push THRSe
button and one from a left-hand push button, to control a single

output.

Control and monitor redundant outputs. CROUT
Monitor two analog input channels originating from an analog input | DCA
module. (Integer version)

Monitor two analog input channels originating from an analog input | DCAF

module. (Floating Point version)

Migrate to preferred instructions

If you are using Logix Designer version 17 or later, use these newer, preferred instructions in

place of the corresponding legacy instructions.

Preferred instructions Legacy instructions
DCS on page 80, DCM on page 58 DIN on page 32

DCS on page 80, DCM on page 58 RIN on page 513

DCS on page 80 ESTOP on page 522
DCSRT on page 69, DCS on page 80 ENPEN on page 530
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Preferred instructions Legacy instructions

DCSTM on page 127, DCS on page 80, TSAM on page LC on page 539
205, TSSM on page 227, FSBM on page 144

EPMS on page 348 FPMS on page 551
CROUT on page 21 ROUT on page 557
THRSe on page 187 THRS on page 565

Function Block

Not available

Structured Text

Not available

Configurable Redundant Output (CROUT)
This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The Configurable Redundant Output instruction controls and monitors redundant outputs.
The reaction time for output feedback is configurable. The instruction supports positive and
negative feedback signals.

Available Languages

Ladder Diagram
CROUT
Configurable Redundant Output
CROUT MotorControl o1
Feedback Type NEGATMWE
Feedback Reaction Time (Msec 250 02
Actuate MotorEnable
Z#0000_0000 4=—_FP

Feedback 1 Safety_Block_A1:1.Pt00Data

Od4=
Feedback 2 Safety_Block_A1:1Pi01Data

0d4=
nput Status Safety_Block_AJ1:LinputStatus

Od4=
Jutput Status Safety Block_A1:1.OutputStatus

0d4=
FReszet Safety _Reset PB

2#0000_0000 4=

Function Block

This instruction is not available in function block.
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Structured Text

This instruction is not available in structured text.

Operands

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.

»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

+  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.
For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

WARNING: If changing instruction operands while in Run mode, accept the pending edits and cycle
the controller mode from Program to Run for the changes to take effect.

This table provides the operands used to configure the instruction. These operands cannot be
changed at runtime.

Operand Data type Format Description
CROUT CONFIGURABLE_ROUT | tag CROUT structure
Feedback Type BOOL Drop-down This operand defines the feedback ON and
OFF states.
Positive (1) ON (1): Feedback 10N,
Output 10N.
OFF (0): Feedback 1
OFF, Output 10FF.
Negative (0) ON (1): Feedback 1
OFF, Output TON.
OFF (0): Feedback 1
ON, Output 10FF.
Feedback Reaction | DINT immediate This operand specifies the amount of time
Time that the instruction waits for Feedback 1and
Feedback 2 to reflect the state of Output 1
and Output 2 as specified by the configured
Feedback Type.
The valid range is 5 to 1000 ms.

The following table explains the instruction inputs.
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Operand Data Type

Format

Description

Actuate BOOL

tag

This input energizes or
de-energizes Output Tand
Output 2.

ON (1): Output 1and Output
2 are energized if no faults
exist.

OFF (0): Output 1and
Output 2 are de-energized.

Feedback 1 BOOL

tag

This input is constantly
monitored to make sure
that it reflects the state

of Output 1. When Output 1
transitions, this input must
detect the transition within
the Feedback Reaction
Time.

Feedback 2 BOOL

tag

This input is constantly
monitored to make sure
that it reflects the state of
Output 2. When Output 2
transitions, this input must
detect the transition within
the Feedback Reaction
Time.

Input Status BOOL

tag

immediate

If instruction inputs

are from a safety 1/0
module, this is the status
from the 1/0 module or
modules (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer’s
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Output Status BOOL

tag

immediate

This input indicates the
output status of the 1/0
module or modules used by
this instruction.
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Operand

Data Type

Format

Description

ON (1): The I/0 connection
and the 1/0 module are
operational.

OFF (0): The module has a
fault or the connection to
the module has been lost.

Reset!

BOOL

tag

This input clears the
instruction faults provided
the fault condition is not
present.

OFF (0) -> ON (1): The FP
and Fault Code outputs are
reset.

'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the
reset input from High-to-Low or Low-to-High.

The following table explains the instruction outputs.

Operand

Data Type

Description

Output 1(01)

BOOL

This output is used to control one
channel of a two channel output
device. Output 1is de-energized
when 1or more of the following
occurs:

« Afeedback fault occurs.

*  Input Status or Output Status
inputs become invalid (OFF = 0).

+  The Actuate input turns OFF (0).

Output 2(02)

BOOL

This output is used to control one
channel of a two channel output
device. Output 2 is de-energized
when 1or more of the following
occurs:

« Afeedback fault occurs.

* Input Status or Output Status
inputs become invalid (OFF = 0).

+  The Actuate input turns OFF (0).

Fault Present (FP)

BOOL

ON (1): A fault is present in the
instruction.

OFF (0): The instruction is operating
normally.
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Operand Data Type Description

Fault Code DINT This output indicates the type of
fault that occurred. See the Fault
Codes section below for the list of

fault codes.

This parameter is not safety-related.

Diagnostic Code DINT This output indicates the diagnostic
status of the instruction. See the
Diagnostic Codes section below for a

list of diagnastic codes.

This parameter is not safety-related.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Normal Operation

This timing diagram shows normal operation of this instruction to control dual channel outputs
when the Feedback Type is Positive. Outputs 1and 2 are energized at (A) when the Actuate input
turns ON (1). Both feedback inputs react before the Feedback Reaction timer has expired, so
Output 1and Output 2 remain energized in steady state at (B). Outputs 1and 2 are de-energized
at (C) when the Actuate input turns OFF (0). At (D), both feedback inputs react before the
Feedback Reaction timer has expired, so Qutput 1and Output 2 remain de-energized in steady
state.

Actuats |
1

Feadback1:
0

I

|

]

|

|

I
Fecdbiock 7 | 3 [ Feedbak
0 Reaction Tima

nNP AN

1
I
Dutput 1 . | I
0 | : | |
| ! | :
[utput 2 ! | |
0 i i
O] oD
[nput Status and Output Status inputs (not shown) are azsumed to be
valid [OM =1}
Feedback Fault

A feedback fault can occur when either Feedback 1or Feedback 2 fails to correctly reflect the
state of Qutput 1and Output 2. The Feedback Type is configured as Positive in this diagram
example. Output 1and Output 2 are energized at (A), but at (B), Feedback 2 has not turned ON (1)
before the Feedback Reaction timer expires, generating a feedback fault. The fault cannot be
cleared at (C), because Feedback 1and Feedback 2 do not yet reflect the state of Output 1and
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Output 2. The fault is cleared at (D) when the Reset input turns ON (1) and both Feedback 1and
Feedback 2 are OFF (0), correctly reflecting the state of Output and Output 2.

T
1

Actuate
0

1
Feedback 1

I
1
I
1
|
I
l
|:| I

Feedback

T
|
I
I
|
|
|
I
|
I- Reaction Ti

1
Feedback 2
0

l

1
Resat

HH

|
T
I
|
1
:
] t
1
1

1
Fault Frazant
0

1
Output 1
i

1
Qutput 2

]

® ® ©

®

Imput Status and Output Status inputs [not shawn] are assumed to ba

valid (N = 1).

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.
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Fault Codes and Corrective Actions

Fault Code Description Corrective Action
0 No fault None
16420 The Input Status input transitioned | »  Check the I/0 module
3 from ON (1) to OFF (0) while the connection.

instruction was executing. « Reset the fault
16#21 The Output Status input transitioned | «  Check the I/0 module
33 from ON (1) to OFF (0) while the connection.

instruction was executing. « Reset the fault
1645000 Feedback 1and Feedback 2 turned »  Check the feedback signals.
20480 OFF (0) unexpectedy. « Reset the fault
1645001 Feedback 1turned OFF (0) »  Check the feedback 1signal.
20481 unexpectedly. *  Reset the fault.
1645002 Feedback 2 turned OFF (0) »  Check the feedback 2 signal.
20482 unexpectedly. « Reset the fault
1645003 Feedback 1and Feedback 2 turned »  Check the feedback signal.
20483 ON{1) unexpectedly. - Reset the fault.
16#5004 Feedback 1turned ON (1) +  Check the feedback 1signal.
20484 unexpectedly. * Reset the fault.
1645005 Feedback 2 turned ON (1) »  Check the feedback 2 signal.
20485 unexpectedly. « Reset the fautt
1645006 Feedback 1and Feedback 2 did »  Check the feedback signal or
20486 not turn ON (1) within the Feedback adjust the Feedback Reaction

Reaction Time. Time.

¢ Reset the fault.
1645007 Feedback 1did not turn ON (1) within | «  Check the feedback 1signal or
20487 the Feedback Reaction Time. adjust the Feedback Reaction
Time.
*  Reset the fault.

1645008 Feedback 2 did not turn ON (1) within | =  Check the feedback 2 signal or
20488 the Feedback Reaction Time. adjust the Feedback Reaction

Time.
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Fault Code Description Corrective Action
*  Reset the fault.
1645009 Feedback 1and Feedback 2did not | <  Check the feedback signal or
20489 turn OFF (0) within the Feedback adjust the Feedback Reaction
Reaction Time. Time.
*  Reset the fault.
16#500A Feedback 1did not turn OFF (0) »  Check the feedback 1signal or
20490 within the Feedback Reaction Time. adjust the Feedback Reaction
Time.
*  Reset the fault.
1645008 Feedback 2 did not turn OFF (0) »  Check the feedback 2 signal or
20491 within the Feedback Reaction Time. adjust the Feedback Reaction

Time.

* Reset the fault.

Diagnostic Codes and Corrective Actions

Diagnostic Code Description Corrective Action
0 No fault None
16420 The Input Status was OFF (0) when | Check the 1/0 module connection.
3 the instruction started.
16#21 The Output Status input transitioned | Check the 1/0 module connection.
33 from ON (1) to OFF (0) while the

instruction was executing.
1645000 The Actuate input is held ON (1). Set the Actuate input to OFF (0).
20480

Affects Math Status Flags

No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays on page

faults.

Execution

for array-indexing

Condition/State

Action Taken

Prescan

Same as Rung-condition-in is false.

Rung-condition-in is false

The .01and .02 outputs are cleared to false.
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Condition/State Action Taken

The Diagnostic Code and Fault Code outputs are set to 0

Rung-condition-in is true The instruction executes.

Postscan Same as Rung-condition-in is false.

CROUT wiring-programming example

This section demonstrates how to wire the Guard I/0 module and program the instruction in the
safety control portion of an application.

This application example complies with IS0 13849-1, Category 4 operation.

@ The standard control portion of the application is not shown in the following diagram.

Wiring Diagram

This wiring diagram shows how to use the Configurable Redundant Qutput instruction with a
1791DS-1B8X0B8 module for motor control. The application includes a momentary push button
for reset.

MiDC

e u

[[IFlss
; ana—\ penbuten [

olelkh

Kl
2
Contact Protaction
{for ecample, thermal cut-out or
suppresson

.

&
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Programming Diagram

The programming diagram logically illustrates the instruction with inputs and outputs.

ot MatorControl

Negative Feedback Type Output 1

TBD ms Feedback Reaction Time Qutput2
ELS e | hcate

Module1d. Pto0Data Feedback 1

Module1d. Pto1Data Feedback 2

Modulel:LInputStatus Input Status

Module?.OutputStatus Output Status
[ Modulel Pro7Data e Reset Fault Present

Maodule1:0.PtooData
Maodule1:0.Pt01 Data

MOTE 1: This taq is an internal Baolean tag that has its value determined by ather parts of the user application that are nat shown in this example.

Key: Color code represents data or value typically used.

Tagmappedariale e < Sandaoupt ]
Safaty Input Safety Dutput

| Comfiguration Constant/Yalua

Ladder Diagram

CROUT

Configurable Redundant Output

CROUT MotorControl o1
Feedback Type NEGATIVE
Feedback Reaction Time (Msec) 250 oz
Actuate SeeMote

04— FF
Feedback 1 Module3: | PtO0Cata

04
Feedback 2 Module3:1 Pt010ata

04
Input Status Module3:lInputStatus

04
Output Status Moduled: | OutputStatus

04
Reset Module3: | PtO7Cata

0 4=

MotorControl.C1

MotorControl. 02

Module3.0.Pt00Data

Module3:0 . Pt01Data

> c: Interrial afiat ¥ Varlabla

The tag in the preceding image is an internal Boolean tag that has its value determined by other parts of
the user application that are not shown in this example.
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Module Definition

The following sections provide examples of how to use the programming software to set the
Guard 1/0 module configuration operands.

g b
Module Definition® l - [

Series:
Revision: 001 |2

Electranic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting L]
Output Data: Mone 2
Data Format: Integer 2

| |
| |
1l
[l
|
[ Ok J [ Cancel ] [ Help ]
e .

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown.
Compatible Match is also acceptable.

Module Input Configuration

| General I Connection I Safety | Module Info | Input Corfiguration | Test Output | Output Corfiguration |

Point Operation T Input Delay Time (ms)
es
Point Discrepan Point Mode:

Type ey 'Ems?' Source | getoon | On-0ff

0 |Single - 0 - | Safety Pulse Test || 0 || 03 03

1 = ~ || Safaty Pulse Test [«|| 1 = 0 = 0

2 | Single - 0 - | Mot Used Lw || None || 0+ 05

5 ] ~ | Not Used || None |+ = 03

4 | Ssingle - 0 « | Mot Used ||| None || 0 = 05

5 I ~ || Mot Used ||| None || 0+ 05

6 | Single . 0 « | Mot Used || None || 0 = 03
7 I ~ || Safety ||| Mone |+ 0 =5 05

Input Error Latch Time: 1000 ms
Status: Offline oK ] ’ Cancel Apply Help
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Module Test Output Configuration

| General | Connection | Safety | Module Info | Input Configuration | Test Output | Qutput Configuration

Point Point Mode
0 |Pulse Test

1 | Pulze Test

2 | MNotUsed

3 | Mot Used

L=l
%4 |
L=l
L=l

Status: Offine [ ok | [ Ccancel Apply Help

Module Output Configuration

| General | Connection | Safety | Module Info | Input Canfiguration | Test Output | Output Configuration

Point Operation
Point Point Mode
Type
0 |Single - Safety >
1 || Safety =4
2 | Dual - Not Used 2
3 ||| Not Used L
4 | Dual - Not Used e
5 .|| Not Used 2
g | Dual - Not Used L
7 ||| Not Used >

Qutput Emor Latch Time: 1000 = ms

Status: Offline oK ] [ Cancel Bpply Help

Diverse Input (DIN)

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

Use the Diverse Input (DIN) instruction to emulate the input functionality of a safety relay ina
software programmable environment.
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Available Languages

Ladder Diagram

annel B

Function Block

This instruction is not available in function block.

Structured Text

7 Cl

7 CRHO
7 Il
7

77

¥

This instruction is not available in structured text.

Operands

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:

»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.

»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected

operation on page

IMPORTANT: Make sure that your safety input modules are configured as Single, not Equivalent or Complementary.
These instructions provide all dual channel functionality necessary for PLd (Cat. 3) or PLe (Cat.4) safety functions.

This table explains the instruction inputs.

Parameter

Data Type

Description

Values

DIN

DIVERSE_INPUT

This parameter is a
backing tag that maintains
important execution
information for each usage
of this instruction.

For examples of incorrect
backing tag usages, see
Backing tag usages that
can cause unexpected
operation on page

Rockwell Automation, Inc.
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Parameter Data Type Description Values
Reset Type BOOL The reset type determines | Manual =1or
whether the instruction is | Automatic =0
using Manual or Automatic
reset for Qutput 1.
Channel AT BOOL Channel A Input (Normally | Safe =0,
Open) Active =1
Channel B! BOOL Channel B Input (Normally | Safe=1,
Closed) Active =0
Circuit Reset BOOL Circuit Reset Input Initial = 0
Manual Reset - Sets Output | ReSet=
1after Channel A and
Channel B are in the Active
state, and the Circuit Reset
input transitions from zero
to one.
Automatic Reset - Visible,
but not used.
Fault Reset BOOL After fault conditions Initial =0
are corrected for the Reset =1

instruction, the fault
outputs for the instruction
are cleared when this input
transitions from off to on.

VIf this input is from a Guard 1/0 input module, make sure that the input is configured as a

single, not Equivalent or Complementary.

This table explains the instruction outputs.

Parameter Data Type Description Values

Output 1 BOOL Output 1is set to the Safe=0,
Active state when input Active =1
conditions are met.

Cycle Inputs BOOL Cycle Inputs prompts for | Initial =0
action. Before Output 1is | Prompt =1

turned on, Channel A and
Channel B inputs must be
cycled through their Safe
States at the same time
before the circuit can be
reset.

This prompt is cleared
when Channel A and
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Parameter Data Type

Description

Values

Channel B transition to the
Safe state.

Circuit Reset Held On BOOL

Manual Reset - The Circuit
Reset Held On prompt

is set when both input
channels transition to

the Active states, and

the Circuit Reset input is
already on.

The Circuit Reset Held On
prompt is cleared when
the Circuit Reset input is
turned off.

Automatic Reset - Visible,
but not used.

Initial =0
Prompt =1

Inputs Inconsistent BOOL

This fault is set when
Channel A and Channel B
inputs are in inconsistent
states (one Safe and one
Active) for a period of
time greater than the
Inconsistent Time Period
(listed below). This fault
is cleared when Channel
A and Channel B inputs
return to consistent states
(both Safe or both Active)
and the Fault Reset input
transitions from off to on.

Inconsistent Time Period:
500 ms

Initial =0
Fault=1

Fault Present BOOL

This is set whenever a
fault is present in the
instruction. Output 1
cannot enter the Active
state when Fault Present
is set. Fault Present is
cleared when all faults are
cleared and the Fault Reset
input transitions from off
toon.

Initial =0
Fault=1

IMPORTANT: Do not write to any instruction output tag under any circumstances.
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Operation

Normal Operation

This instruction monitors the states of two input channels and turns on Output 1when the
following conditions are met:

When using Manual Reset: both inputs are in the Active state and the Circuit Reset input is
transitioned from a zero to a one.

When using Automatic Reset: both inputs are in the Active state for 50 ms.

This instruction turns Output 1off when either one or both of the input channels returns to the
Safe state.

The Diverse Input (DIN) instruction has one input channel that is normally open and one that is
normally closed. This means that a zero on the normally open channel and a one on the normally
closed channel represent the Safe state, and vice-versa for the Active state.

See Safety Instructions for more information about how to condition input data associated with
the normally closed channel.

These normal operation state changes are shown in the following timing diagrams:

Manual Resat Automatic Resat

1 1
Channel & J—I— Channel &
0 0
1 1
Channel B Channel B
0 0
la—>| BOms

1 1

Circuit Resat Qutput 1 —,—I—
0 0
1

Output 1 _I—I—
1]

Operation with Inconsistent Inputs

This instruction generates a fault if the input channels are in inconsistent states (i.e., one Safe
and one Active) for more than the specified period of time. The inconsistent time period is 500
ms.

This fault condition is enunciated via the Inputs Inconsistent and the Fault Present outputs.
Output 1cannot enter the Active state while the Fault Present output is active. The fault
indication is cleared when the offending condition is remedied and the Fault Reset input is
transitioned from zero to one.
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These state changes are shown in the following timing diagram:

1

Channal &

0
Channel B

0

1
(utput 1

0

R

Imputs

Inconsistent

Fault Prazant

1

Fault Resat

0

t1 =Inputs Inconsistent Time Period

Operation with Circuit Reset Held On - Manual Reset Only

This instruction also sets the Circuit Reset Held On output prompt if the Circuit Reset input is set
(1) when the input channels transition to the Active state.

These state changes are shown in the following timing diagram.

1
Channel &

0

1
Channel B

0

1
Circuit Rasat

0

1
Output 1

0
Circuit Resat 1
Held On 0

Cycle Inputs Operation

If, while Output 1is active, one of the input channels transitions from the Active state to the Safe
state and back to the Active state before the other input channel transitions to the Safe state,
the Cycle Inputs output prompt is set, and Output 1cannot enter the Active state again until both
input channels cycle through their Safe states.
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These state changes are shown in the following timing diagram:

1
Channel &

0

1
Channel B

0

1
Qutput 1

0

1
Cycle Inputs

Relationship of 1/0 Wiring to Instruction Parameters

Diverse Input with Manual Reset Wiring and Programming

The following wiring diagram is one example of how to wire a 2-channel switch having diverse
inputs to a 17910S Safety 1/0 module to comply with IS0 13849-1 Category 4.

The inputs shown in this wiring diagram
correspond to the inputs for the instructions

o @ II—QI @ @ éi?;t?iﬂodule

= e 1
@
E1- 24V Power Supply |/ S2 | S3
S1 - Diverse Input Switch S1
52 - Circuit Reset Switch

53 - Fault Reset Switch

51 as shown in the Active state. INO - Normally Open, IN1 - Mormally Closed.

The following programming example shows how the Diverse Input instruction with Manual Reset
can be applied to the wiring diagram shown above.

/ USER PROGRAM \

DM
Diverse Input
DIM dinData o
e , Reszet Type MANUAL Cl
' INO Pl e Bt ® ChannelA  moduleNamed.PtolData CRHO
i
:—: ) - Ol
VINL p-pp-mm-m====---- # Channel B moduleMamed. Pto1Data FP
i
S 14m
i
! M2 i—— ——————————————— p Circuit Reset moduleNamed. PtoZData
EE— | ) (4=
I IN3 it A » Fault Rezet  moduleNamed.Pto3Data
fmmmm (4=

o /
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IS0 13849-1 Cateqgory 4 requires that inputs be independently pulse tested. Logix Designer
programming software is used to configure the following I/0 module parameters for pulse

testing.

Input Configuration

Input Point Type Point Mode Test Source
0(INO) Single Safety Pulse Test 0(T0)
1(IN1) Single Safety Pulse Test 1(n
2(IN2) Single Safety None
3(IN3) Single Safety None
Test Output

Test Output Point Point Mode

0(T0) Pulse Test

1(m) Pulse Test

2(T2) Power Supply

3(T3) Not Used

Diverse Input with Automatic Reset Wiring and Programming

The following wiring diagram is one example of how to wire a 2-channel switch having diverse
inputs to a 17910S Safety 1/0 module to comply with IS0 13849-1 Category 4.

Circuit Reset feature, other measures must be implemented to make sure that an unexpected or

ff WARNING: Various safety standards (EN 60204, IS0 13849-1) requires that when using the Automatic

unintended startup will not occur in the system or application.

The inputs shown in this wiring diagram
correspond to the inputs for the instructions

|

%]

i

—

2
LI

1791DS
Safety Module

d

E1-24V Power Supply g1
51 - Diverse Input Switch
S2 - Circuit Reset Switch
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51 as shown in the Active state. INO - Normally Open, IN1 - Normally Closed.
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The following programming example shows how the Diverse Input instruction with Automatic
Reset can be applied to the wiring diagram shown above.

/ USER PROGRAM \

=
=

(1]

r

i
(1]

Input

dinData o)
¥p AUTONATIC Cl

' nel &  moduleMamed. Pto0Data CRHO

! D1l
! IN1 |mt=-====—mmmmmmm— »| ChannelB  moduleMamed.Pto1Data FP
oo 1 d4m
Circuit Reset notUsedTag
Fo---- 1 04
LIN2 R ® Fault Rezet moduleMamed. Pto2Data
lomm o 0 4=

\ /

IS0 13849-1 Category 4 requires that inputs be independently pulse tested. Logix Designer
programming software is used to configure the following 1/0 module parameters for pulse

w -

[ e I |
T 0 ]
|

= ]
T

m
i
I

testing.

Input Configuration

Input Point Type Point Mode Test Source
0(IND) Single Safety Pulse Test 0(T0)
1(IN1) Single Safety Pulse Test 1(m
2(IN2) Single Safety None
Test Output

Test Output Point Point Mode

0(T0) Pulse Test

1(m) Pulse Test

2(12) Power Supply

False Rung State Behavior

When the instruction is executed on a false rung the behavior is exactly the same as true rung
state except all outputs, including prompts and fault indicators, will be zero. When the rung
state becomes true the outputs will be set as determined by the instruction logic.

Affects Math Status Flags
No
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Major/Minor Faults

None specific to this instruction. See Index Through Arrays on page for array-indexing
faults.

Execution

Condition/State Action Taken

Prescan The .01, .CI, .CRHO, .II, and .FP are cleared to false.

Rung-condition-in is false

The instruction executes as described in the False Rung
State Behavior section.

Rung-condition-in is true

The instruction executes as described in the Normal
Operation section.

Postscan

The instruction executes as described in the False Rung
State Behavior section.

Dual Channel Analog Input (DCA - integer version) and (DCAF - floating point version)

Rockwell Automation, Inc.

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The Dual Channel Analog Input instruction monitors two analog input channels originating from
an analog input module. Output 1turns on when both analog inputs, Channel A and Channel B,
are within the Tolerance and the High and Low Limit settings, and correct reset actions have

been performed.

IMPORTANT: Do not use the DCA instruction with the Guard 1/0 analog module's dual channel feature. Set Guard I/0
module inputs to single-channel when using the DCA or DCAF instruction.

Available Languages

Ladder Diagram

DCA
Dual Channel Analog Input
dcal

AUTOMATIC
MANUAL
chA

04

Channel B chB

Q4=

olerance tolerance

O

Discrepancy Time (Msec) discrepancyTime

04

High Limnit highLimit

O

Lows Limit loww Limit

Od=

put Status InputStatus
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HTP

LTP

FP

DCAF
Dual Channel Analog Float Input
DCAF dcatll o1
0=
pe AUTOMATIC HTP
ype MANUAL
cha,_float LTP

olerance tolerance_float
0.04%

Discrepancy Time (Msec) discrepancyTime
0=

High Limit highLimit_float
0.0

Low Limit lowLimit_float
0.04

nput Status InputStatus

4


unique_39
unique_39

Chapter 2

Safety Instructions

42

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

WARNING: If you change instruction parameters while in Run mode, you must accept the pending
edits and cycle the controller mode from Pragram to Run for the changes to take effect.

IMPORTANT: Do not use the same tag name for mare than one instruction in the same program. Do not write to
any instruction output tag under any circumstances.

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

«  Backing tags are shared by multiple instruction invocations.
»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

The following table provides the parameters that are used to configure the instruction. These
parameters cannot be changed at runtime.

Parameter Data Type Format Description

(Integer) DCA DCA_INPUT tag This parameter is a
backing tag that maintains

(Real) DCAF DCAF_INPUT tag impgrtant execution

information for each usage
of this instruction.

For examples of incorrect
backing tag usages, see
Backing tag usages that
can cause unexpected
operation on page

Restart Type BOOL name This parameter configures
Output 1for either Manual
or Automatic Restart.

Manual (0) - When both
Channel A and Channel B
are within the Tolerance
setting and within the High
and Low Limit settings,

a transition of the Reset
input from OFF (0) to ON
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Parameter Data Type

Format

Description

(1)is required to energize
Output 1.

Automatic (1) - Output 1is
energized 50 ms after both
Channel A and Channel B
are within the Tolerance
setting and within the High
and Low Limit settings.

A ATTENTION:

Automatic Restart may be
used only in application
situations where you

can prove that no unsafe
conditions can occur as
aresult of its use, or the
reset function is being
performed elsewhere

in the safety circuit (for

example, output function).

Cold Start Type BOOL

name

This parameter specifies
the Output 1 behavior when
applying controller power
or mode change to Run.

Manual (0) - Output 1is
not energized when the
Input Status becomes valid
or when the Input Status
fault is cleared.

Automatic (1) - When both
Channel A and Channel B
are within the Tolerance
setting and within the High
and Low Limit settings,
Output 1is energized
immediately when the
Input Status becomes valid
or when the Input Status
fault is cleared.

The following table explains instruction inputs. The inputs may be field device signals from

input devices or derived from user logic.
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Operand

Data Type

Format

Description

Channel A

DINT (DCA)
REAL (DCAF)

tag

This input is one of the two
safety analog inputs to the
instruction.

Channel B

DINT (DCA)
REAL (DCAF)

tag

This input is one of the two
safety analog inputs to the
instruction.

Discrepancy Time (ms)

DINT

immediate

tag

The amount of time that
the Channel A and Channel
B inputs are allowed to be
out of tolerance before

an instruction fault is
generated.

The valid range is 5...3000
ms. A setting of O disables
the timer. The value of 0
can only be applied via the
use of a tag.

IMPORTANT: Values
from 1... 4 are reset to
the minimum value (5).
Values greater than
3000 are reset to the
maximum value (3000).

High Limit

DINT (DCA)
REAL (DCAF)

tag

immediate

The HTP Output turns ON
when the Channel A or
Channel B input exceeds
this value.

Low Limit

DINT(DCA)
REAL (DCAF)

tag

immediate

The LTP Output turns ON
when the Channel A or
Channel B input drops
below this value.

Input Status

BOOL

tag

immediate

If instruction inputs

are from a safety 1/0
module, this is the status
from the 1/0 module or
modules (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer’s
responsibility to determine
the conditions.

bty Publication 1756-RM0950-EN-P - September 2025

Rockwell Automation, Inc.



Chapter2  Safety Instructions

Operand Data Type Format Description

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Reset! BOOL tag This input clears
instruction and circuit
faults provided the fault
condition is not present.

OFF (0)-> ON (1): The FP
(Fault Present) and Fault
Code outputs are reset.

Tolerance DINT (DCA) tag The number of counts that
REAL (DCAF) immediate Channel A and Channel
B can differ by without
affecting Output 1.

'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the
reset input from High-to-Low or Low-to-High.

The following table explains instruction outputs. The outputs may be used to drive external tags
(safety output modules) or internal tags for use in other logic routines.

Operand Data Type Description

Output 1(01) BOOL This output is energized when the
input conditions have been satisfied.

The output becomes de-energized
when:

« The difference between the
Channel A and Channel B input
values exceeds the Tolerance
setting for longer than the
Discrepancy Time.

e Channel A and or Channel B
exceed the High or Low Limit
settings.

« The Input Status input is OFF (0).

High Trip Point (HTP) BOOL ON (1): The Channel A or Channel B
input exceeds the High Limit input
value.

OFF (0): The Channel A or Channel B
input is less than or equal to the High
Limit input value.
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Operand Data Type Description

Low Trip Point (LTP) BOOL ON (1): The Channel A or Channel
B input drops below the Low Limit
input value.

OFF (0): The Channel A or Channel B
input is greater than or equal to the
Low Limit input value.

010n Time DINT This output represents the length of
time in hours that Output 1has been
ON.

Fault Present (FP) BOOL ON (1): A fault is present in the
instruction.

OFF (0): The instruction is operating
normally.

Fault Code DINT This output indicates the type of
fault that occurred. For a list of fault
codes, see Fault Codes.

This parameter is not safety-related.

Diagnostic Code DINT This output indicates the diagnostic
status of the instruction. For a list
of diagnostic codes, see Diagnostic
Codes.

This parameter is not safety-related.

Revision Constant This output contains the firmware
revision level of the instruction.

IMPORTANT: Do not write to any instruction output tag under any circumstance.

Operation

Normal Operation

The timing diagram illustrates normal operation with Restart Type configured for Manual and
Cold Start Type configured for Manual. At (A), Output 1is energized because the Channel A and
Channel B inputs are within the Tolerance setting and within the High and Low Limits settings
when the reset is triggered. At (B), Output 1is de-energized because the Channel A input has
gone below the Low Limit. Output 1is energized at (C) when a reset is triggered because Channel
Ais now within the Tolerance and Limit settings.
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Normal Operation (Manual Restart, Manual Cold Start)

High Limit |4t

T
=1
e
I
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Channal B —

|
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Lowe Limit |1

1
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|
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Reset |-
0
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|

|

|

1
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|
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1]

i
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Output 1 '
o

I I
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Discrepancy Time = 250 ms

1§ the Input Status input i not shown, it is assumed that the input status is valid (ON = 1) for the
entire timing diagram.

Normal Operation (Manual Restart, Automatic Cold Start)

The timing diagram illustrates normal operation with Restart Type configured for Manual and
Cold Start Type configured for Automatic. When the Cold Start Type is Automatic, Output 1is
energized as soon as the Input Status input becomes valid [OFF (0) to ON (1) transition] for the
first time, such as when power is applied to a PLC controller.

At (A), Output 1is energized immediately after the Input status becomes valid while the Channel
A and Channel B inputs are within Tolerance and within the High and Low Limits. At (B), Output
1is de-energized when the Channel B input falls below the Low Limit. Output T cannot be
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energized again until (C), when a reset is triggered while the Channel A and Channel B inputs are
within the Tolerance and Limit settings.

Chanmegl A — |~

T
High Limit |— — _______._1:__ _i_ L
| 1
i i
i i
| 1
Channzl B — ! i
I

Low Limit =t ——————

I
I
|
!

e e .

1
Flesat

a

1

Input Status

L

1

HTP
o

1
LTP

a

1
Curtput 1
o0 1
I I 1
@& Gy ©
Discrepancy Time = 250 ms

Normal Operation (Automatic Restart, Manual Cold Start)

The timing diagram illustrates normal operation with Automatic Restart and Manual Cold Start.
At (A), Output 1is energized when a reset is triggered while the Channel A and Channel B inputs
are within Tolerance and within the High and Low Limits. Output 1is de-energized at (B) when
the Channel B input drops below the Low Limit. Output 1is automatically energized again at (C),
50 ms after the Channel B input is back within the Tolerance and Limit settings.

Hagh Limit

Channal A —
Channel B —

Lirw Limit

I
lnput Status
a

1
HTP |
b
1
LTP
]

Oiitput 1.I
]

Discrepancy Time = 250 ms il b i
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Normal Operation (Automatic Restart, Automatic Cold Start)

The timing diagram illustrates normal operation with Automatic Restart and Automatic Cold
Start. When the Cold Start Type is Automatic, Output 1is energized as soon as the Input Status
input becomes valid [OFF (0) to ON (1) transition] for the first time, such as when power is
applied to a PLC controller. Channel A and Channel B must be within Tolerance and within the
High and Low Limits for Output 1to be energized.

At (A), Output 1is energized when the Input Status input becomes valid while the Channel A and
Channel B inputs are within Tolerance and within the High and Low Limits. At (B), Output 1is
de-energized when the Channel A and Channel B inputs go above the High Limit. Qutput 1is
automatically energized at (C), 50 ms after the Channel A and Channel B inputs fall back within
the Limits while remaining within Tolerance.

High Limit [ BF_—— NI NN
Channgl A — —
Channel B — L:I-_

Loy Linnit _____;____!.___

1
Input Status
o
1
HTP
]
|
LTR
i
i
Qutput 1
]
® ® o)

Discrepancy Time = 250 ms

Input Status Fault

Input Status Fault (Manual Restart, Manual Cold Start)

The timing diagram shows a fault occurring when the Input Status input becomes invalid.

Output 1is energized at (A), when a reset is triggered and the Channel A and Channel B inputs
are within the Tolerance and the High and Low Limits. A fault occurs at (B) because the Input
Status input becomes invalid, which de-energizes Output 1. The fault cannot be cleared at (C)
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because the Input Status is still invalid. At (D), Input Status is valid, the fault is cleared, and

Output 1is energized when the reset is triggered.

High Limit
Charnel A —

Channel B —

Lo Limit

P
| !
1 1
Reset _—] i ﬂ
. i
1 1
Input Status J
]

1
HTP

a

1
LTP
q

i L
Fault Prasent ! ]
[

1
Outpus 1
1]

Discrepancy Time = 250 ms

Input Status Fault (Manual Restart, Automatic Cold Start)

The timing diagram illustrates a fault occurring when the Input Status input becomes invalid.
Output 1is energized at (A), when the Input Status becomes valid because the Cold Start Type
is Automatic and the Channel A and Channel B inputs are within Tolerance and within the High
and Low Limits. A fault occurs at (B) when the Input Status becomes invalid, which de-energizes
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Output 1. The fault cannot be cleared at (C) because the Input Status is still invalid. At (D), Input
Status is valid, the fault is cleared, and Output 1is energized when the reset is triggered.

T T T T
High it = e e
1 T 1
Charingl A =
N s NEHHH
Channel B — 1 1
el
Low Limit -I_—-_-}-—I-_—-I- _____
i m i
Faset ]
o i

I
1 |
Input Status i
o
1
HTP
o

1
LTp
0

1
Fault Presam
0

1
COutput 1
]

ey B o i
[iscrapancy Time = 260 ms

Discrepancy Fault (Manual Restart)

The timing diagram illustrates a fault occurring when the difference between Channel A and
Channel B exceeds the Tolerance for longer than the Discrepancy Time. At (A), Channel A and
Channel B go out of Tolerance and the discrepancy timer starts. At (B), a discrepancy fault
occurs because Channel A and Channel B have been out of Tolerance for at least 250 ms, the
configured Discrepancy Time. At (C), the fault is not cleared because the difference between
the Channel A and Channel B inputs is still greater than the Tolerance. The fault is cleared and
Output 1is energized at (D) when a reset is triggered and the difference between the Channel
A and Channel B inputs falls within the Tolerance. At (E), the difference between Channel A
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and Channel B again goes beyond the Tolerance and the discrepancy timer starts. Another
discrepancy fault occurs at (F) when the Discrepancy Time is exceeded.
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Migcrepancy Time = 250 ms

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are set to 0.

Fault Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.

Fault Code Description Corrective Action
00 No fault. None.
16420 The Input Status input transitioned | »  Check the I/0 module
9 from ON (1) to OFF (0) while the connection or the internal logic
instruction was executing. used to source input status.
*  Reset the fault.
1644050 The difference between Channel »  Check the wiring.
16464 Aand Channel B input values « Bring Channel A and Channel B
exceeded the Tolerance setting for -
to within the tolerance level.
longer than the Discrepancy Time.
*  Reset the fault.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.
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Fault Code Description Corrective Action
00 No fault. None.
16#05 The Reset input is held ON (1). Set the Reset input to OFF (0).
5
16420 The Input Status input was OFF (0) | Check the I/0 module connection
3 when the instruction started. or the internal logic used to source
input status.
16#4050 At startup, the difference between | Verify that Channel A and Channel
16464 Channel A and Channel B input B inputs are valid and adjust the
values is greater than the Tolerance | tolerance setting appropriately for
setting. the application.
1644051 The Low Limit setting is greater than | Adjust the settings so that the Low
16465 the High Limit setting. Limit setting is less than the High
Limit setting.
1644052 The Channel A input value is less Verify that the Channel A and
16466 than the Low Limit setting. Channel B inputs are valid and adjust
the High and Low Limit settings
appropriately for the application.
1644053 The Channel B input value is less Verify that the Channel A and
16467 than the Low Limit setting. Channel B inputs are valid and adjust
the High and Low Limit settings
appropriately for the application.
1644054 The Channel A input value is greater | Verify that the Channel A and
16468 than the High Limit setting. Channel B inputs are valid and adjust
the High and Low Limit settings
appropriately for the application.
1644055 The Channel B input value is greater | Verify that the Channel A and
16469 than the High Limit setting. Channel B inputs are valid and adjust
the High and Low Limit settings
appropriately for the application.
16#4056 The Tolerance input value is a Change the Tolerance input value to
16470 negative number. a positive number.
16#4057 The difference between Channel Verify that Channel A and Channel
16471 A and Channel B input values is B inputs are valid and adjust the
greater than the Tolerance setting. | Tolerance setting appropriately for
the application.
16#4058 The Discrepancy Time setting is Adjust the Discrepancy Time setting
16472 not within the allowable range and | to within the allowable range of

is being forced to the minimum or
maximum value.

5..3000 ms.
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Affects Math Status Flags
No

Major / Minor Faults

None. See Common Attributes for operand-related faults.

Execution
Condition/State Action Taken
Prescan Same as Rung-condition-in is false.

Rung-condition-in is false

The .01, .HTP, .LTP and .FP are cleared to false.

The Diagnostic Code and Fault Code outputs are set to 0

Rung-condition-in is true

The instruction executes as described in the Normal
Operation section.

Postscan

Same as Rung-condition-in is false.

DCA-DCAF wiring-programming example

54

This example complies with IS013849 PLe and IEC61511 SIL 3 operation. It is an example of a
relatively simple safety application where temperature sensors are represented by the two 4-

wire sensors.

The example shows how to interface the field devices to a 1734-IE4S POINTGuard Analog Input
module. The example illustrates how to configure the 1/0 modules and use 1/0 tags in the
associated logic for this simple application, including how to use the Dual Channel Analog input
instruction to control the safety aspects of this application. The standard/control part of this

application is not shown.

This example does not include 1/0 conditioning and fault latching logic, which can be desired for

diagnostic reasons.
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Wiring Example

11

1734-JE4S SiLz
4-Wire Sensar’
Signal (V)
Jr ‘l Signal Return
GND  GND ( ’ +4V
2 3 2 3 \k )! Common
M (OM | COM COM | COM COM j::
4 5 4 5 4 5
L [ 1L
VIV | 5|5 353
7 [ 7 [ 7
| L
COM COM | COM COM SiL2
? ? 8 ? 4-Wire Sensor’
05 | 83
Signal (V.
WMo m [‘\ nal (V)
Signal Retumn
( ) +24¥
)\ ‘I Comman

(1) Signal Return and Common are at the same potential.

(2) If the sensor has a digital output for use with the Tachometer mode, it must be a push-pull
type or have appropriate pull-up or pull-down resistors for NPN or PNP type. The 1734-IE4S

module does not provide low impedance of these pull-up or pull-down resistors.

(3) This wiring configuration is also used for SIL 2 redundant Tachometer mode

(4) For analog voltage output sensors, the signal levels for operation for the application must be
outside the signal level when the signal is not present, for example, when the wire is broken.
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Programming Example
This programming diagram shows the instructions with inputs.

- Dual-Channel Analog Input —

Diserepancy Time 01— Geellte1 |
Restart Type High'Trip Point (HTF) T
(old Start Type Low Trip Patrit {LTF)
Tolerance
Fault Present
Module1:1:1.(oData (hannel &
Module1:1:L.th lata (hannel B
T . oonTime
High Limit
Low Limit Fault Coda
Hudule1:1:l.ﬂ10h1pmi:mu5 Status ‘ Input Stats Diagrostic Code
Maadule?:1:1.Ch1 InputStatus Reutsian

Pesat

Mate 1: This tag s an internal Boolean tag that has itsvalue determined by other parts of the user application that are not shown In this @ample.
Mata 2: Thie source can be mapped or safuty data.

Key: Color code represents data or value typically used.

UapmappedVaribie e <
[ Configuration Gonstant/ Talue > .,’\ :T@@T_ﬁjﬁ_;?!a’giﬁ'{__________}
Ladder Diagram
Module1:1:L.ChlInputStatus  Module1:1:1.Ch1inputStatus CombinedStatus
DCA
Dual Channel Analog Input
DCA Temperature_Sensor o1
Revision () dm
Restart Type MAMNUAL HTP
Cold Start Type MAMUAL
Channel A Module1:1:.ChOData LTP
04
Channel B Module1:1:1.Ch1Data FP
0 4=
Tolerance 100
Discrepancy Time (Msec) 00
High Lirnit a000
Low Limit 2000
Input Status CombinedStatus
04
FRezet Temperature_Sensor_Reset
0 4=
Diagnostic Code (4=
Fault Code () dm

The programming software is used to configure the input parameters of the Guard I/0 module,
as illustrated.

Configure the module as shown in the following diagram.
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Module Definition

r ™
Module Definition [

Series:
Revision: 001 |2

Electranic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting =
Output Data: Mone L
Data Format: Integer 2

[ QK J [ Cancel ] [ Help

e

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown. You
can also select Compatible Match.

Configure the inputs of the module as shown in the following diagrams.

Module Safety Input Configuration

| General | Connection | Safety I Module Info | Safety Input Corfiguration | Input Configuration | Alam |

Channel Operation
Channel Discrepancy
Type Time (ms} Deadband | Channel Offset
0 Single - 0 - 0 - 0 -
1 [ - - -
2 Single: - 0« 0« 0 a
3 - - -

Input Error Latch Time: 1000

Status: Offline OK ] [ Cancel Apply Help
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Module Input Configuration

| General I Connection | Safety | Module Info | Safety Input Corfiguration | Input Configuration |Narrn |

Channel | Point Mode Range Fiter | High Engineering| Low Engineering| Sensor Power Supply

0 |safety |of0te10V [L][1HZ [&] 10000 3 0 3| Module [

1 |safety |of0tet0v [Sf[1HZ [4] 10000 = 0 -+ Module =

2 NotUsed |w|[4-20ma  |w|[1HZ |+ 10000 = 0 | Module |=d

3 NotUsed ||[4-20ma  |w|[1HZ |+ 10000 = 0 3 Module =l
Status: Offline [ QK ] [ Cancel ] Apply Help

Configure Module 1Alarm Configuration for Channel 0 and 1. Configure channel 0, and then
configure Channel 1identical to Channel 0.

IMPORTANT: Do not select the Alarm check boxes, because it enables the Analog Modules dual channel feature,
which must not be used with the DCA instruction.

Alarm Configuration

| General I Connection | Safety | Madule Info | Safety Input Configuration | Input Corfiguration | Alam |

Channel
0 1 2 3
<HHHHH] [ Enable High High and Low Low Alams

F High High and Low Low i
- 4 Deadband:

Process Alarms: | ]

High High: 32767 L
L [ Enable High and Low Alarms

High: 32787 L A High and Law 0
- Deadband:

Lows: 0 ]

Low Low: 0 I

Status: Cffline OK ] [ Cancel Apply Help

Dual Channel Input Monitor (DCM)

58

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The Dual Channel Input Monitor instruction monitors dual-input safety devices and sets 01
(Output 1) based on the Input Type operand and the combined state of Channel A and Channel B.
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Available Languages

Ladder Diagram
DCK
Dual Channel Input Monitor
DCK Safety & o1
Safety Function POSMION LIMIT SWITCH
n pe EQUMNALENT - ACTIVE LOW IS
D pancy Time (Msec 20
Ct el A Safety_Block_A1:Pt02Data FP
0 4
Channel B Safety Block_A1:.Pt03Data
L
nput Status Safety Block_Ad:LinputStatus
0 4
Rezet Safety Reset PB

Z0000_0000 4
Function Block
This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.
+  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

«  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

IMPORTANT: Make sure safety input points are configured as single, not Equivalent or Complementary. These
instructions provide all dual channel functionality necessary for PLd (Cat. 3) or Ple (Cat. 4) safety functions.

WARNING: ATTENTION: If changing instruction operands while in Run mode, accept the pending
edits and cycle the controller mode from Pragram to Run for the changes to take effect.

The following table provides the operands that are used to configure the instruction. These
operands cannot be changed at runtime.

Operand Data Type Format Description

DCM DCI_MONITOR tag DCM structure

Safety Function DINT list item This operand provides
a text name for how
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Operand Data Type

Format

Description

this instruction is being
used. Choices include
cam switch (40), position
limit switch (41), and
user-defined (100).

This operand does

not affect instruction
behavior. It is for
information/documentat
ion purposes only.

Input Type DINT

list item

This operand selects input
channel behavior.

Equivalent - Active High
(0): Inputs are in the active
state when Channel A and
Channel Binputs are 1.

Equivalent - Active Low
(1): Inputs are in the active
state when Channel A and
Channel B inputs are 0.

Complementary (2):
Inputs are in the active
state when Channel Ais 1
and Channel B is 0.

Discrepancy Time (ms) DINT

immediate

The amount of time

that the inputs can be

in an inconsistent state
before an instruction

fault is generated. The
inconsistent state depends
on the Input Type.

Equivalent: Inconsistent
state is when either is true:

Channel A=0 and Channel
B =1

Channel A=1and Channel
B=0

Complementary:
Inconsistent state is when
either is true:

Channel A=0 and Channel
B=0

Channel A=1and Channel
B =1
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Operand

Data Type

Format

Description

If this operand is 0,

the Discrepancy Time
checking is disabled (0
= infinite). The allowable
range is 0..3000 ms.

The following table explains instruction inputs. The inputs may be field device signals from

input devices or derived from user logic.

Operand

Data Type

Format

Description

Channel A’

BOOL

tag

This input is one of the two
inputs being monitored.
When either input is in

the safe state, Qutput 1is
de-energized.

Channel B!

BOOL

tag

This input is one of the two
inputs being monitored.
When either input is in

the safe state, Output 1is
de-energized.

Input Status

BOOL

immediate

tag

If instruction inputs are
from a safety 1/0 module,
this is the status from the
/0 module (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer’s
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Reset?

BOOL

tag

This input clears the
instruction faults provided
the fault condition is not
present.

OFF (0) -> ON (1): The Fault
Present and Fault Code
outputs are reset.

"If the input is from a Guard 1/0 input module, make sure that the input is configured as single,
not Equivalent or Complementary.
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“Some safety standards require monitoring the transition of the reset input. When the reset
is used to reset a safety function, additional logic may be required to verify a transition of the

reset input from High-to-Low or Low-to-High.

The following table explains instruction outputs. The outputs may be external tags (safety

output modules) or internal tags for use in other logic routines.

Operand

Data Type

Description

Output 1(01)

BOOL

This output is energized (1) when the
input conditions are satisfied.

The output becomes de-energized
(0) when:

< Either Channel A or Channel B
transitions to the safe state.

« The Input Status is OFF (0).

Instruction Status (IS)

BOOL

This output is ON (1) when Output 1 of
this instruction is valid (no faults or
diagnostics are present).

Fault Present (FP)

BOOL

ON (1): A fault is present in the
instruction.

OFF (0): This instruction is operating
normally.

Fault Code

DINT

This output indicates the type of
fault that occurred. See the Fault
Codes section below for a list of fault
codes.

This operand is not safety-related.

Diagnostic Code

DINT

This output indicates the diagnostic
status of the instruction. See

the Diagnostic Codes for a list of
diagnostic codes.

This operand is not safety-related.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags

No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.
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Execution

Condition/State Action Taken

Prescan Same as Rung-condition-in is false.

Rung-condition-in is false The .01, .IS, and .FP are cleared to false.

Rung-condition-in is true The instruction executes as described in the operation
section.

Postscan Same as Rung-condition-in is false.

Operation

Normal Operation

The timing diagram illustrates the normal monitoring of a dual-channel input with the Input
Type configured as Equivalent - Active High. Output 1is ON (1) initially because the safety inputs
are in the active state. At (A), Channel A transitions to the safe state, which causes Output 1to
go to the safe state. At (B), both of the safety inputs have transitioned to the active state, which
energizes Output 1. At (C), Output 1is de-energized and energized again at (D).

The Instruction Status is ON (1) the entire time because no faults or diagnostics occur.

Channel &
1] : :
| 1 1 |
1 | .
Channal B
1]
| | | |
1 5 —— |
[mstruction Status ! | i
1]
1 — —_
Output 1
0 | ! |
T ’J. I
® @ o ®

Input Typa = Equivalent - Active High

[izcrapancy Time = 250 ms

If the Input Status input is not shown, it is assumed that the input status is valid (OKN=1 for the entire
timing diagram.

Input Status Fault Operation

The timing diagram illustrates instruction behavior with fault conditions. At (A), Output 1turns
ON (1) when the Input Status becomes valid. This also energizes Output 1 because the safety
inputs are in the active state. At (B), a fault is generated when the Input status becomes invalid.
This also turns OFF (0) the Instruction Status output. At (C), the fault cannot be reset because
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the Input Status is still invalid. At (D), the fault is cleared when a reset is triggered with the Input
Status being valid. This also turns the Instruction Status output ON (1).

1 1
Channel &
0

R

; | | |
I I I
Channel B i i i
0
1 i i
H t | |
BsE y | | —I —|
1
Input Status !
0

[nstructions Status

Fault Present !

1
(utput 1

@ ® ©

Input Typa = Equivalant - Active High
Discrepancy Time = 250 ms

Discrepancy Fault Operation

=
=

The timing diagram illustrates a discrepancy fault occurring when Channel A and Channel B

are in an inconsistent state for longer than the Discrepancy Time. At (A), a fault is generated
when the safety inputs are in an inconsistent state for longer than the Discrepancy Time. This
also turns Output 10FF (0). At (B), the fault is cleared because a Reset is triggered when the
safety inputs are no longer in an inconsistent state. At (C), the fault is generated when the safety
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inputs are again in an inconsistent state for longer than the Discrepancy Time. At (D), the fault is

reset.

Channel &
1]

Chanrel B

Reset

[nstruction Status

1

1

1
Fault Presant

(utput 1

S0 — —- 250m = —
|

T

|

|

|

I
®

[nput Type = Equivalent - Activa High

[izcrepancy Time = 250 ms

|
|
L @

1
[
1
|
1
O o

If the Input Status input iz not shown, it is azsumad that tha input status is valid (ON=1) for the entire

timing diaoram.

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.

Fault Code Description Corrective Action

0 No fault. None.

16420 The Input Status input transitioned | »  Check the I/0 module

3 from ON (1) to OFF (0) while the connection or the internal logic
instruction was executing. used to source input status.

*  Reset the fault.

1644000 Channel A and Channel Bwereinan |«  Check the wiring.

16384 inconsistent state for longer than »  Perform a functional test of
the Discrepancy Time. At the time the device (put Channel A and
of the fault, Channel A was in the .

Channel B in a safe state).

active state. Channel B was in the
safe state. +  Reset the fault.

1644001 Channel A and Channel B were in an

16385 inconsistent state for longer than

the Discrepancy Time. At the time of
the fault, Channel A was in the safe
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state. Channel B was in the active

state.
1644002 Channel A went to the safe state
16386 and back to the active state while
Channel B remained active.
1644003 Channel B went to the safe state
16387 and back to the active state while

Channel A remained active.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description Corrective Action

0 No fault. None.

16420 The Input Status was OFF(0) when Check the I/0 module connection

3 the instruction started. or the internal logic used to source
input status.

DCM wiring and programming example

This section demonstrates how to program the instruction in the safety control portion of an
application.

This application example complies with IS0 13849-1, Category 4 operation.

O The standard control portion of the application is not shown in the following diagram.

Wiring Diagram
W

Mamentary
Push Batton H
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Programming Diagram

This programming diagram shows the Dual Channel Input Monitor (DCM) instruction with inputs

and outputs.

e Cam&witch
Equivalert Active High “——nput Type Qutput 1
ms = Discrepancy Time

[mstruction Status
Module1:| PtooData Channel A
Module1:l.Pt01Data Channel B
Module1:l.Combined Status Input Status
iModulel:lPt11Data | Reset Fault Present

—————————— a

——= Gea Hote 1 ]

T e

Note 1: Thistag k an Imternal Boolean tag that & used by other parts of the wser appllcation that are not shown Inthis example.

Key: Color code represents data orvalue typically used.

R —

Safaty Input

| Configuration Corstant/Value

Ladder Diagram

DCM

Dual Channel Input Monitor

DCM CamSwitch
Safety Function CAMN SWITCH
Input Type EQUMNALENT - ACTIVE HIGH

Dizcrepancy Time (Msec) 00
Channel A Module1:.PtO0Data
14
Channel B Module1:1.Pt01Data
14
Input Status  Module1:.CombinedStatus
14
Reszet Module1:.Pt11Data
() 4

Safety Output

™ -::_ Interral Safety Variable i

o1

FP

The programming software is used to configure the input and output operands of the Guard I/0

module, as illustrated.
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Module Definition

y N
Module Definition [

Series:
Revision: 001 |2

Electranic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting =
Output Data: Test L
Data Format: Integer 2

[ Ok J [ Cancel ] [ Help

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown.
Compatible Match is also acceptable.

Module Input Configuration

| General I Connection I Safety I Module Infa | Input Corfiguration | Test Qutput

Paoint Operation = Input Delay Time (ms)
e

Point Di Point Mode
Type i;r:'z;g? Source | ger=0n | On-=Off
0 | Single - 0 || Safety Pulse Test || 0 =] 05 0=
1 I ~ || Safety Pulse Test ||| 1 Ll = 0=
2 | Single - 0 | Mot Used ||| None || 03 03
3 = ~ || Not Used ||| None |+ 05 0=
4 | Single - 0 «| Mot Used _w||None || = 0=
5 o ~ | Mot Used ||| Mone |+] = 03
§ | Single . 0 «| Mot Used |wl[None || 0= 0=
7 I ~ || Not Used ||| None |+ 05 0=
3 |Single - 0 «|[Not Used _w||None || = 0+
9 = ~ | Mot Used ||| Mone |+ 03 0+
10 | Single - 0 «| Mot Used ||| None || 05 0=
11 I ~ || Safety ||| None |« = 0=

Input Emor Latch Time: 1000 ms
Status: Offiine [ ok ][ Cancel Apply Help
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Module Test Output Configuration

| General | Connection | Safety | Module Info | Input Configurstion | Test Output

Point Point Mode

0 |Pulse Test

Pulse Test

Not Used

L=
1 3
2 | Mot Used 3
3 3|

Status: Offline

Dual-channel Input Start (DCSRT)

Rockwell Automation, Inc.

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The Dual-channel Input Start instruction is for safety devices whose main function is to start a
machine safely, for example, an enable pendant. This instruction energizes its output (01) only
if the Enable input is ON (1), and both safety inputs, Channel A and Channel B, transition to the

active state within the Discrepancy Time.

Available Languages

Ladder Diagram
DCSRT
Dual Channel Input Start
DCSET Safety S o1
Safety Function EMABLE PENDANT
Input Type EQUMNALENT - ACTIVE HIGH FP
Dizcrepancy Time (Msec 20
Enable Safety_Enable
ZHO000_0000 4=

Channel A Safety_Block_A1:|Pt)0Data

04
Channel B Safety_Block_A1:LPt01Data

0 4=
Input Statuz  Safety Block_AJ:lInputStatus

04
Reset Safety Reset PB

2#0000_0000 4=

Function Block

This instruction is not available in function block.
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Structured Text

This instruction is not available in structured text.

Operands

WARNING: ATTENTION: If changing instruction operands while in Run mode, accept the pending
edits and cycle the controller mode from Program to Run for the changes to take effect.

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:

»  Backing tag members are written to.

«  Backing tags are shared by multiple instruction invocations.

»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.
For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

IMPORTANT: Make sure safety input points are configured as single, not Equivalent or Complementary. These
instructions provide all dual channel functionality necessary for PLd (Cat. 3) or Ple (Cat. 4) safety functions.

IMPORTANT: If changing instruction operands while in Run mode, accept the pending edits and cycle the controller
mode from Program to Run for the changes to take effect.

The following table provides the operand used to configure the instruction. This operand cannot
be changed at runtime.

Operand Data Type Format Description
DCSRT DCI_START Tag DCSRT structure
Safety Function DINT list item This operand provides a

text name for how this
instruction is being used.
Choices include enable
pendant (20), start button
(21), and user-defined (100).

This operand does

not affect instruction
behavior. It is for
information/documentat
ion purposes only.

Input Type DINT list item This operand selects input
channel behavior.

Equivalent - Active High
(0): Inputs are in the active
state when Channel A and
Channel Binputs are 1.
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Operand

Data Type

Format

Description

Complementary (2):
Inputs are in the active
state when Channel Ais 1
and Channel B is 0.

Discrepancy Time (ms)

DINT

immediate

The amount of time

that the inputs can be

in an inconsistent state
before an instruction

fault is generated. The
inconsistent state depends
on the Input Type.

Equivalent: Inconsistent
state is when either is true:

Channel A=0 and Channel
B =1

Channel A =1and Channel
B=0

Complementary:
Inconsistent state is when
either is true:

Channel A=0 and Channel
B=0r

Channel A =1and Channel
B =1

The valid range is 5...3000
ms.

The following table explains instruction inputs. The inputs may be field device signals from

input devices or derived from user logic.

Operand

Data Type

Format

Description

Enable

BOOL

tag

This input enables or
disables the instruction.

ON (1): The instruction

is enabled. Output 1is
energized when Channel A
and Channel B transition to
the active state within the
Discrepancy Time.

OFF (Q): The instruction is
disabled. Output Tis not
energized.

Channel A’

BOOL

tag

This input is one of the
two safety inputs to the
instruction.
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Channel B! BOOL

tag

This input is one of the
two safety inputs to the
instruction.

Input Status BOOL

immediate

tag

If instruction inputs are
from a safety 1/0 module,
this is the status from the
/0 module (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer's
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Reset? BOOL

tag

This input clears the
instruction faults provided
the fault condition is not
present.

OFF (0)-> ON (1): The FP
(Fault Present) and Fault
Code outputs are reset.

"If the input is from a Guard 1/0 input module, make sure that the input is configured as single,
not Equivalent or Complementary.

2Some safety standards require monitoring the transition of the reset input. When the reset
is used to reset a safety function, additional logic may be required to verify a transition of the

reset input from High-to-Low or Low-to-High.

The following table explains instruction outputs. The outputs can be used to drive external tags

(safety output modules) or internal tags for use in other logic routines.

Operand

Data Type

Description

Output 1(01)

BOOL

This output is energized when the
input conditions have been satisfied.

The output becomes de-energized

when:

Either Channel A or Channel B
transitions to the safe state.

The Input Status input is OFF(0).
The Enable input turns OFF(0)

Fault Present (FP)

BOOL

ON (1): A fault is present in the
instruction.
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OFF (0): This instruction is operating
normally.

Fault Code DINT This output indicates the type
of fault that occurred. See the
Fault Codes section for a list of
fault codes. This operand is not

safety-related.

Diagnostic Code DINT This output indicates the diagnostic
status of the instruction. See the
Diagnostic Codes section below

for a list of diagnostic codes. This

operand is not safety-related.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution
Condition/State Action Taken
Prescan Same as Rung-condition-in is false.

Rung-condition-in is false The .01and .FP are cleared to false.

Rung-condition-in is true The instruction executes as described in the Normal

operation section.

Postscan Same as Rung-condition-in is false.

Operation

Normal

The timing diagram illustrates the normal operation for a start device, for example, an enable
pendant. At (A), Qutput 1is not energized because the Enable input is OFF (0). At (B), Output 1is
not energized because the transition of the Enable signal ON (1) can never enable Output 1. At
(C), Output 1is energized 50 ms after the safety inputs transition through the safe state and to
the active state with the Enable input ON (1). At (D), Output 1is de-energized when either one of
the safety inputs transition to the safe state. At (E), Output 1is energized 50 ms after the safety
inputs return to the active state. At (F), Output 1is de-energized because the Enable input has
transitioned to OFF (0).
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Normal (Equivalent Inputs)

Channal & 1 : ; —I—;—:i
i | I |
0 |—| I 1
1 1 | I i I
Channel B | I I I
g T |—| I L
. | | i |
N E T I
Ena5||:||9|:I ! : : :
Nl HEE EEE
1 T T B0 e 50 ms
ot || 10w ] e
11 | I
[l

|

T T T

@ ® © o ®
Input Typa = Equivalent - Active High

Cizcrapancy Tima = 250 ms

If the Input Status input is not shown, it is assumed that the input status is valid (OH=1) for the entire
timing diagram.

-
A

e

This diagram demonstrates the same behavior as in the previous timing diagram except that
the Input Type is Complementary.

Normal (Complementary Inputs)

T T T T T T
Channal & 1 ! ! i ] !
o FOAA Er
| | | |
O RS EE
Channel B 1 '—‘
annel - ! |_|: | !
1 e R
Pt 11 T :
I I I )
NEEEEEEEEERSSEREEESEN
1
Eluu:u.rnn i i 5D£u| 4—! mﬁu| ——
| | |
I I I
& ® © © ®© ®

Input Type = Complementary.
Discrepancy Time = 250 ms. If the Input Status input is not shown, it is assumed
that the input status is wvalid (OM =17 for the entire timing diagram.

Input Status Fault Operation

The timing diagram illustrates fault behavior when the Input Status becomes invalid. At (A),
Output 1is not energized because the Input Status has not become active for the first time.

At (B), with the Input Status active, and after a 50 ms delay, Output 1is energized because the
safety inputs have transitioned through the safe state to the active state. At (C), the Input Status
becomes invalid, which immediately de-energizes Output 1and generates a fault. At (D), the fault
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cannot be reset because the Input Status is still inactive. At (E), the fault is reset because the
Input Status is now active and a reset is triggered. At (F), Output 1is active.
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[mput Status
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o

e
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Reset

Cutput 1

i
I
1
i
i
T
i
i
Fault Presant :
T
I
I
i
[
1
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| | |

|
1 I
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Input Type = Equivalent - Active High
Dizcrepancy Time = 250 me

-
[
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Discrepancy Fault Operation

The timing diagram illustrates a discrepancy fault occurring when Channel A and Channel B

are in an inconsistent state for longer than the Discrepancy Time configuration operand. At

(A), a fault is generated when the safety inputs are in an inconsistent state for longer than the
Discrepancy Time, for example, 250 ms. At (B), the fault is cleared because both safety inputs
are inactive and the reset went active. At (C), Output 1is energized 50 ms after both safety
inputs transition to the active state together within the Discrepancy Time. At (D), Output 1is de-
energized when Channel B transitions to the safe state. At (E), a fault is generated because the
safety inputs are again in an inconsistent state for longer than the Discrepancy Time. At (F), the
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fault is cleared, but Output 1is not energized until both safety inputs transition to the active
state together.
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If the Input Status input is not shown, itis assumad that the input status is valid (OM=1) for the entire

timing diagram.

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Alarms

The fault codes are listed in hexadecimal format followed by decimal format.

Fault Code Description Corrective Action

0 No fault. None.

16420 The Input Status input transitioned | «  Check the I/0 module

3 from ON (1) to OFF (0) while the connection or the internal logic
instruction was executing. used to source input status.

*  Reset the fault.

1644000 Channel A and Channel Bwereinan |«  Check the wiring.

16384 inconsistent state for longer than »  Perform a functional test of
the Discrepancy Time. At the time the device (put Channel A and
of the fault, Channel A was in the .

Channel B in a safe state).

active state. Channel B was in the
safe state. *  Reset the fault.

1644001 Channel A and Channel B were in an

16385 inconsistent state for longer than
the Discrepancy Time. At the time of
the fault, Channel A was in the safe
state. Channel B was in the active
state.
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16#4002
16386

Channel A went to the safe state
and back to the active state while
Channel B remained active.

16#4003
16387

Channel B went to the safe state
and back to the active state while
Channel A remained active.

Diagnostic Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description Corrective Action

0 No fault. None.

16#20 The Input Status was OFF(0) when Check the I/0 module connection

3 the instruction started. or the internal logic used to source
input status.

16#4000 The device is not in a safe state at | Release the start device (put Channel

16384 start-up. A and Channel B in a safe state).

1644060 The device is not enabled. Enable the device (set Enable to 1).

16480

DCSRT wiring and programming example

Rockwell Automation, Inc.

This topic demonstrates how to wire the Guard 1/0 module and program the instruction in the
safety control portion of an application

This application example complies with IS0 13849-1, Category 4 operation.

O The standard control portion of the application is not shown in the following diagram.
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Wiring Diagram

FLLlL

M Groand

Programming Diagram
This programming diagram shows the instruction with inputs and test outputs.

MomentaryPushButton

|
Fquivalent Active High > Input Type Output1 < See Note 2 1
TR0 ms > DiscepangyTime 77T
BeeMote1 “~ Enable
Module1:.Pto6Data {(hannel A
Module1:.Pti7Data {(hannel B
Module:.Combined Status ! Input Status
g'"S'EE'H g Fuak Prescat

Mot 1: This tag Is an Imternal Boolaan tagthat has s value determined by other parts aftha user appllcation that are nat shown
In this example.

Mote 2: Ths tag Is anIntenal Boclean tag that s used by other parts of the user application that are nat shown In this exam ple.

Mot 3: Tha source can b mapped o safety data,

Key: Color code represents data orvalue typically used,

Sy

[ Configuration Constant Value >« Tntemal Safety Vanabfe |
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Ladder Diagram

DCSRT

Dual Channel Input Start

DCSAT MomentaryPushButton

Safety Function START BUTTON

Input Type EQUMNMALENT - ACTIVE HIGH

Dizcrepancy Time (Msec) 500

Enabile SeeNote
() 4=

Channel A Module1:1 Pt00Data
14a

Channel B Module1:1.Pt01Data
14u

Input Statuz Module:l.CombinedStatus
14a

Reset Module1:1.Pt11Data
() 4=

o1

FP

The tag in the preceding diagram is an internal Boolean tag that has a value determined by other parts of
the user application that are not shown in this example.

Module Definition

The following sections provide examples of how to use the programming software to set the

Guard 1/0 module configuration operands.

-

Module Definition

S

Series:

Revision: 001 =

Electronic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting =
Output Data: Test L
Data Format: Integer 2

Ok, ] [ Cancel ] [

Help

b

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown.
Compatible Match is also acceptable.
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Module Input Configuration

| General | Connection | Safety | Module Info | Input Configuration | Test Qutput

Point Operation - Input Delay Time (ms}
es
Point Di Point Mode
Type == Source | offuon | On--0ff
0 | Single . 0 « | Safety Pulse Test || 0 = 03 0=
1 L v || Safety Pulse Test || 1 = 05 05
2 | Single - 0 «| Mot Used ||| None || 03 0%
3 = - || Not Used ||| None || 03 0=
4 |Single - 0 «| MotUsed || Mong || 0% 05
5 L ~ || Mot Used ||| Mone |+ 03 03
5 | Single . 0 «|[Mot Used ||| None || 05 05
7 = - || Not Used ||| None || 0 0%
3 | Single - 0 «| Mot Used ||| None || 03 0=
9 = - || Not Used ||| None || 03 0
10 | Single - 0 «| Mot Used ||| None || 0 0%
11 L ~ || Safety || Mone |« 05 05
Input Emor Latch Time: 1000 ms
Status: Offfine [ ok || Cancel Apply Help
o o
Module Test Output Configuration
| General I Connection I Safety I Madule Info I Input Corfiguration | Test Output
Point Point Mode
0 | Pulse Test 3
1 | Pulse Test ||
2 | Mot Used |
3 | Mot Used ||
Status: Offine oK ] ’ Cancel Apply Help

Dual Channel Input Stop (DCS)

The Dual Channel Input Stop instruction monitors dual-input safety devices whose main
function is to stop a machine safely, for example, an E-stop, light curtain, or safety gate. This
instruction can only energize 01(Qutput 1) when both safety inputs, Channel A and Channel B, are
in the active state as determined by the Input type parameter, and the correct reset actions are
carried out.
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Available Languages

Ladder Diagram
DCS

DCS Safety_1 o
afety Function EMERGENCY STOP
g EQUMNALENT - ACTIVE HIGH FP
me (M=zec 100
AUTOMATIC
vpe MANUAL
Safety Block_A1:.Pt00Data
04
Safety Block_A1:Pt01D0ata
0 4=
nput Status Safety Block_A1:LinputStatus
04
Safety _Reset PB
ZH0000_0000 4=

L
=
J
J
a
I

]
T
)
T

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

WARNING: ATTENTION: If you change instructions parameters while in Run mode, you must accept
the pending edits and cycle the controller mode from Program to Run for the changes to take effect.

IMPORTANT: Do not use the same tag name for more than one instruction in the same program. Do not write to
any instruction output tag under any circumstance.

IMPORTANT: Make sure that your safety input points are configured as single, not Equivalent or Complementary.
These instructions provide all dual channel functionality necessary for PLd (Cat. 3) or Ple (Cat. 4) safety functions.

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.
»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

The following table provides the parameters that are used to configure the instruction. These
parameters cannot be changed at runtime.
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Operand

Type

Format

Description

DCS

DCI_STOP

tag

This parameter is a
backing tag that maintains
important execution
information for each usage
of this instruction.

For examples of incorrect
backing tag usages, see
Backing tag usages that
can cause unexpected
operation on page

Safety Function

DINT

name

This parameter provides
a text name for how this
instruction is being used.
Choices include E-stop,
safety gate, light curtain,
area scanner, safety mat,
cable (rope) pull switch,
and user-defined.

This parameter does
not affect instruction
behavior. It is for
information/documentat
ion purposes only.

Input Type

DINT

name

This parameter selects
input channel behavior.

Equivalent (0): Active
High: Inputs are in the
active state when Channel
Aand Channel B inputs are
1.

Complementary (2):
Inputs are in the active
state when Channel Ais 1
and Channel B is 0.

Discrepancy Time (ms)

DINT

immediate

The amount of time

that the inputs can be

in an inconsistent state
before an instruction

fault is generated. The
inconsistent state depends
on the Input Type.
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Operand Type

Format

Description

Equivalent: Inconsistent
state is when:

¢ ChannelA=0 and
Channel B =1, or

e Channel A=1and
Channel B=0

Complementary:
Inconsistent state is when:

» Channel A=0and
Channel B =0, or

¢ Channel A=1and
Channel B =1

The range is 5...3000 ms.

Restart Type List

name

This input configures
Output 1for either Manual
or Automatic Restart.

Manual (0): A transition
of the Reset input from
OFF (0) to ON (1), while all
of the Output 1 enabling
conditions are met, is
required to energize
Output 1

Automatic (1): Output 1

is energized 50 ms after
all enabling conditions are
met.

A ATTENTION:

Automatic restart may
only be used in application
situations where you

can prove that no unsafe
conditions can occur as
aresult of its use, or the
reset function is being
performed elsewhere

in the safety circuit (for

example, output function).

Cold Start Type BOOL

name

This parameter specifies
the Output 1behavior when
applying controller power
or mode change to Run.
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Operand

Type

Format

Description

Manual (0): Output 1is not
energized when the Input
status becomes valid or
when the Input Status fault
is cleared. The device must
be tested before Output 1
can be energized.

Automatic (1): Output 1
is energized immediately
when the Input status
becomes valid or when
the Input Status fault is
cleared and both inputs
are in their active state.

This table explains instruction inputs. The inputs may be field device signals from input devices
or derived from user logic.

Operand

Data Type

Format

Description

Channel A’

BOOL

tag

This input is one of the
two safety inputs to the
instruction.

Channel B!

BOOL

tag

This input is one of the
two safety inputs to the
instruction.

Input Status

BOOL

immediate

tag

If instruction inputs are
from a safety 1/0 module,
this is the status from the
/0 module (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer’s
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Reset?

BOOL

tag

If Restart Type = Manual,
this input is used to
energize Qutput 1 once
Channel A and Channel
B are both in the active
state.
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If Restart Type =
Automatic, this input is not
used to energize Output 1.

OFF (0)-> ON (1): The FP

(Fault Present) and Fault
Code outputs are reset.

"If the input is from a Guard 1/0 input module, make sure that the input is configured as single,
not Equivalent or Complementary.

2Some safety standards require monitoring the transition of the reset input. When the reset
is used to reset a safety function, additional logic may be required to verify a transition of the

reset input from High-to-Low or Low-to-High.

The following table explains instruction outputs. The outputs may be external tags (safety

output modules) or internal tags for use in other logic routines.

Operand

Data Type

Description

Output 1(01)

BOOL

This output is energized when the
input conditions have been satisfied.

The output becomes de-energized
when:

o Either Channel A or Channel B
transitions to the safe state.

¢ The Input Status is in the safe
state.

Fault Present (FP)

BOOL

ON (1): A fault is present in the
instruction.

OFF (Q): This instruction is operating
normally.

Fault Code

DINT

This output indicates the type of
fault that occurred. See the Fault
Codes section for a list of fault
codes.

This parameter is not safety-related.

Diagnostic Code

DINT

This output indicates the diagnostic
status of the instruction. See the
Diagnostic Codes section for a list of
diagnostic codes.

This parameter is not safety-related.

IMPORTANT: Do not write to any instruction output tag under any circumstances.
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Operation

Normal Operation

The timing diagram illustrates normal operation with Restart Type configured for Manual and
Cold Start Type configured for Manual. At (A), Output 1 will not be energized because the safety
inputs have not been through the safe state (0 in this case). At (B), Output 1is energized because
the safety inputs have been cycled through the safe state and are in the active state when the
reset is triggered. At (C), Output 1is de-energized because one of the safety inputs (Channel

A) has transitioned to a safe state. At (D), Output 1is once again energized when a reset is
triggered with both safety inputs in the active state.

Normal Operation (Manual Restart, Manual Cold Start)

L]
]

1
Channal &
i

1
Channel B
1]

EREN

1
Razat
0

(utput 1 /
1]

0
B

o & o &

Input Type = Equivalent - Active High

Restart Type = Manual

Caold Start Type = Manual

Dizcrepancy Tima = 250 ms

If the Input Status inputis not shawn, it is assumad that the input status is valid (OH=1) for the entire
timing diagram.

-
o
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Normal Operation (Manual Restart, Manual Cold Start, Complementary)

The same behavior is demonstrated below as in the previous timing diagram except that the
Input Type is Complementary.

1
Channel &

H

1
Channel B
1]

-
et | ] RRARANNARRAR

|
(utput 1 1 i
1]

:

® ® w iy

Input Type = Complimentary

frestart Type = Manual

Cald Start Tvpe = Manual

Discrapancy Tima = 250 ms

If the Input Status input is not shown, itis assumed that the input status is valid (OK=1) for the entire
timing diagram.

Normal Operation (Manual Restart, Automatic Cold Start)

The timing diagram illustrates normal operation with Cold Start Type configured for Automatic.
When Cold Start Type is automatic, Output 1is energized as soon as the Input Status becomes
valid (OFF (0) to ON (1) transition) for the first time such as when power is applied to a PLC
controller. At (A), Output Tis energized when the Input Status becomes valid with the safety
inputs in the active state. At (B), Output 1is de-energized when one of the safety inputs
transitions to the safe state. Output 1is not energized again until (C), when the reset is triggered
with the safety inputs in the active state.

The Automatic Cold Start only has effect the first time the Input Status becomes valid.

Channel 4 1 : : I

i

Channal B '
0

Rozet 1 —I

0

1
Input Status i

1
Output 1
]

|
=

i |
@® &
Input Typa = Equivalent - Activa High
fiestart Tvpe = Manual
Cold Start Type = Automatic
Dizcrapancy Time = 250 ms
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Normal Operation (Automatic Restart, Manual Cold Start)

The timing diagram illustrates normal operation with Automatic Restart and manual cold start.
Because Cold Start Type is manual, both safety inputs must go through the safe state before
Output 1can be energized. At (A), Output 1is energized automatically 50 ms after the safety
inputs transition to the active state (1in this case). At (B), Output 1is de-energized when one of
the safety inputs transitions to the safe state. At (C), Output 1is automatically energized 50 ms
after both safety inputs transition back to the active state.

Channal & !
1]

1
Channel B
o
1
[utput 1 —PI W—— s0ms
: 1]

@ ® ©

e
_.I

M— 50mz

Input Typa = Equivalant - Active High

Restart Type = Automatic

Cold Start Typa = Manual

Discrepancy Time = 250 ms

If the Input Status input is not shown, itis assumed that the input status is valid (OK=1) for the entire
timing diagram.

There is always a 50 ms dalay bafore ensrgizing Dutput 1 when itis configurad to be enargizad
autormatically [Restart Typa = Automatic).

Normal Operation (Automatic Restart, Automatic Cold Start)

The timing diagram illustrates normal operation with Automatic Restart and Automatic Cold
Start. Here the instruction does not have to wait for the safety inputs to go through the safe
state. At (A), Output 1is energized immediately after the Input Status becomes valid for the first
time with the safety inputs in the active state.

y (4 : '
Channal & { | I
0 . I
Bun : |
I I |
Channal B i | i
"] | |
. : |
Input Status L :
0 i I

1
Output 1 I P

0 1 1 ]

[nput Type = Equivalent - Active High
Restart Type = Automatic

Cold Start Typa = Automatic
Ciscrepancy Time = 250 ms

There iz always= a 50 ms delay before energizing Output 1 when it is configured to be
energized automatically (Restart Type = Agtomatic).
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Input Status Fault (Manual Cold Start)

The timing diagram illustrates a fault occurring when the Input Status becomes invalid. When
Cold Start Type is configured for manual, the safety inputs must go through the safe state after
a fault has been cleared. At (A), Output 1is energized when a reset is triggered with the safety
inputs in the active state. At (B), a fault occurs because the Input Status becomes invalid, which
de-energizes Output 1. At (C), the fault cannot be cleared because the Input Status is still invalid.
At (D), the fault is cleared, but Output 1 cannot yet be energized because the safety inputs must
transition through the safe state when Cold Start Type is manual. At (E), the safety inputs have
gone through the safe state. At (F), Output 1is once again energized when the Reset is triggered.

1
Channel & ! I | !
: M

Channel &'
1]

1
Resat —I
i
1
Input Status
0 I

1
Fault Presant
1}

&

Output 1 J
a

@ ® © @ ® ®
Input Typa = Equivalent - Active High
Restart Type = Manual

Cald Start Type = Manual
Dizcrapancy Time = 250 ms

Input Status Fault (Automatic Cold Start)

The timing diagram illustrates a fault occurring when the Input Status becomes invalid. When
Cold Start Type is configured for automatic, the safety inputs are not required to go through

the safe state after a fault has been cleared. At (A), Output 1is energized when the Input Status
becomes valid because the Cold Start Type is automatic. At (B), a fault occurs because the Input
Status becomes invalid, which de-energizes Output 1. At (C), the fault cannot be cleared because
the Input Status is still invalid. At (D), the fault is cleared because the Input Status is valid and a
reset occurred. Output 1is then energized because the Cold Start Type is automatic.
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It is not necessary for the Safety Inputs to go through the safe state after an Input Status fault
is cleared when the Cold Start Type is Automatic.

1

Channal &
0

[hannal B

Reset

Input Status

Fault Prasant

1
Output 1

I
@
Input Type = Equivalent - Active High

Rastart Type = Manual
Cold Start Type = Automatic
Dizcrapancy Tima = 250 ms

® «

~H
i e e

i @

If the input Status input is not shown, I is assumedthat the input sLatus isvalid (=1)

for the entiretiming dizgram.

Cycle Inputs Fault

The timing diagram illustrates one of the two safety inputs transitioning to the safe state and
back to the active state while Output 1is energized. At (A), Output 1is energized in the normal
way. At (B), Channel A transitions to the safe state, which immediately de-energizes Output 1. At
(C), Channel A transitions back to the active state before the 250 ms Discrepancy Time causes a
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fault. At (D), Output 1is energized because the safety inputs have cycled through the safe state,
and a reset has been triggered.

T T
1 1
Channal & ! !
anna . J : | :
1
Channal B i
0 J |
]
1
Reset & —I §|

Fault Frasant

-

Cutput 1 !

@ B0 o
Input Typa = Equivalant - Active High
fiestart Tvpa = Manual
Cold Start Type = Manual
Discrepancy Tima = 250 ms
If the Input Status input is not shown, it iz assumed that the input status is valid (OH=1) for the entire
timing diagram.

Discrepancy Fault

The timing diagram illustrates a fault occurring when Channel A and Channel B are in an
inconsistent state for longer than the Discrepancy Time parameter. At (A), a discrepancy fault
occurs because Channel A has been in the active state and Channel B has been in the safe state
for 260 ms (Discrepancy Time parameter). At (B), the fault is reset, but Output 1is not energized
because the safety inputs must cycle through the safe state after a discrepancy fault is cleared,
energize Output 1. At (C), Output 1is energized because the safety inputs have transitioned
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through the safe state and a reset has been triggered. At (D), another discrepancy fault occurs
when the safety inputs are again in an inconsistent state for longer than 250 ms.

T T T T

1 : : : |

Channel & ! ! ! !

| I | i

0 p [ i |
250me IH— : TRl IN__

] |

I |

] |

| i

| I

Reset :

I:l T

|

Fault Present |

o

1
Channel B |
|:| I
|
I
1
]
|
I
[}
I
1
]
|
1
|

b 1 !_
1 I
1 1 |
[utput 1 { :
0 i i i
! ' :
® ® ) o

Input Type = Equivalent - Active High

fiestart Tepe = Manual

Caold Start Type = Manual

Dizcrapancy Tima = 250 m3

If the Input Status input is not shawn, it is assumed that the input status is valid (OH=1) for the entire
timing diagram.

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.

Fault Code Description Corrective Action

00 No fault. e None.

16420 The Input Status input transitioned | «  Check the I/0 module

3 from ON (1) to OFF (0) while the connection or the internal logic
instruction was executing. used to source input status.

« Reset the fault.

1644000 Channel A and Channel Bwereinan |«  Check the wiring.
16384 inconsistent state for longer than
the Discrepancy Time. At the time
of the fault, Channel A was in the

active state. Channel B was in the

«  Perform a functional test of
the device (put Channel A and
Channel B in a safe state).

*  Reset the fault.

safe state.
1644001 Channel A and Channel B were in an
16385 inconsistent state for longer than

the Discrepancy Time. At the time of
the fault, Channel A was in the safe
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Fault Code Description Corrective Action
state. Channel B was in the active
state.

1644002 Channel A went to the safe state

16386 and back to the active state while
Channel B remained active.

16#4003 Channel B went to the safe state

16387 and back to the active state while

Channel A remained active.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description Corrective Action

00 No fault None

16#05 The Reset input is held ON (1). Set the Reset input to OFF (0).

5

16#20 The Input Status was OFF(0) when Check the I/0 module connection

3 the instruction started. or the internal logic used to source
input status.

16#4000 The device has not been functionally | Perform a functional test of the

16384 tested at startup. inputs (put Channel A and Channel B
in a safe state).

16#4001 The device has not been functionally | «  Check the wiring.

16385 tested after a fault occurs. »  Perform a functional test of

the device (put Channel A and
Channel B in a safe state).

Affects Math Status Flags

No

Major / Minor Faults

None specific to this instruction. See Index Through Arrays on page for array-indexing

faults.

Execution

Condition/State Action Taken

Prescan Same as Rung-condition-in is false.

Rung-condition-in is false

The .01and .FP are cleared to false.

Publication 1756-RM0950-EN-P - September 2025

93


unique_39
unique_39

Chapter2  Safety Instructions

Condition/State

Action Taken

Rung-condition-in is true

The instruction executes as described in the Normal

Operation section.

Postscan

Same as Rung-condition-in is false.

DCS wiring and programming example

This example complies with IS0 13843-1, Category 4 operation. The standard control portion of
the application is not shown.

MVDC

M4¥ Gronnd

This programming diagram shows the Dual Channel Input Stop (DCS) instruction with inputs and

test outputs.
OGS MainPanelE5top
Equivalent Active High ——Input Type Dutput 1
|TBD ms —{Discrepancy Time
|Manual —Restart Type
Manual — Coldstart Type
Module1:d Pto0Data Channel A
Module1:).P1o1Data Channel B
Modulel:.Combined Status Input Status
iModule:| Pt 10ata ot Rt Fault Present

Key: Calor code represents data arvalue typical

[ Configuration (onstant Value > Tntemal Safety Varable q

T

94

Mot 1: This tag s an Interral Boolean tag that |5 used by other parts of the user application that are not shoen Inthis scample.

: Tag-mapped Varable
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Ladder Diagram

DCS

Dual Channel Input Stop

DCS MainPanelEStop

Safety Function EMERGENCY STOP

Input Type EQUMNALENT - ACTIVE HIGH

Dizcrepancy Time (Msac) 500

Restart Type MANUAL

Cold Start Type MAMNUAL

Channel A Module1:. PtO0Data
14m

Channel B Module1:1 Pt010Data
14=

Input Status  Module1:l.CombinedStatus
14m

Reset Module1:1.Pt110ata
(4=

The programming software is used to configure the input and output parameters of the Guard

[/0 module, as illustrated.

Module Definition

o1

FP

Module Definition

S

Series:

Revision: 001

Electronic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting =
Output Data: Test L
Data Format: Integer 2

Ok ] [ Cancel ]

Help

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown. You

can also select Compatible Match.
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Module Input Configuration

| General | Connection | Safety | Module Info | Input Corfiguration | Test Output

Paint Operation S Input Delay Time (ms)
es
Paint Di Point Mode
Type gfﬂr:':(';”s? Source | off-on | On--Off
0 |Single - 0 | Safety Pulse Test | 0 B2 05 03
1 1 v || Safety Pulse Test w1 = 05 05
2 | Single - 0 «| Not Used ||| None |+| 0= 03
3 1] - || Not Used ||| None |+| 0= 03
4 | Single - 0 «| Not Used ||| None |+ 0% 03
5 1] - || Not Used ||| None |+ 0= 03
6 | Single - 0 «| Not Used ||| None |+ 0% 03
7 1 ~ | Not Used ||| None | 03 03
8 | Single - 0 «| Not Used ||| None |+ 0% 03
9 1] || Not Used ||| None |+ 0= 03
10 | Single - 0 «| Not Used ||| None |w| 0= 0
11 =] ~ | Safety | ][ None || 03 05
Input Emor Latch Time: 1000 ms
Status: Offine | ok || Cancel Apply Help
N o
Module Test Output Configuration
| General | Connection | Safety | Module Info | Input Corfiguration | Test Output
Point Point Mode
0 _|Pulse Test 3
1 | Pulse Test =]
2 | Standard ]
3 | Mot Used >l
Status: Offline oK ] ’ Cancel Apply Help

Dual-Channel Input Stop with Test (DCST)

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The Dual-Channel Input Stop with Test (DCST) instruction monitors dual-input safety devices
whose main function is to stop a machine safely, for example, an E-stop, light curtain, or
safety gate. This instruction can only energize Output 1 when both safety inputs, Channel A and
Channel B, are in the active state as determined by the Input Type operand, and the correct
reset actions are carried out.
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In addition, this instruction has the ability to force a functional test of the stop device upon
request.

The timing diagrams from the Dual-Channel Input Stop (DCS) instruction are applicable to this
instruction as well.

DCST operation diagrams in this instruction, highlight the features of the test-related operands
such as Test Request and Test Command.

Available Languages

Ladder Diagram

DCST
Dual Channel Input Stop With Test
DCST Safety 2 o1
Safety Function SAFETY GATE
Input Type EQUMNALENT - ACTIVE HIGH TC
Dizcrepancy Time (Mzec 10
Restart Type AUTOMATIC FP
Cold Start Type AUTOMATIC
Channel A Safety Block_A1:LPt020ata

0 4=
Channel B Safety Block_A1:.Pt03Data

4=
Test Reguest Safety Test

ZH0000_0000 4=

Input Status Safety Block_A1:lLiInputStatus
4=

Reset Safety Reset PB
ZHO000_0000 4=

Function Block
This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

WARNING: ATTENTION: If changing instruction operands while in Run mode, accept the pending
edits and cycle the controller mode from Program to Run for the changes to take effect.

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.
+  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

«  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page
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IMPORTANT: Make sure safety input points are configured as single, not Equivalent or Complementary. These
instructions provide all dual channel functionality necessary for PLd (Cat. 3) or PLe (Cat. 4) safety functions.

The following table provides the operands that are used to configure the instruction. These

operands cannot be changed at runtime.

Operand

Data Type

Format

Description

DCST

DCI_STOP_TEST

tag

DCST structure

Safety Function

DINT

list item

This operand provides a
text name for how this
instruction is being used.
Choices include E-stop,
safety gate, light curtain,
area scanner, safety mat,
cable (rope) pull switch,
and user-defined.

This operand does

not affect instruction
behavior. It is for
information/documentat
ion purposes only.

Input Type

DINT

list item

This operand selects input
channel behavior.

Equivalent - Active High
(0): Inputs are in the
active state when Channel
A and Channel B inputs are
1.

Complementary (2):
Inputs are in the active
state when Channel Ais 1
and Channel B is 0.

Discrepancy Time (ms)

DINT

immediate

The amount of time

that the inputs can be

in an inconsistent state
before an instruction

fault is generated. The
inconsistent state depends
on the Input Type.

Equivalent: Inconsistent
state is when:

Channel A=0 and Channel
B=1,0r

Channel A =1and Channel
B=0
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Operand Data Type

Format

Description

Complementary:
Inconsistent state is when:

Channel A=0 and Channel
B=0, or

Channel A=1and Channel
B=1

The range is 5...3000 ms.

Restart Type BOOL

immediate

This input configures
Output 1for either manual
or automatic restart.

Manual (0): - A transition
of the reset input from
OFF (0) to ON (1), while all
of the Output 1enabling
conditions are met, is
required to energize
Output1

Automatic (1): - Output 1
is energized 50 ms after all
of the enabling conditions
are met.

Important: Automatic
restart may only be

used in application
situations where no unsafe
conditions can occur as
aresult of its use, or the
reset function is being
performed elsewhere

in the safety circuit (for
example, output function).

Cold Start Type BOOL

list item

This operand specifies the
Output 1behavior when
applying controller power
or mode change to Run.

Manual (0): - Output Tis
not energized when the
Input Status becomes
valid or when the Input
Status fault is cleared.
(The device must be tested
before Output 1can be
energized.)

Automatic (1): - Output 1
is energized immediately
when the Input Status
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Operand

Data Type

Format

Description

becomes valid or when

the Input Status fault is
cleared and both inputs
are in their active state.

The following table explains instruction inputs. The inputs may be field device signals from

input devices or derived from user logic.

Operand

Data Type

Format

Description

Channel Al

BOOL

tag

This input is one of the
two safety inputs to the
instruction.

Channel B!

BOOL

tag

This input is one of the
two safety inputs to the
instruction.

Test Request

BOOL

tag

This signal forces a
functional test to occur.

ON (1) -> OFF (0): Triggers
a functional test. Output
1is de-energized and the
Test Command output is
energized, which prompts
for a functional test to be
performed.

The functional test is
complete and the Test
Command output is
de-energized when
Channel A and Channel B
go to the safe state.

Input Status

BOOL

immediate

tag

If instruction inputs are
from a safety 1/0 module,
this is the status from the
/0 module (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer’s
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.
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Operand

Data Type

Format

Description

Reset

BOOL

tag

If Restart Type = Manual,
this input is used to
energize OQutput 1once
Channel A and Channel
B are both in the active
state.

If Restart Type =
Automatic, this input is
used to energize Output 1.

This input clears
instruction and circuit
faults provided the fault
condition is not present.

OFF (0)-> ON (1): The FP

(Fault Present) and Fault
Code outputs are reset.

"If the input is from a Guard 1/0 input module, make sure that the input is configured as single,
not Equivalent or Complementary.

“Some safety standards require monitoring the transition of the reset input. When the reset
is used to reset a safety function, additional logic may be required to verify a transition of the
reset input from High-to-Low or Low-to-High.

The following table explains the instruction outputs. The outputs can be external tags (safety

output modules) or internal tags for use in other logic routines.

Operand

Data Type

Description

Output 1(01)

BOOL

This output is energized when the
input conditions have been satisfied.

The output becomes de-energized
when:

< Either Channel A or Channel B
transitions to the safe state.

e The Input Status is OFF (0).

« Afunctional test is requested
(Test Request > OFF (0).

Test Command (TC)

BOOL

This output is energized when a
functional test must be carried out.

The operand is not safety-related.

Fault Present (FP)

BOOL

ON (1): A fault is present in the
instruction.

OFF (0): This instruction is operating
normally.
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Operand

Data Type

Description

Fault Code

DINT

This output indicates the type of
fault that occurred. See the Fault
Codes section below for a list of fault
codes.

This operand is not safety-related.

Diagnostic Code

DINT

This output indicates the diagnostic
status of the instruction. See the
Diagnostic Codes section below for a
list of diagnastic codes.

This operand is not safety-related.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags

No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution
Condition/State Action Taken
Prescan Same as Rung-condition-in is false.

Rung-condition-in is false

The .01,.TC and .FP are cleared to false.

Rung-condition-in is true

The instruction executes as described in the Operation
section.

Postscan

Same as Rung-condition-in is false.

Operation

Functional Test Operation (Manual Restart)

The timing diagram illustrates a manual functional test being performed on a safety device,

for example, a safety gate, with the instruction configured for manual restart. At (A), a manual
functional test is requested because the Test Request input transitions from ON (1) to OFF (0).
This immediately de-energizes Output 1and energizes the Test Command output, which prompts
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for a test of the device to be performed. At (B), the functional test is complete, so the Test
Command output is de-energized. At (C), Qutput 1is energized again when a reset is triggered.

aw

1
Channal &

H

ChanrelB

Resst

s
ma
R
Test Raguest |I1 _,7 | |
l—

Test Command !

Ourtput 1

@ -|
@___
Gy

Input Type = Equivalent - Active High

Rastart Type = Manual

Cal Start Type = Manual

Discrepancy Time = 250 ma

If the nput Status input is not shown, it is assumed that the input status i valid (OM=17 for the entire
timing diagram.

Functional Test Operation (Automatic Restart)

The timing diagram illustrates a manual function test being performed with Restart Type equal
to Automatic. At (A), Output 1is de-energized because the Test Request transitions from ON (1)
to OFF (0). The Test Command output is also energized at this point. At (B), the Test Command
output is de-energized because the functional test is complete. At (C), Output 1is automatically
energized 50 ms after the safety inputs enter the active state because the restart type is
automatic.

Charnel &

EEEEEE
' gEaEEs

Channel B

Tast Requast

Teat Command

1
Cutput 1 : ——i| =1 e

@ ¢
Input Type = Equivalent - Active High
Restart Type = Automatic
Cold Start Type = Automnatic
Discrepancy Time = 250 me
It the Input Status input is not shawn, it is assumed that the input status iz valid [OMN=17 for the entire
timing dizgram.
Thereis always a 50 ms delay before enamizing Dutput 1 when it is configured 1o be enemized
atomatically [Restart Type = Atomatic].

L=
e

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.
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Fault Codes and Corrective Actions

Fault Code Description Corrective Action
0 No fault. None.
16420 The Input Status input transitioned | »  Check the I/0 module
3 from ON (1) to OFF (0) while the connection or the internal logic
instruction was executing. used to source input status.
* Reset the fault.
1644000 Channel A and Channel Bwereinan | ¢  Check the wiring.
16384 inconsistent state for longer than » Perform a functional test of
the Discrepancy Time. At th.e time the device (put Channel A and
of the fault, Channel A was in the .
. . Channel B in a safe state).
active state. Channel B was in the
safe state. « Reset the fault.
1644001 Channel A and Channel B were in an
16385 inconsistent state for longer than
the Discrepancy Time. At the time of
the fault, Channel A was in the safe
state. Channel B was in the active
state.
1644002 Channel A went to the safe state
16386 and back to the active state while
Channel B remained active.
16#4003 Channel B went to the safe state
16387 and back to the active state while

Channel A remained active.

Diagnostic Codes and Corrective Actions

Diagnostic Code Description Corrective Action

00H No fault. None.

16#05 The Reset input is held ON (1) Set the Reset input to OFF (0)

5

16420 The Input Status was OFF(0) when Check the I/0 module connection
3 the instruction started. or the internal logic used to source

input status.
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DCST wiring and programming example

Rockwell Automation, Inc.

1644000 The device has not been functionally | Perform a functional test of the
16384 tested at startup. inputs (put Channel A and Channel B
in a safe state).

1644001 The device has not been functionally | «  Check the wiring.

16385 tested after a fault occurs. » Perform a functional test of
the device (put Channel A and
Channel B in a safe state).

1644030 Waiting for the manual functional Perform a functional test of the

16432 test to occur. device (put Channel A and Channel B

in a safe state).

This topic demonstrates how to wire the Guard 1/0 and program the instruction in the safety

control portion of an application

This application example complies with IS0 13849-1, Category 4 operation.

O The standard control portion of the application is not shown in the following diagram.

Wiring Diagram

DL
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Programming Diagram
This programming diagram shows the Dual Channel Input Stop with Test (DCST) instruction with
inputs and test outputs.

Main Gate
~DST —_—

Equivalent Active High >—{Input Type Output1 —"SeeNete2 B
TED ms > Disaepancy Time

Manual > Restart Type Test Command —<Madulel:0lestabata |
Manual o Coldstart Type

Module1:1.Pt000ata Channel A

Module1:1. P11 Data (hanné B
iseefoel = o—Test Request

Module1:l.Combined Status Input Status

iModule1:L.Pt1 1Data o Fault Present

Hote 1: This tagls an Intemial Boolean tag that has Itsvalue detemmined by other parts of the wser application that are nat shown In
this example. Thefaling edge (1-=0y of the Test Request Input forces 3 test to be executed {sfo state must be obsarved).

Connecting this Input tothe cutput that enables the hazand farces a test to be executed every ime that the hazard & stopped.
Hote 2: Thistagls anintemal Boolean tag that 1s used by other parts of the wser appliation that are not shown in this example.

Key: Color code represents data orvaluetypically used.

IS s—
Safiety Input Safaty Output

[ Comfiguration Constant/Value 7 Intemal Safaty Varlabla [
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Ladder Diagram
DCST
Dual Channel Input Stop With Test
DCST MainGate:
Safety Function SAFETY GATE
Input Type EQUMNALENT - ACTIVE HIGH
Dizcrepancy Time (Msec) SO0
Restart Type MANLAL
Cold Start Type MAMUAL
Channel A Module1:. Pt00Data
L
Channel B Module1:1.Pt01Data
0 4
Test Request SeeNote
L
Input Status  Module1:.CombinedStatus
0 4
Rezet Module1:1.Pt11Data
() 4

MainGate. TC

o1

TC

FP

Module3:0 . TestlZData

The tag in the preceding table is an internal Boolean tag that has its value determined by other parts of
the user application not shown in this example. The falling edge (1->0) of the Test Request input forces
a test to be executed (safe state must be observed). Connecting this input to the output that enables the
hazard forces a test to be executed every time the hazard is stopped.
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The programming software is used to configure the input and output operands of the Guard 1/0
module as illustrated.
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Module Definition

The following sections provide examples of how to use the programming software to set the
Guard 1/0 module configuration operands.

Module Definition

|

Seris:

Revision: 001 2

Electranic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting L]
Output Data: Test 2
Data Format: Integer 2

[ OK J [ Cancel ] Help

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown.

Compatible Match is also acceptable.

Module Input Configuration

| General | Connection I Safety I Module Info | Input Corfiguration | Test Output

Point Operation - Input Delay Time (ms)
s

Point Discrepan Point Mode
Type ey ':('m? Source | otr.on | on-=0ff
0 | Single 0 «| Safety Pulze Test || 0 = 03 0=
1 ] Safety Pulse Test || 1 = 03 0=
2 | Single . 0 «| Not Used Lw|[None |w| 0 0=
3 1 Mot Used ||| None |v| 05 0=
4 | Single . 0 - | Not Used L[ None || (= 0=
5 1] Mot Used ||| None |+| 05 0=
5 |single . 0 «| MotUsed || Mone || 0= 03
7 L Mot Used L= || None || 0 0=
8 |single - 0 «| Not Used ||| None |+| 03 0=
9 = Not Used ||| None || 05 0=
10 | Single - 0 Mot Used || None || 0% 0=
11 1= Safety ||| None |w| = 0=

Input Ermror Latch Time: 10005 ms
Status: Offline QK ] [ Cancel Apply Help
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Module Test Output Configuration

| General | Connection | Safety | Module Info | Input Corfiguration | Test Output

Point Point Mode

0 |Pulse Test >
1 | Pulse Test L]
2 | Standard >
3 E.d

Mot Used

Status: Offline oK I I Cancel Aoply Help

Dual Channel Input Stop with Test and Lock (DCSTL)

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5530 controllers.

The Dual Channel Input Stop with Test and Lock (DCSTL) instruction monitors dual-input safety
devices whose main function is to stop safely, for example, an E-stop, light curtain, or safety
gate. This instruction can only energize Output 1when both safety inputs, Channel A and
Channel B, are in the active state as determined by the Input type operand, and the correct reset
actions are carried out.

In addition, this instruction has the ability to monitor a locked feedback signal from a safety
device and issue a lock request to a safety device, for example a safety gate with guard locking.
The Unlock Request input is used to request an electromagnetic lock or unlock. However, the
hazard must not be present for the instruction to issue an unlock command. The Lock feedback
input is used to determine whether or not the safety device is currently locked. To energize
Output 1, the Lock Feedback input must be ON (1) in addition to the requirements of the DCST
instruction.

The operation timing diagrams from the Dual Channel Input Stop (DCS) and the Dual Channel
Input Stop Test (DCST) instruction are applicable to this instruction as well.

DCSTL operation diagrams, shown below, highlight the features of the lock-related operands,
such as Unlock Request, Lock Feedback, Hazard Stopped, and Unlock Command.
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Available Languages

Ladder Diagram
DCSTL
Dual Channel Input Stop With Test And Lock
DCSTL Safety_3 o1
Safety Function SAFETY GATE
Input Type EQUMNALENT - ACTIVE HIGH TC
Dizcrepancy Time (Msec 20
Restart Type MANUAL uLc
Cold Start Type AUTOMATIC
Channel A Safety Block_A1:.Pt04Data FP
() 4u
Channel B Safety_Block_A1:1.Pt0SData
() 4u
Test Request Safety Test
ZH0000_0000 4=
Unlock Request Safety_Unlock

Z#0000_0000 4=
Lock Feedback Safety Block_AZ2:1Pi01Data

() 4u
Hazard Stopped Safety Block A2 Pid4Data

() 4u
Input Status Safety Block_A1:.Pt04Data

() 4u
Resat Safety Reset PB

Z#0000_0000 4=
Function Block
This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

WARNING: ATTENTION: If changing instruction operands while in Run mode, accept the pending
edits and cycle the controller mode from Program to Run for the changes to take effect.

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.

»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

«  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.
For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

IMPORTANT: Make sure safety input points are configured as single, not Equivalent or Complementary. These
instructions provide all dual channel functionality necessary for PLd (Cat. 3) or Ple (Cat. 4) safety functions.
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This table provides the operands that are used to configure the instruction. These operands
cannot be changed at runtime.

Operand

Data Type

Format

Description

DCSTL

DCI_STOP_TEST_LOCK

tag

DCSTL structure

Safety Function

DINT

list item

This operand provides a
text name for how this
instruction is being used.
Choices include slide lock
(6), safety gate (1) and
user-defined (100).

This operand does

not affect instruction
behavior. It is for
information/documentat
ion purposes only.

Input Type

DINT

list item

This operand selects input
channel behavior.

Equivalent - Active High
(0): Inputs are in the
active state when Channel
A and Channel B inputs are
1.

Complementary(2):
Inputs are in the active
state when Channel Ais 1
and Channel B is 0.

Discrepancy Time (ms)

DINT

immediate

The amount of time

that the inputs can be

in an inconsistent state
before an instruction

fault is generated. The
inconsistent state depends
on the Input Type.

Equivalent: Inconsistent
state is when either is true:

Channel A=0 and Channel
B =1

Channel A =1and Channel
B=0

Complementary:
Inconsistent state is when
either is true:

Channel A=0 and Channel
B=0
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Operand Data Type

Format

Description

Channel A=1and Channel
B=1

The range is 5...3000 ms.

Restart Type BOOL

list item

This input configures
Output 1for either manual
or automatic restart.

Manual (0): - A transition
of the reset input from
OFF (0) to ON (1), while all
of the Output 1enabling
conditions are met, is
required to energize
Output1

Automatic (1): - Output
1is energized 50 ms
when all of the enabling
conditions are met.

A ATTENTION:

Automatic restart may
only be used in application
situations where no unsafe
conditions can occur as
aresult of its use, or the
reset function is being
performed elsewhere

in the safety circuit (for

example, output function).

Cold Start Type BOOL

list item

This operand specifies the
Output 1behavior when
applying controller power
or mode change to Run.

Manual (0): - Output Tis
not energized when the
Input Status becomes valid
or when the Input Status
fault is cleared. The device
must be tested before
Output 1can be energized.

Automatic (1): - Output 1
is energized immediately
when the Input Status
becomes valid or when
the Input Status fault is
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Operand

Data Type

Format

Description

cleared and both inputs
are in their active state.

The following table explains instruction inputs. The inputs may be field device signals from

input devices or derived from user logic.

Operand

Data Type

Format

Description

Channel A’

BOOL

tag

This input is one of the
two safety inputs to the
instruction.

Channel B!

BOOL

tag

This input is one of the
two safety inputs to the
instruction.

Test Request

BOOL

tag

This signal forces a
functional test to occur.
See the Test Type operand
for more information.

ON (1) -> OFF (0): Triggers
a functional test. Output
1is de-energized and the
Test Command output is
energized, which prompts
for a functional test to be
performed.

IMPORTANT: Do not
request a test when

a hazard is present
(Hazard Stopped = 0)
because the machine
stops and causes a fault
in this instruction.

Unlock Request

BOOL

tag

This input is used to
request a lock and unlock
of electromechanical
locking devices.

OFF (0): Lock is requested
(the Unlock command is
de-energized).

ON (1): Unlock is requested
if the machine hazard

is stopped. The Unlock
command is energized if
the Hazard Stopped equals
1.
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Operand

Data Type

Format

Description

This signal must also be
used before locking and
unlocking manual locks.
Otherwise, a fault can
occur because of invalid
sequencing.

Lock Feedback

BOOL

tag

This input is the current

state of the locking device.
This input must be ON (1) in
order to energize OQutput 1.

OFF (0): The safety
monitoring device
currently is not locked.
ON (1): The safety
monitoring device is
currently locked.

Hazard Stopped

BOOL

tag

This input is the hazard
condition feedback signal.
This input must be ON (1) in
order for the instruction to
issue an unlock command
(energize the Unlock
Command output).

OFF (0): The Unlock
Command output cannot
be energized.

ON (1): The Unlock
Command output can be
energized.

Input Status

BOOL

immediate

tag

If instruction inputs

are from a safety 1/0
module, this is the status
from the 1/0 module or
modules (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer's
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Reset?

BOOL

tag

If Restart Type = Manual,
this input is used to
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Operand Data Type

Format

Description

energize Output 1once
Channel A and Channel
B are both in the active
state.

If Restart Type =
Automatic, this input is not
used to energize Output 1.

This input clears
instruction and circuit
faults provided the fault
condition is not present.
OFF (0)-> ON (1): The FP
(Fault Present) and Fault
Code outputs are reset.

"If the input is from a Guard I/0 input module, make sure that the input is configured as single,

not Equivalent or Complementary.

2Some safety standards require monitoring the transition of the reset input. When the reset
is used to reset a safety function, additional logic may be required to verify a transition of the

reset input from High-to-Low or Low-to-High.

This table explains instruction outputs. The outputs may be external tags (safety output
modules) or internal tags for use in other logic routines

Operand Data Type

Description

Output 1(01) BOOL

This output is energized when the
input conditions have been satisfied.

The output becomes de-energized
when:

Either Channel A or Channel B
transitions to the safe state.

The Input Status is OFF (0).

A functional test is requested
(Test Request > OFF (0).

The Lock Feedback signal turns
OFF (0).

An unlock is requested and the
hazard stops, that is Unlock
Request -> ON (1) and Hazard
Stopped -> ON (1).

Test Command (TC) BOOL

This output is energized when a
functional test must be carried out.

This operand is not safety-related.
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Operand Data Type

Description

Unlock Command (ULC) BOOL

This output is an unlock signal for an
electromechanical locking device or
to prompt for manual unlock.

Fault Present (FP) BOOL

ON (1): A fault is present in the
instruction.

OFF (0): This instruction is operating
normally.

Fault Code DINT

This output indicates the type of
fault that occurred. See the Fault
Codes section below for a list of fault
codes.

This operand is not safety-related.

Diagnostic Code DINT

This output indicates the diagnostic
status of the instruction. See the
Diagnostic Codes section below for a
list of diagnostic codes.

This operand is not safety-related.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays on page

faults.

Execution

for array-indexing

Condition/State

Action Taken

Prescan

Same as Rung-condition-in is false.

Rung-condition-in is false

The .01,.TC, .ULC and .FP are cleared to false.

Rung-condition-in is true

The instruction executes as described in the Operation
section

Postscan

Same as Rung-condition-in is false.
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Operation

Start-up Operation (Manual Cold Start)

The timing diagram illustrates Output 1being energized when the Cold Start Type is Manual.

At (A), the gate is closed and requested to lock. At (B), the gate is considered locked when the
Lock Feedback transitions from OFF (0) to ON (1). At (C), Output 1is energized when a reset is
triggered. At (D), an unlock is requested when the Unlock Request signal transitions from OFF
(0) to ON (1). At (E), the Unlock Command output is not energized until the Hazard Stopped input
transitions from OFF (0) to ON (1). Output 1is also de-energized at this point. At (F), Output Tis
energized again when the gate is opened, closed, and locked, and a reset is triggered.

The devices being monitored in these timing diagrams are assumed to be a safety gate with
lock.

1 —— - '
Ehannel .'I-ll.l::| J i i i i i i
1 | I |
& 1
Channel B
Azs HH
-1 I 1 I
Hasat; i i —l i i —|_
1
IInlock Request il i I
"o
Lock Feedback !
0 Sl
11 ] I I
Hazard Smmad; L ! : |_
Unlack Command 1 —I_'_
o B
. | 1 |
1 1|1 -
Output 1
0

Input Type = Equivalent - Active High
Restart Typa = Manual

Cold Start Type = Manual
Discrepancy Time = 250 ms

If the Input Status input is not shown, itis assumad that the input status is valid (OM=1) for the entire
timing diagram.

Start-up Operation (Automatic Cold Start)

The timing diagram illustrates the same behavior as the manual restart diagram, except that
Cold Start Type is automatic. At (A), Output 1is immediately energized when power is first
applied because the gate is closed and locked, and the cold start type is automatic. At (B), an
unlock is requested when the Unlock Request signal transitions from OFF (0) to ON (1). At (C), the
Unlock Command output is not energized until the Hazard Stopped input transitions from OFF (0)
to ON (1). Output 1is also de-energized at this point. At (D), Output 1is energized when the gate is
opened, closed, and locked, and a reset is triggered.
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The devices being monitored in these timing diagrams are assumed to be a safety gate with

lock.

Channel & !
1]

Channel B '
i]

Resat |
1]

ERaE

1
Inlock Request i

Lock Feedback !

U an. =

Hazard Stopped : i
1]

Unlack Command !

Output 1 ! |
]

0 i |_,_

@ &0
Input Type = Equivalent - Active High
Rastart Type = Manual
Cold Start Type = Automatic
[izcrapancy Tima = 250 ms

If the Input Status inputis not shawn, it is assumed that the input status is valid (OM=1) for the entire

timing diagram.

Device Not Tested After Unlock Fault (Manual Cold Start)

The timing diagram illustrates how a gate must be tested each time after it is unlocked if the
Cold Start type is manual. At (A), Output 1is energized when a reset is triggered. At (B), a fault
is generated when the device is unlocked and relocked without the gate being opened. At (C),
the fault is cleared when a reset is triggered. Output 1does not become energized because a

functional test has not been performed on the gate.
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The devices being monitored in these timing diagrams are assumed to be a safety gate with
lock.

Channel &

T

Channel B

1
Resat

IInlock Request !

i

Lock Feedback

-

O 1 e S A e e

- O - O

Hazard Stopped

—

H

Fault Prasant
: Eanay
LInlack Command : |_| | !
|:| 1 1
| 1
| I
Output 1 1 i i
0 { {
® ©

®
Input Type = Equivalant - Active High
Restart Type = Manual
Cold Start Typa = Manual
Discrepancy Time = 2580 m=

If tha Input Status input iz not shown, it is assumed that the input status is valid (OM=17 for the entire
fiming diagram.

Functional Test after Fault Operation

The timing diagram illustrates how the gate must be functionally tested after a fault occurs.

At (A), Output 1is energized when a reset is triggered with the gate closed and locked. At (B),

a fault occurs because the gate is unlocked because the Unlock Request never transitioned
from OFF (0) to ON (1). At (C), the fault is reset when the reset is triggered, but Qutput 1cannot be
energized because the gate was not functionally tested after the fault occurred. At (D), the gate
has been functionally tested and the gate is opened, unlocked, and the hazard has stopped, but
Output 1cannot be energized because the gate is not locked. At (E), Output 1is energized when a
reset is triggered with the gate now locked.
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The devices being monitored in these timing diagrams are assumed to be a safety gate with
lock.

Channal & !
Min
I
Channel B :] H :
Resat '
.] R

IInlock Request :
0

H-H
Liock Faedback |

e
£

Ea

Hazard Stopped .
0

1
Fault Prasant

Unlack Command |
]

[utput 1 1
1]

I

1

]
b& o
Imput Type = Equivalant - Active High
Restart Type = Manual
Cold Start Typa = Manual
Discrepancy Time = 250 m=

If the Input Statuz input iz not shown, it is assumed that the input status is valid (OM=1] for the entire
fiming diagram.

False Rung State Behavior
When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.

Fault Code Description Corrective Action

00 No fault. None.

16420 The Input Status input transitioned | Check the I/0 module

3 from ON (1) to OFF (0) while the connection or the internal logic
instruction was executing. used to source input status.

e Reset the fault.

1644000 Channel A and Channel Bwereinan |  Check the wiring.
16384 inconsistent state for longer than
the Discrepancy Time. At the time
of the fault, Channel A was in the

< Perform a functional test of
the device (put Channel A and
Channel B in a safe state).

* Reset the fault.
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Fault Code Description Corrective Action
active state. Channel B was in the
safe state.
1644001 Channel A and Channel B were in an
16385 inconsistent state for longer than
the Discrepancy Time. At the time of
the fault, Channel A was in the safe
state. Channel B was in the active
state.
1644002 Channel A went to the safe state
16386 and back to the active state while
Channel B remained active.
16#4003 Channel B went to the safe state
16387 and back to the active state while
Channel A remained active.
16#4040 The device is locked in a non-active | »  Check the wiring.
16448 state. For example, a gate is open « Make sure the device is
and locked. unlocked
*  Reset the fault.
1644041 The device is not functionally tested | =  Unlock the device.
16449 after being unlocked. »  Put the device in the safe state,
for example, open gate.
«  Reset the fault.
16#4042 The Lock Feedback input turned ON | +  Check the wiring.
16450 (1) without request. For example, the | Check the mechanical lock
device became locked, but lock was
components.
not requested.
»  Unlock the device.
Unlock Request =1
»  Put the device in the safe state,
1644043 The Lock Feedback input turned OFF for example, open gate.
16451 (0) \fwthout request. For example, the | | Reset the fault.
device became unlocked, but unlock
was not requested.
Unlock Request = 0
1644044 The Hazard Stopped was OFF (0)and | »  Make sure the hazard has
16452 Output 1was not energized. stopped.

Check the wiring.

Make sure that the hazard
protected by this device cannot
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Fault Code

Description

Corrective Action

become active without Output 1
being ON (1).

« Reset the fault.

16#4045
16453

The Lock Feedback input turned OFF
(0) when the hazard was present.
For example, the device became
unlocked, and the Hazard Stopped
input was OFF (0).

¢ Make sure the hazard has
stopped.

»  Check the wiring.

« Make sure that the device
cannot become unlocked while
the hazard is running.

«  Reset the fault.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description Corrective Action

0 No fault. None.

5 The Reset input is held ON (1) Set the Reset input to OFF (0)

16#20 The Input Status was OFF(0) when Check the I/0 module connection

3 the instruction started. or the internal logic used to source
input status.

1644000 The device was functionally not Perform a functional test of the

16384 tested at startup. device (bring Channel A and Channel
B to the safe state).

1644001 The device was not functionally »  Check the wiring.

16385 tested after a fault occurred. »  Perform a functional test of

the device (bring Channel A and
Channel B in a safe state).
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Diagnostic Code Description Corrective Action
1644030 Waiting for the manual functional Perform a functional test of the
16432 test to occur. device (bring Channel A and Channel
B to the safe state).
1644040 The device is unlocked. Output 1 » Reset the Unlock Request input
16448 cannot be energized until the device to 0 or manually lock the device.
s locked. »  Check the wiring of the Lock
Feedback input.
1644041 Waiting for the device to lock. The * If the device has a manual lock,
16449 Unlock Request input has been set to make sure that it has been
0, but the Lock Feedback input has locked.
not yet indicated that the deviceis | Check the wiring of the Lock
unlocked. Feedback input.
1644042 Waiting for the device to unlock.
16450 The Unlock Request has been set
to 1, but the Lock Feedback has
not yet indicated that the device is
unlocked.
16484043 Waiting for the hazard to stop. The | »  Make sure that any machine
16451 Unlock Request input has been set hazard has completely stopped.
to 1, but the Unlock Command cannot | Check the wiring of the Hazard
be issued until the Hazard Stopped .
Stopped input.
input transitions to 1.
16#4044 The device is not functionally tested | Perform a functional test of the
16452 after it was unlocked. device (put Channel A and Channel B

in a safe state).

DCSTL wiring and programming example

Rockwell Automation, Inc.

This topic demonstrates how to wire the guard I/0 and program the instruction in the safety

control portion of an application

This example complies with IS0 13849-1, Category 4 operation.

O The standard control portion of the application is not shown in the following diagram.
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Wiring Diagram

M
o o
{ -+ o Mamentary
&
-l-1|

1

|
ainbenaneGate ——
M0 Goand

Programming Diagram
This programming diagram shows the Dual Channel Input Stop with Test and Lock (DCSTL)

instruction with inputs and outputs.
MaintenanceGate

Module1:1 PtooData

Module1:L Pt Deta

!'S' """"" b
Modulel: Pto20ata

Channel &
Channel B

Test Request
Unlodk Request
Lock Feedback

'b_
=3

|MotionStopped 2 _»—{Hazand Stopped
Modulel:L.Combined Status Input Status
{Module:1Pi110ata | Reset Fault Present

s ——
%Eivalent Rctive High > InputType Output 1 |—< See Ngte 3 3
ms ~»|Discrepancy Time [ T TTTTTTTTT
Manual = Restart Type Test Command
Manual ~>— Coldstart Type Unlock Command ModuleT:0.Pt00Data

Note 1: This tag 15 an Internal Boclean tag that hastts value determined by other parts of the user application that anenat shown In
this example. The falling edge {1-=0} of the Test Request Input fores 2 test tobe executed (safe state must be observed).
Connecting this Input to the output that enabiles the hazard fonces a test to be exacuted every ime that the hazard Is stopped.

Note 2: This tag 15 an Internal Boclean tag that hastts value determined by other parts of the user application that anenat shown In
this eample.

Note 3: This tag 15 an Internal Bocleantag that1s used by other parts of the user application thatare not shown Inthis example.

Key: Calor code represents data orvalue typically used.
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Ladder Diagram

DCSTL

Dual Channel Input Stop With Test And Lock

DCSTL
Safety Function

MaintenanceGate o1
SAFETY GATE

Input Type  EQUMNALENT - ACTIWVE HIGH TC
Dizcrepancy Time (Msec) 500

Restart Type
Cold Start Type
Channel A
Channel B

Test Request
Unlock Request
Lock Feedback
Hazard Stopped

Input Status

Rezet

MaintenanceGate TC

MaintenanceGate. ULC

AUTOMATIC uLc
MANUAL
Module3: 1 PtO0Data FP
[ dm
Module3: 1. P01 Data
() 4m
SeeNote
[ dm
SeeNotez
() 4m
Module3: 1 Pt02Data
[ dm
MotionStopped
() 4m
Module3:lInputStatus
[ dm
Module3: . PtOTData
() 4m

Module3: 0. Test020ata

Module3: 0 Pt00Data

O .

The tag in the preceding diagram is an internal Boolean tag that has its value determined by
other parts of the user application that are not shown in this example. The falling edge (1->0) of

the Test Request input forces a test to be executed (safe state must be observed). Connecting
this input to the output that enables the hazard forces a test to be executed every time that the

hazard is stopped.

+ This tag is an internal Boolean tag that has its value determined by other parts of the user
application that are not shown in this example.
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Module Definition

The following sections provide examples of how to use the programming software to set the
Guard 1/0 module configuration operands.

Module Definition

|

Series:

Revision: 001 2

Electranic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting L]
Output Data: Combined 2
Data Format: Integer 2

Ok

[ Cancel ]

Help

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown.

Compatible Match is also acceptable.

Module Input Configuration

| General | Connection | Safety | Module Info | Input Configuration | Test Output | Output Corfiguration |

Point Operation - Input Delay Time (ms)
s

Point Di Point Mode
Type ]ﬁﬁ::?;”s? Source | gf.on | On-=0ff
0 | Single . 0 - | Safety Pulse Test [« 0 = 0 0=
1 1 Safety Pulse Test ||| 1 Ll 0= 03
2 | Single - 0 - | Safety Pulse Test [« 0 = 03 =
T = Not Used ||| None || 05 0=
4 |Single . 0 « | Not Used L= Mone || 0% 0=
5 ] Not Used |w || None || 03 0=
5 | Single . 0 «| Not Used Lw|[None |w| 0 0=
7 I Safety | |[ None |w] 05 0=

Input Ermror Latch Time: 10005+ ms
Status: Offline OK l ’ Cancel Apply Help
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Module Test Output Configuration

| General | Connection I Safety I Module Irfo I Input Configuration | Test Output | Qutput Corfiguration

Point Point Mode
0 |Pulse Test

1 |Pulse Test

2 | Standard

3 | Mot Used

=l
=l
L=l
=]

Status: Offline [ QK ] [ Cancel Apply Help

Module Output Configuration

| General | Connection I Safety I Module Info I Input Configuration | Test Output | Output Corfiguration

Point Operation
Paint Point Mode
Type
0 | Single - Safety £3
1 || Mot Used =]
2 | Dual - Mot Used =]
3 ||| Mot Used £a
4 | Dual - Mot Used £a
5 ||| Mot Used =]
6 | Dual - Hot Used =]
7 ||| Mot Used =]

Qutput Eror Latch Time: 1000 ms

Status: Offline oK l ’ Cancel Apply Help

Dual Channel Input Stop with Test and Mute (DCSTM)

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The Dual Channel Input Stop with Test and Mute (DCSTM) instruction monitors dual-input

safety devices whose main function is to stop safely, for example, an E-stop, light curtain, or
safety gate. This instruction can only energize Output 1 when both safety inputs, Channel A and
Channel B, are in the active state as determined by the Input type operand, and the correct reset
actions are carried out.
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In addition, this instruction can mute a safety device, such as a light curtain. When muting is
enabled, a safety device sensing field can be broken, where Channel A and Channel B can go to
the safe state without de-energizing Output 1. The Muting Lamp Status input is used to monitor
the status of the Muting Lamp output. If this input is ever OFF (0), a fault is generated.

WARNING: When muting a safety device, the device is no longer protecting the hazard, so some other
protection must be in place.

The timing diagrams from the Dual Channel Input Stop (DCS) and Dual Channel Input Stop Test
(DCST) instruction are applicable to this instruction as well.

DCSTM operation diagrams, shown below, highlight the features of the mute-related operands,
such as Mute, Muting lamp Status, and Muting Lamp.

Available Languages

Ladder Diagram
DCSTH
Dual Channel Input Stop With Test And Mute
DCSTH Safety 4 o1
Safety Function LIGHT CURTAIM
Input Type EQUNALENT - ACTIVE HIGH TC
Dizcrepancy Time (Msec 30
Restart Type AUTONATIC ML
Cold Start Type AUTOMATIC
Test Type NOME 55
Test Time (Mzsec 10
Channel A Safety_Block_AJ1:Pt0SData FP
04
Channel B Safety Block_A1:Pt07Data
0 4=
Test Request Safety_Test
ZH0000_0000 4=
Mute Conv1_HMute

ZH0000_0000 4=
Muting Lamp Status Safety_Block_A1:0.Test03Data

04
Input Status Safety Block_ A1l Pt0SData

0 4=
Reset Safety_Reset_PB

Z#0000_0000 4=

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

The DCSTM instruction requires its first operand be an instance of the DCI_STOP_TEST_MUTE
data type.

WARNING: If changing instruction operands while in Run mode, accept the pending edits and cycle
the controller mode from Program to Run for the changes to take effect.
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A

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.
»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

IMPORTANT: Make sure safety input points are configured as single, not Equivalent or Complementary. These
instructions provide all dual channel functionality necessary for PLd (Cat. 3) or Ple (Cat. 4) safety functions.

The following table provides the operands that are used to configure the instruction. These
operands cannot be changed at runtime.

Operand Data Type Format Description
DCSTM DCI_STOP_TEST_MUTE tag DCSTM structure
Safety Function DINT list item This operand provides a

text name for how this
instruction is being used.
Choices include area
scanner (3), safety mat
(4), light curtain (2), and
user-defined (100).

This operand does

not affect instruction
behavior. It is for
information/documentat
ion purposes only.

Input Type DINT list item This operand selects input
channel behavior.

Equivalent - Active High
(0): Inputs are in the
active state when Channel
Aand Channel B inputs are
1.

Complementary (2):
Inputs are in the active
state when Channel Ais 1
and Channel B is 0.

Discrepancy Time (ms) DINT immediate The amount of time
that the inputs can be
in an inconsistent state
before an instruction
fault is generated. The
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Operand Data Type

Format

Description

inconsistent state depends
on the Input Type.

Equivalent: Inconsistent
state is when:

Channel A=0 and Channel
B=1,0r

Channel A=1and Channel
B=0
Complementary:

Inconsistent state is when:

Channel A=0 and Channel
B=0, or

Channel A=1and Channel
B=1

The range is 5...3000 ms.

Restart Type BOOL

list item

This input configures
Output 1for either manual
or automatic restart.

Manual (0): - A transition
of the reset input from
OFF (0) to ON (1), while all
of the Output 1enabling
conditions are met, is
required to energize
Output1

Automatic (1): - Output 1
is energized 50 ms after all
of the enabling conditions
are met.

Important: Automatic
restart may only be

used in application
situations where no unsafe
conditions can occur as
aresult of its use, or the
reset function is being
performed elsewhere

in the safety circuit (for
example, output function).

Cold Start Type BOOL

list item

This operand specifies the
Output 1behavior when
applying controller power
or mode change to Run.

Manual (0): - Output Tis
not energized when the
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Operand Data Type

Format

Description

Input Status becomes
valid or when the Input
Status fault is cleared.
(The device must be tested
before Output 1can be
energized.)

Automatic (1): - Output 1
is energized immediately
when the Input Status
becomes valid or when
the Input Status fault is
cleared and both inputs
are in their active state.

Test Type DINT

list item

The operand defines which
type of test occurs when
Test Request transitions
from ON (1) to OFF (0).

None (0): - Turns the
testing feature OFF (0).

Manual (1): - Output 1is
de-energized immediately
when Test Request input
transitions from ON (1) to
OFF (0). The Test Command
output is energized until a
functional test is carried
out, such as an open and
close safety gate, break
and clear light curtain, and
reset actions are carried
out depending on the
setting of the Restart Type
operand.

Active (2): - Output 1
remains energized when
the Test Request input
transitions from ON (1)
to OFF (0) and the Test
Command output is
energized, which should
force an automatic test
of the safety device.

For example, a light
curtain that has test
capability. If the Channel
A and Channel B outputs
correctly transition to the
safe state and back to
the active state before
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Operand

Data Type

Format

Description

Test Time expires, the
Test Command output

is de-energized and the
safety device continues
normal operation. If

the safety inputs do

not correctly transition
before Test Time expires,
Output 1is de-energized
immediately and a fault is
generated.

Test Time

DINT

immediate

The maximum time for an
active test to complete. If
the test does not complete
within this time, a fault is
generated. Refer to the
Test Type operand for
more information.

IMPORTANT: This time
cannot exceed 150

ms for type-2 light
curtains as specified by
EN-61496-1.

The valid range is 5...1000
ms.

The following table explains instruction inputs. The inputs may be field device signals from

input devices or derived from user logic.

Operand

DataType

Format

Description

Channel A’

BOOL

tag

This input is one of the
two safety inputs to the
instruction.

Channel B!

BOOL

tag

This input is one of the
two safety inputs to the
instruction.

Test Request

BOOL

tag

This signal forces a
functional test to occur.
See the Test Type operand
for more information.

ON (1) -> OFF (0): Triggers a
functional test.

Mute

BOOL

tag

This input is used to mute
the safety device.
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Operand DataType

Format

Description

OFF (0): Mute is not
activated.

ON (1): Mute is activated.
The Muting Lamp output

is energized and Output 1
is not de-energized when
the safety device is tripped
(Channel A or Channel B
enters the safe state).

Muting

Lamp Status BOOL

tag

immediate

This is the status of the
muting lamp. If this status
is not valid, Output 1is
de-energized immediately
and a fault is generated.

OFF (0): The Muting Lamp
Status is invalid. A fault is
generated.

ON (1): The Muting Lamp
Status is valid.

Input Status BOOL

tag

immediate

If instruction inputs are
from a safety 1/0 module,
this is the status from the
/0 module (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer’s
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Reset?

BOOL

tag

If Restart Type = Manual,
this input is used to
energize Output 1once
Channel A and Channel
B are both in the active
state.

If Restart Type =
Automatic, this input is not
used to energize Output 1.

This input clears
instruction and circuit
faults provided the fault
condition is not present.
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Operand DataType

Format

Description

OFF (0)-> ON (1): The FP
(Fault Present) and Fault
Code outputs are reset.

VIf this input is from a Guard 1/0 input module, make sure that the input is configured as single,

not Equivalent or Complementary.

2Some safety standards require monitoring the transition of the reset input. When the reset
is used to reset a safety function, additional logic may be required to verify a transition of the

reset input from High-to-Low or Low-to-High.

This table explains instruction outputs. The outputs may be external tags (safety output

modules) or internal tags for use in other logic routines.

Description

This output is energized when the
input conditions have been satisfied.

The output becomes de-energized
when:

«  Either Channel A or Channel B
transitions to the safe state.

«  The Input Status input is OFF (Q).

» Amanual test is requested (Test
Request turns OFF (0) when Test
Type = Manual).

« An Active Test fault occurs (the
Active Test does not complete
within the Active Test Time).

» The Mute input transitions from
ON (1) to OFF (0) when Channel A
or Channel B is in the safe state.

»  The Muting Lamp Status input is
OFF (0).

If Test Type = Manual, this output is
energized when a manual functional
test must be carried out.

If Test Type = Active, this output

is energized to notify a safety
device, such as light curtain, that an
automatic test should be carried out.

Operand Data Type
Output 1(01) BOOL
Test Command (TC) BOOL
Muting Lamp (ML) BOOL

This output is intended to drive a
muting Iamp1. The status of the
muting lamp should be fed into the
Muting Lamp Status input.
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Operand

Data Type

Description

ON (1): Muting is currently active. The
Muting Lamp is turned ON (1).

OFF (0): Muting is not currently
active.

Safe state (SS)

BOOL

This output turns ON (1) when the
inputs are in a safe state regardless
of whether the instruction is muted
or not.

ON (1): The inputs are currently in the
safe state

OFF (0): The inputs are not currently
in the safe state.

Fault Present (FP)

BOOL

ON (1): A fault is present in the
instruction.

OFF (Q): This instruction is operating
normally.

Fault Code

DINT

This output indicates the type of
fault that occurred. See the Fault
Codes section for a list of fault
codes.

This operand is not safety-related.

Diagnostic Code

DINT

This output indicates the diagnostic
status of the instruction. See the
Diagnostic Codes section for a list of
diagnostic codes.

This operand is not safety-related.

"Guard 1/0 module test outputs that are configured for muting can be used for this purpose.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags

No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays on page for array-indexing

faults.

Execution

Condition/State

Action Taken

Prescan

Same as Rung-condition-in is false.
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Condition/State Action Taken

Rung-condition-in is false The .01,.TC, .ML, .SS and .FP are cleared to false.

Rung-condition-in is true The instruction executes as described in the Operation
section.

Postscan Same as Rung-condition-in is false.

Operation

Normal

The timing diagram illustrates the normal muting behavior. At (A), the Muting Lamp output is
energized when the Mute input turns ON (1). At (B), Output 1is not de-energized because the
instruction is currently muted. At (C), muting is turned OFF (0) but Output 1remains energized
because the safety inputs are now in the active state. At (D), Output 1is de-energized because
safety inputs transition to the safe state and muting is no longer turned ON (1). At (E), muting
is activated again, but does not energize Output 1because the mute signal is never allowed to
energize Output 1. At (F), Qutput 1is energized 50 ms after the safety inputs enter the active
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state. At (G), Output 1is de-energized when muting is disabled and the safety inputs are in the
safe state.

Channel & !

Charnel B '

(=)

futa

fduting Lamp Status

Muting Lamp

Output 1

|

I

T

I

|

1

[}

I

I

i

|

|

I

1

I

1

I

|

|

|

T

|

| ]
® o0oe © ®
Input Type = Equivalent - Active High
fiestart Type = Automatic
Cald Start Tvpa = futomatic
Discrepancy Tima = 250 ms
Test Type = Manual
Test Time = Not Applicabla
If the Input Status input is not shawn, it i assumed that the input status is valid (OH=1) for the entire
timing diagram.
There is always a 50 ms delay bafora energizing Cutput 1 when it is configured to be enargizad
automatically [Restart Type = Autamatic).

Muting Lamp Status Fault Operation

The timing diagram illustrates the Muting Lamp Status fault. At (A), the safety inputs enter the
safe state, but Output 1remains energized because the instruction is muted.

At (B), the Muting Lamp Status input transitions to an invalid state, which immediately de-
energizes Output 1and generates a fault. At (C), the fault cannot be reset because the Muting
Lamp Status is still invalid. At (D), the fault is cleared because a reset is triggered and the Muting
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Lamp Status is now valid. This also energizes Output 1 because the safety inputs are in the

active state.

1
Channel A
a

1
Channal B
a

1
Resat

a

Mute !
uteuEI J

Muting Lamp Status y
1]

hutirg Lamp :
|a=

Fault Fresent :
1}

Output 11

&

Input Typa = Equivalant - Active High

Restart Type = Manual

Cold Start Type = Automatic
Discrepancy Time = 250 ms
Test Type = Manual

Tazt Time = Mot Applicable

®

=)

(=8

If the Input Status input is not shown, itis assumed that the input status is valid (ON=1] for the entire

timing diagram.

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.
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Fault Code Description Corrective Action

0 No fault. None.

1 The Muting Lamp Status transitioned | *  Check the status of the Mute
to an invalid state while the input.
instruction was running. « Reset the fault

16420 The Input Status input transitioned | Check the I/0 module

3 from ON (1) to OFF (0) while the connection or the internal logic
instruction was executing. used to source input status.

*  Reset the fault.

1644000 Channel A and Channel Bwereinan |«  Check the wiring.

16384 inconsistent state for longer than » Perform a functional test of
the Discrepancy Time. At th.e time the device (put Channel A and
of the fault, Channel A was in the Channel B in a safe state).
active state. Channel B was in the
safe state. *  Reset the fault.

1644001 Channel A and Channel B were in an

16385 inconsistent state for longer than
the Discrepancy Time. At the time of
the fault, Channel A was in the safe
state. Channel B was in the active
state.

16#4002 Channel A went to the safe state

16386 and back to the active state while
Channel B remained active.

16#4003 Channel B went to the safe state

16387 and back to the active state while
Channel A remained active.

1644030 The Active test did not complete »  Check the device.

16432 within the Test Time. «  Make sure the test feature is

working properly.

« Reset the fault.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description Corrective Action
0 No fault. None.
5 The Reset input is held ON (1) Set the Reset input to OFF (0)
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Diagnostic Code Description Corrective Action
16420 The Input Status was OFF(0) when Check the I/0 module connection
3 the instruction started. or the internal logic used to source
input status.
1644000 The device was not functionally Perform a functional test of the
16384 tested at startup. inputs (put Channel A and Channel B
in a safe state).
1644001 The device was not functionally »  Check the wiring.
16385 tested after a fault occurred. «  Perform a functional test of
the device (put Channel A and
Channel B in a safe state).
16#4030 Waiting for the manual functional Perform a functional test of the
16432 test to occur. device (put Channel A and Channel B
in a safe state).
1644031 The Active test is in progress. Information only.
16433

DCSTM wiring and programming example

140

This section demonstrates how to program and wire the Guard /0 module and program the
instruction in the safety control portion of an application.

This application example complies with IS0 13849-1, Category 4 operation.

Q The standard control portion of the application is not shown in the following diagram.

In this example, the safety function of the Two-hand Run Station lets the light curtain safety
function be muted when both buttons are pressed. This assumes that all user-responsible

clauses in EN 574 are met.

This example also uses the inverted output of the Two-hand Run Station to drive the Test
Request input of the Dual Channel Input Stop with Test and Mute instruction (DCSTM). This
causes the light curtain and its associated input points and wiring to be tested every time both
buttons on the Two-hand Run Station are pressed.
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Wiring Diagram
M

o bt —
fund Two-hand Ran Station Push
I m ireset]

Test]

W

T T

¢ Groand

Programming Diagram
This programming diagram shows the DCSTM instruction being used with the THRSe instruction.

Operatortatinl htCutan
put Ty Output 1 ~"Seellote """ """
Test Command
Muting Lamp
Safety State
Madul=1:.Pto0Data
Madul=1.Mt010ata
THRee —y
Disrepancy Time Output 1
————————————— Station Bypassed Muting Lamp Status
] Buttons Released Input Status
odule:|.Mt02lata Right Button Normally Open
Module:|Pt0GData Right Button Normally Qosed ~|Rese1 Fault Present
Module:I.PtData Left Button Narmally Open
Module:1.Pt050ata Left Button Narmally Closed
Input Status
rReset Fault Present

Module1:L.Combined Status

Note 1: This tag s an Interral Boolean tag that hasits valua deternined by other parts of the user application that ane not shownin
this example,

Note 2: This tag is an Interral Boolean tag that 15 used by other parts of the ussr application that anenotshown inthis example.

Key: Colorcode represents data or value typically used.
)

[G quration CorstantValue > (: nterral SafetyVariable ™~ :'
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Ladder Diagram
THRSe
Two Hand Run Station Enhanced
THRSe OperatorStationPalmButtons o1
Discrepancy Time (Msec) 00
Enable SeeNote BR
0 4=
Disconnected ALWAYS_COMNECTED SB
0 4=
Right Button Normally COpen  Moduled 1 Pt02Data FP
0 4=
Right Button Mormalhy Closed Module1:1.Pt03Data
14=
Left Button Mormally Open Module1:] Pt04Cata
0 4=
Left Button Normally Closed  Module1:1.PtOsData
0 4=
Input Status Moduled:l. CombinedStatus
14m
Reset KModule1:1.Pt110ata
0 4=

OperatorStationPalmButtons. 01

DCSTH
Dual Channel
DCSTM

Safety Function

OperatorStationLightCurtain. TestRequest

Input Stop With Test And Mute
OperatorStationLightCurtain o1
LIGHT CURTAIN

Input Type EQUINALENT - ACTIVE HIGH TC
Dizcrepancy Time (Msec) 500
Restart Type MANUAL ML
Cold Start Type MANUAL
Test Type ACTVE S5
Test Time (Mzec) 150
Channel A Module1:1 Pt00Cata FP

14=
Channel B Module1:1.Pt010ata

14m
Test Request Module1:1Pt020ata

0 4=
Mute OperatorStationPalmButtons. 01

04
Muting Lamp Status  Module1:|.MutingStatus

14=
Input Status Module1:l. CombinedStatus

14m
Reszet Module1:1.Pt110ata

0 4=

OperatorStationLightCurtain. TC

OperatorStationLightCurtain. ML

Module Definition

The following sections provide examples of how to use the programming software to set the

Guard 1/0 module configuration operands.
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i N
Module Definition [

Series:
Revision: 001 |2

Electranic Keying: [Exact Match -
Input Data: Safety 52
Input Status: Combined Status - Muting 2
Output Data: Test L
Data Format: Integer 52

[ QK J [ Cancel ] [ Help

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown.
Compatible Match is also acceptable.

Module Input Configuration

| General I Connection I Safety I Module Info | Input Corfiguration | Test Output

Point Operation S Input Delay Time (ms)
es

Point Di Point Mode
Type ;ﬁ::';;”s? Source | g oon | oneoff
o | Single . 0 « || Safety || None |+ | (1= 0
1 = - || Safety || None || 05 0=
2 | Single . 0 - | Safety Pulze Test | 0 = 0 -3 0 -3
3 ] ~ || Safety Pulze Test || 0 = 0 03
4 | Single - 0 «| Safety Pulse Test || 1 = 03 03
5 = ~ || Safety Pulse Test || 1 = 0+ 05
§ | Single . 0 «| NotUsed ||| None || 0+ 05
7 = ~ || Not Used ||| None || 05 05
2 | Single . 0 - | MotUsed || None || 0+ 03
9 ] - | Not Used ||| None || 03 03
10 | Single - 0 « | Not Used ||/ None |+| 03 03
11 L ~ || Safety |w||None |w] 03 05

Input Emror Latch Time: 1000 ms
Status: Offline oK ] ’ Cancel Apply Help
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Module Test Output Configuration

| General | Connection I Safety I Module Info I Input Configuration | Test Output

Point Point Mode
0 |Pulse Test

1 |Pulse Test

2 | Standard

3 | Muting Lamp

=l
=l
L=l
=]

Status: Offine oK ] [ Cancel Apply Help

Four Sensor Bi-Directional Muting (FSBM)

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 contraollers.

The Four Sensor Bi-Directional Muting (FSBM) instruction provides a temporary, automatic
disabling of the protective function of a light curtain, which allows material to be transported
through the light curtain sensing field without stopping the machine. Muting sensors
differentiate between materials and personnel and must act together along with the light
curtain, in a specific switching sequence when the appropriate material passes the sensing
field.

The Direction input sets the expected direction from which the material passes through the
sensing field. Once this direction is established, and providing the proper sequencing of the
sensors and light curtain is maintained, bidirectional movement of the material is permitted.
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Available Languages

Ladder Diagram

FSBM

Four Sensor Bi-Directional Muting
FSBM

Restart Type

51-52 Time (Msec)

52-LC Time (M=ec)

LC-53 Time (Mzec)

53-54 Time (M=sec)

Maximum Mute Time (Sec)
Maximum Owerride Time [Sec)

o1

ML

FP

gl ol rmdorsdormdoesdemdorsdorwd

Direction
[f
Light Curtain ?
77
Sensor 1 ?
[f
Sensor 2 ?
77
Sensor 3 ?
[f
Sensor 4 ?
77
Enable Mute ?
[f
Owverride ?
77
Input Status ?
[f
Muting Lamp Status ?
77
Rezet ?
[f

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Four Sensor Bi-Directional Muting Application

Four-Sensor Bi-Directional Muting uses four muting sensors arranged sequentially before and
after the light curtain’s center of the protected opening.

r Muting Lamp
SerEor Sensor Senaar SErmor
1 2 k| 4
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WARNING: The muting sensors must be arranged so a person cannot activate the muting sensors
in the same switching sequence as the material and enter the area when a hazardous condition
exists. Sensor setup must take into account material size, shape, and speed. Additional guarding
may also be necessary.Specific guarding requirements should be identified through a hazard or risk
assessment of the application.

Operands

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.
«  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

WARNING: The FSBM structure contains internal state information. If any of the configuration
operands are changed while in run mode, accept the pending edits and cycle the controller mode
from Program to Run for the changes to take effect.

The following table provides the operands that are used to configure the instruction.

Operand Data Type Format Description
FSBM MUTING_FOUR_SENSOR_B | tag This parameter is a
DIR backing tag. As such,

it maintains important
execution information
for each usage of this
instruction.

Restart Type BOOL list item This input configures 01
(Output 1) for either manual
or automatic restart.

MANUAL (0)

Atransition of the reset
input from OFF (0) to ON
(1), while all of the Output
1enabling conditions
are met, is required to
energize OQutput 1.

AUTOMATIC (1)

Output 1is energized 50
ms when all of the enabling
conditions are met.
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Operand

Data Type

Format

Description

O Only use

Automatic
Restart in
application
situations
where it is
determined
that no unsafe
conditions will
occur from its
use.

S1-S2 Time

DINT

immediate

The maximum amount

of time allowed between
Sensor 1being blocked and
Sensor 2 being blocked
before a fault occurs.

The valid range is 5
through 180,000 ms.
Setting this input to 0
disables the S1-S2 timer.

$2-LC Time

DINT

immediate

The maximum amount

of time allowed between
Sensor 2 being blocked
and the Light Curtain being
cleared before a fault
occurs.

The valid range is 5
through 180,000 ms.
Setting this input to 0
disables the S2-LC timer.

LC-S3 Time

DINT

immediate

The maximum amount

of time allowed between
Sensor 3 being blocked
and the Light Curtain being
blocked before a fault
occurs.

The valid range is 5
through 180,000 ms.
Setting this input to 0
disables the LC-S3 timer.

S3-S4 Time

DINT

immediate

The maximum amount

of time allowed between
Sensor 3 being blocked and
Sensor 4 being blocked
before a fault occurs.
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Operand Data Type Format

Description

The valid range is 5
through 180,000 ms.
Setting this input to 0
disables the S3-S& timer.

Maximum Mute Time DINT immediate

The maximum amount

of time during which

the instruction lets the
protective function of the
light curtain be disabled
before generating a fault.

The valid range is 0
through 3600 s. Setting
this input to 0 disables the
Maximum Mute timer.

Maximum Override Time DINT immediate

The maximum amount of
time that the instruction
lets the override feature
energize the OQutput 1
output.

The valid range is 0
through 30 s. Setting this
input to 0 disables the
Maximum Override timer.

The following table explains the instruction inputs.

Operand Data Type Format

Description

Direction BOOL immediate

tag

This input specifies the
sequencing direction.

ON (1): Forward. The muting
sequence begins with the
blocking of Sensor 1.

OFF (0): Reverse. The
muting sequence begins
with the blocking of Sensor
4,

Light Curtain BOOL tag

An input channel with

OFF (0) as its safe state,
this input represents

the current state of the
physical light curtain. This
input must be properly
conditioned. Use the

Dual Channel Input Stop
instruction controlling a
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Operand

Data Type

Format

Description

light curtain to accomplish
this.

ON (1): The light curtain is
clear.

OFF (0): The light curtain is
blocked.

Sensor 1

BOOL

tag

One of four muting
sensors. When material

is moving in the forward
direction, it is the first
sensor to be blocked and
cleared. When material

is moving in the reverse
direction, it is the fourth to
be blocked and cleared.

ON (1): Sensor 1is clear.

OFF (0): Sensor 1is
blocked.

Sensor 2

BOOL

tag

One of four muting
sensors. When material
is moving in the forward
direction, it is the second
sensor to be blocked and
cleared. When material
is moving in the reverse
direction, it is third to be
blocked and cleared.

ON (1): Sensor 2 is clear.

OFF (0): Sensor 2 is
blocked.

Sensor 3

BOOL

tag

One of four muting
sensors. When material

is moving in the forward
direction, it is the third
sensor to be blocked and
cleared. When material

is moving in the reverse
direction, it is second to be
blocked and cleared.

ON (1): Sensor 3 is clear.

OFF (0): Sensor 3 is
blocked.

Sensor 4

BOOL

tag

One of four muting
sensors. When material
is moving in the forward
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Operand Data Type

Format

Description

direction, it is the fourth
sensor to be blocked and
cleared. When material
is moving in the reverse
direction, it is first to be
blocked and cleared.

ON (1): Sensor 4 is clear.

OFF (0): Sensor 4 is
blocked.

Enable Mute BOOL

immediate

tag

This input allows the
protective function of the
light curtain to be disabled
(muted) when the correct
muting sequence occurs.

ON (1): The protective
function of the light
curtain is disabled when
the correct muting
sequence 0CCurs.

OFF (0): The protective
function of the light
curtain is always enabled.

Override BOOL

tag

This input allows a
temporary bypass of

the muting instruction’s
function. Output 1is
energized regardless of the
status of the Input Status
input or the existence of
faults.

OFF (0): Output 1is
disabled.

OFF (0)-> ON (1): Output Tis
energized regardless of the
status of the Input Status
input or the existence of
faults. Output 1remains
energized while the
Override input remains ON
(1) or until the Maximum
Override timer expires.
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Operand

Data Type

Format

Description

Activation of
the override
function
requires

the use of a
hold-to-run
device where
the operator
can see the
point of hazard,
that is, the light
curtain sensing
field.

Input Status

BOOL

immediate

tag

If the instruction inputs are
from a safety 1/0 module,
this is the status from the
/0 module (Connection
Status or Combined
Status). If the instruction
inputs are derived from
internal logic, it is the
application programmer’s
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Muting Lamp Status

BOOL

immediate

tag

This input represents the
status of the muting lamp.

ON (1): The muting lamp
is operating properly. The
light curtain’s protective
function is disabled
(muted) after the correct
muting sequence is
followed.

OFF (0): The muting lamp is
defective or missing. The
light curtain’s protective
function is always enabled.

Reset!

BOOL

tag

This input clears
instruction and circuit
faults provided the fault
condition is not present.
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Operand

Data Type

Format

Description

OFF (0)-> ON (1): The FP
(Fault Present) and Fault
Code outputs are reset.

Output 1is energized when
the Restart Type is manual.
Output 1is not energized
at the same time faults are
cleared.

'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the
reset input from High-to-Low or Low-to-High.

The following table explains the instruction outputs.

Operand

Data Type

Description

Output 1(01)

BOOL

ON (1): The light curtain sensing field
is not obstructed, the light curtain is
being muted, or the light curtain is
being overridden.

OFF (Q): The light-curtain sensing
field is obstructed or the muting
Sensors sequence is incorrect.

Muting Lamp (ML)

BOOL

ON (1): The light curtain’s protective
function is disabled.

OFF (0): The light curtain's protective
function is enabled.

Clear Area (CA)

BOOL

This status output indicates when
the light-curtain sensing field and all
muting sensors must be cleared (ON)
before processing can continue.

ON (1): The light curtain sensing field
must be cleared.

OFF (0): Normal operation

Diagnostic Code

DINT

This output indicates the diagnostic
status of the instruction. See

the Diagnostic Codes for a list of
diagnostic codes. This operand is
not safety-related.

Fault Code

DINT

This output indicates the type of
fault that occurred. See the FSBM
General Fault Codes for the list of
fault codes. This operand is not
safety-related.
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Operand Data Type Description
Fault Present (FP) BOOL ON (1): A fault is present in the
instruction.

OFF (0): The instruction is operating
normally.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution

Condition/State Action Taken

Prescan Same as Rung-condition-in is false.

Rung-condition-in is false The .01, .ML, .CA and .FP are cleared to false.

Rung-condition-in is true The instruction executes as described in the Normal
Operation section.

Postscan Same as Rung-condition-in is false.

Operation

Normal Operation

One forward direction and one reverse direction sequence of muting sensor and light-curtain
input transitions let the protective function of the light curtain be disabled (muted). Both
sequences start with the four muting sensors and the light curtain in their ON (1) state. This
indicates that the light-curtain sensing field is clear of all personnel and material.

At (A), when Sensors 1through 4 and the Light Curtain are clear, the Output 1output is energized
when the Reset input turns ON (1). At (B), material blocks Sensor 1, starting the S1-S2 timer. At
(C), the material blocks Sensor 2, stopping the S1-S2 timer. The S2-LC and Maximum Mute timers
start. The Muting Lamp turns ON (1), indicating that muting is enabled. At (D), the material blocks
the Light Curtain, stopping the S2-LC timer and starting the LC-S3 timer. At (E), the material
blocks Sensor 3, stopping the LC-S3 timer and starting the S3-S4 timer. At (F), the material
blocks Sensor 4, stopping the S3-S4 timer. The material is blocking all of the Sensors and the
Light Curtain. From (G) through (K), the material clears the sensors and the Light Curtain in the
same order in which they were blocked, starting and stopping the timers, until the material
clears all of the sensors and the Light Curtain.

The following diagrams shows the sequence as described for the forward and reverse
directions.
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Normal Operation, Forward Direction

A
®
t3: LC-53 Time

th: Maximum Mute Time

.
©

p PN
bt
12: 52-LC Time

]
@

1
@®

Direction

Enable Mute!
Sensor 11

Sensor 21

Light Curtain’

Sensor 3!

Sensor 4!

Muting Lamp
Output 11

t1: §1-52 Time
t4: 53-54 Time
Restart Type

Manual

Rockwell Automation, Inc.
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Normal Operation, Reverse Direction
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12: 52-LC Time
t4: 53-54 Time

th: Maximum Mute Time

t1: §1-52 Time
Restart Type = Manual

13: LC-53 Time

At (A), Output 1is energized just as in a normal sequence of operation. At (B), the material blocks
Publication 1756-RM0950-EN-P - September 2025

Any input sequence other than the normal operation sequence results in Output 1being de-
Sensor 1, starting the S1-S2 timer. At (C), the material simultaneously blocks Sensor 2 and the
Light Curtain, stopping the S1-S2 timer. Output 1is de-energized and the Clear Area and Fault

energized.

Invalid Sequence
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Present outputs turn ON (1). The override feature can be used to clear the material from the
sensing field and turn the Clear Area output OFF (0).

oo
Direction
0

Enable Mute ]

|
I
|
i
I
|
|
|
] |
|
|

Sensor 1 ]

|
i
|
I
|
|
|
|
|
|
|
I
|
1] L

- =t e

Sensor 2 1

0

Light Curtain !
0

1
Sensor 3
0

1
Sensor 4
0
1
Reset
0

Muting Lamp ]
Status g

1
Fault Present
0

Clear Area ]
0

Output 1 ]
0

|
|
|
|
|
I
|
|
|
|
|
T
|
|
|
|
|
|
|
|
|
|
|
|
|
L
|
|
|
|
|
|
|
|
|
|
|
|
T
|
|
|
|
|
|
|
|
|
|
|
f
i

1 1
) P ™
O O (9

t1: 51-52 Time Restart Type = Manual

Tolerated Sequence

The Four-sensor Bidirectional Muting (FSBM) instruction tolerates application dynamics that
might cause an input to oscillate due to over-travel or load vibration.

At (A), Output 1is energized just as in a normal sequence of operation. At (B), Sensor 1turns
OFF (0), starting the S1-S2 timer. At (C), Sensor 1turns ON, stopping the S1-S2 timer. At (D),
the material completely blocks Sensor 1, turning it OFF (0) and the normal muting sequence
continues. A sensor may glitch, as illustrated from (B) to (C), as a result of over-travel or load
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vibration. As long as the final input sequence is valid, the instruction lets the muting function
occur.
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|
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t1: 51.52 Tina 12 S2.LC Tma 13 1C.53 Tma
td: 33.34 Tim= 7 basirrem Muote Tima Restart Type = Manaal

Dangerous Portion of Cycle

The Enable Mute input enables or disables the protective function of the light curtain. When the
Enable Mute input is OFF (0), the protective function of the light curtain is enabled and material
may not pass through the light curtain sensing field.

At (A), Output 1is energized just as in a normal sequence of operation. At (B), the material blocks
Sensor 1, starting the S1-S2 timer. At (C), the material blocks Sensor 2, stopping the S1-S2 timer
and starting the $2-LC timer. Because the Enable Mute input is OFF(0), muting is disabled and
the Muting Lamp output remains OFF (0). The material blocks the Light Curtain at (D), stopping
the S2-LC timer. Output 1is de-energized because the Enable Mute input is OFF (0)
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If the application does not have parts of its cycle where it is unacceptable for material to pass
through the light curtain, disable this feature by setting the Enable Mute input to a constant
value of ON (1).
S P
Ciraction | I
. :
Enable Mut= :
o
1
Seraor 1 I
:' ot R
Sarsor 2 i
:' Lo ot e
Light Furtain H I
:' ¥ st R
5 1
Saraor 3 i I I
: R a B
Sarpord
o 4 | |
1
Razat
L
Pty Lamp |
Slans |
1 ]
NutingLamp i
i
1
Dt |
& &
1: 5157 Tima 12 520G Time: 13 1G53 Time
H: 5354 Tima Rastart Typa = Manual
Override Operation
The override feature enables an operator to manually energize Output 1so that material can be
cleared from the light curtain sensing field.
WARNING: Only use the Override function may be used only with a hold-to-run device where the
operator can see the point of hazard, that is, the light curtain sensing field.
At (A), the Override input turns ON (1). Output 1is energized and the Maximum Override timer
starts. At (B), the material clears Sensor 3 and Sensor 4 and the Clear Area output turns OFF (0).
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At (C), the Override input turns OFF (0) within the Maximum Override time period. Output 1is de-
energized and the Maximum Override timer stops.

1 I
Override i
0 :
————— ‘_~tl: EEEE——
v A T
Direction m
0 T T
l I
1
Enable Mute j_?—_i
Sensor 1 !
0
1
Sensor 2
0

Light Curtain

Sensor 3

Sensor 4

Reset

Muting Lamp
Status

><

Clear Area

Output 1

t1: Maximum Override Time

® ®

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes

Restart Type = Manual

The fault codes are listed in hexadecimal format followed by decimal format.

General Fault Codes

Fault Code Description Corrective Action

00 No fault. None.

16420 The Input Status input went from ON | = Check the I/0 module

3 (1) to OFF (0) while the instruction connection or the logic used to

was executing.

source input status.

* Reset the fault.
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lllegal Input Faults

Fault Code

Description

S1

S2

LC

S3

Sk

16#9200
31376

The Light
Curtain,
Sensors 1,
2,and 4 are
blocked, while
Sensor 3 is
clear.

1649201
37311

Sensors 1,
2,3, and 4
are blocked
and the Light
Curtain is
clear.

16#9202
31318

Sensors 1,
2,and 3 are
blocked and
the Light
Curtain and
Sensor 4 are
clear.

16#9203
37379

Sensors 1,
2,and 4 are
blocked and
the Light
Curtain and
Sensor 3 are
clear.

1649204
37380

Sensors 1, 3,
and 4 and the
Light Curtain
are blocked
and Sensor 2
is clear.

16#9205
37381

Sensors 1, 3,
and the Light
Curtain are
blocked and
sensors 2 and
4 are clear.

1649206
37382

Sensors 1, 4
and the Light
Curtain are
blocked and
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Fault Code

Description

S1

S2

LC

S3

Sk

Sensors 2 and
3 are clear.

916#207
37383

Sensor 1and
the Light
Curtain are
blocked and
Sensors 2,
3,and 4 are
clear.

1649208
37384

Sensor 2 and
the Light
Curtain are
blocked and
Sensors 1,
3,and 4 are
clear.

16#9209
37385

Sensors Tand
3 are blocked
and Sensors 2
and 4 and the
Light Curtain

are clear.

16#920A
37386

Sensors 1and
4 are blocked
and Sensors 2
and 3 and the
Light Curtain

are clear.

16#920B
31387

Sensors 2
and 3 and the
Light Curtain
are blocked
and Sensors
land 4 are
clear.

16#920C
37388

Sensors 2
and 4 and the
Light Curtain
are blocked
and Sensors
Tand 3 are
clear.

16#920D
37389

Sensor 2 and
the Light
Curtain are
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Fault Code

Description

S1

S2

LC

S3

Sk

blocked and
Sensors 1,
3,and 4 are
clear.

16#920E
37390

Sensors 2,
3,and 4 are
blocked and
Sensor 1and
the Light
Curtain are
clear.

16#920F
37391

Sensors 2 and
3 are blocked
and Sensors 1
and 4 and the
Light Curtain

are clear.

1649210
37392

Sensors 2 and
4 are blocked
and Sensors 1
and 3 and the
Light Curtain

are clear.

16#921
37393

Sensor 2 is
blocked and
Sensors 1, 3,
and 4 and the
Light Curtain
are clear.

1649212
37394

Sensor 3 and
the Light
Curtain are
blocked and
Sensors 1,
2,and 4 are
clear.

1649213
37395

Sensor 4 and
the Light
Curtain are
blocked and
Sensors 1,
2,and 3 are
clear.

1649214

The Light
Curtain is

Publication 1756-RM0950-EN-P - September 2025

Rockwell Automation, Inc.



Chapter2  Safety Instructions

Fault Code

Description

S1

S2

LC

S3

Sk

37396

blocked and

Sensors 1, 2,
3,and 4 are
clear.

1649215

_
—_
—_
o
_

Sensor 3 is
blocked and
Sensors 1, 2,
and 4 and the
Light Curtain
are clear.

37397

To recover from an illegal input fault:

1. Check that the sensors and the light curtain are properly aligned, are applied to the
appropriate instruction inputs, and are not being improperly blocked.

2. Reset the fault.

Normal Muting Sequences

[ST]S2TICTS3]S4] Step

(1] [1]r1][1f 0]
1+ <
_&Ngrmal |U|1|1|1|1||1|
Illegal i <2
37 [oJofrfr]if 2 |
Anillegal muting sequence is |gﬁ|FU|U|1{|’L’1 3 ]
alegal input combination that I L
deviates from the normal [oJoJoJo[1][ 4]
sequences. 4 JL
[0JofoJo o[ 5 |
s T
[1]ofofo ol 6 |
s <
(1 l1fofofolf 7 |
i &
[1]1[1Jofoff 8 |
ala <
(1 [1[r]r1]o]ff 9 |
T <
[1[r[r]T[v]f 10|

An illegal muting sequence was detected in step 0 when the Sensors and the Light Curtain
transitioned to one of the following invalid sequence states.

Fault Code Sequence Fault Code Sequence Fault Code Sequence
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16#9100

Step

step

step
E 1649101 S D 1649102 el
37120 e K1) S 322
1649103 _ crp [ 16#9104 _ cry | 16#9105
37123 P 324 FE 37125 "“
1649106 sip

:

37126 -

An illegal muting sequence was detected in step 1when the Sensors and the Light Curtain
transitioned to one of the following invalid sequence states.

Fault Code

Sequence

Fault Code Sequence Fault Code Sequence
te el [STTSZTIC SIS Ste

1649110 1649111 CEmEn 2 [euam2 %

(0007 TT] [O[O0[0T0TT] [00T0T0T0]
1649713 16449114 1649115 FCH e o
37139 E‘ 37140 37141 i

[TToJ0T0T0] OO0 0[0] ENENERETEE
163116 [ST]SZ[LC [ 53]S4] Step
37142

S e I 2 el 8 g .

[O0]1]

[TfT][1]

ENEN

1
¥
1

[ 1]0]

An illegal muting sequence was detected in step 2 when the Sensors and the Light Curtain
transitioned to one of the following invalid sequence states.

Fault Code Sequence Fault Code Sequence Fault Code Sequence
1649120 CIISICTETIE] s 164919] GIFICIEIS 5= | 1649199 CRPRITErSareal e
37152 37153 37154
51 (ZICTSIE] S
1649123 i 1649124 1649125
37155 z::&: 37156 37157
5t
1649126 T -
37158 e S —
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An illegal muting sequence was detected in step 3 when the Sensors and the Light Curtain
transitioned to one of the following invalid sequence states

Fault Code Sequence Fault Code Sequence Fault Code Sequence
1649130 169131 = | 1649132
ala I
37168 37169 3710
1649133 1649134 16#9135
3nn 3N72 3N73
1649136 %
3NT4 —

An illegal muting sequence was detected in step 4 when the Sensors and the Light Curtain
transitioned to one of the following invalid sequence states.

Fault Code Sequence Fault Code Sequence Fault Code Sequence
1649140 o 1649141 s (1649142 aud
3784 37185 37186
1649143 1649144 1649145
3787 37188 37189
S
1649146 J',k"l'c"““"
37190 S
|
[ N
(RN &1 |

An illegal muting sequence was detected in step 5 when the Sensors and the Light Curtain
transitioned to one of the following invalid sequence states.
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Fault Code Sequence Fault Code Sequence Fault Code Sequence
1649150 CITEIETSETS s | 1p1975] [ST[SZ[ICTS3T&A] Step 1649152 FTSIES=E] S
37200 37201 37202

169153 1649154 1649155

37203 37204 37205

1649156

37206

An illegal muting sequence was detected in step 6 when the Sensors and the Light Curtain
transitioned to one of the following invalid sequence states.

Fault Code Sequence Fault Code Sequence Fault Code Sequence
1649160 T [ 6H9T6T = 1649162 o
7 e 37218 o e
[@]oJoT TIE
oj0Jol0] 1] 4]
g =
T[0[010[0][8]
111 1
1649163 1649164 16#9165 St
37219 37220 37221
16#9166
37222
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An illegal muting sequence was detected in step 7 when the Sensors and the Light Curtain
transitioned to one of the following invalid sequence states.

Fault Code Sequence Fault Code Sequence Fault Code Sequence
16#9170 [ETTSZIICTSATA] step 1649171 [GTSZ[ICTSEI5E] Step 1649172 GSIEIEIE] se
37232 37233 37234
1649173 1649174 1649175 e
(I ENENEN NN
37235 37236 37231 i S
[O]oToTT]T] E
[O]oToTo]1][d]
[Oororo]a] 5]
T[ojo10]0][5]
- i)
1649176
37238
An illegal muting sequence was detected in step 8 when the Sensors and the Light Curtain
transitioned to one of the following invalid sequence states.
Fault Code Sequence Fault Code Sequence Fault Code Sequence
1649180 = 11649181 e e ia
F 1 - e 0O
37248 37249 i — 37250 i
= 3
) I. o u] 1] @]
T T 5]
=1 [ I O |
=] T ere]d ]
ma [NEA K =
=] TITT3
1649183 1649184 TR S | 1649165 LI
37251 37252 L 37963
T i) 2]
OloJo11]1]
[ u{ 0Jojo]1]
[O]oT810]0]
\ |
T[1]0 (]
T T[iJo[®

OJoJoJo]J1
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Fault Code Sequence Fault Code Sequence Fault Code Sequence
1649186 st

37254

An illegal muting sequence was detected in step 9 when the Sensors and the Light Curtain
transitioned to one of the following invalid sequence states.

Fault Code Sequence Fault Code Sequence Fault Code Sequence
1649190 CEED o | 1eu99l CEEr o [ 1649192 .
37264 C T T 3065 37266

(ILILARN RN A

0j0]0 IQ ][

[] 7

CECEE

0
1
1
1
1

- =] [ [4]

1649193 ™ | 1649194 | 1649195

37267 37268 37269

tep
1649196 S

37270 3
DO T]T]1

0 T3]
OoTero ]3]
@loIolalo] [5]
OJoToJo]o][&]
T][T[0]0]0
T(T[1]0]0
Tl

111 [1]

An illegal muting sequence was detected when Sensor 1or Sensor 4 transitioned to one of the
following invalid sequence states. The first sensor blocked does not correspond to the value of
the Direction input.
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Fault Code Sequence Fault Code Sequence
16491A1 Step 1649140 Step
7 o]
37281 37280 I..l-.l..
(O[T 177]

e
AN EEENEEEE

Direction =1(forward)

Direction = 0 (Reverse)

To recover from invalid sequence faults 16#9100...16#9196, check the alignment of the sensors
with regard to the material being moved and the system timing and then reset the fault.

To recover from invalid sequence faults 16#91A0 and 16#91A1, check the value of the Direction
input operand with respect to the movement of the material and reset the fault.

Correcting Invalid Sequence Faults

Fault Code Description Corrective Action
16#9000 The Light Curtain was muted for The Maximum Mute Time operand is
36864 longer than the configured Maximum | set too short or there is an anomaly
Mute Time. with the sensors.
1649010 Too much time elapsed between The $1-S2 Time operand may be set
36880 Sensor 1and Sensor 2 being blocked. | too short or there may be a problem
with Sensor 2 (forward direction) or
Sensor 1(reverse direction).
16#90M Too much time elapsed between The S2-LC Time operand may be set
38881 Sensor 2 and the Light Curtain being | too short or there may be a problem
blocked. with the Light Curtain (forward
direction) or Sensor 2 (reverse
direction).
1649012 Too much time elapsed between the | The LC-S3 Time operand may be set
36882 Light Curtain and Sensor 3 being too short or there may be a problem
cleared. with Sensor 3 (forward direction) or
the Light Curtain (reverse direction).
1649013 Too much time elapsed between The S3-S4 Time operand may be set
36883 Sensor 3 and Sensor 4 being cleared. | to short or there may be a problem

with Sensor 4 (forward direction) or
Sensor 3 (reverse direction).

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description Corrective Action
00 No fault. None
16401 The Muting Lamp Status input is OFF | Check the muting lamp and replace

(0).

it, if necessary.
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If a muting lamp is not required, set
the Muting Lamp Status input to ON
(1)

16405 The Reset input is held ON (1) Set the Reset input to OFF (0).

5

16420 The Input Status input was OFF (0) | Check the 1/0 module connection or
3 when the instruction started. the logic used to source input status.

FSBM wiring and programming example

170

This section demonstrates how to wire the Guard I/0 module and program the instruction in the
safety control portion of an application.

This application example complies with IS0 13849-1, Category 4 operation.

@ The standard control portion of the application is not shown in the following diagram.

Wiring Diagram

The wiring diagram shows how to wire a light curtain and four muting sensors to a 17910S-1B12
module to illustrate the use of the Four-Sensor Bidirectional Muting instruction. The application
includes a hold-to-run switch and a momentary push button for reset.

I
Muting Sensons Momentary |
Push Butron [
— (et 1
e
+ MV J— + M4V I
Bl (85D
06502
e
]
LY ¥ DT
]
"~ LightCartaln
4V Ground
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Programming Exa

The programming diagram shows the Four-Sensor Bidirectional Muting instruction used with a
DCI Stop (light curtain) and DCI Start (hold-to-run switch) instruction.

s Light Curtain
Input Type: Output 1 —
gf;t:.ﬁ:;nme FSBM FourSensarBibire: tional Muting Function
Coldstart Type Restart Type Outpt 1| Efiony 1
51-52 Time Muting Lamp
Module1:.Pto0Data (hannel A S-LCTime Clear Area
Module1:|.Ptd1Data (hannel B 1C-53 Time
53-54Time
Madule1:l.CombinedStatus r Input Status Maximum Mute Time
Maximum Owerride Time
Reset FaultPresent | | —o————— i
ez Notel Direction
Muting Sensars Light Curtain
Module1:.Pto20ata Sensor
Module1:.Pt030ata Sensor2
Module1:.Pt04Data Sensor3
Module1:.Pt050ata Sensor4
Seehote2 ~ > Enable Mute
Override
Input Status
Module 1:1. MutingStatus Muting Lamp Status
Reset Fault Present
boHT HoldToRunKeySwitch
[Equivalent - Active High >t 1 dinput Type Output 1} ——
[TBD ms Discrepancy Time Test (ommand
L ~ -+ Enable
Module1.Pt0sData Channel &
Module1d P07 Data Channel B
L Input Status
—— Reset Fault Present

Miste 1: This taq 15 an Internal Boalean tag that represants the draction of travel. Its value 15 determined by other parts of the ussr application that are not shown n this example. 1f the direction 15 Foreard
i the sensors saquence & 51,52, LG 53, 54, Fthe dirsction & Reverse (1), the ssrser sequence|s 54, 53, LG 52,51,

Mate 2: This tag1s an intemal Boolean tag representing the narhazardous portion of the madiine cyde. s value & determined by other parts of the user application that arenat shownin this example.
‘When the protected hazard k& present, thistag value should be Fake (o). When the protected hazard 1s met 190 present, this tag value should be True (7). Whan the walus of this tag s True (1), the
muting Instruction allows the light artain tobecome muted only If the proper Input sequence 1s deteded. When thevalue of this tag 15 Fake (0), the muting instruction does not allow the light
artain to becoma muted, even f the proper Input sequence ks detacted

Mot 3: This tag s an Intemal Boolean tag that 1susadby other parts of the user appliation that are net shown in this eample

Key: Colorcode represents data or value typically used.

.y
-

o G

Comfiguration Corstant/Value
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Ladder Diagram
DCs
Dual Channel Input Stop
DCS LightCurtain Lo
Safety Function LIGHT CURTARM
hput Type EQUNALEMNT - ACTIVE HIGH |- FP.
Discrepancy Time (Msec) 500
Restart Type AUTOMATIC
Cold Start Type AUTOMATIC
Channel & Medule:LPid0Data
1%
Channel 8 Module1;L P01 Data
14
lnput Status  Modulel:LCombinedStatus
14
Reset Weduled:LPt1 1Data
O
DCSAT
Dual Channal Input Start
DCSAT HoldToRunKeySwitch |~ 01—
Eafety Function USER DEFMED
hput Type EQUNMALENT - ACTWE HIGH [ FP.
Diecrepancy Time (Maec) 500
Enable ALWAYS_ENABLED
14
Channel & Medule1:LPtOSData
L
Channel B Medule1:LPO7TData
1%
hput Status Moduled:1CombinedStaus
14
Reset Weoduled:LPt110ata
04
FSEM
. Four Sensor BiDirectional Muting —
FSEN FourSensorBiDrectonMutingFunction — 01—
Restart Type MANUAL
£1-52 Time (Msec) 3000 ML —
S2-LC Time (M=ec) 3000
LC-53 Time (Msec) 3000 [ CA
53-54 Time (Wsec) 3000
Maxtimum Mute Time (Sec) 20 [~ FP
Maxtimum Override Time (Sec) 5
Direction SeeNote1
(L]
Light Curtain LightCurtain1. 01
L
Senzor 1 Module1 ;L Pt0ZData
Q4
Senzor 2 Module!:LPtl3Data
14
Sensor 3 Module1:l.CombinedStatus
14
Sensor 4 Module1: LMwingStatus
14
Enable Mute SeeNole2
L
Override HeldToRunKeySwitch, 01
Ot
Input Status Module1:l.Combined5tatus.
14
WMuting Lamp Séatus Module1:LPt11Data
O
Reset Module1:LPt11Data
04
FourSensorBOirectionMutngFunction. ML Module1:0.Test0Z0ata
| | {3
FourSensorBDirectioniutingFunction.CA  Module1;0 Testi2Data
| !
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Module Definition

The following sections provide examples of how to use the programming software to set the
Guard 1/0 module configuration operands.

When defining the module, setting the Input Status to Combined Status-Muting provides the
smallest input packet possible and lets the muting lamp status be monitored. Choosing Test for
Output Data lets safety logic control Test Output 3 to drive the Muting Lamp and Test Output 2 to

drive the Clear Area Lamp.

e

Module Defimition

Series:

Revision: 001 =

Electranic Keying: [Exact Match -
Input Data: Safety 52
Input Status: Combined Status - Muting 2
Output Data: Mone L
Data Format: Integer 52

oKk |

[ Cancel ] [

Help

o

Rockwell Automation suggests using Exact Match, as shown. However, setting Electronic Keying

to Compatible Match is allowed.

The safety inputs that interface with the Light Curtain (Points 1and 2) are not pulse-tested
because the Light Curtain pulse-tests its own signals.
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Safety Mat (SMAT)

174

Module Input Configuration

| General | Connection | Safety | Medule Infe | Input Configuration | Test Output

Peint Operation T Input Delay Time (ms)
esf

Point Di Point Mode
Type T 'ﬁ';? Source | oft-0n | On--0ff
0 |Single - 0 «| Safety L=l None || 0= 03
1 I ~ || Safety || Mone || = 03
2 | Single - 0 «| Safety ||| None |+ | 0% 0%
) ] - || safety ||| None | -] (= 03
4 | Single . 0 «| Safety || None || 0= 0=
5 I - || Safety || Mone || 0% 0z
6 | Single - 0 «| Safety Pulse Test || 0 ] 0= 05
7 1 ~ || Safety Pulse Test || 1 = 0% 03
2 |Single . 0 = | Mot Used || Mone || 0% 0z
g o ~ | Mot Used | Mone |- 03 0=
10 | Single . 0 ~| Mot Used L=l None || 03 0%
11 I - || Safety || Mone || 0% 0z

Input Emor Latch Time: 1000 ms
Status: Offline [ oK l [ Cancel ] Apply Help

Configuring Test Output 3 for Muting Lamp causes the I/0 module to monitor the lamp that is
connected to this output.

| General | Connection I Safety I Module Info I Input Configuration | Test Output |

Point Point Mode

0 | Pulse Test 2
1 | Pulse Test =]
2 | Standard =]
3 | Muting Lamp ||

Status: Offline OK ] ’ Cancel Apply Help

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The purpose of the Safety Mat instruction is to indicate, through 01(Qutput 1), if the safety mat
is occupied.

Safety mats typically consist of two conductive plates held apart by non-conductive separators.
Each conductive plate, Channel A and Channel B of the safety mat, are alternately sourced by
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the safety-mat instruction’s SRCA (Source A) and SRCB (Source B) outputs. Output A and Output B
of the safety mat are routed to the safety mat instruction’s Channel A and Channel B inputs.

Available Languages

Ladder Diagram

SMAT

Safety Mat

SMAT ? o1

Restart Type ?

Short Circuit Detect Delay Time (Mzec ? SRCA
7

Channel A ? SRCHB
7

Channel B 7 FP
7

nput Status 7
7

FReze 7
7

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

WARNING: If you change instruction parameters while in Run mode, you must accept the pending
edits and cycle the controller mode from Pragram to Run for the changes to take effect.

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.
«  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

IMPORTANT: Do not use the same tag name for more than one instruction in the same program. Do not write to
any instruction output tag under any circumstances.

IMPORTANT: Make sure that your safety input points are configured as single, not Equivalent or Complementary.
These instructions provide all dual channel functionality necessary for PLd (Cat. 3) or PLe (Cat. 4) safety functions.

The following table provides the parameters that are used to configure the instruction.
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Operand Data Type

Format

Description

SMAT SAFETY_MAT

tag

This parameter is a
backing tag that maintains
important execution
information for each usage
of this instruction.

For examples of incorrect
backing tag usages, see
Backing tag usages that
can cause unexpected
operation on page

Restart Type DINT

name

This input configures
Output 1for either manual
or automatic Restart.

Manual (0) - A transition
of the reset input from
OFF (0) to ON (1), while all
of the OQutput 1enabling
conditions are met, is
required to energize
Output 1

Automatic (1) - Output 1is
energized 50 ms after all
of the enabling conditions
are met.
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ATTENTI
ON:
Automatic
Restart
may only
be used in
application
situations
where you
can prove
that no
unsafe
conditions
can occur
as a result
of its

use, or
the reset
function
is being
performed
elsewhere
in the
safety
circuit (for
example,
output
function).

Short Circuit Detect Delay | DINT immediate This parameter is the
Time time (5...250 ms) that
the instruction uses to
determine the difference
between a short circuit
and the safety mat being
occupied.

When using this instruction
with 1791DS 1/0 modules,
the short-circuit
detection-delay time

has to be greater than

the associated module’s
input-error latch time.

The module’s input-error
latch time holds the test
output fault generated by
the two channels being
shorted together for the
configured amount of time.
Output 1 goes to the safe
state as soon as possible
(task period and input
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filter dependent), only the
declaration of a fault is
delayed by this time. It has
no effect on the safety
reaction time.

The following table explains instruction inputs. The inputs are typically used to select different

modes of application operation by enabling other instructions.

Operand

Data Type

Format

Description

Channel A’

BOOL

tag

This input is sourced by
the Channel A output of the
safety mat.

Channel B!

BOOL

tag

This input is sourced by
the Channel B output of the
safety mat.

Input Status

BOOL

immediate

tag

If instruction inputs are
from a safety 1/0 module,
this value is the status
from the 1/0 module or
modules (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer's
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Reset?

BOOL

tag

If the Restart Type =
Manual, this input is used
to energize Output 1.

This input also clears the
instruction faults provided
the fault condition is not
present.

OFF (0)-> ON (1): The Fault

Present (FP) and Fault
Code outputs are reset.

UIf this input is from a Guard 1/0 input module, make sure that the input is configured as single,

not Equivalent or Complementary.
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“Some safety standards require monitoring the transition of the reset input. When the reset
is used to reset a safety function, additional logic may be required to verify a transition of the

reset input from High-to-Low or Low-to-High.

The following table provides the outputs to the instruction. In many applications, the output
tags may represent the state of actual field devices. They may also be internal tags used to
represent machine state information for use with other instructions.

Operand

Data Type

Description

Output 1(01)

BOOL

This output is energized when all
input conditions are satisfied.

The output becomes de-energized
when the following occurs:

e Aninstruction detects an open
or a short circuit condition

« The normal operation of the
instruction causes Output 1to
be de-energized

Source A(SRCA)

BOOL

This output is used to source the
Channel A input of the safety mat.

Source B (SRCB)

BOOL

This output is used to source the
Channel B input of the safety mat.

Fault Code

DINT

This output indicates the type of
fault that occurred. See the Fault
Codes section below for a list of fault
codes.

This parameter is not safety-related.

Diagnostic Code

DINT

This output indicates the diagnostic
status of the instruction. See the
Diagnostic Codes section below for a
list of diagnostic codes.

This parameter is not safety-related.

Fault Present (FP)

BOOL

ON (1): A fault is present in the
instruction.

OFF (0): This instruction is operating
normally.

IMPORTANT: Do not write to any instruction output tag under any circumstance.

Circuit Verification Test

The Safety Mat instruction monitors the Channel A and Channel B Safety Mat Inputs. Before
Output 1can be energized, a verification of the safety mat circuit must be completed, verifying
that the Source A and Source B output to Channel A and Channel B input connections are good.
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This process is referred to as the circuit verification test (CVT) and is identified by the shaded
areas in the timing diagrams. Output 1 can be energized when the CVT test is successful and the
proper Restart-Type conditions are met.

Normal Operation

Manual Restart Operation

The timing diagram illustrates the instruction being configured for manual restart. At (A), Output
1is energized when the reset input transitions from OFF (0) to ON (1) after the CVT.

Channal .l'-'-.1
a

Channel E1
a

1
Reget
a

Source .ﬁ.1
a

Sourca B
a

HERE-
s Ea

1
Output 1
a

The shaded area is tha CVT.

Automatic Restart Operation

The timing diagram illustrates the instruction being configured for automatic restart. At (A),
Output 1is energized 50 ms after the CVT test.

e 1
Channel &
0

:

1
Channel B
0

Resat !
o

)L
Sefl5 e

1
Source A

0
Sourcz B’

L l—{ B0 ma
[utput 1 !

0

@

Tha shaded araa is the CVT.
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Safety Mat Occupied Operation

The timing diagram illustrates Output 1 being de-energized when the safety mat becomes
occupied. At (A), the safety mat is considered occupied and Output 1is de-energized when the

Channel A and Channel B inputs are both ON (1). At (B), the Channel A and Channel B inputs follow

the Source A output for as long as the safety mat is occupied.

1 -
[1]
Channel & 1
o L.}
Channel B :
1 -
Resat 0 ;
1 |
Source A 0
1 i
Source B 0 '
.1 1
[utput 1
p 0

®E

Tha shaded areais the CVT.

Safety Mat Unoccupied Operation

The timing diagram illustrates the safety mat being unoccupied and the Safety Mat instruction
is initializing. At (A), the Channel A and Channel B inputs begin tracking the Source A and Source

B outputs. Output 1 can then be energized based on the configured Restart Type and after the
CVT.

Channal & ! |
1
Channel B | [
0
Resat

Source A

Sourca B 1

s

1
Output 1

The shaded area is the CVT.
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Fault Detection Operation

The instruction detects the source output to channel input open circuits and short circuits. A
short circuit between Channel A and Channel B appears to the instruction as though the mat is
occupied, where Qutput 1is de-energized.

The timing diagram illustrates the safety mat being occupied and the connection between
Source A and Channel A is open. The restart type is configured for Manual. At (A), the circuit is
opened and the Channel A input stops following the Source A output. Output 1is de-energized
and the short-circuit detect delay timer is started. At (B), the timer expires and a fault is
generated. At (C), the opened circuit is corrected and the fault is reset when an OFF (0) to ON (1)
transition is detected on the Reset input. At (D), the Safety Mat instruction completes the CVT
test, and an OFF (0) to ON (1) transition is detected on the Reset input, and Output 1is energized.

= 1 !
Channel & !

a

]

Channdl B |
a

Reset

HsTs
it

]

1
Sourca A
a

Source B 1
a

e
!_I
’__I

1
Output 1
a

:

1
Fault Frezant
a

g

@__
@__
@l..__ il

1= Short Circuit Detact Dalay Time
The shaded araa 15 the CWT.

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.
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Fault Code Description Corrective Action
00 No fault. None.
16420 The Input Status input transitioned | »  Check the I/0 module
3 from ON (1) to OFF (0) while the connections.
instruction was executing. « Reset the fault
1648000 Channel A is shorted to power. «  Correct the short or open
39768 circuit.
e Reset the fault.
1648001 Channel B is shorted to power.
32769
1648002 Channels A and B are shorted to
39770 power.
1648003 Channel A is shorted to power
39771 and Channel B is either shorted to
ground or open.
1648004 Channel A is either shorted to ground
39779 or is open.
16#8005 Channel A is either shorted to ground
39773 or is open and Channel B is shorted
to power.
1648006 Channel B is either shorted to
39774 ground or open.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description Corrective Action

00 No fault. None

16#05 The Reset input is held ON (1) Set the Reset input to OFF (0).

5

16420 The Input Status input was OFF (0) | Check the I/0 module connections.
3 when the instruction started.

Affects Math Status Flags

No

Rockwell Automation, Inc.
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Major / Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution

Condition/State

Action Taken

Prescan

Same as Rung-condition-in is false.

Rung-condition-in is false

The .01, .SRCA, .SRCB and .FP are cleared to false.

Rung-condition-in is true

The instruction executes as described in the Normal
Operation section.

Postscan Same as Rung-condition-in is false.
Example
SMAT
Safety Mat
SMAT OperatorSafetyiat o1
Restart Type AUTOMATIC
Short Circuit Detect Delay Time (Mzec 20 SRCA
Channel A channela, SRCH
0 4=
Channel B channelB FP
04
nput Status moduleStatus
0 4=
Reset resetControl
0 4=

SMAT wiring and programming example

184

The standard control portion of the application is not shown.
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Wiring Diagram
VDL

MV Graund

Programming Example

The following programming diagram shows the instruction with inputs and outputs.

SMAT OperatorSafetyMat

Marual ~—— Restart Type Output1 =7 SeaMote1 |
| TBD ms ~— Short Circuit Time Del ay

Source A
Module 1: Pto0Data Channel A Source B
Module 1:.Pt01Data Channel B
Module 1:.Combined5tatus {Input Status
Module 1Pt Data - Reset Fault Present

Mote 1: This tag is an internal Boolean tag that is used by other parts of the user application that are not shown in this example.

Key: Color code represents data or value typically used.

e~ - —

[ Tenfiguration Constant/ Value > Tntemd SafetyVariable”
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Ladder Diagram
SMAT
Safety Mat
SKMAT OperatorSafetyMat
Restart Type MANUAL
Short Circuit Detect Delay Time (Msec) 200
Channel A Module1:1 PtO0Cata
14
Channel B Module1:1.Pt010ata
14
Input Status Module1:l.CombinedStatus
14
Reset Module1:1.Pt110ata
0 4=

01

SRCA

SRCH

FP

OperatorSafetyMat SRCA  Module1:0.Testd2Data

OperatorsafetyMat. SRCE Module1:0 . Testd3Data

The programming software is used to configure the input and output parameters of the Guard
|/0 module, as illustrated.

Module Definition

e

Maodule Definition

Series:

Revision: 001 =

Electronic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting =
Output Data: Mone L
Data Format: Integer 2

COK ] [ Cancel

)

Help

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown. You

can also select Compatible Match.
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Module Input Configuration

| General I Connection | Safety I Module Info | Input Corfiguration | Test Cutput

Point Operation - Input Delay Time (ms)
es
Point Di Point Mode
Type i;r: 'Erannsf:" Source | ot -on | On-=0ff
0 | Single 0 +| Safety ||| None || 0= 05
1 Safety |=||Mone |+ 03 (=
2 | Single - 0 | Not Used ||| None || 05 05
T ] Not Used || Hone || = 0z
4 | Single . 0 [ Not Used ||| None || 0% 05
3 I Mot Used ||| Mone || 05 05
g | Single - 0 «|[Mot Used |=||None || 03 (=
7 I Not Used ||| None || 05 0z
8 | Single . 0 «| Mot Used || None || 03 0-:
9 I Not Used ||| None || 0= 05
10 | Single . 0 | NotUsed ||| None |+| 05 05
11 L Safety |=||Mone |+ 03 (=
Input Emor Latch Time: 1000+ ms
Status: Offine 0K | [ Cancel Apply Help
o o
Module Output Configuration
| General I Connection I Safety I Module Infa I Input Corfiguration | Test Output
Point Point Mode
0 | NotUsed £a
1 | Not Used £3
2 | Standard E3
3 | Standard £a
Status: Offline OK l [ Cancel Apply Help

Two Hand Run Station Enhanced (THRSe)

Rockwell Automation, Inc.

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix

5380, GuardLogix 5580, and ControlLogix 5590 controllers.

Use this instruction to monitor the inputs of a Two-hand Run Station. Each run station button

has two inputs; one normally-closed (N.C.) contact and one normally-open (N.0.) contact. To

energize Output 1, the instruction must be enabled and connected with no faults present. Then

both buttons must be pressed within 500 ms of one another.
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IMPORTANT: The right and left buttons of the Two-hand Run Station must be pressed within 500 ms of one another
to energize Output 1. To make sure this situation can be properly detected, the safety task period cannot exceed
40 ms and the input device's requested packet interval (RPI) cannot exceed 20 ms. Refer to the GuardLogix 5580
and Compact GuardLogix 5380 Controller Systems Safety Reference, publication 1756-RM012, for information on the
safety task period and the RPI.

The Buttons Released (BR) output turns ON (1) whenever the Two-hand Run Station is connected
and enabled, no faults are present, and both the right and left buttons are in the released (safe)
state. In this case, all four contacts are in the safe state.

The Two-hand Run Station may be disconnected when not in use. To properly disconnect the
Two-hand Run Station, the Disconnected input must be ON (1) and all button inputs must be OFF
(0). When the Two-hand Run Station is disconnected, the (SB) Station Bypassed output turns ON
(1).

Available Languages

Ladder Diagram
THRSe
Two Hand Run Station Enhanced
THRSe ? 01
Digcrepancy Time (Msec ?
Enable ? BR
7
Dizconnected ? SH
7?7
Right Button Mormally Open ? FP
7
Right Button Mormalty Closed ?
7?7
Left Button Normally Open ?
7
Left Button Normally Closed ?
7?7
Input Status ?
7
Reset ?
7

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

WARNING: If you change instruction parameters while in Run mode, you must accept the pending
edits and cycle the controller mode from Pragram to Run for the changes to take effect.

Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.



Chapter2  Safety Instructions

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.
»  Backing tags are shared by multiple instruction invocations.
«  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

IMPORTANT: Do not use the same tag for more than one instruction in the same program. Do not write to any
instruction output tag under any circumstances.

IMPORTANT: Make sure that your safety input points are configured as Single, not Equivalent or Complementary.
These instructions provide all dual channel functionality necessary for PLd (Cat. 3) or PLe (Cat. 4) safety functions.

The following table provides the parameter used to configure the instruction. This parameter
cannot be changed at runtime.

Operand Data Type Description

THRSe THRS_ENHANCED This parameter is a backing tag
that maintains important execution
information for each usage of this
instruction.

For examples of incorrect backing
tag usages, see Backing tag usages
that can cause unexpected operation
on page

Discrepancy Time DINT The amount of time that the
instruction lets the normally-open
and normally-closed button contacts
be inconsistent before generating a
fault.

The inconsistent state occurs when
the normally-open contact and the
normally-closed contact have the
same logical value; that is, both are
ON (1) or both are OFF (0).

The valid range is 100 to 3000 ms.

The following table provides the input parameters for the instruction.

Operand Data Type Description

Enable BOOL ON (1): The device is enabled. Output
1is energized when both buttons
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Operand

Data Type

Description

are pressed within 500 ms of one
another.

OFF (0): The device is disabled.
Output 1 stays de-energized.

Disconnected

BOOL

This input indicates whether the run
station is disconnected. When this
input is ON (1) and all of the button
inputs (Right Button Normally Open,
Right Button Normally Closed, Left
Button Normally Open, Left Button
Normally Closed) are OFF (0), the
Station Bypassed output turns ON (1).

ON (1): The run station is
disconnected. OQutput 1cannot be
energized.

OFF (0): The run station is not
disconnected. Output 1 may be
energized.

Right Button Normally Open!

BOOL

This is the normally-open contact for
the right button.

Right Button Normally Closed

BOOL

This is the normally-closed contact
for the right button.

Left Button Normally []pen1

BOOL

This is the normally-open contact for
the left button.

Left Button Normally Closed'

BOOL

This is the normally-closed contact
for the left button.

Input Status

BOOL

If the instruction inputs are

from a safety 1/0 module, this
value is the status from the I/0
module or modules (Connection
Status or Combined Status). If
instruction inputs are derived from
internal logic, it is the application
programmer's responsibility to
determine the conditions.

ON (1): The inputs to this instruction
are valid.

OFF (0): The inputs to this instruction
are invalid.

Reset?

BOOL

This input clears instruction and
circuit faults provided the fault
condition is not present.
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Operand

Data Type

Description

OFF (0) -> ON (1): The Fault Present
and Fault Code outputs are reset.

UIf this input is from a Guard 1/0 input module, make sure that the input is configured as single,
not Equivalent or Complementary.

2Some safety standards require monitoring the transition of the reset input. When the reset
is used to reset a safety function, additional logic may be required to verify a transition of the

reset input from High-to-Low or Low-to-High.

The following table provides the output parameters for the instruction.

Operand

Data Type

Description

Output 1(01)

BOOL

This output is energized when
the run station is enabled and
connected, and both buttons are
pressed within 500 ms of one
another.

Output 1is de-energized when one or
more of the following occurs:

« Theright or the left button is
released, or any one of the four
contacts transitions to the safe
state.

e The Input Status input turns OFF
(0). which indicates the inputs
have become invalid.

e The Enable input turns OFF (0).

» The Disconnected input turns
ON(1).

Buttons Released (BR)

BOOL

This output is ON (1) when both
buttons are released, the run station
is connected and enabled, and no
faults are present.

Station Bypassed (SB)

BOOL

This output is ON (1) when the

run station has been properly
disconnected and no faults are
present. See the Disconnecting the
Two-hand Run Station section.

Fault Present (FP)

BOOL

ON (1): A fault is present in the
instruction.

OFF (0): The instruction is operating
normally.
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Fault Code DINT This output indicates the type of

fault that occurred. See the Fault
Codes section below for the list of
fault codes.

This parameter is not safety-related.

Diagnostic Code DINT This output indicates the diagnostic
status of the instruction. See the
Diagnostic Cades section below for a
list of diagnostic codes.

This parameter is not safety-related.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Disconnecting the Two-hand Run Station

To energize the Station Bypassed output (disconnect the Two-hand Run Station), the
Disconnected input must be ON (1), and all the button inputs must be OFF (0).

If a fault occurs while disconnecting the Two-hand Run Station, trigger a reset after the inputs
are in the correct state.

Connecting the Two-hand Run Station

To de-energize the Station Bypassed output (connect the Two-hand Run Station), the
Disconnected input must be OFF (0), and the button inputs must be in the release safe state.

If a fault occurs while connecting the Two-hand Run Station, trigger a reset after the inputs are
in the correct state.

Operation

Normal Operation

As shown in the timing diagram, the Buttons Released output turns ON (1) whenever both buttons
are released, the run station is connected and enabled, and no faults are present.

Before (A), the left and right buttons are both pressed, but Output 1 has not yet been energized

because the Enable input is OFF (0). When the Enable input transitions from OFF (0) to ON (1) at
(A), Output 1is not energized because the buttons must be pressed while the Enable input is ON
(1). At (B), the right button is pressed but the left button is still released, which turns OFF (0) the
Buttons Released output. At (C), both buttons have been pressed within 500 ms of one another,
which energizes Output 1after a 50 ms delay. Output 1is de-energized when the left button
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is released at (D). Output 1is energized 50 ms after both buttons are pressed at (E). Lastly, at
(F),0utput 1is de-energized because the Enable input turns OFF (0).

Enabl= !
i}

1
Diiscannecied
a

1
Right Euttan Momma By Open
[i]

I

1
Righit Buttan Marma by Clazed
i}

1
Left Button Mamally Cpen
a

ERENNEEENEEEEE
NEEEREmmERamaN
mauin

1
Lt Buttan Mormally Clesed
]

11

1
Inputt Btatus
Q

1
Fault Presant 1
1]

Button Aeleased ! |— |—|
(i}

Station Bypacsed !
1]

1

Output 1 i Tl i—j."h =t
(1]
Discrepancy Time = 250 me & oo @m ©® (A

Button Held Down Diagnostic Operation

Output 1 cannot be energized when the right and left buttons are not pressed within 500 ms of
one another.

At (A), the right button is pressed while the left button remains released. At (B), the buttons have
been in an inconsistent state for 500 ms, which generates a diagnostic signal that requires both
buttons be released before Output 1can be energized again. At (C), the left button is pressed, but
Output 1is not energized because both buttons have not been released after the right button
was held down longer than 500 ms. Both buttons are released, which clears the diagnostic
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signal at (D). Output 1is energized after a 50 ms delay when both buttons are pressed within 500
ms of one another at (E).

1
Right Burtian Nommalky O
gt i Open .

=== S0 ME -~

m i

1
Right Bution amally Classd
i}

1
Left Bution Mammally Op=n
1]
1
Left Buttan Mormal by Clazed
1] I I

1

T

Fault Fresant

Buttons Rekased ;_| o T TH

Station Bypassed ¢

(1]
1761 ms [ ] I

Qutput 1 Enms —
e !

Diiscrepancy Time = 250 ms Y] ® © o ®
For simplicity, the Enable and Input Status inputs are nof shown and are sssumed to be OM| 7).
Similarly, the Disconrectad input is assumed 1o ba OFF (0],

Button Glitch Diagnostic Operation

When one button is released while the other button remains pressed, both buttons must be
released to the safe state before Output 1can be energized again.

At (A), Output 1is de-energized because the right button is released.

At (B), the right button is pressed, but the left button remained released since (A), generating
a diagnostic signal that requires both buttons to be released before Output 1can be energized
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again. Both buttons are released at (C), which clears the diagnostic signal. At (D), Output 1is

energized after a 50 ms delay when both buttons are pressed within 500 ms of one another.

Right Buttan Narma by Open |
]

|
Hain an

Right Button Marmalby Clazed |
1]

a

Lt Buttan Normally Closed |
1]

_|
Laft Bution Mamrialky 'Il|:en1 J
_|

EESES

Faut Fresant !
1]

1
Buttons Aeleased 1 }
|:| —|

Statian Bypassed 1
1]

Dutput 1" e 5F | sims——4 - f-—

a

Dizcrepancy Time = 750 ms & m o O

=
For simplicity, the Enable and Input Status inputs are not shown and are assumed to be ON [1).
Similarky, the Disconnacted input is sssumad to ba OFF [0}

Button Discrepancy Fault (Channel-to-channel) Operation

A discrepancy fault occurs when the two channels of one button are in an inconsistent state for
more than the configured Discrepancy Time (250 ms in this example).

At (A), the right button is pressed, but only the normally-open contact of the left button turns ON
(1) while the normally-closed contact remains OFF (0). After the Left Button Normally Open and
the Left Button Normally Closed inputs have been inconsistent for 250 ms, the fault occurs at
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(B). At (C), the fault is cleared by a Reset. Lastly, at (D), Output 1is energized 50 ms after both
buttons are pressed.

Righit Buttan Monma [y Open

1

s ot
Right Euttan Narmally Closed

[}

]

R

Left Butian Momma ly Open 260ms— |
a

Lt Euttan Narmally Closed |
[}

HEE

1 i
Aeast 1
0 H

11

Fault Fragsnt

1]

1
Butions Released |_
L1}

Etatian E-',rpassed1
1]

1 |~ 5omg
Oupt 1 B l._—| Eoms—4

Discrapancy Time = 250 ma th i

H

]

f) i ]
Far simplicity, the Enable and Input 3tatus inpuis are not shown and are sssumed o be OM |11
Similarly, the Disconnected input is a=sumed to be OFF 0L

Run Station Disconnected (Station Bypassed) Operation

When the run station is properly disconnected, Output 1cannot be energized. The Station
Bypassed output is energized whenever the run station is properly disconnected.

At (A), Output 1is energized 50 ms after both buttons are pressed. At (B), Output 1is de-energized
and a fault occurs when the Disconnected input turns ON (1). To clear the fault, both buttons
must be released and a reset triggered at (C). The Station Bypassed output turns ON (1). At (D),
the Station Bypassed output turns OFF (0) and a fault occurs when the Right Button Normally
Open input turns ON (1) while the Disconnected input is ON (1). At (E), the fault is cleared and the
Station Bypassed output is turned ON (1) when a reset is triggered with the Disconnected input
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ON (1) and all button inputs OFF (0). Lastly, at (F), the Enable input transitions from ON (1) to OFF
(0) to ON (1), but has no effect on the Station Bypassed output, which remains ON (1).

Enatle !
L1}

1
Dizconnecied
[}

B8

1
Righit Buttan Monma lly Open

i
Right Euttan Normally Clased
L1}

1

Left Buttan Mormaly Open
0

1
Left Buttan Mormally Closed
0

EEEEEEREREEREE

1 |
Reast

0

Fault Frassnit |
L]

1
Butions Released
(1}

Station Bypassed !

0 I

1 [
Ouiput 1 | e
L1}

Discrepancy Time =250ms (&)

® o © ®@6

For simglicity, the Input Status input i not shown and is sssumad to ba ON (1), which

irdicatas the inpuis are valid.

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.

Fault Code Description Corrective Action
00 No fault. None
16420 The Input Status input transitioned | Check the I/0 module
3 from ON (1) to OFF (0) while the connection.
instruction was executing. « Reset the fault
16#7001 The right button contacts wereinan | »  Check the wiring.
28673 inconsistent state for longer than Bring the right button contacts

the Discrepancy Time. At the time of
the fault, the Right Button Normally
Open was ON (1) and the Right Button
Normally Closed was OFF (0).

to a consistent state.

« Reset the fault.
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Fault Code Description Corrective Action
1647002 The right button contacts were in
28674 an inconsistent state for longer
than the Discrepancy Time. At the
time of the fault, the Right Button
Normally Closed was ON (1) and the
Right Button Normally Open was OFF
(0).
1647003 The left button contacts were in an Check the wiring.
28675 inconsistent state for longer than Bring the left button contacts to
the Discrepancy Time. At the time of .
a consistent state.
the fault, the Left Button Normally
Open was ON (1) and the Left Button Reset the fault.
Normally Closed was OFF (0).
1647004 The left button contacts were in an
28676 inconsistent state for longer than
the Discrepancy Time. At the time of
the fault, the Left Button Normally
Closed was ON (1) and the Left Button
Normally Open was OFF (0).
1647005 The Right Button Normally Open Check the wiring.
28677 input transitioned from ON (1) to OFF Released the right button
(0) to ON (1) while the Right Button bringing both contacts to the
Normally Closed input remained ON OFF (0) state
(1. '
Reset the fault.
16#7006 The Right Button Normally Closed
28678 input transitioned from ON (1) to OFF
(0) to ON (1) while the Right Button
Normally Open input remained ON (1).
1647007 The Left Button Normally Open input Check the wiring.
28679 transitioned from ON (Do OFF(0)t0. f | pojocoq the et button,
ON (1)w.h||e the Left Button Normally bringing both contacts to the
Closed input remained ON (1). OFF (0) state.
16#7008 The Left Button Normally Closed Reset the fault.
28680 input transitioned from ON (1) to OFF
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Fault Code Description Corrective Action
(0) to ON (1) while the Left Button
Normally Open input remained ON (1).
16#7030 The Disconnected input was ON(1), | »  To disconnect the Two-hand
98720 but all of the button inputs were not Run Station, set all button inputs
OFF (0). to OFF (0) and reset the fault.
« To connect the run station, set
the Disconnected input to OFF
(0) and reset the fault.
1647031 The button inputs were » Todisconnect the Two-hand
28721 disconnected for longer than Run Station, set the

the Discrepancy time, but the
Disconnected input was OFF (0).

Disconnected input to ON (1) and
reset the fault.

« To connect the Two-hand Run
Station, set all button inputs to
their normal state and reset the
fault.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description Corrective Action
00 No fault. None
16#20 The Input Status was OFF (0) when | Check the I/0 module connection
3 the instruction started.
16#7001 The device is not in the safe state Release both buttons to OFF (0).
28673 for start-up.
16#7002 The right button is held down. The | Release both buttons to OFF ().
28674 left and right buttons have been in

an inconsistent state for longer than

500 ms.
1647003 The left button is held down. The left | Release both buttons to OFF (0).
28675 and right buttons have been in an

inconsistent state for longer than

500 ms.
1647004 The right button was released and | Release both buttons to OFF (0).
28676 then pressed while the left button

remained pressed.
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1647005 The left button was released and Release both buttons to OFF (0).
98677 then pressed while the right button

remained pressed.
1647060 The run station is not enabled. Enable or disconnect the run station.
28768
1647061 The run station is bypassed. No action required.
28769

Affects Math Status Flag
No

Major / Minor Faults

S

None specific to this instruction. See Index Through Arrays on page for array-indexing

faults.
Execution

Condition/State Action Taken

Prescan Same as Rung-condition-in is false.

Enable-in is false

The .01, .BR, .SB and .FP are cleared to false.

Enable-in is true

The instruction executes as described in the Normal
Operation section.

Postscan

Same as Rung-condition-in is false.

Examples

THRSe

Two Hand Run Station Enhanced
THRZe TwoHandRunStationEnhanced 01

250
thr=Enakble BR
(4=
0 SB

rbno FP
(4=

ed rbnc

(4=
leno

(4=
lenc

(4=

nput Status moduleStatus
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THRSe wiring and programming example

This example complies with IS0 13843-1 Category 4 operation. The standard control portion of
the application is not shown. There are (2) two-hand run stations are shown connected to a

1791DS-1B12 module.

Wiring Diagram
M IC

Punfand Mamentary

MY Ground

This programming diagram logically illustrates the use of two THRSe instructions. If one of the
Two-hand Run Station's buttons is released, the output is de-energized and the other Two-hand
Run Station's buttons must also be released before the output can be energized again.
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Programming Diagram

RS Runstand
E—— U
Station Bypassed

Module1:.Pioi Data

Modulen:|.PozData
Modulen:Po2Data

Enabla
Disconnected Buttors Released

Right Button Hormally Open

Right Button Hormally Clased

Lat Button Hormilly Open

Left Button Normally Closed

Input 5tatus

Resat Fault Fresent

THpse _ Punstnd
Disrepancy Time (utput 1

Enabls Station Bypassed

1
Module?:. Pt100ata
Module

Disconnected Buttors Released

Module:L.Pio7 Data

Right Button Hormally Open
Right Button Hormally Closed

Module?:|.PiosData

Modulen:.Pioelat

Laft Button Hormilly Open
Lasft Button Hormally Closed

Inpt Status

Resat Fault Prasent

LY
% < _ RunstatinStrt |

NOTE 1: This tag is an intemal Boolean tag that has its value determined by other parts of the user application that are not showm in this example.

Key: Color code represents data or value typically used.

L S T —
Sioion
iquration ey o ntemal GfeyVarable T
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Ladder Diagram
THRSe
Two Hand Run Station Enhanced
THRSe RunStand1 01
Dizscrepancy Time (Msec) 500
Enable ALWANYS_ENABLED BR
14
Disconnected Wodule1:1.PtO4Data 5B
0=
Right Button Normally Open  Module1:1 Pt00Data FP
14
Right Button Mormally Closed Module1:1.Pt01Data
14
Left Button Normally Open Module1:l.Pt02Data
0=
Left Button Normally Closed Module1:1Pt03Data
14
Input Status Module1:1.CombinedStatus
14
Reset WModule1:1.Pt11Data
0=
THRSe
Two Hand Run Station Enhanced
THRSe RunStand2 o1
Dizcrepancy Time (Msec) 500
Enable ALWAYS_EMNABLED BR
14
Dizconnected Module1:1.Pt10Data 5B
04
Right Button Mormally Open  Module1:1. Pt06Data FP
0=
Right Button Mormally Closed Module1:1Pt07Data
T4
Left Button Normally Open Module1:1.Pt080ata
04
Left Button Normally Closed Module1:1.Pt09Data
14
Input Status Module1:l.CombinedStatus
T4
Reset Module1:1.Pt11Data
04
RunStand1.BR RunStandZ.BR ButtensReleased
RunStand2.58
ButtensReleased RunStand1.01 RunStandz.01 RunStationStart
RunStationStar RunStand2.58 ButtonsReleazed

The programming software is used to configure the input and test output parameters of the

Guard I/0 module, as illustrated.
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Module Definition

- y

Module Definition [==]

Series:
Revision: 001 |2

Electranic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting =
Output Data: Mone L
Data Format: Integer 2

Ok ] [ Cancel ] [ Help

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown. You
can also select Compatible Match.

Module Input Configuration

| General | Connection I Safety I Module Info | Input Configuration | Test Output

Point Operation S Input Delay Time (ms)
es

Point Di Point Mode
Type :;::'E:;? Souree | git.on | On=0ff
0 |single . 0 «| Safety Pulze Test |+ 0 = 0 -3 0 -3
1 L - || Safety Pulse Test |- 0 Ll 03 03
2 | Single - 0 «| Safety Pulze Test || 1 | 03 03
3 L ~ || Safety Pulse Test ||| 1 = 03 03
4 | Single - 0 «| Safety Pulse Test | 0 x| = 05
5 L ~ | Mot Used ||| None || (= 03
6 | Single . 0 «| Safety Pulse Test |0 = 03 03
7 L | Safety Pulse Test |- 0 Ll 03 03
3 | Single - 0 «| Safety Pulse Test w1 v 05 05
g L ~ | Safety Pulse Test || 1 = 0 -3 03
10 | Single . 0 «| Safety Pulse Test | 0 3 = 03
11 = - | Safety |w | Mone |+ [ 03

Input Ermor Latch Time: 10005 ms
Status: Offline oK | [ Cancel Apply Help
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Module Test Output Configuration

| General | Connection | Safety | Module Info | Input Corfiguration | Test Output

Point

Point Mode

0

Pulse Test

Pulze Test

1
2
3

hot Used

=]
x|
=
=l

Mot Used

Status: Offline

OK | [ Cancel Apply Help

Two Sensor Asymmetrical Muting (TSAM)

Rockwell Automation, Inc.

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

This instruction provides a temporary, automatic disabling of the protective function of a light
curtain, which allows material to be transported through the light curtain sensing field without
stopping the machine. Muting sensors differentiate between materials and personnel, and must
act together along with the light curtain, in a specific switching sequence when the appropriate

material passes the sensing field.
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Available Languages

Ladder Diagram

TSAM

Two SensorAsymmetrical Muting
TSAM

Restart Type
51-52 Time (Msec
52-LC Time (Msec

Maximum Mute Time (Sec
Maximum Override Time
Light Curtain

&
i
E|

Safety &

AUTOMATIC

500

a0

4

3

LC 1A
ZH0000_0000 4=

Sensor 1 Safety_Block_AZ:|.PtO0Data

() 4u
Sensor 2 Safety Block_AZ:1.Pt01Data

() 4u
Enable Mute LC 1A _Kute

20000 _0000 4=

Override LC_1A_QOwverride

Input Status  Safety_Block_AZ:l Combin

ZH0000_0000 4=
edinputstatus

() 4u
Muting Lamp Statuz Safety_Block_A2:1 Muting03Status

() 4u
Reset Safety Reset PB

20000 _0000 4=

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Two Sensor Asymmetrical Muting Ap

plication

o1

ML

FP

Two Sensor Asymmetrical Muting uses two muting sensors arranged asymmetrically on either
side of the light curtain. Their sensors intersect just behind the light curtain in the center of the

protected opening.

, Muting Lamp

Sensar
i
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Q The muting sensors must be arranged so a person cannot activate the muting sensors in the same
switching sequence as the material and enter the area when a hazardous condition exists. Sensor setup
must take into account material size, shape, and speed. Additional guarding may also be necessary.
Specific guarding requirements should be identified through a hazard or risk assessment of your
application.

Operands

WARNING: If you change instruction parameters while in Run mode, you must accept the pending
edits and cycle the controller mode from Program to Run for the changes to take effect.

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.
»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

IMPORTANT: Do not use the same tag name for more than one instruction in the same program. Do not write to
any instruction output tag under any circumstances.

This table provides the parameters for this instruction. The parameters cannot be changed at
runtime.

Parameter Data Type Format Description

TSAM MUTING_TWO_SENSOR_A | tag This parameter is a

SYM backing tag that maintains
important execution
information for each usage
of this instruction.

For examples of incorrect
backing tag usages, see
Backing tag usages that
can cause unexpected
operation on page

Restart Type BOOL name This input configures
Output 1for either manual
or automatic restart.

MANUAL (0)

Atransition of the reset
input from OFF (0) to ON
(1), while all of the Output
1enabling conditions
are met, is required to
energize Output 1.
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Parameter Data Type

Format

Description

AUTOMATIC (1)

Output 1is energized 50ms
after all of the enabling
conditions are met.

O Automatic

restart may
be used only
in application
situations
where you can
prove that

no unsafe
conditions
can occur as
aresult of its
use.

$1-S2 Time DINT

immediate

The maximum amount

of time allowed between
clearing or blocking of
the muting sensor inputs
(Sensor 1and Sensor 2)
before generating a fault.

The valid range is 5
through 180,000 ms.
Setting this input to 0
disables the S1-S2 timer.

S2-LC Time DINT

immediate

The maximum amount

of time allowed between
clearing or blocking of the
Sensor 2 muting sensor
and the Light Curtain
before generating a fault.

The valid range is 5
through 180,000 ms.
Setting this input to 0
disables the S2-LC timer.

Maximum Mute Time DINT

immediate

The maximum amount

of time during which

the instruction lets the
protective function of the
light curtain be disabled
before generating a fault.

The valid range is 0
through 3600 s. Setting
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Parameter Data Type Format Description
this input to 0 disables the
Maximum Mute timer.
Maximum Override Time DINT immediate The maximum amount of

time that the instruction
lets the override feature
energize the Output 1
output.

The valid range is 0
through 30 s. Setting this
input to 0 disables the
Maximum Override timer.

This table provides the i

nput parameters for this instruction.

Parameter Data Type

Format

Description

Light Curtain BOOL

tag

An input channel

with OFF (0) as its

safe state, this input
represents the current
state of the physical
light curtain. You are
responsible for properly
conditioning this input.
Typically, conditioning
is accomplished using
Dual Channel Input Stop
instruction controlling a
light curtain.

ON (1): The light curtain is
clear.

OFF (0): The light curtain is
blocked.

Sensor 1 BOOL

tag

One of two muting sensors,
Sensor 1must be the first
sensor to be blocked and
the last to be cleared in the
muting sequence.

ON (1): Sensor 1is clear.
OFF (0): Sensor 1is
blocked.

Sensor 2 BOOL

tag

One of two muting sensors,
Sensor 2 must be the
second sensor to be
blocked and the first to

be cleared in the muting
sequence.
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Parameter Data Type

Format

Description

ON (1): Sensor 2 is clear.
OFF (0): Sensor 2 is
blocked.

Enable Mute BOOL

immediate

tag

This input allows the
protective function of the
light curtain to be disabled
(muted) when the correct
muting sequence occurs.

ON (1): The protective
function of the light
curtain is disabled when
the correct muting
sequence occurs.

OFF (0): The protective
function of the light
curtain is always enabled.

Override BOOL

tag

This input allows a
temporary bypass of

the muting instruction’s
function. Output 1is
energized regardless of the
status of the Input Status
input or the existence of
faults.

OFF (0): Override function
is disabled

OFF (0)-> ON (1): Output Tis
energized regardless of the
status of the Input Status
input or the existence of
faults. Output 1remains
energized while the
Override input remains ON
(1) or until the Maximum
Override timer expires.

Activation of
the override
function
requires

the use of a
hold-to-run
device where
the operator
can see the
point of hazard,
that is, the light
curtain sensing
field.
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Parameter Data Type Format Description

Input Status BOOL immediate If the instruction inputs
are from a safety 1/0
module, this is the status
from the 1/0 module or
modules (Connection
Status or Combined
Status). If the instruction
inputs are derived from
internal logic, it is the
responsibility of the
application programmer to
determine the conditions.

tag

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Muting Lamp Status BOOL immediate This input represents the

tag status of the muting lamp.

ON (1): The muting lamp

is operating properly. The
light curtain'’s protective
function is disabled
(muted) after the correct
muting sequence is
followed.

OFF (0): The muting lamp is
defective or missing. The
light curtain’s protective
function is always enabled.

Reset! BOOL tag This input clears
instruction and circuit
faults provided the fault
condition is not present.

OFF (0)-> ON (1): The Fault
Present and Fault Code
outputs are reset.

Output 1is energized when
the Restart Type is manual.
Output 1is not energized
at the same time faults are
cleared.

'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the
reset input from High-to-Low or Low-to-High.

This table provides the output parameters for this instruction.
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Parameter Data Type Description

Output 1(01) BOOL ON (1): The light curtain sensing field
is not obstructed, the light curtain is
being muted, or the light curtain is
being overridden.

OFF (0): The light curtain sensing
field is obstructed.

Muting Lamp (ML) BOOL This output indicates the status
of the light curtain’s protective
function.

ON (1): The light curtain’s protective
function is disabled.

OFF (0): The light curtain’s protective
function is enabled.

Clear Area (CA) BOOL This output indicates when the light
curtain sensing field must be cleared
(all muting sensors and the light
curtain are ON) before processing
can continue.

ON (1): The light curtain sensing field
must be cleared.

OFF (0): The light curtain sensing
field is clear.

Fault Code DINT This output indicates the type of
fault that occurred. See the Fault
Codes in this instruction for the list
of fault codes.

Diagnostic Code DINT This output indicates the diagnostic
status of the instruction. See the
Diagnostic Codes section in this
instruction for a list of diagnostic
codes.

This parameter is not safety-related.

Fault Present (FP) BOOL ON (1): A fault is present in the
instruction.

OFF (0): The instruction is operating
normally.

IMPORTANT: Do not write to any instruction output tag under any circumstance.
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Operation

Normal Operation

One sequence of muting sensor and light-curtain input transitions lets the protective function
of the light curtain be disabled (muted). That sequence must start with both of the muting
sensors and the light curtain in their ON (1) state, which indicates that the light-curtain sensing
field is clear of all personnel and material.

At (A), the Sensors and the Light Curtain are cleared and the Output 1output is energized when
the Reset input turns ON (1). At (B), the material blocks Sensor 1, starting the $1-S2 timer. At (C),
the material blocks Sensor 2 within the S1-S2 Time period, so the S1-S2 timer stops. The S2-LC
and Maximum Mute timers start. The Muting Lamp output turns ON (1), indicating that muting is
enabled. At (D), the material blocks the Light Curtain within the S2-LC Time period, so the S2-
LC timer stops. From (D) to (E), Output 1remains energized while the material passes through
the Light Curtain. At (E), the material clears the Light Curtain, starting the LC-S2 timer. At (F),
the material clears Sensor 2 within the S2-LC and Maximum Mute time periods, so both timers
stop. The $2-S1 timer starts and the Muting Lamp output turns OFF (0), indicating that muting is
disabled. At (G), the material clears Sensor 1, stopping the S2-S1 timer.

Enable Mute ]

| |
| i
| I
I |
0 | I
| |
1 | |
Sensor 1 l :
0 f '
] | EECEIEC
Sensor 2 I !
] . 5
» =t |e

1
Light Curtain
0

| of = e

1
Resat l_l
0

|

|

Muting Lamp 1 :
Status l
|

|

|

0

1
Output 1
0

|
|
1
Muting Lamp i
|
|

® & 6 O & & o6

0 | |
| |
11: 51-52 Time 12 52-LC Time
13: Maximum Mute Time Rastart Type = Manual
Invalid Sequence

Any input sequence other than the normal operation sequence results in Output 1being de-
energized.

At (A), Output 1is energized just as in a normal sequence of operation. At (B), Sensor 1and
Sensor 2 are simultaneously blocked, causing Output 1to be de-energized and the Fault Present
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and Clear Area outputs to turn ON (1). The override feature can be used to clear the material

from the light curtain sensing field and de-energize the Clear Area output.

Enable Mute !

:
I
0 I
|

Sensor 1 ]
0

1
Sensar 2
0

Light Curtain ]

:
|
|
|
|
|
|
|
|
|
|
|
|
i
|
|
|
|
:
0 I
|

1
Reset l_l
0

Muting Lamp 1

Status 0

Clear Area :
0

Output 1 ]
0

0

|

|

1 !

Fault Present :
|

T

|
T
1 |
® ®
Restart Type = Manual

Tolerated Sequence

The Two-sensor Asymmetrical Muting (TSAM) instruction tolerates application dynamics that

might cause an input to oscillate due to over-travel or load vibration.

At (A) Output 1is energized just as in a normal sequence of operation. At (B), Sensor 1turns
OFF (0), starting the S1-S2 timer. Sensor 1turns ON at (C), stopping the S1-S2 timer. At (D),
the material completely blocks Sensor 1, turning it OFF (0), and the normal muting sequence
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continues. A sensor can glitch, as illustrated from (B) to (C), as a result of overtravel or load
vibration. As s long as the final input sequence is valid, muting function will be allowed to occur.

+
' z
Enable Mute '
R T
a I S
Frptd
- 1 T
sergon 1 :
| i = ’
i
. N e .
e | TR
e 2| i |
! [
of 11
1
1 A L
LI'JW? Curean : : I
| gl
0 TRt
fooio)

1
Pzt -[

Mutrg Lamp 1
<
»Bhs
2 D

Curtput 1

1
tAing Lamp

A y
w [
1: 51-52 Time
13 Manmum Mute Time

Y

]

L2
(T o o o o o i s o e s e s e ke

=
e

Dangerous Portion of Cycle

12: 52-1C Tima

Restart Typa = Manua!

The Enable Mute input enables or disables the protective function of the light curtain. When the
Enable Mute input is OFF (0), the protective function of the light curtain is enabled and material
may not pass through the light curtain sensing field.

At (A), Output 1is energized just as in a normal sequence of operation. At (B), the material blocks
Sensor 1, turning it OFF (0) and starting the S1-S2 timer. At (C), the material blocks Sensor 2
within the S1-S2 time period so the S1-S2 timer stops and the S2-LC timer starts. Because the
Enable Mute input is OFF (0), muting is disabled and the Muting Lamp output remains OFF (0).
The material blocks the Light Curtain at (D), and Output 1is de-energized.
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If the application does not have parts of its cycle where it is unacceptable for material to pass
through the light curtain, you can disable this feature by setting the Enable Mute input to a
constant value of ON (1).

i i : ’3
q t
Ereile Wuts { 1 1 :
0 { i 5
| i P
1| H {
Sanse | :
b :
o<t
Sensie 2 :
of -4+
l ; e
Light Curtain / { } )
N 0 ] 1 i
1 1
H §
1 i i
Rasat Nl ] t
]
b - -
i H
1 L ' !
MutingLamp 1 H P
Sabs 0 H :
] ]
{ 1
1 i
Dutput ] {
0 i
i
1 L { i
Kuting Lamp i H ;
0 1 $ {
R HE __3._.____._}_____._.i__.____;_._._.____.____._ 4 B3 - H
r_»f' @& O Qﬁ
tl: S1-52 Time 2 S2-LC Tima
Raztart Typa = Wanual
Override Operation

The override feature lets an operator manually energize Output 1so that material can be cleared
from the sensing field.

WARNING: The Override function may be used only with a hold-to-run device where the operator can
see the point of hazard, that is, the light curtain sensing field.

At (A), the Qverride input turns ON (1). Output 1is energized and the Maximum Override timer
starts. At (B), the material clears Sensor 1and the Clear Area output is turned OFF (0). At (C), the
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Override input turns OFF (0) within the Maximum QOverride time period. Output 1is de-energized
and the Maximum QOverride timer stops.

]
1 |
Override !
0 :
— ™ = : l——
1 — =
Enable Mute N e e e e O O o e
S 1 I T 17 | e e e R Y
' i | ;
1 : | |
Sensar 1 : !
0 |
| | |
1 ! ! !
Sensor 2 ! ! !
0 | | |
B | | |
| | I
. R | L L |
Light Curtain ! ! !
: | AN
| | |
Reset ! e : I —_—
ese e O
i I e e | | Tt
- ! T T
I I I
Muting Lamp 1 =—————— ; EE———
StaiusD O o o o o = oy o e e e Y
i i i
1 ' :
Clear Area : :
0 | |
| | |
|
1 Il
Output 1 :
d i I i
| N
® ® ©

|
t1: Maximum Override Time

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes

Restart Type = Manual

The fault codes are listed in hexadecimal format followed by decimal format.

General Fault Codes

Fault Code Description Corrective Action

0 No fault. None.

16420 The Input Status input went from ON | «  Check the 1/0 module

3 (1) to OFF (0) while the instruction connection or the logic used to

was executing.

source input status.

e Reset the fault.

Rockwell Automation, Inc.
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Sensor Input Pattern Fault Codes

Fault Code Description Corrective Action
1649600 Aniillegal input pattern was detected. | Sensor 2 should also be blocked
38400 Sensor 1and the Light Curtain are »  Check the Sensor 2 circuit.
blocked and Sensor 2 cleared.
*  Reset the fault.
16#9601H An illegal input pattern was detected. | Sensor 1should also be blocked.
38401 Sensor 2and the Light Curtainare |, ohocy the Sensor 1 circuit.
blocked and Sensor 1is cleared.
*  Reset the fault.
1649602 Anillegal input pattern was detected. | Sensor 2 should also be clear. Sensor
38402 Sensor 2 is blocked when Sensor 1 1should be the first to be blocked.
and the Light Curtain are cleared. «  Check the Sensor 2 circuit and
the alignment of Sensors 1and
2.
m *  Reset the fault.
1649603 An illegal input pattern was detected. | The Light Curtain should not be
38403 Sensor Tand Sensor 2 are cleared blocked when Sensors 1and 2 are

and the Light Curtain is blocked.

s
- K
]
—
Ei=

clear.
»  Check the Light Curtain circuit.

*  Reset the fault.
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Normal and Tolerated Muting Sequences

i

Mormal | ’l,l\] | 1 || 1 |
o Tt L
DTDIerated | U'ﬁJF] ‘LL| | i |
g |U|DLL||3|
Anillegal muting sequence is a legal input |U | 0 | 0 || 4 |
combination that deviates from the normal or 1r <5
tolerated sequences. ER
<>
DEERFERET
1 R S
Muting Sequence Fault Codes
Fault Code Description Fault Code Description
1649500 Anillegal muting sequence | 1649501 An illegal muting sequence
38144 was detected when Sensor 38145 was detected when
1(S1) and Sensor 2 (S2) are Sensor 1, Sensor 2, and
simultaneously blocked in the Light Curtain (LC) are
step 1. simultaneously blocked in
Step stept
T [ [ST[SZ]LC] Ster
EAENERIEN
1649502 An illegal muting sequence | 16#9503 An illegal muting sequence
38146 was detected when Sensor 381447 was detected when
2 and the Light Curtain are Sensor Tand Sensor 2 are
simultaneously blocked in simultaneously cleared in
step 2. step 3.
Step Step
L1110 ERREERIEN
<=
LB L ] L2 0 T O
[0[0[0] [0TO0[1][3]
16#9504 An illegal muting sequence | 16#9505 An illegal muting sequence
was detected when Sensor was detected when Sensor

Rockwell Automation, Inc.
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Fault Code Description Fault Code Description
38148 1, Sensor 2, and the Light | 38149 2 and the Light Curtain are
Curtain are simultaneously simultaneously cleared in
cleared in step 4. step 4.
Step Step
RN R [(TT1[1][1]
LB ] ] | | LB 19 ] 12 ]
[0TO[T][3] (0T0T1][3]
(0[0]0[[4] (0[0[0][4]
L0 [ [
1649506 Anillegal muting sequence | 1649507 An illegal muting sequence
38150 was detected when 38151 was detected when Sensor
Sensor Tand Sensor 2 are 2 and the Light Curtain are
simultaneously cleared in simultaneously blocked in
step 5. step 6.
Step Shp
LTI 11101 LTI ][]
|U|{1/L'|1||2| GELL ] 2]
AL 1 [ Z
IGIJ\DB|1||3| (0[0]1T][3]
01011 3
< IL
(0[0]0][4] (0[O0T0][4]
= JC
[0IQTT]L5] [0T0TT]1[5]
[6]
1649508 Anillegal muting sequence | 1649509 An illegal muting sequence
38152 was detected after the 38153 was detected after the

sequence transitions from
step b to step 6 to step 5 (a
tolerated sequence) when

sequence transitions from
step 5 to step 6 to step
5 (a tolerated sequence)
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Fault Code

Description Fault Code
Sensor 1and Sensor 2 are
cleared.
[ST]SZ[LC] Step
(111 11][1]
(01 [T][2]
[0TO[1][3]
<5
(0]0[0][4]
<5
[0TO[TI[5]
JL
(0]1[T][6]
<
[0TO[T][5]
[T 1]1]

Description
when the Light Curtain is
blocked.
[ST[S2[LC] Step
LTI [T
(0[111][2]
<~z
[0[O0TT][3]
<>
(0[0]0][4]
<
E R
[0[1]1][6]
<5
(0]0[1][5]
[0[0[0]

To correct an invalid sequence fault, check the alignment of the sensors with regard to the
material being moved and the system timing and then reset the fault.

Correcting Invalid Sequence Faults

Fault Code

Description

Corrective Action

16#9000
36864

The Light Curtain was muted for
longer than the configured Maximum
Mute Time.

The Maximum Mute Time parameter
is set too short or there is an
anomaly with the sensors.

16#9410
37904

Too much time has elapsed between
Sensor Tand Sensor 2 being blocked

The $1-S2 Time parameter is set too
short or there is an anomaly with
Sensor 2.

1649411
37905

Too much time has elapsed between
Sensor 2 and the Light Curtain being
blocked.

The S2-LC Time parameter is set too
short or there is an anomaly with
Sensor 2.

1649412
37906

Too much time has elapsed between
the Light Curtain and Sensor 2 being
cleared.

The S2-LC Time parameters is set
too short or there is an anomaly with
Sensor 2.

1649413
37907

Too much time has elapsed between
Sensor 2 and Sensor 1being cleared.

The $1-S2 Time parameter is set too
short or there is an anomaly with
Sensor 2.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Rockwell Automation, Inc.
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Diagnostic Code Description Corrective Action

0 No fault. None

16#1 The Muting Lamp Status input is OFF | »  Check the muting lamp and
1 (0). replace it, if necessary.

« If amuting lamp is not required,
set the Muting Lamp Status
input to ON(1).

1645 The Reset input is held ON (1). Set the Reset input to OFF (0).

5

16#20 The Input Status input was OFF (0) | Check the I/0 module connection or
) when the instruction started. the logic used to source input status.

Affects Math Status Flags

No

Major / Minor Faults

None specific to this instruction. See Index Through Arrays on page

for array-indexing

faults.

Execution

Condition/State Action Taken

Prescan Same as Rung-condition-in is false.

Rung-condition-in is false

The .01, .ML, .CA and .FP are cleared to false.

Rung-condition-in is true

The instruction executes.

Postscan

Same as Rung-condition-in is false.

TSAM wiring and programming example

222

This example complies with IS0 13843-1 Category 4 operation. The standard control portion of

the application is not shown.
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Wiring Example

This wiring diagram shows how to wire a light curtain and two muting sensors to a 17910S-1B12
module to illustrate the use of the Two-sensor Asymmetrical Muting instruction. The application
includes a hold-to-run switch and a momentary push button for reset.

VI
Muting PushButton [/
\ [mset)
+ MV R +24¥ L
——|  osD
—
0502
»
W T
—] —_—
Light Curtan
¥ Ground
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Programming Example

This programming diagram logically illustrates how the Two-sensor Asymmetrical Muting
instruction is typically used with a DCI Stop (light curtain) and DCI Start (hold-to-run switch)

Fault Presant

TwoSensorAsymme tricalMuting Function

Outpt T Beeligtez i

Muting Lamp
Qear Area

instruction.
Light Curtain1
rbls. —————
quivalent Active Higl nput Type Output 1}—

MBOms > Discrepancy Time

Hutomnatic Restart Type

Coldstart Type

Module1:1.PtooData (hannel A

Module1:|.Pto1Data (hannel B

Module?:|.CombinedStatus - Input Status . TEAM

Wil > RestartType
= Reset FaultPresent TB0ms  _>—{S1-52Time
TB0ms | SCTime
il Manimurn Mute Time
BD Maximum Override Time

Light Curtain

Modulel:1. Pro2Data Sensor 1

Modulel:1.Pto3Data Sensor 2
Enable Mute
Override
Input Status

Module1:. MutingStatus Muting Lamp Status
Reset

Hold TR unKey5witch
— DCSAT 7,&“

—— InputType Output 1 ——

Mhms > DisrepancyTime

| Enable

Module1:1.PtosData t-+—{ Channel &

Module1:1.Pto7Data +—— Channel B

L—{ Input Status
L Reset Fault Present

Note 1: Thistag & an Internal Boclean tag that represents th e nanhazardous portion of the machine cyde. Its walue |s determined by other parts of the user application that are nat shown In this eample.
'When the protected hazard I present, this tag value should be Falsa i) . When the protected hazard 1s mot present, this tag value shoud be True (1), When the value of thistag s True (1), the
muting Instruction allows the light curtainto become muted onfy 1f the proper Input sequanda 15 detacted. When thevalue of thistag s Falsa (3, the muting Instruction dees not allow the light
curtain tobecome muted, ewen If the proper Inputsequenca 15 detectd,

Note 2: This tag 15 an Internal Booleantag that 15 used by other parts of the user appliction that are not shown In this eample.

Key: Colorcode represents data orvalue typically used.

Ml Variabl,

Safety Input Safety Output
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Two Sensor Asymmetrical Muting

Ladder Diagram

DCS
Dual Channel Input Stop
DCS LightCurtain1 o1
Safety Function LIGHT CURTAIN
Input Type EQUMNMALENT - ACTIVE HIGH FP
Dizcrepancy Time (Msec) 300
Restart Type AUTOMATIC
Cold Start Type AUTOMATIC
Channel & Module1:1. PtO0Cata

14u
Channel B Module1:1.Pt01Cata

14n
Input Status Module1:. CombinedStatus

14u
Reset Module1:1.Pt110ata

() 4u
DCSET
Dual Channel Input Start
DCSAT HoldToRunKeySwitch 01
Safety Function USER DEFINED
Input Type EQUINALENT - ACTIVE HIGH FP
Discrepancy Time (M=ec) 500
Enable ALWANS_EMABLED

14u
Channel A Module1:1. PtOS0ata

() 4u
Channel B Module1:1.PtO7ata

14u
Input Statuz Module1:. CombinedStatus

14a
Reset Module1:1.Pt110ata

() 4u

TSAM

T5AM TwoSensorAsymmetricalMutingFunction o1

Restart Type MANUAL
51-52 Time (M=ec) 5000 ML
S2-LC Time (M=zec) 5000
Maximum Mute Time (Sec) 20 CA
Maximum Cverride Time (Sec) 10
Light Curtain LightCurtain1.01 FP

L
Sensor 1 Module1:1.Pt020ata

0 4=
Sensor 2 Module1:1.Pt030ata

| -
Enable Mute Seehote

0 4=
Owerride HoldToRunKeySwitch.01

L
Input Status Module1:l. CombinedStatus

| -
Muting Lamp Status Meodule1:l MutingStatus

| -
Reset Module1:1.Pt110ata

0} 4=

TwoSensorAsymmetricalMutingFunction. ML

Module1:0.Test030ata

TwoSensorAsymmetricalMutingFunction.CA  Module1:0.Test0Z2Data
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O The tag in the preceding diagram is an internal Boolean tag that represents the nonhazardous portion of
the machine cycle. Its value is determined by other parts of the user application that are not shown in
this example. When the protected hazard is present, the tag value should be False (0). When the protected
hazard is not present, this tag value should be true (1). When the value of the tag is true (1), the muting
instruction allows the light curtain to become muted only if the proper input sequence is detected. When
the value of the tag is False (0), the muting instruction does not allow the light curtain to become muted,
even if the proper input sequence is detected.

The programming software is used to configure the input and output parameters of the Guard
|/0 module, as illustrated.

When defining the module, selecting Combined Status-Muting lets the muting lamp be
monitored. Choosing Test for Output Data lets safety logic control Test Output 3 to drive the
Muting Lamp and Test Output 2 to drive the Clear Area lamp.

Module Definition

Madule Definition - [

Series:
Revision: 001 =

Electranic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting =
Output Data: Mone L
Data Format: Integer 2

Ok, ] [ Cancel ] [ Help

e

Rockwell Automation suggests the use of Exact Match, as shown. However, setting Electronic
Keying to Compatible Match is allowed. The safety inputs that interface with the Light Curtain
(Points 1and 2) are not pulse-tested because the Light Curtain pulse-tests its own signals.
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Module Input Configuration

| General | Connection | Safety | Module Info | Input Corfiguration | Test Output

Point Operation T Input Delay Time (ms)
es

Point Dizcrepan Point Mode
Type Sl F('m'fy Souree | graon | On-»0ff
0 | Single - 0 - | Safety L= l[None || = 03
1 L - || Safety Lwl[None || 0= 03
2 | Single - 0 «| Safety || None |w| 05 0
3 I ~ || safety |w|[ None |w] = 05
4 | Single - 0 | Not Used | ][ Nong || 03 (=
5 1 || Not Used ||| None |+| 0= 05
6 | Single - 0 «| Safety Pulse Test |« |0 = 0= 0=
5 = ~ || Safety Pulse Test |1 = 0= 05
g | Single - 0 «|{Not Used || None |v| 0= 05
9 1 - || Not Used || None |w| 0= 03
10 | Single - 0 «|[Not Used ||| None |+| 05 03
11 10 - || Safety ||| None |+| 0= 05

Input Ermror Latch Time: 10005+ ms
Status: Offine [ ok | [ Cancel | Apply Help

Configuring Test Output 3 for Muting Lamp causes the I/0 module to monitor the lamp that is
connected to this output.

Module Test Output Configuration

| General | Connection I Safety I Module Info I Input Corfiguration | Test Output

Point Point Mode
0 | Pulse Test

1 | Pulse Test

2 | Mot Used

3 | Muting Lamp

ol e s

Status: Offline oK l ’ Cancel Apply Help

Two-sensor Symmetrical Muting (TSSM)
This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

This instruction provides a temporary, automatic disabling of the protective function of a light
curtain, which allows material to be transported through the light curtain sensing field without
stopping the machine. Muting sensors differentiate between materials and personnel, and must
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act together along with the light curtain, in a specific switching sequence when the appropriate
material passes the sensing field.

Available Languages

Ladder Diagram

TSSM
Two Sensor Symmetrical Muting
TSSEM ? o1
Restart Type ?
51-52 Discrepancy Time (Msec) ? KL
51,52-LC Minimum Time (Msec) ?
51 ,52-LC Maximum Time (M=ec) ? CA
Maximum Mute Time (Sec) ?
Maximum Override Time (Sec) ? FP
Light Curtain ?

2
Senzor 1 ?

7
Sensor 2 ?

2
Enable Mute ?

7
Owverride ?

2
Input Status ?

7
Muting Lamp Status ?

2
Reset ?

7

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Two Sensor Symmetrical Muting Application

Two Sensor Symmetrical Muting uses two muting sensors arranged symmetrically on either side
of the light curtain. Their sensors intersect at or just behind the light curtain in the center of the
protected opening.

Tansor , Muting Lamp
1

L

‘Material “}-i,\’: |:‘I>

/fll -\\.

- 1l ~

Sensor
Z
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IMPORTANT: The muting sensors must be arranged so a person cannot activate the muting sensors in the same
switching sequence as the material and enter the area when a hazardous condition exists. Sensor setup must
take into account material size, shape, and speed. Additional guarding may also be necessary.Specific guarding
requirements should be identified through a hazard or risk assessment of your application.

Operands

WARNING: If you change instruction parameters while in Run mode, you must accept the pending
edits and cycle the controller mode from Program to Run for the changes to take effect.

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.
»  Backing tags are shared by multiple instruction invocations.
»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

IMPORTANT: Do not use the same tag name for more than one instruction in the same program. Do not write to
any instruction output tag under any circumstances.

This table provides the parameters for this instruction. The parameters cannot be changed at
runtime.

Parameter Data Type Format Description

TSSM MUTING_TWO_SENSOR_SYM | tag This parameter is a
backing tag that maintains
important execution
information for each usage
of this instruction.

For examples of incorrect
backing tag usages, see
Backing tag usages that
can cause unexpected
operation on page

Restart Type BOOL name Configures Output 1for
either Manual or Automatic
Restart.

MANUAL (0)

A transition of the reset
input from OFF (0) to ON
(1), while all of the Output
1enabling conditions
are met, is required to
energize Output 1.

Rockwell Automation, Inc. Publication 1756-RM0950-EN-P - September 2025 229


unique_3
unique_3
unique_41
unique_41

Chapter 2

Safety Instructions

230

Parameter Data Type

Format

Description

AUTOMATIC (1)

Output 1is energized 50ms
after all of the enabling
conditions are met.

ATTENTI
ON:

Automatic

restart
may only
be used in
application
situations
where you
can prove
that no
unsafe
conditions
can occur
as a result
of its use.

S152 Discrepancy Time DINT

immediate

The maximum amount of
time the muting sensors
(Sensor 1and Sensor 2)
may be inconsistent before
a fault occurs.

The valid range is 5
through 180,000 ms.

S182-LC Minimum Time DINT

immediate

When material is entering
the light curtain sensing
field, this time specifies
how long to wait before
the material is allowed to
block the Light Curtain
after Sensor 1and Sensor
2 have been blocked. When
material is exiting the light
curtain sensing field, this
time specifies how long to
wait before the material is
allowed to clear Sensor 1
and Sensor 2 after clearing
the Light Curtain. If the
$182-LC Minimum Time is
exceeded, a fault occurs.

The valid range is 5
through 180,000 ms.
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Parameter Data Type Format

Description

S$182-LC Maximum Time DINT immediate

When material is entering
the light curtain sensing
field, this time specifies
the maximum time to wait
for the material to block
the Light Curtain after
Sensor Tand Sensor 2
have been blocked. When
material is exiting the
light curtain sensing field,
this time specifies the
maximum time to wait
for the material to clear
Sensor Tand Sensor 2 after
clearing the Light Curtain.
If the S1S2-LC Maximum
Time is exceeded, a fault
occurs.

The valid range is 5
through 180,000 ms.

Maximum Mute Time DINT immediate

The maximum amount

of time during which

the instruction lets the
protective function of the
light curtain be disabled
before generating a fault.

The valid range is 0
through 3600 s. Setting
this input to 0 disables the
Maximum Mute timer.

Maximum Override Time DINT immediate

The maximum amount of
time that the instruction
lets the override feature
energize the OQutput 1
output.

The valid range is 0
through 30 s. Setting this
input to 0 disables the
Maximum Override timer.

This table provides the input parameters for this instruction.

Parameter Data Type Format

Description

Light Curtain BOOL tag

An input channel

with OFF (0) as its
safe state, this input
represents the current
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Parameter

Data Type

Format

Description

state of the physical
light curtain. You are
responsible for properly
conditioning this input.
Typically conditioning is
accomplished by using
Dual Channel Input Stop
instruction controlling a
light curtain.

ON (1): The light curtain is
clear.

OFF (Q): The light curtain is
blocked.

Sensor 1

BOOL

tag

One of two muting sensors,
Sensor 1 must be blocked
or cleared within the

$182 Discrepancy Time of
Sensor 2 being blocked or
cleared.

ON (1): Sensor Tis clear.

OFF (0): Sensor 1is
blocked.

Sensor 2

BOOL

tag

One of two muting sensors,
Sensor 2 must be blocked
or cleared within the

$152 Discrepancy Time of
Sensor 1being blocked or
cleared.

ON (1): Sensor 2 is clear.
OFF (0): Sensor 2 is
blocked.

Enable Mute

BOOL

immediate

tag

This input allows the
protective function of the
light curtain to be disabled
(muted) when the correct
muting sequence occurs.

ON (1): The protective
function of the light
curtain is disabled when
the correct muting
sequence occurs.

OFF (0): The protective
function of the light
curtain is always enabled.

Override

BOOL

tag

This input allows a
temporary bypass of
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Parameter Data Type

Format

Description

the muting instruction’s
function.

OFF (0): Override function
is disabled.

OFF (0)-> ON (1): Output Tis
energized regardless of the
status of the Input Status
input or the existence of
faults. Output 1remains
energized while the
Override input remains ON
(1) or until the Maximum
Override timer expires.

ATTENTI
ON:
Activation
of the
override
function
requires
the use
ofa
hold-to-
run device
where the
operator
can see
the point
of hazard,
that is,
the light
curtain
sensing
field.

Input Status BOOL

immediate

tag

If the instruction inputs are
from a safety 1/0 module,
this is the status from the
/0 module (Connection
Status or Combined
Status). If the instruction
inputs are derived from
internal logic, it is the
application programmer’s
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.
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Parameter Data Type Format Description

OFF (0): The inputs to this
instruction are invalid.

Muting Lamp Status BOOL immediate This input represents the

tag status of the muting lamp.

ON (1): The muting lamp
is operating properly. The
light curtain'’s protective
function is disabled
(muted) after the correct
muting sequence is
followed.

OFF (0): The muting lamp is
defective or missing. The
light curtain’s protective
function is always enabled.

Reset! BOOL tag This input clears
instruction and circuit
faults provided the fault
condition is not present.

OFF (0)-> ON (1): The Fault
Present and Fault Code
outputs are reset.

Output 1is energized when
the Restart Type is Manual.
Output 1is not energized
at the same time faults are
cleared.

'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the
reset input from High-to-Low or Low-to-High.

This table provides the output parameters for this instruction.

Parameter Data Type Description

Output 1(01) BOOL ON (1): The light curtain sensing field
is not obstructed, the light curtain is
being muted, or the light curtain is
being overridden.

OFF (0): The light curtain sensing
field is obstructed.

Muting Lamp (ML) BOOL This output indicates the status
of the light curtain’s protective
function.
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Parameter Data Type Description

ON (1): The light curtain’s protective
function is disabled.

OFF (0): The light curtain’s protective
function is enabled.

Clear Area (CA) BOOL This output indicates when the light
curtain sensing field must be cleared
(all muting sensors and the light
curtain are ON) before processing

can continue.

ON (1): The light curtain sensing field
must be cleared.

OFF (0): The light curtain sensing
field is clear.

Fault Code DINT This output indicates the type of
fault that occurred. See the Fault

Codes for the list of fault codes.

This parameter is not safety-related.

Diagnostic Code DINT This output indicates the diagnostic
status of the instruction. See
the Diagnostic Codes for a list of

diagnostic codes.

This parameter is not safety-related.

Fault Present (FP) BOOL ON (1): A fault is present in the

instruction.

OFF (0): The instruction is operating
normally.

IMPORTANT: Do not write to any instruction output tag under any circumstance.

Operation

Normal Operation

One sequence of muting sensor and light-curtain input transitions lets the protective function
of the light curtain be disabled (muted). That sequence must start with both of the muting
sensors (S1, S2) and the light curtain in their ON (1) state. This indicates that the light-curtain
sensing field is clear of all personnel and material.

At (A), the Sensors and the Light Curtain are cleared and the Output 1output is energized when
the Reset input turns ON (1). The material blocks Sensor 1at (B), starting the S1S2 Discrepancy
timer. At (C), the material blocks Sensor 2, stopping the S152 Discrepancy timer and starting
the $152-LC Minimum, the S152-LC Maximum, and the Maximum Mute timers. At (D), the S152-
LC Minimum time period expires, starting the Maximum Mute timer and turning the Muting
Lamp output ON (1). At (E), the material blocks the Light Curtain within the $152-LC Maximum
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time period, stopping the S$152-LC Maximum timer. From (E) to (F), Output 1 remains energized
while the material passes through the Light Curtain. At (F), the material clears the Light Curtain
and the S1S2-LC Minimum timer starts. At (G), the S152-LC Minimum time period expires. The
Muting Lamp output turns OFF (0) and the Maximum Mute timer is stopped, indicating that
muting is disabled. The material clears Sensor 2 at (H), starting the S1S2 Discrepancy timer.

At (1), the material clears Sensor 1within the S1S2-LC Maximum time period, stopping the S152
Discrepancy timer.

I I N N I
1 l l —TT —TT l
Enable Mute I I I - I - I
I I I (| I (| I
n 1 1 1 [ | 1 [ | 1
i i T T i
e EEEEEE
Semsar 1 i i i i -
0 ! RN RN
, i —h! =t |« i i i i—h| =tl I}-(—
Sensor2 ! ! - - !
] | | I I L |
: | | —l-|:»12 {4—: - :»T.E{{—I |
Light Curtain : : : : : : :
0 | | *i | 1* |+ L *i
i i =3 —1=td -
Reset | '_l i | I{J— 4 —:—pi i |
| =
0 | I I I —TT I
I I I [ | I [ | I
Muting Lamp Status 1 : : : : : : : : :
1 1 1 (. | 1 (. | 1
0 i i R R i
i i T T i
,I | | | (| | (| |
Output1 I Lol Lol I
0 i i - i - i
I I o o I
I I T I T I I
1 1 1 1 } } 1 1
Muting Lamp ! ! ! ! ! ! !
i] 1 1 1 | | 1 1
| | | (| | (| |
i | L1 L1 |
A B C WyE F [ |
11: 5152 Discrepency Time 12:5152-LC Minimum Time
13: 5152 -LC Maximum Time 14: Maximum Mute Time
Restart Type =Manual
Invalid Sequence
Any input sequence other than the normal operation sequence results in Output 1being de-
energized.

At (A), Output 1is energized just as in a normal sequence of operation. At (B), the material blocks
Sensor 1, starting the S1S2 Discrepancy timer. The material blocks Sensor 2 at (C), stopping the
S152 Discrepancy timer, starting the S152-LC Minimum timer and the S1S2 -LC Maximum timer. At
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(D), the Light Curtain is blocked during the S152-LC Minimum Time period, causing Output 1to be

de-energized. The S1S2-LC Maximum timer stops.

¥ ¥ I ¥
........... ECERRE RO SN RN R L s R R R L i o
i [ i i i
Enahle Muta H i H :
g 1 [ 1
; i i 1
i i i
5 ¥ [ i
il 1 i i
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i ! [l
[ '#-: ES N o] []
[
L :
i i
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1 ¥ BiE
1 ']
Lichit Distan i [] []
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] ] 1 i
b § i §
H H e
i ; i
Flar ; H i 1
i l t i H
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i i i [
[ [l i [
T
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[ i i [
§ 1 i i
i i i i
L] i [ i
1 ]
Ceyput 1 H H %
It § i
i i [
3 [ 1 [ [l
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holiting Lamp [ i i i
g Lamp Ll A 1 t
] '] i
1 [} § 1 § |
............ e e e e e e
H . H

|
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Tolerated Sequence

The Two-sensor Symmetrical Muting (TSSM) instruction tolerates application dynamics that
might cause an input to oscillate due to over-travel or load vibration.

At (A), Output 1is energized just as in a normal sequence of operation. At (B), Sensor 2 turns

OFF (0), starting the S1S2 Discrepancy timer. Sensor 2 turns ON (1) at (C), stopping the S1S52
Discrepancy timer. At (D), the material completely blocks Sensor 2, turning it OFF (0), and the
normal muting sequence continues. A sensor may glitch, as illustrated from (B) to (C), as a result
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of over-travel or load vibration. As long as the final input sequence is valid, the instruction lets
the muting function occur.

Enatile hie !
I o 1
LA |
1
Sansr 1 |
1] et ..I
s e 5
Senee 2 | H |
g |t H
R =t -
Light Curtain I | l
1]
i B st e
Hasal1 B - T »
|y —
Wutirgg Lamp 1
Siang VN q
] R f
4
futpt 1 __l
I
i : i i
ubing Laimp i q I l
1 i
A ..
by
1l G%E'ﬁlwur.mw me 12: 51520 Minmum Time
G B137-L0 Magmum Tima o Magimum e Time
Rastart Type = Il

Dangerous Portion of Cycle

The Enable Mute input enables or disables the protective function of the light curtain. When the
Enable Mute input is OFF (0), the protective function of the light curtain is enabled and material
may not pass through the light curtain sensing field.

At (A), Output 1is energized just as in a normal sequence of operation. At (B), the material blocks
Sensor Tand Sensor 2, turning them OFF (0) and starting the S1S2-LC Minimum, the S152-LC
Maximum, and the Maximum Mute timers. Because the Enable Mute input is OFF (0), muting is
disabled and the Muting Lamp output remains OFF (0). At (C), the S1S2-LC Minimum time period
expires. The material blocks the Light Curtain at (D), and Output 1is de-energized.
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If the application does not have parts of its cycle where it is unacceptable for material to pass
through the light curtain, you can disable this feature by setting the Enable Mute input to a
constant value of ON (1).

Enable Mute !
0

Sensor 1 I
]

Sensor Z 1

0

Light Curtain !
0

Reset ! '_l

0

[
(%]

|

|
Muting Lamp !
Status :
I

|

0

Output 1 ]
0

Muting Lamp !
0

5 0 2

® ® oo
t1: §152-LC Minimum Time 12: §152-LC Maximum Time
t3: Maximum Mute Time Restart Type = Manual

Override Operation

The override feature lets an operator manually energize Output 1so that material can be cleared
from the light curtain sensing field.

ATTENTION: The Override function may be used only with a hold-to-run device where the operator
can see the point of hazard, that is, the light curtain sensing field.

At (A), the Override input turns ON (1). Output 1is energized and the Maximum Override timer
starts. At (B), the material clears Sensor 1and the Clear Area output turns OFF (0). At (C), the
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Override input turns OFF (0) within the Maximum Override time
and the Maximum QOverride timer stops.

period. Output 1is de-energized

1
1 |
Ovarride |
0 :
™ =1l : le—
] BT o e —
Enable Mute R e e e N ] N
0 —— ! T
| | |
1 : | |
Sensor 1 } I
0 |
| | |
1 ! ! !
Sensor 2 } I |
0 | | |
| | |
| I |
1 ! | |
Light Curtain } : |
0 I | |
i | | |
| | |
1 — ] l | Lk
Reset e e e O O O 0 O S
e — e
| EEm
Muting Larmp ! O e B o
Status 0 s o e e e e T s e e i O
i i i
1 ! ' |
Clear Area : :
0 |
| | |
| | |
] |
Output 1 : !
! ! !
it Y '
Gy B (ﬁ)

t1: Maximum Cl\-'erriﬂe Time

False Rung State Behavior

Restart Tfpe_ = Manual

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes

The fault codes are listed in hexadecimal format followed by decimal format.

General Fault Codes

Fault Code Description Corrective Action
0 No fault. None.
16420 The Input Status input went from ON | «  Check the I/0 module
3 (1) to OFF (0) while the instruction connection or the logic used to
was executing. source input status.
*  Reset the fault.
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Input Pattern Fault Codes

Fault Code Description Corrective Action
1649A00 Anillegal input pattern was detected. | Sensor 2 should also be blocked.
39424 Sensor Tand the Light Curtainare | - cyocy the Sensor 2 circuit.
blocked and Sensor 2 cleared.
« Rest the fault.
16#9A01 An illegal input pattern was detected. | Sensor 1should also be blocked.
39425 Sensor 2and the Light Curtainare |, opory the Sensor 1 circuit.
blocked and Sensor 1is cleared.
¢ Reset the fault.
16#9A02 Aniillegal input pattern was detected. | The Light Curtain should not be
39426 Sensor 1and Sensor 2 are cleared blocked when Sensors 1and 2 are
and the Light Curtain is blocked. clear.
«  Check the Light Curtain circuit.
m * Reset the fault.

Muting Sequence Faults
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Fault Code Description Fault Code Description
1649900 An illegal muting sequence | 1649901 An illegal muting sequence
39168 was detected when Sensor 39169 was detected while the
1, Sensor 2, and the Light $182-LC Minimum timer
Curtain are simultaneously is timing and the Light
blocked in step 1. Curtain becomes blocked
Step in step 2.
11111 [T STLS2TIL] S
LT I1[ ][]
[0 [0]0]
LB L] 1] 2 |
1649902 An illegal muting sequence | 16#9903 An illegal muting sequence
39170 was detected after the 3917 was detected when Sensor
$182-LC Minimum Time 1, Sensor 2, and the Light
expires and Sensor Curtain are simultaneously
Tand Sensor 2 are cleared in step 3.
zlr:;lztaneouslycleared in Step
' T[]
Al
EAENENED [0[OTT][2]
<>
(010111 Z] [0T0T01[3]
LT[1[1]
1649904 An illegal muting sequence | 16#9905 An illegal muting sequence
39772 was detected when Sensor 39773 was detected while the
1and Sensor 2 became LC-S1S2 Minimum timer is
inconsistent while the timing and Sensor 1and
Light Curtain was blocked Sensor 2 are cleared in
in step 4. step 4.
Stap Rl
EEERENNEN (1117110 1]
(010 [T][2] (0[O0[1][2]
~F L
IDIJD'IDIISI [0T0T07][3]
~z
INC 0] [0TO0TT][4]
1649906 An illegal muting sequence | 1649907 An illegal muting sequence
39774 was detected while the 39775 was detected while the

LC-S1S2 Minimum timer
is timing and Sensor 1

S1S2 Discrepancy timer
is timing in step 2 (a
tolerated sequence)
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Fault Code

Description

Fault Code

Description

and Sensor 2 become
inconsistent in step 4.

Rl

LTI T T [T
L0 10 TR (22
[0]010J[3 ]
[0JOTT][4]

when Sensor 1, Sensor 2,
and the light curtain are
simultaneously blocked.

Bl

LTI T][1]
[0[O0T1][2Z]
[0]0]0][3]
(010 T][4]

To correct an invalid sequence fault, check the alignment of the sensors with regard to the
material being moved and the system timing and then reset the fault.

Correcting Invalid Sequence Faults

Fault Code

Description

Corrective Action

16#9000
36864

The Light Curtain was muted for
longer than the configured Maximum
Mute Time.

The Maximum Mute Time parameter
is set too short or there is an
anomaly with the sensors.

1649810
38928

Too much time has elapsed between
Sensor 1and Sensor 2 becoming
consistent.

The S1S2 Discrepancy Time
parameter is set too short or there is
an anomaly with the sensors.

1649811
38929

Too much time has elapsed between
Sensor Tand Sensor 2 being blocked
and the Light Curtain being blocked.

1649812
38930

Too much time has elapsed between
the Light Curtain being cleared and
Sensor Tand Sensor 2 being cleared.

The §152-LC Maximum Time
parameter is set too short or there is
an anomaly with the sensors.

Diagnostic Codes

The diagnostic codes are listed in hexadecimal format followed by decimal format.
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Diagnostic Code Description Corrective Action

0 No fault. None

16#01 The Muting Lamp Status input is OFF | »  Check the muting lamp and
1 (0). replace it, if necessary.

« If amuting lamp is not required,
set the Muting Lamp Status
input to ON(1).

16405 The Reset input is held ON (1). Set the Reset input to OFF (0).

5

16#20 The Input Status input was OFF (0) | Check the I/0 module connection or
) when the instruction started. the logic used to source input status.

Affects Math Status Flags

No

Major / Minor Faults

None specific to this instruction. See Index Through Arrays on page

faults.

Execution

for array-indexing

Condition/State

Action Taken

Prescan

Same as Rung-condition-in is false.

Rung-condition-in is false

The .01, .ML, .CA and .FP are cleared to false.

Rung-condition-in is true

The instruction executes as described in the Normal
Operation section.

Postscan

Same as Rung-condition-in is false.

TSSM wiring and programming example

This example complies with IS0 13843-1 Category 4 operation. The standard control portion of

the application is not shown.
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This wiring diagram shows how to wire a light curtain and two muting sensors to a 17910S-1B12

module to illustrate the use of the Two Sensor Symmetrical Muting instruction.

M
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Rockwell Automation, Inc.
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Programming Example

This programming diagram logically illustrates how the Two Sensor Symmetrical Muting
instruction is typically used with a DCI Stop (light curtain) and DCI Start (hold-to-run switch)

instruction.
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Mobe 1: Thistagisan imtemal Baplean tay that represents the nenhasandous portien efhe madhine e s wlie & determined by other parts of the ser application that are nit showniin his example.

When the protecied hazand i present, thistag valwe shauld be False (1. Whes the p

present, i tay vakoe sheai

True (1) When the value of this tag 5 Tree( 1], he

ninting instruction alwws the light wrtain 1o bevorme muried only ifthe proper input sequenceis debected. Whes the vl ue of this tag i False (0], the muting instruction doesnitalosrtheight
curtain o bepome mared, evea ifthe proper input sequen e s deberied.

Mot 2: Thistag & o internal Boolean tag hats nssd by nther parts of the uzer application that are nat shosn in this exaple.

Key: Color code represants data orvalne typicaly wsed.
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Ladder Diagram

L

Publication 1756-RM0950-EN-P - September 2025

DCS
Dual Channel Input Stop F
DCs LightCurtain1 — 01—
Safaty Functian LEGHT CURTAIN
Input Type EQUNALENT - ACTWE HIGH — FP —
Discrepancy Time (Msec) 500
Restart Type AUTOMATIC
Cold Start Type AUTOMATIC
Channel A Module1:| PtD0Data
14
Channel B Module1:1. Pt Data
4=
Input Status  Modube1:LCombinedStatus
14m
Reset Module1:l Pt11Data
0=
DCSRT
Dual Channel Input Start -
DCSRAT HoldToRunKeySwitch (01
Safety Function USER DEFMED
Input Type EQUINALENT - ACTWE HIGH —FP°
Discrepancy Time (Msec) 500
Enable ALWAYS_ENABLED
14m
Channel & Module1:l PtOSData
0=
Channel B Module1:| PtOTData
14
Input Status  Modube1:LCombnedStatus.
4=
Reget Module1:l. Pt11Data
4=
|_Twio Sensor Symmetrical Muting
TSEN TwoSensorSymmetricalMutingFunction  —{ 01 -
Restart Type MAMNUAL
51-52 Discrepancy Time (Msec) 1000 — ML —
51,52-LC Minimum Time (Msec) 5000
£1,52-LC Maximum Time (Mzec) B000 — CA—
WMaximum Mute Time (Sec) 20
Maximurm Owerride Time (Sec) 10 —FP:
Light Curtam LightCuriain1.01
0=
Sensor 1 Module1:l Pt02Data
(1 4
Sensor 2 Module1 1. Pt03Data
14
Enable Mute Seebote
(4=
Crverride HoldToRunKeySwitch. 01
4=
Input Status Moduke1:L.CombinedStatus
1 dm
Muting Lamg Status  Module1:| MutingStatus
14
Medule1:1Pt11Data
(1 4m

TwnSensorSyrrrmtficflh'l utingFunction ML Module1.0.Test03Data

TW!JSE"E-OI’E“_-WIITIE‘I:EEEIM ufingFunction.C&  Module1:0 Testl2Data
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Q The tag in the preceding diagram is an internal Boolean tag that represents the nonhazardous portion of
the machine cycle. Its value is determined by other parts of the user application that are not shown in
this example. When the protected hazard is present, the tag value should be False (0). When the protected
hazard is not present, this tag value should be true (1). When the value of the tag is true (1), the muting
instruction allows the light curtain to become muted only if the proper input sequence is detected. When
the value of the tag is False (0), the muting instruction does not allow the light curtain to become muted,
even if the proper input sequence is detected.

The programming software is used to configure the input and output parameters of the Guard
|/0 module, as illustrated.

When defining the module, setting the Input Status to Combined Status-Muting provides the
smallest input packet possible and lets the muting lamp status be monitored. Choosing Test for
Output Data lets safety logic control Test Qutput 3 to drive the Muting Lamp and Test Qutput 2 to
drive the Clear Area Lamp.

Module Definition

e

Module Defimition

Series
Revision: 001 =

o

Electranic Keying: [Exar_t Match -
Input Data: Safety 52
Input Status: Combined Status - Muting 2
Output Data: Mone L
Data Format: Integer 52

Ok ] [ Cancel ] [ Help

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown. You
can also select Compatible Match.

The safety inputs that interface with the Light Curtain (Points 1and 2) are not pulse-tested
because the Light Curtain pulse-tests its own signals.
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Module Input Configuration

| General I Connection I Safety | Module Info | Input Configuration | Test Output
Point Operation T Input Delay Time (ms)
s
Point Di Point Mode
Type T ?:1';? Source ( offon | On=0ff
0 | Single . 0 «| Safety || None || 03 03
1 I - || Safety ||| Mone |+ 05 03
2 | single . 0 «| Safety || None || 03 03
3 I - || Safety ||| Mone || 05 03
4 | single - 0 «| Mot Used || None || 03 03
5 I ~ || Mot Used ||| Mone || 05 0 -3
& |Single - 0 «| Safety Pulse Test |0 >l 0+ 03
7 1 ~ || Safety Pulse Test |+ || 1 = 05 03
3 [ Single - 0 = | Mot Used =|[Mone || 03 03
9 ] ~ || Mot Used |w || Mone |+ 03 03
10 | Single . 0 = | Mot Used |w|[Mone || 05 03
11 ] - || safety |w || Mone |+ 03 03
Input Emror Latch Time: 1000 ms
Status: Offine [ ok || canca | Apply Help

Configuring Test Output 3 for Muting Lamp causes the I/0 module to monitor the lamp that is
connected to this output.

Module Test Output Configuration

| General I Connection I Safety | Madule: Info I Input Corfiguration | Test Output

Point Point Mode
0 | Pulse Test

1 | Pulse Test

2 | Standard

3 | Muting Lamp

=
|
=
=l

Status: Offline oK ] [ Cancel Apply Help
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Metal Form Instructions

In the controller organizer, recognize safety programs by the red bar==that is incorporated

into the icons. The red bar indicates the program will execute in safety memory.

The buttons for instructions that function as part of a safety program, or are supported by a
safety program, have a red triangle in the right corner of each button.

Available Instructions

Ladder Diagram
AVC on Clutch CBIM on Clutch CPM on CSM on EPMSon | Maintena | MVCon
page 251 | Brake page 310 | Brake page 322 | page 265 | page 348 | nce page 358
Continu Single Manual
ous Mode Stroke Valve
(CBCM) on Mode Control
page 288 CBSSM (MMVC) on
on page page 369
33

Function Block

Not available

Structured Text

Not available

Safety application instructions are intended for use within a safety system that has a controller
and 1/0 modules. These instructions are intended for Safety Integrity Level (SIL) 3, PLe/Category

(CAT) 4 applications.

If you want to

Use this instruction

Use to determine the slide position of the press.

CPM

Use for press applications where minor slide
adjustments are required, such as press setup.

CBIM

Use in single-cycle press applications.

CBSSM

Use for press applications where continuous operation | CBCM

is desired.

Monitor motion for the starting, stopping, and running CSM

operations of a camshaft.

Monitor eight safety inputs to control one of the either | EPMS
outputs corresponding to the active input.

Publication 1756-RM0950-EN-P - September 2025
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Auxiliary Valve Control (AVC)
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Control an auxiliary value that is used in conjunction AVC
with a main valve.

Use to manually drive a valve during maintenance MMVC
operations.
Control and monitor a main valve. MVC

The Safety controller is part of a De-Energize to Trip system. This means that all of its outputs
are set to zero when a fault is detected.

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 contraollers.

The Auxiliary Valve Control (AVC) instruction controls an auxiliary valve that is used with the
main clutch or brake valves of a press. This instruction is used when a delay is desired between
the enabling or disabling of the main clutch or brake valves and an auxiliary valve (for example,
a soft clutch or brake application). The clutch or brake can then be engaged in a two-step
sequence providing pressure relief for smoother starting or stopping of the press. One AVC
instruction is required for each function that is to be implemented. For example, if a delay is
needed when starting and stopping a press, one AVC instruction controls the start delay and
another AVC instruction controls the stop delay.

The timing of the auxiliary valve reaction is configurable. Also, the instruction can be set up to
handle different valve types and positive or negative feedback signals.

WARNING: It is not always desirable to allow the auxiliary valve reaction to be delayed. For example,
in a press safety application, soft braking during the press downstroke is not allowed. For this reason,

delays can be temporarily disabled by tuning the Delay Enable Input OFF (0).

Available Languages

Ladder Diagram

AT
Auxiliary Vahee Control
o

o

FP

T
W

B = = s W |
W oW
S o

(5]

I
[
[=
o
3

gl rndornd o rsdorndondoesd

77
22
77
22
77

7
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Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in Structured Text.

Operands

IMPORTANT: Unexpected operation may occur if:
»  Output tag operands are overwritten.

»  Members of a structure operand are overwritten.

»  Structure operands are shared by multiple instructions.

WARNING: If changing instruction operands while in Run mode, accept the pending edits and cycle
the controller mode from Program to Run for the changes to take effect.

The following table provides the operands used to configure the instruction. These operands
cannot be changed at runtime.

Operand Data Type Format Description
AVC AUX_VALVE_CONT tag AVC structure
ROL
Feedback Type BOOL Drop Down This operand defines feedback OFF and ON
states for positive and negative feedback.
Positive (1) OFF (0): Output 1 OFF,
Feedback 10FF.
ON (1): Output TON,
Feedback 10N.
Negative (0) OFF (0): Output 10FF,
Feedback 10N.
ON (1): Output TON,
Feedback 10FF.
Feedback Reaction | DINT immediate This operand specifies the amount of time
Time that the instruction waits for the Feedback

Tinput to reflect the state of Output 1as
defined by the Feedback Type operand.

The valid range is 5 to 1000 ms

Delay Type BOOL name This operand specifies where the auxiliary
valve delay is to occur. See the timing
diagrams below for details.

ON (1): The delay occurs when the Actuate
input transitions from OFF (0) to ON (1).
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Operand Data Type Format Description
OFF (0): The delay occurs when the Actuate
input transitions from ON (1) to OFF (0).
Delay Time DINT immediate This operand defines the time delay.
The valid range is 5 to 2000 ms.
Output Follows BOOL name This operand specifies how the auxiliary

Actuate

valve reacts to the Actuate input. See the
timing diagrams below for details.

True: Output 1changes state following the

Actuate input.

False: Output 1changes state opposite to the

Actuate input.

The following table explains the instruction inputs. The inputs may be field device signals from
input devices or derived from user logic.

Operand

Data Type

Format

Description

Actuate

BOOL

tag

This input is the signal

to actuate the valve. A
change in state on this
input causes Output 1

(the auxiliary valve) to
react depending on the
how the instruction is
configured. See the timing
diagrams below for more
information.

ON (1): Output 1energizes
as specified by the Delay
Type and Output Follows
Actuate inputs.

OFF (0): Output 1
de-energizes as specified
by the Delay Type and
Output Follows Actuate
inputs.

Delay Enable

BOOL

tag

This input indicates
whether auxiliary valve
delays are currently
enabled. It can be used

to temporarily disable
auxiliary valve delays. If a
delay of the auxiliary valve
is not desired during any
part of press operation,
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Operand Data Type

Format

Description

this input can be set to OFF
(0).

ON (1): Delays are currently
allowed.

OFF (0): Delays are not
currently allowed and
the auxiliary valve reacts
immediately.

Feedba

ck1 BOOL

tag

This input is constantly
monitored to make sure
that it reflects Output 1.
When Output 1transitions,
this input must react
within the configured
Feedback Reaction Time.

Input Status BOOL

tag immediate

If instruction inputs are
from a safety 1/0 module,
this value is the status
from the 1/0 module or
modules (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer’s
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Output

Status BOOL

tag immediate

This input indicates the
output status of the 1/0
module connected to this
instruction.

ON (1): The output module
is operating properly.

OFF (0): The output module
is faulted or offline.

Instruction outputs are set
their safe state.

Resetl!)

BOOL

tag immediate

This input clears
instruction faults provided
the fault condition is not
present.
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Operand Data Type

Format

Description

ON (1): The Fault Present
and Fault Code outputs are
reset.

W50 13849-1 stipulates instruction reset functions must occur on falling edge signals. To
comply with IS0 13849-1 requirements, add this logic immediately before this instruction.

Rename the “Reset_Signal” tag in this example to the reset signal tagname. Then use the OSF
instruction Output Bit tag as the instruction’s reset source.

Reset_Signal

OsF

OSF_Internal SB

t F_Edge_Reset 0B

The following table explains the instruction outputs. The outputs may be field device signals, or

may be derived from user logic.

Name Data Type

Description

Output 1(01) BOOL

This output is used to control
an auxiliary valve. Output 1is
de-energized when:

A valve feedback fault occurs as
described in the Auxiliary Valve
Feedback Fault section below.

Input Status or Output Status
inputs turn OFF (0).

The normal operation of the
instruction causes Output 1to
be de-energized as described
in the timing diagrams starting
in the Normal Auxiliary Valve
Reaction (Delay Type = On)
section below.

Fault Present (FP) BOOL

ON (1): A fault is present in the
instruction.

OFF (0): The instruction is operating
normally.

Fault Code DINT

This output indicates the type of
fault that occurred. See the AVC
Fault Codes section below for a list
of fault codes.

This operand is not safety-related.

Diagnostic Code Integer

This output indicates the diagnostic
status of the instruction. See the AVC
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Name Data Type Description

- Diagnostic Codes below for a list of
diagnostic codes.

This operand is not safety-related.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Operation

Normal Auxiliary Valve Reaction (Delay Type = On)

The following diagram shows a typical soft clutch setup where the auxiliary valve instruction
is configured for an On-delay. When Actuate transitions from OFF (0) to ON (1) at (A), the delay
timer starts if the Delay Enable input is ON (1). If the Output Follows Actuate input is True, Output
1energizes once the delay period is over at (B). If the Output Follows Actuate input is False,
Output 1is energized only during the delay period. When the Actuate input transitions from ON
(1) to OFF (0), Output 1follows it and is de-energized immediately if the Output Follows Actuate
input is True.
Delay Type = ON (1)
Output Follows Actuate = True (1)

1 i
Actuate i
0 I
| | |
1 A '
Output 1 — 4— Delay Time
n o
1 1 1
® ® ©

Input Status, Output Status, and Delay Enable {not shown)=0N (1)

Delay Type = ON (1}
Output Follows Actuate = False (0)

1 l
Actuate :
0 I

| 1 |

1 — {

Output 1 —l-_|1— Delay ime

0 ! -

| | 1

® ® ©

11
)

Input Status, Output Status, and Delay Enable (not shown)= 0N (1

In a soft clutch application, the time period from (A) to (B) indicates the ‘soft' part of the clutch
engagement where there is pressure relief through the auxiliary valve. During this period, the
main clutch valve is choked yielding a smoother clutch engagement.

Normal Auxiliary Valve Reaction (Delay Type = 0ff)

This example shows a typical brake setup where the auxiliary valve instruction is configured for
an Off-delay. When the Acutate input transitions from OFF (0) to ON (1) at (A), Output 1energizes
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immediately if the Output Follows Acutate input is True. When the Actuate input transitions from
ON (1) to OFF (0) at (B), the delay timer starts if the Delay Enabled input is ON (1). If the Output
Follows Actuate input is True, Output 1remains energized until the delay period ends at (C).
Output 1is then de-energized. If the Output Follows Actuate input is False, Output 1is energized
only during the delay period.
Delay Type = OFF (D)
Output Follows Actuate = True (1}

] ; L
Actuate i
0 I
| | |
1 | : |
Output 1 Delay Time —¥——J—
0 i
I ] ]
® ©

(A
Input Status, Output Status, and Delay Enable (not shown)= 0N (1)

Delay Type = OFF (0]
Output Follows Actuate = False (0}

| i

1 J 18 &
Actuate i
0 !
i [ |
1 . | &
Output 1 g Delay Time —W—— —
I} Il
1
@ ® ©

Input Status, Output Status, and Delay Enable {not shown) = ON (1]

In a soft brake application, the time period from (B) to (C) indicates the ‘soft’ part of the brake
engagement, where there is pressure relief from the auxiliary valve. During this period, the
brake valve is choked, yielding a smoother brake engagement.

Immediate Auxiliary Valve Reaction (Delay Type = On)

This example shows the Delay Enable input changing from ON (1) to OFF (0) during the On-delay
phase. When the Actuate input transitions from OFF (0) to ON (1) at (A), the delay timer starts.
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Then, the Delay Enable input transitions from ON (1) to OFF (0) before the delay timer expires and
Output 1is immediately energized at (B).
Delay Type = 0N (1)
Output Follows Actuate (not shown) = True (1}

1
1

I
|
Actuate I
0 I
i
i
1 ]
Delay Enable :
: |
1
1 =
Output 1 —h} #— Delay Time
0 T
®E®

Input Status and Dutput Status (not shown) = 0N {1)

Immediate Auxiliary Valve Reaction (Delay Type = 0ff)

This example shows the Delay Enable input changing from ON (1) to OFF (0) during the Off-delay
phase. When the Actuate input transitions from ON (1) to OFF (0) at (A), the delay timer starts.
Then, the Delay Enable input transitions from ON (1) to OFF (0) before the delay timer expires and
Output 1is immediately de-energized at (B).

Delay Type = OFF (0}
Output Follows Actuate (not shown) = True (1)

1 i
Actuate :
0 :
.
"| [
Delay Enable |
0 |
|
1 L
Output 1 Delay Time —3|-le—
1] : | :
®E

Input Status and Output Status {not shown) = ON {0)

Auxiliary Valve Feedback Fault

This timing diagram shows an example of a Feedback fault where the auxiliary valve did not
react within the specified time with Delay Type = ON (1), Output Follows Acutate = True, and
Feedback Type = Positive. When the Actuate input transitions from OFF (0) to ON (1) at (A),

the delay timer begins. After the delay timer expires at (B), Output 1is energized. At (C), the
Feedback 1input has not reacted within the specified Feedback Reaction Time, causing a fault.
Output 1is de-energized.
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The Fault Present output is cleared at (D) because the Reset input has been asserted and the
Feedback 1input is in the correct state. However, Output 1 cannot be energized again until (E),
when the Actuate input turns OFF (0).

Actuate
i

Delay Enable

|
1 .
|
I

0 Feadback

i
|
|
I
|
|
|
I
|
|
:
1 Beaction Time I
Feedback 1 'n—|~_|
|
[
|
|
[
|
|

Fault Present

o

1
Delay Time

o

T] __

i
I
[
[
[
[
|
!
[
[
[
1
|
i
Ourtput 1 -
!

® ® © )

Cutput Follows Actuate (not shown) = True

Rockwell Automation, Inc.

Delay Type=ON (1]
Feedback type = Positive

Input Status and Output Status [not shown) = 0N (1]

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Alarms

The fault codes are listed in hexadecimal format followed by decimal format.
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Fault Code Description Corrective Action
0 No fault. None.
16420 The Input Status input transitioned | »  Check the I/0 module
3 from ON (1) to OFF (0) while the connection.
instruction was executing. «  Reset the fault.
16421 The Output Status input transitioned | «  Check the I/0 module
33 from ON (1) to OFF (0) while the connection.
instruction was executing. « Resetthe fault.
1645020 Feedback is inconsistent with the »  Check the feedback signal.
20512 valve output « Reset the fault
1645021 Feedback did not turn ON (1) when «  Check the feedback signal.
20513 Output 1 transitioned from OFF (0)to | |y iyt the Feedback Reaction
ON(1). Time. i
ime, if necessary.
16#5022 Feedback did not turn OFF when *  Reset the fault.
20514 Output Ttransitioned from ON (1) to

OFF (0).

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description Corrective Action

0 No fault. None.

16420 The Input Status was OFF (0) when | Check the 1/0 module connection.
3 the instruction started.

16421 The Output Status input was OFF (0) | Check the 1/0 module connection.
33 when the instruction started.

16#5000 The Actuate input is held ON (1). Set the Actuate input to OFF ().
20480

Affects Math Status Flags

No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.
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Execution

Condition/State

Action Taken

Prescan

Same as Rung-condition-in is false.

Rung-condition-in is false

The .01,.02, and .FP outputs are cleared to false.

The Diagnostic Code and Fault Code outputs are set to 0

Rung-condition-in is true

The instruction executes as described in the Operation
section.

Postscan

Same as Rung-condition-in is false.

AVC wiring and programming example

This topic demonstrates how to program the instruction in the safety control portion of an

application.

@ The standard control portion of the application is not shown in the following diagram.

Wiring Diagram
20V 0C

24V Ground

51

52

Momentary
Push Button H
(reset)

53 54
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Programming Diagram

This programming diagram shows the Auxiliary Valve Control (AVC) instruction used with a Main
Valve Control (MVC) instruction.

_MVC MainValve

Feedback Type Dutput 1
Feedback Reaction Time  Dutput 2

Actuate

| Press Run

e

Madulel1 PtilData Feedback 1
Module11 Pt01Data Feedback 2

Modulel:]inputStatus
Module11.OutputStatus,

Input Status

Output Status

Reset Fault Present

~ AVC
Feadback Type
Feedback Reaction Time

Output 1

—| Delay Type

Delay Time
Output Follows Actuate

Acutate

SoftCiutchEnable ™ —

Module?: PtZ0ata |

Delay Enable
Feedback 1

Imput Status

Oufput Status

Megative

TCranisnattPosiion 021 ">— *
iSoftdrakeEnable |

Module1: Pil3Data o

Reset Fault Present

SoftClutchValve

Module1:0.PiD0Data
Module1:0.PtD1Data

::::::3@&@@:3

Module1:0_Pt0ZData

- AVC
Feedback Type

Feedback Reaction Time
Delay Type

Output 1

—| Delay Time
—| Output Follows Actuate

Acutate
Delay Enable
Feedback 1

Input Status
Output Status

Resst Fault Present

SoftBrakeValve

Module1:0_Pt030ata

MWOTE 1: Thiz is an internal Boolean tag that has its value determined by other parts of the user application not shown in this example.

MNOTE 2: This is an intemal Boolean tag used by other parts of the user application and not shown in this example.

¥ey: Color code represents data or value typically used.

ila
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Ladder Diagram

nC
Main Vale Conlral
C MainVahee |01
Feedback Type HEGATIVE
Feedback Feaction Tme (Msec) S0 |02
Actuate PrezsRun

] FP
Feadback 1 WModule1:1.Pt00Data

]
Feadback 2 Module1:1Pt010ata

]
hput Status Modulet:| InputStatus

]
Output Statug Medule1:LOutputStatus

]
Heset Module1:1.PtO7Data

0

Manvake D1 Module10PIDDData
Manvahe 02 Meodulel:0.Fi01Data
WalnValve FP ValvesOK
i (3
AN
| aaxilany Vabee Control

ANC SoftClutchVahee |01 —
Feedback Type NEGATIVE
Fesdback Reaction Time (Msec) S FP—
Dwelay Type el
Delay Time (Msac) 50
Output Follows Aciuste True
Actuale PrezzRun

1]
Delay Enable SofClstchEnable

(]
Feadback 1 WModule1:1.Pt0Z04Et

1]
Input Satus WModule1:]InpulStatus

1]
Dutput Stalus Module1:LOutpuiStatus

1]
Reszet WModule1:1.Pt070Data

]

SoftCutchValke o

WModulet:0.FOZ0ats

Fy

SofBrekeEnable  CrankPostionDZ  SoftSraks'Vahe DelayEnable

1 F = {
AT
Aunxibary Vabee Control
AVE SofBrakeVahe 01—
Feadback Type HNEGATVE
Feedback Reaction Time (Msec) M —FP—
Drelay Typa OFF
Delay Time (Msec) 20
Cutput Follows Actuate False
Actuale PrezsRun
1]
Delay Enable SoftBrakeValve DelayEnable
1]
Feadback 1 Module1:1.Pt020ata
1]
nput Status Modulet:| InputStatus
0
Dutpat Status Module 1L OutputStatus
1]
Reset Module1:1.Pt07Data
[
SofiBrakeVale. 01 Wadulel:0.PI03Data
1k -

WainValve FP  SoftClulchVale FP SoflBrakeValve FP
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The Logix Designer application is used to configure the input and test output operands of the
Guard I/0, as illustrated.

Module Definition

- y

Module Definition [==]

Series:
Revision: 001 2

Electronic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting =
Output Data: Test L
Data Format: Integer 2

Ok ] [ Cancel ] [ Help

Rockwell Automation suggests using Exact Match, as shown. However, setting Electronic Keying
to Compatible Match is allowed.

Module Input Configuration

| General I Connection I Safety I Module Irfo | Input Corfiguration | Test Output | Qutput Conﬁguvation|

Point Operation T Input Delay Time (ms)
esf

Point Discrepan Point Mode
Type o Source | ofr=0n | On-=0ff
0 | Single - 0 «| Safety Pulze Test |0 = 0 -5 03
1 = ~ || Safety Pulse Test w1 = = 0=
2 | Single - 0 «| Safety Pulse Test |« |0 =3 0+ 03
3 = ~ || Safety Pulse Test |w|[ 1 = = 03
4 | Single - 0 - | Not Used L= |[None || 0 -3 03
5 L ~ | Not Used ||| None || = 03
& | Single - 0 «| Not Used _w|[None |w| 0+ 03
7 L ~ || Safety ||| Mone [+] 05 03

Input Emor Latch Time: 10005+ ms
Status: Offline QK ] [ Cancel Apply Help
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Module Test Output Configuration

| General I Connection | Safety I Module Info I Input Corfiguration | Test Output | Qutput Corfiguration

Paint Point Mode
0 |Pulse Test

1 |Pulse Test

2 | Not Used

3 | Mot Used

fo i e e

Status: Offline [ QK ] [ Cancel Apply Help

Module Output Configuration

| General | Connection I Safety I Module Info I Input Corfiguration | Test Output | Cutput Configuration

Point Operation
Point Point Mode
Type
0 |Single - Safety 3
1 ||| Safety =
2 | Dual - Safety =4
3 ||| Safety 2
4 | Dual - Not Used 4
5 ||| Not Used L=
6 | Dual - Not Used =
7 ||| Not Used e

Qutput Emror Latch Time: 1000 ms

Status: Offline 0K l [ Cancel Apply Help

CamShaft Monitor (CSM)

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

This instruction monitors the start, stop, and run operations of a camshaft.

Possible sources for the Channel A and Channel B inputs to the instruction could include
proximity switches, resolvers, gray code encoders, or any device that can produce a series of
pulses when the camshaft is moving.
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Start and stop operation diagnostics are based on the configurable Mechanical Delay Time
parameter. A fault is generated whenever the Mechanical Delay Time is exceeded during a start
or stop operation.

Available Languages

Ladder Diagram

CSM
Camshaft Monitor
o5 Line_1_Xfer_CSM o1

Time (Mzec 500
Isec 50 FP

Line_1_Xfer_Start
0 4

Channel A Safety Block_A1:.Pt00Data
L

Channel B Safety Block_A1:LPt01Data
0 4

nput Status Safety Block_A1:1.CombinedStatus
L

Reset Safety Reset PB

ZH0000_0000 4=

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

IMPORTANT: Do not use the same tag name for more than one instruction in the same program. Do not write to
any instruction output tag under any circumstances.

WARNING: If you change instruction parameters while in Run mode, you must accept the pending
edits and cycle the controller mode from Program to Run for the changes to take effect.

The following table provides the operand used to configure the instruction. This operand cannot
be changed at runtime.

Operand Data Type Formats Description

CSM CAMSHAFT_MONITOR tag This parameter is a
backing tag that maintains
important execution
information for each usage
of this instruction.

& ATTENTION:

To avoid unexpected

operation do not reuse
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Operand

Data Type

Formats

Description

this backing tag and its
members. Do not write to
any of the tag members
anywhere else in the

program.

The following table explains the instruction inputs. The inputs may be field device signals from

input devices or derived from user logic.

Operands

Data Type

Formats

Description

Mechanical Delay Time

DINT

tag

immediate

In a starting operation,
this parameter determines
the amount of time the
instruction waits for the
Channel A and Channel B
inputs to indicate motion
after the Motion Request
input has transitioned from
OFF (0) to ON (1) before
generating a Start Time
Exceeded fault.

In a stopping operation,
this parameter determines
the amount of time the
instruction waits for the
Channel A or Channel

B input to indicate a

loss of motion after the
Motion Request input has
transitioned from ON (1) to
OFF (0) before generating a
Stop Time Exceeded fault.

The valid range is 300 to
2000 ms.

Max Pulse Period

DINT

tag

immediate

This parameter defines
the maximum time allowed
between the rising and
falling edges in the input
pulse train before motion
is considered to be
stopped.

The valid range is 50 to
2000 ms.

Motion Request

BOOL

tag

This input indicates if
motion is being requested.
It is sourced by Output 1of
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Operands Data Type Formats Description

the Clutch Brake Inch Mode
(CBIM), Clutch Brake Single
Stroke Mode (CBSSM), or
Clutch Brake Continuous
Mode (CBCM) instruction.

ON (1): The camshaft is
being commanded to move
and motion is expected.

OFF (0): Camshaft motion
is not requested.

Channel AT BOOL tag A pulse train at this
input indicates that the
camshaft is moving.

Channel B BOOL tag A pulse train at this
input indicates that the
camshaft is moving.

Input Status BOOL tag If instruction inputs

are from a safety 1/0
module, this is the status
from the 1/0 module or
modules (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer’s
responsibility to determine
the conditions.

immediate

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Reset? BOOL tag This input clears the
instruction faults provided
the fault condition is not
present.

OFF (0)-> ON (1): The Fault
Present and Fault Code
outputs are reset.

1If this input is from a Guard 1/0 input module, make sure the input is configured as single, not
equivalent or complimentary.

2150 13849-1 stipulates instruction reset functions must occur on falling edge signals. To
comply with IS0 13843-1 requirements, add this logic immediately before this instruction.
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Rename the ‘Reset_Signal’ tag in the example shown below to your reset signal tag name. Then
use the OSF instruction Output Bit tag as the instruction’s reset source.

Reset_Signal OsF

OSF_Internal SB
Bit F_Edge Reset 0B

The following table explains the instruction outputs. The outputs may be field device signals or
derived from user logic.

Operand Data Type Description

Output 1(01) BOOL This output indicates the status of
camshaft motion at all times, even
when the Fault Present (FP) output
is ON. The only exception is when
the Input Status input indicates that
inputs to this instruction are invalid.
In that case, this output (01) is OFF.

This output is used to source the
Press in Mation input of the Clutch
Brake Inch mode (CBIM), Clutch
Brake Single Stroke Mode (CBSSM),
and/or Clutch Brake Continuous
Mode (CBCM) instructions.

ON (1): The camshaft is moving.

OFF (0): The camshaft is stopped.

Fault Present (FP) BOOL This output indicates the fault status
of the instruction.

This output is used to source the
Motion Monitor Fault input of the
Clutch Brake Inch Mode (CBIM),
Clutch Brake Single Stroke Mode
(CBSSM), and/or Clutch Brake
Continuous Mode (CBCM) instruction.

ON (1): A fault is present in the
instruction.

OFF (0): The instruction is operating
normally.

Fault Code DINT This output indicates the type of
fault that occurred. See the CSM
- Fault Codes below for the list of
possible fault codes.

This parameter is not safety-related.

Diagnostic Code DINT This output indicates the diagnostic
status of the instruction. See the
CSM - Diagnostic Codes below for a
list of possible diagnostic codes.
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This parameter is not safety-related.

Measured Start Time DINT The time, in milliseconds, that it took
the camshaft to start moving. This is
the difference in time from when the
Motion Request input turns ON (1) to
the time at which both Channel A and
Channel B inputs indicate motion.

This parameter is not safety-related.

Measured Stop Time DINT The time, in milliseconds, that it
took the camshaft to stop moving.
This is the difference in time from
when the Motion Request input turns
OFF (0) to the time at which either
the Channel A or Channel B input
stopped indicating motion.

This parameter is not safety-related.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Input Pulse Conversion

The Channel A and Channel B input signals are a pulse train from an encoder, resolver, or
proximity switch. When pulses are detected within the configured Max Pulse Period, motion is
indicated.

The pulse trains are conditioned to provide level input signals to the instruction logic to derive a
signal that is ON (1) when there is motion and OFF (0) when there is no motion. The conversion of
each channel is independent of the other.

Shown here for Channel A, the signal turns ON (1) at the first pulse edge seen at the Channel A
input at (A). The derived signal remains ON (1) as long as the elapsed time between pulses does
not exceed the configured Max Pulse Period. If no edges are detected for more than the Max
Pulse Period, the derived level signal turns OFF (0) at (B).

I |
I |
I |
I |
T |
Channel A :
Pulse Input i i
o 1
| |
r+1—|- -'_.--i—l- - r'pqai |
I Pulse |
' Period |
Channel A 1 I I
Level Input
|Derived) 0 | i
I |
i [
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Normal Operation

The Motion Request input transitions from OFF (0) to ON (1) at (A), indicating that the camshaft
is being commanded to move. Output 1turns ON (1) at (B), when pulses are detected on both
Channel A and Channel B within the configured Mechanical Delay Time. After the Motion Request
input turns OFF (0) at (C), indicating that the camshaft is being commanded to stop, Output 1
turns OFF (0) at (D) since pulses are no longer present on both channels. Pulses must stop on
either Channel A or Channel B within the configured Mechanical Delay Time to prevent a Stop
Time Exceeded fault.

Motion Request
0

Channel A :
]

Channel B 1
0

1
Input Status
0

1
Reset

0

1
Fault Present
0

Dutput 1 :
0

Uncommanded Motion Fault

An Uncommanded Motion Fault occurs when the Motion Request input is OFF (0) but pulses

on the Channel A and Channel B inputs indicate motion. The Motion Request input is OFF (0),
indicating that motion is not being commanded. When pulses are detected on only one channel
at (A). no fault occurs. When pulses are detected on both Channel A and Channel B at (B), a fault
is generated indicating Uncommanded Motion. Output 1tracks the presence of pulses on both
Channel A and Channel B turning ON (1) at (B) and OFF (0) at (C). When no pulses are detected

Publication 1756-RM0950-EN-P - September 2025 27



Chapter 3

Metal Form Instructions

272

on either channel and the Motion Request input is OFF (0), indicating that motion is no longer
requested, the fault is cleared on the next OFF (0) to ON (1) transition of the Reset input at (D).

1

0

1
L]
Motion Request i i
o
L]

1

Channel A
0

1

Channel B

0

Input Status
0

1
Reset
0

-

1

Fault Present
0

1
Output 1
0

|
|
|
|
i
|
:
|
]
:
|
|
;
®®

Start Time Exceeded Fault

|
©

o)

At (A), the Motion Request input turns ON (1), which indicates that motion is being requested.
The Fault Present output turns ON (1) when the configured Mechanical Delay Time expires at
(B), before pulses are detected on both Channel A and Channel B. When pulses are present on
both inputs at (C), Output 1turns ON (1) even though the fault condition is present. When either
Channel A or Channel B are no longer indicating motion at (D), Output 1turns OFF (0). When both
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channels are not indicating motion (no pulses) and the Motion Request input is also OFF (0) at
(E), a subsequent OFF (0) to ON (1) transition of the Reset input resets the fault condition at (F).

1
Motion Request
0

oo e
1 Delay

Channel A Time

0

1
Channel B
]

1
Input Status

TT 1T 1T 1 '__'.'E___::' T11T1TTT |

Fault Present
0

1
Output 1

|
|
i
|
|
|
I
|
|
|
|
i
!
®

|
@& ®0

Stop Time Exceeded Fault

e S

At (A), the Motion Request input turns OFF (0), indicating that motion is being commanded to
stop. At (B), the Fault Present output turns ON (1) when the configured Mechanical Delay Time
expires before pulses stop on either Channel A or Channel B. Output 1transitions from ON (1) to
OFF (0) when pulses stop occurring on either Channel A or Channel B at (C). When both Channel
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A and Channel B stop indicating motion and the Motion Request input is also OFF (0) at (D), a
subsequent OFF (0) to ON (1) transition of the Reset input resets the fault condition at (E).

1

0

i
Motion Request r
|
=

1
Channel A

0

1
Channel B
0

Input Status

|

Delay
Time

Fault Present

0

1
Output 1
0

-l L L L L

Loss of Motion Fault (Case 1)

I

b

The Motion Request input turns ON (1), and at (A) the Channel A and Channel B inputs both
indicate motion within the configured Mechanical Delay Time. Once the Mechanical Delay Time
has expired at (B), a subsequent loss of pulses on either Channel A or Channel B results in the
Fault Present output turning ON (1), indicating a Loss of Motion fault at (C). Output 1also turns
OFF (0) at (C). When both Channel A and Channel B are no longer indicating motion at (D) and the
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Motion Request input is also OFF (0), a subsequent OFF (0) to ON (1) transition of the Reset input

resets the fault condition, at (E).

t t T (!
t T (|
Motion Request e} u
0 [ Dely ~
Jime, T 11 I I
Channel A : :
0 | | | | I
I B |
1 |
Channel B || I
0 . . I
i | 1 (|
| | | | |
] | | I
Input Status ‘I HE ]
0 1 I I I
| | | I
| | | |
EEEEHERE
Reset . 0 |
0 ¥ ¥ T T
1 | | L]
| | | (I
1 1 | t
Fault Present : | |
0 ‘ ! '
I [ 1 1
| | | I
1 ' 1
| |
Output 1 | I
7 | —
[T |
® OO0 00

Loss of Motion Fault (Case 2)

The Motion Request input turns ON (1), and at (A) the Channel A and Channel B inputs both
indicate motion within the configured Mechanical Delay Time. A loss of pulses on either Channel
A or Channel B, at (B), before the Mechanical Delay Time expires, results in Qutput 1turning

OFF (0). When the Mechanical Delay Time expires at (C), the Fault Present output turns ON (1),
indicating a Loss of Motion fault. When both Channel A and Channel B are no longer indicating
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motion at (D) and the Motion Request input is also OFF (0), a subsequent OFF (0) to ON (1)

transition of the Reset input resets the fault condition, at (E).

1 I T
Motion Request I

o |1 Delay

Time

1
Channel A

0

1
Channel B

0

nput Status
0

1
Aeset

0

1
Fault Present
0

Output 1 I

0

@,_

Input Status Fault

At (A), the Motion Request input turns ON (1), indicating that motion is being commanded. Both
Channel A and Channel B inputs indicate motion by detecting pulses within the configured
Mechanical Delay Time. Qutput 1turns ON (1) at (B). When the Input Status input turns OFF (0)
at(C), an Input Status Fault occurs and the Fault Present output turns ON (1). Output 1also
turns OFF (0) at (C). Output 1is always OFF (0) when the Input Status input is OFF (0). When both
Channel A and Channel B no longer indicate motion at (D), the Motion Request input is also OFF
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Motion Request !

Channe .&1

Channel B |

1
Input Status

Fault Present 1
0

Dutput 1 1

]

@__

® @®

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.
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Fault Code Description Corrective Action
00 No fault. None.
16#20 An input status error occurred. The | +  Check the I/0 module
3 Input Status input transitioned from connection.
ON{1)to OFF (0). * Reset the fault.
1646000 Uncommanded Motion occurred. »  Check the devices driving the
94576 The Motion Request input is OFF (0) Channel A and Channel B inputs
but both input channels indicate the and the associated wiring.
camshaft is moving. e Make sure the camshaft is
stopped by inspecting it
visually.
*  Reset the fault.
1646001 Start time was exceeded. The *  Re-evaluate the Mechanical
9577 measured time to start the camshaft Delay Time value.
exceed?d the configured Mechanical | | .\ 0 o o oo chaft mechanical
Delay Time. linkages, brakes, and mation
sensors are functioning.
« Visually check that motion has
stopped.
*  Reset the fault.
1646002 Stop time was exceeded. The * Re-evaluate the Mechanical
94578 measured time to stop the camshaft Delay Time value.

exceeded the configured Mechanical
Delay Time.

»  Make sure mechanical linkages,
brakes, and motion sensors are
functioning.
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Fault Code Description Corrective Action

« Visually check that motion has
stopped.

« Reset the fault.

1646003 Loss of Motion occurred at Channel | < Check the device driving
94579 A. The Motion Request input is ON the Channel A input and the
(1), but the Channel A input stopped associated wiring.

indicating motion. «  Make sure the camshaft is

stopped by inspecting it
visually.

« Reset the fault.

1646004 Loss of Motion occurred at Channel | «  Check the device driving
94580 B. The Motion Request input is ON the Channel B input and the
(1), but the Channel B input stopped associated wiring.

indicating motion. «  Make sure the camshaft is

stopped by inspecting it
visually.

«  Reset the fault.

1646005 The Motion Request input turned ON | = Check the 1/0 module
924581 (1) before all inputs were in their safe connection.

state, OFF (0). e Make sure the camshaft is

stopped by inspecting it
visually.

»  Make sure all motion sensors
are operating properly.

«  Reset the fault.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format

Diagnostic Code Description Corrective Action

00 None None.

16#20 The Input Status input is OFF (0) Check the I/0 module connection.
when the instruction first executed.
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32
1646000 The Channel A and Channel Binputs | »  Check the devices driving the
94576 are both indicating motion (pulses Channel A and Channel B inputs
present) when the instruction first and the associated wiring.
executed. « Visually check that motion has
stopped.
1646001 The Channel A input is indicating »  Check the device driving
94577 motion (pulses present), when the the Channel A input and the
instruction first executed. associated wiring.
»  Visually check that mation has
stopped.
1646002 The Channel B input is indicating »  Check the device driving
24578 motion (pulses present), when the the Channel B input and the
instruction first executed. associated wiring.
Visually check that motion has
stopped.

Affects Math Status Flags
No

Major / Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution

Condition/State Action Taken

Prescan Same as Rung-condition-in is false.

Rung-condition-in is false The .0Tand .FP are cleared to false.
The Diagnostic Code and Fault Code outputs are set to 0.

Rung-condition-in is true The instruction executes as described in the Normal
Operation section.

Postscan Same as Rung-condition-in is false.

Clutch Brake Wiring-Program Example

The following examples illustrate the use of some of the Metal Form instructions in a press
safety application, including the three Clutch Brake instructions (CBIM, CBSSM, and CBCM), the
Camshaft Motion Monitor (CSM), and the Crankshaft Position Monitor (CPM).
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Wiring Diagram
20V DC

Brake Cam

Arm Continuous
Prompt Lamp

Momentary

Push Button H

(reset)

24V Ground
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Ad——
cgM _ InchModa
B¢ Wemsr ——— >—AdTye et 1
[B000ms  >—{inchTme
tinchifodeSelocted ™ ™~ ™ " >—|Enable
e Safety Enable
[E_E;Em_ ----- ->— Stendard Enable
e Start
Fress In Motion
Slide Tone
> — Mitioes M Fanit
—| Safety Enable Ack
_CBSEM SingleStrakahode
[ — LY oo =<t
[ ech T " e
iSingleStrakalelected " >—-{ Enable
= | Saty Enat
- Standerd Enable
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Prass In Motion
Shide Zona
Motion Monitor Fault
| Safaty Enable Ack
_CBCM Contirupushode
Manual | Ack Type Dutput 1 |-
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-
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determined by other parts of the user application not
shown in this axamiple.

Note 2: This is an internal Bookaan tag used by other parts of the
user application not shown in this example.
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Ladder Diagram
LM CrankPosition. DynamicCam
Limit Test (CIRC) !
Low Limit DynamicCaménglel
G5 4m
Test EncodeRegister
4=
High Limit DynamicCamAngle2
3204
| CPM
Crankshaft Position Monitor
CPM CrankPosition —TZ —
Cam Profie A
Enable ALWAYS ENABLED [ DZ -
1d=
Brake Cam Modulel:LPtO0Data | UZ -
14
Takeover Cam Modulei:LPt01Data — FP—
14
Dynamic Cam CrankPosition.DynamicCam
Q4=
Input Status Module1:|. CombinedStatus
1=
Revarse ReversePress
=
Prezz Motion Statuz MainValveActuated
<Mainvalve.01>
O
Reset Module1:LPt11Data
Ot
MetionMonier. 01 MW
=== [m=—— Move
Source StartDelayTime
TS50 %
Dest MotionMonior.MechanicalDelayTime
LU
MotionMonior.01 MOW
JE Move -
Source StopDelayTime
1000 %=

Dezt MotionMonior. MechanicalDelayTime

hal

CSM
— Camshaft Monitor

CSM

Max Pulze Period (Msec)
Motion Reguest

Channel &

Channel B

Input Siatus

Reset

Mechanical Delay Time (Msec) MotionMonitor. MechanicalDelayTime

MotionMenitor — 01—

80 —(FP

MainValveActuated

<MainVabve. 01>

4=
Module1:LPt0ZData

(4m
Module1:.Pi030ata

14m
Module1:LCombinedStatus

14m
Module1:L.Pt11Data

(L |

IotionMonitor FF

MotionMonitor_IS

el

Publication 1756-RM0950-EN-P - September 2025

—

Rockwell Automation, Inc.



Chapter3  Metal Form Instructions

Rockwell Automation, Inc.

CPW
|_Crankshafi Pesition Monilor
CPK CrankPosition —TZ —
Cam Profie B
Enable ALViAYS_ENABLED | DZ—
14
Brake Cam Module1:LPO00=ta [ UZ -
1d=
Takeover Cam Module!:LPt010ata < FP
1dm
COrynamic Cam  CrankPosition. CynamicCam
Q=
nput Status Module1:|.CombinedStatus
1dm
Reverse ReversePress
Odm
Press Motion Slalus ManVakedcluabed
<MamVahie 01=
O
Heeal Module LRt 1Data
O
Kotianllonitar. 01 | MoV
) | Move
Source Stal
TEli4=
Dest MotionWonitor. MechanicalDelay Time
(i
MotionWonitor.01 MO
1 E |_Move [
Source StopDelyyTime
10004
Dezl MationMonidor, MechanicalDelay Time
D=
CSM
Camshaft Monior
CSM WMedionMandor o
Mechanical Delay Time (Msec) MotienMonior. MechanicalDelayTime
Max Pulse Period (Msec) B0 —FP>-
Mation Request MainVahedchialed
<Mainvahe 01=
D=
Channel & Module1:l 0Z20ata
O
Channel B Module1:L P030ata
14
Input Status Module L CombinedSiatus.
14
Reset Module1:LPi110ata
0=
WetionWenitor. FP WMetienhonikor_IS
— = == = E=—
SafetesOK  VakesOR Inchipde SafetyEnable
= (= = (= —_— e
CBM
Clutch Brake inch Mode
CBM Inchhode o
Ack Type MANUAL
Inch Time (Msec) 5000
Enable InchModeSelecled
O
Safely Enable Inchiode, SafetyEnable
14
Standard Enable EnableinchMode
L]
Start RunStabonStart
L]
Fress In Motion KotionMonitor. 01
L L]
Woion Monior Fauk ALWAYS_OK
1=
Shde Zone CrankPosiion. Slidegone
5 (TOF) -
Safely Enable Ack Module1:LP1110Data
L
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SafetiesOK  ValesOK  CrankPosition.FP  SingleStrokeliode. SafetyEnable

= = = e = (e e
CBSSM
Clutch Brake Single Stroke Mode

| cassi SingleStrokeiode | 01
Ack Type MANUAL
Takeover Mode MSABLED
Enable SingleStrokeSelected
O
Safety Enable SingleStrokeMode SafelyEnable
4=
Standard Enable EnableSngleStrokeMode
(4=
Start RunStationStart
D=
Press In Motion MotionMonitor.O1
(4m
Mation Monitor Fault MotisnManitor_|S
14
Shde Zone CrankPosition. SkdeZone
5 (TOP) 4=
Safety Enable Ack Medulel:| Pt11Data
Q4=
SafetiesOK  ValesOK  CrankPositon FP  Continuousiode SafetyEnable
CECH
Clutch Brake Confinuous Mode
CBCM ContinuousMede 01—
Ack Type WANUAL
Wode IHMMEDLATE WITH ARMING — CA—
Takeover Mode MSABLED
Enabke ContnuousModeSelected
4=
Safety Enable ContinuousMode.SafetyEnable
14m
Standard Enable EnableContinuoushiode
() dm
Arm Confinuous ArmContinuousinput
O4=
Sfart RunStationStart
() 4m
Stop At Top StopPressinput
0=
Press In Motion MotionMonitor.01
(4=
Motion Meniter Fault MotionMenitor_IS
14m
Slide Zone CrankPosition. SkdeZone
S (TOF) %
Safety Enable Ack Module1:1.Pi11Data
(14m
ContinuousMode. CA ArmContinuousPrompt
1E >
InchMode. 01 PrezsRun
1 >
SingleStrokeMode. 01
ContinuousMode. 01
1
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The programming software is used to configure the input and test output parameters of the

Guard I/0 module, as shown.

Module Definition

4

Maodule Definition

Series:
Revision: 001 2

Electronic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting =
Output Data: Test L
Data Format: Integer 2

Ok ] [ Cancel ] [ Help

Rockwell Automation suggests selecting Exact Match from the Electronic Keying list. You can

also select Compatible Match.

Module Input Configuration

| General | Connection | Safety | Module Info | Input Configuration | Test Qutput

Point Operation T Input Delay Time (ms)
es

Point Di Point Mode
Type e — Source | ptr-on | On--0ff
0 |Single 0 «| Safety Pulse Test - 0 x| 05 03
1 L ~ | Safety Pulse Test || 1 = 0 -3 03
2 | Single . 0 - | Safety ||| Mone || 0-3 03
3 = - | Safety | =] Mone |+ (= 03
4 | Single . 0 «| Mot Used || None |+ 03 03
5 L ~ || Mot Used ||| Mone |+| 0-3 03
6 | Single . 0 «| Mot Used = None |+ (= 03
7 L ~ | Mot Used ||| Mone |+ 03 03
8 | Ssingle . 0 « | Mot Used ||| Mone || 0 -3 0 -3
k] = - | Not Used |= || Mone |+ (= 03
10 | Single . 0 «| Mot Used vl None |« 03 03
11 - || Safety ||| Mone |+| 0 -3 0 -3

Input Emor Latch Time: 1000 ms
Status: Offline oK ] [ Cancel Apply Help
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Module Test Output Configuration

| General I Connection I Safety I Module Irfo I Input Corfiguration | Test Output

Point

Point Mode

0

Pulse Test

Pulse Test

1
2
3

Standard

Power Supply

>
>
>
5.4

Status: Offline

Clutch Brake Continuous Mode (CBCM)

ok | [ Cancel Help

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The Clutch Brake Continuous Mode (CBCM) instruction is used in press applications where
continuous operation is desired.
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Available Languages

Ladder Diagram
CBCH
Clutch Brake Continuous Mode
CBCM 7 o1
Ack Type 7
Mode 7 CA
Takeover Mode 7
Enable 7
{4
Safety Enable 7
fd
Standard Enable 7
{4
Arm Continuous 7
fd
Start 7
{4
Stop At Top 7
fd
Press In Motion 7
{4
Motion Monitor Fault 7
fd
Slide Zone 7
{4
Safety Enable Ack 7
7

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

WARNING: Do not use automatic acknowledgment when access within the danger zone can

go undetected. This instruction, configured for automatic acknowledgment, must be used in
combination with other instructions, at least one of which must fulfill the manual reset requirement.
Reset controls must be located within sight, but out of reach of the danger zone.

See section 5.4.1.3 of EN692-2005 for details.

WARNING: This instruction is specified with the intent that the Slide Zone input is sourced only by
the Slide Zone output of the Crankshaft Position Monitor (CPM) instruction or application logic that
satisfies the Slide Zone requirements listed in the Clutch Brake Continuous Mode Instruction: Inputs
table below.This instruction is specified with the intent that the Enable input is sourced only by an Ox
output! of the Eight Position Mode Selector (EPMS) instruction that is not already sourcing the Enable
input of another Clutch Brake Inch Mode (CBIM), Clutch Brake Single Stroke Mode (CBSSM), or Clutch
Brake Continuous Mode(CBCM) instruction.

"where x =1 through 8

The Mode parameter specifies how continuous operation is attained. An arming sequence is
required for these modes: Immediate with Arming, Half Stroke with Arming, or Stroke-and-a-Half
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with Arming. The arming sequence requires that the Start input transitions from OFF (0) to ON
(1) within five seconds of the Arm Continuous input transitioning from OFF (0) to ON (1). When the
arming sequence requirements have been satisfied and the Start input has remained ON (1) as
specified by the configured Mode, the press begins to operate continuously.

An arming sequence is not required with Immediate mode configurations. In Inmediate mode,
the press begins to operate continuously when the Start input transitions from OFF (0) to ON (1).

Operands

IMPORTANT: Do not use the same tag name for more than one instruction in the same program. Do not write to
any instruction output tag under any circumstances.

VAN

WARNING: If you change instruction parameters while in Run mode, you must accept the pending
edits and cycle the controller mode from Program to Run for the changes to take effect.

The following table provides the parameters used to configure the instruction. These
parameters cannot be changed at runtime.

Data
Operand Format Description
Type
CBCM CB_CONTINUOUS_M | tag This parameter is a backing tag that
0DE maintains important execution information
for each usage of this instruction.

& ATTENTION: To avoid unexpected

operation do not reuse this backing tag and

its members. Do not write to any of the tag
members anywhere else in the program.

Ack Type BOOL name Defines how instruction acknowledgment
operates.

Automatic (1) The acknowledgment
is made
automatically when
the Safety Enable
input transitions
from OFF (0) to ON (1).

Manual (0) Acknowledgment
is made when
Safety Enable Ack
transitions from OFF
(0)to ON (1) and the
Safety Enable input
is ON(1).

Mode DINT name This parameter configures the different

continuous modes of operation.
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Data
Operand Format Description
Type

Immediate (0) The press begins to
operate continuously
when the Start input
transitions from OFF
(0) to ON(1).

Immediate with After completion of
Arming (3) the arming sequence
the continuous
mode is entered
immediately.

Half Stroke with After completion of
Arming (1) the arming sequence
the Start input signal
must remain ON

(1) until the first
upstroke zone is
reached.

Stroke and a Half After completion
with Arming (2) of the arming
sequence, the Start
input signal must
remain ON (1) until
the slide completes
a full rotation and
the second upstroke
zone is reached.

Takeover Mode BOOL name This parameter determines when the stop
occurs if the Safety Enable input transitions
from ON (1) to OFF (0) while the slide is in the
Up zone.

Enabled (1) The press is stopped
when the slide enters
the Top zone.

Disabled (0) The press is stopped
immediately.

The following table explains the instruction inputs.

Operand Data Type Format Description

Enable BOOL tag This input is the signal to
activate this instruction;
for example, by an Eight
Position Mode Selector
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Operand

Data Type

Format

Description

(EPMS) Ox output, where x
=1through 8.

ON (1): The instruction is
selected and operational.

OFF (Q): The instruction
is not operating. All
instruction outputs are
de-energized.

Safety Enable

BOOL

tag

This input represents the
status of safety-related
permissive devices such as
E-stops, light curtains, or
safety gates.

ON (1): Permissive devices
are actively guarding the
danger zone. Permits the
energizing of 01(Qutput 1).

OFF (0): Permissive devices
are in a state that doesn't
allow Output Tto be
energized.

Standard Enable

BOOL

tag

Indicates the state of non
safety-related permissive
devices.

ON (1): Permits the
energizing of Output 1.

OFF (Q): Prevents the
energizing of Output 1.

This parameter is not
safety-related.

Arm Continuous

BOOL

tag

Enables arming for the
Immediate with Arming,
Half Stroke with Arming,
and Stroke-and-a-half with
Arming modes only.

ON (1): Enables arming.
The arming sequence
ends when the Start input
transitions from OFF (0) to
ON (1) within 5 seconds.

Start

BOOL

tag

Input to start press
movement.
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Operand Data Type

Format

Description

ON (1): Energize Output 1if
all input conditions have
been met.

OFF (0): Output 1remains
energized based on the
configured continuous
mode. Qutput Tis
de-energized if the
continuous mode
requirements are not met.
See Mode parameter in
the Clutch Brake Single
Stroke Mode Instruction:
Configuration Parameters
table above for more
information.

Stop At Top BOOL

tag

This input is the request
to stop press movement
when the Top zone is
reached.

OFF (Q): Prevents the
energizing of Output 1.
De-energize Output 1the
next time the slide enters
the Top zone.

Press In Motion BOOL

tag

This input is typically
sourced by Output 1of the
Camshaft Monitor (CSM)
instruction or by user
application logic. Feedback
from the press safety valve
needs to be included in the
building of this signal.

ON (1): Indicates that the
press is moving.

OFF (0): Indicates that the
press is stopped.

Slide Zone DINT

tag

This input represents the
position of the slide and
the position information
status. It is sourced by
the Crankshaft Position
Monitor (CPM) instruction's
Slide Zone output or user
application logic that
provides the following
hit-mapped information.
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Operand Data Type

Format

Description

Bit 0: Status

OFF (0) - The Slide Zone
information is invalid.
Prevents the energizing of
Output 1on an initial start
or immediately stops the
press.

ON (1) - Slide Zone
information is valid.

Bits 1and 2: Slide Zone

The following table lists
how Bits 0 to 2 are used to
represent the valid slide
zones.

Bit || Bit || Bit || SI || De
2 |1 0 ||ide]fci

ow
0o |[1 Up||3

1T )10 |[1 || Topl| 5

Bits 3 to 31: Unused; Set to
0.

Motion Monitor Fault BOOL

tag

Stops the press
immediately when a press
motion problem has been
detected. This input is
sourced by inverting

the Fault Present output
coming from the Camshaft
Monitor (CSM) instruction
or application logic

that performs motion
diagnostics.

ON (1): Indicates that press
motion is valid. Permits
Output 1to be energized.

OFF (0): Indicates that
a press motion problem
exists. Prevents Output 1
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Operand Data Type Format Description
from being energized or
immediately de-energizes
Output 1.

Safety Enable Ack BOOL tag This input is required when

the configured Ack Type is
Manual.

OFF (0)->0N (1):
Acknowledges that the
Safety Enable input has
transitioned from OFF (0)
to ON(1).

The following table explains the instruction outputs.

Operand

Data Type

Description

Output 1(01)

BOOL

Output used to source the Actuate
input of the Main Valve Control (MVC)
instruction.

ON (1): The output is energized.
OFF (0): The output is de-energized.

See CBCM - Energizing Output 1and
CBCM - De-energizing Output 1 below
for details.

Continuous Armed (CA)

BOOL

This output is used when the
instruction is configured for
Immediate with Arming, Half Stroke
with Arming and Stroke-and-a-half
with Arming modes.

ON (1): The arming sequence is in
progress.

OFF (0): Waiting to be armed.

This parameter is not safety-related.

Diagnostic Code

DINT

See the CBCM - Diagnostic Codes
below.

This parameter is not safety-related.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Rockwell Automation, Inc.
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Operation

Energizing Output 1

Output 1is energized when the Start input transitions from OFF (0) to ON (1) and all of these
conditions are met:

» The arming sequence, if configured, is complete.
 The Enable input is ON (1).

» The Safety Enable input has been acknowledged.
 The Standard Enable input is ON (1).

« The Slide Zone input represents the Top zone.

«  The Motion Monitor Fault input is ON (1).

« The Press In Motion input is OFF (0).

« The Safety Enable Ack input is OFF (0).

 The Stop At Top input is ON (1).

IMPORTANT: If the Ack Type is Manual, an acknowledgment of the Safety Enable input is required when the
Enable input transitions from OFF (0) to ON (1) and before the Start or Arm Continuous input turns ON (0).

WARNING: When the configured Mode is Inmediate and the Ack Type is Automatic, Output 1energizes
when the Safety Enable, Standard Enable, Slide Zone, Press In Motion, and Motion Monitor Fault inputs

A return to the active, or valid state at the same time the Start input transitions from OFF (0) to ON (1).

WARNING: When the configured Mode is Immediate with Arming, Half Stroke with Arming, or Stroke-
and-a-half with Arming and the Ack Type is Automatic, the five-second arming time starts when the
Safety Enable, Standard Enable, Slide Zone, Press In Motion, and Monitor Motion Fault inputs return to
the ON (1), active, or valid state at the same time the Arm Continuous input transitions from OFF (0) to
ON(1).

WARNING: The cam switches that determine slide position are monitored by the CPM instruction. This
instruction uses the Slide Zone output of the CPM instruction as a representation of the cam switches

that determine slide position.

Immediate Mode

The timing diagram shows the acknowledgment of the Safety Enable input, at (A), and the
energizing of Output Twhen the Mode is configured as Immediate. Output 1is energized when
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the Start input transitions from OFF (0) to ON (1) at (B) and all input conditions are being met.
Output 1remains energized when the Start input turns OFF (0) at (C).

Enable .
0

1
Safety Enable
0

1
Standard Enable
0

Arm Continuous

|:| s

NN (S | R NN [ S N S — -

1
Start
0

1

Stop At Top .
1]

1
Press In Motion
0

Slide Zone T D

|

N

Mation Monitor Fault |
0 I

|
1

1
safety Enable Ack '_‘
] !

1
Output 1
0

1
Continuous Armed
0

|
® 0]

Zone:T=Top D=Down

Immediate with Arming Mode

This diagram shows the acknowledgment of the Safety Enable input, at (A), and the energizing
of Qutput 1 when the Mode is configured as Immediate with Arming. The five-second arming
timer starts when the Arm Continuous input transitions from OFF (0) to ON (1) at (B) and all
input conditions are being met. Within five seconds, Output 1is energized when the Start input
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transitions from OFF (0) to ON (1) at (C) and all input conditions are being met. Output 1remains
energized when the Start input turns OFF (0) at (D).

1
Enable
1]

safety Enable :
0

Standard Enable ]
1]

0

__—
tart

1
Stop At Top
0

Press In Motion :
1]

]
|
1
|
|
[
|
|
|
|
|
|
|
|
|
|
|
|
|
: |
Arm Continuous i
|
|
|
|
|
|
|
|
|
|
1
|
|
1
|
|
|
|
|
|
|

Slide Zone

Motion Monitor Fault ]
1]

|
|
|
|
|
I
|
1 |
Safety Enable Ack |_|
0 —
I
|
|
|
|
|
|
|
|
l
®

Dutput 1 1
0

Continuous Armed
0

Zone: T=Top O =Down

Half Stroke with Arming Mode

This diagram shows the acknowledgment of the Safety Enable input, at (A), and the energizing
of Output 1 when the Mode is configured as Half Stroke with Arming. The five-second arming
timer starts when the Arm Continuous input transitions from OFF (0) to ON (1) at (B) and all
input conditions are being met. Within five seconds, Output 1is energized when the Start input

Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.



Chapter3  Metal Form Instructions

Rockwell Automation, Inc.

transitions from OFF (0) to ON (1) at (C) and all input conditions are being met. Output 1remains
energized when the Start input turns OFF (0) after the slide has transitioned a half-stroke at (D).

Enable ]
]

1
Safety Enable
0

Standard Enable 1
0

|
I
|
|
|
|
I
i
I
|
|
|
|
I
I
|
. 1 '
Arm Continuous : |_|

0
|
|
|
|
|
I
|
|
:
|
I
I
|
|
|
i
I
|

1

Start

0

1
Stop At Top
0

Press In Motion
]

Slide Zone

|

y

Motion Monitor Fault I
0——

|
|

1
safety Enable Ack |_|
0

1
Output 1

0

1
Continuous Armed

0

|
|
|
|
|
|
|
|
|
|
|
|
:
|
i
|
|
|
|
|
|
| | |
I I I
Zone:T=Top D=Down U=Up ® fé\ @ (ﬁj‘.
= =

Stroke and a half with Arming Mode

This diagram shows the acknowledgment of the Safety Enable input, at (A), and the energizing of
Output Twhen the Mode is configured as Stroke-and-a-half with Arming. The 5-second arming
timer starts when the Arm Continuous input transitions from OFF (0) to ON (1) at (B) and all

input conditions are being met. Within 5 seconds, Output 1is energized when the Start input
transitions from OFF (0) to ON (1) at (C) and all input conditions are being met. Output 1remains
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energized when the Start input turns OFF (0) after the slide has transitioned a stroke-and-a-half

at (D).

Zone:T=Top D=Down U=Up

Enable

Safety Enable

Standard Enable

Arm Continuous

Start

Stop At Top

Press In Motion

Slide Zone T oDJujlT|OD

Motion Monitor Fault

Safety Enable Ack

Output 1

Continuous Armed

-
i

&1

De-energizing Output 1

Once energized, Output 1is de-energized when one or more of the following occurs:

The Enable input transitions from ON (1) to OFF (0).

The Start input transitions from ON (1) to OFF (0) prior to entering the continuous
operation.

When this transition occurs while the slide is in the Up zone, Output 1is de-energized
when the slide enters the Top zone. Otherwise, Output 1is de-energized immediately.

The Safety Enable input transitions from ON (1) to OFF (0).

When this transition occurs while the slide is in the Up zone and Takeover Mode is
enabled, Output 1is de-energized when the slide enters the Top zone. Otherwise, when
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Takeover Mode is disabled, Output 1is de-energized immediately. Output 1is also de-
energized immediately when this transition occurs while the slide is in the Top or Down
zones.

The Standard Enable input transitions from ON (1) to OFF (0). When this transition occurs
while the slide is in the Up zone, Output 1is de-energized when the slide enters the Top
zone. Otherwise, Output 1is de-energized immediately.

The Slide Zone input value becomes invalid.

The Monitor Motion Fault input transitions from ON (1) to OFF (0).

The direction of the press appears to be running in reverse.

The Press In Motion input is OFF (0) when the slide goes from Top to Down.

The Stop At Top input transitions from ON (1) to OFF (0) and the slide enters the Top zone.
The Press in Motion input transitions from ON (1) to OFF (0).

Safety Enable and Takeover Mode

This diagram shows Output 1being de-energized when the slide enters the Top zone at (B).

Output 1is de-energized because the Safety Enable input has transitioned from ON (1) to OFF (0)
during the Up zone, at (A), with Takeover Mode enabled. Before Output 1can be re-energized, an
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acknowledgment of the Safety Enable input is required when the Safety Enable input transitions

from OFF (0) to ON (1) at (C).

Erualsle

Safaty Emable

Standard Enable

Arm Continuous

Stop At Top

Press In Motion

Slide fone

Motion Monitor Fault

Satety Enable Ack

Dutput 1

Continuows Ammed

Zong:T=Top D=Down U=LUp

False Rung State Behavior

NN ESEE

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Diagnostic Codes and Corrective Actions

Diagnostics 16#2000...164#200A are detected when attempting to start press movement by

energizing Output 1.

Diagnostics 164#2020...16#202D are used to diagnose the reason for stopping press movement

by de-energizing Output 1.

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description

Corrective Action

0 No fault.

None.
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Diagnostic Code Description Corrective Action
1642000 Immediate Mode Output 1failed to energized | Check the Crankshaft
8192 when the Start input Position Monitor (CPM)
turned ON (1), due to an instruction or the
invalid Slide Zone input application logic used to
value. source this input. This
diagnostic is cleared
Arming Modes » The five-second when a valid Slide Zone is
arming timer failed established.
to start when the
Arm Continuous input
turned ON (1) due to
an invalid Slide Zone
input value.
» During the
five-second arming
period, the Slide Zone
input value became
invalid.
1642001 Immediate Mode Output 1failed to energize |«  Wait for the press to
8193 when the Start input come to a complete
turned ON (1) due to the stop before initiating
Press In Motion input being press movement.
ON (1) o Verify that the device
Arming Modes »  The five-second timer s momtonr.]g pres.s
failed to start when movement is working
the Arm Continuous correctly.
input turned ON (1) «  Verify that only one
due to the Press In mode of operation is
Motion input being ON selected.
(1)
e During the
five-second arming
period, the Press In
Motion input turned
ON(1).
1642002 Immediate Mode «  When the configured |« Verify that the active
8194 Ack Type is Manual, opto-electronic

Output 1failed to
energize when the
Start input turned
ON (1) prior to the
acknowledgment of
the Safety Enable
input.

»  When the configured
Ack Type is Automatic,
Qutput 1failed to

protective devices
(AOPDs) and
electro-sensitive
protective equipment
(ESPEs) used to
source the Safety
Enable input are
protecting their
respective areas.
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Diagnostic Code

Description

Corrective Action

energize when the
Start input turned

ON (1) and the Safety
Enable input was OFF
(0).

Arming Modes

«  When the configured
Ack Type is Manual,
the five-second
timer failed to
start when the Arm
Continuous input
turned ON (1) prior to
the acknowledgment
of the Safety Enable
input.

»  When the configured
Ack Type is Automatic,
the five-second
arming timer failed
to start when the Arm
Continuous input and
the Safety Enable
inputs are OFF (0).

+ During the
five-second arming
period, the Safety
Enable input turned
OFF (0).

e Then, to clear the
diagnostic for
manual Ack Types,
acknowledge the
Safety Enable input
by turning the Safety
Enable Ack input ON
(1)

»  For automatic Ack
Types, this diagnostic
is cleared when the
Safety Enable input
turns ON (1).

16#2003

8195

Immediate Mode

Output 1failed to energize
when the Start input
turned ON (1) due to the
Standard Enable input
being OFF (0).

Arming Modes

«  The five-second timer
failed to start when
the Arm Continuous
input turned ON (1)
due to the Standard
Enable input being
OFF(0).

e During the
five-second arming
period, the Standard
Enable input turned
OFF (0).

Verify that the devices
used to source the
Standard Enable input are
functioning properly.

This diagnostic is cleared
when the Standard Enable
input is ON (1).
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Diagnostic Code Description Corrective Action
1642004 Immediate Mode N/A Turn the Start input OFF
8196 (0) and turn the Arm
Arming Modes The Start input was ON (1) | Continuous input ON (1) to
when the Arm Continuous | clear this diagnostic.
input turned ON (1).
1642005 Immediate Mode N/A Turn the Arm Continuous
8197 input ON (1) to restart the
Arming Modes The Start input did not turn | arming timer and clear this
ON (1) within five seconds | diagnostic.
of the Arm Continuous
input turning ON (1).
16#2006 Immediate Mode N/A The Arm Continuous input
8198 must turn ON (1) before
Arming Modes The Start input turned the Start input does. Turn
ON (1) before the Arm the Start input OFF (0) and
Continuous input turned | turn the Arm Continuous
ON (1), input ON (1) to clear this
diagnostic.
1642007 Immediate Mode Output 1failed to energize | Turn the Stop At Top input
8199 when the Start input OFF (0) and turn the Arm
turned ON (1) due to the Continuous input ON (1) to
Stop At Top input being clear this diagnostic.
OFF (0).
Arming Modes »  The five-second timer
failed to start when
the Arm Continuous
input turned ON (1)
due to the Stop At Top
input being OFF (0).
+ During the
five-second arming
period, the Stop At Top
input turned OFF (0).
1642008 Immediate Mode Output 1failed to energize | Check the Camshaft
8200 when the Start input Monitor (CSM) instruction

turned ON (1) due to the
Motion Monitor Fault input
being OFF (0).

Arming Modes

e The five-second timer
failed to start when
the Arm Continuous
input turned ON (1)
due to the Motion
Monitor Fault input
being OFF (0).

or the application logic
used to monitor press
movement.

This diagnostic is cleared
when the mation monitor
functions are properly
monitoring motion and the
Motion Monitor Fault input
is ON(1).
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Diagnostic Code Description Corrective Action
e During the
five-second arming
period, the Motion
Monitor Fault input
turned OFF (0).
1642009 Immediate Mode Output 1failed to energize | Turn the Safety Enable Ack
8201 when the Start input input OFF (0).
turned ON (1) due to the This diagnostic is cleared
Safety Enable Ack input when the Safety Enable
being ON (1) Ack input turns OFF (0).
Arming Modes *  The five-second timer
failed to start when
the Arm Continuous
input turned ON (1)
due to the Safety
Enable Ack input
being OFF (0).
e During the
five-second arming
period, the Safety
Enable Ack input
turned OFF (0).
16#200A Immediate Mode Output 1 failed to energize | The slide must be in the
8202 when the Start input Top zone when press
turned ON (1) due to the movement is initiated.
slide being in the Down or This diagnostic is cleared
Up zone. when the slide is inched
Arming Modes The five-second timer back to the Top zone.
failed to start when
the Arm Continuous
input turned ON (1)
due to the slide being
in the Down or Up
zZone.
*  During the
five-second arming
period, the slide
moved to the Down or
Up zone.
1642020 Output 1is de-energized due to the Slide Zone input Check the Crankshaft
8224 value becoming invalid. Position Monitor (CPM)

instruction or the
application logic used to
source this input.
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Diagnostic Code

Description

Corrective Action

This diagnostic is cleared
at the next attempt to
begin press movement.

16#2021
8225

Output 1is de-energized due to the Motion Monitor Fault

input turning OFF (0).

Check the Camshaft
Monitor (CSM) instruction
or the application logic
used to monitor press
movement.

This diagnostic is cleared
at the next attempt to
begin press movement.

16#2022
8226

Output 1is de-energized due to the detection of press
movement in the reverse direction.

Verify the direction of the
press.

This diagnostic is cleared
at the next attempt to
begin press movement.

16#2023
8227

Output 1is de-energized due to the Safety Enable input
turning OFF (0) while the slide was in the Top or Down

Zone.

Verify that the AOPDs and
ESPEs used to source the
Safety Enable input are
protecting their respective
areas.

This diagnostic is cleared
at the next attempt to
begin press movement.

1642024
8228

Output 1is de-energized due to the Standard Enable
input turning OFF (0) while the slide was in the Top or

Down zone.

Verify that the devices
and application logic
used to source the
Standard Enable input are
functioning properly.

This diagnostic is cleared
at the next attempt to
begin press movement.

1642025
8229

Immediate

Immediate with Arming

N/A

Half Stroke with Arming
Mode

Stroke-and-a-half with
Arming Mode

Output 1is de-energized
due to the Start input
turning OFF (0) while
the slide was in the Top
or Down zones prior to
entering continuous
operation.

Output 1is always
de-energized when the
Start input turns OFF (0)
while the slide is in the Top
or Down zones.

This diagnostic is cleared
at the next attempt to
begin press movement.

1642026

Not used by this instruction.

Rockwell Automation, Inc.
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Diagnostic Code Description Corrective Action
8230
1642027 Output 1is de-energized immediately when the Safety | Verify that the AOPDs and
8231 Enable input turned OFF (0) while the slide was in the Up | ESPEs used to source the
zone and the Takeover Mode is Disabled. Safety Enable input are
protecting their respective
areas.
This diagnostic is cleared
at the next attempt to
begin press movement.
1642028 Output 1is de-energized when the slide entered the Top | Verify that the devices and
8239 zone due to the Standard Enable input turning OFF (0) application logic that is
while the slide was in the Up zone. used to
source the Standard
Enable input are
functioning properly.
This diagnostic is cleared
at the next attempt to
begin
press movement.
1642029 Output 1is de-energized immediately when the Start This diagnostic is cleared
8233 input turned OFF (0) while the slide was Up zone before | at the next attempt to
entering continuous operation, with a Takeover Mode of | begin press movement
Disabled.
164#202A Output 1is de-energized because the slide entered the | This diagnostic is cleared
8234 Top zone after a stop request has been made. at the next attempt to
begin press movement.
1642028 Output 1is de-energized because the Press In Motion Check the Camshaft
8235 input remained OFF (0) when the slide entered the Down | Monitor (CSM) instruction
zone or the Press In Motion input is transitioned from ON | or he application logic
(1) to OFF (0) that is used to monitor
press movement. This
diagnostic is cleared at
the next attempt to begin
press movement.
164#202C Output 1is de-energized when the slide entered the Verify that the AOPDs and
8236 Top zone and the Safety Enable input turned OFF (0) ESPEs used to source the

while the slide was in the Up zone, with Takeover Mode
enabled.

Safety Enable input are
protecting their respective
areas.

This diagnostic is cleared
at the next attempt to
begin press movement.
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Diagnostic Code Description Corrective Action
1642020 Output 1de-energized when the slide entered the This diagnostic is cleared
8237 Top zone and the Start input turned OFF (0) while the at the next attempt to

slide was in the Up zone prior to entering continuous
operation, with Takeover Mode enabled.

begin press movement.

Affects Math Status Flags

No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution
Condition/State Action Taken
Prescan Same as Rung-condition-in is false

Rung-condition-in is false

The .01and .CA are cleared to false.

The Diagnostic Code output is set to 0.

Rung-condition-in is true

The instruction executes as described in the Normal

operation section.

Postscan

Same as Rung-condition-in is false

Example
CBCH

Clutch Brake Continuous Mode

~ R

CB_Continuoushode o1
MANUAL

IMMEDIATE WITH ARMING CA

DISABLED

CB_ContinuousMode. Enable
L

CB_ContinuousMode. SafetyEnable
0 4=

Standard Enakle CB_ContinuousMode. StandardEnable

L

CB_ContinuousMode ArmContinuous
0 4=

CB_ContinuousMode.Start
L

CB_ContinuousMode StopAtTop
0 4=

Motion. 0
L

Motion.FP
0 4=

CB_ContinuousMode.SlideZone
1 (DOVUN ) =

Safety Reset PB
ZHO000_0000 4=
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Clutch Brake Inch Mode (CBIM)
This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The Clutch Brake Inch Mode (CBIM) instruction is used in press applications where minor slide
adjustments are required, for example, during press set up. During inch-mode operation, the
flywheel is driven at a very low speed by either the main motor or another drive mechanism.

Available Languages

.
Ladder Diagram
CBIM
Clutch Brake Inch Mode
CBIM ? 01
Ack Type ?
Inch Time (Mzec ?
[f
Enable ?
77
Safety Enable ?
[f
Standard Enable ?
77
Start ?
[f
Press In Motion ?
77
Motion Monitor Fault ?
[f
Slide Zone ?
77
Safety Enable Ack ?
[f

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.
WARNING: Do not use automatic acknowledgment when access within the danger zone can
go undetected. This instruction, configured for automatic acknowledgment, must be used in
combination with other instructions, at least one of which must fulfill the manual reset requirement.

Reset controls must be located within sight, but out of reach of the danger zone. See section 5.4.1.3
of EN692-2005 for details
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WARNING: This instruction is specified with the intent that the Slide Zone input is sourced only by
the Slide Zone output of the Crankshaft Position Monitor (CPM) instruction or application logic that
satisfies the Slide Zone requirements listed in the Inputs table in this instruction.This instruction is
specified with the intent that the Enable input is sourced only by an Ox output! of the Eight Position
Mode Selector (EPMS) instruction that is not already sourcing the Enable input of anather Clutch
Brake Inch Mode (CBIM), Clutch Brake Single Stroke Mode (CBSSM), or Clutch Brake Continuous Mode
(CBCM) instruction

"Where x =1through 8

WARNING:
Per Section 5.5.2 of EN692-2005; facilities shall be provided to allow the movement of the slide during

tool-setting, maintenance and lubrication to be carried out with guards and protective devices in
position and operational (see 5.3.2).
Where this implementation is not practicable, at least one of the following facilities shall be provided:

a. Rotation of the crankshaft by hand, with power isolated

b. Slow speed (equal or less than 10 mm/s) and hold-to-run control device

c. Two-hand control device in accordance with 5.5.9 and arranged so that it cannot be used for
production, for example, when the cycle stops at least three times during one revolution of the
crankshaft.

d. Using the Inching device.

The Inch Time parameter can be configured to fulfill the requirements of stopping 3 times
during a press cycle as specified in 5.5.2 ¢ of EN692-2005.

Operands

IMPORTANT: Do not use the same tag name for more than one instruction in the same program. Do not write to
any instruction output tag under any circumstances.

WARNING: If you change instruction parameters while in Run mode, you must accept the pending
edits and cycle the controller mode from Program to Run for the changes to take effect.

The following table provides the parameters that are used to configure the instruction. These
parameters cannot be changed at runtime.

Parameter Data Type Format Description

CBIM CB_INCH_MODE tag This parameter is a backing tag that
maintains important execution information
for each usage of this instruction.

& ATTENTION: To avoid unexpected
operation do not reuse this backing tag and
its members. Do not write to any of the tag

members anywhere else in the program.

Ack Type BOOL name This parameter specifies how to
acknowledge a Safety Enable OFF (0) to ON
(1) transition. This acknowledgment must be
made before Output 1can be energized.
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Parameter

Data Type

Format

Description

Automatic

The acknowledgment
is made
automatically when
the Safety Enable
input transitions
from OFF (0) to ON (1).

The acknowledgment
is made when

Safety Enable Ack
transitions from OFF
(0) to ON (1) after the
Safety Enable input
transitions from OFF
(0) to ON(1).

Inch Time

DINT

immediate

This parameter selects the amount of time
Output 1is allowed to remain energized
while the Start input is ON (1). Output 1

is de-energized when the Start input
transitions from ON (1) to OFF (0) while the
timer is timing. The valid range is 0 to 5000
ms. A value of 0 disables the timer.

The following table explains the instruction inputs.

Parameter

Data Type

Format

Description

Enable

BOOL

tag

This input is the signal to
activate this instruction.
For example, by an Eight
Position Mode Selector
(EPMS) Ox output, where
x=1to0 8.

ON (1): The instruction is
selected and operational.

OFF (Q): The instruction
is not operating. All
instruction outputs are
de-energized.

EnableSafety Enable

BOOL

tag

This input represents the
status of safety-related
permissive devices such as
E-stops, light curtains, or
safety gates.

ON (1): Permissive devices
are actively guarding the
danger zone. Permits the
energizing of Qutput 1.
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Parameter

Data Type

Format

Description

OFF (0): Permissive devices
are in a state that doesn't
allow Output 1to be
energized.

Standard Enable

BOOL

tag

Indicates the state of non
safety-related permissive
devices.

ON (1): Permits the
energizing of Output 1.

OFF (0): Prevents the
energizing of Output 1.

This parameter is not
safety-related.

Start

BOOL

tag

Input to start press
movement.

ON (1): Energize Output 1if
all input conditions have
been met.

OFF (0): Output Tis
de-energized.

Press In Motion

BOOL

tag

This input is typically
sourced by Output 1of the
Camshaft Monitor (CSM)
instruction or by user
application logic. Feedback
from the press safety valve
needs to be included in the
building of this signal.

ON (1): Indicates that the
press is moving.

OFF (0): Indicates that the
press is stopped.

Slide Zone

DINT

tag

This input represents the
position of the slide and
the position information
status. It is sourced by
the Crankshaft Position
Monitor (CPM) instruction's
Slide Zone output or user
application logic that
provides the following
bit-mapped information.

Bit 0: Status

Rockwell Automation, Inc. Publication 1756-RM0950-EN-P - September 2025

313



Chapter 3

Metal Form Instructions

314

Parameter Data Type

Format

Description

OFF (0) - The Slide Zone
information is invalid.
Prevents the energizing of
Output 1on an initial start
or immediately stops the
press.

ON (1) - Slide Zone
information is valid.

Bits 1and 2: Slide Zone

The following table lists
how Bits 0 to 2 are used to
represent the valid slide
zones.

Bit || Bit || Bit || SI || De
2 ||1 ||0 [fide]fci

ow!
o (1 I Up||3

T 10 |[1 || Topl| 5

Bits 3 to 31: Unused; Set to
0.

Motion Monitor Fault BOOL

tag

Stops the press
immediately when a press
motion problem has been
detected. This input is
sourced by inverting

the state of the Fault
Present output of the
Camshaft Monitor (CSM)
instruction or application
logic that performs motion
diagnostics.

ON (1): Indicates that press
motion is valid. Permits
Output 1to be energized.

OFF (0): Indicates that

a press motion problem
exists. Prevents Output 1
from being energized or
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Parameter Data Type Format Description
immediately de-energizes
Output 1.

Safety Enable Ack BOOL tag This input is required when

the configured Ack Type is
Manual.

OFF (0) - Input is Off

OFF (0)->ON (1): This
transition acknowledges
that the Safety Enable
input has transitioned from
OFF (0) to ON(1).

ON (1) - Input is On

The following table explains the instruction outputs.

Parameter

Data Type

Description

Output 1(01)

BOOL

Instruction Output

Q Use this output to source

the Actuate input of
the Main Valve Control
instruction.

ON (1): The output is energized.
OFF (0): The output is de-energized.

See CBIM - Energizing Output 1and
CBIM - De-energizing Output 1 below
for details.

Diagnostic Code

DINT

This output indicates the diagnostic
status of the instruction. See the
CBIM - Diagnostic Codes below for a
list of diagnostic codes.

This parameter is not safety-related.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Rockwell Automation, Inc.
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Operation

Energizing Output 1

Output 1is energized only when the Start input transitions from OFF (0) to ON (1) and all of these
conditions are met:

 The Enable input is ON (1).

» The Safety Enable input has been acknowledged.
« The Standard Enable input is ON (1).

The Motion Monitor Fault input is ON (1).

«  The Press In Motion input is OFF (0).

« The Safety Enable Ack input is OFF (0).

IMPORTANT: If the Ack Type is Manual, an acknowledgment of the Safety Enable input is required when the
Enable input transitions from OFF (0) to ON (1) and before the Start input turns ON (0).

WARNING: When the configured Ack Type is Automatic, Output 1is energized when the Safety Enable,
Standard Enable, Press In Motion, and Motion Monitor Fault inputs return to the active or valid state at
the same time the Start input transitions from OFF (0) to ON (1).

instruction uses the Slide Zone output of the CPM instruction as a representation of the cam switches

fr WARNING: The cam switches that determine slide position are monitored by the CPM instruction. This
that determine slide position.

This diagram demonstrates the acknowledgment of the Safety Enable input, at (A). Output 1is
energized when the Start input transitions from OFF (0) to ON (1) at (B) and all input conditions
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have been met. The safety enable acknowledgment only needs to be made once while the Safety
Enable input is ON (1) when the configured Ack Type is Manual.

Motion Monitor Fault

1
Enable

0

1
Safety Enable
0

1
Standard Enable

| 1

I I

0 | 1

I 1

1 | ]

Start l I

l

D | 1

I I
1 I 1 - -
Press In Motion : ! e

0

Slide Zone Any Zone

1
Safety Enable Ack l_l
0

1
Output 1
0

- ===

&

ey
e

De-energizing Output 1

Once energized, Output 1is de-energized when one or more of the following occurs:

Rockwell Automation, Inc.

The Enable input transitions from ON (1) to OFF (0).

The Start input transitions from ON (1) to OFF (0).

The Safety Enable input transitions from ON (1) to OFF (0).
The Standard Enable input transitions from ON (1) to OFF (0).
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» The slide moves to the Top zone.
» The Inch timer expires.
«  The Monitor Motion Fault input transitions from ON (1) to OFF (0).

The Press In Motion input is not checked to de-energize Output 1. It is only checked to energize
Output 1.

The following diagram demonstrates the de-energizing of Output Twhen the Safety Enable
input transitions from ON (1) to OFF (0) at (A). An acknowledgment of the Safety Enable input is
required when the Safety Enable input transitions from OFF (0) to ON (1) at (B) before Qutput 1
can be re-energized.

1
Enable
0
1
Safety Enable
0
1 ] ]
¥ ]
Standard Enable | i
0
] 1
1 f !
Start
0
1
'
1
- - R ——
Press In Motion 1 ="
'
1 } :
Motion Monitor Fault i i
]
0 1
]
] 1
[ ] [ |
Slide Zone Any Zone
i i
1
Safety Enable Ack ! 1
I ]
0 &
1
Output 1
0

® ®

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.
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Diagnostic Codes and Corrective Actions

Diagnostics 16#2001...16#2009 are detected when attempting to start press movement by
energizing Output 1. Diagnostics 16#2021 to 16#202A are used to diagnose the reason for
stopping press movement by de-energizing Output 1.

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description Corrective Action

00 No fault. None.

16#2000 Not used by this instruction.

8192

16#2001 Output 1failed to energize whenthe | <  Wait for the press to come to a

8193 Start input turned ON (1) due to the complete stop before initiating
Press In Mation input being ON (1). press movement.

»  Verify that the device is
monitoring press movement is
working correctly.

«  Verify that only one mode of
operation is selected.

This diagnostic is cleared when the

Press In Mation input turns OFF (0).

16#2002 Output 1 failed to energize when »  Verify that the active
8194 the Start input turned ON (1) prior to opto-electronic protective
the acknowledgment of the Safety devices (AOPDs) and
Enable input. electro-sensitive protective
equipment (ESPEs) used to
source the Safety Enable input
are protecting their respective
areas.

»  Then, to clear the diagnostic for
manual Ack Types, acknowledge
the Safety Enable input by
turning the Safety Enable Ack
input ON (1).

»  For automatic Ack Types, this
diagnastic is cleared when the
Safety Enable input turns ON (1).

1642003 Output 1failed to energize when the | Verify that the devices used to
8195 Start input turned ON (1) due to the | source the Standard Enable input are
Standard Enable input being OFF (0). | functioning properly. This diagnostic
is cleared when the Standard Enable

input is ON (1).

1642008 Output 1failed to energize when the | Check the Camshaft Monitor (CSM)
8196 Start input turned ON (1) due to the | instruction or the application logic

used to monitor press movement.
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Diagnostic Code Description Corrective Action
Motion Monitor Fault input being OFF | This diagnostic is cleared when
(0). the motion monitor functions are
properly monitoring motion and the
Motion Monitor Fault input is ON (1).
1642009 Manual Ack Type: Turn the Safety Enable Ack input OFF
8197 Output 1failed to energize when the (0)
Start input turned ON (1) due to the | This diagnostic is cleared when the
Safety Enable Ack input being ON (1). | Safety Enable Ack input turns OFF
(0).
Automatic Ack Type:
N/A
1642021 Output Tis de-energized due to the | Check the Camshaft Monitor (CSM)
8275 Motion Monitor Fault input turning instruction or the application logic
OFF (0). used to monitor press movement.
This diagnostic is cleared at the next
attempt to begin press movement.
16#2022 Not used by this instruction.
8226
16#2023 Output 1is de-energized due to the | Verify that the AOPDs and ESPEs
8277 Safety Enable input turning OFF (0). | used to source the Safety Enable
input are protecting their respective
areas.
This diagnostic is cleared at the next
attempt to begin press movement.
1642024 Output 1is de-energized due to the | Verify that the devices and
8298 Standard Enable input turning OFF | application logic used to source
(0). the Standard Enable input are
functioning properly.
This diagnostic is cleared at the next
attempt to begin press movement.
1642025 Output 1is de-energized due to the | Output 1is de-energized when the
8229 Start input turning OFF (0). Start input turns OFF (0) regardless
of slide zone.
This diagnostic is cleared at the next
attempt to begin press movement.
1642026 Output 1is de-energized because the | Output 1is always de-energized
8230 Inch Mode timer timed out. when Inch Mode timer times out.

Verify that the Inch Time parameter
value is correct for your application.

This diagnostic is cleared at the next
attempt to begin press movement.
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Diagnostic Code

Description Corrective Action

16#2027
8231

16#2028
8232

16#2029
8233

Not used by this instruction.

16#202A
8234

Output 1is de-energized due to the | Output 1is always de-energized
slide entering the Top zone. when the slide enters the Top zone.

This diagnostic is cleared at the next
attempt to begin press movement.

Affects Math Status Flags

No

Major / Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution
Condition/State Action Taken
Prescan Same as Rung-condition-in is false

Rung-condition-in is false

The .01is cleared to false.

The Diagnostic Code output is set to 0.

Rung-condition-in is true

The instruction executes as described in the Operation
section.

Postscan

Same as Rung-condition-in is false
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Examples
CBIM
Clutch Brake Inch Mode
CBIM CB_InchMode
Ack Type MANUAL
Inch Time (Meec 5000

Crankshaft Position Monitor (CPM)

Enable CB_InchMode Enable
0 4=

Safety Enable CB_InchMode. SafetyEnable
04

Standard Enable CB_InchMode.StandardEnable
0 4=

Start CB_InchMode Start
04

Press In Motion Motion. 01
0 4=

Motion Monitor Fault Motion. FP
04

Slide Zone CB_InchMode. SlideZone
0 - Invalid 4=

Safety Enable Ack Safety_Reset PB

2#0000_0000 %=

o1

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix

5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The Crankshaft Position Monitor instruction is used to determine the slide position of the press
by monitoring the Brake (BCAM), Dynamic (DCAM), and Takeover (TCAM) cams and representing
the position as Top, Down, or Up by using the Slide Zone output. Also, the Top Zone, Down Zone,
and Up Zone Boolean outputs are provided for monitoring and diagnostic purposes.

322
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Available Languages

Ladder Diagram

CPM
Crankshaft Position Monitor
CPM CrankPosition_SM TZ
Cam Profile A
Enable CrankPosition_SM.Enable DZ
() 4u
Brake Cam CrankPosition_SM.BrakeCam Uz
() 4u
CrankPosition_SM.TakeowverCam FP
() 4u
ynamic Cam CrankPosition_SM.DwvnamicCam
() 4u
ut Status CrankPosition_SM.InputStatus
() 4u
Reverse CrankPosition_SM.Reverse
() 4u
= Motion Status  CrankPosition_SM.PressMotionStatus
() 4u
Reset CrankPosition_SM.Reset
() 4u

Function Block
This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

WARNING: This instruction is specified with the intent that the Slide Zone output is used to source
the Slide Zone input of the Clutch Brake Inch Mode (CBIM), Clutch Brake Single Stroke Mode (CBSSM),
Clutch Brake Continuous Mode (CBCM), and Camshaft Monitor (CSM) instructions.

Normal stop operation of a press begins when the slide enters the Top zone. A successful stop
occurs when the press stops in the Top zone. During normal stopping, the speed of the press
may cause the press to stop in the Down zone. This is called an overrun. To minimize this, the
DCAM can be enabled to generate an early Top zone, allowing the press to begin stopping early.

WARNING: When required, the DCAM should only be enabled for normal stopping, based on speed of
the press. Do not adjust the DCAM to account for deteriorating brake performance.

WARNING: Reversing the press should only be performed during set up mode by using the Clutch
Brake Inch Mode (CBIM) instruction. Reversing the press is only permitted for moving the slide from
the Down zone to the Top zone where the CBIM instruction automatically stops the press at Top. A
fault occurs when reverse mavement continues into the Up zone.

Operands

IMPORTANT: Do not use the same tag name for more than one instruction in the same program. Do not write to
any instruction output tag under any circumstances.
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WARNING: If you change instruction parameters while in Run mode, you must accept the pending
edits and cycle the controller mode from Program to Run for the changes to take effect.

The following table provides the parameters used to configure the instruction. These

parameters cannot be changed at runtime.

Operand

Data Type

Description

CPM

CB_CRANKSHAFT_POSITION_MONITOR | This parameter is a backing tag

that maintains important execution
information for each usage of this
instruction.

& ATTENTION: To avoid
unexpected operation do not reuse
this backing tag and its members. Do
not write to any of the tag members

anywhere else in the program.

Cam Profile

BOOL

This parameter determines the cam
profile used to generate the Slide
Zone values.

A(0) - See CPM - Cam Profiles and
CPM - Normal Operation with Cam
Profile A below.

B (1) - See CPM - Cam Profiles and
CPM - Normal Operation with Cam
Profile B below.

The following table explains the instruction inputs. The inputs may be field device signals from
input devices or derived from user logic.

Operand Data Type Description

Enable BOOL This signal is used to enable the Crankshaft Position
Monitor (CPM) instruction.
ON (1): The instruction outputs are enabled.
OFF (0): The instruction outputs are disabled.

Brake Cam (BCAM) BOOL This input is sourced by the cam monitoring device

(hard cam) or application logic (soft cam).

Cam Profile A This input specifies the
overrun point and the
Top zone when dynamic
stopping is disabled.

OFF (0)-> ON (1): While
the press is running and
dynamic stopping is
disabled, this transition
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Operand Data Type

Description

signals the end of the Up
zone and the start of the
Top zone.

ON (1) -> OFF (0): While
the press is stopping,
this transition causes
the Camshaft Monitor
instruction to generate a
brake fault.

Cam Profile B

This input specifies the
overrun point and the zone
where immediate braking
of the press is allowed.

OFF (0) - No effect.

OFF (0) -> ON (1): When
detected while the press
is stopping, this transition
causes the Camshaft
Monitor (CSM) instruction
to generate a brake fault.
While the press is running,
this transition signals the
end of the Top zone and
start of the Down zone.

ON (1) -> OFF (0): While
the press is running, this
transition must occur
after the OFF (0) to ON (1)
transition of the Takeover
cam (TCAM).

Takeover Cam (TCAM) BOOL

This input is sourced by the cam monitoring device
(hard cam) or application logic (soft cam).

Cam Profile A

This input is used to
indicate the start of the Up
zone.

OFF (0) -> ON (1): This
transition signals the start
of the end of the Down
zone and the start of the
Up zone.

ON (1) -> OFF (0: When
dynamic stopping is
enabled, this transition
has no effect unless the
dynamic stop signal has
yet to occur. When this
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Operand Data Type

Description

happens, this transition
signals the end of the Up
zone and start of the Top
zone.

Cam Profile B

This input is used to
indicate the start of the Up
zone.

OFF (0): The press is
considered to be in the
Down zone when the Brake
cam (BCAM)is ON (1).

OFF (0) -> ON (1): This
transition signals the start
of the Up zone and the end
of the Down zone and must
occur before the ON (1) to
OFF (0) transition of the
BCAM.

ON (1) -> OFF (0): When
dynamic stopping is not
enabled, this transition
signals the end of the
upstroke and the start
of the Top zone. When
dynamic stopping is
enabled, this transition
has no effect unless
the dynamic stop signal
has yet to occur. In

this case, the dynamic
stopping enable behavior
is performed.

Dynamic Cam (DCAM) BOOL

This input is used to generate an early top signal for
fast-running presses. This input is sourced by a cam
monitoring device (hard cam) or application logic (soft

cam).

This parameter is not safety-related.

Cam Profile A

When dynamic stopping
is not required, this input
should be sourced by the
inverse of the Brake Cam
(BCAM).

OFF (0) -> ON (1): Dynamic
stopping is enabled when
this transition occurs at or
after the ON (1) to OFF (0)
transition of the BCAM.
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Operand Data Type Description

ON (1) -> OFF (0): This
transition signals the end
of upstroke and the start
of the Top zone when it
occurs before the OFF (0)
to ON (1) transition of the
Takeover cam (TCAM).

Cam Profile B When dynamic stopping
is not required, this input
should be sourced by the
Takeover Cam (TCAM).
OFF (0) -> ON (1): Dynamic
stopping is enabled when
this transition occurs at or
after the OFF (0) to ON(1)
transition of the TCAM.
ON (1) -> OFF (0): This
transition signals the end
of Up zone and the start
of the Top zone when it
occurs at or before the ON
(1) to OFF (0) transition of
the TCAM.

Input Status BOOL This input represents the combined status of the cam
monitoring functions in addition to the I/0 module
status.

ON: Inputs are valid. The Slide Zone status bit is set to 1.
OFF: Inputs are invalid. All outputs are set to their
de-energized or OFF (0) state. The Slide Zone status bit
issetto0.

Reverse BOOL Reversing the press should only be performed during
set up mode by using the Clutch Brake Inch Mode (CBIM)
instruction. Reversing the press is only permitted to
move the slide from the Down zone to the Top zone
where the Clutch Brake Inch Mode (CBIM) instruction
automatically stops the press. A fault is generated when
reverse movement is continued into the Up zone.

OFF (0): Reverse operation is disabled.

ON (1): When the slide is in the Down zone, this
instruction lets the press move toward the Top zone. A
fault is generated if this input is

ON (1) when the slide is in the Up zone.

Press Motion Status BOOL This input represents the motion status of the press and
is sourced by Output 1of the Main Valve Control (MVC)
instruction or other valve control application logic.
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Operand Data Type Description

OFF (0): The press has stopped or a stop request has
been issued.

ON (1): The press is running or a start request has been
issued.

IMPORTANT: When the press has been requested
to stop at Top, overrun monitoring is enabled when
the slide transitions from the Up to the Top zone.
An overrun fault occurs when the slide continues to
move into the Down zone.

Reset!!) BOOL This input clears the instruction faults provided the fault
condition is not present.

OFF (0)-> ON (1): The Fault Present and Fault Code
outputs are reset.

V150 13849-1 stipulates instruction reset functions must occur on falling edge signals. To
comply with IS0 13849-1 requirements, add this logic immediately before this instruction.
Rename the “Reset_Signal” tag in this example to your reset signal tagname. Then use the OSF
instruction Output Bit tag as the instruction's reset source.

Re=set_Signal

t Falling

e Bit 5B
t 0B

The following table explains the instruction outputs. The outputs may be field device signals or
derived from user logic.

Operand Data Type Description

Slide Zone DINT This output represents the position of the slide and the position information
status. This output is used to source the Slide Zone input of the Clutch Brake Inch
Mode (CBIM), Clutch Brake Single Stroke Mode (CBSSM), Clutch Brake Continuous
Mode (CBCM), and Camshaft Monitor (CSM) instructions.

This is a bit-mapped value where:
Bit 0: Status

OFF (0) - The Slide Zone information is invalid. Prevents the energizing of Output 1
on an initial start or immediately de-energized Output 1.

ON (1) - Slide Zone information is valid.
Bits 1and 2: Slide Zone

The following table lists how Bits 0 through 2 are used to represent the valid slide
zones.

Bit 2 Bit1 Bit 0 Slide Zone Decimal Value
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Operand Data Type Description
0 0 1 Down 1
0 1 1 Up 3
1 0 1 Top 5

Bits 3 through 31: Unused; Set to 0.

Top Zone (TZ) | BOOL This information bit indicates when the slide is in the Top zone.

Down Zone BOOL This information bit indicates when the slide is in the Down zone.

(D2)

Up Zone (UZ) | BOOL This information bit indicates when the slide is in the Up zone.

Diagnostic DINT This output indicates the diagnostic status of the instruction. See the CPM -
Code Diagnostic Codes below for a list of diagnostic codes.

This parameter is not safety-related.

Fault Code DINT This output indicates the type of fault that occurred. See the CPM - Fault Codes
below for a list of fault codes.

This parameter is not safety-related.

Fault Present | BOOL ON (1): A fault is present in the instruction.

(FP) OFF (0): The instruction is operating normally.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Cam Profiles

This instruction supports two cam profiles, A or B, selected by using the Cam Profile
configurable parameter. The main difference between Cam Profiles A and B is the configuration
of the Brake Cam (BCAM). In profile A, the BCAM is configured to represent the Top zone and in
profile B, it is configured to represent the Down zone. The Takeover Cam (TCAM) in both profiles
is configured to represent the Up zone.

These profile diagrams illustrate the relationships of the cams when the Dynamic Cam (DCAM) is
enabled.

When enabled, the DCAM is configured the same way, with the ON (1) to OFF (0) transition
during the Up zone generating the early Top zone. Depending upon the speed of the press, this
transition can be configured to occur anytime during the Up zone. However, when the DCAM is
disabled, it must be configured as follows:

* Profile A - The DCAM must be sourced by the inverse of the BCAM input source.
 Profile B - The DCAM must be sourced by the TCAM input source.

Rockwell Automation, Inc. Publication 1756-RM0950-EN-P - September 2025 329



Chapter3  Metal Form Instructions

Cam Profiles
Profile A Prafile B
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WARNING: Cam angles are not shown in these cam profiles. The cam angles should be selected by
qualified personnel.

WARNING: When the Cam Profile is configured for A and dynamic stopping is disabled, the Dynamic
Cam (DCAM) input must be sourced inverse of the Brake Cam (BCAM) input source.

WARNING: When the Cam Profile is configured for B and dynamic stopping is disabled, the Dynamic
Cam (DCAM) input must be sourced by the Takeover Cam (TCAM) input source.

> B>

Normal Operation with Cam Profile A

The following example describes normal operation when Cam Profile A is selected and the press
is moving in the forward direction. The press starts with the slide at Top with the Takeover cam
input (TCAM) OFF (0) and the Brake cam input (BCAM) ON (1) at (A) The Slide Zone is set to Top.

As the press moves, the BCAM input transitions from ON (1) to OFF (0) at (B) and the Slide Zone
changes from Top to Down. As the press continues moving, the TCAM input transitions from OFF
(0)to ON (1) at (C) and the Slide Zone changes from Down to Up. Further press movement causes
the Slide Zone output to change from Up to Top at different points depending on the Dynamic
cam input (DCAM) configuration.

When the DCAM is enabled, the Slide Zone changes from Up to Top when the DCAM input
transitions from ON (1) to OFF (0) while the TCAM input is ON (1) at (D). When the DCAM is disabled,
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the Slide Zone changes from Up to Top when the BCAM input transitions from OFF (0) to ON (1) at

(D).

Cam Profile

1
Takeover Cam [TCAM)

Dynamic Cam {DCAM)]

Brake Cam (BCAM) ' 1

1
Reverse

Top Zone L

1
Down Zona
]

1
Up Zone

Slide Zone

Zone:T=Top D=Down U=Up

=

Dynamic Cam Enabled

Cam Profile A

1
Takeover Cam (TCAM)

Dynamic Cam (DCAM) | I |
Brake Cam (BCAM) . _I—l_
1
Reverse
1
Top Zone _I—l_
1
Down Zone _I——I—

1
Up Zone

0
Slide Zone T| D | U | T

@®

® ©
Dynamic Cam Disahle@

Normal Operation with Cam Profile B

The following example describes normal operation when Cam Profile B is selected and the press
is moving in the forward direction. The press starts with slide at Top with Takeover cam input
(TCAM) and Brake cam input (BCAM) OFF (0) at (A) and Slide Zone set to Top. As the press moves,
the BCAM input transitions from OFF (0) to ON (1) at (B) and the Slide Zone changes from Top

to Down. As the press continues moving, the TCAM input transitions from OFF (0) to ON (1) at

(C) and Slide Zone changes from Down to Up. Further press movement causes the Slide Zone
output to change from Up to Top at different points depending on the Dynamic cam input (DCAM)
configuration.

When the DCAM is enabled, the Slide Zone output changes from Up to Top when the DCAM input
transitions from ON (1) to OFF (0) while the TCAM input is ON (1) and the BCAM input is OFF (0) at
(D). When the DCAM is disabled, the Slide Zone output changes from Up to Top when the TCAM
input transitions ON (1) to OFF (0) at (D).

Rockwell Automation, Inc.
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False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.

Fault Code Description Corrective Action
00 No fault. None.
16420 The Input Status input transitioned from ON (1)to OFF (0) | «  Check the I/0 module
3 while the instruction was executing. connection or the
internal logic used to
source input status.
*  Reset the fault.
16#1000 While the press was moving forward, slide movement »  Check the cams or the
4096 from the Top zone to the Up zone was detected. scan rate.
*  Reset the fault.

16#1001 While the press was moving forward, slide movement
4097 from the Down zone to the Top zone was detected.
1641002 While the press was moving forward, slide movement
4098 from the Up zone to the Down zone was detected.
1641003 While the press was moving forward, slide movement
4099 from the Up zone to the Down zone was detected.
1641004 Slide movement from the Top zone to the Down zone
4100 was detected while the press was reversing. Reverse

movement is only permitted toward the Top zone.
1641005 Slide movement from the Down zane to the Up zone
4101 was detected while the press was reversing. Forward

movement of the press is not permitted when Reverse is

enabled.
1641006 The Dynamic cam (DCAM) is stuck OFF (0). *  Check the DCAM.
4102 *  Reset the fault.
1641007 The Dynamic cam (DCAM) s stuck ON (1).
4103
16#1008 Cam Profile A The DCAM turned OFF (0)
4104 while the slide was in the

Down zone.
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Fault Code Description Corrective Action
Cam Profile B N/A
1641009 Cam Profile A The Takeover cam (TCAM) | »  Check the TCAM.
4105 s stuck ON (01 - Reset the fault
Cam Profile B N/A
164#100A Cam Profile A N/A Check the BCAM.
4106 . . *  Reset the fault.
Cam Profile B The Brake cam (BCAM) is
stuck ON(0).
1641020 Arequest to reverse the press was made while the slide | «  Set the Reverse input
408 was in the Up zone. to OFF (0).
*  Reset the fault.
1641040 A slide overrun fault occurred. »  Check the brake
4160 linings for wear.

e Check the cam
settings for proper
alignment.

* Reset the fault.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format

Fault Code Description Corrective Action

00 No fault. None.

16420 The Input Status input was OFF (0) | Check the 1/0 module connection
39 when the instruction started. or the Camshaft Monitor (CSM)

instruction used to source input
status.

safety 1/0 module.

Set the Input Status input to ON (1), if
the inputs are not being sourced by a

Affects Math Status Flags

No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.
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Execution
Condition/State Action Taken
Prescan Same as Rung-condition-in is false.

Rung-condition-in is false

The .TZ, DZ, UZ, and FP is cleared to false.

The Diagnostic Code, Fault Code, and Slide Code are set
to 0.

Rung-condition-in is true

The instruction executes as described in the Normal
operation section.

Postscan

Same as Rung-condition-in is false.

Clutch Brake Single Stroke Mode (CBSSM)

334

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5530 controllers.

The Clutch Brake Single Stroke Mode (CBSSM) instruction is used in single-cycle press

applications.
Available Languages

Ladder Diagram

CBSSM
Clutch Brake Single Stroke Mode
7 o1

el g

77
72
72
72
72
72
77

EE

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.
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WARNING: Do not use automatic acknowledgment when access within the danger zone can go
undetected. This instruction, when configured for automatic acknowledgment, must be used in
combination with other instructions, at least one of which must fulfill the manual reset requirement.
Reset controls must be located within sight, but out of reach of the danger zone.

See section 5.4.1.3 of EN692-2005 for details.

WARNING: ATTENTION: This instruction is specified with the intent that the Slide Zone input

is sourced only by the Slide Zone output of the Crankshaft Position Monitor (CPM) instruction or
application logic that satisfies the Slide Zone requirements listed in this instruction.This instruction
is specified with the intent that the Enable input is sourced only by an Ox output1 of the Eight Position

Mode Selector (EPMS) instruction that is not already sourcing the Enable input of another (CBIM),
Clutch Brake Single Stroke Mode (CBSSM), or Clutch Brake Continuous Mode (CBCM) instruction.

1Where x =1through 8

Operands

IMPORTANT: Unexpected operation may occur if:
»  Output tag operands are overwritten.

»  Members of a structure operand are overwritten.

«  Structure operands are shared by multiple instructions.

WARNING: The CBSSM structure contains internal state information. If any of the configuration
operands are changed while in run mode, the state information must be re-initialized by making the
rung-condition-in false.

The following table provides the operands used to configure the instruction.

Operand Data Type Format Description

CBSSM CB_SINGLE_STRO | tag Data structure required for proper operation of
KE_MODE instruction.

Ack Type BOOL list item This operand specifies how to acknowledge a Safety

Enable OFF (0) to ON (1) transition. This acknowledgment
must be made befare Output 1can be energized.

AUTOMATIC (1) The
acknowledgment
is made
automatically
when the Safety
Enable input
transitions from
OFF (0) to ON(1).

MANUAL (0) The
acknowledgment
is made when
Safety Enable
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Operand

Data Type Format

Description

Ack transitions
from OFF (0) to
ON (1) after the
Safety Enable
input transitions
from OFF (0) to
ON(1).

Takeover Mode

BOOL list item

This operand determines where the press is stopped
when the Safety Enable and/or Start input transitions
from ON (1) to OFF (0) while the slide is in the Up zone.

IMPORTANT: When using this instruction with
Takeover Mode Enabled, safety devices that

are continuously active, such as E-stops, must
directly drive the Enable operand of the CBSSM
instruction. The application developer is responsible
for determining the safety devices that are not
continuously active, such as certain light curtains,
two-hand run stations, and others, which may be used

to drive the Safety Enable operand and can be muted

during press upstroke.

ENABLED (1) The press is stopped when the slide
enters the Top zone.
DISABLED (0) The press is stopped immediately.

The following table explains the instruction inputs.

Operand

Data Type

Format

Description

Enable

BOOL

tag

This input is the signal to
activate this instruction;
for example, by an Eight
Position Mode Selector
(EPMS) Ox output, where x
=1through 8.

ON (1): The instruction is
selected and operational.

OFF (0): The instruction
is not operating. All
instruction outputs are
de-energized.

Safety Enable

BOOL

tag

This input represents the
status of safety-related
permissive devices such as
E-stops, light curtains or
safety gates.
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Operand

Data Type

Format

Description

ON (1): Permissive devices
are actively guarding the
danger zone. Permits the
energizing of Output 1.

OFF (0): Permissive devices
are in a state that doesn't
allow Output 1to be
energized.

Standard Enable

BOOL

tag

Indicates the state of non
safety-related permissive
devices.

ON (1): Permits the
energizing of Output 1.

OFF (0): Prevents the
energizing of Output 1.

This operand is not
safety-related.

Start

BOOL

tag

Input to start press
movement.

ON (1): Energize Output 1if
all input conditions have
been met.

OFF (0): Output 1is
de-energized.

Press In Motion

BOOL

tag

Source this input by Output
1 of the Camshaft Monitor
(CSM) instruction or by user
application logic. Feedback
from the press safety valve
needs to be included in the
building of this signal.

ON (1): Indicates that the
press is moving.

OFF (0): Indicates that the
press is stopped.

Slide Zone

DINT

tag

This input represents the
position of the slide and
the position information
status. It is sourced by
the Crankshaft Position
Monitor (CPM) instruction's
Slide Zone output or user
application logic that
provides the following
hit-mapped information.
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Operand Data Type Format Description
Bit 0: Status
OFF (0) - The Slide Zone
information is invalid.
Prevents the energizing of
Output 1on an initial start
or immediately stops the
press.

ON (1) - Slide Zone
information is valid.
Bits 1and 2: Slide Zone
The following table lists
how Bits 0 to 2 are used to
represent the valid slide
zones.
Bit || Bit |{ Bit || SI || De
2 [I1 |0 || idef|ci
L || mal
ongl| Va
lue
0 )0 |7 (0 |
ow
0 (1 [j1v 1fUp || 3
1T )10 |[1 || Topl| 5
Bits 3
through
3l
Unused:
Set to
0.

Motion Monitor Fault BOOL tag Stops the press
immediately when a press
motion problem has been
detected. This input is
sourced by inverting
the Fault Present output
coming from the Camshaft
Monitor (CSM) instruction
or application logic
that performs motion
diagnostics.
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Operand Data Type Format Description

ON (1): Indicates that press
motion is valid. Permits
Output 1to be energized.

OFF (0): Indicates that

a press motion problem
exists. Prevents Output 1
from being energized or
immediately de-energizes
Output 1.

Safety Enable Ack BOOL tag This input is required when
the configured Ack Type is
Manual.

OFF (0)->0N (1):
Acknowledges that the
Safety Enable input has
transitioned from OFF (0)

to ON (1).
The following table explains the instruction outputs.
Operand Data Type Description
Output 1(01) BOOL Output used to source the Actuate
input of the Main Valve Control (MVC)
instruction.

ON (1): The output is energized.
OFF (0): The output is de-energized.

See Energizing Output 1and
De-energizing Output 1.

Diagnostic Code DINT This operand is not safety-related.

See Diagnostic Codes.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.
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Execution

Condition/State Action Taken

Prescan Same as Rung-condition-in is false.

Rung-condition-in is false The .0Tis cleared to false.
The Diagnostic Code output is set to 0.

Rung-condition-in is true The instruction executes as described in the Operation
section.

Postscan Same as Rung-condition-in is false.

Operation

Energizing Output 1

Output 1is energized only when the Start input transitions from OFF (0) to ON (1) and all of these
conditions are met:

« The Enable input is ON (1).

» The Safety Enable input has been acknowledged.
« The Standard Enable input is ON (1).

 The Slide Zone input represents the Top zone.

«  The Motion Monitor Fault input is ON (1).

«  The Press In Motion input is OFF (0).

« The Safety Enable Ack input is OFF (0).

IMPORTANT: If the Ack Type is Manual, an acknowledgment of the Safety Enable input is required when the
Enable input transitions from OFF (0) to ON (1) and before the Start input turns ON (0).

WARNING: When the configured Ack Type is Automatic, Output 1is energized when the Safety Enable,
Standard Enable, Press In Motion, and Motion Monitor Fault inputs return to the active or valid state at
the same time the Start input transitions from OFF (0) to ON (1).

WARNING: Output 1 can be re-energized when the Slide Zone input is Down, providing that Output
1had been initially energized when the Slide Zone input was Top, and Output 1was de-energized
because the Start input turned OFF (0).Any other reason for Output 1being de-energized requires that
the slide be inched back to the Top position.

Sl

WARNING: The cam switches that determine slide position are monitored by the CPM instruction. This
instruction uses the Slide Zone output of the CPM instruction as a representation of the cam switches
that determine slide position.

340 Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.



Chapter3  Metal Form Instructions

Energizing Output 1 Timing

This diagram demonstrates the acknowledgment of the Safety Enable input, at (A) and the
energizing of Output 1when the Start input transitions from OFF (0) to ON (1) at (B) and all input
conditions have been met. The safety enable acknowledgment only needs to be made once
while the Safety Enable input is ON (1) when the configured Ack Type is Manual.

Enable

Safety Enable

Standard Enable

Start

Press In Motion

0

Motion Monitor Fault

Slide Zone T D

Safety Enable Ack I_l
0

1
Output 1
0

®

Zone:T=Top D=Down U=Up

De-energizing Output 1
Once energized, Output 1is de-energized when one or more of the following occurs:
 The Enable input transitions from ON (1) to OFF (0).

« The Start input transitions from ON (1) to OFF (0).
When this transition occurs while the slide is in the Up zone and the Takeover Mode is
Enabled, Output 1is de-energized when the slide enters the Top zone. Otherwise, when
the Takeover Mode is Disabled, Output 1is de-energized immediately. Qutput 1is also de-
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energized immediately when this transition occurs while the slide is in the Top or Down
zones.

The Safety Enable input transitions from ON (1) to OFF (0). When this transition occurs
while the slide is in the Up zone and Takeover Mode is enabled, Output 1is de-energized
when the slide enters the Top zone. Otherwise, when the Takeover Mode is disabled,
Output 1is de-energized immediately. Output 1is also de-energized immediately when
this transition occurs while the slide is in the Top or Down zones.

The Standard Enable input transitions from ON (1) to OFF (0). When this transition occurs
while the slide is in the Up zone, Output 1is de-energized when the slide enters the Top
zone. Otherwise, Output 1is de-energized immediately.

The Slide Zone input value becomes invalid.

The slide transitions to the Top zone.

The Monitor Motion Fault input transitions from ON (1) to OFF (0).

The direction of the press appears to be running in reverse.

The Press In Motion input is OFF (0) when the slide transitions from Top to Down.

The Press in Motion input transitions from ON (1) to OFF (0).
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This diagram shows the de-energizing of Output 1 when the Safety Enable input transitions
from ON (1) to OFF (0) at (A). An acknowledgment of the Safety Enable input is required when the
Safety Enable input transitions from OFF (0) to ON (1) at (B) before Output 1can be re-energized.

| |

I I
Enable I I
I I
| |
I I
|

Safety Enable

Standard Enable

Start

Press In Motion

Motion Monitor Fault

-ttty g — =

Slide fone T D

safety Enable Ack

e

Output 1

([ 4= ————f——————1

P
=)
—
=

Zone:T=Top D=Down U=Up

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Diagnostic Codes and Corrective Actions

Diagnostics 2000H through 200AH are detected when attempting to start press movement
by energizing Output 1. Diagnostics 2020H through 202D are used to diagnose the reason for
stopping press movement by de-energizing Output 1.

The diagnostic codes are listed in hexadecimal format followed by decimal format.
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Diagnostic Code

Description

Corrective Action

No fault.

None.

16#2000
8192

Output 1 failed to energized when the Start input turned
ON (1), due to an invalid Slide Zone input value.

Check the Crankshaft
Position Monitor (CPM)
instruction or the
application logic used to
source this input. This
diagnostic is cleared
when a valid Slide Zone is
established.

1642001
8193

Output 1failed to energize when the Start input turned
ON (1) due to the Press In Motion input being ON (1).

«  Wait for the press to
come to a complete
stop before initiating
press movement.

»  Verify that the device
monitoring press
movement is working
correctly.

 Verify that only one
mode of operation is
selected.

This diagnostic is cleared
when the Press In Motion
input turns OFF (0).

1642002
8914

Output 1failed to energize when the Start input turned
ON (1) prior to the acknowledgement of the Safety Enable
input.

« Verify that the active
opto-electronic
protective devices
(AOPDs) and
electro-sensitive
protective equipment
(ESPEs) used to
source the Safety
Enable input are
protecting their
respective areas.

e Then, to clear the
diagnostic for
manual Ack Types,
acknowledge the
Safety Enable input
by turning the Safety
Enable Ack input ON
(1)

e For automatic Ack
Types, this diagnostic
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Diagnostic Code

Description

Corrective Action

is cleared when the
Safety Enable input
turns ON (1).

16#2003
8915

Output 1failed to energize when the Start input turned
ON (1) due to the Standard Enable input being OFF (0).

Verify that the devices
used to source the
Standard Enable input are
functioning properly. This
diagnostic is cleared when
the Standard Enable input
is ON (1).

16#2008
8200

Output 1failed to energize when the Start input turned
ON (1) due to the Motion Monitor Fault input being OFF
(0).

Check the Camshaft
Monitor (CSM) instruction
or the application logic
used to monitor press
movement.

This diagnostic is cleared
when the mation monitor
functions are properly
monitoring motion and the
Motion Monitor Fault input
is ON(1).

1642009
8201

Manual Ack Type Output 1failed to energize
when the Start input
turned ON (1) due to the
Safety Enable Ack input

being ON (1).

Automatic Ack Type N/A

Turn the Safety Enable Ack
input OFF (0).

This diagnostic is cleared
when the Safety Enable
Ack input turns OFF (0).

16#200A
8202

Output 1failed to energize when the Start input turned
ON (1) due to the slide being in the Up or Down zone.

The slide must be in the
Top zone to initiate press
movement.

This diagnostic is cleared
when the slide is inched
back to the Top zone.

16#2020
8224

Output 1is de-energized due to the Slide Zone input
value becoming invalid.

Check the Crankshaft
Position Monitor (CPM)
instruction or the
application logic used to
source this input.

This diagnostic is cleared
at the next attempt to
begin press movement.

16#2021
8225

Output 1is de-energized due to the Motion Monitor Fault
input turning OFF (0).

Check the Camshaft
Monitor (CSM) instruction
or the application logic
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Diagnostic Code

Description

Corrective Action

used to monitor press
movement.

This diagnostic is cleared
at the next attempt to
begin press movement.

1642022
8226

Output 1is de-energized due to the detection of press
movement in the reverse direction.

Verify the direction of the
press.

This diagnostic is cleared
at the next attempt to
begin press movement.

1642023
8227

Output 1is de-energized due to the Safety Enable input
turning OFF (0) while the slide was in the Top or Down
zone.

Verify that the AOPDs and
ESPEs used to source the
Safety Enable input are
protecting their respective
areas.

This diagnostic is cleared
at the next attempt to
begin press movement.

1642024
8228

Output 1is de-energized due to the Standard Enable
input turning OFF (0) while the slide was in the Top or
Down zone.

Verify that the devices
and application logic
used to source the
Standard Enable input are
functioning properly.

This diagnostic is cleared
at the next attempt to
begin press movement.

16#2025
8229

Output 1is de-energized due to the Start input turning
OFF (0) while the slide was in the Top or Down zones.

Output 1is always
de-energized when the
Start input turns OFF (0)
while the slide is in the Top
or Down zones.

This diagnostic is cleared
at the next attempt to
begin press movement.

16#2026
8230

Not used by this instruction.

16#2027
8231

Output 1is de-energized immediately when the Safety
Enable input turned OFF (0) while the slide was in the Up
zone and the Takeover Mode is Disabled.

Verify that the AOPDs and
ESPEs used to source the
Safety Enable input are
protecting their respective
areas.
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Diagnostic Code

Description

Corrective Action

This diagnostic is cleared
at the next attempt to
begin press movement.

16#2028
8232

Output 1is de-energized when the slide entered the Top
zone due to the Standard Enable input turning OFF (0)
while the slide was in the Up zone.

Verify that the devices
and application logic
used to source the
Standard enable input are
functioning properly.

This diagnostic is cleared
at the next attempt to
begin press movement.

16#2029
8233

Output 1is de-energized immediately when the Start
input turned OFF (0) while the slide was in the Up zone
and the Takeover Mode is Disabled.

This diagnostic is cleared
at the next attempt to
begin press movement.

16#202A
8234

Output 1is de-energized due to the slide entering the
Top zone.

Output 1is always
de-energized when the
slide enters the Top zone.

This diagnostic is cleared
at the next attempt to
begin press movement.

16#202B
8235

Output 1is de-energized due to the Press In Motion input
remaining OFF (0) when the slide entered the Down zone
or the Press In Motion input transitioned from ON (1) to
OFF (0.

Check the Camshaft
Monitor (CSM) instruction
or the application logic
used to monitor press
movement.

This diagnostic is cleared
at the next attempt to
begin press movement.

16#202C
8236

Output 1is de-energized when the slide entered the Top
zone and the Safety Enable input turned OFF (0) while
the slide was in the Up zone, when the Takeover Mode is
Enabled.

Verify that the AOPDs and
ESPEs used to source the
Safety Enable input are
protecting their respective
areas.

This diagnostic is cleared
at the next attempt to
begin press movement.

16#202D
8237

Output 1is de-energized when the slide entered the Top
zone and the Start input turned OFF (0) while the slide
was in the Up zone when the Takeover Mode is Enabled.

This diagnostic is cleared
at the next attempt to
begin press movement.

Rockwell Automation, Inc.
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Examples
Ladder Diagram
CBSSM
Clutch Brake Single Stroke Mode
CBSSM CB_SingleStrokeMode o1
Ack Type MAMNUAL
Takeover Mode DISABLED
Enable CB_SingleStrokeMode Enable
04
Safety Enable CB_SingleStrokeMode. SafetyEnable
0 4=
Standard Enable CB_SingleStrokeMode. StandardEnakble
04
Start CB_SingleStrokeMode. Start
0 4=
Pre=sz In Motion Motion. 01
04
Motion Monitor Fault Motion.FP
0 4=
Slide Zone CB_SingleStrokeMode. SlideZone
0 - Inwalid 4=
Safety Enable Ack CB_SingleStrokeMode. SafetyEnableAck
0 4=

Eight Position Mode Selector (EPMS)

348

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The Eight Position Mode Selector (EPMS) instruction’s main function is to energize one of its
eight outputs when the associated input goes active. Only one output may be energized at a
time.

A fault is generated when a no input active condition exists for more than 250 ms, or a multiple
input active condition exists. The fault is cleared by applying an OFF (0) to ON (1) transition on
the Reset input, but only after the fault condition is corrected.

This instruction supports a Lock input. Updating the outputs is prohibited when the Lock input
is set to ON (1). Attempting to update the outputs while the Lock input is ON (1) results in the
generation of a diagnostic code and outputs are de-energized (no mode).

CE WARNING: This instruction is specified to operate with Break before Make types of inputs.
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Available Languages

Ladder Diagram

EPKS
Eight Position Mode Selecto

COpdc

=

E 01
nput 1
7 oz
'?'? 03
?'? 04
7 05
7 06
7 o7
7 02

77 FP

L
=]
=
%]
=

*

s

]
o
(ra)
)
=l

72
Function Block
This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

IMPORTANT: Unexpected operation may occur if:
»  Output tag operands are overwritten.
»  Members of a structure operand are overwritten.

»  Structure operands are shared by multiple instructions.

WARNING: ATTENTION: If changing instruction operands while in Run mode, accept the pending
edits and cycle the controller mode from Program to Run for the changes to take effect.

The following table provides the operands used to configure the instruction. These operands
cannot be changed at runtime.

Operand Data Type Format Description
EPMS EIGHT_POS_MODE_SELEC | tag EPMS structure
TOR
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The following table explains instruction inputs. The inputs can be field device signals from input

devices or be derived from user logic.

Name Data Type Format Description
Input 1 BOOL immediate ON (1): Input ON (1)
tag OFF (0): Input OFF (0)
Input 2 BOOL immediate ON (1): Input ON (1)
tag OFF (Q): Input OFF (0)
Input 3 BOOL immediate ON (1): Input ON (1)
tag OFF (Q): Input OFF (0)
Input & BOOL immediate ON (1): Input ON (1)
tag OFF (0): Input OFF (0)
Input 5 BOOL immediate ON (1): Input ON (1)
tag OFF (0): Input OFF (0)
Input 6 BOOL immediate ON (1): Input ON (1)
tag OFF (0): Input OFF (0)
Input 7 BOOL immediate ON (1): Input ON (1)
tag OFF (0): Input OFF (0)
Input 8 BOOL immediate ON (1): Input ON (1)
tag OFF (0): Input OFF (0)
Input Status BOOL immediate If instruction inputs are
tag from a safety 1/0 module,
this is the status from the
/0 module (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer's
responsibility to determine
the conditions.
ON (1): The inputs to this
instruction are valid.
OFF (0): The inputs to this
instruction are invalid.
ON (1) -> OFF (0): Generates
a fault.
Lock BOOL immediate ON (1): The instruction is
tag locked. Any changes in

the input states result
in all outputs being
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Data Type

Format

Description

de-energized and a fault or
diagnostic is generated.
OFF (0): The instruction

is unlocked. Valid input
changes are accepted.

Reset!

BOOL

tag

present.

This input clears
instruction faults provided
the fault condition is not

OFF (0) -> ON (1): The Fault
Present and Fault Code
outputs are reset.

W50 13849-1 stipulates instruction reset functions must occur on falling edge signals. To
comply with IS0 13849-1 requirements, add this logic immediately before this instruction.
Rename the “Reset_Signal” tag in this example to the reset signal tagname. Then use the OSF
instruction Output Bit tag as the instruction’s reset source.

Re=set_Signal

The following table explains instruction outputs. The outputs are typically used to select

different modes of application operation by enabling other instructions (Output 1 for mode 1, and

so on).
Name Data Type Description
Output 1(01) BOOL ON (1): Input ON (1)
OFF (0): Input OFF (0)
Output 2 (01) BOOL ON (1): Input ON (1)
OFF (0): Input OFF (0)
Output 3(01) BOOL ON (1): Input ON (1)
OFF (0): Input OFF (0)
Output 4 (01) BOOL ON (1): Input ON (1)
OFF (0): Input OFF (0)
Output 5(01) BOOL ON (1): Input ON (1)
OFF (0): Input OFF (0)
Output 6 (01) BOOL ON (1): Input ON (1)
OFF (0): Input OFF (0)
Output 7(01) BOOL ON (1): Input ON (1)
OFF (0): Input OFF (0)
Output 8(01) BOOL ON (1): Input ON (1)
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Data Type

Description

OFF (0): Input OFF (0)

Fault Present (FP)

BOOL

ON (1): A fault is present in the
instruction.

OFF (0): This instruction is operating
normally.

Diagnostic Code

DINT

This output indicates the diagnostic
status of the instruction.

This operand is not safety-related.

See Diagnostic Codes.

Fault Code

DINT

This output indicates the type of
fault that occurred.

This operand is not safety-related.

See Fault Codes.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags

No

Major / Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution
Condition/State Action Taken
Prescan Same as Rung-condition-in is false.

Rung-condition-in is false

The .01,.02, .03, .04, .05, .06, .07, .08, and .FP are cleared
to false.

Rung-condition-in is true

The instruction executes as described in the Operation
section.

Postscan

Same as Rung-condition-in is false.

Operation

Lock Input OFF (0)

The timing diagram illustrates the Lock input OFF (0). At (A), a no inputs condition exists. At (B),
a single input, Input x, transitions from OFF (0) to ON (1) within 250 ms and the corresponding
output, Output x, turns ON (1). At (C), a no inputs condition is created when the single input, Input
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x, transitions from ON (1) to OFF (0). At (D), a single input, Input y, then transitions to ON (1) within
250 ms and the corresponding output, Output y, turns ON (1).

Input x

Input y

Lock

Cutput x

|
|
I
Cutput y |
1
I
I
|

Fault Prasent

® @ ® o

Lock Input ON (1)

The timing diagram illustrates the Lock input ON (1). At (A), a no inputs condition exists. At (B),

a single input, Input x, transitions from OFF (0) to ON (1) within 250 ms and the corresponding
output, Output x, turns ON (1). At (C), the instruction becomes locked when the Lock input
transitions from OFF (0) to ON (1). At (D), an attempt is made to change the mode when the single
input, Input x, transitions from ON (1) to OFF (0), creating a no inputs condition. At (E), a single
input, Input y, transitions from OFF (0) to ON (1) within 250 ms, generating a diagnostic code
indicating that an attempt was made to change the mode while locked. The output, Output x,
transitions from ON (1) to OFF (0). At (F), the Lock input transitions from ON (1) to OFF (0) while
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the single input, Input y, is ON (1), the corresponding output, Output y, is turned ON (1) and the
diagnostic code is cleared.

1
[nput x

Input ¥

Lok

i

Qutput x

1
Output y

1
Fault Fresent

b 66 6 6 o

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.

Fault Code Description Corrective Action

0 No fault. None.

16420 The Input Status input transitioned | Check the Safety /0 module

3 from ON (1) to OFF (0) while the connections or the internal logic
instruction was executing. used to source input status.

e Reset the fault.

1643000 A multiple selection input was »  Check the mode selection
12288 detected. inputs.

« Reset the fault.

1643001 A no selection input condition »  Check the timing of the mode
12289 existed for more than 250 ms. selection inputs to see if they
are within 250 ms.

«  Reset the fault.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.
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Diagnostic Code Description Corrective Action

0 No fault. None.

16#20 The Input Status was OFF(0) when »  Check the Safety I/0 module

39 the instruction started. connections or the internal logic
used to source the input status.

«  Set the I/0 status to 1(if the

inputs are not being sourced by
the Safety 1/0).

16#3000 Input data changed while the Lock | Only update the inputs when the

1288 input was ON (1). Lock input is OFF (0).

EPMS wiring and programming example

Rockwell Automation, Inc.

This topic demonstrates how to wire the Guard 1/0 module and the instruction in the safety

control portion of an application.

@ The standard control portion of the application is not shown in the following diagram.

Wiring Diagram
M IC

Salactor Switch Posttion
1-No Made

2-Inch Mode
3-Single Strle Mode
4-Continuows Mode

3 - Maintenanie Mode
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Programming Diagram

This programming diagram shows the instruction with inputs and outputs.

s ModeSekecon
hpat 1 Dt 1| oo Selectd
hpat 2 Ontput 2 | nchiodeSalected
hprt 2 Ontput3|— SngkSimleiekted 1
hpet4 Outputd— ContinouModeielected
pat 5 Ontputs |— MalnnanceblodeSetectsd 1
hpit & Ontputs|
hpat 7 Ontpat?
hpit & Ontputs
pet St
Lock
et Fauk Pressnt

Mt 1: This 129 Is an Inbemal Beokean taig that kused by other parts of the userapplication that ae nok shown Inthe example.

Key: oo code repiresent s data or value typlcally ased.

Ty gt RS T —
T gt
[Cooiyaraion Coarobee > - e Safeare
Ladder Diagram
EPMS
Eight Pozition Mode Selector
EPMS ModeSelector
Input 1 Module1: 1 Pt}0Data
1 4=
Input 2 Module1:1.Pt010ata
14m
Input 3 Module1: 1 Pt0ZData
0 4=
Input 4 Module1:1Pt030ata
14m
Input 5 Module1:1 Ptd4Data
0 4=
Input & ]
Input 7 ]
Input & ]
Input Statuz  Module1:l.CombinedinputStatus
1 4=
Lock Module1:1 PtO50ata
04
Reset Module1:1.Pt110ata
() 4=
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Module Definition

The following sections provide examples of how to use the programming software to set the
Guard 1/0 module configuration operands

L b1

Medule Definition [&=]

Series:
Revision: 001 |2

Electranic Keying: [Exact Match -
Input Data: Safety 2
Input Status: Combined Status - Muting L]
QOutput Data: Mone 2
Data Format: Integer 2

Ok ] [ Cancel ] [ Help ]

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown.
Compatible Match is also acceptable.

Module Input Configuration

| General I Connection I Safaty | Module Info | Input Corfiguration | Test Output

Point Operaticn e Input Delay Time (ms)
eS|

Point Di Point Mode
Type o 'E;:;? Source | offon | Ons0ff
0 | Single . 0 «|[Safety Pulse Test |« 0 = 0% 03
1 I ~ || Safety Pulse Test ||| 0 = 03 0z
2 | Single . 0 «|[Safety Pulse Test |« 0 = 0% 03
3 I ~ || Safety Pulse Test ||| 0 = 03 0z
4 | Single . 0 «|[Safety Pulze Test |« 1 = 0% 03
5 ] || Not Used || None |« 0= 0=
6 | Single - 0 | Not Used Lw|[None |« 0% =
7 I = || Not Used x| Mone |+ 03 0z
3 | Single . 0 «|[MNot Used ||| None || 0% 03
] ] || Not Used || None |« 0= 0=
10 | Single - 0 | Not Used Lw|[None |« 0% =
11 I - || Safety x| Mone |+ 03 0z

Input Emor Latch Time: 1000 ms
Status: Offine OK | | Cancsl Apply Help
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Module Output Configuration

| General | Connection | Safety I Module Irfo I Input Corfiguration | Test Output

Point Point Mode

0 |Pulse Test |
1 | Pulse Test >
2 | Mot Used x|
3 | Mot Used x|

Status: Offline OK ] [ Cancel Apply Help

Main Valve Control (MVC)

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The Main Valve Control (MVC) instruction is used to control and monitor the main clutch or brake
valve. This instruction supports valves with various reaction times and positive or negative
feedback signals. Single-channel valves are supported by combining Output 1and Output 2 to
control the valve and combining Feedback 1and Feedback 2 for monitoring.

Available Languages

Ladder Diagram

MWC
Main Vahve Control
MWC 7 o1
Feedback Type 7
Feedback Reaction Time (Msec 7 0z
Actuate 7

{3 FP
Feedback 1 7

T
Feedback 2 7

{3
Input Status 7

T
Output Status 7

{3
Reset 7

T

Function Block

This instruction is not available in function block.
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Structured Text

This instruction is not available in structured text.

Operands

IMPORTANT: Unexpected operation may occur if:

»  Output tag operands are overwritten.

»  Members of a structure operand are overwritten.

»  Structure operands are shared by multiple instructions.

WARNING: If changing instruction operands while in Run mode, accept the pending edits and cycle
the controller mode from Program to Run for the changes to take effect.

The following table provides the operand used to configure the instruction. These operands
cannot be changed at runtime.

Operand Data Type Format Description
MVC MAIN_VALVE_CONT | tag MVC structure
ROL
Feedback Type BOOL list item This operand defines the feedback OFF and
ON states for positive and negative feedback
signals.
Positive (1) OFF (0): Feedbacks
OFF / Qutputs OFF
ON (1): Feedbacks
ON / Outputs ON
Negative (0) OFF (0): Feedbacks
ON / Outputs OFF
ON (1): Feedbacks
OFF / Outputs ON
Feedback Reaction | DINT immediate This operand specifies the amount of time

Time

that the instruction waits for Feedback 1
and Feedback 2 inputs to reflect the state
of Output 1and Output 2 as defined by the
Feedback Type operand.

The valid range is 5 to 1000 ms.

The following table explains the instruction inputs. The inputs can be field device signals from
input devices or be derived from the user logic.

Operand

Data Type

Format

Description

Actuate

BOOL

tag

This input energizes or
de-energizes Output 1and
Qutput 2.

Rockwell Automation, Inc.
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Operand

Data Type

Format

Description

OFF (0)- > ON (1): Output 1
and Output 2 are energized
if no faults exist.

ON (1) - > OFF (0) Output
1and Output 2 are
de-energized.

Feedback 1

BOOL

tag

Feedback 2

BOOL

tag

These inputs are
constantly monitored to
make sure that they reflect
the state of Qutput 1and
Output 2. When Output 1
and Output 2 transition,
these inputs must react
within the Feedback
Reaction Time.

Input Status

BOOL

tag

immediate

If instruction inputs are
from a safety 1/0 module,
this value is the status
from the 1/0 module or
modules (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer’s
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Output Status

BOOL

tag

immediate

This input indicates the
output status of the 1/0
module or modules used by
this instruction.

ON (1): The output module
is operating properly.

OFF (0): The output module
is faulted. Instruction
outputs are set their
de-energized (safe) state.

Reset!

BOOL

tag

This input clears the
instruction faults provided
the fault condition is not
present.
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Operand Data Type Format Description

ON (1): The Fault Present
and Fault Code outputs are
reset.

1150 13849-1 stipulates instruction reset functions must occur on falling edge signals. To comply
with 1S0 13849-1 requirements, add this logic immediately before this instruction. Rename the
‘Reset_Signal’ tag in the example shown below to the reset signal tag name. Then use the OSF
instruction Output Bit tag as the instruction's reset source.

Reszet Signal OSF

OSF_Internal SB
t F_Edge_Reset 0B

The following table explains the instruction outputs. The outputs can be field device signals or
be derived from user logic.

Operand Data Type Description

Output 1(01) BOOL A redundant pair, these outputs
are used to control a press clutch

Output 2 (02) BOOL or brake valve. The outputs are
de-energized when the following
occurs:

« Afeedback fault occurs.

* Input Status or Output Status
inputs turn OFf

»  The normal operation of the
instruction causes Output 1and
Output 2 to be de-energized as
described in the timing diagram.

Fault Present (FP) BOOL ON (1): A fault is present in the
instruction.

OFF (0): The instruction is operating
normally.

Fault Code DINT This output indicates the type of
fault that occurred. See the Fault
Codes section below for the list of
fault codes.

This operand is not safety-related

Diagnostic Code DINT This output indicates the diagnostic
status of the instruction. See the
Diagnostic Codes section below for a
list of diagnostic codes.

This operand is not safety-related.
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IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution
Condition/State Action Taken
Prescan Same as Rung-condition-in is false.

Rung-condition-in is false The .01, .02, and .FP outputs are cleared to false.

The Diagnostic Code and Fault Code outputs are set to 0.

Rung-condition-in is true The instruction executes.

Postscan Same as Rung-condition-in is false.

Operation

Normal

This timing diagram shows normal operation of this instruction to control a press clutch or
brake valve with Feedback Type = Positive. Outputs 1and 2 are energized when the Actuate
input transitions from OFF (0) to ON (1) at (A). Both feedback inputs react before the Feedback
Reaction Time expires, so the outputs remain energized in a steady state at (B). Outputs 1and
2 are de-energized at (C) when the Actuate input transitions from ON (1) to OFF (0). Both of the
feedback inputs react before the Feedback Reaction Time expires so the outputs remain de-
energized in steady state at (D).

Actuata | i i
0 I I
- B
Fesdback1 | M :
L I
0 T 1 |
J—1 1
1 I i
Feedback 2 — | Feedback —H
0 — Reaction Tima P
1 ||
Dutput 1 . | I i
o I : 11 |
I ! I :
Cutput 2 ! I I
o i i
& OO

Fesdback Typs (not shown) = Positive
input Status and Output Status (not shown) = ON{1)
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Feedback Fault

The following diagram is an example of how a feedback fault can occur when either of the
Feedback inputs fail to reflect the state of Outputs 1and correctly with Feedback Type =
Positive. Outputs 1and 2 are energized at (A), but at (B), Feedback 2 has not transitioned from
OFF (0) to ON (1) before the Feedback Reaction Time has expired, which generates a Feedback
fault. The fault cannot be cleared at (C) because the Feedbacks 1and 2 do not yet reflect the
state of Outputs 1and 2. The fault is cleared when an OFF (0) to ON (1) transition is detected on
the Reset input and both Feedback inputs are OFF (0), correctly reflecting the state of Outputs 1
and 2 at (D).

T
1
Actuate

i

1
Feedback 1

o Feedback

Reaction Time
I‘_
I
|
I
I
I
:
I

1
Feedback 2
0

’_I

1
Resat
0

1
Fault Frazant
o

1 2

1
Output 1
]

1
Output 2
q

@“H‘ © ©

Feadback Typ= (not show) = Positive
input Statws and Qutput States [not shown) = 0N (1)

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.
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Fault Code Description Corrective Action
0 No fault. None
16420 The Input Status input transitioned | »  Check the I/0 module
3 from ON (1) to OFF (0) while the connection.
instruction was executing. « Reset the fault
16421 The Output Status input transitioned | «  Check the I/0 module
33 from ON (1) to OFF (0) while the connection.
instruction was executing. « Reset the fault
1645000 Feedback 1and Feedback 2 turned | =  Check the feedback signal.
20480 OFF (0} unexpected. - Reset the fault
1645001 Feedback 1turned OFF (0) »  Check the feedback 1signal.
20481 unexpectedyy. « Reset the fault
1645002 Feedback 2 turned OFF (0) »  Check the feedback 2 signal.
20482 unexpectedly. +  Reset the fault.
16#5003 Feedback 1and Feedback 2 turned »  Check the feedback signals.
20483 ON 7} unexpectedly. - Reset the fault
1645004 Feedback 1turned ON (1) «  Check the feedback 1signal.
20484 unexpectedly. « Reset the fault
1645005 Feedback 2 turned ON (1) »  Check the feedback 2 signal.
20485 unexpectedly. e Reset the fault.
1645006 Feedback 1and Feedback 2 did not | =  Check the feedback signal.
20486 turn ON (1) within the configured |,y 5t e Feedback Reaction
Feedback Reaction Time. Time, if necessary
*  Reset the fault.
1645007 Feedback 1did not turn ON (1) within | «  Check the feedback 1signal.
20487 the configured Feedback Reaction | .yt the Feedback Reaction
Time. o
Time, if necessary
e Reset the fault.
1645008 Feedback 2 did not turn ON (1) within | «  Check the feedback 2 signal
20488 the configured Feedback Reaction 1, 5t the Feedback Reaction
Time. o
Time, if necessary
*  Reset the fault.
16#5009 Feedback 1and Feedback 2 did not | »  Check the feedback signal
20489 turn OFF (0} within the configured » Adjust the Feedback Reaction

Feedback Reaction Time.

Time, if necessary
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Fault Code Description Corrective Action

*  Reset the fault.
16#500A Feedback 1did not turn OFF (0) «  Check the feedback 1signal
20490 within the configured Feedback ) -yt the Feedback Reaction

Reaction Time. Time, if necessary

e Reset the fault.
16#500B Feedback 2 did not turn OFF (0) »  Check the feedback 2 signal
20491 within the configured Feedback » Adjust the Feedback Reaction

Reaction Time.

Time, if necessary

«  Reset the fault.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description Corrective Action
0 No fault. None
16420 The Input Status was OFF (0) when | Check the 1/0 module connection.
3 the instruction started.
16#21 The Output Status input transitioned | Check the 1/0 module connection.
33 from ON (1) to OFF (0) while the

instruction was executing.
1645000 The Actuate input is held ON (1). Set the Actuate input to OFF (0).
20480

MVC wiring and programming example

Rockwell Automation, Inc.

This topic demonstrates how to wire the Guard 1/0 module and program the instruction in the
safety control portion of an application.

Q The standard control portion of the application is not shown in the following diagram.
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Wiring Diagram
VDL

¥ Ground

This programming diagram shows the Main Valve Control (MVC) instruction with inputs and

outputs.
Programming Diagram
Malriales h
QOulput 1
Output 2
Falt Present = e

HOTE 1: This 1ag I an Inbemal Booksan tag that has ks ke delemined by other parts of the user application that are not shown In this sample.

HOTE 2: Thistag & an Inbemal Booksan tag thet is wsed by ather parks of the wser applcation that are nek shown n this example.
Key: Color code mpresents data orvalwe typicalyused

Pa——— B —

[ Configuraiion Constant¥alue Tao o oemad Qb Ve i

_________________
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Ladder Diagram

MWC
Main Vahre Control
MVC MainWahve o1
Feedback Type NEGATIVE
Feedback Reaction Time (Mzec) 500 02
Actuate ManualahleControl.01

04— FP
Feedback 1 Module1:. Pt00Data

0 4=
Feedback 2 Module1:.Pt01Data

4=
Input Status Module1:LinputStatus

0 4=
Output Status Module1: 1. OutputStatus

4=
Reset Module1: . PtO70ata

() 4=

MainValke. 01  Medule1:0.Pt00Data

Mainvake.02  Module1:0.Pt01Data

Module Definition

The following sections provide examples of how to use the programming software to set the

Guard 1/0 module configuration operands.

-

Module Definition

Series:
Revision: 001 2

1

2]

Electronic Keying: [Exact Match -
Input Data: Safety E3
Input Status: Combined Status - Muting 3
Output Data: Mane L]
Data Format: Integer E3

K. ] [ Cancel ] [ Help
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Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown. It
also acceptable to select Compatible Match.

Module Input Configuration

| General | Connection | Safety | Module Info | Input Corfiguration | Test Output | Output Configuration |

Point Operation - Input Delay Time (ms)
esf
Point Di Point Mode

Type ﬁfnf?:;? Source | or.on | on-0ff

0 | Single - 0 «| Safety Pulse Test |« 0 3 03 05

1 1= - || Safety Pulse Test | w1 =l 03 0=

2 | Single - 0 «| Mot Used vl None || 03 0 -3

3 ] ~ || Not Used |w | Mone | 03 03

4 | Single . 0 = | Not Used ||| None || 0 = 05

5 1 ~ || Not Used ||| None || = 02

6 | Single - 0 «| MNotUsed vl None || 0= 0 -3

7 = ~ || Safety |x | Mone |« 03 03

Input Emor Latch Time: 1000 ms
Status: Offline oK ] ’ Cancel Apply Help

Module Test Output Configuration

| General | Connection | Safety | Module Info | Input Corfiguration | Test Output | Qutput Corfiguration

Point Point Mode
() |Pulse Test

1 | Pulse Test

2 | Mot Used

3 | Not Used

fo e s

Status: Offine oK ] [ Cancel Apply Help
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Module Output Configuration

| General | Cannection | Safety | Module Info | Input Corfiguration | Test Output | Output Canfiguration

Point Operation
Point Point Mode
Type
0 | Single - Safety 2
1 || Safety 4
2 | Dual - Hot Used £2
3 ||| Not Used £2
4 | Dual - Hot Used 2
5 ||| Mot Used 2
6 | Dual - Hot Used 3
7 || Not Used =2

Output Emor Latch Time: 1000 ms

Status: Cffline oK ] [ Cancel Apphy Help

Maintenance Manual Valve Control (MMVC)

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The Maintenance Manual Valve Control (MMVC) instruction is intended to drive a press valve
manually during a maintenance operation. Manual drive of the valve is permitted when the
instruction is enabled and in the permissive state. The permissive state means all of these
conditions have been met:

» Akey switch is enabled.

»  The flywheel is stopped.

« The slide is at bottom-dead-center (BDC).
 The Safety Enable input is ON (1).

One instruction is required for each valve that needs to be manually controlled.

WARNING: This instruction should only be enabled during a maintenance operation and should never
be used during press operation.

WARNING: Besides sourcing the Bottom and Flywheel Stopped inputs, perform a visual inspection
to make sure that the press is at bottom-dead-center (BDC) and that the flywheel is not in motion
before activating the keyswitch and enabling the valve.

ff WARNING: The Keyswitch Enable Input must only be activated with a supervised key switch.
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Available Languages

Ladder Diagram

MKVC
Maintenance Manual Valve Control
IMC ? o
Enable ?
77 FP
Keyswitch ?
7
ottom ?
77
?
7
Safety Enable ?
77
Actuate ?
7
nput Status ?

G

o
[=1

t Status ?

7
Reszet ?
77

Function Block
This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

IMPORTANT: Unexpected operation may occur if:
»  Output tag operands are overwritten.

«  Members of a structure operand are overwritten.

Structure operands are shared by multiple instructions.

WARNING: If changing instruction operands while in Run mode, accept the pending edits and cycle
the controller mode from Program to Run for the changes to take effect.

The following table provides the operands used to configure the instruction. These operands
cannot be changed at runtime.

Operand Data Type Format Description

MMVC MANUAL_VALVE_CONTROL | tag MMVC structure

The following table explains the instruction inputs. The inputs may be field device signals from
input devices or derived from user logic.
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Operand

Data Type

Format

Description

Enable

BOOL

tag

This input is the
instruction enable

from mode switch. This
instruction should be
enabled in maintenance
mode only.

ON (1): The instruction

is enabled. Qutput 1can
be energized after the
Actuate input transitions
from OFF (0) to ON (1) when
the instruction is in the
permissive state.

OFF (0): The instruction
is not enabled. Output 1
cannot be energized.

Keyswitch

BOOL

tag

This is the supervised
keyswitch input for the
instruction.

ON: The instruction is
activated.

OFF: The instruction is not
activated. Output 1 cannot
be energized.

Bottom

BOOL

tag

This input indicates slide
position.

ON (1): The slide is at
bottom-dead-center (BDC).

OFF (0): The slide is not at
BOC. Output 1cannot be
energized.

Flywheel Stopped

BOOL

tag

This input indicates
whether or not the flywheel
is stopped. This input must
be ON (1) to allow manual
valve control.

ON (1): The flywheel is
stopped.

OFF (0): The flywheel is not
stopped.

Safety Enable

BOOL

tag

This input represents the
status of safety-related
permissive devices such as
E-stops, light curtains or
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Operand Data Type

Format

Description

safety gates. This input is
optional on this instruction
for extra protection if
required for a particular
application.

ON (1): Indicates that
permissive devices are
actively guarding the
danger zone and permits
the energizing of Output 1.

OFF (0): Indicates that
permissive devices are
no longer protecting the
danger zone and prevents
the energizing of Output 1.

Actuate BOOL

tag

This input is the signal
to manually actuate

the valve, energizing or
de-energizing Output 1.

OFF (0)-> ON (1): Output Tis
energized if the instruction
is enabled, the Keyswitch
input is activated, and no
faults exist.

ON (1) -> OFF (0): Output Tis
de-energized.

Input Status BOOL

immediate

tag

If instruction inputs

are from a safety 1/0
module, this is the status
from the 1/0 module or
modules (Connection
Status or Combined
Status). If instruction
inputs are derived from
internal logic, it is the
application programmer's
responsibility to determine
the conditions.

ON (1): The inputs to this
instruction are valid.

OFF (0): The inputs to this
instruction are invalid.

Output Status BOOL

immediate

tag

This input indicates the
output status of the 1/0
module connected to this
instruction.
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Operand Data Type Format Description

ON (1): The output module
is operating properly.

OFF (0): The output module
is faulted or offline.

Instruction outputs are set
their safe state.

Reset! BOOL tag This input clears the
instruction faults provided
the fault condition is not
present.

ON (1): The Fault Present
and Fault Code outputs are
reset.

'190 13849-1 stipulates instruction reset functions must occur on falling edge signals. To comply
with IS0 13849-1 requirements, add this logic immediately before this instruction. Rename the
‘Reset_Signal’ tag in the example shown below to the reset signal tag name. Then use the 0SF
instruction Output Bit tag as the instruction’s reset source.

Reset_Signal OSF

OSF_Internal SB
Bit F_Edge Reset 0B

The following table explains the instruction outputs. The outputs may be field device signals or
derived from user logic.

Operand Data Type Description

Output 1(01) BOOL This output manually controls a
valve. The output is de-energized

when:

»  The Enable input transitions
from ON (1) to OFF (0).

»  The Keyswitch input transitions
from ON (1) to OFF (0).

« The Bottom input transitions
from ON (1) to OFF (0),
indicating the slide has left
bottom-dead-center.

« The Flywheel Stopped input
transitions from ON (1) to OFF
(0), indicating flywheel motion.

»  The Safety Enable input
transitions from ON (1) to OFF
(0).
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»  The Input Status or Output
Status inputs have turned OFF
(0).
¢ The Actuate input transitions
from ON (1) to OFF (0).
Fault Present (FP) BOOL ON (1): A fault is present in the
instruction.
OFF (0): The instruction is operating
normally.
Fault Code DINT This output indicates the type of
fault that occurred. See the MMVC
Fault Codes section for a list of fault
codes.
This operand is not safety-related.
Diagnostic Code DINT This output indicates the diagnostic
status of the instruction. See the
MMVC Diagnostic Codes section
below for a list of diagnostic cades.
This operand is not safety-related.
IMPORTANT: Do not write to any instruction output tag under any circumstances.
Affects Math Status Flags
No
Major/Minor Faults
None specific to this instruction. See Index Through Arrays for array-indexing faults.
Execution
Condition/State Action Taken
Prescan Same as Rung-condition-in false.
Rung-condition-in is false The .01, and .FP are cleared to false.
The Diagnostic Code and Fault Code outputs are set to 0.
Rung-condition-in is true The instruction executes as described in the Operation
section.
Postscan Same as Rung-condition-in false.
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Operation

Normal

This timing diagram shows normal operation of this instruction to manually drive a valve. The
instruction enters the permissive state at (A) because the instruction has been enabled, bottom-
dead-center (BDC) has been achieved, the flywheel is stopped, and the Safety Enable input is ON
(1). Output 1is energized at (B) because a rising edge is detected on the Actuate input, manually
energizing the valve. Output 1is de-energized at (C) because the Actuate input is turned OFF (0).
Output 1is energized again when another rising edge is detected on the Actuate input at (D).
Output 1is de-energized at (E) because the Enable input turns OFF (0), resetting the instruction.
Finally, Output 1is energized at (F) once the instruction is back in a permissive state and a rising
edge is detected on the Actuate input. None of the conditions in this example results in a fault.

1
Enable

0

1

kKeyswitch

0

1

Bottom

0
1

Flywheel Stopped
0

|
1
1
|
|
[
[
|
|
|
|
|
[
|
1 I
Safety Enable :
!
[
[
|
|
;
|
!
I
|

|
I
I
I
|
I
i
I
I
I
I
i
I
]
I
I
I
I
I
|
I
I
I
|
I
I
I
0 I
I
I

1

Actuats
0

1

Output 1
0

@® © 0 ® ®
nput Status and Output Status (not shown) = 0N (1)

Actuate in Non-permissive State

This timing diagram shows conditions that do not allow Output 1to be energized because the
instruction is not in a permissive state when the Actuate input transitions from OFF (0) to ON (1).
Output 1is not energized at (A) because the instruction is not enabled when the Actuate input
transitions from OFF (0) to ON (1). The instruction is enabled, but faults immediately when the
Actuate input transitions from OFF to ON because the Safety Enable input is OFF (0) at (B). The
fault cannot be cleared because the fault condition still exists at (C). Finally, the fault is cleared
at (D) when the Reset input transitions from OFF (0) to ON (1) because the Safety Enable input is
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now ON (1). Output 1can now be energized when the Actuate input transitions from OFF (0) to ON

(1).

1
Enable
0

1
Keyswitch
0

1
Baottom
0

1
Flywheel Stopped
0

1
safety Enable
0

1
Actuate

0

1
Aesat

0

§ﬂ1

0

1
Output 1
0

|

|

|

|

[

1

I
1
Fault Present I
|

|

|

|

|

|

I

|

1

® ® © O

Input Status and Ouiput Status (not shown) = ON (1]

Fault After Output 1Energized

Output 1is energized at (A) after the Actuate input transitions from OFF (0) to ON (1) when the
instruction is in the permissive state. The instruction faults at (B) because the slide is no longer
at bottom-dead-center (BDC). The fault is cleared at (C) when the Reset input transitions from
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OFF (0) to ON (1) and the slide has returned to BDC. Another fault is generated at (D) when the
Actuate input transitions from OFF (0) to ON (1) and the flywheel is not stopped.

1
Enable

0

1
Keyswitch

|
I
|
|
|
|
|
:
|
n |
|

0

1
Flywheel Stopped
0

1
safety Enable

0

| |
: |
I I
I I
I I
| |
| |
| |
] I
I |
I I
I I
| |
-l | |
Bottom : :
I I
I I
I |
| |
T |
| |
I I
| T
| I
I I
| |
! |
I I
I I

1
Actuate
0

1
Reset

0

T[T

1
Fault Present
0

|
1 l
Output 1 I
f :

| |
® ® ©

Input Status and Output Status (not shown)= ON (1]

@ EREE! [l A M 8

False Rung State Behavior

When the instruction is executed on a false rung, all instruction outputs are de-energized.

Fault Codes and Corrective Actions

The fault codes are listed in hexadecimal format followed by decimal format.

Rockwell Automation, Inc. Publication 1756-RM0950-EN-P - September 2025



Chapter 3

Metal Form Instructions

378

Fault Code Description Corrective Action
0 No Fault None.
16420 The Input Status input transitioned | »  Check the I/0 module
3 from ON (1) to OFF (0) while the connection.
instruction was executing. «  Reset the fault.
16421 The Output Status input transitioned | «  Check the I/0 module
33 from ON (1) to OFF (0) while the connection.
instruction was executing. « Reset the fault.
16#5040 The slide was not at » Visually check to make sure the
20544 bottom-dead-center (BDC) when the slide is at bottom.
Actuate input transitioned from OFF | | Check the Bottom input signal.
(0)to ON(1).
*  Reset the fault.
1645041 Flywheel motion was detected when | «  Visually check to make sure that
90545 the Actuate input transitioned from the flywheel is not in motion.
OFF(0)to ON (1) »  Check the Flywheel Stopped
input signal.
*  Reset the fault.
16#5042 Safety Enable was OFF (0) whenthe | «  Visually check that the
20546 Actuate input transitioned from OFF permissive inputs tied to
(0) to ON(1). the Safety Enable input are
functioning properly.
»  Check the Safety Enabled input
signal.
*  Reset the fault.
16#5043 The Keyswitch input was OFF (0) »  Turn the keyswitch on.
90547 when the Actuate input transitioned | | Check the Keyswitch input

from OFF (0) to ON (1).

signal.

* Reset the fault.

Diagnostic Codes and Corrective Actions

The diagnostic codes are listed in hexadecimal format followed by decimal format.

Diagnostic Code Description Corrective Action

0 No Fault None.

16420 The Input Status was OFF (0) when | Check the I/0 module connection.
3 the instruction started.
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Diagnostic Code Description Corrective Action
16421 The Output Status input transitioned | Check the I/0 module connection.
33 from ON (1) to OFF (0) while the
instruction was executing.
16#5000 The Actuate input is held ON (1). Set the Actuate input to OFF (0).
20480
1645040 The slide was not at »  Visually make sure that the slide
20544 bottom-dead-center (BDC). is at bottom.
»  Check the Bottom input signal.
16#5041 Flywheel motion detected. *  Visually make sure that the
20545 flywheel is not in motion.
«  Check the Flywheel Stopped
input signal.
1645042 The Safety Enable signal is OFF (0). | «  Visually make sure that the
20546 permissive inputs tied to
the Safety Enable signal are
operating properly.
»  Check the Safety Enable input
signal.
1645043 The keyswitch is disabled. Enable the Keyswitch input.
20547

MMVC wiring and programming example

Rockwell Automation, Inc.

This topic demonstrates how to wire the Guard I/0 module and program the instruction in the

safety control portion of an application.

This application example complies with IS0 13849-1, Category 4 operation.

O The standard control portion of the application is not shown in the following diagram.
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Wiring Diagram

24V DC

Momentary Push Button
[reset) Momentary
0] Push Button
1 s2 - - BOC Cam Safe Spead , (reset)

| Key Switch

B8 B0 D EaDO

Maodule 1

24V Ground

This programming diagram shows the MMVC instruction used with a Dual-channel Input Start
(DCSRT) instruction and a Main Valve Control (MVC) instruction.
Programming Diagram

"IL evel{Sateties s
iLevel?Safeties  ~—

_MME ManualvalveControl
b EaEee >—(eave  Ouwt1]
Moulel:| PH0EDzta Kayswitch
Module1 1. P040ata Bottom
Flywnee| Stopped
- Safety Enable
DOCSAT MaintenanceStart
Input Type  Qutput 1 Actuate
Discrepancy Time Input Status
; Output Stafus
Enable

Module1: PilZData Channal A —|Reset Fault Present
Module1:1 Pt03Data Channel B

Input Status
— Reset  Fault Present
Modulel:LinputStatus

Module1:| DutpuiStatus

M ———
Enable [atina e Modulel-0.PtO00Data
[B00ms > —jreedback Dutputz- :0 PtD01Data

Reaction Time

b Artuate

Maodule1:| PtO0Data Feedback 1

Module1:| Pt01Data Feedback 2

input Status
Output Status
Resst Fault Present

ts data or value typically used
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Ladder Diagram
| DCSAT

Dual Channel Input Start
DCSRAT MaintenanceStart o1
Safety Function START BUTTON
Input Type EQUNALENT - ACTIVE HIGH |~ FP -
Discrepancy Tme (Msec) 500
Enable Module1:LPtOEData

0=
Channel & Modube1:LPt02Data

0=
Channel B Modube1:LPt03Data

D=
Input Status Module 1 LinpuiStatus

0=
Reset Module1:LPt0TData

O

Levell SafetiesOK  LevelRSafetiesOK  Manuah/akeControl SafetyEnable

| mave
Mantenance Manual Vakve Control I
MAC ManualaheControl — 01
Enable MaintenancelodeSelected
O FP
Keyawitch Modubke1;LPt0&Data
O
Bottom Modube1:LPt04Data
0=
Fiywheel Stopped Modube1:LPtD4Data
=
Safety Enable ManuahalveControl SafetyEnable
O
Actuate MaintenanceStart. 01
04
Input Status WModule1:LinputStatus.
0
Dutput Status Modube 11 OutputStatus
0=
Resel Module1:LPtOTData
Q=
MWC
| Main Vake Control )
MG MainVahe — 01
Feedback Type HEGATNE
Feedback Reaction Time (Msec) 500 oz
Actuate Wanuah/akeControl 01
0= FP
Feedback 1 Modube1:LPtOOData
=
Feedback 2 Module1:LPt01Data
O
Input Status Module1:LinpuiStatus
Q4=
Output Status Module 11 OutputStatus
0=
Reset Modubs1:LPtOTData
Lk

MainVake.01  Module1:0R00Data

Mainvalve 02  Module1:0 Fi01Data
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Module Definition

The Logix Designer application is used to configure the input and test output operands of the
Guard I/0 module, as illustrated.

F .

Module Definition IE

Series:
Revision: 001 |2

Electronic Keying: [Exact Match -
Input Diata: Safety |
Input Status: Combined Status - Muting A
Cutput Data: Safety |
Data Format: Integer |

oK ] [ Cancel ] [ Help

Rockwell Automation suggests selecting Exact Match for the Electronic Keying as shown.
Compatible Match is also acceptable.

Module Input Configuration

| General | Connection | Safety | Module Infa | Input Corfiguration | Test Output | Output Configuration |

Point Operation S Input Delay Time (ms)
esf

Point Di Point Mode
Type 1‘5_"::?:1”5? Source | g oon | On--0ff
0 | Single - 0 | Safety Pulse Test |« 0 e2 0 0
1 = ~ || Safety Pulse Test || 1 = (= 0%
2 | Single . 0 | Safety Pulse Test «| 0 =3 0 0~
3 = - || Safety Pulse Test ||| 1 = 0 0=
4 | Single - 0 | Safety Pulse Test «| 0 =] 0= 0=
5 ] - || safety ||| Mone |+ 05 0z
5 | Single - 0 «| Safety Pulse Test |« 0 I 0-: 03
5 L ~ || Safety ||| None || 0% 03

Input Emor Latch Time: 10000 ms
Status: Offline oK | [ cancel Apply Help

382 Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.



Chapter3  Metal Form Instructions

Rockwell Automation, Inc.

Module Test Output Configuration

| General I Connection I Safety I Madule Info I Input Corfiguration | Test Output | Qutput Corfiguration

Point Point Mode

0 |Pulse Test
1 |Pulse Test
2 |MNotUsed
3 | Mot Used

KN

Status: Offline oK | | Cancel Apply Help

Module Output Configuration

| General I Connection | Safety I Medule Info I Input Configuration | Test Output | Output Corfiguration

Point Operation
Point Point Mode
Type
0 | Single - Safety >
1 ||| Safety >
2 | Dual - Not Used x|
3 ||| Mot Used x|
4 | Dual - Not Used x|
5 |__||Not Used x|
& | Dual - Not Used x|
7 ||| Not Used 3

Qutput Emor Latch Time: 1000 ms

Status: Offfine oK l ’ Cancel Apply Help
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The Drive Safety instructions include the following:

Available Languages

Ladder Diagram

SBC on page | SDI on page | SFX on page | SLP on page | SLS on page | SOS on page | SS1on page | SS2 on page
384 403 414 421 439 450 464 480

Function Block

Not available

Structured Text

Not available

Safe Brake Control (SBC)

This instruction only applies to the Compact GuardLogix 5380, GuardLogix 5580, and
ControlLogix 5590 controllers.

The Safe Brake Control (SBC) instruction:
« Controls safety outputs that actuate a brake.
» Sets timing between brake and Torque Off Request outputs.

» Monitors brake feedback and 1/0 status.
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Available Languages

Ladder Diagram
SBC

Safe Brake Control
Safety Control
Restart Type

STO to SBC Delay
Brake Feedback Check Delay
Brake Feedback 1
Brake Feedback 2
Input Status
Output Status
Brake Engage L
Reset

SBC Active

Brake Engaged

SBC Integrity

Fault Type
Diagnostic Code

Function Block

¥

*

¥

77

¥

*

¥

*

¥

77

¥

*
*7

B0

BO2

TOR

RR

FP

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Publication 1756-RM0950-EN-P - September 2025

385



Chapter 4

Drive Safety Instructions

386

Safe Brake Control Application

Use Safe Brake Control with safety 1/0, and safety contactors, to control the brake and brake
timing for STO. The following figure illustrates an application with an external brake mounted to
a motor controlled using SBC, a GuardLogix controller, safety 1/0, and a safety contactor.

Safety
C-:-ntr-:-lier
And Partner

Iation
Controller

I e

Point Guard

)

[=]

L
g

(]

03

SEy:)

29
Power

Supply| Lk
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Operands

IMPORTANT: Unexpected operation may occur if:
+  Output tag operands are overwritten.
»  Members of a structure operand are overwritten.
«  Structure operands are shared by multiple instructions.
- The rung-condition-in is false
- Aninstruction fault occurs
- Theinstruction restarts and:
- ST0to SBC delay is >= 0 and Brake Engage transitions from ON(1) to OFF(0).
- ST0 to SBC delay is <0 and Brake Engage L transitions from ON(1) to OFF(0) and the STO to SBC
timer expires.
- The rung-condition-in is false
- Aninstruction fault has occurs
- Theinstruction has restarts and:
- ST0 to SBC delay is > 0 and Brake Engage transitions from ON(1) to OFF(0).
- ST0 to SBC delay is < 0 and Brake Engage L transitions from ON(1) to OFF(0) and the STO to SBC
expires.
- When STO to SBC delay is > 0, TOR transitions to ON(1) immediately after the input Engage Brake L
transitions from ON(1) to OFF(0)
- When STO to SBC delay is < 0 TOR transitions to ON(1) when:
- Engage Brake transitions from ON(1) to OFF(0) and
- The STO to SBC delay timer expires.
- There are no faults for the SBC function.

WARNING: The SBC Safety Control structure contains internal state information. If any of the
configuration operands are changed while in run mode, accept the pending edits and cycle the

controller mode from Program to Run for the changes to take effect.

The following table provides operands used for configuring the instruction.

Operand Data Type Format Description

Data structure required
for proper operation of
instruction.

Safety Control SAFE_BRAKE_CONTROL tag

list item This input selects the
Restart Type for the
instruction.

MANUAL (0)

Restart Type

A0 to 1transition of the
Reset input is required
after Request has been
removed to enable the
instruction to operate.

AUTOMATIC (1)

The instruction will reset
when he Request has been
removed and no fault is
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Operand Data Type

Format

Description

present [FP]= OFF(0). Once
reset, the instruction will
be able to operate.

A ATTENTION: Only

use Automatic Restart in
applications where it is
determined that no unsafe
conditions occur from its

use.

Brake Feedback Check
Delay

NT

immediate

tag

Brake Feedback is
continuously monitored
during instruction
execution. When the
brake outputs change
state the brake feedback
1and 2 must change to
the opposite state within
the Brake Feedback
Check Delay or the SBC
instruction will fault.

Range: 5 to 2000

Units: milliseconds

Q When STO to

SBC delay <=
0, then Brake
Feedback
Check delay
must be =
(STO to SBC
delay).

STO to SBC Delay INT

immediate

tag

Instruction operand that
determines the delay
between TOR (Torque

0ff Request) and SBC.
For positive values the
TOR output is asserted
ON(1) followed by B01and
BO2 outputs asserted
OFF(0) after the delay.
For negative values the
order is reversed, B01and
BO2 outputs are asserted
OFF(0) followed by TOR
ON(1) after the delay.
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Operand Data Type

Format

Description

Range: -32768 to 32767

Units: milliseconds

A ATTENTION: For

applications where vertical
loads are supported you
must ensure that the

STO to SBC Delay is a
negative value and that the
magnitude of the value is
greater (longer) than the
mechanical brake engage

time.

Q For negative

values of STO
to SBC Delay
you must make
the delay time
longer than

the Brake
Feedback
Check Delay to
avoid an Invalid
Configuration

Fault.
The following table explains the instruction inputs.
Operand Data Type Format Description
Brake Feedback 1 BOOL tag When the brake outputs
BO1and BO2 transition
from ON(1) to OFF(0) or

vice versa and the SBC
rung-condition-in is true,
this input must transition
to opposite state of Brake
Output within the Brake
Feedback Check Delay
Time. Once the Brake
Check Delay has expired
this input must remain in
the opposite state. If these
conditions are not met the
SBC instruction will fault.
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Operand Data Type

Format

Description

Brake Feedback 2 BOOL

tag

When the brake outputs
BOT and BO2 transition
from ON(1) to OFF(0) or
vice versa and the SBC
rung-condition-in is true,
this input must transition
to the opposite state of
Brake Output within the
Brake Feedback Check
Delay Time. Once the Brake
Check Delay has expired
this input must remain in
the opposite state. If these
conditions are not met the
SBC instruction will fault.

Input Status BOOL

tag

This operand monitors the
status of the 1/0 providing
inputs Brake Feedback
1and Brake Feedback 2
signals to this instruction.
This input must be ON(1)
while the instruction is
enabled.

Output Status BOOL

tag

This operand monitors the
status of the 1/0 providing
physical outputs for (B01)
Brake Output Tand (B02)
Brake Output 2 from this
instruction. This input
must be ON(1) while the
instruction is enabled.

Brake Engage L BOOL

tag

This operand engages the
brake.

ON(1): Inactive state. Allows
the SBC function to reset
according to the Restart
Type.

OFF(0): Engages the brake
by setting BO1and B02
OFF(0) according to the
STO to SBC Delay.

When Brake Engage L
Transitions from ON(1) to
OFF(0) the STO to SBC delay
timer is started.
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Operand Data Type Format Description

Reset! BOOL tag This operand resets the
SBC function. An OFF(0)
to ON(1) transition resets
the SBC function and Fault
Present (FP) provided the
Brake Engage L is ON(1)
and fault conditions are
not present. The Reset
Required (RR) output
indicates when a reset

is required to reset the
function.

'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the
reset input from High-to-Low or Low-to-High.

This table explains instruction outputs. The outputs are external tags (safety output modules) or
internal tags used in other logic routines.

Operand Data Type Description

Brake Output 1[B01] BOOL An active low redundant brake
control output.

ON(1): Brake Output 1 Release Brake
OFF(0): Brake Output 1Engage Brake

Brake Output 2 [B02] BOOL An active low redundant brake
control output.

ON(1): Brake Output 2 Release Brake
OFF(0): Brake Output 2 Engage Brake

Torque Off Request [TOR] BOOL This output is used as an activation
source for Safe Torque Off.

ON(1): TOR request
OFF(0): SBC function resets.

Reset Required [RR] BOOL ON(1): Perform a reset to restart the
instruction and/or clear faults.

OFF (0): Normal operation under
Automatic Restart operation.

Fault Present [FP] BOOL ON(1): A fault is present in the
instruction.

OFF (0): The instruction is operating
normally.
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Description

Indicates the type of fault. See the
Fault Codes and Corrective Actions
section for specific codes and
actions.

Operand Data Type
Fault Type SINT
Diagnostic Code SINT

Indicates information about the
cause of a fault. See the Diagnostic
Codes and Corrective Actions section
for specific codes and actions.

This table explains instructions outputs that are written to the user-specified tag.

Operand Data Type

Format

Description

SBC Active BOOL

tag

The SBC instruction writes
the SBC Active status to
this tag.

OFF(0): SBC function is not
active

ON(1): SBC function is
active

O Assign the

SBC Active
operand to

the SBC Active
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

Brake Engaged BOOL

tag

The SBC instruction writes
the brake status to this
tag:
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Operand

Data Type

Format

Description

OFF(0): Brake released
ON(1): Brake engaged

Q Assign the SBC

Active operand
to the SBC
Brake Engaged
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive

module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

SBC Integrity

BOOL

tag

The SBC instruction writes
the SBC brake status to
this tag. SBC Integrity
indicates that the SBC
instruction is operating
with no faults detected.

OFF(0): SBC fault. The
brake status, released or
engaged, is undetermined.

ON(1): No faults detected.
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Operand Data Type

Format Description

O Assigned this

tag to the

SBC Integrity
member of the
safety output
tag structure
corresponding
to the safety
instance of
the drive
module. The
corresponding
Axis Safety
Status RA
updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution

Ladder Diagram

Condition/State Action Taken

Prescan Outputs are initialized as:

Brake Output 1[BO1]: OFF(0)
Brake Output 2 [B02]: OFF(0)
Torque Off Request [TOR]: OFF(0)
SBC Active: OFF(0)

Brake Engaged: ON(1)
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Condition/State

Action Taken

Fault Present [FP]: OFF(0)
Reset Required [RR]: OFF(0)
Fault Type: 1

Diagnostic Code: 0

SBC Integrity: OFF(0)

Rung-condition-in is false

.B01,.B02, .TOR, .RR and .FP are cleared OFF(0)

If an instruction fault is present when the rung goes
false, the fault condition remains and the diagnostic
code appears

Rung-condition-in is true

The instruction executes.

Postscan

N/A

Operation

The SBC instruction is used to control and monitor a mechanical brake. Timing between Safe
Torque Off and brake operation is controlled by STO to SBC delay, which may be either positive
or negative. Two timing cases showing STO to SBC delay > 0, and STO to SBC delay =<0 are
illustrated in the sections that follow.

Pass-Through Tags

A Safe Motion Monitoring Drive has one or more motion axes that are controlled by a motion
task. The Safe Motion Monitoring Drive also has one or more motion safety instances that
support safety functions used in a safety task of a safety controller. Some of the tags
associated with a drives motion safety instance are pass-through tags. The following table
shows the pass-through tags and the corresponding axis tags for the SBC function:

Pass-Through Tags for | Safe Motion Monitorin

SBC Instruction Output . 9n Tag X X 9 Axis Tag
Motion Safety Instance | Drive Action

SBC Active module’:S0.SBCActive[ inst updates tag axis3.SBCActiveStatus
ance?]

Brake Engaged m0du|e1:S[].SBCBrakeEnga updates tag axis3.SBCEngagedStatus
ged[instancez]

SBC Integrity module':S0.SBCIntegritylin | updates tag axis®.SafeBrakelntegritySt
stance?] atus

'module is the name for the drive module in Logix Designer 1/0 Configuration tree

%instance is 1or 2 for dual axis drives otherwise null

3

axis is the axis name in the Logix Designer Motion Group and is associated with module

When assigning the SBC Active, Brake Engaged and SBC Integrity instruction outputs to the
motion safety instance pass-through tags, the corresponding axis tags automatically update
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in the motion controller. The motion control task of motion controller reads the axis tags to
coordinate operation between the safety task and motion task.

Normal Operation, STO to SBC Delay > 0, Automatic Restart

When the STO to SBC delay is > 0 Category 0 stopping is typically used. With Category 0
stopping, torque is removed from the motor first and then, after the STO to SBC Delay, the
brake is applied. In this case the motor coasts before the brake is applied. Typically Torque Off
Request output is used within a safety application to initiate the STO function in a drive safety
instance. The STO function in the drive will immediately remove torque from the motor without
motion coordination. SBC Active and Brake Engaged are passed from the drive safety instance
to the drive Axis Safety Status tag so that the motion controller responds accordingly.

SBC operation is described as follows. Assuming the SBC function has been reset, the SBC
function becomes active when Brake Engage L input is cleared OFF(0). Upon Brake Engage L
cleared OFF(0), SBC active and Torque Off Request are set ON(1). At the same time, the STO to
SBC delay timer is started. The STO to SBC delay allows the motor to coast before Brake Output
1and Brake Output 2 are cleared OFF(0). Whenever the Brake Outputs 1and 2 change state, the
feedback check delay timer is started. When the feedback check delay timer expires, the Brake
Feedback 1and 2 inputs are monitored and must be at and remain at the opposite state of the
Brake Outputs. When the Brake Outputs are OFF(0) and the Brake feedback is ON(1), the Brake
Engaged Signal is set ON(1) after Feedback Check Delay. With automatic restart, shown in the
diagram below, the SBC function is restarted and ready for subsequent operation if it is not
faulted and the Brake Engage L input returns to the inactive state ON(1).

>0

*I STO'to SBC Delay |__

Speed

Brake Engage L

Condition
for Reset

SBC Active

Torgue Off Request [TOR]

L
]

IR

Brake O utput 1 [BO1]* Brake Release ] Brake Engage
h ¥ Feedback
| Check Delay
Brake Feedback 1% Feedback Check Dsla‘,-—-| | I-— _..| |.._
Brake Engaged Brake Releazed I Brake Engaged |

Tip: 1-Brake Output 2 [BO2YBrake Feedback 2 (not shown) function in the same manor.

Normal Operation, STO to SBC Delay = 0, Automatic Restart

When the STO to SBC delay is < 0 typically the application will be using category 2 stopping. With
category 2 stopping the motor is brought to a controlled stop, then actively held at standstill.
With the motor held at standstill, SBC is activated, applying the brake first then after the STO

to SBC delay, torgue is removed. Torque is removed by use of the Torque Off Request output to
initiate STO in the safety instance of a drive according to the particular Logix safety application.
The SBC Active, SBC Integrity, and Brake Engaged outputs of the SBC instruction are sent to the
drive safety instance, and then the associated axis status tag is updated. The motion controller
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application then reads the updated axis status tag and takes any required actions for the
application.

SBC operation with STO to SBC Delay == 0 is described as follows. After the SBC function has
been Reset, the SBC function begins when Brake Engage L is cleared OFF(0). Upon Brake Engage
L OFF(0), the brake outputs, BO1and B02 are cleared OFF(0) and SBC active is set ON(1). At the
same time the STO to SBC delay timer is started. The STO to SBC delay allows the brake to
engage before the Torque Off Request is set ON(1). Whenever the Brake Outputs 1and 2 change
state, the feedback check delay timer is started. When the feedback check delay timer expires,
the Brake Feedback 1and 2 inputs are monitored and must be at and remain at the opposite
state of the Brake Outputs. When the brake outputs are OFF(0) and the Brake feedback is ON(1),
the Brake Engaged Signal is set ON(1) after Feedback Check Delay. With automatic restart,
shown in the diagram below, the SBC function is reset and ready for subsequent operation if it is

not faulted and the Brake Engage L input is set ON(1).

5TO to SBC Delay
— -
=0
Speed
>
Brake Engage L :
SBC Active \

Condition
>f:ur Reset

Brake Output 1 [BO1]* Erake Engage

N

Feedback
Chedt Delay

Brake Feedback1*

L L

I-Q—Fsedba:k Chack Delay

Brake Engaged | Brake Engaged

Torgue Off Request [TOR] 1

e

Tip: 1-Brake Qutput 2 [BOZ)Brake Feedback 2 (not shown) function in the same manaor
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Manual Restart

When Manual Restart is used, the SBC function is begins operation with the ON(1) to OFF(0)
transition of Brake Engage L. The function will be reset if it is not faulted, Brake Engage L is
ON(1) and an OFF(0) to ON(1) transition of the Reset input occurs.

Ls s [ Condition

ffor Reset
SBC Active
Torgue Off Request [TOR]

Brake Output 1[BO1]° Brake Engage
FE
. Feedback
Brake Feedback 1° —-{ |""—:|'5ckl}eay
Brake Engaged Erake Engased

Reset |

Tip: 1-Brake Qutput 2 [BOZ2)/Brake Feedback 2 (not shown) function in
the same manar.

Cold Start

The SBC function requires manual cold start. When the controller run mode begins the SBC
instruction starts with the Brake Outputs OFF(0) and waiting for Reset. The SBC function
requires a successful reset in order to release the brake and allow subsequent operation similar
to a Manual Restart. For a successful reset the conditions below must be satisfied before Reset
makes an OFF(0) to ON(1) transition:

Brake Feedback 1: ON(1)
Brake Feedback 2: ON(1)
Input Status: ON(1)
Output Status: ON(1)
Brake Engage L: ON(1)

Faults and Fault Reset

The SBC instruction monitors the state of the brake feedback and the I/0 module status bits
continuously when the rung-condition-in is true. Faults are caused by invalid configuration, or
by invalid inputs. Any condition that causes the SBC function to fault will clear Brake Output
1and Brake Output 2 to OFF(0). The Brake Outputs will remain OFF(0) until the fault condition
is corrected and the SBC instruction is reset. Torque Off Request Remains in its last state just
before the fault.

Brake Feedback Faults

Anytime the Brake Outputs, BO1and B02 change state the Feedback Check Delay timer is
started. When the timer is running, the Brake Feedback signals are ignored. When the timer
is no longer running the Brake Feedback 1and Brake Feedback 2 signals are continuously
monitored. The Brake Feedback signals must be in the opposite state of the Brake Output
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signals, otherwise the SBC function will fault. In the figure below, the Brake Feedback signal

did not change to the ON(1) state after the Brake Output 1changes to the OFF(0) state and the
Feedback Check delay expires. This results in a Fault and also clears OFF(0) the SBC Integrity bit.
The figure shows an unsuccessful attempt to reset the instruction before the fault condition has
been corrected followed by a successful reset after the fault has been corrected. The drive Axis
tag, Safe Brake Integrity Status, is cleared when the fault condition is detected. Since the actual
state of the brake cannot be determined when the fault is present, the SBC Torque Off Request
will not be asserted. The motion task is then able to maintain control of the motor which may be
necessary for some applications including those where gravity may cause motion.

.| STOto3BC De lay

-

Speed =0
>
Brake Engage L | "\Cnrn't'ar_
| ~Tor Reset”
S5BC Active I
Brake Output 1 [BO1] | Brake Engage |
Brake Feedback 1° —-l |-—F-_=e=bsc|c Check Delzy
Brake Engaged Brake Relezsed Brake Ergags-:g
Fault Present [FP] \ Fault Cause
comrected

SBC Integriy —l |7
]

Reset Required [RR] — Reset
H ,/ Reset :
Reset ﬁ

Torque OFf Request [TOR]

)

wn | function in same manor.
utput 1 and 2,33 52t by Brake Feedback Type, n add ton
on reIst.

1-Brake Qutput 2 [BOZ]/Brake Feedback 2 [no
ack 1and 2 mustr

If the brake feedback signal or 1/0 status signals are in the wrong state after the SBC function
has been successfully reset then the SBC instruction will fault. The following figure shows

the SBC function in Automatic Restart mode being reset initially by Brake Engage L set ON(1).
Immediately upon reset the Brake Output 1and 2 are set ON(1) and the Feedback check delay
timer begins. After the timer expires, the Brake Feedback is in the incorrect state and SBC
faults. In this case, the cause of the fault needs to be corrected in order for the instruction to
not continue to fault after subsequent resets. In the figure, the fault is assumed to be corrected
and does not fault again after the Reset OFF(0) to ON(1) transition and the final check delay time
expires. For the case shown in the figure the fault indicates that the brake may have stayed
engaged when it was supposed to be released. The SBC integrity is cleared to OFF(0) which will
be reflected in the Axis tag, Safe Brake Integrity Status. This allows the motion task to keep the
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axis at standstill until the fault is corrected to avoid possible damage to system mechanical
components.

STO to SBC Delay
—- < D
Spepd — =

v

Brake Engage L

|v\r:gndﬂ|9n
[ /fjl Reset®
7
Erake Engage | | Erake Engage ” Fepdha ck

¥ Check Delay

1 | Feedback Feedback ||.._/
Brake Feedback 1 l‘iths:k Delay _-I l-._ths:k Delay _.-F

SBC Active

1]

Brake Output 1 [BO1]*

Brake Engaged  Brake Released | Erake Engaged !
Fault Present [FP] I—\—
SBC Integrity :| —
Reset Reqired [RR] |—|_
Reset |_|
Torgue Off Request [TOR] I_I

1-Brake Qutput 2 [BO2]/Brake Feedback 2 (not shown) function In same manaor.
back 1 and 2 mustreflect the state of Braks Output 1 and 2, 3= sat by Brake Fesdback Type. In addition
st being OFF(0) 2 a condition for instruction reset.

Fault Codes and Corrective Actions

Fault Code Description Corrective Action
1 No Fault None.
2 Invalid Configuration Fault »  Check the input values and

correct out of range values.
Check the diagnostic code for
more information

« Reset the fault.

101 Brake Feedback Fault »  Check the brake power, power
wiring, safety contactor and
or Brake Feedback wiring and
correct any inconsistencies.

« Ensure that the Brake Feedback
Check delay is long enough for
the Brake Feedback to settle to
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Fault Code Description Corrective Action
its final state after setting or
releasing the brake.
*  Reset the fault.
102 Restart Attempt before Brake » |f SBC is delayed meaning STO

Engaged Fault

to SBC delay is positive, and the
delay timer is running, then SBC
cannot be restarted until after
the brake has been engaged.
Check the timing of events in
your program.

Diagnostic Codes and Corrective Actions

Diagnostic Code Description Corrective Action

0 No diagnostic information available. | None.

10 Rung went false while instruction Make sure this instruction is
was executing. enabled.

20 Brake Feedback Check Delay value | Check the speed scaling value.
not valid.

22 The magnitude of the STO to SBC Increase the Brake Feedback Check
Delay value is less than Brake Delay, or make the STO to SBC Delay
Feedback Check Delay (Only when value longer.
STO to SBC Delay is less than 0).

101 Input Status input transitioned from | Check wiring to safety contactor.
ON (1) to OFF (0) while rung was true.

102 Output Status input transitioned Check wiring to safety contactor.
from ON (1) to OFF (0) while rung was
true.

103 Brake Feedback 1and Brake Check brake power and wiring.
Feedback 2 turned OFF (0)
unexpectedly.

104 Brake Feedback 1turned OFF (0) Check brake power and wiring.
unexpectedly.

105 Brake Feedback 2 turned OFF (0) Check brake power and wiring.
unexpectedly.

106 Brake Feedback 1and Brake Check brake power and wiring.

Feedback 2 turned ON (1)
unexpectedly.

Publication 1756-RM0950-EN-P - September 2025

401



Chapter 4

Drive Safety Instructions

402

Diagnostic Code

Description

Corrective Action

107

Brake Feedback 1turned ON (1)
unexpectedly.

Check brake power and wiring.

108

Brake Feedback 2 turned ON (1)
unexpectedly.

Check brake power and wiring.

109

Brake Feedback 1and Brake
Feedback 2 did not turn ON (1) within
the Brake Feedback Check Delay.

Check brake power and wiring.

10

Brake Feedback 1did not turn ON (1)
within the Brake Feedback Check
Delay.

Check brake power and wiring.

m

Brake Feedback 2 did not turn ON
(1) within the Brake Feedback Check
Delay.

Check brake power and wiring.

12

Brake Feedback 1and Brake
Feedback 2 did not turn OFF (0)
within the Brake Feedback Check
Delay.

Check brake power and wiring.

m3

Brake Feedback 1did not turn OFF
(0) within the Brake Feedback Check
Delay.

Check brake power and wiring.

M4

Brake Feedback 2 did not turn OFF
(0) within the Brake Feedback Check
Delay.

Check brake power and wiring.
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Example

SBC
Gafe Brake Contro

Safe tral

Brake Feedback Check

orake Fesdback

SBC_Control_SAA1
MLANUAL
-240

Delay 100

SBC_K0:1:LPt00Data
D=

SBC_)0:1:LPt00Data
O

SBE_I0:1:1Pt00Status
O

SBC_I0:Z1 P00 utpustSialus

O
SBC_Request_L

SDA1:50.SBCAcHve
O

Srake Engaged 5D0A1:50 SBCBrakeEngagedi

This instruction only applies to the Compact GuardLogix 5380, GuardLogix 5580, and

Q4

S041:50 SBChtagrity

s
0.
L

ControlLogix 5590 controllers.

B

BOZ

TOR

RR

FP

The Safe Direction (SDI) instruction monitors position of a motor or axis to detect movement of

more than a defined amount in the unintended direction.

Available Languages

Ladder Diagram
S0l
Safe Direction
Safety Control ? o1
Re=tart Type ?
Cold Start Type ? ER
Position Window ?
7 FF
Feedback SFX ?
Positive Reguest ?
7
Negative Request ?
7
Re=set ?
7
S0 Active 7
7
SO0 Limit 7
7
S0l Fault 7
2
Fault Type ¥
Diagnostic Code 7
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Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Safe Direction Application

Safe Direction is used with a CIP safety drive that supplies position of a motor or axis and a Safe
Feedback Interface (SFX) instruction to scale the feedback. During operation, the SDI instruction
signals when the motor moves in the unintended direction more than a specified limit. The
output is used to initiate an application specific action such as SS1, SS2 or STO.

Operands

IMPORTANT: Unexpected operation may occur if:
»  Output tag operands are overwritten.

»  Members of a structure operand are overwritten.

»  Structure operands are shared by multiple instructions.

WARNING: The SDI Safety Control structure contains internal state information. If any of the
configuration operands are changed while in run mode, accept the pending edits and cycle the

controller mode from Program to Run for the changes to take effect.

The following table provides the operands used for configuring the instruction.

Operand Data Type Format Description

Safety Control SAFE_DIRECTION tag Data structure required
for proper operation of
instruction.

Restart Type list item This input selects the
Restart Type for the
instruction.

MANUAL (0)

A0 to Ttransition of the
Reset input is required
after Request has been
removed to enable the
instruction to operate.

AUTOMATIC (1)

The instruction will reset
when the Request has been
removed and no fault is
present [FP]=OFF (0).
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Operand

Data Type

Format

Description

Once reset, the instruction
will be able to operate.

A ATTENTION: Only

use Automatic Restart in
applications where it is
determined that no unsafe
conditions occur from its

use.

Cold Start Type

list item

This input selects the
behavior when applying
controller power or a
controller mode change to
Run.

MANUAL (0)

A0 to 1transition of the
Reset input is required
with the Request removed
to enable the instruction to
operate.

AUTOMATIC (1)

The instruction resets
when the Request has been
removed.

The following table explains the instruction inpu

ts.

Operand

Data Type

Format

Description

Position

Window

REAL

immediate

tag

This operand sets the
amount of incremental
movement allowed in
the unintended direction
before faulting.

Range: Any REAL value
greater than zero.

Feedback SFX

SAFETY_FEEDBACK_INTERF
ACE

—

ag

This operand provides
position data. Assign this
operand to the SFX Safety
Control tag that is used by
this SDI instruction. The
following members of the
SFX Safety Control tag are
used:
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Operand Data Type Format Description

FeedbackSFX.FeedbackPos
ition
Units: Feedback Counts

FeedbackSFX.PositionScali
ngOut

Units: Feedback Counts /
Position Unit

Positive Request BOOL tag This operand enables
the SDI function to begin
checking for unintended
positive motion.

ON(1): Begins positive
motion checking.

OFF(0): Allows function
reset according to Restart

Type

Negative BOOL tag This operand enables
the SDI function to begin
checking for unintended
negative motion.

Request

ON(1): Begins negative
motion checking.

OFF(0): Allows function
reset according to Restart
Type

Reset! BOOL tag This operand resets the
SDI function. An OFF(0)

to ON(1) transition resets
the SDI function and Fault
Present [FP] provided

the Request is OFF(0)

and any fault condition
has been removed. The
Reset Required [RR] output
indicates when a reset

is required to reset the
function.

'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the
reset input from High-to-Low or Low-to-High.

This table explains instruction outputs. The outputs are external tags (safety output modules) or
internal tags used in other logic routines.
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Operand

Data Type

Description

Output 1[01]

BOOL

ON(1): Indicates the instruction is
executing and the function is not
faulted.

OFF(0): Any of the conditions below:

» The rung in condition is no
longer true

« Aninstruction fault has
occurred

Reset Required [RR]

BOOL

ON(1): Indicates that an Reset is
required to restart the instruction
and or to clear faults. See Reset
Input for Reset sequence.

OFF(0): Normal operation under
Automatic Restart operation.

Fault Present [FP]

BOOL

ON(1): A fault is present in the
instruction.

OFF(0): The instruction is operating
normally.

Diagnostic Code

SINT

This output indicates the diagnostic
status of the instruction. See
Diagnostic Codes and Corrective
Actions for specific codes and
actions.

Fault Type

SINT

This output indicates the type of
fault that occurred. See the Fault
Codes and Corrective Actions section
for specific codes and actions.

This table explains instruction outputs that are written to the user-specified tag.

Operand

Data Type

Format

Description

SDI Active

BOOL

tag

The SDI instruction writes
the SDI Active status to this
tag.

OFF(0): SDI not active

ON(1): SDI active
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Operand Data Type

Format

Description

O Assign the

SDI Active
operand to

the SDI Active
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

SDI Limit BOOL

tag

The SDI instruction writes
the SDI Limit status to this
tag

OFF(0): Axis movement is
in the safe direction.

ON(1): Axis movement in
the unintended direction
occurred.
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Operand Data Type

Format

Description

Assign the SDI
Limit operand
to the SDI Limit
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

SDI Fault BOOL

tag

The SDI instruction writes
the SDI Fault status to this
tag

OFF(0): Not faulted
ON(1): Faulted

SDI Fault is set ON (1)
for the following fault
types and corresponding
conditions:

+ Configuration Fault

An instruction input
operand value is out of
range.

¢ SFXInstruction Not
Ready Fault

The feedback used for
monitoring is not valid
or the SFX instruction is
not running when SDI is
requested.
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Operand Data Type

Format

Description

Assign the SDI
fault operand
to the SDI Fault
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Faults tag
updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution
Condition/State Action Taken
Prescan The .01, .FP, .RR, .SDIActive, .SDILimit, and .SDIFault

outputs are cleared to OFF(0).

The Diagnostic Code output is set to 0.

The Fault Type output is set to 1

Rung-condition-in is false

The .01, .SDIActive, and .SDILimit are cleared to OFF(0).
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Condition/State Action Taken

If an instruction fault is present when rung went false
the fault condition will be maintained and Diagnostic
Code displayed.

Rung-condition-in is true The instruction executes.

Postscan N/A

Operation

Normal Operation

The SDI function begins if it has been previously reset and the Positive Request input or the
Negative Request Input is asserted ON(1). At this point the current position is captured. If there
is movement in the unintended direction beyond the position window limit relative to the
current position, then the corresponding Limit output is set. If there is movement in the allowed
direction that is greater than the captured position then the captured position is updated
according to the extent of movement in the allowed direction. Once a limit output is set it
remains set until the SDI function is reset.

All position values used in the SDI instruction are in Position Units A position unit is user defined
according to the particular application and is configured in the SFX instruction.

Pass-Through Tags

A Safe Motion Monitoring Drive has one or more motion axes that are controlled by a motion
task. The Safe Motion Monitoring Drive also has one or more motion safety instances that
support safety functions used in a safety task of a safety controller. Some of the tags
associated with a drives motion safety instance are pass-through tags. The following table
shows the pass-through tags and the corresponding axis tags for the SDI function:

Pass-Through Tags for | Safe Motion Monitorin
SDI Instruction Output i 9h Tag K X 9 Axis Tag
Motion Safety Instance | Drive Action
SDI Active module’:50.SDIActive[ insta updates tag axis3 SDIActiveStatus
nce]
SDI Limit m0du|e1:S[].SD|Limit[instan updates tag axis3.SDILimitStatus
ce?]
SDI Fault module':S0.SDIFault[instan | updates tag axisS.SDIFault
2
ce?]

'module is the name for the drive module in Logix Designer I/0 Configuration tree

%instance is Tor 2 for dual axis drives otherwise null

Saxis is the axis name in the Logix Designer Motion Group and is associated with module

When assigning the SDI Active, SDI Limit and SDI Fault instruction outputs to the motion safety
instance pass-through tags, the corresponding Axis Safety Status and Axis Safety Faults tags
automatically update in the motion controller. The motion control task of motion controller
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reads the Axis Safety Status and the Axis Safety Faults tags to coordinate operation between the
safety task and motion task. The following is a typical sequence of events:

1. The safety application receives an input to prevent axis movement in the negative travel
direction.

2. The safety application sets Negative Request input ON(1) to request the SDI function.

3. SDlinstruction sets the SDI Active output and writes the module:S0.SDIActive[instance]
tag of the mation safety instance in the drive.

4. The motion safety instance in the drive updates the Axis Safety Status tag read in the
motion controller.

5. The motion application continues operating the axis with movement in the positive travel
direction only.

Normal Operation, Automatic Restart

The following diagram shows normal operation with Automatic Restart. Once Negative Request
is asserted ON(1) the SDI function operates. If the incremental position moves in the negative
direction a distance greater than the Position Window then the SDI Limit is set. Once the SDI
limit is set the function must be reset by removing the Negative Request OFF(0).

Pasition Wind ow

Position
Position Window

—

Condition

MNegative Request | | ,_.«_-" for Reset
5DI Active | ( hl
SDI Limit :l

Start 5D Initiate 5TQ, 551,
S52or505

Normal Operation, Manual Restart

When manual restart is configured, the SDI function must be reset before subsequent operation.
The Reset Required output indicates that the Reset input must make an OFF(0) to ON(1)
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transition to reset the instruction after the Request input is removed OFF(0). The following
diagram shows normal operation with manual restart.

Position

Position Window

i t

Position Window

Condition

Negative Request

for Reset

501 Active |

501 Limit

Start DI Initiate 5TO, 551,
5520r 508
Fault Codes and Corrective Actions
Fault Code Description Corrective Action
1 No Fault None
2 Invalid Configuration Fault »  Check the input values and
correct inconsistencies or
illegal values. Check the
diagnostic code for mare
information
*  Reset the fault.
101 Position Window Calculation «  Ensure that the SFX instruction
Overflow Fault. The Position that supplies inputs to this SDI
Scaling from the Feedback SFX tag instruction has correct values.
multiplied by the Position Window « Use asmaller Position Window
exceeds (2431-1)
value.
102 SFX Instruction Not Ready Fault Ensure that the SFX instruction

that supplies inputs to this SDI
instruction is executing and not
faulted before requesting SDI.

Diagnostic Codes and Corrective Actions

Diagnostic Code

Description

Corrective Action

No diagnostic information

None

Rockwell Automation, Inc.
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Diagnostic Code Description Corrective Action
10 Rung went false while the SDI Make sure this instruction is
function was executing. enabled.
15 Both the Negative Request input and | Only checking for movement in
Positive Request input were in the either positive or negative direction
ON(1) state in the same scan. is allowed at the same time.
20 Position Window value not valid. Position window must be a positive
value
2 Limit exceeded in the positive »  Ensure movement is only in the
direction negative direction
» Decrease the position window
22 Limit exceeded in the negative »  Ensure movement is only in the
direction. positive direction
« Increase the position window
Example
sl
Safe Direction
S0M_Control_SAd o
MANUAL
AUTOMATIC RR
SO Winndow _SA1
004 FP

Safety Feedback Interface (SFX)

414

SFX_Control_SA1
SD_ReguestP_SA
4=

ezt SD|_Requestd_SAd

e
SD|_Reset_SA1
4
SDA1:50.SDIActive
e
SDA1:50.SDILimit1
4
SDA1:50.SDIFault!
e
e
D4

This instruction only applies to the Compact GuardLogix 5380, GuardLogix 5580, and
ControlLogix 5590 controllers.

The Safety Feedback Interface (SFX) instruction scales feedback position into position units and
feedback velocity into position units per time unit. Feedback Position and Velocity are read from
a Safety Input assembly. SFX also allows a reference position to be set from a home input. SFX

performs position unwind in rotary applications.
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The outputs of this instruction are used as inputs to other drive safety instructions. An SFX
instruction must be used for every safe feedback from a drive providing position or velocity to a
drive safety instruction.

Available Languages

Ladder Diagram

SFX
Safety Feedback Interface

Safety Control ? o1
Time Unit ?
Position Scaling ? FP
Feedback Resolution ?
Unwind 7 SFH
Home Position ?
7
Feedback Position ?
77
Feedback Velocity ?
7
Feedback Valid ?
77
Connection Faulted ?
7
Home Trigger ?
77
Reset ?
7
Safe Feedback Homed ?
SFX Fault 7
Actual Position 77
Actual Cycles 7
Actual Speed 7
Fault Type 7
Diagnostic Code 7

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Safety Feedback Interface Application

Safety Feedback Interface is used with a CIP Safety Drive and a motor or axis that supplies
safe Feedback Position and Velocity to a safety controller. The actual position and actual
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velocity outputs, scaled according to the users application are supplied to other drive safety
instructions.

Dirive

+ 8

Safety Controller

Safety Feedback Position
Safety Feadback Velocity

toffrom Safety /O tag Structure

w Motor
.=-
l——|—
e

Operands

IMPORTANT: Unexpected operation may occur if:
+  Output tag operands are overwritten.

»  Members of a structure operand are overwritten.

»  Structure operands are shared by multiple instructions.

WARNING: The SFX Safety Control structure contains internal state information. If any of the
configuration operands are changed while in run mode, accept the pending edits and cycle the

controller mode from Program to Run for the changes to take effect.

The following table provides the operands that are used to configure the instruction.

Operand Data Type Format Description
Safety Control SAFETY_FEEDBACK_INTERF | tag Data structure required
ACE for proper operation of

instruction.
Time Unit list item This operand scales the

Actual Speed output
according to the selected
time unit.

SECONDS (0)

Actual Speed is in Position
Units / Second

MINUTES (1)
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Operand Data Type

Format

Description

Actual Speed is in Position
Units / Minute

Position Scaling REAL

immediate

tag

The conversion factor
required to convert
position counts into
user units. The value is
evaluated once on rung
true and Output 1{01]is
ON(1).

Range: = 0

Units: Feedback Counts /
Position Unit

Feedback Resolution DINT

immediate

tag

The number of Feedback
Position counts per
revolution of the safety
feedback encoder. This
value must match the
value used by the drive's
Safety Feedback Object.

Range: = 0

Unwind DINT

immediate

tag

The rollover point for
Feedback Position. The
value is evaluated once on
rung true and Output 1{01]
ON().

0: Unwind Disabled
= 0: Unwind Enabled

Units: Feedback Counts /
Unwind Cycle

When set to 0, the rollover
unwind is disabled.

The Actual Position

output will wrap around
from (Unwind / Position
Scaling) to 0 and vice versa
depending on the direction
of movement.

Home Position REAL

immediate tag

The value assigned to
the Actual Position after
a successful instruction
home. The value is read
once after rung true and
Output 1[01] is ON(1).
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Operand Data Type

Format

Description

Units: Position Units

Q If Unwind is

configured
for a non-zero
value, the
Home Position
must be
between 0 and
the Unwind
Position.

Feedback Position DINT

tag

Position counts input

Units: Counts

Enter the
Primary
Feedback
Position tag
member of

the motion
safety instance
providing
position.

Feedback Velocity REAL

tag

Velocity input

Units: Feedback
Units/Second, where
Feedback Units are
revolutions.

Enter the
Primary
Feedback
Velocity tag
member of

the motion
safety instance
providing
velocity.

Feedback Valid BOOL

tag

Feedback Valid input
indicates that the
Feedback Position and
Feedback Velocity are valid
for use.

OFF(0): Not Valid
ON(1): Valid
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Operand

Data Type

Format

Description

O Enter the

Feedback Valid
tag member

of the motion
safety instance
providing
feedback.

Connection Faulted

BOOL

tag

This input indicates the
connection status to and
from the drive safety
instance.

OFF(0): OK
ON(1): Fault

Q Enter the

Connection
Faulted tag
member of the
motion safety
instance used
with this SFX
instruction.

Home Trigger

BOOL

tag

A ON(1) to OFF(0) transition
of this input sets the
Actual Position output to
the Home Position input
value and sets the Safe
Feedback Homed output to
ON(1) state.

Setting Home Trigger ON(1)
clears Safe Feedback
Homed and Output SFH
outputs OFF(0).

Reset!

BOOL

tag

This input clears an
instruction fault provided
the fault condition is not
present.

An OFF(0) to ON(1)
transition of Reset clears,
the Fault Present [FP],
Fault Type and Diagnostic
Code. The Fault Code is set
to No Faults.
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'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the

reset input from High-to-Low or Low-to-High.

This table explains instruction outputs. The outputs are external tags (safety output modules) or

internal tags for used in other logic routines.

Operand

Data Type

Description

Output 1[01]

BOOL

ON(1): Indicates the instruction is
executing and not faulted.

OFF (Q):
» The rung in condition is false.

e Theinstruction is faulted.

Fault Present [FP]

BOOL

ON(1): A fault is present in the
instruction.

OFF(0): The instruction is operating
normally.

Safe Feedback Homed [SFH]

BOOL

Instruction output that indicates the
instruction has successfully defined
the home position.

SFH will be in the same state as Safe
Feedback Homed operand.

OFF(0): Not Homed (Incremental
Position Only)

ON(1): Homed (Absolute Position
Valid)

Actual Position

REAL

Instruction output that represents
the position in Position Units.

Units: Position Units

If the instruction is faulted the Actual
Position will no longer be updated
and will display as 0.

When the instruction
rung-in-condition initially becomes
TRUE the Actual position will begin to
update from the initial value of zero.
If Unwind is = 0 then Actual
Position will wrap around to 0 when
the Actual Position reaches Unwind /
Position Scaling for increasing
position. The Actual Position will
wrap from 0 to Unwind / Position

Scaling for decreasing position.
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Operand Data Type Description

Actual Cycles DINT When unwind is = 0 the feedback
is configured as a rotary application.
In a rotary application each time the
position exceeds the unwind value,
or rollover point, the Actual Cycles is
incremented. When rotation is in the
negative direction and the position
decreases past zero, the position
wraps around to the unwind value

and Actual Cycles is decremented.

Actual Speed REAL Instruction output that represents
the speed of the motor from the safe
feedback object converted to user
defined units for speed.

Units: Position Units / Second OR
Position Units / Minute

If the instruction is faulted the Actual
Speed will no longer be calculated
and will display as 0.

Fault Type SINT Indicates the type of fault. See the
Fault Codes and Corrective Actions
section for specific codes and
actions.

Diagnostic Code SINT Indicates information about the
cause of a fault. See the Diagnostic
Codes and Corrective Actions section
for specific codes and actions.

This table explains instruction outputs that are written to the user-specified tag.

Operand Data Type Format Description

Safe Feedback Homed BOOL tag This output indicates that
the SFX instruction has
successfully defined the
home position.

OFF(0): Not homed (SFX
used for incremental
position only)

ON(1): Homed (Home
Position set)
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Operand Data Type

Format

Description

Safe Feedback Homed
transitions to OFF (0) when:

¢ SFXfaults

«  SFX'rungin condition
is False

« Home Trigger is ON(1)

O Assign this tag

to the Safe
Feedback
Homed
member of the
safety output
tag structure
corresponding
to the motion

safety instance
of the drive
module. The
corresponding
Axis Safety
Status RA

tag updates
automatically
in the drive
axis tag

to enable
coordination of
the motion task
with the safety
task.

SFX Fault BOOL

tag

This output indicates SFX
Fault status.

OFF(0): Not Faulted

ON(1): Faulted - See Faults
and Corrective Actions
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Operand Data Type

Format

Description

O Assign this tag

to the SFX Fault
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Faults RA

tag updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution

Ladder Diagram

Condition/State Action Taken

Prescan The .01, .SFH, .SFHomed and .SFXFault outputs are

cleared to OFF(0).

The Diagnostic Code output is set to OFF (0)

The Fault Type output is set to ON (1).

ActualPosition, ActualCycles, ActualSpeed,
PositionScalingOut, and UnwindOut are set to a value of

0.
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Condition/State Action Taken

Rung-condition-in is false The .01, .SFH and .SFHomed outputs are cleared to false.

If an instruction fault is present when rung went false
the fault condition will be maintained and Diagnostic

Code displayed.
Rung-condition-in is true The instruction executes.
Postscan Not used

Home Operation

The SFX instruction requires a home input to set a home position for absolute position
operation. At (A), the Home Trigger input transitioned from ON(1) to OFF(0) and initiates the
setting of the Actual Position output to the Home Position input value. With a successful Home
Operation, SF Home and Output SFH, are set to ON(1). Also shown, SF Home and Output SFH are
set to OFF(0) whenever Home Trigger is ON(1). Since the Actual Position is simply updated with
the home position with the trigger, it is recommended that the axis be stopped when homing.

Actual 4
Position

Home Position

L J

Actual Speed 4

A4

Output 1[01]

Home Trigger [—
Safe Feedback A |
Z

Homed

SFH

Pass-Through Tags

A Safe Motion Monitoring Drive has one or more motion axes that are controlled by a motion
task. The Safe Motion Monitoring Drive also has one or more motion safety instances that
support safety functions used in a safety task of a safety controller. Some of the tags
associated with a drives motion safety instance are pass-through tags. The following table
shows the pass-through tags and the corresponding axis tags for the SFX instruction:
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Pass-Through Tags for | Safe Motion Monitorin
SFX Instruction Output . 9n Tag K i 9 Axis Tag
Motion Safety Instance | Drive Action
Safe Feedback Homed module’:S0.SFHome[instan | updates tag axis® SafeFeedbackHomed
ce?] Status
SFX Fault module’:S0.SFXFault]insta updates tag axis3 SFXFault
2
nce]

'module is the name for the drive module in Logix Designer I/0 Configuration tree
%instance is 1or 2 for dual axis drives otherwise null
Saxis is the axis name in the Logix Designer Motion Group and is associated with module

When assigning the Safe Feedback Homed and SFX Fault instruction outputs to the motion
safety instance pass-through tags, the corresponding Axis Safety Status RA and Axis Safety
Faults RA tags automatically update in the motion controller. The mation control task of motion
controller reads the Axis Safety Status and the Axis Safety Faults tags to coordinate operation
between the safety task and motion task.

Feedback Valid Fault

A SFX instruction will fault if the Primary Feedback Valid tag from the drive Safety Input
Assembly turns OFF(0) while the instruction is executing. When this happens Output 1[01] turns
OFF(0), Fault Present [FP] output turns ON(1), Safe Feedback Homed/SFH outputs turn OFF(0) and
both Actual Position and Actual Speed are set to 0 at (A).

When Feedback Valid turns ON(1) (fault condition no longer present) at (B), a Reset is required to
clear the fault, turn Output 1[01] ON(1) and begin calculating the position and speed at (C).

A Home Trigger input ON(1) to OFF(0) transition is required to reset home position at (D).

Actual
Position

Home Position

Actual Speed X

l

Output 1 [01]

Feedback valid
Fault Present [FP] I
Reset . [_‘
Home Trigger . |_|

Safe Feedback
Homel5FH

L J
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Fault Codes and Corrective Actions

Fault Code

Description

Corrective Action

No Fault

None.

Invalid Configuration Fault

»  Check the input values and
correct inconsistencies or
illegal values. Check the
diagnostic code for mare
information

* Reset the fault.

100

Feedback Invalid Fault

«  The drive supplying the
feedback has detected a fault,
or the safety feedback has not
been configured. Configure the
feedback or correct the fault.

«  Reset the fault

101

Connection Fault

»  Check the wiring. Check the
network status of the modules.

* Reset the fault.

102

Positive Arithmetic Overflow

The position exceeds the limits of
linear system. Reduce the range of
motion.

103

Negative Arithmetic Overflow

The position exceeds the limits of
linear system. Reduce the range of
motion.

104

Home Position Arithmetic Overflow

The Home Position exceeds the
allowable range of a linear system.
Check the program for correct Home
Position value and Position Scaling
value.

105

Actual Speed (position units/time
unit) calculation has exceeded the
limit of a REAL data type.

Verify Position Scaling and Feedback
Resolution input values are correct.

Diagnostic Codes and Corrective Actions

Diagnostic Code Description Corrective Action
0 No diagnostic information available. | None
20 Feedback Resolution value not valid. | The resolution must be greater than

0.
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Safely-Limited Position (SLP)

Rockwell Automation, Inc.

Diagnostic Code

Description

Corrective Action

2 Position Scaling value not valid. Check the position scaling value.

22 Unwind value not valid. Check the unwind value.

23 Home Position value was not valid If using unwind, verify Home Position
when the Home Trigger transitioned | value is greater than or equal to 0.0
from OFF(0) to ON(1). and less than the Unwind value.

Example
SFX
Safety Feedback Interface
Safety Control SFX_Control_SA1 o1
Time Unit Seconds
Position Scaling 512.0 FP
Feedback Resolution 512 SFH
Unwind 512
Home Position 0.0

Feedback Position

SDAN Sl FeedbackPositiont

2#0000_0000_0000_0000_0000_0000_0000_0000 4

Feedback Velocity

Feedback Valid

S0A S| FeedbackVelocity 1

(.04

S04 S PrimaryFeedback\Valid1

(4=

Connection Faulted SDA1: Sl ConnectionFaulted

Home Trigger

Reset

Safe Feedback Homed
SFX Fault

Actual Position

Actual Cycles

Actual Speed

Fault Type

Diagnostic Code

(4=
SA1_HomeTrigger

(4m
SA1_HReset

(4=
SDA1:50.5FHomed
SDA1:S0.5FXFault

0.0 4

(4=

0.0 4=

(4m

(}4m

This instruction only applies to the Compact GuardLogix 5380, GuardLogix 5580, and

ControlLogix 5590 controllers.

The Safely-Limited Position (SLP) instruction monitors the position of a motor or axis to ensure

that the position does not deviate above or below defined limits.
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Available Languages

Ladder Diagram
SLP
Safehy-Limited Position
Safety Control 7 o
Restart Type 7
Cold Start Type 7 RR
Check Delay 7
7 FP
Positive Travel Limit 7
7
MNegative Travel Limit 7
7
Feedback SFX 7
Request 7
7
Reset 7
7
SLP Active 7
7
SLP Limit 7
7
SLP Fault 7
7
Fault Type {4
Diagnostic Code 7

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Safely-Limited Position Application

Safely-Limited Position is used with a CIP safety drive that supplies speed of a motor or axis
and a Safe Feedback Interface (SFX) instruction to scale the feedback. During operation, the SLP
instruction sets the limit output when the motor position moves outside of the specified limits.
During operation of the SLP function the limits may be adjusted. The output is used to initiate
an application specific action such as ST0, $S1, SS2 or STO.

Operands

IMPORTANT: Unexpected operation may occur if:
»  Output tag operands are overwritten
»  Members of a structure operand are overwritten
»  Structure operands are shared by multiple instructions
- Therung in condition is no longer true
- Aninstruction fault has occurred
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WARNING: The SLP Safety Control structure contains internal state information. If any of the
configuration operands are changed while in run mode, accept the pending edits and cycle the
controller mode from Program to Run for the changes to take effect.

The following table provides operands used for configuring the instruction.

Operand Data Type Format Description

Safety Control SAFELY_LIMITED_POSITION | tag Data structure required
for proper operation of
instruction.

Restart Type list item This input selects the
Restart Type for the
instruction.

MANUAL (0)

A0 to 1transition of the
Reset input is required
after Request has been
removed to enable the
instruction to operate.

AUTOMATIC (1)

The instruction will reset
when the Request has been
removed and no fault is
present [FP] = OFF(0). Once
reset, the instruction will
be able to operate.

A ATTENTION: Only

use Automatic Restart in
applications where it is
determined that no unsafe
conditions occur from its

use.

Cold Start Type list item Selects the Behavior

when applying controller
power or a controller mode
change to Run.

MANUAL (0)

A0 to Ttransition of the
Reset input is required
with the Request removed
to enable the instruction to
operate.

AUTOMATIC (1)
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Operand Data Type Format Description
The instruction resets
when the Request has been
removed.
Check Delay INT immediate This operand defines
tag the delay time between

the SLP function request
and the start of position
monitoring.

Range: 0 to 32767

Units: mSec

The following table explains the instruction inputs.

Operand

Data Type

Format

Description

Positive Travel Limit

REAL

immediate

tag

This operand sets the
maximum position allowed
before the SLP Limit
Output is set. A change

in this value takes effect
immediately when the
function is operating.

For linear motion (SFX
Unwind = 0)

Range: REAL

For rotary motion
application (SFX Unwind
= 0)

Range: Negative Travel
Limit to (Unwind/Position
Scaling)

Units: Position Units

Negative Travel Limit

REAL

immediate

tag

This operand sets the
maximum position allowed
before the SLP Limit
Output is set. A change

in this value takes effect
immediately when the
function is operating.

For linear motion (SFX
Unwind = 0)
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Operand

Data Type

Format

Description

Range: REAL

For rotary motion
application (SFX Unwind
=0)

Range: 0 to Positive Travel
Limit

Units: Position Units

Feedback SFX

SAFETY_FEEDBACK_INTERF
ACE

—

ag

This operand provides
position data. Assign this
operand is to the Safety
Control tag of the SFX
instruction that is used
with this SLP instruction.
The following members of
the SFX Safety Control tag
are used:

FeedbackSFX.ActualPosit
ion

Units: Feedback Counts

FeedbackSFX.PositionScali
ngOut

Units: Feedback Counts /
Position Unit

FeedbackSFX.UnwindOut
Units: Counts / Cycle
FeedbackSFX.ActualCycles

Units: Cycles

Request BOOL

tag

This operand enables the
SLP function to operate.

ON(1): allows SLP function
to begin monitoring.

OFF(0): allows function
reset according to Restart

Type

Reset!

BOOL

tag

This operand resets the
SLP function. An OFF(0)

to ON(1) transition resets
the SLP function and Fault
Present (FP) provided the
Request is OFF(0) and any
fault condition has been
removed. The Request
Required (RR) output
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Operand Data Type Format Description

indicates when a reset
is required to reset the
instruction.

'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the
reset input from High-to-Low or Low-to-High.

This table explains instruction outputs. The outputs are external tags (safety output modules) or
internal tags used in other logic routines.

Operand Data Type Description

Output 1[01] BOOL ON(1): Indicates the instruction is
executing and the function is not
faulted.

OFF(0): Any of these conditions:

Reset Required [RR] BOOL ON(1): Indicates that a Reset is
required to restart the SLP function
instruction and or to clear faults. See
Reset Input for Reset sequence.

OFF(0): Normal operation under
Automatic Restart operation.

Fault Present [FP] BOOL ON(1): A fault is present in the
instruction.

OFF(0): The instruction is operating
normally.

Diagnostic Code SINT This output indicates the diagnostic
status of the instruction. See
Diagnostic Codes and Corrective
Actions for specific codes and
actions.

Fault Type SINT This output indicates the type of
fault that occurred. See the Fault
Codes and Corrective Actions section
for specific codes and actions.

Check Delay BOOL ON(1): Indicates that Check Delay

Active timer is active.

This table explains instruction outputs that are written to the user-specified tag.
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Operand Data Type Format Description

SLP Active BOOL tag The SLP instruction writes
the SLP Active status to
this tag.

OFF(0): SLP not active
ON(1): SLP active

Q Assign the

SLP Active
operand to

the SLP Active
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

SLP Limit BOOL tag The SLP instruction writes
the SLP Limit status to this
tag.

OFF(0): Position has not
reached the limit

ON(1): The position limit
was reached or exceeded
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Operand Data Type

Format

Description

O Assign the

SLP Limit
operand to

the SLP Limit
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

SLP Fault BOOL

tag

The SLP instruction writes
the SLP Fault status to this
tag.

OFF(0): Not faulted

ON(1): Faulted

SLP Fault bit to be set

to ON (1) state for the
following fault type and
corresponding condition:

» Configuration Fault

An instruction input
operand value is out of
range.

» Axis Not Homed Fault

SLP requires that a home
position be defined in the
SFX instruction.

¢ SFXInstruction Not
Ready Fault

The feedback used for
monitoring is not valid
or the SFX instruction is
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Operand Data Type

Format

Description

not running when SLP is
requested.

O Assign the SLP

Fault operand
to the SLP Fault
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Faults tag
updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution

Ladder Diagram

Condition/State Action Taken

Prescan The .01, .FP, .RR, .SLPActive, .SLPLimit, .SLPFault,

and .CheckDelayActive outputs are cleared to OFF(0).

The Diagnostic Code output is set to 0.

The Fault Type output is set to 1
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Condition/State Action Taken

Rung-condition-in is false The .01, .SLPActive, .SLPLimit and .CheckDelayActive

outputs are cleared to OFF(0).

If an instruction fault is present when rung went false
the fault condition will be maintained and Diagnostic
Code displayed.

Rung-condition-in is true The instruction executes.

Postscan N/A

Operation

Normal Operation

The SLP function begins if it has been previously reset and the Request input is asserted ON(1).
At this point the Check Delay Timer begins. When the Check Delay Timer expires, position
monitoring begins. The Actual Position, provided by an SFX instruction, is compared to the
Positive and Negative Position Limits. If the position is not within these limits then the Limit
Output is set to ON(1) and remains set until the SLP function is reset. The SFX instruction must
be homed before the SLP function operates.

Position values used in the SLP instruction are in Position Units. A position unit is user defined
according to the particular application and is configured in the SFX instruction.

During operation the Position Limits may be programmatically changed. If the limits are
changed while the function is operating then the new limits will take effect immediately.

Pass-Through Tags

A Safe Mation Monitoring Drive has one or more motion axes that are controlled by a motion
task. The Safe Motion Monitoring Drive also has one or more motion safety instances that
support safety functions used in a safety task of a safety controller. Some of the tags
associated with a drives motion safety instance are pass-through tags. The following table
shows the pass-through tags and the corresponding axis tags for the SLP function:

436

Pass-Through Tags f Safe Motion Monitori
SLP Instruction Output as.s rough Tags for a.e 0|.on ontioring Axis Tag
Motion Safety Instances | Drive Action
SLP Active module’:S0.SLPActive[inst | updates tag axisS SLPActiveStatus
ance?]
SLP Limit module!:S0.SLPLimit[insta | updates tag axisS SLPLimitStatus
nce?]
SLP Fault module!:S0.SLPFault[insta | updates tag axisS SLPFault
2
nce<]

'module is the name for the drive module in Logix Designer I/0 Configuration tree

Zinstance is 1 or 2 for dual axis drives otherwise null

Saxis is the axis name in the Logix Designer Motion Group and is associated with module
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When assigning the SLP Active, SLP Limit and SLP Fault instruction outputs to the motion safety
instance pass-through tags, the corresponding Axis Safety Status and Axis Safety Faults tags
automatically update in the motion controller. The motion control task of motion controller
reads the Axis Safety Status and the Axis Safety Faults tags to coordinate operation between the
safety task and motion task. The following is a typical sequence of events:

1. The safety application receives an input to begin speed position monitoring.
2. The safety application sets the Request input ON(1) to request the SLP function.

3. The SLP instruction sets SLP Active output and writes the module:SO0.SLPActive[instance]
tag of the motion safety instance of the drive.

4. The motion safety instance in the drive updates the Axis Safety Status tag read in the
motion controller.

5. The motion application controls the axis position to keep within the SLP Travel Limits.

In many applications it is necessary for the SLP Positive Travel Limit or Negative Travel
Limit to change dynamically. Changes to the SLP Travel Limits are range checked and then
applied to the SLP function even if the function is active. It may also be necessary for the
motion application to coordinate speed control with Active Limit changes. To accommodate
motion coordination the safety controller tag list contains two general purpose 16 bit tags
for each motion safety instance. These tags appear as module:S0.PassThruData[ AlB]
[instance]. Axis tags named axis.AxisSafetyDataA and axis.AxisSafetyDataB are updated
whenever the corresponding pass-through tags module:S0.PassThruDataA[instance] and
module:S0.PassThruDataB[instance] change values.

Normal Operation, Automatic Restart

The following diagram shows normal operation with Automatic Restart. After Check Delay
expires the Position is shown to be within the Positive and Negative Travel Limits. The diagram
then shows the position moving outside of the limits and the Limit Output is set to ON(1). For
automatic restart operation, the SLP function is reset when the Request is removed, OFF(0),
provided no SLP faults have occurred.

| Check
Delay

Positive Travel Limit - ———————— F—————— _——————— =

Megative Travel Limit — — — — — e -— ———————— -— ————————

Position

—
H 5 Condition
Request I ; i’ for Reset
SLP Active I [t ..i
SLP Limit N
Start SLP Biegin Position Initiate 5TO, 551,
Monitoring 552 or 508

Normal Operation, Manual Restart

When manual restart is enabled, the SLP function requires a reset before subsequent operation.
The Reset output indicates that the Reset input must make an OFF(0) to ON(1) transition to reset
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the function after the Request input is removed OFF(0). The following diagram shows normal
operation with manual restart.

Paositive Travel Limit — — —

Megative Travel Limit — — —

Request

SLP Active

SLP Limit

Restart Request [RR]

Reset

Position

Condition
for Reset

Start SLP Begin Position
Manitoring

Faulted Operation

Faults for SLP may be for invalid configuration, SFX Instruction not ready or not homed as

described in the Fault Codes and Corrective Actions section.

Fault Codes and Corrective Actions

Initiate 5TO, 551,
552 or 508

Fault Code

Description

Corrective Action

No Fault

None.

Invalid Configuration Fault

Check the Positive and Negative
Travel limits. For Rotary motion,
these values must be less than
(unwind * position scaling) and
the positive limit must be greater
than the negative limit. After the
configuration is correct then reset
the fault.

101

Axis Not Homed Fault

The SFX instruction used with SLP
must be homed. SLP only works
with absolute positions. Home the
SFX instruction used with this SLP
instruction.

102

SFX Instruction Not Ready

Ensure that the SFX function that
supplies inputs to this SLP instance
is executing and not faulted before
requesting SLP.
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Safely-Limited Speed (SLS)

Rockwell Automation, Inc.

Diagnostic Codes and Corrective Actions

Diagnostic Code Description Corrective Action
0 No diagnostic information. None
10 Rung went false while SLP function | Make sure this instruction is
was executing. enabled.
20 Positive Travel Limit value not valid | |f unwindis = 0 then the
Limit value must be less than
(Unwind/Position Scaling).
The Positive Travel Limit must be =
Negative Travel Limit.
2 Negative Travel Limit value not valid. | The Negative Travel Limit must be
less than the Positive Travel Limit.
22 Check Delay value not valid Check the Check Delay value to
ensure itis = 0 and = 32767.
23 Positive Travel Limit exceeded Move the axis to a lower position.
24 Negative Travel Limit exceeded Move the axis to a larger position.
Example
SLP

Safehy-Limited Position

L

SLP_Control_SA1 01
AUTOMATIC
AUTOMATIC RR

50

mit  SLP_LimitP_SA1 FP

0.04=
mit  SLP_Limith_ 541
0.0 4
SFX_Control_SA1
SLP_Reqguest SA1
04
SLP_Reset_SA1
04
SDA1:50.5LPACtve
04
SDA1:50.SLPLimit1
04
SDA1:50.5LPFault
04
04
4=
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Available Languages

Ladder Diagram

SLS

Safely-Limited Speed

Safety Control
Restart Type

Cold Start Type
Check Delay

Active Limit

SLS Limit
SLS Fault

Fault Type
Diagnostic Code

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.
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Safely-Limited Speed Application

Safely-Limited Speed is used with a CIP safety drive that supplies motor or axis speed and

a Safe Feedback Interface (SFX) instruction to scale the feedback. During operation, the SLS
instruction signals when the motor speed exceeds a specified limit. During operation of the SLS
function, the limit may be changed. The output is used to initiate an application specific action
such as ST0, SS1, SS2 or STO.

This instruction only applies to the Compact GuardLogix 5380, GuardLogix 5580, and
ControlLogix 5590 controllers.

The Safely-Limited Speed (SLS) instruction monitors the speed of a motor or axis and sets the
SLS Limit output if the speed exceeds the Active Limit input value.
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Operands

IMPORTANT: Unexpected operation may occur if:
»  Output tag operands are overwritten.
»  Members of a structure operand are overwritten.
«  Structure operands are shared by multiple instructions.
- Therung in condition is no longer true.
- Aninstruction fault has occurred.

WARNING: The SLS Safety Control structure contains internal state information. If any of the
configuration operands are changed while in run mode, accept the pending edits and cycle the
controller mode from Program to Run for the changes to take effect.

The following table provides operands used for configuring the instructions.

Operand Data Type Format Description

Safety Control SAFELY_LIMITED_SPEED tag Data structure required
for proper operation of
instruction.

Restart Type list item This input selects the
Restart Type for the
instruction.

MANUAL (0)

A 0 to 1transition of the
Reset input is required
after Request has been
removed to enable the
instruction to operate.

AUTOMATIC (1)

The instruction will reset
when the Request has been
removed and no fault is
present [FP] = OFF(0). Once
reset, the instruction will
be able to operate.

A ATTENTION: Only

use Automatic Restart in
applications where it is
determined that no unsafe
conditions occur from its

use.

Cold Start Type list item Selects the Behavior

when applying controller
power or a controller mode
change to Run.
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Operand

Data Type

Format

Description

MANUAL (0)

A0 to 1transition of the
Reset input is required
with the Request removed
to enable the instruction to
operate.

AUTOMATIC (1)

The instruction resets
when the Request has been
removed.

Inputs

The following table explains the instruction inputs.

Operand

Data Type

Format

Description

Request

BOOL

tag

When set to ON(1) this
operand initiates operation
of SLS monitoring.

Active Limit

REAL

immediate

tag

This operand defines the
speed limit trip point.

Range: = zero

Units: Position Unit / Time
Unit

Check Delay

INT

immediate

tag

This operand sets the
delay time between the
instruction Request input
and the start of the speed
monitoring.

Range: 0 to 32,767

Units: ms

Feedback SFX

SAFETY_FEEDBACK_INTERF
ACE

—

ag

This operand provides
velocity data. Assign this
operand is to the Safety
Control tag of the SFX
instruction that is used
with this SLS instruction.
The following members of
the SFX Safety Control tag
are used:

FeedbackSFX.ActualVeloc
ity units: Position Unit /
Time Unit
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Operand Data Type Format Description

Reset! BOOL tag This operand resets the
SLS function. An OFF(0)

to ON(1) transition resets
the SLS function and Fault
Present [FP] provided

the Request is OFF(0)

and any fault condition
has been removed. The
Reset Required [RR] output
indicates when a reset

is required to reset the
function.

'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the
reset input from High-to-Low or Low-to-High.

Outputs

This table explains the instruction outputs. The outputs are external tags (safety output
modules) or internal tags used in other logic routines.

Operand Data Type Description

Output 1[01] BOOL ON(1): Indicates the instruction is
executing and the function is not
faulted.

OFF(0): Any of the conditions below:

Reset Required [RR] BOOL ON(1): Indicates that a reset is
required to restart the instruction
and or to clear faults. See Reset
Input for Reset sequence.

OFF(0): Normal operation under
Automatic Restart operation.

Fault Present [FP] BOOL ON(1): A fault is present in the
instruction.

OFF(0): The instruction is operating
normally.

Diagnostic Code SINT This output indicates the diagnostic
status of the instruction. See
Diagnostic Codes and Corrective
Actions for specific codes and
actions.

Fault Type SINT This output indicates the type of
fault that occurred. See the Fault
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Operand Data Type Description
Codes and Corrective Actions section
for specific codes and actions.
Check Delay Active BOOL ON(1): Indicates that Check Delay
timer is active.

This table explains the instruction outputs that are written to the user-specified tag.

Operand

Data Type

Format

Description

SLS Active

BOOL

tag

The SLS instruction writes
the SLS Active status to
this tag.

OFF(0): SLS not active
ON(1): SLS active

Q Assign the

SLS Active
operand to

the SLS Active
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of

the motion task
with the safety
task.

SLS Limit

BOOL

tag

The SLS instruction writes
the SLS Limit status to this
tag.

OFF(0): Speed has not
reached the limit.

ON(1): The speed limit was
reached or exceeded.
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Operand Data Type Format Description

Assign the SLS
Limit operand
to the SLS Limit
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

so that any
necessary
actions by

the motion
controller can
be taken.

SLS Fault BOOL tag The SLS instruction writes
the SLS Fault status to this
tag.

OFF(0): Not faulted
ON(1): Faulted

SLS Fault is set to ON (1)
state for the following fault
type and corresponding
condition:

» Configuration Fault

An instruction input
operand value is out of
range.

*  SFXInstruction Not
Ready Fault

The feedback used for
monitoring is not valid
or the SFX instruction is
not running when SLS is
requested.
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Operand Data Type Format Description

O Assign the SLS

Fault operand
to the SLS Fault
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive

module. The
corresponding
Axis Safety
Faults tag
updates
automatically
in the drive
axis tag
structure

so that any
necessary
actions by
the motion
controller can
be taken.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution
Condition/State Action Taken
Prescan The .01, .FP, .RR, .SLSActive, .SLSLimit, .SLSFault,
and .CheckDelayActive outputs are cleared to OFF(0).
The Diagnostic Code output is set to OFF(0).
The Fault Type output is set to ON(1).
Rung-condition-in is false The .01, .SLSActive, .SLSLimit and .CheckDelayActive
outputs are cleared to OFF(0).
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Condition/State Action Taken

If an instruction fault is present when rung went false
the fault condition will be maintained and Diagnostic
Code displayed.

Rung-condition-in is true The instruction executes.

Postscan N/A

Operation

Normal Operation

The SLS function begins if it has been previously reset and the Request input is asserted ON(1).
At this point the Check Delay Timer will begin. When the Check Delay Timer expires speed
monitoring begins. The speed provided by an SFX instruction is compared to the active limit. If
the axis speed exceeds the Active Limit then the SLS Limit is set to ON(1) and remains on until
the SLS function is reset.

All speed values used in the SLS instruction are in Position Units / Time Unit. A position unit is
user defined according to the particular application and is configured in the SFX instruction.
Time units are also configured in the SFX instruction and may be selected as seconds or
minutes.

Pass-Through Tags

A Safe Motion Monitoring Drive has one or more motion axes that are controlled by a motion
task. The Safe Motion Monitoring Drive also has one or more motion safety instances that
support safety functions used in a safety task of a safety controller. Some of the tags
associated with a drives motion safety instance are pass-through tags. The following table
shows the pass-through tags and the corresponding axis tags for the SLS function:

Pass-Through Tags for | Safe Motion Monitorin
SLS Instruction Output i 9h Tag K X 9 Axis Tag
Motion Safety Instance | Drive Action
SLS Active module’:S0.SLSActive[inst updates tag axis3 SLSActiveStatus
ance?]
SLS Limit m0du|e1:S[].SLSLimit[insta updates tag axis3 SLSLimitStatus
nce?]
SLS Fault module':S0.SLSFault{insta | updates tag axisS.SLSFault
2
nce4]

'module is the name for the drive module in Logix Designer I/0 Configuration tree

%instance is Tor 2 for dual axis drives otherwise null

3

axis is the axis name in the Logix Designer Motion Group and is associated with module

When assigning the SLS Active, SLS Limit and SLS Fault instruction outputs to the motion safety
instance pass-through tags, the corresponding Axis Safety Status and Axis Safety Faults tags
automatically update in the motion controller. The motion control task of motion controller
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reads the Axis Safety Status and the Axis Safety Faults tags to coordinate operation between the
safety task and motion task. The following is a typical sequence of events:

1. The safety application receives an input to begin speed monitoring.
2. The safety application sets the Request input ON(1) to request the SLS function.

3. The SLS instruction sets SLS Active output and writes the module:S0.SLSActive[instance]
tag of the motion safety instance of the drive.

4. The motion safety instance in the drive updates the Axis Safety Status tag read in the
motion controller.

5. The motion application reduces the axis speed or continues to maintain the axis speed
below the SLS Active Limit.

In many applications it is necessary for the SLS Active Limit to change dynamically. Changes
to the SLS Active limit are range checked and then applied to the SLS function even if the
function is active. It may also be necessary for the motion application to coordinate speed
control with Active Limit changes. To accommodate motion coordination the safety controller
tag list contains two general purpose 16 bit tags for each motion safety instance. These tags
appear as module:S0.PassThruData[ AIB][instance]. Axis tags named axis.AxisSafetyDataA
and axis.AxisSafetyDataB are updated whenever the corresponding pass-through tags
module:S0.PassThruDataAl instance] and module:S0.PassThruDataB[instance] change values.

Normal Operation, Automatic Restart

Normal operation with Automatic Restart is shown in the following diagram. After Check Delay
expires the speed must stay below the Active Limit or the SLS Limit will be set to ON(1). The SLS
Limit, once set will remain ON(1) until the SLS function is reset. For automatic restart operation,
the SLS function will be reset when the request is removed OFF(0) provided no SLS faults have
occurred.

- Check

Speed Delay

Active Limit \
Condition

Request | i for Reset
5LS Active f ‘|
SLS Limit :l

StEtSLS  peinSpeed Iritiate STO, 581,
Maritorine 552 o 505

.
-

Normal Operation, Manual Restart

When manual restart is enabled, the SLS function requires an OFF(0) to ON(1) transition of
the Reset input to reset the SLS function instruction before subsequent operation. The Reset
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Required output indicates that the Reset input must make an OFF(0) to ON(1) transition to reset
the instruction. The following diagram shows normal operation with Manual Restart.

Speed

Active Limit

Reguest

5L5 Active

SLS Limit

Restart Required [RR]

Reset

Faulted Operation

Check__,.
Delay

Condition
for Reset

;rﬂ |

Start 5LS '
2 Begin Speed

Mo nitoring

Initiate STO, 551,
552 or 505

Faults for the SLS Limit function are for invalid configuration, and SFX Instruction Not Ready
described in the following section, Fault Codes and Corrective Actions. If the Active Limit is

exceeded a Fault is not asserted, only SLS Limit is set to ON(1)

Fault Codes and Corrective Actions

Fault Code Description Corrective Action

1 No Fault None.

2 Invalid Configuration Fault »  Check the input values and
correct inconsistencies or
illegal values. Check the
diagnostic code for more
information

e Reset the fault.
102 SFX Instruction Not Ready Fault Ensure that the SFX function that

supplies inputs to this SLS instance
is executing and not faulted before
requesting SLS.

Diagnostic Codes and Corrective Actions

Diagnostic Code

Description

Corrective Action

No diagnostic information.

None

Rockwell Automation, Inc.
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450

Diagnostic Code Description Corrective Action
10 Rung went false while SLS function | Make sure this instruction rung is
was executing. enabled.
20 Active Limit value not valid. Check the Active Limit value to
ensure it is within the allowed range.
2 Check Delay value not valid. Check the Check Delay value to
ensure it is within the allowed range.
22 Active Limit exceeded. Reduces the axis speed before
Check Delay expires.
Example
7
Safehy-Limited Speed
Safety Control SLS Control_SAd 01
Restart Type AUTOMATIC
Cold Start Type AUTOMATIC RR
Check Delay 50
Active Limit SLS_Limit_541 FP
0.0%
Feedback SFX SFX_Control_SAq
Reqguest SLS Request SA1
o=
Reset SLS Reset SA1
[ 4=
SLS Active SDAT:S0.SLSActvel
i
SLS Limit S04 :50.5L5Limit1
i
SLS Fault SDA1:50.5L5Fault
o=
Fault Type O4=
Diagnostic Code [ 4=

This instruction only applies to the Compact GuardLogix 5380, GuardLogix 5580, and

ControlLogix 5590 controllers.

The Safe Operating Stop (SOS) instruction monitors the speed or position of a motor or axis to
ensure the deviation from standstill speed or position, is not more than a defined amount.
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Available Languages

Ladder Diagram
S0S
Safe Operating Stop
Safety Control ? o1
Restart Type ?
Cold Start Type ? RR
Mode ?
7?7 FP
Check Delay ?
7
Standstill Speed ?
7?7
Standstill Deadband ?
7
Feedback SFX ?
Request ?
7
Reset ?
2
505 Active ?
7
S05 Standstil ?
2
505 Faul ?
7
Fault Type 7
Diagnostic Code 7

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Safe Operating Stop Application

Safe Operating Stop is used with a CIP safety drive that supplies the speed and position of a
motor or axis and a Safe Feedback Interface (SFX) instruction to scale the feedback. During
operation, the SOS instruction signals with the SOS Standstill output when the motor speed is at
or below the Standstill Speed or position, depending on the Mode input.

Operands

IMPORTANT: Unexpected operation may occur if:
»  Output tag operands are overwritten.
«  Members of a structure operand are overwritten.
»  Structure operands are shared by multiple instructions.
- Therungin condition is no longer true
- Aninstruction fault has occurred
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WARNING: ATTENTION: The SOS Safety Control structure contains internal state information. If any
of the configuration operands are changed while in run mode, accept the pending edits and cycle the
controller mode from Program to Run for the changes to take effect.

The following table provides operands used for configuring the instruction.

Operand Data Type Format Description

Safety Control SAFE_OPERATING_STOP tag Data structure required
for proper operation of
instruction.

Restart Type list item This input selects the
Restart Type for the
instruction.

MANUAL (0)

A0 to 1transition of the
Reset input is required
after Request has been
removed to enable the
instruction to operate.

AUTOMATIC (1)

The instruction will reset
when the Request has been
removed and no fault is
present [FP] = OFF(0). Once
reset, the instruction will
be able to operate.

A ATTENTION: Only

use Automatic Restart in
applications where it is
determined that no unsafe
conditions occur from its

use.

Cold Start Type list item This input selects the
behavior when applying
controller power or a
controller mode change to
Run.

MANUAL (0)

A0 to 1transition of the
Reset input is required
with the Request removed
to enable the instruction to
operate.

AUTOMATIC (1)

452 Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.



Chapter 4  Drive Safety Instructions

Operand

Data Type

Format

Description

The instruction resets
when the Request has been
removed.

The following table explains the instruction inpu

ts.

Operand

Data Type

Format

Description

Mode

SINT

immediate

tag

This operand selects speed
or position checking

Range: 1or 2.
1: Position Check
2: Speed Check

Check Delay

INT

immediate

tag

This operand defines
the delay time between
the SOS function request
and the start of standstill
monitoring.

Range: 0 to 32767

Units: milliseconds (Ms)

Standstill Speed

REAL

immediate

tag

This input sets the
maximum speed that

is allowed before the
instruction will fault after
Check Delay expires.

Range: >=0

Standstill
Deadband

REAL

immediate

tag

This operand sets the
maximum incremental
deviation from the position
that is captures at the
expiration of Check Delay.
If the maximum deviation
is exceeded then this
instruction will fault.

Range: >=0

Feedback SFX

SAFETY_FEEDBACK_INTERF
ACE

—

ag

This operand provides
position and velocity data.
Assign this operand to
the SFX instruction Safety
Control tag that is used by
the SOS instruction. The
following members of the
SFX Safety Control tag are
used:

Rockwell Automation, Inc.
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Operand Data Type Format Description

FeedbackSFX.FeedbackPos
ition

Units: Feedback Counts
FeedbackSFX.ActualSpeed
Units: Postion Unit / Time
Unit
FeedbackSFX.PositionScali
ngOut

Units: Feedback Counts /
Position Unit

Request BOOL tag This operand enables the
S0S function.

ON(1): allows SOS function
to begin monitoring.

OFF(0): allows function
reset according to Restart
Type

Reset! BOOL tag This operand resets the
S0S function. An OFF(0)

to ON(1) transition resets
the SOS function and Fault
Present [FP] provided

the Request is OFF(0)

and any fault condition
has been removed. The
Reset Required [RR] output
indicates when a reset

is required to reset the
function.

'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the
reset input from High-to-Low or Low-to-High.

This table explains instruction outputs. The outputs are external tags (safety output modules) or
internal tags used in other logic routines.

Operand Data Type Description

Output 1[01] BOOL ON(1): Indicates the instruction is
executing and the function is not
faulted.

OFF(0): One of the following occurs:

Reset Required [RR] BOOL ON(1): Indicates that an Reset is
required to restart the instruction
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Operand

Data Type

Description

and or to clear faults. See Reset
Input for Reset sequence.

OFF(0): Normal operation under
Automatic Restart operation.

Fault Present [FP]

BOOL

ON(1): A fault is present in the
instruction.

OFF(0): The instruction is operating
normally.

Diagnostic Code

SINT

This output indicates the diagnostic
status of the instruction. See
Diagnostic Codes and Corrective
Actions for specific codes and
actions.

Fault Type

SINT

This output indicates the type of
fault that occurred. See the Fault
Codes and Corrective Actions section
for specific codes and actions.

Check Delay Active

BOOL

ON(1): Indicates that Check Delay
timer is active.

Standstill Set Point

REAL

This output shows the position
that was captured at the end of the
Check Delay period. This position
is the standstill position used in
Position Check Mode.

This table explains instruction outputs that are written to the user-specified tag.

Operand

Data Type

Format

Description

S0S Active

BOOL

tag

The SOS instruction writes
the SOS Active status to
this tag.

OFF(0): SOS not active
ON(1): SOS active
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Operand Data Type

Format

Description

O Assign the

SOS Active
operand to

the SOS Active
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

S0S Standstill BOOL

tag

The SOS instruction writes
the SOS Standstill status to
this tag.

OFF(0): Speed or position
not at standstill.

ON(1): Speed or position is
within standstill limits.
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Operand Data Type Format Description

O Assign the

SOS Standstill
operand to the
SOS Standstill
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

SOS Fault BOOL tag The SOS instruction writes
the SOS Fault status to this
tag.

OFF(0): Not Faulted
ON(1): Faulted

SOS Fault bit to be set

to ON (1) state for the
following fault type and
corresponding condition:

» Configuration Fault

An instruction input
operand value is out of
range.

Standstill Position
Fault

Standstill deadband was
exceeded while monitoring.

«  Standstill Speed Fault
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Operand Data Type

Format

Description

Standstill speed limit was
exceeded while monitoring.

¢ SFXInstruction Not
Ready Fault

The feedback used for
monitoring is not valid
or the SFX instruction is
not running when SOS is
requested.

Q Assign the

SOS Fault
operand to

the SOS Fault
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Faults tag
updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.
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Execution
Condition/State Action Taken
Prescan The .01, .FP, .RR, .S0SActive, .S0SStandstill, .SOSFault,

and .CheckDelayActive outputs are cleared to OFF(0).

The Diagnostic Code output is set to 0.

The Fault Type outputis set to 1

Rung-condition-in is false

The .01, .SOSActive, .S0SStandstill, and .CheckDelayActive
outputs are cleared to OFF(0).

If an instruction fault is present when rung went false
the fault condition will be maintained and Diagnostic

Code displayed.

Rung-condition-in is true

The instruction executes.

Postscan

N/A

Operation

Normal Operation

The SOS function begins if it has been previously reset and the Request input is asserted ON(1).
At this point the Check Delay Timer begins. When the Check Delay Timer expires Standstill
monitoring begins. When the timer expires the current position is captured. The speed or
position, provided by an SFX instruction, is compared to the Standstill Speed or Position
Deadband according to the Mode. If the speed of the monitored axis exceeds the limit then the
SOS function will Fault. After the Check Delay Timer expires and the function is not faulted, the

Standstill output is set ON(1).

Position values used in the SOS instruction are in Position Units. Speed values used in the SOS
instruction are in Position Units / Time Unit. A position unit is user defined according to the
particular application and is configured in the SFX instruction. Time units are also configured in
the SFX instruction and may be selected as seconds or minutes.

Pass-Through Tags

A Safe Motion Monitoring Drive has one or more motion axes that are controlled by a motion
task. The Safe Motion Monitoring Drive also has one or more motion safety instances that
support safety functions used in a safety task of a safety controller. Some of the tags
associated with a drives motion safety instance are pass-through tags. The following table
shows the pass-through tags and the corresponding axis tags for the SOS function:

Pass-Through Tags f Safe Motion Monitori

SO0S Instruction Output as.s rough “ags for a.e 0|.on onrtoring Axis Tag
Motion Safety Instance | Drive Action

SOS Active module’:S0.S0SActive[inst | updates tag axisS S0SActiveStatus
ance?]

SOS Standstill module’:$0.50SStandstill[i | updates tag axisS.S0SStandstillStatus

nstance?]
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Pass-Through Tags f Safe Motion Monitori

$S0S Instruction Output as.s rough Tags for a.e M? n fontioring Axis Tag
Motion Safety Instance | Drive Action

S0S Fault module’:50.S0SFault[insta | updates tag axisS S0SFault

nce]

'module is the name for the drive module in Logix Designer I/0 Configuration tree

Zinstance is 1 or 2 for dual axis drives otherwise null

Saxis is the axis name in the Logix Designer Motion Group and is associated with module

When assigning the SOS Active, SOS Standstill and SOS Fault outputs to the motion safety
instance pass-through tags, the corresponding Axis Safety Status and Axis Safety Faults tags
automatically update in the motion controller. The motion control task of motion controller
reads the Axis Safety Status and the Axis Safety Faults tags to coordinate operation between the
safety task and motion task. The following is a typical sequence of events:

1. The safety application receives an input to hold an axis at standstill.

2. The Safety application sets the Request input ON(1) to request the SOS function.

3. The SOS instruction sets SOS Active output and writes the module:S0.S0SActive[instance]
tag of the motion safety instance in the drive.

4. The motion safety instance in the drive updates the Axis Safety Status tag read in the

motion controller.

5. The motion application stops the axis motion and holds the position or speed at zero

6. When the SOS function detects SOS Standstill the SOS instruction writes
module:S0.S0SStandstill[instance] tag of the motion safety instance of the drive.

7. The motion application reads the Axis Safety Status tags and continues to hold the
position or maintain zero speed.

Normal Operation, Automatic Restart

The following diagram shows Normal operation with Automatic Restart. After Check Delay
expires the speed must stay below the Standstill Speed when in Speed Check mode and if in
Position Check mode the Position must not deviate from the position captured at the end of
the Check Delay Time by more than the Standstill Deadband. For automatic restart operation,
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the SOS function is reset when the Request is removed, OFF(0), provided no SOS faults have
occurred.

Speed

Standstill Speed === = ettt 7/—— -

Standstlllnsadbandi

1

1 ——standstil Deadband

Position

Standstill Setpoint

Condition
for Reset

Request | —
505 Active | | ‘I_

505 Standstill

StartS0S  ForPosition Check
Mode — Capture
Position

Normal Operation, Manual Restart

When manual restart is configured, the SOS function must be reset before subsequent
operation. The Reset Required output indicates that the Reset input must make an OFF(0)
to ON(1) transition to reset the SOS function after the Request input is removed OFF(0). The
following diagram shows normal operation with manual restart.

Speed -

|._Check__]|
Delay

Standstill Speed |- — — — —= e 74—

B
»

standstill Deadband

Position
Standstill Setpoint - ————— f J' e
H — 1 Slanas] E30Dand
f
; Conditicn
Request i —— for Reset
505 Active R
508 Standstill 4
Restart Required . b
Reset

5tart 505 For Posiion Check
I ode — Capture
Position

Faulted Operation

Faults for SOS may be for invalid configuration, or SFX Instruction Not Ready, described in Fault
Codes and Corrective Actions. While monitoring is active, a fault occurs if the speed exceeds the
standstill speed in Speed Check mode or if the position deviates from the initial position at the
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start of monitoring by more than the Standstill Deadband in Position Check mode. The diagram
below shows speed and position faults.

Speed” Check
Delay

Standstill Speed ! ; /\

§ standstill Desdband

Pasition®
standstill Setpoint i T _H_
i ¢ Srandstill Deadband
: >
; E Condition
Request I | i for Reset
505 Active .
S / p
505 Standstill i
N )
H | [—
Output [01] |
:' i
Fault Present [FP]

Reset

_ J |l ;"I_
Restart Required [RR] | | H_
L

Torque Disabled™” l

3tart 303 ForPostion Check
Mode— Capture
Postion

1 - 5TO initiated outside 503 instruction by programmer using instruction Qutput 01 as a condition for 5TO
2 - Timing shown with 5TO Delay =0 in driver
3 - Both Position and Speed cases shown. The instruction performs speed or pesition checking, according to Mode operand.

3

Speed Check
Delay

Standstill Speed ! ; ‘/\

y standstill Desdband

Position®
standstill Setpoint i A —H—
£ H i Standstill Deadband
; >
i E Condition
Request I | i for Reset
505 Active | -
/
505 Standstill i
|
| I
Output [01] |
[
Fault Present [FP] \| Jr.,-l
| ] 1 Wir:
Restart Required [RR] | \ Iﬂ'l
Reset
Torgue Disabled"* l |
Start 505 ForPosiion Check
Mode— Capture
Position
1 - 5TO initiated outside 505 instruction by programmer using instruction Cutput 01 as a condition for 5TO
2 - Timing shown with 5TO Delay =0 in drlwr
3 - Both Position and &a 5| he instruction performs speed or pesition checking, according to Mode oy
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Fault Codes and Corrective Actions

Fault Code Description Corrective Action

1 No fault None

2 Invalid Configuration Fault »  Check the input values and

correct inconsistencies or
illegal values. Check the
diagnostic code for mare
information

*  Reset the fault.

3 Standstill Position Fault Ensure movement is within the
Standstill Deadband after check
delay time expires.

4 Standstill Speed Fault Ensure speed is below the Standstill
limit before check delay time
expires.

101 Position Window Calculation » Ensure that the SFX instruction
Overflow Fault. The Position that supplies inputs to this SOS
scaling from the Feedback SFX tag instruction has correct values.
multiplied by the Position Window « Use asmaller Position Window
exceeds (2431-1)

value.
102 SFX Instruction Not Ready Fault Ensure that the SFX instruction

that supplies inputs to this SOS
instruction is executing and not
faulted before requesting SOS.

Diagnostic Codes and Corrective Actions

Diagnostic Code Description Corrective Action

0 No diagnostic information. None

10 Rung went false while SOS function | Make sure this instruction rung is

was executing. enabled.

20 Mode value not valid. Only values of 1Speed Check or 2
Position Check are allowed.

2 Check Delay value not valid. Check the Check Delay value to
ensure it is >= 0 and <= 32767

22 Standstill Deadband not valid Standstill Deadband cannot be
negative

23 Standstill Speed not valid Standstill Speed cannot be negative
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Safe Stop 1(SS1)

464

Example
S05
Safe Operating Stop
Safety Control S0S_Control_SAd o1
Restart Type AUTOMATIC
Cold Start Type AUTOMATIC RR
Mode 1
FP

Check Delay a0
Standstil Speed 0.05
Standstil Deadband 0.08
Feedback SFX SFX_Control_SA1
Reguest S05_Hequest SA1

4=
Reset S05 Reset SA1

04
S05 Active SDA1:50.805Active

4=
S05 Standstill SDA1:S0.5055tandstill

04
S0S5 Fault SDA1:50.805Fault

4=
Fault Type () dm
Diagnostic Code (=

This instruction only applies to the Compact GuardLogix 5380, GuardLogix 5580, and
ControlLogix 5590 controllers.

The Safe Stop 1(SS1) instruction initiates and monitors the motor deceleration within set limits
to ensure the motor stops in a controlled manner.
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Available Languages

Ladder Diagram
551
Safe Stop 1
Safety Control ? o1
Restart Type ?
Cold Start Type ? RR
Stop Monitor Delay ?
T FP
Stop Dela ?
77
Standstill Speed ?
T
Decel Ref Speed ?
77
Decel Speed Tolerance ?
T
Feedback SFX ?
Reguest ?
T
Re=set ?
EL
5581 Active ?
551 Fault ?
Fault Type i
Diagnostic Code i

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Safe Stop 1 Application

Safe Stop 1is used with a CIP safety drive that supplies speed and position of an axis or motor,
and a Safety Feedback Interface (SFX) instruction to scale the feedback. During operation the
SSTinstruction signals when the motor speed is at or below the Standstill Speed. The output is
then used to initiate Safe Torque Off (STO) in the drive.

Operands

IMPORTANT: Unexpected operation may occur if:
»  Output tag operands are overwritten.

»  Members of a structure operand are overwritten.

»  Structure operands are shared by multiple instructions.

WARNING: The SS1Safety Control structure contains internal state information. If any of the
configuration operands are changed while in run mode, accept the pending edits and cycle the

controller mode from Program to Run for the changes to take effect.

The following table provides the operands used for configuring the instruction.
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Operand Data Type

Format

Description

Safety Control SAFE_STOP_1

tag

Data structure required
for proper operation of
instruction.

Restart Type

list item

This input selects the
Restart Type for the
instruction.

MANUAL (0)

A0 to Ttransition of the
Reset input is required
after Request has been
removed to enable the
instruction to operate.

AUTOMATIC (1)

The instruction will reset
when he Request has been
removed and no fault is
present [FP]= OFF(0). Once
reset, the instruction will
be able to operate.

A ATTENTION: Only

use Automatic Restart

in application situations
where it is determined that
no unsafe conditions will

occur from its use.

Cold Start Type

list item

This input selects the
behavior when applying
controller power or a
controller mode change to
Run.

MANUAL (0)

A0 to 1transition of the
Reset input is required
with the Request removed
to enable the instruction to
operate.

AUTOMATIC (1)

The instruction resets
when the Request has been
removed.

The following table explains the instruction inputs.
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Operand Data Type

Format

Description

Stop Monitor Delay INT

immediate

tag

This operand defines

the delay time between
the SS1 function Request
input and the start of the
deceleration monitoring
Stop Delay. See timing
diagrams in Normal
Operation for illustration of
Stop Monitor Delay and SS1
timing.

Range: 0 to 32767

Units: milliseconds

Stop Delay DINT

immediate

tag

This operand that defines
the maximum time allowed
for the motor to reach
Standstill Speed after the
Stop Monitor Delay time
expires. This input is also
used to compute a velocity
ramp or deceleration that
the axis must remain
below during function
execution. See timing
diagrams in Normal
Operation for illustration of
Stop Delay and SS1 timing.

Range: 1to 3000000

Units: milliseconds

Standstill Speed REAL

immediate

tag

This operand defines

the speed limit that is
used to declare motion as
stopped. The drive is at
standstill when the speed
detected is less than or
equal to the configured
Standstill Speed. See
timing diagrams in Normal
Operation for illustration
of Standstill Speed and SS1
timing.

Range: =9

Units: Position Units / Time
Unit

Decel Ref Speed REAL

immediate

tag

This operand is used to
compute a velocity ramp or
deceleration that the axis
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Operand

Data Type

Format

Description

must remain below during
function execution. See
timing diagrams in Normal
Operation for illustration
of Decel Ref Speed and SS1
timing.

Range: =0

Units: Position Units / Time
Unit

Decel Speed Tolerance

REAL

immediate

tag

This operand is used

to compute a velocity
tolerance around the
velocity ramp that the axis
must remain below during
function execution. See
timing diagrams in Normal
Operation for illustration of
Decel Speed Tolerance and
SS1timing.

-
Range: = 0

Units: Position Units / Time
Unit

Feedback SFX

SAFETY_FEEDBACK_INTERF
ACE

—

ag

This operand provides
velocity data. Assign this
operand to the Safety
Controller tag of the SFX
instruction that is used
with this SSTinstruction.
The following members of
the SFX Safety Controller
tag are used:

FeedbackSFX.ActualVeloc
ity is provided in Position
Unit / Time Unit

Request

BOOL

tag

When set to ON(1) this
operand initiates the SS1
function. Start Monitor
Delay timer is started when
SS1begins. See diagrams
in Normal Operation for
illustrations of timing.

Reset!

BOOL

tag

This operand resets the
SS1function. An OFF(0)

to ON(1) transition resets
the SS1 function and Fault
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Operand Data Type Format Description

Present [FP] provided

the Request is OFF(0)

and any fault condition
has been removed. The
Reset Required [RR] output
indicates when a reset

is required to reset the
function.

'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the
reset input from High-to-Low or Low-to-High.

This table explains the instruction outputs. The outputs are external tags (safety output
modules) or internal tags used in other logic routines.

Operand Data Type Description

Output 1[01] BOOL ON(1): Indicates the instruction is
executing and the instruction is not
faulted.

OFF(0): Any of the conditions below:

The rung condition is no longer
true

« Aninstruction fault has
occurred

«  Monitoring sequence has
completed successfully. The
axis speed is less than or equal
to the standstill speed before
the end of Stop Delay time.

This output is normally used to
initiate Safe Torque Off in the
drive that controls the axis being
monitored the SSTinstruction.

Reset Required [RR] BOOL ON(1): Indicates that an Reset is
required to restart the instruction
and or to clear faults. See Reset
Input for Reset sequence.

OFF(0): Normal operation under
Automatic Restart operation.

Fault Present [FP] BOOL ON(1): A fault is present in the
instruction.

OFF(0): The instruction is operating
normally.
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Operand

Data Type

Description

Diagnostic Code

SINT

This output indicates the diagnostic
status of the instruction. See
Diagnostic Codes and Corrective
Actions for specific codes and
actions.

Fault Type

SINT

This output indicates the type of
fault that occurred. See the Fault
Codes and Corrective Actions section
for specific codes and actions.

Stop Monitor Delay Active

BOOL

ON(1): Indicates that Stop Monitor
Delay timer is active.

Speed Limit

REAL

When Stop Delay is ON(1) this output
indicates the real speed limit of

the monitored axis. If this speed is
exceeded then the instruction will
fault. The speed limit will be a ramp
function decreasing to zero during
Stop Delay as shown in the figures
in Normal Operation. Units: Position
Unit/ Time Unit.

Deceleration Ramp

REAL

This output indicates the real

time ramp function without the
Deceleration Speed Tolerance term
as shown in the figures in Normal
Operation. Units: Position Unit/ Time
Unit.

This table explains instruction outputs that are written to the user-specified tag.

Operand

Data Type

Format

Description

SS1Fault

BOOL

tag

SSTinstruction writes the
SS1Fault status to this tag.

OFF(0): Not Faulted
ON(1): Faulted

SS1Fault is set to ON(1)
for the following fault
types and corresponding
conditions:

» Configuration Fault -
An instruction input
operand value is out
of range.

» Deceleration Fault
- The motor speed

Publication 1756-RM0950-EN-P - September 2025

Rockwell Automation, Inc.



Chapter 4  Drive Safety Instructions

Rockwell Automation, Inc.

Operand Data Type Format Description
exceeded the
computed speed limit
ramp value.

e Maximum Time Fault
- Stop Delay time
expires and motor
speed is ~ Standstill
Speed.

Assign the SS1
fault operand
to the SSTFault
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Fault
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

SS1Active BOOL tag The SSTinstruction writes
the SS1 Active status to this
tag.

OFF(0): SS1 not active

ON(1): SS1 active

SS1 Active is set to ON(1)

when SS1is requested

after being reset.

SS1 Active is reset to OFF(0)

when the SS1function

resets.
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Operand Data Type

Format Description

NOTE: Assign the

SS1 Active operand

to the SS1 Active
member of the safety
output tag structure
corresponding to the
motion safety instance
of the drive module.
The corresponding Axis
Safety Status updates
automatically in the
drive axis tag structure
to enable coordination
of the motion task with
the safety task.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.

Execution
Condition/State Action Taken
Prescan The .01, .FP, .RR, .SS1Active, .SS1Fault,

and .StopMonitorDelayDelayActive outputs are cleared to
OFF(0).

The Diagnostic Code output is set to OFF(0).
The Fault Type output is set to ON(1).

The .SpeedLimit and .DecelerationRamp outputs are set
to OFF(0).

Rung-condition-in is false

The .01, .SS1Active, and .StopMonitorDelayDelayActive
outputs are cleared to OFF(0).

The .SpeedLimit and .DecelerationRamp outputs are set
to OFF(0).

If an instruction fault is present when rung goes false
the fault condition is maintained and the Diagnostic
Code is displayed.
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Condition/State Action Taken
Rung-condition-in is true The instruction executes.
Postscan N/A

Operation

Normal Operation

The SS1 function begins if it has been previously reset and the Request input is asserted ON(1).
At this point the Stop Monitor Delay Timer will begin. When the Stop Monitor Delay Timer expires
the current axis speed is captured and the Stop Delay timer begins. As the Stop Delay Timer
runs, the speed of the axis is monitored in real time according to the Speed Limit function, S(t),
starting with Stop Delay Timer:

Speed Limit Function

S(t) =80+ St - (Sr/ Ts)t)

Where:

S(t) = Speed Limit

S0 = Speed captured at the end of Stop Monitor Delay
St= Decel Speed Tolerance

Sr = Decel Ref Speed

Ts = Stop Delay

t = the Stop Delay Timer value

When the Standstill Speed is reached the output 01is cleared to OFF(0). Standstill speed is
reached hefore the Stop Delay timer expires in normal operation.

All speed values in the Speed Limit Function are expressed in Position Units / Time Unit. A
position unit is user defined according to the particular application and is configured in the
SFX instruction. Time units are also configured in the SFX instruction and may be selected as
seconds or minutes.

Pass-Through Tags

A Safe Motion Monitoring Drive has one or more motion axes that are controlled by a motion
task. The Safe Motion Monitoring Drive also has one or more motion safety instances that
support safety functions used in a safety task of a safety controller. Some of the tags
associated with a drives motion safety instance are pass-through tags. The following table
shows the pass-through tags and the corresponding axis tags for the SS1function:

Pass-Through Tags f Safe Motion Monitori
$S1 Instruction Output as.s rough Tags for a.e 0|.on ontioring Axis Tag
Motion Safety Instance | Drive Action
SSTActive module’:S0.SSTActive[insta | updates tag axisS SSTActiveStatus
nce?]
SS1 Fault module’:S0.SSTFaultfinstan | updates tag axisS SSIFault
2
ce?]
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'module is the name for the drive module in Logix Designer I/0 Configuration tree
Zinstance is 1or 2 for dual axis drives otherwise null
Saxis is the axis name in the Logix Designer Motion Group and is associated with module

When assigning the SSTActive and SS1 Fault instruction outputs to the motion safety

instance pass-through tags, the corresponding Axis Safety Status and Axis Safety Faults tags
automatically update in the motion controller. The motion control task of motion controller
reads the Axis Safety Status and the Axis Safety Faults tags to coordinate operation between the
safety task and motion task. The following is a typical sequence of events:

1. The safety application receives an input to stop the axis.
2. The safety application sets Request input ON(1) to request the SS1function.

3. The SSTinstruction sets SS1 Active output and writes the module:S0.SS1Active[instance]
tag of the mation safety instance of the drive.

4. The motion safety instance in the drive updates the Axis Safety Status tag read in the
motion controller.

5. Next the motion application stops the drive according to a stopping ramp profile

6.  The SS1function monitors the axis to ensure the stopping speed vs time ramp is not
exceeded

7. When the SS1function detects Standstill Speed the SSI Qutputis cleared OFF(0).

8. The safety application is typically written so that the SS10utput1[01] results in STO
request in the motion safety instance of the drive.

Normal Operation, Automatic Restart

The following diagram shows a timing diagram for normal operation. In the diagram, the Speed
Limit function is shown as a solid red line ramping towards zero speed. The speed must stay
below the Speed Limit function to maintain normal operation. For automatic restart operation,
the SS1function will be reset when the Request is removed OFF(0) provided no SS1faults
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have occurred. When the SS1 function is reset, the output 01 will be set to ON(1) indicating the
function is ready to operate.

- Max Stop Time -
Stop

= VIoNiTto e
" Delay }475&:;: Delay, =——=

Decel Reference

i Rate, y/x
Axis Speed {

Decel Ramp
s i Decel

Decel :

: Speed | Reference
Speed !

Tol. |

" Limit . Speed,y

Standstill Speed

i d — Condition
Request f I i" for Reset

551 Active [

Output 1 [01] ‘] 3

Torgue Disabled™ |

551 Start Capture Speed  Standstill Speed
& Begin Achieved
Monitoring

1 - §TO initiated outside 551 instruction by programmer using instruction Qutput 1 as a conditioner for STO.
2 - 5TO Delay in drive set to zero in the Add-On Profile in the Logix Designer software.

Normal Operation, Manual Restart

When manual restart is enabled then the SSI operation requires an OFF(0) to ON(1) transition of
the Reset input to reset the instruction before subsequent operation. The Reset Required output
indicates that the Reset input must make an OFF(0) to ON(1) transition to reset the instruction.
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The following diagram shows normal operation with Manual Restart. The Speed Limit Function is
calculated according to the Speed Limit Equation.

Max Stop Tim

Stop 9—"
Monitaru—lﬂifﬂop Delay, x_..i
Delay !

Decel Reference

$ Rate, y/x
Axis Speed : ! {

Decel Ramp |

i Decel
Speed | Reference
Lirnit | Speed,y

Standstill Speed

| I i for Reset

Condition
Reguest
I
551 Active
Output 1 [01] |
L/
Restart Required [RR] 1

Reset

Torque Disabled™*

551 Start Capture Speed &  Standstill Speed
Begin Achieved
Maonitoring

1 - 5TO initiated outside 551 instruction by programmer using instruction Qutput 1 as a conditioner for STO.
2 - 5TO Delay in drive set to zero in the Add-On Profile in the Logix Designer software.
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Faulted Operation, Deceleration Fault

The following figure, a timing diagram of SS1where a Deceleration Fault occurs, is shown. In
the figure the axis speed being monitored exceeded the Speed Limit Function, resulting in a

Deceleration Fault.

-—:Max Stop Timg————=

Stop -
L+ Mon itur——"i Stop Delay, x——=

Delay
Decel Reference

I Rate, y/x
Axis Speed/_-—-._______ :6-)
T Decel Ramp

Standstill Speed

Request |

551 Active

Cutput 1 [01]

Fault Present [FP]
Restart Required [RR]
Reset

Torgue Disabled™

Decel Speed
Speed ! Limit
Tol.

Decel

Refe
Spe

rence
ed,y

$51%tart Capture Speed &
Begin
M onitoring

1 - 8TO initiated outside 551 instruction by programmer using instruction Qutput 1 as a conditioner for 5TO.
2 - 8TO Delay in drive set to zero in the Add-On Profile in the Logix Designer software.
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Faulted Operation, Maximum Time Fault

A timing diagram of SSTwhere a Maximum Time Fault occurs is shown in the following figure. As
shown, the axis speed being monitored did not reach the zero speed limit before the Stop Delay
Timer expired and a Maximum Time Fault occurred.

Max Stop Time -
Stop
Monitor-=+—5Stop Delay, x—=|
Delay
Decel Reference
i i Rate, y/x
Axis 5'|:'EE"-_|,/"'_“"'--.E.J-—"'_'_"“-.
- _‘P_ Decel Ramp
i Decel
EECEC: Speed  Reference
pee -~ Limit
Tol Speed. v
Standstill Speed 3

Condition
for Reset

Request | II‘

551 Active (\

N
Li
Output 1 [01] I_

Fault Present [FP]

Restart Required [RR]

Reset

.
Torque Disabled ™ |

S51Stat  Capture Speed &
Begin
Monitoring

1 - 5TO initiated outside $51 instruction by programmer using instruction Qutput 1 as a conditioner for STO.
2 - 5TO Delay in drive set to zero in the Add-On Profile in the Logix Designer software.

Fault Codes and Corrective Actions

Fault Code Description Corrective Action

1 No fault. None.

2 Invalid Configuration Fault »  Check the input values and
correct inconsistencies or
illegal values. Check the
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Fault Code

Description

Corrective Action

diagnostic code for more
information

« Reset the fault.

Deceleration Fault - the axis being
monitored for stopping exceeded the
speed limit ramp computed by the
instruction.

*  Reset the fault and check the
motion application to ensure
the axis is decelerated as
required when SS1 Active is
asserted ON(1).

Maximum Time Fault - the maximum
time to reach standstill was
exceeded.

» Increase the allowable time,
increase the deceleration, or
reduce the initial speed of the
axis

*  Reset the fault.

102

SFX Instruction Not Ready Fault

Ensure that the SFX function that
supplies inputs to this SSTinstance
is running and not faulted before
requesting SSI.

Diagnostic Codes and Corrective Actions

Diagnostic Code Description Corrective Action

0 No diagnostic information. None

10 Rung went false while instruction Make sure this instruction is

was executing. enabled.

20 Stop Monitor Delay value not valid. | Check the Stop Monitor Delay value
to ensure it is within the allowed
range.

2 Stop Delay value not valid. Check the Stop Delay value to ensure
it is within the allowed range.

22 Standstill Speed value not valid. Check the Standstill Speed value to
ensure it is within the allowed range.

23 Deceleration Reference Speed value | Check the Decel Ref Speed value to

not valid. ensure it is within the allowed range.

24 Deceleration Speed Tolerance value | Check the Decel Speed Tolerance

not valid.

value to ensure it is within the
allowed range.

Rockwell Automation, Inc.
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Safe Stop 2 (SS2)
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Example

351

Safe Stop 1

Safety Control  S51_Control_SA1
Reztart Type AUTORMATIC
Cold Start Type AUTORMATIC
Stop Monitor Delay 50
Stop Delay 500
Standstill Speed 0.05
Decel Ref Speed 25.0
Decel Speed Tolerance 5.0

Feedback SFX SFX_Control_SA1

Reguest S551_Reguest SA1
04
Reszet S51_Heset SA1
04
351 Active SDAT.50.551Activel
551 Fault SDA1:50.551Fault
Fault Type (4=
Diagnostic Code (4=
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This instruction only applies to the Compact GuardLogix 5380, GuardLogix 5580, and
ControlLogix 5590 controllers.

The Safe Stop 2 (SS2) instruction initiates and monitors the motor or axis deceleration within
set limits to ensure the motor is brought to an operational stop. Once stopped, SS2 continues to
monitor the operational stop of the motor.
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Available Languages

Ladder Diagram
552
Safe Stop 2
Safety Control 7 01
Restart Type 7
Cold Start Type 7 RR
Stop Monitor Delay 7
7 FP
Stop Delay 7
7
552 Standstill Speed 7
7
Decel Ref Speed 7
7
Decel Speed Tolerance 7
7
Mode 7
7
Check Delay 7
7
505 Standstill Speed 7
7
Standstill Deadband 7
7
Feedback SFX 7
Reguest 7
7
Reset 7
7
552 Active 7
7
552 Fault 7
7
S05 Active 7
7
S05 Standstil 7
7
505 Fault 7
7
552 Fault Type 7
505 Fault Type 7
Diagnostic Code 7

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Safe Stop 2 Application

Safe Stop 2 is used with a CIP safety drive that supplies speed and position of a motor or axis
and a Safe Feedback Interface (SFX) instruction to scale the feedback. During operation, the SS2
instruction signals when the axis speed is at or below the Standstill Speed. When standstill is
reached, SS2 then initiates SOS (Safe Operational Stop) to continue standstill monitoring.
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Operands

IMPORTANT: Unexpected operation may occur if:
»  Output tag operands are overwritten.

»  Members of a structure operand are overwritten.

«  Structure operands are shared by multiple instructions.

WARNING: The SS2 Safety Control structure contains internal state information. If any of the
configuration operands are changed while in run mode, accept the pending edits and cycle the

controller mode from Program to Run for the changes to take effect.

The following table provides the operands used for configuring the instruction.

Operand

Data Type

Format

Description

Safety Control

SAFE_STOP_2

tag

Data structure required
for proper operation of
instruction.

Restart Type

list item

This input selects the
Restart Type for the
instruction.

MANUAL (0)

A 0 to 1transition of the
Reset input is required
after Request has been
removed to enable the
instruction to operate.

AUTOMATIC (1)

The instruction will reset
when the Request has
been removed and no fault
is present [FP=0]. Once
reset, the instruction will
be able to operate.

A ATTENTION: Only

use Automatic Restart in
applications where it is
determined that no unsafe
conditions occur from its

use.

Cold Start Type

list item

This input selects the
behavior when applying
controller power or a
controller mode change to
Run.

MANUAL (0)
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Operand Data Type

Format

Description

A0 to 1transition of the
Reset input is required
with the Request removed
to enable the instruction to
operate.

AUTOMATIC (1)

The instruction resets
when the Request has been
removed.

The following table explains the instruction inputs.

Operand Data Type

Format

Description

Stop Monitor Delay INT

immediate

tag

This operand defines the
delay time between the
S$S2 function request and
the start of deceleration
monitoring Stop Delay. See
timing diagrams in Normal
Operation for illustration of
Stop Monitor Delay And SS2
timing.

Range: 0 to 32767

Units: milliseconds

Stop Delay DINT

immediate

tag

This operand defines the
maximum time allowed for
the axis to reach Standstill
Speed after the Stop
Monitor Delay time expires.
This input is also used to
compute a speed ramp or
deceleration that the axis
must remain below during
instruction execution. See
timing diagrams in Normal
Operation for illustration of
Stop Delay and SS2 timing.

Range: 1to 3000000

Units: milliseconds

352 Standstill Speed REAL

immediate

tag

This operand defines

the speed limit that is
used to declare motion as
stopped. The drive is at
standstill when the speed
detected is less than or
equal to the configured
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Operand Data Type

Format

Description

Standstill Speed. When

S$S2 Standstill Speed is
reached then SOS Standstill
monitoring begins. See
timing diagrams in Normal
Operation for illustration

of Standstill Speed and SS2
timing.

-
Range: = 0

Units: Position Units / Time
Unit

Decel Ref Speed REAL

immediate

tag

This operand is used to
compute a speed ramp or
deceleration that the axis
must remain below during
function execution. The
deceleration is computed
internally by the SS2
instruction as Decel Ref
Speed / Stop Delay. See
timing diagrams in Normal
Operation for illustration of
Decel Ref Speed and SS2
timing.

Range: =0

Units: Position Units / Time
Unit

Enter the
maximum

axis speed

for Decel Ref
Speed and the
maximum time
to decelerate
to standstill for
the Stop Delay.

Decel Speed Tolerance REAL

immediate

tag

This operand sets a speed
tolerance around the
speed ramp that the axis
must remain below during
function execution. See
timing diagrams in Normal
Operation for illustration of

Publication 1756-RM0950-EN-P - September 2025

Rockwell Automation, Inc.



Chapter 4  Drive Safety Instructions

Operand

Data Type

Format

Description

Decel Speed Tolerance and
S$S2 timing.

-
Range: = 0

Units: Position Units / Time
Unit

Mode

SINT

immediate

tag

This operand selects speed
or position checking during
SOS monitoring.

Range: 1or 2
1: Position Check

2: Speed Check

Check Delay

INT

immediate

tag

This operand defines the
delay time between the
SOS function start and
the start of standstill
monitoring.

Range: 0 to 32767

Units: milliseconds

SOS Standstill Speed

REAL

immediate

tag

This operand sets the
maximum speed that

is allowed before the
instruction will fault during
SOS standstill monitoring
when Speed Checking
Mode is selected.

-
Range: = 0

Standstill Deadband

REAL

immediate

tag

This operand sets the
maximum incremental
deviation from the position
that is captured at the
expiration of Check Delay.
If the maximum deviation
is exceeded then this
instruction will fault.

Range: =0

Feedback SFX

SAFETY_FEEDBACK_INTERF
ACE

—

ag

The Feedback SFX operand
provides position and
speed data. Assign this
operand is to the Safety
Control tag of the SFX
instruction that is used
with the SS2 instruction

Rockwell Automation, Inc.
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Operand Data Type

Format

Description

instance. The following
members of the SFX Safety
Control tag are used:

« FeedbackSFX.Feedbac
kPosition

Units: Feedback Counts

» FeedbackSFX.ActualSp
eed

Units: Postion Unit / Time

Unit

«  FeedbackSFX.Position
ScalingOut

Units: Feedback Counts /
Position Unit

Request BOOL

tag

The Request input enables
the SS2 function to
operate.

ON(1): Start SS2 function to
execution.

OFF(0): Allows function
reset according to Restart
Type

Reset! BOOL

tag

This operand resets the
$S2 function. An OFF(0)

to ON(1) transition resets
the SS2 function and Fault
Present [FP] provided

the Request is OFF(0)

and any fault condition
has been removed. The
Reset Required [RR] output
indicates when a reset

is required to reset the
function.

'Some safety standards require monitoring the transition of the reset input. When the reset is
used to reset a safety function, additional logic may be required to verify a transition of the

reset input from High-to-Low or Low-to-High.

This table explains the instruction outputs. The outputs are external tags (safety output
modules) or internal tags used in other logic routines.
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Operand

Data Type

Description

Output 1[01]

BOOL

ON(1): Indicates the instruction is
executing and the function is not
faulted.

OFF(0): Any of the conditions below:

» The rung in condition is no
longer true

« Aninstruction fault has
occurred

Reset Required [RR]

BOOL

ON(1): Indicates that an Reset is
required to restart the instruction
and or to clear faults. See Reset
Input for Reset sequence.

OFF(0): Normal operation under
Automatic Restart operation.

Fault Present [FP]

BOOL

ON(1): A fault is present in the
instruction.

OFF(0): The instruction is operating
normally.

Diagnostic Code

SINT

This output indicates the diagnostic
status of the instruction. See
Diagnostic Codes and Corrective
Actions for specific codes and
actions.

SS2 Fault Type

SINT

This output indicates the type of SS2
fault that occurred. See the Fault
Codes and Corrective Actions section
for specific codes and actions.

SOS Fault Type

SINT

This output indicates the type of SOS
fault that occurred. See the Fault
Codes and Corrective Actions section
for specific codes and actions.

Stop Monitor Delay Active

BOOL

ON(1): Indicates that Stop Monitor
Delay timer is active.

Check Delay Active

BOOL

ON(1): Indicates that Check Delay
timer is active.

Speed Limit

REAL

When Stop Delay is ON (1) this output
indicates the real speed limit of

the monitored axis. If this speed is
exceeded then the instruction will
fault. The speed limit will be a ramp
function decreasing to zero during
Stop Delay as shown in the figures
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Operand Data Type Description

in Normal Operation. Units: Position
Unit/ Time Unit.

Deceleration Ramp REAL This output indicates the real

time ramp function without the
Deceleration Speed Tolerance term
as shown in the figures in Normal
Operation.

Units: Position Unit/ Time Unit.

Standstill Set Point REAL This output is set to the Actual
Position when SOS monitoring
begins.

This table explains instruction outputs that are written to the user-specified tag.

Operand Data Type Format Description

S$S2 Active BOOL tag The SS2 instruction writes
the SS2 Active status to
this tag.

OFF(0): SS2 not active
ON(1): SS2 active

$S2 Active is set to ON(1)
when SS2 is requested
after being reset.

SS2 Active is reset to
OFF(0) when the $S2
function resets.
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Operand Data Type

Format

Description

O Assign the

SS2 Active
operand to

the SS2 Active
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

SS2 Fault BOOL

tag

The SS2 instruction writes
the SS2 Fault status to this
tag.

OFF(0): Not faulted
ON(1): Faulted

SS2 Fault is set to ON (1)
for the following fault
types and corresponding
conditions:

» Configuration Fault

An instruction input
operand value is out
of range.

» Deceleration Fault

The axis speed
exceeded the defined
speed limit value.

e Maximum Time Fault

Stop Delay time
expires and axis
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Operand Data Type

Format

Description

speed is greater than
Standstill Speed.

¢ SFXInstruction Not
Ready Fault

The feedback used for
monitoring is not valid
or the SFX instruction
is not running when
SS2 is requested.

Q Assign the SS2

Fault operand
to the SS2 Fault
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Faults tag
updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

SOS Active BOOL

tag

The SS2 instruction writes
the SOS Active status to
this tag.

OFF(0): SOS not active
ON(1): SOS active
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Operand Data Type

Format

Description

O Assign the

SOS Active
operand to

the SOS Active
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

S0S Standstill BOOL

tag

The SS2 instruction writes
the SOS Standstill status to
this tag.

OFF(0): Speed or position
not at standstill.

ON(1): Speed or position is
within standstill limits.
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Operand Data Type

Format

Description

O Assign the

SOS Standstill
operand to the
SOS Standstill
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Status updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

SOS Fault BOOL

tag

The SS2 instruction writes
the SOS Fault status to this
tag.

OFF(0): Not faulted
ON(1): Faulted

SOS Fault is set to ON (1)
state for the following fault
types and corresponding
conditions:

» Configuration Fault

An instruction input
operand value is out
of range.

Standstill Position
Fault

Standstill deadband
was exceeded while
monitoring.

« Standstill Speed Fault
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Operand Data Type

Format

Description

Standstill speed limit
was exceeded while
monitoring.

SFX Instruction Not
Ready Fault

The feedback used for
monitoring is not valid
or the SFX instruction
is not running when
SS2 is requested.

Q Assign the

SOS Fault
operand to

the SOS Fault
member of the
safety output
tag structure
corresponding
to the motion
safety instance
of the drive
module. The
corresponding
Axis Safety
Faults tag
updates
automatically
in the drive
axis tag
structure

to enable
coordination of
the motion task
with the safety
task.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for array-indexing faults.
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Execution

Condition/State Action Taken

Prescan The .01, .FP, .RR, .SS2Active, .SS2Fault, .StopMonitorDelay
Active, .SpeedLimit, .DecelerationRamp, .SOSActive, .S0S
Standstill, .SOSFault, and .CheckDelayActive outputs are
cleared to OFF(0).
The Diagnostic Code output is set to 0.
The Fault Type output is set to 1

Rung-condition-in is false The .01, .SS2Active, .S0SActive, .S0SStandstill, .StopMonit
orDelayActive, .CheckDelayActive, are cleared to OFF(0).
The Speed Limit output is set to 0
The Deceleration Ramp is set to 0
The Standstill Setpoint is set to 0
If an instruction fault is present when rung went false
the fault condition will be maintained and Diagnostic
Code displayed.

Rung-condition-in is true The instruction executes.

Postscan N/A

Operation

Normal Operation

The $S2 function begins if it has been previously reset and the Request input is asserted ON(1).
At this point the Stop Monitor Delay Timer will begin. When the Stop Monitor Delay Timer expires
the current axis speed is captured and the Stop Delay timer begins. As the Stop Delay Timer
runs, the speed of the axis is monitored in real time according to the Speed Limit function, S(t),
starting with Stop Delay Timer:

Speed Limit Function

S(t)=S0 + St - (Sr/ Ts)t)

Where:

S(t) = Speed Limit

S0 = Speed captured at the end of Stop Monitor Delay
St= Decel Speed Tolerance

Sr = Decel Ref Speed

Ts = Stop Delay

t = the Stop Delay Timer value

When the SS2 Standstill Speed is reached then Safe Operating Stop (SOS) monitoring function
within the SS2 function begins. Note that SS2 Standstill speed is reached before the Stop Delay
timer expires in normal operation.
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When the SOS monitoring begins, the Check Delay timer is started. After the check delay timer
expires the position is captured. Either the speed or position, provided by an SFX instruction,

is compared to the SOS Standstill Speed or Standstill Deadband according to the Mode setting.
After Check Delay expires, Standstill output will be set to ON(1) as long as the speed is below the
SOS Standstill Speed and the function is not faulted. The SOS monitoring remains active as long
as it is not faulted and the Request input is ON(1). If the speed of the monitored axis exceeds the
Standstill limit then the SOS function will Fault.

Position values used in the SS2 instruction are in Position Units. Speed values used in the SS2
instruction are in Position Units / Time Unit. A position unit is user defined according to the
particular application and is configured in the SFX instruction. Time units are also configured in

the SFX instruction and may be selected as seconds or minutes.

Pass-Through Tags

A Safe Motion Monitoring Drive has one or more motion axes that are controlled by a motion
task. The Safe Motion Monitoring Drive also has one or more motion safety instances that
support safety functions used in a safety task of a safety controller. Some of the tags
associated with a drives motion safety instance are pass-through tags. The following table
shows the pass-through tags and the corresponding axis tags for the SS2 function:

Pass-Through Tags f Safe Motion Monitori
$S2 Instruction Output as.s rough Tags for a.e o l.on onttoring Axis Tags
Motion Safety Instance Drive Action
SS2 Active module’:S0.8S2Active[inst | updates tag axis3.SS2ActiveStatus
ance?]
SS2 Fault module’:S0.8S2Fault[insta | updates tag axis3.SS2Fault
nce?]
SOS Active module':0.508Active[inst | updates tag axis3.S0SActiveStatus
ance?]
S0S Standstill module’:50.50SStandstill[ i updates tag axis3.S0SStandstillStatus
nstance?]
SOS Fault m0du|e1:S[].SOSFauIt[insta updates tag axis3.S0SFault
2
nce4]

'module is the name for the drive module in Logix Designer 1/0 Configuration tree.

%instance is 1or 2 for dual axis drives otherwise null

3

axis is the axis name in the Logix Designer Motion Group and is associated with module

When assigning the SS2 Active, SOS Active, SOS Standstill, SS2 Fault and SOS Fault outputs to the
motion safety instance pass-through tags, the corresponding Axis Safety Status and Axis Safety
Faults tags automatically update in the motion controller. The motion control task of motion
controller reads the Axis Safety Status and the Axis Safety Faults tags to coordinate operation
between the safety task and motion task. The following is a typical sequence of events:

1. The safety application receives an input to stop an axis.

2. The safety application sets the Request input ON(1) to request the SS2 function.

3. The SS2 instruction sets SS2 Active output and writes the module:S0.SS2Active[instance]
tag of the motion safety instance in the drive.
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4. The motion safety instance in the drive updates the Axis Safety Status tag read in the
motion controller.

5. Next the motion application stops the drive according to a stopping ramp profile.

6. The SS2 function monitors the axis to ensure stopping speed vs time ramp is not
exceeded.

7. When the SS2 function detects SS2 Standstill the SS2 instruction writes the
module:S0.S0SActive[instance] tag of the motion safety instance of the drive.

8. When the SOS function detects SOS Standstill the SS2 instruction writes
module:S0.50SStandstilll instance] tag of the motion safety instance of the drive.

9. The motion application reads the Axis Safety Status tags and continues to hold the
position or maintain zero speed.

Normal Operation, Automatic Restart

The following diagram shows a timing diagram for normal operation with Automatic Restart.

In normal operation the SS2 Active output will remain ON(1) as long as the SS2 function has not
been reset. For automatic restart operation, the SS2 function will be reset when the Request is
removed OFF(0) provided no faults have occurred. When the SS2 function is reset the output 01
will be set to ON(1) indicating the function is ready to operate.

In the diagram, the Speed Limit function is shown as a solid red line ramping towards zero
speed. The speed must stay below the Speed Limit function to maintain normal operation.
After the SS2 Standstill Speed is reached the SOS Active Output is ON(1) indicating that the SOS
function within SS2 is active and remains ON(1) as long as the Request remains ON(1).

Max 5top Time -
Stop |

Manitor-s Stop Delay, =
! Delay !

Decel Reference

i * Rate, wix

Decel

Axis Speed
P =] Decelra mp Reference
// Speed Speed, y
; i " Limit
E Speed | o Standstill Position
Tol. i Check Delay — or Speed
§ | '{ Maonitoring
551Standstill Speed _ E_ N, =
505 Standstill Speed — == === == E————- P =l {

Condition
for Reset

Request

552 Active I [ 'J.I
505 Active ‘| %
505 Standstill l

552 Start  Ccapture Speed
& Begin
Mo nitoring

I

Normal Operation, Manual Restart

When manual restart is configured, the SS2 function reset before subsequent operation. The
Reset Required output indicates that the Reset input must make an OFF(0) to ON(1) transition to
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reset the instruction after the Request input is removed OFF(Q). The following diagram shows
normal operation with manual restart.

- Max Stop Time -

Stop | ;
Munitur*l<75tup Delay, x————
. Delay

] Decel Reference

* ¥ Rate, y/x

- H Decel
fxis Speed N Decel Ramp i Hef:::nce
] Speed | Speed
Decel ! Limit pesLY
Speed : i Standstill Position
Tol. : ———Check Delay ——— orSpeed
: H Monitoring
552 Standstill Speed _ _ _ _ _ _ _ L _ i _____ N S
505 Standstill Speed — — — — — — — — == Sk S ==
; d . Condition
Request i | i i for Reset
: | :
552 Active \
505 Active
505 Standstill

Restart Required [RR]

Reset

552 Start Captufe Speed
EBegin
Monitoring

Faulted Operation

Faulted Operation, Deceleration Fault

The following diagram, a timing diagram of SS2 where a Deceleration Fault occurs, shows the
axis speed exceeding the Speed Limit Function, resulting in a Deceleration Fault. Note that the
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timing diagram is shown for Manual Restart. For Automatic Restart the timing is similar except
that the Reset Required [RR] output will not turn ON(1) until a fault occurs.
Max Stop Tim34>|
Stop
Mon'rtor+|<—5top Delay, ¥— =
Delay
Decel Reference T
i i Rate, v/x Decel
Asis Speed i DecelRamp Reference
Speed, y
i Standstill Position
Tol ¢ or Speed
E Maonitoring
552 StandstillSpeed _ _ _ _ _ _ _ _ P __ L ___
505 StandstillSpeed — — — — — — — — it ‘— ——————— ;
Request |
552 Active |
Outputl [01] :
Fault Present [FP]
505 Active
505 Standstill .
Restart Required [RR] | J,"— |
Reset
Torque Disabled'? [ |
g2 :Eta't Captuire Speed
& Begin
Manitoring
Notes: 1-5TO initisted outside 552 AD| by programmer using instruction Qutput 1 as 3 condition for STO.
2-5TD Delay in drive set to zero in the Add-on Profile in Studio 5030 software.
Faulted Operation, Standstill Speed Fault
The following diagram shows SS2 where a Standstill Speed Fault occurs. As shown, the axis
speed reached SS2 and SOS Standstill Speed but during the SOS function the Speed increased
until the SOS Standstill Speed was exceeded, resulting in a fault. Note that the timing diagram
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is shown for Manual Restart. For Automatic Restart, the timing is similar except that the Reset
Required [RR] output will not turn ON(1) until the fault occurs.

AxisSpeed

552 Standstill Speed _

505 Standstill Speed — —

Max Stop Time ’4
Stop
Mon'rtorﬂ%StDp Delay, x——=
Delay |
: Decel Reference T
: ~» Rate, y/x
i ; Decel
| Decel Ramp Reference

Speed, y

Request

552 Active

Outputl [01]

Fault Present [FP]
505 Active

505 Standstill

Restart Required [RR]
Reset

Torque Disabled®*

Condition
for Reset

ss25tat  Capture Speed
& Begin
Maonitoring

Notes: 1-5TO initisted outside 552 AQI by programmer using instruction Output 13s 3 condition for STO.
2-ETO Delay in drive sat to 2ero in the Add-on Profile in Studio 5000 software.

Fault Codes and Corrective Actions

SS2 Fault Codes

Standstill Positon

Cheék Delav/‘— or Speed
S I : -
______ =bpeppup] Sefb oo

Maonitoring

Fault Code Description Corrective Action

1 No Fault None.

2 Invalid Configuration Fault »  Check the input values and
correct inconsistencies or
illegal values. Check the

Rockwell Automation, Inc.
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Fault Code Description Corrective Action
diagnostic code for more
information

*  Reset the fault.

3 Deceleration Fault - the axis being »  Reset the fault and check the
monitored for stopping exceeded the motion application to ensure
speed limit ramp computed by the the axis is decelerated as
instruction. required when SS2 Active is

asserted ON(1).

4 Maximum Time Fault - the maximum | ¢ Increase the allowable time,
time to reach SS2 standstill was increase the deceleration, or
exceeded. reduce the initial speed of the

axis
e Reset the fault.

102 SFX Instruction Not Ready Fault Ensure that the SFX instruction that
supplies inputs to this SS2 instance
is running and not faulted before
requesting SS2.

S0S Fault Codes

Fault Code Description Corrective Action

1 No Fault None.

2 Invalid Configuration Fault »  Check the input values and
correct inconsistencies or
illegal values. Check the
diagnostic code for more
information

*  Reset the fault.

3 Standstill Position Fault Ensure movement is within the
Standstill Deadband after check
delay time expires.

4 Standstill Speed Fault Ensure speed is below the Standstill
limit before check delay time
expires.

101 Position Window Calculation »  Ensure that the SFX instruction

Overflow Fault. The Position
scaling from the Feedback SFX tag
multiplied by the Position Window
exceeds (2431-1)

that supplies inputs to this SS2
instruction has correct values.

«  Use a smaller Position Window
value.
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Diagnostic Codes and Corrective Actions

Diagnostic Code Description Corrective Action
0 No diagnostic information. None
10 Rung went false while instruction Make sure this instruction is
was executing. enabled.
20 Stop Monitor Delay value not valid. | An INT value from 0 to 32767 must be
used
2 Stop Delay value not valid. A DINT value must be between 0 and
3,000,000 must be used
22 S$S2 Standstill Speed value not valid. | SS2 Standstill Speed must be a non
negative REAL
23 Deceleration Reference Speed value | Must be a non negative REAL
not valid.
24 Deceleration Speed Tolerance value | Must be a non negative REAL
not valid.
25 Mode value not valid. An INT value of 1(Speed Check) or 2
(Position Check) must be used.
26 Check Delay value not valid. An INT value between 0 and 32767
must be used.
27 Standstill Deadband not valid Must be a non negative REAL.
28 Standstill Speed not valid Must be a non negative REAL.

Publication 1756-RM0950-EN-P - September 2025

501



Chapter 4

Drive Safety Instructions

502

Example
552
Safe Stop Two
Safety Control
Restart Type
Cold Start Type
Stop Monitor Delay
Stop Delay
552 Standstill Speed
Decel Ref Speed
Decel Speed Tolerance
Mode
Check Delay

505 Standstill Speed

552 Control_SA1
MANUAL
MANUAL

40
300
0.06
250
2.0
2

S05_CheckDelay_SAd
04

505_StandstilSpeed_SAT

0.0 4=

Standstil Deadband S0S_StandstilDeadband SAd

Feedback SFX
Reguest

Rezet

505 Active
S05 Standstil
305 Fault

552 Fault Type
S05S Fault Type

Diagnostic Code

0.04=
SFX_Control_SA1
552 _Heguest SAd
(4=
552 Reset SA
0 4m
SDA1:50.552A ctive
(4=
SDA1:50.552Faultt
0 4m
SDA1:50.805Active
(4=
SDA1:50.5055tandstill
0 4m
SDA1:50.805Fault
(4=
04

e

D

Publication 1756-RM0950-EN-P - September 2025

o1

RR

FP

Rockwell Automation, Inc.



Chapter 5

Rockwell Automation, Inc.

RSLogix 5000 Software, Versions 14 and
later, Safety Application Instructions

This section provides general information about how to use the safety application instructions
within a safety system that has a controller and 1/0 modules for versions 14 and later of the

RSLogix 5000 Software application.
Migrate to preferred instructions

If you are using Logix Designer version 17 or later, use these newer, preferred instructions in

place of the corresponding legacy instructions.

Legacy instruction Preferred instructions
DIN on page 32 DCS on page 80, DCM on page 58

RIN on page 513

DCS on page 80, DCM on page 58

ESTOP on page 522

DCS on page 80

ENPEN on page 530

DCSRT on page 69, DCS on page 80

LC on page 539

DCSTM on page 127, DCS on page 80, TSAM on page 205,
TSSM on page 227, FSBM on page 144

FPMS on page 551

EPMS on page 348

ROUT on page 557

CROUT on page 21

THRS on page 565

THRSE on page 187

DIN on page | ENPEN on ESTOP on FPMS on

LC on page | RIN onpage | ROUT on THRS on

32 page 530 page 522 page 551

539 513 page 557 page 565

Function Block
Not available
Structured Text

Not available

Safety application instructions are intended for use within a safety system that has a controller
and 1/0 modules. These instructions are intended for Safety Integrity Level (SIL) 3, PLe/Category

(CAT) & applications.

If you want to

Use this instructions

Emulate the input functionality of a safety relay in a
software programmable environment that is intended
for use in SIL3/CAT4 safety applications.

DIN
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Diverse Input (DIN)
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If you want to

Use this instructions

Emulate the input functionality of a safety relay in a
software programmable environment that is intended
for use in SIL3/CAT4

safety applications.

RIN

Emulate the input functionality of a safety relay in a
software programmable environment which is intended
for use in SIL3/CAT4

safety applications.

ESTOP

Emulate the input functionality of a safety relay in a
software programmable environment that is intended
for use in SIL3/CAT4 safety applications.

ENPEN

Provide a manual and an automatic circuit reset
interface from a programmable controller to a light
curtain used in SIL3/CAT4 safety applications.

LC

Provide an interface from a programmable controller
to a three-to-five position selector switch used in
SIL3/CAT4 safety applications.

FPMS

Emulate the output functionality of a safety relay ina
software programmable environment which is intended
for use in SIL3/CAT4

safety applications.

ROUT

Provide a method to incorporate two diverse input
buttons used as a single operation start button into a
software programmable

environment that is intended for use in SIL3/CAT4 safety
applications.

THRS

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

Use the Diverse Input (DIN) instruction to emulate the input functionality of a safety relay in a

software programmable environment.
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Available Languages

Ladder Diagram

annel B

Function Block

This instruction is not available in function block.

Structured Text

7 Cl

7 CRHO
7 Il
7

77

¥

This instruction is not available in structured text.

Operands

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:

»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.

»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected

operation on page

IMPORTANT: Make sure that your safety input modules are configured as Single, not Equivalent or Complementary.
These instructions provide all dual channel functionality necessary for PLd (Cat. 3) or PLe (Cat.4) safety functions.

This table explains the instruction inputs.

Parameter

Data Type

Description

Values

DIN

DIVERSE_INPUT

This parameter is a
backing tag that maintains
important execution
information for each usage
of this instruction.

For examples of incorrect
backing tag usages, see
Backing tag usages that
can cause unexpected
operation on page

Rockwell Automation, Inc.
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Parameter Data Type Description Values
Reset Type BOOL The reset type determines | Manual =1or
whether the instruction is | Automatic =0
using Manual or Automatic
reset for Qutput 1.
Channel AT BOOL Channel A Input (Normally | Safe =0,
Open) Active =1
Channel B! BOOL Channel B Input (Normally | Safe=1,
Closed) Active =0
Circuit Reset BOOL Circuit Reset Input Initial = 0
Manual Reset - Sets Output | ReSet=
1after Channel A and
Channel B are in the Active
state, and the Circuit Reset
input transitions from zero
to one.
Automatic Reset - Visible,
but not used.
Fault Reset BOOL After fault conditions Initial =0
are corrected for the Reset =1

instruction, the fault
outputs for the instruction
are cleared when this input
transitions from off to on.

VIf this input is from a Guard 1/0 input module, make sure that the input is configured as a

single, not Equivalent or Complementary.

This table explains the instruction outputs.

Parameter Data Type Description Values

Output 1 BOOL Output 1is set to the Safe=0,
Active state when input Active =1
conditions are met.

Cycle Inputs BOOL Cycle Inputs prompts for | Initial =0
action. Before Output 1is | Prompt =1

turned on, Channel A and
Channel B inputs must be
cycled through their Safe
States at the same time
before the circuit can be
reset.

This prompt is cleared
when Channel A and
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Parameter Data Type

Description

Values

Channel B transition to the
Safe state.

Circuit Reset Held On BOOL

Manual Reset - The Circuit
Reset Held On prompt

is set when both input
channels transition to

the Active states, and

the Circuit Reset input is
already on.

The Circuit Reset Held On
prompt is cleared when
the Circuit Reset input is
turned off.

Automatic Reset - Visible,
but not used.

Initial =0
Prompt =1

Inputs Inconsistent BOOL

This fault is set when
Channel A and Channel B
inputs are in inconsistent
states (one Safe and one
Active) for a period of
time greater than the
Inconsistent Time Period
(listed below). This fault
is cleared when Channel
A and Channel B inputs
return to consistent states
(both Safe or both Active)
and the Fault Reset input
transitions from off to on.

Inconsistent Time Period:
500 ms

Initial =0
Fault=1

Fault Present BOOL

This is set whenever a
fault is present in the
instruction. Output 1
cannot enter the Active
state when Fault Present
is set. Fault Present is
cleared when all faults are
cleared and the Fault Reset
input transitions from off
toon.

Initial =0
Fault=1

IMPORTANT: Do not write to any instruction output tag under any circumstances.
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Operation

Normal Operation

This instruction monitors the states of two input channels and turns on Output 1when the
following conditions are met:

When using Manual Reset: both inputs are in the Active state and the Circuit Reset input is
transitioned from a zero to a one.

When using Automatic Reset: both inputs are in the Active state for 50 ms.

This instruction turns Output 1off when either one or both of the input channels returns to the
Safe state.

The Diverse Input (DIN) instruction has one input channel that is normally open and one that is
normally closed. This means that a zero on the normally open channel and a one on the normally
closed channel represent the Safe state, and vice-versa for the Active state.

See Safety Instructions for more information about how to condition input data associated with
the normally closed channel.

These normal operation state changes are shown in the following timing diagrams:

Manual Resat Automatic Resat

1 1
Channel & J—I— Channel &
0 0
1 1
Channel B Channel B
0 0
la—>| BOms

1 1

Circuit Resat Qutput 1 —,—I—
0 0
1

Output 1 _I—I—
1]

Operation with Inconsistent Inputs

This instruction generates a fault if the input channels are in inconsistent states (i.e., one Safe
and one Active) for more than the specified period of time. The inconsistent time period is 500
ms.

This fault condition is enunciated via the Inputs Inconsistent and the Fault Present outputs.
Output 1cannot enter the Active state while the Fault Present output is active. The fault
indication is cleared when the offending condition is remedied and the Fault Reset input is
transitioned from zero to one.
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These state changes are shown in the following timing diagram:

1

Channal &

0
Channel B

0

1
(utput 1

0

R

Imputs

Inconsistent

Fault Prazant

1

Fault Resat

0

t1 =Inputs Inconsistent Time Period

Operation with Circuit Reset Held On - Manual Reset Only

This instruction also sets the Circuit Reset Held On output prompt if the Circuit Reset input is set
(1) when the input channels transition to the Active state.

These state changes are shown in the following timing diagram.

Channel &

0

1
Channel B

0

1
Circuit Rasat

0

1
Output 1

0

Circuit Resat 1
Held On

Cycle Inputs Operation

If, while Output 1is active, one of the input channels transitions from the Active state to the Safe
state and back to the Active state before the other input channel transitions to the Safe state,
the Cycle Inputs output prompt is set, and Output 1cannot enter the Active state again until both
input channels cycle through their Safe states.
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These state changes are shown in the following timing diagram:

1
Channel &

0

1
Channel B

0

1
Qutput 1

0

1
Cycle Inputs

Relationship of 1/0 Wiring to Instruction Parameters

Diverse Input with Manual Reset Wiring and Programming

The following wiring diagram is one example of how to wire a 2-channel switch having diverse
inputs to a 17910S Safety 1/0 module to comply with IS0 13849-1 Category 4.

The inputs shown in this wiring diagram
correspond to the inputs for the instructions

o @ II—QI @ @ éi?;t?iﬂodule

= e 1
@
E1- 24V Power Supply |/ S2 | S3
S1 - Diverse Input Switch S1
52 - Circuit Reset Switch

53 - Fault Reset Switch

51 as shown in the Active state. INO - Normally Open, IN1 - Mormally Closed.

The following programming example shows how the Diverse Input instruction with Manual Reset
can be applied to the wiring diagram shown above.

/ USER PROGRAM \

DM
Diverse Input
DIM dinData o
e , Reszet Type MANUAL Cl
' INO Pl e Bt ® ChannelA  moduleNamed.PtolData CRHO
i
:—: ) - Ol
VINL p-pp-mm-m====---- # Channel B moduleMamed. Pto1Data FP
i
S 14m
i
! M2 i—— ——————————————— p Circuit Reset moduleNamed. PtoZData
EE— | ) (4=
I IN3 it A » Fault Rezet  moduleNamed.Pto3Data
fmmmm (4=

o /
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IS0 13849-1 Cateqgory 4 requires that inputs be independently pulse tested. Logix Designer
programming software is used to configure the following I/0 module parameters for pulse

testing.

Input Configuration

Input Point Type Point Mode Test Source
0(INO) Single Safety Pulse Test 0(T0)
1(IN1) Single Safety Pulse Test 1(n
2(IN2) Single Safety None
3(IN3) Single Safety None
Test Output

Test Output Point Point Mode

0(T0) Pulse Test

1(m) Pulse Test

2(T2) Power Supply

3(T3) Not Used

Diverse Input with Automatic Reset Wiring and Programming

The following wiring diagram is one example of how to wire a 2-channel switch having diverse
inputs to a 17910S Safety 1/0 module to comply with IS0 13849-1 Category 4.

Circuit Reset feature, other measures must be implemented to make sure that an unexpected or

ff WARNING: Various safety standards (EN 60204, IS0 13849-1) requires that when using the Automatic

unintended startup will not occur in the system or application.

The inputs shown in this wiring diagram
correspond to the inputs for the instructions

|

E1 - 24V Power Supply

%]

i

—

2
LI

1791DS
Safety Module

d

51 - Diverse Input Switch
S2 - Circuit Reset Switch
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The following programming example shows how the Diverse Input instruction with Automatic
Reset can be applied to the wiring diagram shown above.

/ USER PROGRAM \

=
=

(1]

r

i
(1]

Input

dinData o)
¥p AUTONATIC Cl

' nel &  moduleMamed. Pto0Data CRHO

! D1l
! IN1 |mt=-====—mmmmmmm— »| ChannelB  moduleMamed.Pto1Data FP
oo 1 d4m
Circuit Reset notUsedTag
Fo---- 1 04
LIN2 R ® Fault Rezet moduleMamed. Pto2Data
lomm o 0 4=

\ /

IS0 13849-1 Category 4 requires that inputs be independently pulse tested. Logix Designer
programming software is used to configure the following 1/0 module parameters for pulse

w -

[ e I |
T 0 ]
|

= ]
T

m
i
I

testing.

Input Configuration

Input Point Type Point Mode Test Source
0(IND) Single Safety Pulse Test 0(T0)
1(IN1) Single Safety Pulse Test 1(m
2(IN2) Single Safety None
Test Output

Test Output Point Point Mode

0(T0) Pulse Test

1(m) Pulse Test

2(12) Power Supply

False Rung State Behavior

When the instruction is executed on a false rung the behavior is exactly the same as true rung
state except all outputs, including prompts and fault indicators, will be zero. When the rung
state becomes true the outputs will be set as determined by the instruction logic.

Affects Math Status Flags
No
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Major/Minor Faults

None specific to this instruction. See Index Through Arrays on page for array-indexing
faults.

Execution

Condition/State Action Taken

Prescan The .01, .CI, .CRHO, .II, and .FP are cleared to false.

Rung-condition-in is false

The instruction executes as described in the False Rung
State Behavior section.

Rung-condition-in is true

The instruction executes as described in the Normal
Operation section.

Postscan

The instruction executes as described in the False Rung
State Behavior section.

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

Use the Redundant Input (RIN) instruction to emulate the input functionality of a safety relay in a

software programmable environment.

Available Languages

Ladder Diagram

RIN
Redundant Input

L

=]
)
=)
T
I

Function Block

01
Cl
CRHO
I

FP

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.
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Operands
IMPORTANT: Make sure that your safety input modules are configured as single, not Equivalent or Complementary.
These instructions provide all dual channel functionality necessary for PLd (Cat. 3) or PLe (Cat. 4) safety functions.
IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.
»  Backing tags are shared by multiple instruction invocations.
»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.
+  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.
For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page
This table explains the instructions inputs.
L. Safe, Active, and Initial
Parameter Data Type Description
Values
RIN REDUNDANT_INPUT This parameter is a -
backing tag. As such,
it maintains important
execution information
for each usage of this
instruction. Do not attempt
to reuse this backing
tag or write to any of its
members anywhere else in
your program.
Reset Type Boolean The reset type determines | Manual (1) or Automatic (0)
whether the instruction is
using Manual or Automatic
reset for Qutput 1.
Channel AT Boolean Channel A Input (Normally | Safe=0
Open) Active =1
Channel B! Boolean Channel B Input (Normally | Safe=0
Open) Active =1
Circuit Reset Boolean Circuit Reset Input Initial = 0
Manual Reset - Sets Output | ReSet=1
1after Channel A and
Channel B are in the Active
state, and the Circuit Reset
input transitions from zero
to one.
Automatic Reset - Visible,
but not used.
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Safe, Active, and Initial

Parameter Data Type Description
» d Values
Fault Reset Boolean After fault conditions Initial =0
are corrected for the Reset=1

instruction, the fault
outputs for the instruction
are cleared when this input
transitions from off to on.

If this input is from a Guard I/0 input module, make sure that the input is configured as single,
not Equivalent or Complementary.

This table explains the instructions outputs.

Parameter

Data Type

Description

Safe, Active, and Initial
Values

Output 1

Boolean

Output 1is set to the
Active state when input
conditions are met.

Safe =0, Active =1

Cycle Inputs

Boolean

Cycle Inputs prompts for
action. Before Qutput 1is
turned on, Channel A and
Channel B inputs must be
cycled through their Safe
States at the same time
before the circuit can be
reset.

This prompt is cleared
when Channel A and
Channel B transition to the
Safe state.

Initial =0
Prompt=1

Circuit Reset Held On

Boolean

Manual Reset - The Circuit
Reset Held On prompt

is set when both input
channels transition to

the Active states, and

the Circuit Reset input is
already on.

The Circuit Reset Held On
prompt is cleared when
the Circuit Reset input is
turned off.

Automatic Reset - Visible,
but not used.

Initial = 0
Prompt =1

Inputs Inconsistent

Boolean

This fault is set when
Channel A and Channel B
inputs are in inconsistent

Initial =0
Fault=1

Rockwell Automation, Inc.
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states (one Safe and one
Active) for a period of
time greater than the
Inconsistent Time Period
(listed below). This fault
is cleared when Channel
A and Channel B inputs
return to consistent states
(both Safe or both Active)
and the Fault Reset input
transitions from off to on.

Inconsistent Time Period:
500 ms

Fault Present Boolean This value is set whenever | Initial =0
a fault is present in the Fault=1
instruction. Output 1
cannot enter the Active
state when Fault Present
is set. Fault Present is
cleared when all faults are
cleared and the Fault Reset
input transitions from off
toon.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Operation

Normal Operation

This instruction monitors the states of two input channels and turns on Output 1when the
following conditions are met:

»  When using Manual Reset: both inputs are in the Active state and the Circuit Reset input
is transitioned from a zero to a one.

»  When using Automatic Reset: both inputs are in the Active state for 50 ms.

This instruction turns Output 1off when either one or both of the input channels returns to the
Safe state.

Both input channels for the Redundant Input (RIN) instruction are normally open. This means
zeros on both channels represent the Safe state, and ones on both channels represent the
Active state.
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These normal operation state changes are shown in the following timing diagrams:

Manual Resat Automatic Resat

1 1
Channel & Channel A
an 0 i
1 1
Channe B Channe B
0 0
e

1 1
Circuit Resat Cutput 1

0 0

1
Output 1

0

Operation with Inconsistent Inputs

This instruction generates a fault if the input channels are in inconsistent states (i.e., one Safe
and one Active) for more than the specified period of time. The inconsistent time period is 500
ms.

This fault condition is enunciated via the Inputs Inconsistent and the Fault Present outputs.
Output 1cannot enter the Active state while the Fault Present output is active. The fault
indication is cleared when the offending condition is remedied and the Fault Reset input is
transitioned from zero to one.

These state changes are shown in the following timing diagram:

1

Chanral &

Chanral B

Output 1

-t

Inputs
Inconsistent

Fault Frasant
1]

Fault Reget

t1 = Inputs Inconsistant Time Pericd

Operation with Circuit Reset Held On - Manual Reset Only

This instruction also sets the Circuit Reset Held On output prompt if the Circuit Reset input is set
(1) when the input channels transition to the Active state.
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These state changes are shown in the following timing diagram.
1
Channel &
0
1
Channel B
0
1
Circuit Rasat
0
1
Output 1
0
Circuit Rasat 1
Hald On
Cycle Inputs Operation
If, while Output Tis active, one of the input channels transitions from the Active state to the Safe
state and back to the Active state before the other input channel transitions to the Safe state,
the Cycle Inputs output prompt is set, and Output 1 cannot enter the Active state again until both
input channels cycle through their Safe states.
These state changes are shown in the following timing diagram:
1
Channel &
0
1 —
Channel B
0
1 —
Clutput 1
0
1
Cyele Inputs
False Rung State Behavior
When the instruction is executed on a false rung the behavior is exactly the same as true rung
state except all outputs, including prompts and fault indicators, will be zero. When the rung
state becomes true the outputs will be set as determined by the instruction logic.
Affects Math Status Flags
No
Major/Minor Faults
None specific to this instruction. See Index Through Arrays on page for array-indexing
faults.
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Execution
Condition/State Action Taken
Prescan The .01, .Cl, .CRHO, .II, and .FP are cleared to false.

Rung-condition-in is false

The instruction executes as described in the False Rung
State Behavior section.

Rung-condition-in is true

The instruction executes as described in the Normal
Operation section.

Postscan

The instruction executes as described in the False Rung
State Behavior section.

Example

RIN
Redundant Input

The inputs shown on this wiring
diagram correspond to the inputs
for the instruction.

El
8-
82-
83-

R Redundantinput 01
Reset Type MAMNLUAL Cl
C channela

Ol

channelB FP

(4=

Manual Reset Wiring Example

The following wiring diagram is one example of how to wire a 2-channel switch having two
normally open contacts to a 17910S Safety 1/0 module to comply with IS0 13849-1 Category 4.

CRHO

|Z|
BT ,_G__|

- 24V Fower Supply

Radurdant Input Switch
Circuit Resat Switch
Fault Reset Switch

INO INT N2 IN3
o m 1 17910 Safety Module
A . 1
@

|“ 53
I
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Manual Reset Programming Example

The following programming example shows how the Redundant Input instruction with Manual
Reset can be applied to the previous wiring diagram.

e

=

=
| i
i i

[z

(%]

B B
!

USER PROGRAM

RIN
Redundant Input
Rt rinC:ata o1
Reset Type MANUAL Cl
Channel A moduleMamed.Pto0Data CRHO
D1l
Channel B moduleMamed.Pto1Data FP
14m
Circuit Reset moduleNamed.Pto2Data
[ 4m
Fault Rezet  moduleNamed.Pto3Data
() 4m

~

/

IS0 13849-1 Cateqgory 4 requires that inputs be independently pulse tested. The Logix Designer
programming application is used to configure the following I/0 module parameters for pulse

testing.

Input Configuration

Input Point Type Point Mode Test Source
0(IND) Single Safety Pulse Test 0(T0)
1(IN1) Single Safety Pulse Test 1(m
2(IN2) Single Safety None
3(IN3) Single Safety None
Test Output

Test Output Point Point Mode

0(T0) Pulse Test

() Pulse Test

2(12) Power Supply

3(T3) Not Used

Automatic Reset Wiring

The following wiring diagram is one example of how to wire a 2-channel switch having normally

open contacts to a 1791DS Safety /0 module to comply with IS0 13849-1 Category 4.
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IMPORTANT: Various safety standards (EN 60204, IS0 13843-1) requires that when using the Automatic Circuit
Reset feature, other measures must be implemented to make sure that an unexpected or unintended startup will
not occur in the system or application.

The inputs showm on this wiring
diagram correspond to the inputs
for the instruction.

179105 Safety Module

IND
T0
@ .
F— i
E1 - 24V Power Supply &

51 - Redundant Input Switch
2 - Fault Rasat Switch

1

Automatic Reset Programming Example

The following programming example shows how the Redundant Input instruction with Automatic
Reset can be applied to the wiring diagram shown above.

/ USER PROGRAM \

RIN
Redundant Input

RiM rinCata o)
______ . Reset Type AUTOMATIC Cl
e ® Channel &  moduleMamed. PtoOData CRHO
! D=1l
I N1 o e »| ChannelB  moduleNamed.Pto1Data FP
[ 14m
I et notUsedTag
Fo---- 1 04
LIN2 e » Fault Rezet moduleMamed.Pto2Data
lomm o 0 4=

\ /

IS0 13849-1 Cateqgory 4 requires that inputs be independently pulse tested. The Logix Designer
programming application is used to configure the following I/0 module parameters for pulse

T
T

Rockwell Automation, Inc.

testing.

Input Configuration

Input Point Type Point Mode Test Source
0(INO) Single Safety Pulse Test 0(10)
1(IN1) Single Safety Pulse Test 1(m
2(IN2) Single Safety None

Publication 1756-RM0950-EN-P - September 2025

521



Chapter5  RSLogix 5000 Software, Versions 14 and later, Safety Application Instructions

Test Output

Test Output Point Point Mode
0(T0) Pulse Test
(M) Pulse Test
2(12) Power Supply

Emergency Stop (ESTOP)

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The purpose of the Emergency Stop (ESTOP) instruction is to emulate the input functionality of a
safety relay in a software programmable environment.

Available Languages

Ladder Diagram

ESTOP

Emergency Stop

7 o1

? Cl

7 CRHO
T Il
Channel B ? FP

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

IMPORTANT: Make sure that your safety input modules are configured as single, not Equivalent or Complementary.
These instructions provide all dual channel functionality necessary for PLd (Cat. 3) or PLe (Cat. 4) safety functions.
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IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.

«  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected

operation on page

This table explains the instruction inputs.

Operand

Data Type

Description

Safe, Active, and Initial
Values

ESTOP

EMERGENCY_STOP

This operand is a backing
tag. As such, it maintains
important execution
information for each usage
of this instruction. Do

not attempt to reuse this
backing tag or write to any
of its members anywhere
else in your program.

Reset Type

BOOL

The reset type determines
whether the instruction is
using Manual or Automatic
reset for Output 1.

Manual (1) or Automatic (0)

Channel A’

BOOL

Channel A Input (Normally
Open)

Safe=0,
Active =1

Channel B!

BOOL

Channel B Input (Normally
Open)

Safe=0,
Active =1

Circuit Reset

BOOL

Circuit Reset Input

Manual Reset - Sets Output
1after Channel A and
Channel B transition from
Safe state to the Active
state, and the Circuit Reset
input transitions from zero
to one.

Automatic Reset - Visible,
but not used.

Initial =0
Reset =1

Fault Reset

BOOL

After fault conditions
are corrected for the
instruction, the fault
outputs for the instruction

Initial =0
Reset =1

Rockwell Automation, Inc.
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Safe, Active, and Initial

0 d Data T Descripti
peran ata Type escription Values

are cleared when this input
transitions from off to on.

If this input is from a Guard 1/0 input module, make sure that the input is configured as single,
not Equivalent or Complementary.

This table explains the instruction outputs.

Operand Data Type Description Safe, Active, and Initial
Values
Output1 BOOL Output 1is set to the Safe=0
Active state when input Active =1
conditions are met.
Cycle Inputs BOOL Cycle Inputs prompts for | Initial =0

action. Before Qutput Tis | Prompt =1
turned on, Channel A and
Channel B inputs must

be cycled through their
Safe States simultaneously
before the circuit can be
reset.

This prompt is cleared
when Channel A and
Channel B transition to the

Safe state.
Circuit Reset Held On BOOL Manual Reset - The Circuit | Initial=0
Reset Held On prompt Prompt =1

is set when both input
channels transition to
the Active states, and
the Circuit Reset input is
already on.

The Circuit Reset Held On
prompt is cleared when
the Circuit Reset input is
turned off.

Automatic Reset - Visible,
but not used.

Inputs Inconsistent BOOL This fault is set when Initial = 0
Channel A and Channel B | Fault =1
inputs are in inconsistent
states (one Safe and one
Active) for a period of
time greater than the
Inconsistent Time Period
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(listed below). This fault

is cleared when Channel
Aand Channel B inputs
return to consistent states
(both Safe or both Active)
and the Fault Reset input
transitions from off to on.

Inconsistent Time Period:

500 ms
Fault Present BOOL The value is set whenever | Initial =0
a fault is present in the Fault=1

instruction. Output 1
cannot enter the Active
state when Fault Present
is set. Fault Present is
cleared when all faults are
cleared and the Fault Reset
input transitions from off
toon.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Operation

Normal Operation

This instruction monitors the states of two input channels and turns on Output 1when the
following conditions are met:

»  When using Manual Reset: both inputs are in the Active state and the Circuit Reset input
is transitioned from a zero to a one.

»  When using Automatic Reset: both inputs are in the Active state for 50 ms.

This instruction turns Output 1 off when either one or both of the input channels returns to the
Safe state.

Both input channels for the Emergency Stop (ESTOP) instruction are normally open. Zeros on
both channels represent the Safe state, and ones on both channels represent the Active state.

These normal operation state changes are shown in the following timing diagrams.

Manual Resat Automatic Resat

1
Channel A Channel A
an 0 0
1
Channd B Channel B
] ]
fo—s] B0 e

1 1
Circuit Resat Cutput 1

0 0

1
Output 1

0
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Operation with Inconsistent Inputs

This instruction generates a fault if the input channels are in inconsistent states (one Safe and
one Active) for more than the specified period of time. The inconsistent time period is 500 ms
(t1).

This fault condition is enunciated via the Inputs Inconsistent and the Fault Present outputs.
Output 1cannot enter the Active state while the Fault Present output is active. The fault
indication is cleared when the offending condition is remedied and the Fault Reset input is
transitioned from zero to one.

These state changes are shown in the following timing diagram.

1

Channal &

1 I
Channal B

n

1 -
Cutput 1

-t

Inputs
Inconsistent

Fault Frasant
1]

Fault Reset

t1 = Inputs Incensistent Time Pericd

Operation with Circuit Reset Held On - Manual Reset Only

This instruction also sets the Circuit Reset Held On output prompt if the Circuit Reset input is set
(1) when the input channels transition to the Active state.

These state changes are shown in the following timing diagram.

1
Channel &

1]

1
Channel B

1]

1
Circuit Rasat

i]

1
Cutput 1

1]
Circuit Resat 1
Hald On

Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.



Chapter5  RSLogix 5000 Software, Versions 14 and later, Safety Application Instructions

Cycle Inputs Operation

If, while Output 1is active, one of the input channels transitions from the Active state to the Safe
state and back to the Active state before the other input channel transitions to the Safe state,
the Cycle Inputs output prompt is set. Qutput 1cannot enter the Active state again until both
input channels cycle through their Safe states.

These state changes are shown in the following timing diagram:

1
Channel &

0

1 -
Channel B

i

1 -
Cutput 1

il

1
Cyele Inputs

0

False Rung State Behavior

When the instruction is executed on a false rung the behavior is exactly the same as true rung
state except all outputs, including prompts and fault indicators, will be zero. When the rung
state becomes true the outputs will be set as determined by the instruction logic.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays on page for array-indexing
faults.

Execution

Rockwell Automation, Inc.

Condition/State

Action Taken

Prescan

The .01, .Cl, .CRHO, .II, and .FP are cleared to false.

Rung-condition-in is false

The instruction executes as described in the False Rung
State Behavior section.

Rung-condition-in is true

The instruction executes as described in the Normal
Operation section.

Postscan

The instruction executes as described in the False Rung
State Behavior section.
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Example

Emergency Stop with Manual Reset Wiring

The following wiring diagram is one example of how to wire a 2-channel Emergency Stop switch
having two normally open contacts to a 17910S Safety I/0 module to comply with IS0 13849-1

Category 4.

The inputs showen on this wiring
diagram comespond to the inputs

for the instruction,

BT E

179105 Safaty Modula

E1 - 24V Power Supply

51- Emergancy Stop Switch
52 - Circuit Reset Switch
53 - Fault Reset Switch

Manual Reset Programming Example

The following programming example shows how the Emergency Stop instruction with Manual
Reset can be applied to the previous wiring diagram.

/

USER PROGRAM

ESTOP
Emergency Stop
estopDataType
g ype MANUAL
Channel A Module1:. Pt00Data
(1 4m
Channel B Module1:.Pt010ata
1 4m
Circuit Reset Module1:1.Pt02Data
(1 4m
Fault Re=et  Module1:.Pt030ata
(1 4m

\

o1
cl
CRHO
I

FP

%

IS0 13849-1 Category 4 requires that inputs be independently pulse tested. The Logix Designer
application is used to configure the following I/0 module operands for pulse testing.

Input Configuration

Input Point Type Point Mode Test Source
0(IND) Single Safety Pulse Test 0(T0)

1(IN1) Single Safety Pulse Test 1(m

2(IN2) Single Safety None

3(IN3) Single Safety None
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Test Output

Test Output Point Point Mode
0(T0) Pulse Test
1(m) Pulse Test
2(12) Power Supply
3(T3) Not Used

Automatic Reset Wiring and Programming

The following wiring diagram is one example of how to wire a 2-channel Emergency Stop
switch having normally open contacts to a 17910S Safety 1/0 module to comply with IS0 13849-1
Category 4.

O Various safety standards (EN 60204, IS0 13849-1) require that when using the Automatic Circuit Reset
feature, other measures must be implemented to make sure that an unexpected (or unintended) startup
does not occur in the system or application.

The inputs shown on this wiring
diagram comespond to the inputs
for the instruction.

179105 Safety Module

E1-24V Power Supply

51 - Ememancy Stop Switch

52 - Fault Reset Switch

Automatic Reset Programming Example

The following programming example shows how the Emergency Stop instruction with Automatic
Reset can be applied to the wiring diagram shown above.

-

USER PROGRAM

ESTOP

Emergency Stop

estopDataType

t Type AUTOMATIC

gl &4  Meodulel:l PtO0Data
04

B ChannelB  Medule1:1Pt01Data

14
notUsedTag
0 4=

P Fault Rezet Module!:1Pt02Data

e

\

o1
Cl
CRHO
I

FP

Publication 1756-RM0950-EN-P - September 2025

529




Chapter5  RSLogix 5000 Software, Versions 14 and later, Safety Application Instructions

Enable Pendant (ENPEN)

530

IS0 13849-1 Cateqgory 4 requires that inputs be independently pulse tested. The Logix Designer
application is used to configure the following I/0 module operands for pulse testing.

Input Configuration

Input Paint Type Paint Mode Test Source
0(IND) Single Safety Pulse Test 0(T0)
1(IN1) Single Safety Pulse Test 1)
2(IN2) Single Safety None

Test Output

Test Output Point Point Mode

0(T0) Pulse Test

1(T1) Pulse Test

2(12) Power Supply

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The purpose of the Enable Pendant (ENPEN) instruction is to emulate the input functionality of a
safety relay in a software programmable environment.

Available Languages

Ladder Diagram

ENPEN

Enable Pendant

Function Block

This instruction is not available in function block.
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Structured Text

This instruction is not available in structured text.

Operands

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.

»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

+  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected

operation on page

IMPORTANT: Make sure that your safety input modules are configured as single, not Equivalent or Complementary.
These instructions provide all dual channel functionality necessary for PLd (Cat. 3) or PLe (Cat. 4) safety functions.

This table explains the instruction inputs.

Parameter Data Type Description Values
ENPEN ENABLE_PENDANT This parameter is a -
backing tag that maintains
important execution
information for each usage
of this instruction.
For examples of incorrect
backing tag usages, see
Backing tag usages that
can cause unexpected
operation on page
Reset Type BOOL The reset type determines | Manual =1
whether the instructionis | or
using Manual or Automatic | Automatic =0
reset for Qutput 1.
Channel A BOOL Channel A Input (Normally | Safe =0,
Open) Active =1
Channel B! BOOL Channel B Input (Normally | Safe =0,
Open) Active =1
Circuit Reset BOOL Circuit Reset Input Initial = 0
Reset =1

Manual Reset - Sets Output
1after Channel A and
Channel B transition from
the Safe state to the Active
state, and the Circuit Reset
input transitions from zero
to one.

Rockwell Automation, Inc.
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Parameter Data Type Description Values
Automatic Reset - Visible,
but not used.

Fault Reset BOOL After fault conditions Initial =0
are corrected for the Reset =1

instruction, the fault
outputs for the instruction
are cleared when this input
transitions from off to on.

"I this input is from a Guard 1/0 input module, make sure that the input is configured as single,
not Equivalent or Complementary.

This table explains the instruction outputs.

Parameter

Data Type

Description

Values

Output1

BOOL

Output 1is set to the
Active state when input
conditions are met.

Safe=0
Active =1

Cycle Inputs

BOOL

Cycle Inputs prompts for
action. Before Output 1is
turned on, Channel A and
Channel B inputs must

be cycled through their
Safe States simultaneously
before the circuit can be
reset.

This prompt is cleared
when Channel A and
Channel B transition to the
Safe state.

Initial =0
Prompt =1

Circuit Reset Held On

BOOL

Manual Reset - The Circuit
Reset Held On prompt

is set when both input
channels transition to

the Active states, and

the Circuit Reset input is
already on.

The Circuit Reset Held On
prompt is cleared when
the Circuit Reset input is
turned off.

Automatic Reset - Visible,
but not used.

Initial = 0
Prompt =1

Inputs Inconsistent

BOOL

This fault is set when
Channel A and Channel B

Initial =0
Fault=1
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Parameter Data Type Description Values

inputs are in inconsistent
states (one Safe and one
Active) for a period of
time greater than the
Inconsistent Time Period
(listed below). This fault
is cleared when Channel
A and Channel B inputs
return to consistent states
(both Safe or both Active)
and the Fault Reset input
transitions from off to on.

Inconsistent Time Period:
500 ms

Fault Present BOOL The value is set whenever | Initial = 0
a fault is present in the Fault=1
instruction. Output 1
cannot enter the Active
state when Fault Present

is set. Fault Present is
cleared when all faults are
cleared and the Fault Reset
input transitions from off
toon.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Operation

Normal Operation

This instruction monitors the states of two input channels and turns on Output 1when the
following conditions are met:

»  When using Manual Reset: both inputs are in the Active state and the Circuit Reset input
is transitioned from a zero to a one.

»  When using Automatic Reset: both inputs are in the Active state for 50 ms.

This instruction turns Output 1off when either one or both of the input channels returns to the
Safe state.

Both input channels for the Enable Pendant (ENPEN) instruction are normally open. Zeros on
both channels represent the Safe state, and ones on both channels represent the Active state.
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These normal operation state changes are shown in the following timing diagrams:
Manual Resat Automatic Resat
1 1
Channal & Channal A
0 i
1 1
Channal B Channal B
0 i
; j+—=|-50ms
1
- Ot 1 _l—l—
Circuit Baget . ’_| .
1
Output 1
0
Operation with Inconsistent Inputs
This instruction generates a fault if the input channels are in inconsistent states (one Safe and
one Active) for more than the specified period of time. The inconsistent time period is 500 ms
(t1).
This fault condition is enunciated via the Inputs Inconsistent and the Fault Present outputs.
Output 1cannot enter the Active state while the Fault Present output is active. The fault
indication is cleared when the offending condition is remedied and the Fault Reset input is
transitioned from zero to one.
These state changes are shown in the following timing diagram:
1
Channal A
0
1 —
Channal B
0
| —
Output 1
[
Inputs
Inconsistent
1
Fault Frasant
1
Fault Reset
Operation with Circuit Reset Held On - Manual Reset Only
This instruction also sets the Circuit Reset Held On output prompt if the Circuit Reset input is set
(1) when the input channels transition to the Active state.
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These state changes are shown in the following timing diagram.

1
Channel &

0

1
Channel B

0

1
Circuit Reset

0

1
Output 1

0
Circuit Reset 1
Held On 0

Cycle Inputs Operation

If, while Output Tis active, one of the input channels transitions from the Active state to the Safe
state and back to the Active state before the other input channel transitions to the Safe state,
the Cycle Inputs output prompt is set. Output 1cannot enter the Active state again until both
input channels cycle through their Safe states.

These state changes are shown in the following timing diagram:

1
Channel &

1
Channel B

0

1
Output 1

0

1
Cyela Inputs

False Rung State Behavior

When the instruction is executed on a false rung the behavior is exactly the same as true rung
state except all outputs, including prompts and fault indicators, will be zero. When the rung
state becomes true the outputs will be set as determined by the instruction logic.

Affects Math Status Flags
No

Major / Minor Faults

None specific to this instruction. See Index Through Arrays on page for array-indexing
faults.
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Execution

Condition/State

Action Taken

Prescan

The .01, .Cl, .CRHO, .II, and .FP are cleared to false.

Rung-condition-in is false

The instruction executes as described in the False Rung
State Behavior section.

Rung-condition-in is true

The instruction executes as described in the Normal
Operation section.

Postscan

The instruction executes as described in the False Rung
State Behavior section.

Example

Manual Reset Wiring

The following wiring diagram is one example of how to wire a 2-channel switch having two
normally open contacts to a 17910S Safety 1/0 module to comply with 1SO 13849-1 Category 4.

The inputs showm on this wiring
diagram correspond to the inputs
far the instruction.

El

)

2 -

§3-

[+]
BT E‘

IN1 Nz IN3

m 7 179103 Safety Module

- 24V Powiar Supply
- Enable Pendant Switch

Circuit Reset Switch
Fault Reset Switch

(]3—\——¥ |7/Sf s

I
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Manual Reset Programming Example

The following programming example shows how the Enable Pendant instruction with Manual
Reset can be applied to the wiring diagram shown above.

-

USER PROGRAM

~

EMPEN
Enable Pendant
EMPEM enpenlata 01
Reset Type MAMNUAL Cl
Channel A moduleMamed. Pto0Data CRHO
Dam— 1l
Channel B maduleMamed. Pto1Data FP
14m
Circuit Reset moduleNamed.PtoZlata
0 dm
Fault Rezet  moduleMamed.Pto3Data
() dm

/

IS0 13849-1 Cateqgory 4 requires that inputs be independently pulse tested. The Logix Designer
application is used to configure the following I/0 module parameters for pulse testing.

Input Configuration

Input Paint Type Paint Mode Test Source
0(INO) Single Safety Pulse Test 0(T0)
1(IN1) Single Safety Pulse Test (M)
2(IN2) Single Safety None
3(IN3) Single Safety None
Test Output

Test Output Point Point Mode

0(T0) Pulse Test

1(m) Pulse Test

2(12) Power Supply

3(T3) Not Used

Automatic Reset Wiring and Programming

The following wiring diagram is one example of how to wire a 2-channel switch having normally
open contacts to a 1791DS Safety 1/0 module to comply with IS0 13849-1 Category 4.
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A\

WARNING: Various safety standards (EN 60204, IS0 13849-1) require that when using the Automatic
Circuit Reset feature, other measures must be implemented to make sure that an unexpected (or
unintended) startup does not occur in the system or application.

The inputs shown on this wiring
diagram correspond to the inputs

fior the: instruction.

N2

o]

m
BT E

179105 Safety Modula

por | =

s
®

i

7

!

E1 - 24V Pawer Supply 31
§1- Enable Pandart Switch

52 - Fault Fieset Switch

Automatic Reset Programming Example

The following programming example shows how the Enable Pendant instruction with Automatic
Reset can be applied to the wiring diagram shown above.

USER PROGRAM

-

EMPEN
Enable Pendant
enpenlata
vpe AUTOMATIC
gl A moduleNamed. PtoOData
0 dm
maduleMamed. Pto1Data
14m
notUsedTag
0 dm
=t moduleMamed.PtoZ2Data
() dm

Efi
=1
=1

T
a1

~

01
Cl
CRHO
I

FP

/

IS0 13849-1 Cateqgory 4 requires that inputs be independently pulse tested. The Logix Designer
application is used to configure the following I/0 module parameters for pulse testing.

Input Configuration

Input Paint Type Point Mode Test Source
0(IND) Single Safety Pulse Test 0(T0)
1(IN1) Single Safety Pulse Test 1(T)
2(IN2) Single Safety None
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Test Output

Test Output Point Point Mode
0(T0) Pulse Test
(M) Pulse Test
2(12) Power Supply

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

Use the Light Curtain (LC) instruction to provide a manual and an automatic circuit reset
interface from a programmable controller to a light curtain.

Many Light Curtains pulse test their two outputs; 0SSD1and 0SSD2. If these outputs are wired
directly into Safety controller inputs, the pulse test needs to be filtered. Otherwise, the Safety
controller may mistake the low (0) pulse test for a light curtain blockage.

Most light curtains provide controllers or relays that essentially filter out the pulse test and
provide two dry contacts for 0SSD1and 0SSD2. If you use these devices, then 0SSD1and 0SSD2
can be wired directly to the Safety controller.

If you are NOT using the light curtain controller or relay, then the Safety controller must provide
the pulse test filtering. There are two ways for the Safety controller to filter this signal. The first
is hardware- based digital input filters on the Safety input modules. For more information on
Safety 1/0 modules, refer to the DeviceNet Safety I/0 User Manual, publication 1791DS-UM00T,
Guard I/0 EtherNet/IP Safety Modules User Manual, publication T791ES-UMOO01, and Point Guard 1/0
Safety Modules User Manual, publication 1734-UM013. The second is a software- based filter in
the Light Curtain instruction. For more information on this filter, refer to the section entitled
Input Filter Time below.

Of these two methods, the hardware filter is preferred. If the digital input filters the low (0)
signals for longer than the low (0) pulse test width, then the hardware filter filters out the pulse
test. For example, if the Light Curtain signals pulse low (0) for 100 s during a pulse test, then
the hardware must filter out low (0)signals that are 100 K s or longer. Note that the Safety

DeviceNet I/0 modules have a configurable filter of 0 to 126 ms.

If the hardware filter cannot filter the pulse test, or you choose not to use the hardware filter,
then the filtering must be done in the Safety controller ladder logic. Software based filters look
at the input once every program cycle. Theoretically, every time the Safety controller looks at
0SSD1, it may be low (0) if the pulse test is occurring at that exact time. In other words, you may
have to make your software filter long enough to scan 0SSD1 multiple times before the filter
times out, and 0SSD1is set logically low (0).

Setting the software filter time higher than the Safety controller's Safety task period ensures
that the input must be low (0) for three consecutive scans before the software filter times out.
For example, if the Safety controller’s Safety task period is 5 ms, a software filter time of 10
ms requires three low (0) scans. If the filter time is 15 ms, four low (0) scans are required. The
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downside of using a longer hardware or software filter is that this filter time must be directly
added to the calculation of the light curtain safety reaction time.

Available Languages

Ladder Diagram
LC
Light Curtain
LC 7 01
Reset Type ? Cl
Channel A ? CRHO
77 LCB
Channel B 7 LCM
7 Il
nput Fitter Time ? FP
I I-\.l & LIJ :-\.l rtain ?
' ??
Circuit Rese ?
ILi
Fault Rese ?
7

Function Block

Not available for this instruction.

Structured Text

Not available for this instruction.

Operands

IMPORTANT: Make sure that your safety input modules are configured as single, not Equivalent or Complementary.
These instructions provide all dual channel functionality necessary for PLd (Cat. 3) or Ple (Cat. 4) safety functions.

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:

Backing tag members are written to.

Backing tags are shared by multiple instruction invocations.

Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that

represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected

operation on page

This table explains the instruction inputs.

Parameter Data Type

Description

Values

LC

LIGHT_CURTAIN

This parameter is a
backing tag. As such,
it maintains important
execution information
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Parameter Data Type Description Values

for each usage of this
instruction.

Reset Type BOOL The reset type determines | Manual =1or Automatic =0
whether the instruction is
using Manual or Automatic

reset for Output 1.
Channel AT BOOL Channel A Input Safe =0, Active =1
Channel B! BOOL Channel B Input Safe =0, Active =1
Input Filter Time DINT This parameters selects Initial =0 ms

the time, from 0...250 ms,
used for filtering of the
output pulse testing by the

Maximum = 250 ms

light curtain.

Mute Light Curtain BOOL Permits muting of the Initial =0
light curtain when itis not | .o Light Curtain =1
being used.

Circuit Reset BOOL Circuit Reset Input Initial = 0, Reset =1

Manual Reset - Sets Output
1after Channel A and
Channel B transition from
the Safe state to the Active
state, and the Circuit Reset
input transitions from zero
to one.

Automatic Reset - Visible,
but not used.

Fault Reset BOOL After fault conditions Initial = 0, Reset =1
are corrected for the
instruction, the fault
outputs for the instruction
are cleared when this input
transitions from off to on.

UIf this input is from a Guard 1/0 input module, make sure that the input is configured as single,
not Equivalent or Complementary.

This table explains the instruction outputs.

Parameter Data Type Description Values

Output 1 BOOL Output 1is set to the Safe =0, Active =1
Active state when input
conditions are met.
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Parameter

Data Type

Description

Values

Cycle Inputs

BOOL

Cycle Inputs prompts for
action. Before Output 1is
turned on, Channel A and
Channel B inputs must be
cycled through their Safe
States at the same time
before the circuit can be
reset.

This prompt is cleared
when Channel A and
Channel B transition to the
Safe state.

Initial = 0, Prompt =1

Circuit Reset Held On

BOOL

Manual Reset - The Circuit
Reset Held On prompt

is set when both input
channels transition to
the Active states, and
the Circuit Reset input is
already on.

The Circuit Reset Held On
prompt is cleared when
the Circuit Reset input is
turned off.

Automatic Reset - Visible,
but not used.

Initial = 0, Prompt =1

Light Curtain Blocked

BOOL

This value indicates that
the light curtain is blocked
or has lost power.

Initial = 0, Blocked =1

Light Curtain Muted

BOOL

This value indicates that
the light curtain is muted
(that is, not being used).

Initial = 0, Muted =1

Inputs Inconsistent

BOOL

This fault is set when
Channel A and Channel B
inputs are in inconsistent
states (one Safe and one
Active) for a period of
time greater than the
Inconsistent Time Period
(listed below). This fault
is cleared when Channel
A and Channel B inputs
return to consistent states
(both Safe or both Active)
and the Fault Reset input
transitions from off to on.

Initial = 0, Fault =1
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Parameter Data Type Description Values

Inconsistent Time Period:
500 ms

Fault Present BOOL This value is set whenever | Initial =0, Fault =1
a fault is present in the
instruction. Output 1
cannot enter the Active
state when Fault Present
is set. Fault Present is
cleared when all faults are
cleared and the Fault Reset
input transitions from off
toon.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Operation

Normal Operation

This instruction monitors the states of two input channels and turns on Output 1when the
following conditions are met.

»  When using Manual Reset: both inputs are in the Active state and the Circuit Reset input
is transitioned from a zero to a one.

- When using Automatic Reset: both inputs are in the Active state for 50 ms.

This instruction turns Output 1 off when either one or both of the input channels returns to the
Safe state.

These normal operation state changes are shown in the following timing diagrams.

Manual Reset Automatic Reset

1
Channel & Channel &
] 1]
1
Channel B Channel B
] ]
1 1
Circuit Fesat Output 1
] 1]
4,—|— Light Curtain ! _I—,i
Qutput 1
utpy 0 Blockad 0
: i
Light Curtain
Blockad ]

Muting Operation

The one exception to the above Output 1 control is Light Curtain Muting that, when enabled,
permits the inputs to leave the Active state and output 1to remain on. The Light Curtain Muted
output represents the value of the Mute Light Curtain input and indicates that the light curtain is
not being used.
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This instruction also has a Light Curtain Blocked output that indicates when the input channels
are NOT in the Active state (ones).

These state changes are shown in the following timing diagrams.

Channel A

(Input) 0 -
1

Channel B

(Input) 0 L

Circuit Reset
(Input) 0 o

Qutput 1

Mute Light
Curtain {Input) 0

Light Curtain
Blocked (LCB}

If the Mute Light Curtain input is not set properly, or the light curtain is blocked after the muting
period is finished, the behavior of this instruction reverts back to the behavior defined earlier
when no muting is present.

Channel A

(Input) 0 L
1

Channel B

(Input) 0 i
1

Circurt Reset |_|

(Inpu) 0 SR
1

Output 1 |—|

Mute Light

Curtain {Input) 0

Light Curtain
Blocked (LCB}

Operation with Inconsistent Inputs

This instruction generates a fault if the input channels are in inconsistent states (that is, one
Safe and one Active) for more than 500 ms.

Sl Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.



Chapter5  RSLogix 5000 Software, Versions 14 and later, Safety Application Instructions

This fault condition is enunciated via the Inputs Inconsistent and the Fault Present outputs.
Output 1cannot enter the Active state while the Fault Present output is active. The fault
indication is cleared when the offending condition is remedied and the Fault Reset input is
transitioned from zero to one.

These state changes are shown in the following timing diagram.
Chamd & 1
, REEE
== PR
]

Light artain Blocled
P
]

1= Inputs Incors ket Time Periad

Operation with Circuit Reset Held On - Manual Reset Only

This instruction also sets the Circuit Reset Held On output prompt if the Circuit Reset input is set
(1) when the input channels transition to the Active state.

These state changes are shown in the following timing diagram.

1
Channel &

0

|
Channel B

0

1
Circuit Resat

0

1
Output 1

0

_ 1

Circuit Resat
Hald On 0

Cycle Inputs Operation

If, while Output 1is active, one of the input channels transitions from the Active state to the Safe
state and back to the Active state before the other input channel transitions to the Safe state,
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the instruction sets the Cycle Inputs outputs prompt. Output 1 cannot enter the Active state

again until both input channels cycle through their Safe states.

These state changes are shown in the following timing diagram.

1
Channel &

0

1
Channel B

0

1
Output 1

0

1
Cyele Inputs
Input Filter Time

When an input filter time is specified, then, for that length of time, an input channel is allowed
to go to the Safe state while the other channel is in the Active state without Output 1going to its
Safe state. However, Output 1 goes to the Safe state when both input channels are in the Safe
state at the same time.

Channel &

-hannel B

dyiput 1

False Rung State Behavior

1

]

&

]

i

1]

t1 < input filter time

When the instruction is executed on a false rung, the behavior is the same as the true rung

state, except all outputs, including prompts and fault indicators, are zero.

When the rung state becomes true, the outputs will be set as determined by the instruction

logic.

Affects Math Status Flags

No
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Major/Minor Faults

None specific to this instruction. See Index Through Arrays on page for array-indexing

faults.

Execution

Condition/State

Action Taken

Prescan

The .01, .Cl, .CRHO, .LCB, .LCM, .Il, and .FP are cleared to
false.

Rung-condition-in is false

The instruction executes as described in the False Rung
State Behavior section.

Rung-condition-in is true

The instruction executes as described in the Normal
Operation section.

Postscan

The instruction executes as described in the False Rung
State Behavior section.

Example

Manual Reset Wiring

The following wiring diagram is one example of how to wire a light curtain’s two normally open
outputs and two inputs required for muting to a 17910S Safety I/0 module to comply with ISO

13849-1 Category 4.

The inputz shawn on this wiring

diagram correspond to the inputs
for the instruction,

033

08302

&

LB

S a

m T2

E1 - 24V Power Supply

LCA - Light Curtain Output A

LCB - Light Curtain Qutput B

DA - Dual Input Muting Device Channel &
DB - Dual Input Muting Device Channal B
51 - Circuit Reset Switch

52 - Fautt Reset Switch

DA
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Manual Reset Programming

The following programming example shows how the Light Curtain instruction with Manual Reset
can be applied to the wiring diagram shown above.

USER PROGRAM

RN
Redundant Input
RN rinCkata o1 ]
______ . Reset Type MANUAL cl ‘
| IN2 —- [~ ————- » Channel A moduleMamed. Pto2Data CRHO}
— Dl |
! IN3 ---F--F-mmm p» Channel B moduleNamed.Pto30Data FP .'I
T _ i
' IN4 e » Circuit Heset moduleMamed.Pto4lata !
l—.: | 04 ;
I INS e i » Fault Re=et  moduleMamed.PtoSData i
lem— 04 ‘
R
1
: LC
i Light Curtain
! LC IcData o1
e , : Reset Type MANUAL Cl
! INQ -t }'“" Channel & moduleNamed. Pto0Data CRHO
;—i ' D4 LCB
! INl -7 -———--- T"' Channel B moduleMamed. Pto1Data LCK
L i D4l
E Input Filter Time 20 LCFP
—-—Mm Kute Light Curtain rinCata.C1
0 4=
Circuit Rezet moduleNamed.PtodData
04
Fault Reset  moduleMamed.PtoSData
04

IS0 13849-1 Category 4 requires that inputs be independently pulse tested. The Logix Designer
programming application is used to configure the following I/0 module parameters for pulse

testing.

Input Configuration

Input Paint Type Point Mode Test Source
0(INO) Single Safety None
1(IN1) Single Safety None
2(IN2) Single Safety Pulse Test 0(10)
3(IN3) Single Safety Pulse Test 1(T1)
4(IN4) Single Safety None
5(IN5) Single Safety None

548 Publication 1756-RM0950-EN-P - September 2025 Rockwell Automation, Inc.



Chapter5  RSLogix 5000 Software, Versions 14 and later, Safety Application Instructions

Test Output

Test Output Point Point Mode
0(10) Pulse Test
1(T1) Pulse Test
2(12) Power Supply
3(T3) Not Used

Automatic Reset Wiring

The following wiring diagram is one example of how to wire a light curtain’s two normally open
outputs and two inputs required for muting to a 1791DS Safety 1/0 module to comply with IS0
13849-1 Category 4.

Circuit Reset feature, other measures must be implemented to make sure that an unexpected (or

ir WARNING: Various safety standards (EN 60204, IS0 13849-1) require that when using the Automatic
unintended) startup will not occur in the system or application.

The inputs shawn on this wiring
diagram correspond to the inputs
for the instruction.

E1 ]

L INO IN1 INZ [ [INZ| |IN4 [ [ING
] T

7 3 '

{ Tual Input

Muting Dewice
E1 - 24V Power Supply

LGA - Light Curtain Output A

LCE - Light Curtain Output B 1A MOE

MDA - Dual Input Muting Devica Channal &

MDE - Dud Input Muting Desice Charnel B
1 - Fault Resat Switch

52 - Redundant Input Cireuit Raset Switch

Rockwell Automation, Inc. Publication 1756-RM0950-EN-P - September 2025 549



Chapter 5

RSLogix 5000 Software, Versions 14 and later, Safety Application Instructions

550

Automatic Reset Programming

The following programming example shows how the Light Curtain instruction with Automatic
Reset can be applied to the wiring diagram shown above.

RIM
Redundant Input
RN rinCrata o1 -
______ , Reset Type MANUAL < Cl— |
IR I e e B » Channel A  moduleNamed Pto2Data — CRHO
R Ddm Il l
| N2 --d---F-—— p ChannelB  moduleMamed.Pto3Data FP |
:'—i - 0 |
' IN5 R e p Circuit Reset moduleMamed.PtoSData :
— | [ 4u :
' IN4 s et e » Fault Reset  moduleMamed.Ptod4Data !
bem oo 0= i
|
:————--——--------—————————----------————I.
1
; LC
' Light Curtain
: LC lc[rata o1
s B ! Rezet Type AUTORMATIC Cl
' IND e B it :---I* Channel &  moduleMamed. Pto0Data CRHO
:—I ! O+ LCH
! INL --F--r--=mm———- :———I- Channel B moduleMamed.Pto1Data LCM
[ ' 04—l
i Input Fitter Time 20 FP
—-=-—W HKute Light Curtain rinCrata. O
[ 4=
Circuit Reset notUszedTag
[ 4u

Fault Re=et moduleNamed.Plo4Data

USER PROGRAM

04

IS0 13849-1 Cateqgory 4 requires that inputs be independently pulse tested. The Logix Designer
programming application is used to configure the following I/0 module parameters for pulse

testing.

Input Configuration

Input Point Type Point Mode Test Source
0(INO) Single Safety None

1(IN1) Single Safety None
2(IN2) Single Safety Pulse Test 0(10)
3(IN3) Single Safety Pulse Test 1(T1)

4(IN4) Single Safety None
5(IN5) Single Safety None

Publication 1756-RM0950-EN-P - September 2025

Rockwell Automation, Inc.



Chapter5  RSLogix 5000 Software, Versions 14 and later, Safety Application Instructions

Test Output
Test Output Point Point Mode
0(10) Pulse Test
1(T1) Pulse Test
2(12) Power Supply
3(13) Not Used
Example
LC
Light Curtain
LC LightCurtain 01
Resat Type MANUAL Cl
C el A channela CRHO
4 LCB
Channel B channelB LCK
04—l
nput Fitter Time 250 FP
Mute Light Curtain muteCurtain
[ 4u
Circuit Reset Safety CR
(4=
Fault Rezet Safety_FR
[ 4u

Five Position Mode Selector (FPMS)

Rockwell Automation, Inc.

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

The basic purpose of the Five Position Mode Selector (FPMS) instruction is to provide an
interface from a programmable controller to a three-to-five position selector switch.

Publication 1756-RM0950-EN-P - September 2025

551



Chapter 5

RSLogix 5000 Software, Versions 14 and later, Safety Application Instructions

Available Languages

Ladder Diagram

FPHS
Five Position Mode Selector

Function Block

(1}

]
i
o

[ 01
7 0z
EE 03
4 04
(G 03
7 MK
EE KMKS
4 FP
(G
7
EE
4
()

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:

»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.

»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that

represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected

operation on page

This table explains the instruction inputs.

Parameter

Data Type

Description

Safe, Active, and Initial
Values

FPMS

FIVE_POS_MODE_SELECTOR

This parameter is a
backing tag. As such,

it maintains important
execution information

for each usage of this
instruction. Do not attempt
to reuse this backing

tag or write to any of its
members anywhere else in
your program.

552
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L. Safe, Active, and Initial
Parameter Data Type Description
Values
Input 1 BOOL Mode 1 Selected Input Safe=0
Active =1
Input 2 BOOL Mode 2 Selected Input Safe=0
Active =1
Input 3 BOOL Mode 3 Selected Input Safe=0
Active =1
Input 4 BOOL Mode 4 Selected Input Safe=0
Active =1
Input 5 BOOL Mode 5 Selected Input Safe=0
Active =1
Fault Reset BOOL After fault conditions Initial = 0
are corrected for the Reset =1
instruction, the Fault
Present output for the
instruction is cleared when
this input transitions from
OFF to ON.
This table explains the instruction outputs.
L. Safe, Active, and Initial
Parameter Data Type Description
Values
Output 1 BOOL Output associated with Safe=0
Input 1 Active =1
Output 2 BOOL Output associated with Safe=0
Input 2 Active =1
Output 3 BOOL Output associated with Safe=0,
Input 3 Active =1
Output 4 BOOL Output assaciated with Safe=0
Input 4 Active =1
Output 5 BOOL Output associated with Safe=0
Input 5 Active =1
No Mode BOOL No Mode Selected Fault Initial = 0
Fault=1
Multiple Modes Selected BOOL More than One Mode Initial = 0
Selected Fault Fault=1
Fault Present BOOL This value is set whenever | Initial =0
a fault is present in the Fault =1
instruction. An output
cannot enter the Active
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Safe, Active, and Initial

Parameter Data Type Description
» d Values

state when Fault Present
is set. Fault Present is
cleared when all faults are
cleared and the Fault Reset
input transitions from OFF
to ON.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Operation

Normal Operation

The Five-Position Mode Selector Instruction has five outputs that are associated with five
inputs. Its main job is to enable one of the five outputs when its associated input goes active.

It has a fault for more than one input active, and another for no inputs active. These faults
occur when the associated inputs conditions exist for more than 250 ms. During this 250 ms,
if one of the fault conditions is detected, the outputs temporarily remain in their last state. If
the fault condition is still present after the 250 ms, the Fault Present bit is set to one and the
instruction's outputs are set to zero.

Faults may be cleared by the rising edge of the Fault Reset signal, but only after the input fault
condition has been cleared.

False Rung State Behavior

When the instruction is executed on a false rung the behavior is exactly the same as true rung
state except all outputs, including prompts and fault indicators, will be zero. When the rung
state becomes true the outputs will be set as determined by the instruction logic.

Affects Math Status Flags
No

Major / Minor Faults

None specific to this instruction. See Index Through Arrays on page for array-indexing
faults.

Execution

Condition/State Action Taken

Prescan The .01,.02, .03, .04, .05, .NM, .NMS and .FP are cleared to
false.

Rung-condition-in is false The instruction executes as described in the False Rung
State Behavior section.
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Condition/State

Action Taken

Rung-condition-in is true

The instruction executes as described in the Normal
Operation section.

Postscan

The instruction executes as described in the False Rung
State Behavior section.

Example

Wiring Example

The following wiring diagram is one example of how to wire a five-position selector switch to a
T791DS safety 1/0 module to comply with IS0 13849-1 Category 4.

The Inputs that ar shownon this wiing
diagram comespond o the Inputsfarthe
nsinichion.

W L] H1 W2 M L1} L
B
& n 17106 Sty Module m
I.ffl L 3 - - \I }--- ]
1 H | L] 5
\ J

E1- 24 Pawer Supply
£1- Five-position Selector Switch
52- Fauk Reset Swikch

Publication 1756-RM0950-EN-P - September 2025

555



Chapter 5

RSLogix 5000 Software, Versions 14 and later, Safety Application Instructions

556

Programming Example

The following programming example shows how the Five Position Mode Selector (FPMS)
instruction can be applied to the wiring diagram shown in the following diagram.

-

FPMS
Five
B » Input 1
I—|
N e e b Input2
i | - )
: INZ :" ——————————————— - ut 3
' i
L e p Input 4
I h i
' INg :_ ________________ P Input 5
I—|
i INS i_ ________________ B Fault Re

7]
i

USER PROGRAM

peition Mode Selector

fpmzData
moduleMamed. Pto0Data

(4=

moduleMamed. Pto1Data

(4=

moduleMamed. PtoZ0ata

(4=

moduleMamed. Pto30ata

(4=

moduleMamed. Pto4Data

(4=
t moduleMamed.PtoSData
(4=

~

01
02
03
04
05
NI
MMS
FP

b4

Logix Designer programming software is used to configure the following I/0 module parameters.

Input Configuration

Point Type Point Mode
0(INO) Single Safety
1(IN1) Single Safety
2(IN2) Single Safety
3(IN3) Single Safety
4 (IN4) Single Safety
5(IN5) Single Safety
Output

Point Point Made

0 Power Supply

1 Power Supply

2 Not Used

3 Not Used
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Redundant Output (ROUT)

Rockwell Automation, Inc.

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

Use the Redundant Output with Continuous Feedback Monitoring (ROUT) instruction to emulate
the output functionality of a safety relay in a software programmable environment.

The Redundant OQutput with Continuous Feedback Monitoring Instruction can be used in two
ways:

* Redundant OQutput with Negative Feedback (RONF)
 Redundant Output with Positive Feedback (ROPF)

Available Languages

Ladder Diagram
ROUT
Redundant Output
RO 7 o1
Feedback Type 7 0z
Enable ? O1FF
T QZFF
Feedback 1 7 FP
T
eedback 2 ?
T
Fault Rese 7
T

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.

Operands

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

«  Backing tags are shared by multiple instruction invocations.
»  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

This table explains the instruction inputs.
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Operand Data Type Description Values
ROUT REDUNDANT_OUTPUT This parameter is a -
backing tag that maintains
important execution
information for each usage
of this instruction.
For examples of incorrect
backing tag usages, see
Backing tag usages that
can cause unexpected
operation on page
Feedback Type BOOL The feedback type Negative = 0 (RONF)
determines whether or
the instruction is using -
negative or positive Positive =1(ROPF)
feedback
Enable BOOL Input to Enable the Safe=0
Redundant Qutputs Active =1
Feedback 1 BOOL Feedback from a device RONF:
either directly or indirectly 0ff =1
controlled by Output 1. On=0
ROPF:
0ff=0
On=1
Feedback 2 BOOL Feedback from a device RONF:
either directly or indirectly 0ff =1
controlled by Output 2. On=0
ROPF:
0ff=0
On=1
Fault Reset BOOL After fault conditions Initial =0
are corrected for the Reset =1

instruction, the Fault
Present output for the
instruction is cleared when
this input transitions from
off to on.

This table explains the instruction outputs.

Operand

Data Type

Description

Safe, Active, and Initial
Values

Output1

BOOL

Output 1 of the redundant
outputs

Safe=0

558 Publication 1756-RM0950-EN-P - September 2025

Rockwell Automation, Inc.


unique_41
unique_41

Chapter5  RSLogix 5000 Software, Versions 14 and later, Safety Application Instructions

Rockwell Automation, Inc.

Safe, Active, and Initial

Operand Data Type Description
P » P Values
Active =1

Output 2 BOOL Output 2 of the redundant | Safe=0
outputs Active =1

Output 1 Feedback Failure | BOOL Output 1Feedback isnot | Initial =0
indicating the correct Fault =1
state of Qutput 1within
250 ms.

Output 2 Feedback Failure | BOOL Output 2 Feedback is not | Initial =0
indicating the correct Fault =1
state of Qutput 2 within
250 ms.

Fault Present BOOL This is set whenever a Initial = 0
fault is present in the Fault=1

instruction. Outputs
cannot enter the Active
state when Fault Present
is set. Fault Present is
cleared when all faults are
cleared and the Fault Reset
input transitions from off
toon.

IMPORTANT: Do not write to any instruction output tag under any circumstance.

Operation

Normal Operation

This instruction monitors a single logical input and activates two field outputs when the logical

input goes Active.

1

Enable

(utput 1

Output 2

It also monitors a feedback channel for each field output and generates a fault if both channels
do not, within a time limit, indicate the desired state of the associated outputs.

Instruction operation is illustrated in the following timing diagrams:
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Negative Feedback

Enable

Output 1

Feedback 1

Output 1
Feedback
Failure

Fault Resat

Enable

Output 1

Feedback 1

Output 1
Feedback
Failure

Fault Resat

1

1

H
EEEEEEEEREEREEEE

Positive Feedback

Enabla
0
Output1 1
0
1
Feedback 1
0
Output1 !
Feedback
Failure
1
Fault Reset
0
1
Enable
0
Output1 1
0
1
Feedback 1
0
Output1 1
Feedback
Failure 0
1
Fault Reset
0
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Output 2

Feedback 2

Outtput 2
Feedback
Failura

Fault Fesst

Enable

Output 2

Feedback 2

Outtput 2
Feedback
Failura

Fault Fesst

Enable

Output 2

Feedback 2

Output 2
Feedback
Failure

Fault Reset

Enable

Output 2

Feedback 2

Qutput 2
Feedback
Failure

Fault Reset
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False Rung State Behavior

When the instruction is executed on a false rung the behavior is exactly the same as true rung
state except all outputs, including prompts and fault indicators, will be zero. When the rung
state becomes true the outputs will be set as determined by the instruction logic.

Affects Math Status Flags

No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays on page for array-indexing

faults.

Execution

Condition/State Action Taken

Prescan The .01, .02, .01FF, .02FF and .FP are cleared to false.

Rung condition-in is false The instruction executes as described in the False Rung
State Behavior section.

Rung condition-in is true The instruction executes as described in the Normal
Operation section.

Postscan The instruction executes as described in the False Rung
State Behavior section.

Example

ROUT

Redundant Output

RO RedundantOutput 01
Feedback Type POSITWVE 0z
Enable routEnable O1FF
O OZFF
Feedback 1 moduleNamed.PtoOData FP
(4=
Feedback 2 moduleMamed.Pto1Data
4=
Fault Rezet faultRezet
(4=
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Negative Feedback Wiring

The following wiring diagram illustrates how to wire two contactors, and normally open auxiliary
contacts to a 1791DS Safety 1/0 module to comply with 1S0 13849-1 Category 4.
The inputs shown on this

wiring diagram correspond
to the inputs for the

instruction,
| | [NK
0 [iE]
v IND | N1 [ | o1
2 3 &l ™ n T " s
0 1
Kla S\* Kz xﬁ I'?’ 51 + %)

E1 - 24V Power Supply (\y
PS - Power Scurce [application specific) P3
K1 - Power Cortact 1

KZ - Power Contact 2
K1a - Auxiliary Contact 1
KZa - Buxiliary Contact 2
51 -Fault Raset Switch

Negative Feedback Programming

The following programming example shows how the Redundant Output instruction with negative
feedback can be applied to the wiring diagram shown above.

USER PROGRAM

ROUT
Redundant Output
ROUT routDataType o1
Input from anather Feedback Type  NEGATVE |02
Safety Instruction Output-{--------------- ™ Enable Rout_02.01 O1FF
r----- 1 04— O2FF
' IND i" ““““““““ ®™ Feedback 1 Modulel:LPt00Data FP
|'—‘, 14m
1 INL [ ™ Feedback 2 Module:1.Pt01Data
,‘—: 0=
L » Fauli Reset Module1:lPt02Data
fmmmmmm (4=
routDataType. 01 Module1:0.PtO0Data
routDataType.02 Module1:0.Pt01Data

IS0 13849-1 Category 4 requires that inputs be independently pulse tested. The Logix Designer
programming application is used to configure the following I/0 module parameters for pulse

testing.
Input Configuration
Input Paint Type Point Mode Test Source
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0(IND) Single Safety Pulse Test 0(T70)
1(IN1) Single Safety Pulse Test 1(T)
2(IN2) Single Safety None
Test Output

Test Output Point Point Mode

0(T0) Pulse Test

(M) Pulse Test

2(12) Power Supply

3(T3) Not Used

Output Configuration

Point Type Point Mode
0(0ouTo) Single Safety

1(0um) Single Safety

Positive Feedback Wiring

The following wiring diagram illustrates how to wire two contactors and normally open auxiliary
contacts to a 1791DS Safety I/0 module to comply with 1SO 13849-1 Category 4.

The inputs shown on this
wiring diagram correspond
to the inputs for the
instruction.

1 179105

E1 - 24V Power Supply

PS5 - Power Source (application specificl
K1 - Power Contact 1

KZ - Powser Contact 2

K1a - Auxiliary Contast 1

1Za - Auxiliary Contact 2

51- Fault Reset Switch
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Positive Feedback Programming

The following programming example shows how the Redundant Qutput instruction with positive
feedback can be applied to the previous wiring diagram.

USER PROGRAM

ROUT
Redundant Output
ouT routCiata o1
Input from another k Type POSTIVE 0z
Safety Instruction Output - ak routData.01 O1FF
Fe---- ' D= OZFF
CNo T P Feedback 1 moduleNamed.Pto0Data FP
! |
— T
LN B e e » Feedback? moduleNamed.Pto1Data
b D
LINZ2 Y » Fault Reset moduleNamed.Pto2Data
mmm Ot
routData. 01 moduleNamed. PtodData
routDrata. 02 moduleNamed.Pto1Data

IS0 13849-1 Category 4 requires that inputs be independently pulse tested. The Logix Designer
programming application is used to configure the following I/0 module parameters for pulse

testing.

Input Configuration

Input Point Type Point Mode Test Source
0(IND) Single Safety Pulse Test 0(T0)
1(IN1) Single Safety Pulse Test 1(T1)
2(IN2) Single Safety None
Test Output

Test Output Point Point Mode

0(T0) Pulse Test

1(m) Pulse Test

2(12) Power Supply

3(T3) Not Used
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Output Configuration

Output Configuration

Point Type Point Mode
0(ouTo) Single Safety
1(0um) Single Safety

Two Hand Run Station (THRS)

This instruction applies to the Compact GuardLogix 5370, GuardLogix 5570, Compact GuardLogix
5380, GuardLogix 5580, and ControlLogix 5590 controllers.

Use the Two Hand Run Station (THRS) instruction to provide a method to incorporate two
diverse input buttons used as a single operation start button into a software programmable
environment.

A run station can also be inserted or removed from controlling the process by using an Active
Pin input in this instruction. The Two Hand Run Station with Active Pin Instruction takes the four
inputs (two from each button) and turns them into one signal for the rest of the application.

Available Languages

Ladder Diagram
THRS
Two Hand Run Station
THRS 7 BP
Active Pin Type ? SA
Active Pin ? BT
7 CB
Right Button Mormally Open ? SAF
i RBF
Right Button Mormally Closed ? LBF
7 FP
Left Button Morma en 7
i
Left Button Mormalty Closed ?
7
Fault Rese ?
i

Function Block

This instruction is not available in function block.

Structured Text

This instruction is not available in structured text.
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Operands

IMPORTANT: Unexpected operation, including controller assert or a Major Non-Recoverable Fault, can occur if:
»  Backing tag members are written to.

»  Backing tags are shared by multiple instruction invocations.
«  Backing tag members are passed as parameters to an instruction controlled by the same backing tag.

»  The backing tag .Enableln member is referenced anywhere in the program. .Enableln is a parameter that
represents rung state into an instruction and is only intended for internal use.

For examples of these incorrect backing tag usages, seeBacking tag usages that can cause unexpected
operation on page

IMPORTANT: Make sure that your safety input modules are configured as single, not Equivalent or Complementary.
These instructions provide all dual channel functionality necessary for PLd (Cat. 3) or PLe (Cat. 4) safety functions.

The following table explains instruction inputs.

Operand Data Type Description Values

THRS TWO_HAND_RUN_STATION | This parameter is a -
backing tag that maintains
important execution
information for each usage
of this instruction.

For examples of incorrect
backing tag usages, see
Backing tag usages that
can cause unexpected
operation on page

Active Pin Type BOOL The Active Pin type Enabled =1
determines whether or or
not the input and outputs )
specific to the Active Pin | Disabled =0
are processed.
ENABLED or DISABLED

Active Pin BOOL Active Pin for run station | Initial =0

Active Pin Enabled - When | Set=1
set, the Buttons Pressed
output can enter the Active
state. When clear, the
Buttons Pressed output
remains off.

Active Pin Disabled -
Visible, but not used.

Right Button Normally Open | BOOL Right Button N.0. Contact | Safe=0

Input Active =1
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Operand Data Type Description Values
Right Button Normally BOOL Right Button N.C. Contact | Safe =1
Closed Input Active = 0
Left Button Normally Open | BOOL Left Button N.0. Contact Safe=0
Input Active =1
Left Button Normally BOOL Left Button N.C. Contact Safe =1
Closed Input Active = 0
Fault Reset BOOL Fault Reset Input Initial = 0

Active Pin Enabled - When | Reset =1
transitioned from off to
on, and the fault cause has
been cleared, the Right
Button Fault, Left Button
Fault and Station Active
Fault outputs are cleared.

Active Pin Disabled - When
transitioned from off to
on, and the fault cause
has been cleared, the
Right Button Fault and Left
Button Fault outputs are
cleared.

The following table provides the outputs to the instruction. In many applications, the output
tags may represent the state of actual field devices. They may also be internal tags used to
represent machine state information for use with other instructions.

Operand Data Type Description Values

Buttons Pressed BOOL Output is enabled when Safe=0
the run station buttons are | ) .. —4
pressed and no faults are
present.

Station Active BOOL Output is enabled when the | Initial =0
run station is active. Active =1

Active Pin Enabled - Set
indicates that the station
is active. Cleared indicates
that the station is inactive.

Active Pin Disabled -
Visible, but not used,
always zero.
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Button Tiedown

BOOL

Indicates that both buttons
were not pressed within
500 ms of each other.

Cleared when both buttons
are released.

Initial =0

Active =1

Cycle Buttons

BOOL

Set when the Button
Tiedown indicator is set.
Cleared when the Button
Tiedown indicator is
cleared.

Initial =0

Active =1

Station Active Fault

BOOL

Active Pin Enabled - Fault
is set when the station is
inactive.

Active Pin Disabled -
Visible, but not used,
always zero.

Initial =0

Active =1

Right Button Fault

BOOL

There is a right button
fault.

Set when the Right Button
Normally Closed and the
Right Button Normally
Open inputs are not both
energized or not both
de-energized within 250
ms.

[nitial =0

Active =1

Left Button Fault

BOOL

There is a left button fault.

Set when the Left Button
Normally Closed and the
Left Button Normally
Open inputs are not both
energized or not bath
de-energized within 250
ms.

Initial =0

Active =1

Fault Present

BOOL

One or more of the faults
are present.

Active Pin Enabled - Set
when the Station Active
Fault, Right Button Fault or
Left Button Fault outputs
are set. Cleared when

the Station Active Fault,
Right Button Fault and Left
Button Fault outputs are
cleared.

Active Pin Disabled - Set
when the Station Right

Initial =0

Active =1
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Button Fault or Left Button
Fault outputs are set.
Cleared when the Right
Button Fault and Left
Button Fault outputs are
cleared.

IMPORTANT: Do not write to any instruction output tag under any circumstances.

Example
THRS
Two Hand Run Station
THRS TwoHandRunStation
Active Pin Type DISABLED
Active Pin 0
Right Button Norma en rbno
[ 4=
Right Button Normally Closed rbnc
(4=
Left Button Morma el leno
[ 4=
Left Button Mormalty Clozed lenc
(o=
Fault Rese faultReset
[ 4=
Operation
Normal Operation

BP
SA
BT
CB
SAF
RBF
LBF
FP

This instruction takes the four inputs (two from each button) and turns them into one signal for

the rest of the application.

These normal operation state changes are shown in the following timing diagram:

Right Buttion
Mormally Opan

Right Button
MNormally Clozad

L=

Lift Button
Momally Opan g

Laft Button
Mormally Closad

Buttons Pressed
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See the De-energize to Trip section in the Safety Instructions topic for information about how to
condition the input data associated with the normally closed channel.

Button Tie-Down Operation

The Two-Hand Run Station instruction also monitors the four inputs to make sure none of them

fail or are intentionally defeated. If the buttons are not pressed within 500 ms (t1) of each other,
this instruction generates a Button Tie-Down condition and prevents the Buttons Pressed output
from entering the Active state.

These state changes are shown in the following timing diagram:

Right Button J
Mormalky Opzn i

Right Button
Mormalby Closed

|41

Laft Button
Mormally Cpzn i

Laft Button
Mormalby Closad i

Button Tie-Down

Buttons Pressad

Cycle Buttons Operation

If, while Buttons Pressed is active, one of the buttons transitions from the Active state to the
Safe state and back to the Active state before the other button transitions to the Safe state, this
instruction sets the Cycle Buttons output prompt, and prevents the Buttons Pressed output from
entering the Active state again until both buttons cycle through their Safe states.
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These state changes are shown in the following timing diagram.

Fight Butten 1
Marmally Open

0 —_——

1

Fight Button
MNormally Closed 0

Left Button
Normally Opan 0

Left Button 1
Normally Closad

Cycle Buttons

i

Buttons Pressed

Button Fault Operation

This instruction also monitors the individual inputs from each button. If the two contacts for

one of the buttons are in opposite safe states for more than 250 ms (t1), the appropriate fault is

set (Left Button Fault or Right Button Fault). The Fault Present output is also set.
The Buttons Pressed output is set to the Safe state whenever one of these faults exists.

These state changes are shown in the following timing diagrams:

Left Button Fault

1 1
Left Button
MNormally Open 0 0 —

Left Button ! 1
Mormally Clsed 0 0
|1 th

Lesft Button 1 1
Fault o a
1 1
Fault Reset
i 1]
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Right Button Fault
Right Button :
Mormally Open 0
Right Button : I
Normally Clased 0
EX bl
RightButton | -
Fault 0 0
1 1
Fault Rasst
0 0

False Rung State Behavior

When the instruction is executed on a false rung the behavior is exactly the same as true rung
state except all outputs, including prompts and fault indicators, will be zero. When the rung
state becomes true the outputs will be set as determined by the instruction logic.

Affects Math Status Flags
No

Major / Minor Faults

None specific to this instruction. See Index Through Arrays on page for array-indexing
faults.

Execution

Condition/State Action Taken

Prescan The .BP, .SA, .BT, .CB, .SAF, .RBF, .LBF and .FP are cleared
to false.

Rung-condition-in is false The instruction executes as described in the False Rung
State Behavior section.

Rung-condition-in is true The instruction executes as described in the Normal
Operation section.

Postscan Same as Rung condition-in is false.

Example

Relationship of 1/0 Wiring to Instruction Parameters

Two Hand Run Station with Active Pin Disabled Wiring and
Programming

IMPORTANT: The Two-Hand Run Station is wired properly when the four run button inputs are in the safe state
when the run buttons are released.
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The following wiring diagram is one example of how to wire right and left buttons to a 1791DS
Safety 1/0 module to comply with IS0 13849-1 Category 4. Each button has 2 diverse input

channels.

The inputz shown on this
wiring diagram correspond

1o the inputs for the

instruction.

E1 - 24 Power Supply
RE - Right Button

LB - Left Button

51 - Fault Resat Switch

IO IN1 IN2 IN3 INd

@ EI @ E m 179105 Safety Madule
] Pl & Pl &
] bﬁ 51

(Te)
-
S
[ To)
-H

The following programming example shows how the Two-Hand Run Station without Active Pin
instruction can be applied to the previous wiring diagram.

LUSER PROGRAM

THRS
Two Hand Run Station
HR thraData BP
Active Pin Type DISABLED SA
Active Pin notllzedTag BT
0+ CH
..... p Right Button Normally Open  moduleMamed. Pto0Data SAF
O+ REBF
----- * Right Button Normally Closed moduleNamed.Pto1Data LBF
14 FP
----- ® Left Button Normally Open moduleMamed. Pto2Data
(4=
----- » Left Button Mormally Closed  moduleNamed.Pto3Data
14
----- m Fault Reset meduleMamed. PtodData
(4=

IS0 13849-1 Category 4 requires that inputs be independently pulse tested. The Logix Designer
programming application is used to configure the following I/0 module parameters for pulse

testing.

Input Configuration

Input Paint Type Point Mode Test Source
0(INO) Single Safety Pulse Test 0(T0)
1(IN1) Single Safety Pulse Test 1(T1)
2(IN2) Single Safety Pulse Test 2(T2)
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3(IN3) Single Safety Pulse Test 3(T3)
4(IN4) Single Safety None
Test Output

Test Output Point Point Mode

0(T0) Pulse Test

(M) Pulse Test

2(12) Pulse Test

3(T3) Pulse Test

Two Hand Run Station with Active Pin Enabled Wiring and Programming

IMPORTANT: The Two-Hand Run Station is wired properly when the four run button inputs are in the safe state
when the run buttons are released.

The following wiring diagram is one example of how to wire right and left buttons to a 1791DS
Safety 1/0 module to comply with IS0 13849-1 Category 4. Each button has 2 diverse input
channels.

The inputs shown on this
wiring diagram correspond
o the inputs for the
instruction.

E—

m INo IH1 | M2 IN3 @

BT - | D 174108
m E El E i : Safaty Module

A A
® ® s
@a’ T 6&' e )
E1 - 4% Pomer Supply & b
RE - Right Buticn
LE - Left Button
51 - Fault Rt Switch
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The following wiring diagram is one example of how to wire a Dummy Plug to a 1791DS Safety I/0
module to comply with IS0 13849-1 Category 4. Each button has 2 diverse input channels.

The inputa shown on this
wiring diagram correspond
o the inputs for the
instruction.

—
| @ o @ @ 179108

Safaty

] - ]
) ;

f i

E1 - 24V Power Supply
51 - Fault Raset Switch

The following programming examples show how the Two-Hand Run Station with Active Pin
instruction can be applied to the wiring diagrams shown above.

LUSER PROGRAM

THRS

'wo Hand Run Station

HR! thrsData BP

Active Pin Type DISABLED SA

Active Pin notUsedTag BT
e , O+ CH
! IND i_ __________ p Right Button Normally Open  moduleNamed. Pto0Data SAF
;—: 0= RBF
L ity el ® Right Button Normally Closed moduleNamed.Pto1Data | LBF
:—: 14 FP
1 IN2 e ® |eft Button Normally Open  moduleNamed. Pto2Data
— ! (4=
' IN3 (ot e el » Left Button Mormally Closed  moduleNamed.Pto3Data
i ' 14
P ING e ® Fault Reset moduleNamed.Pto4Data
______ 04

IS0 13849-1 Category 4 requires that inputs be independently pulse tested. The Logix Designer
programming application is used to configure the following I/0 module parameters for pulse

testing.

Input Configuration

Input Paint Type Point Mode Test Source
0(INO) Single Safety Pulse Test 0(T0)
1(IN1) Single Safety Pulse Test (M)
2(IN2) Single Safety Pulse Test 2(12)
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3(IN3) Single Safety Pulse Test 3(T3)
4(IN4) Single Safety None
5(IN5) Single Safety None
Test Output
Test Output Point Paint Mode
0(T0) Pulse Test
1(T1) Pulse Test
2(12) Pulse Test
3(T3) Pulse Test
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Common Attributes for Safety Instructions

Follow the guidelines in this chapter for the common attributes for the Safety Instructions.

For more information on attributes that are common to the Logix 5000™ instructions, select one
of these topics.

Math status flags on page 577

Immediate values on page 579

Data conversions on page 579

Index through arrays on page 582

Bit Addressing on page 583

Follow these quidelines for Math Status Flags.

Description

A set of Math Status Flags for accessing directly with instructions. These flags are only updated
in ladder diagram routines, and are not tags, and flag aliases are not applicable.

Status Flags

This table describes that specific status flags.

Status Flag Description

S:FS The first scan flag is set by the controller:

First scan flag The first time a program is scanned after the

controller goes to Run mode

« Thefirst time a program is scanned after the
program is uninhibited

«  When aroutine is called from an SFC Action and the
step that owns that Action is first scanned.

Use the first scan flag to initialize data for use in later
scans. It is also referred to as the first pass bit.

S:N The controller sets the negative flag when the result of
a math or logical operation is a negative value. Use this
flag as a quick test for a negative value.

Negative flag

S:Z The zero flag is set by the controller when the result of a
math or logical operation is zero. Use this flag as a quick
test for a zero value.

Zero flag

The zero flag clears at the start of executing an
instruction capable of setting this flag.
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Status Flag

Description

SV

Overflow flag

The controller sets the overflow flag when:

The result of a math operation results in an
overflow.
For example, adding 1to a SINT generates an
overflow when the value goes from 127 through
-128.

« The destination tag is too small to hold the value.
For example, if you try to store the value 123456 to a
SINT or INT tag.

Use the overflow flag to verify the result of an operation
is still in range.

If the data being stored is a string type, S:V is set if the
string is too large to fit into the destination tag.

If applicable, set S:V with an OTE or OTL instruction.

Select Controller Properties > Advanced tab > Report
Overflow Faults to enable or disable reporting overflow
faults.

If an overflow occurs while evaluating an array
subscript, a minor fault is generated and a major fault is
generated to indicate the index is out of range.

S:C
Carry flag

The controller sets the carry flag when the result of a
math operation resulted in the generation of a carry out
of the most significant bit.

Only the ADD and SUB instructions, and not the + and -
operators, with integer values affect this flag.

S:MINOR

Minor fault flag

The controller sets the minor fault flag when there is at
least one minor program fault.

Use the minor fault tag to test if a minor fault occurred.
This bit only triggers by programming faults, such as
overflow. It is not triggered by a battery fault. The bit
clears at the beginning of every scan.

If applicable, explicitly set S:MINOR with an OTE or OTL
instruction.

IMPORTANT: The math status flags are set based on the stored value. Instructions that normally do not affect
math status flags might appear to affect math status flags if type conversion accurs from mixed data types for the
instruction parameters. The type conversion process sets the math status flags.

Expressions in Array Subscripts

Expressions do not set status flags based on the results of math operations. If expressions

overflow:

* Aminor fault generates if the controller is configured to generate minor faults.

« Amajor fault (type 4, code 20) generates because the resulting value is out of range.
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Q If an array subscript is too large (out of range), a major fault (type 4, code 20) generates.

When you enter an immediate value (constant) in decimal format (for example, -2, 3) the
controller stores the value by using 32 bits. If you enter a value in a radix other than decimal,
such as binary or hexadecimal, and do not specify all 32 bits, the controller places a zero in the

bits that you do not specify (zero-fill).

IMPORTANT: Zero-fill of immediate binary, octal or hexadecimal values less than 32 bits.

If you enter

The controller stores

-1

16#£fff ffff (-1)

16#fff (-1)

1640000 ffff (65535)

811234 (668)

1640000 029c (668)

2#1010(10)

1640000 000a (10)

Integer Inmediate Values

If you enter The controller stores
Without any suffix DINT

"U" UDINT

N LINT

"uL" ULINT
Floating Point Inmediate Values

If you enter The controller stores
Without any suffix REAL

N LREAL

Data conversions occur when mixing data types in programming. When programming ladder
diagram, mix data types for the parameters within one instruction or expression.
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Instructions execute faster and require less memory if all the operands of the instruction use:
» The same data type.
* Anintermediate data type:

- If mixing data types or use tags that are not the optimal data type, the controller
converts the data according to these rules:

- Operands are converted according to the ranking of data types from SINT,
USINT, INT, UINT, DINT, UDINT, LINT, ULINT, REAL, and LREAL with ranking from 1
(the lowest) to 10 (the highest).

O To reduce the time and memory for converting data, use the same data type for all
the operands of an instruction.

Convert SINT or INT to DINT or DINT to LINT

ASINT or INT input source tag gets promoted to a DINT value by a sign-extension for Source
Tag. Instructions that convert SINT or INT values to DINT values use one of the following
conversion methods.

This conversion method Converts data by placing

Sign-extension The value of the leftmost bit (the sign of the value) into
each bit position to the left of the existing bits until
there are 32 or 64 bits.

Zero-fill Zeros to the left of the existing bits until there are 32 or
64 bits.

Logical instructions use zero fill. All other instructions use sign-extension

The following example shows the results of converting a value using sign- extension and zero-
fill.

This value 2#1Mm_nm_nm-_m (-1)

Converts to this value by 2#Tm_m_nm_nm_nmonm_nmam - | (<)
sign-extension

Converts to this value by zero-fill 2#0000-0000-0000-0000_TM_TIM_ | (65535)
.

If you use a SINT or INT tag and an immediate value in an instruction that converts data by sign-
extension, use one of these methods to handle immediate values.

Specify any immediate value in the decimal radix.

If you enter the value in a radix other than decimal, specify all 32 bits of the immediate value. To
do so, enter the value of the leftmost bit into each bit position to its left until there are 32 bits.

Create a tag for each operand and use the same data type throughout the instruction. To assign
a constant value, either:

Enter it into one of the tags.
Add a MOV instruction that moves the value into one of the tags.

Use a MEQ instruction to check only the required bits.
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The following examples show two ways to mix an immediate value with an INT tag. Both
examples check the bits of a 1771 1/0 module to determine if all the bits are on. Since the input
data word of a 1771 1/0 module is an INT tag, it is easiest to use a 16-bit constant value.

IMPORTANT:

When mixing an INT tag with an immediate value, since remote_rack_1:l.Data[ 0] is an INT tag, the value
to check it against is also entered as an INT tag. When mixing an INT tag with an immediate value, since
remote_rack_1:.Data[ 0] is an INT tag, the value to check it against is also entered as an INT tag.

«  When mixing an INT tag with an immediate value, since remote_rack_1:.Data[ 0] is an INT tag, the value to
check it against first moves into int_0, also an INT tag. The EQU instruction then compares both tags.

Convert Integer to REAL

The controller stores REAL values in IEEE single-precision, floating-point number format. It uses
one bit for the sign of the value, 23 bits for the base value, and eight bits for the exponent (32
bits total). If you mix an integer tag (SINT, INT, or DINT) and a REAL tag as inputs in the same
instruction, the controller converts the integer value to a REAL value before the instruction
executes.

» A SINT or INT value always converts to the same REAL value.

A DINT value may not convert to the same REAL value:

« AREAL value uses up to 24 bits for the base value (23 stored bits plus a ‘hidden’ bit).
 ADINT value uses up to 32 bits for the value (one for the sign and 31 for the value).

If the DINT value requires more than 24 significant bits, it might not convert to the same REAL
value. If it will not, the controller stores the uppermost 24 bits rounded to the nearest even
value.

NOTE: The Logix Designer application interprets numbers differently depending on whether the controller model is
a 5x80 controller or a 5x70 controller. For example:
«  For a5x70 controller, Logix Designer interprets literal 2 as a REAL.

»  For a5x80 controller, Logix Designer interprets literal 2 as a DINT.

Convert DINT to SINT or INT

To convert a DINT value to a SINT or INT value, the controller truncates the upper portion of the
DINT and stores the lower bits that fit in the data type. If the value is too large the conversion
generates an overflow.

Convert a DINT to an INT and a SINT

This DINT value Converts to this smaller value
164#0001_0081(65,665) INT 16#0081(129)
SINT 16#81(-127)

Convert REAL to SINT, INT, or DINT

To convert a REAL value to an integer value, the controller rounds any fractional part and stores
the bits that fit in the result data type. If the value is too large the conversion generates an
overflow.

Numbers round as in the following examples.
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Fractions < 0.5 round down to the nearest whole number.
Fractions > 0.5 round up to the nearest whole number.
Fractions = 0.5 round up or down to the nearest even number.

Conversion of REAL values to DINT values

This REAL value Converts to this DINT value
-25 -2
-35 -4
-1.6 2
-15 2
-4 1
14 1
15 2
16 2
25 2
35 4

To dynamically change the array element that your logic references, use tag or expression as
the subscript to point to the element. This is similar to indirect addressing in PLC-5 logic. Use

these operators in an expression to specify an array subscript:

Operator Description

+ add

- subtract/negate
* multiply

/ divide

AND AND

FRD BCD to integer
NOT complement
OR OR

T0D integer to BCD
SOR square root
XOR exclusive OR
For example:
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Definitions

Example

Description

my_list defined as DINT[10]

my_list[5]

This example references element 5
in the array. The reference is static
because the subscript value remains
constant.

my_list defined as DINT[10]

position defined as DINT

MOV the value 5 into position

my_list[ position]

This example references element
5inthe array. The reference is
dynamic because the logic can
change the subscript by changing
the value of position.

my_list defined as DINT[10]
position defined as DINT
offset defined as DINT

MOV the value 2 into position
MOV the value 5 into offset

my_list[ position+offset]

This example references element
7(2+5)in the array. The reference
is dynamic because the logic can
change the subscript by changing
the value of position or offset.

Make sure any array subscript you enter is within the boundaries of the specified array.
Instructions that view arrays as a collection of elements generate a major fault (type 4, code 20)
if a subscript exceeds its corresponding dimension.

Bit addressing is used access a particular bit within a larger container. Larger containers
include any integer, structure or BOOL array. For example:

Definition Example Description

Variable0 variable0.42 This example references the bit 42
defined as LINT of variable0.

has 64 bits

variablel variable1.2 This example references the bit 2 of
defined as DINT variablel.

has 32 bits

variable2 variable2.15 This example references the bit 15 of
defined as INT variable2.

has 16 bits

variable3 variable3.[4] This example references bit 4 of
defined as SINT variable3.

holds 8 bits

variable4 variable4.DN This example references the DN bit

defined as COUNTER structure

has 5 status bits

of variable4.

MyVariable defined as BOOL[100]
Mylndex defined as SINT

MyVariable[(Mylndex AND NOT 7)/
81[MyIndex AND 7]

This example references a bit within
a BOOL array.
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Definition Example Description

MyArray defined as BOOL[20] MyArray[3] This example references the bit 3 of
MyArray.

variable variableb.53 This example references the bit 53

defined as ULINT of variables.

holds 64 bits

Use Bit Addressing anywhere a BOOL typed tag is allowed.

Related information

Index through arrays on page 582
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