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Stop Category 0 via the M100 Electronic Motor Starter with Safe Torque Off Safety Function Application Techniques

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

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

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.

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
Requlatory requirements for safe work practices and for Personal Protective Equipment (PPE).

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

N
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Stop Category 0 via the M100 Electronic Motor Starter with Safe Torque Off Safety Function Application Techniques

General Safety Information

Contact Rockwell Automation to learn more about our safety risk assessment services.

IMPORTANT  This application example is for advanced users and assumes that you are trained and experienced in safety system
requirements.

addressed. The risk assessment can require additional circuitry to help reduce the risk to a tolerable level. Safety circuits

ATTENTION: Perform a risk assessment to make sure that all task and hazard combinations have been identified and
A must consider safety distance calculations, which are not part of the scope of this document.

Safety Distance Calculations

ATTENTION: While safety distance or access time calculations are beyond the scope of this document, compliant safety
circuits must often consider a safety distance or access time calculation.

Non-separating safequards provide no physical barrier to help prevent access to a hazard. Publications that offer guidance for calculating
compliant safety distances for safety systems that use non-separating safeguards, such as light curtains, scanners, two-hand contrals, or
safety mats, include the following:

EN IS0 13855:2010 (Safety of Machinery - Positioning of safeguards with respect to the approach speeds of parts of the human body)
EN 1S0 13857:2019 (Safety of Machinery - Safety distances to help prevent hazardous zones being reached by upper and lower limbs)
ANSI B11:19 2019 (Machines - Performance Criteria for Safequarding)

Separating safeguards monitor a movable, physical barrier that guards access to a hazard. Publications that offer guidance for calculating
compliant access times for safety systems that use separating safeqguards, such as gates with limit switches or interlocks (including
SensaGuard™ switches), include the following:

EN IS0 14119:2024 (Safety of Machinery - Interlocking devices associated with guards - Principles for design and selection)

EN 1S0 13855:2010 (Safety of Machinery - Positioning of safequards with respect to the approach speeds of parts of the human body)
EN 1S0 13857:2019 (Safety of Machinery - Safety distances to help prevent hazardous zones being reached by upper and lower limbs)
ANSI B11:19 2019 (Machines - Performance Criteria for Safequarding)

In addition, consult relevant national or local safety standards to verify compliance.
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Stop Category 0 via the M100 Electronic Motor Starter with Safe Torque Off Safety Function Application Techniques

Introduction

This safety function application technigue shows the Input, Logic, and Output subsystems of a safety function. It shows how to combine an
E-stop push button, a Guardmaster® (440C-CR30) configurable safety relay, and an M100 electronic motor starter to provide a category 0
stop (remove power, coast-to-stop) via a hardwired connection to the Safe Torque Off (STO) inputs of the starter.

In actual application, other safety input devices could be used as the input subsystem.

Input ——— | ——  Fault Exclusion — Logic Output
: E-stop : : : . : :
: : : Fault Exclusion . : 440C-CR30 : : M100 :
: : : : . Relay : : Starter :
: E-stop : : . : : : .
E Subsytem 1 I : Subsytem 2 : E Subsytem 3 I : Subsytem 4

The Safety Integrity Software Tool for the Evaluation of Machine Applications (SISTEMA) calculations that are shown later in this document
must be recalculated if different products are used.

Use this application technique with the sensor subsystems from any other 440C-CR30 safety relay safety function application technique. For
example, you can use sensor subsystems from Door-Monitoring Interlock Switch with a Configurable Safety Relay Safety Function
Application Technique, publication SAFETY-AT133, along with the actuator subsystems from this application technique, to create the
following overall safety function.

IMPORTANT  You must add the PFH values for each subsystem together to create a PFH for the overall safety function. Depending
on the sensor subsystems and devices you choose, the overall safety rating of your system could be reduced. The
results of an example calculation for a complete safety function are shown in the section titled Calculation of the
Performance Level on page 15.

Use Sample Project Files

Sample project files (ACD, SISTEMA, and Verification and Validation checklist) are attached to this document to help you implement this
safety function.

To access these files, follow these steps.

1. If you are viewing the PDF file in a browser and do not see the Attachments link ¢, download the PDF file and open it in the Adabe
Acrobat Reader application.

Click the Attachments link &.
Right-click and save the desired file.

File Edit View E-Sign Window Help

B v ® 8 Q
@ Attachments X
- E- @ 11 &
Name 7 Application Technique

& LogixSIS_ATxx.ACD s .
Original Instructions

f4 sistema_ATxxx.ssm

€33 V&WV_checklist_AToxlsx

4, Open the file in the appropriate application.

4 Rockwell Automation Publication SAFETY-AT207A-EN-P - May 2025


https://literature.rockwellautomation.com/idc/groups/literature/documents/at/safety-at133_-en-p.pdf

Stop Category 0 via the M100 Electronic Motor Starter with Safe Torque Off Safety Function Application Techniques

Safety Function Realization: Risk Assessment

The Performance Level required (PLr) is the result of a risk assessment and refers to the amount of the risk reduction to be carried out by
the safety-related parts of the control system. Part of the risk reduction process is to determine the safety functions of the machine. In this
application, the Performance Level that the risk assessment requires is category 3, Performance Level d (cat. 3, PLd), for each safety
function. A safety system that achieves cat. 3, PLd, or higher, can be considered control reliable. Each safety product has its own rating and
can be combined to create a safety function that meets or exceeds the PLr.

[ From: Risk Assessment (IS0 12100) ]

9

[ 1. Identification of safety functions ]

9

[ 2. Specification of characteristics of each function ]

9

[ 3. Determination of required PL (PLr) for each safety function

9

[ To: Realization and PL Evaluation ]

—

Stop Category 0 Via the M100 Electronic Motor Starter with Safe Torque Off Safety Function

This application technique includes two safety functions:
1. Safety-related stop function initiated by actuation of an E-stop.
2. Prevention of an unexpected startup.

Safety Function Requirements
Safety-related Stop Function Initiated by an E-stop

When the E-stop is pressed, the Input subsystem initiates and maintains a stop command for the safety system to stop and prevent
hazardous motion by removal of power to the motor. Faults at the E-stop, wiring terminals, or 440C-CR30 safety relay are detected before
the next safety demand. This E-stop function is complementary to any other safequards on the machine and does not reduce the

performance of other safety-related functions. The safety function in this example can connect and interrupt power to motors rated up to
9 A, 480V AC.

Prevention of an Unexpected Startup

The safety system cannot be reset until the E-stop is released. Once the E-stop is released and the stop command is reset, hazardous motion
and power to the motor do not resume until a secondary action occurs (for example, pressing a Start button). This document presumes that
the operator controls the Start/Stop buttons.

The safety functions in this application technique each meet or exceed the requirements for category 3, Performance Level d (cat. 3, PLd),
per IS0 13849-1and control reliable operation per ANSI B11.19.
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Considerations for Safety Distance and Stopping Performance

Based on the selection of a sensor subsystem, the risk assessment determines if a safety distance calculation is required. Typically, a safety
distance calculation is required if a non-separating sensor subsystem (such as a light curtain) is part of the safety function. For movable
separating safeguard systems, the overall system stopping-performance must be calculated, measured, and compared to the calculated/
measured access time.

When calculating a compliant safety distance for a non-separating safeguard system, see the Guardmaster Configurable Safety Relay User
Manual, publication 440C-UMO01, which provides the necessary response-time data.

When considering the overall system-stopping performance of a separating safeguard system, see the Guardmaster Configurable Safety
Relay User Manual, publication 440C-UMOQ1. That user manual provides response time data necessary for calculating a theoretical overall
system-stopping performance value in advance of performing tests and measurements on the actual system.

The Guardmaster Configurable Safety Relay User Manual, publication 440C-UMQO01, also provides useful guidance regarding the calculation of
the safety-system response time.

Functional Safety Description

The actuation of the E-stop interrupts or prevents hazardous motion. The E-stop is connected to a pair of safety inputs on the 440C-CR30
safety relay. The M100 motor starter with Safe Torque Off is connected to a pair of safety outputs. The safety code in the 440C-CR30 safety
relay monitors the status of the E-stop by using a predefined function block named Safety Monitoring Function (SMF).

When all conditions are satisfied, no faults are detected on the inputs, and the Reset button is pressed, a second predefined function block
called Safety Output Function (SOF) drives the safety outputs of the 440C-CR30 safety relay that is connected to the final control device (a
M100 motor starter). The 440C-CR30 safety relay then issues an output signal to switch ON a pair of outputs to energize the safety inputs
(STO) in the M100 motor starter.

The M100 starter monitors its Safe Torque Off (STO) inputs for valid status and faults. The starter examines its internal safety circuits for
valid status and faults. The starter monitors its outputs for valid status and faults. When the configurable safety relay de-energizes the
starter STO inputs via the output signal, the STO feature of the starter forces the starter output power stage to a disabled state. The
hazardous motion that the starter controls coasts to a stop. This feature does not provide electrical power isolation.

The system cannot be restarted until the E-stop is released and the Guardmaster configurable safety relay is reset. Once the safety relay is

reset, the Start button can be pressed to start the hazardous motion. The Start button is connected between the 440C-CR30 embedded
output and the starter control terminal block, as shown in Figure 2 on page 9.
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https://literature.rockwellautomation.com/idc/groups/literature/documents/um/440c-um001_-en-p.pdf
https://literature.rockwellautomation.com/idc/groups/literature/documents/um/440c-um001_-en-p.pdf
https://literature.rockwellautomation.com/idc/groups/literature/documents/um/440c-um001_-en-p.pdf
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Bill of Materials
This application technique uses these products.
Quantity Cat. No. Description
PR Guardmaster 440C-CR30 software configured safety relay, PLe SIL 3, 22 safety 1/0, embedded serial port, USB
1 440C-CR30-22688 programming port, 2 plug-in slots, 24V DC
1 L40C-ENET Guardmaster Ethernet plug-in module, slot 1only
CompactLogix® L18 controller, 24V DC only, up to 8 modules expansion, POINTBus™ backplane, 16 DI (Sink),
1 1769-L18ERM-BBIB 16 DO (Source), 2 Ethernet port (DLR), up to 8 EtherNet/IP™ nodes, 512 KB user memory, 16B SD card in box.
2 axes integrated motion
1 2080-1040B4 4-channel digital input/output combination module
1 M105S-C09-S M100 electronic starter, safety reversing starter
1 800F-1YP3 800F 1-hole enclosure E-stop station, plastic, PG twist-to-release 40 mm, non-illuminated, 2 N.C.
: 800F reset, round plastic (type 4/4X/13, IP66), blue, R, plastic latch mount, 1N.0. contact, 0 N.C. contact,
2 B00FP-REMPXIOV low voltage, standard pack
1 1606-XLP72E Compact power supply, 24...28V DC, Class 2, 72 W
Setup and Wiring

For detailed information on how to install and wire the products in this application technique, refer to the publications that are listed in the
Additional Resources on page 17.

System Overview

The 440C-CR30 safety relay monitors the inputs from the E-stop. E-stops are considered to be a complementary safety device.

EN12100-2 5.5.1 provides details on complementary protective measures. These measures are not inherently safe design or safequarding,
but are required due to intended use or reasonably foreseeable misuse of the machine. The circuit is tested by using test pulses (MP_12 and
MP_13) on the inputs, EI_00 and EI_01. These test pulses source the 24V DC for the circuit. By periodically dropping the 24V DC to OV DC, it is
possible to detect cross-channel faults and shorts to an external 24V DC. Shorts to OV DC are seen as an open circuit by the input and are
detected by the appropriate safety function block in the application code. The final control device in this case is a M100 electronic starter.
The system is reset with a momentary push button.

Safety-related Stop Function Initiated by a Safeguard

When the input device is tripped (the E-stop is actuated), the safety relay de-energizes its two safety outputs, which removes power from
the STO inputs of the M100 electronic starter. The starter disables its output power stage and lets the driven hazardous motion coast to a
stop. When the input device is returned to its safe state (E-stop is released) and the Reset button is pressed and released properly, the safety
outputs of the Guardmaster configurable safety relay energize, and the STO inputs of the starter are powered. An additional, separate action
can then restart the hazardous motion.

Prevention of an Unexpected Startup

The Guardmaster configurable safety relay cannot be reset while its input device is in a tripped (E-stop button actuated) state. The STO
inputs of the starter remain off, and the hazardous motion cannot be restarted. When the input device is returned to its safe state (E-stop is
released) and the Reset button is pressed and released properly, the safety outputs of the Guardmaster configurable safety relay energize,
and the STO inputs of the starter are powered. An additional, separate action can then restart the hazardous motion.
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Electrical Schematic

Figure 1- Inputs
24V DC
440C-CR30-228BBB

Al A2

DC COM

@ P13 L E-stop

f N

~

MP_12 D— EI_00

MP_13 D—AQ\lL—O EI_01
N

J
- 440C-CR30
800F-1YPS Configurable Safety
Relay
— 2080-1040B4
—_—  Reset M100 Fault

800FP-R61IPX10V

— Plug-in I/0

—— Reset
O O P2_02

800FP-RE1IPX10V
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B
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Figure 2 - Outputs

24V DC DC COM
A+ Al-
L L2 L3
440C-CR30-22BBB M100
Reversing
440C-CR30
Configurable Safety
Relay
E0_18 S12
E0_19 S22
Start :I
o o INT
Stop
E0_20 0|0 IN2
2080-1040B4
P2_00 RES | | o
REV
T 12 T3
Plug-in 1/0

B4
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Program Configuration

This document describes one example of how a 440C-CR30 safety relay can be configured by using the Studio 5000 Logix Designer®
application. A detailed description of each step is beyond the scope of this document. Knowledge of the Logix Designer application is
assumed.

Before You Begin

Verify that you are using the Logix Designer application, version 20 or later, with the 440C-ENET Add-on Profile (AQP), version 3.01 or later,
installed. If necessary, you can download the AOP from rok.auto/pcdc. Verify that the 440C-CR30 safety relay is running firmware revision 10
or later. Verify that the 440C-CR30 safety relay has a 440C-ENET EtherNet/IP plug-in module in slot 1and a 2080-1040B4 digital combo plug-
in module in slot 2. This application technique also assumes that the 440C-ENET Ethernet/IP module has previously been assigned an IP
address (192.168.1.61 is used in this document) by using the BOOTP-DHCP utility, which allows a 440C-CR30 safety relay to be configured with
the Logic Editor within the Logix Designer application.

Configure the M100 Electronic Starter

This document presumes that the M100 device configuration DIP switches are the original factory settings.

Figure 3 - Function of the Switches

24 «— DIP Switch

f Phase Selection (Top DIP Switch)
| [ Right Position: Three-phase (default)
1 | Left Position: Single-phase

- i Reset Selection (Bottom DIP Switch)
AUTO  MAN Right Position: Manual reset (default)
Left Position: Automatic

ATTENTION: If the device is set to Automatic Reset, it restarts automatically (resets the overload trips). Take precautions to
help prevent hazards due to unexpected startup.
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Create Your Project

For a Studio 5000 Logix Designer project file that you can use, open the attached ACD file. For instructions on how to access the
attachments, see Use Sample Project Files on page 4. Or, you can create your own project by following the steps below.

1. Add the 440C-CR30-22BBB relay, 440C-ENET module, and 2080-1040B4 digital combo module to your Logix Designer project.
2. From the Logic Configuration tab of the safety relay Module Properties dialog box, click Edit Logic.
3. Configure the inputs and outputs as shown.

Changes to the default logic are circled in the logic that is shown in the following images.

The logic for this project is divided into the following sections:
«  Motion Control
«  MI100 Fault (Trip) Reset

Motion Control

Non-default settings are circled. The input (SMF) and output (SOF) blocks are renamed to make their function in the application clearer.

Safety Monitoring Logic Level A Logic Level B Safety Output

SMF 1 LLB 1 SOF 1

m B == ] ‘e’ Emergency_Stop_PB @ ° Pass Through @ ° Pass Through @ o ... STO_M100_Inputs o ®f08 v|[PT
- D)
(o) oo @019 v|[pr
Feedback: None —
TestSource A | 12 - g
Reset Type:
TestSource B: | 13 -
Reset Input:
= Advanced Settings @
Inputs: 2NC.
Pulse Testing: | 2 Sources ¥
Discrepancy a
Time (x50ms): 23
Input Filter a
(25ms): o=

©

SMF 2
M 0 Reset_PB

M100 Fault (Trip) Reset

Non-default settings are circled. The input (SMF) and output (SOF) blocks are renamed to make their function in the application clearer.

SMF 3 B3 SOF 3

L
M g Trip_Reset_PB ° hd Pass Through @ ° Pass Through @ d '. Reset_M100_Fault P z
A Lo .

Feedback:

Advanced Settings Reset Type:
Input Filter 2

(x25ms): OZ‘ >

O

IMPORTANT  This M100 Fault (Trip) Reset signal is not related to the safety function operation, it has been added to the standard
control system to provide a means for resetting the M100 device when a fault condition occurs (Trip fault). The trip
reset uses standard input and output connection points through the 2080-1040B4 plug-in module.
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Build the Configuration

To complete the configuration of the 440C-CR30 safety relay in the Logix Designer application, follow these steps.
1. On the toolbar, click Build.

& Edit Guardmaster 440C-CR30 Logic - X
: z = ® )
@ / Safety Monitoring Logic Level A Logic Level B Safety Output

SMF 1 LB 1 SOF 1
00 @ ® sgs Emergency StopPB @ ° Pass Through @ i Pass Through @ i Hg SO-Mompts @ Seois et
El 01 M. —@EO019 V||PT
o020 v|[pr
Feedback: None - =
TestSource A: | 12 v .
Reset Type: Manual
Test Source B: 13
Resetinput | SMF2
+ Advanced Settings

SMF 2

P02 8- oResetPB

The Output dialog box appears and indicates that the build succeeded. If an error or omission is discovered during a build, a message
is displayed which details the error so that it can be corrected. After you correct the error, you must perform the build again.

To close the Logic Editor window, click the X in the upper-right corner.
To close the Output dialog box, on the Module Properties dialog box, click the X in the upper-right corner.

Configure the Status Indicators

You can configure the ten input status indicators and six output status indicators of the 440C-CR30 safety relay. These status indicators can
be helpful while testing the system during installation and commissioning. They are also useful for monitoring the system in operation.

To configure status indicators to show the status of the relay, follow these steps.
1. On the Logic Configuration tab of the Module Properties dialog box, select LED Configuration.

Gararal | Comaction | Modula o |

@, Venfliceton 1D Faut

4 Safty Ralay
Coatqurabo
Foults

2. Configure the status indicators as shown in the graphic.

General Connection Module Info Logic Configuration®  Intemet Protocol  Port Configuration

-
e L, B
A Secure”  EditLogic  Verify

®, Verification ID: — Fault -
[4 SafetyRelay || Safety Relay- LED Configuration
LED Configuration Input LEDs
fetks LED Type Fiteer Value
0 | Terminal Status v || Terminal 00
» 1 | Terminal Status v | Terminal 01
2 | Safety Monitoring Function Status v [ SMF1
3 | Not Used ~ | Not Used
4 | Not Used v | Not Used
5 | Not Used v | Not Used Y,
Output LEDs
LED Type Filter Value
0 | Safety Output Function Status v [ SOF1
1 | Terminal Status v | Terminal 18
2 | Terminal Status v | Terminal 19
3 | Terminal Status v | Terminal 20
4 | NotUsed v | Not Used
Output [
St e == =

3. Toclose the Module Properties dialog box, click OK.
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Download the Configuration

The Logix Designer application does not automatically download the configuration to the 440C-CR30 safety relay when it downloads the
configuration to the controller. Therefore, you must manually download to both the controller and the 440C-CR30 safety relay separately.

Download to the Controller

Follow these steps.

1. Inthe Select Recent Communications Path dialog box, click Download.

2. To confirm that you want to download, click Download. N

B Select Recent Communications Path X

Controller Path

100_CR30_L18ERM AB_ETHIP-1\192.168.1.72
‘K)Lnk_Masler AB_ETHIP-1\192.168.1.7
GuardianAl_TestV01 AB_ETHIP-1\192.168.1.31
<none> AB_ETHIP-1\192.168.1.32
Monorail Monorai_83£5\10.40.32.24
IOLink_Master AB_ETH-DELL_USB\192.168.1.7
Coloursensor AB_ETHIP-1\192.168.100.151 ‘ Heb
(Coloursensor USB\13

(1] Show Only Paths Matching Serial Numberin Project | Reset Path List | | Set Project Path

Serial Number in Project: 60530FC9 Clear Project Path
Path in Project: <none>

Download offline project 'M100_CR30_L 18ERM ' to the controller.

1
. Connected Controller:
Name: M100_CR30_L 18ERM
Type: 1769-L 18ERM/A CompactLogix™ 5370 Controller
Path: AB_ETHIP-1\192. 168.1.72
Serial Number: 60530FC9
Security: No Protection

1. The controller is in Remote Run mode. The mode will be changed to
Remote Program prior to download.

1. DANGER: The controller being downloaded to is the system time
master. Servo axes in synchronized controllers, in this chassis or
other chassis, may be turned off.

1. DANGER: Unexpected hazardous motion of machinery may occur.

Some devices maintain independent configuration settings that are
not loaded to the device during the download of the controller.

Verify these devices (drives, network devices, 3rd party products)
have been properly loaded before placing the controller into run
mode.

Failure to load proper configuration could result in misaligned data
and unexpected equipment operation.

“a

oot J|| ol | [ b
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Download to the 440C-CR30 Safety Relay

Follow these steps.
1. Inthe Controller Organizer, right-click 440C-CR30-22BBB and choose Properties.

2. Choose the Logic Configuration tab.
Controller Organizer ﬂ Module Properties: Local (440C-CR30-22BBB 10.011) X _

Intemet Protocol ~ Port Configuration

BC-CR30 software configured safety relay

General Connection Module Info

4 ] Controller M100_CR30_L18ERM

< Controller Tags Type: 440C-CR30-22888 Guardmastd
Controller Fault Handler Vendor: Rockwell Automation/Allen-Bradiey

Power-Up Handler Parent: Local Ethernet Address

4 Tasks
- Name: 30_SFATM100 Private Network: 192.168.1. 61 1=
4 33 MainTask lame: YR30 (® Private Networ} =

R i Opases [ ]
<) Parameters and Local Tags
@ MainRoutine (O Host Name:

Unscheduled Module Definition

4 .| Motion Groups Series: A Change ...
Ungrouped Axes Revision: 10.011

4 o Assets Electronic Keying: Compatible Module
Add-On Instructions Connection: Data

4 Data Types
i User-Defined

P 1 Predefined
P 1 Module-Defined
Trends
¥ Logical Model
4 .11/0 Configuration
4 B3 PointlO
@ [0] 1769-L18ERM-BB1B M100_CR30_L18ERM
4 .| Embedded /0
@ (1] Embedded Discrete_IO
Expansion 1/0, 0 Modules
4 F5 Ethernet
3 1769-L18ERM-BB1B M100_CR30_L18ERM
[ 440C-CR30-22BBB/A CR30_SFATM100

3. Click Download to the safety relay.
8 Modute Propertes: Loca cssoc-crao-22088 1o01n) < |

General Connection Module Info Logic Configuration  Intemet Protocol ~ Port Configuration

Status: Offine Cancel Aoply Help

»
Program ‘ Run SecureY  EditLogic Verify :
o Connecting
®, Verification ID: - Fault -
4 Safety Relay Safety Relay
LED Configuration| Vendor: Allen-Bradley
Faults
Catalog ID: 440C-CR30-22B88
Firmware revision: 10
3 CR30_SFATM100 Logix Designer X
utput + X
S Differences were found between the project and the connected Safety L

—— Build started: Project - S| I Relay.Resolve differences by uploading to project or downloading to

-~ Build end -— safety relay.
========== Build Succeede

IC Tl —
Status: Fauted Cancel Aoply Help

4. When the download completes, click Yes to return to Run mode.

Verify the Configuration

You must confirm the verification of the 440C-CR30 configuration for each individual application by using the Verify command in the
configuration software. This process is the feedback to the 440C-CR30 safety relay that the system verification and functional tests have
been completed. If the 440C-CR30 safety relay is not verified, it will fault after 24 hours of operation.

See the Guardmaster Configurable Safety Relay User Manual, publication 440C-UMOQ1, for information on the verification process.
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Monitor the 440C-CR30 Safety Relay

Follow these steps to monitor the 440C-CR30 safety relay.
1. To see the online diagnostics, click Edit Logic.

& Edit Guardmaster 440C-CR30 Logic

3 3 = & ]
>
Safety Monitoring Logic Level A Logic Level B Safety Output
‘@) Emergency Stop.1 Pass Through Pass Through g Immediste OFF 1
Feedback: None
TestSource A: 12
Reset Type: Manual
TestSource B: 13
| Resetinput: SMF 2
+ Advanced Settings
SMF 2
oo 0 Reset_1

Green indicates that a block is True or that an input or output terminal is ON. Flashing green indicates that a Safety Output Function is ready
to be Reset. The complete safety system must be installed and powered up to use the Online Diagnostics made fully.

The Online Diagnostics mode of the 440C-CR30 safety relay can be helpful during the verification process.

Calculation of the Performance Level

When properly implemented, the Stop Category 0 with Safe Torque Off (STO) can be used in a safety function that achieves a safety rating of
category 3, Performance Level e (cat. 3, PLe), according to IS0 13849-1: 2023, as calculated by using the SISTEMA software PL calculation tool.

The functional safety data for the M100 electronic starter is from M100 Electronic Motor Starters Technical Data, publication M100-TD00]1.

IMPORTANT To calculate the PL of your entire safety function, you must include the sensor subsystems along with the logic and
actuator subsystems that are shown here. Depending on the sensor subsystems and devices you choose, the
overall safety rating of your system could be reduced. An example that describes how to calculate the safety rating
for a complete safety function appears Calculation of the Performance Level.

The SISTEMA file that is referenced in this safety function application technique is attached to this document. For instructions on how to
access the attachments, see Use Sample Project Files on page 4.

IMPORTANT  The SSM file attached to this PDF requires SISTEMA version 3.x or greater to open.

The PFH for electromechanical systems may be calculated differently based on the version of IS0 13849 supported by SISTEMA.
IS0 13849-1:2015, which changed the maximum MTTFd from 100 to 2500 years, is supported starting in version 2.0.3 of SISTEMA. As a result,
the same SISTEMA data file that is opened in two different versions of SISTEMA can yield different calculated results.

The Performance Level and category that is achieved by each subsystem of the Stop Category 0 with Safe Torque Off safety function, as
calculated by SISTEMA, is shown in the following image.

Safety function WY IFA
Documentation | PLr PL Subsystems
J] Library @ Status Name Ref. PL  PlL-qualitative aspects EMI-Route  PFH [1/h] CCF score DCavg [%] MTTFD [a] Category  Requirements of the categ Use case
2] VDMA Library v SB E-Stop Button 01 e n/a - 9.05E-10 75 (fulfilled) 2500 (High) 4 fulfilled
) New v SB E-Stop Fault Exclusion 02 e n/a - 0.0E+0 t re t € t B fulfilled
V5B Software Configurable Safety Relay: 440C-CR30 03 e e - 1E-8 elevant ¢ relevant 4 fulfilled [ Standard Use Case]
v SB Electronic Starter M100 04 e n/a - 5.31E-9 € t t re t 3 fulfilled
©
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The Stop Category 0 via the M100 Electronic Motor Starter with Safe Torque Off can be modeled as follows:

Input  ————|—— Fault Exclusion — Logic Output
. E-stop - : : : : :
: — Fault Exclusion : : 440C-CR30 : : M100 ;
. H . ' . Relay : : Starter :
H E-stop ' ' . H ' ' .
E Subsytem 1 . : Subsytem 2 : : Subsytem 3 , : Subsytem 4 ,

IMPORTANT  The PFH for this complete safety function, with the sensor, logic, and actuator subsystems, is 1.62E-8. The PL for the
complete safety function is PLe.

Safety function

Documentation ] PLr ‘ PL l Subsystems l

Determine PL from subsystems

Performance Level (PL): e ] PFH [1/h]: [1.62E-8

The Stop Category 0 via the M100 Electronic Motor Starter with Safe Torque Off function is a complementary protective measure. It is
intended to be used with other safequarding measures and protective devices to reduce risk sufficiently and it is designed not to impair the
effectiveness of the other protective devices or safety functions. Per EN IS0 13849-2 2012, Annex D, for E-stop devices in accordance with
IEC 60947-5-5, a fault exclusion for mechanical aspects is allowed up to PLe if the maximum number of operations is considered. However,
the actual number of operations (NOP) is used for the purposes of the MTTFd calculation in this document. Subsystem 2 is included in each
safety function to make clear that while the E-stops have one mechanical actuator, a fault exclusion is allowed. The fault exclusion is
assigned a Performance Level e (PLe) so that it does not unnecessarily affect the calculations.

Verification and Validation Plan

Verification and validation play important roles in the avoidance of faults throughout the safety system design and development process.
IS0 13849-2 sets the requirements for verification and validation. The standard calls for a documented plan to confirm that all safety
functional requirements have been met.

Verification is an analysis of the resulting safety control system. The Performance Level (PL) of the safety control system is calculated to
confirm that the system meets the required Performance Level (PLr) specified. The SISTEMA software is typically used to perform the
calculations and assist with satisfying the requirements of IS0 13849-1.

Validation is a functional test of the safety control system to demonstrate that the system meets the specified requirements of the safety
function. The safety control system is tested to confirm that all safety-related outputs respond appropriately to their corresponding safety-
related inputs. The functional test includes normal operating conditions and potential fault injection of failure modes. A checklist is typically
used to document the validation of the safety control system.

Before validating the system, confirm that the Guardmaster 440C-CR30 safety relay has been wired and configured in accordance with the
installation instructions.

For a validation checklist, see the attached spreadsheet. For instructions on how to access the attachments, see Use Sample Project Files on

page 4.
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Additional Resources

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

Resource Description
M100 Electronic Motor Starters User Manual, publication M100-UMOO1 ztrg:/tlgres detailed information on how to install, program, and use the M100 electronic

Guardmaster 440C-CR30 Software Configurable Safety Relay Quick Start Guide, rerltz];g[igsclt)nr:?rmr?fclg?eovr\]/ﬁt?g E’%rﬁgln\ﬁgmu;s @ﬁ#ﬁéﬁmt;rnm?ﬁfﬁg [(j:glrjlggurable safety
publication 440C-05001 communication protacol.

) — g Provides detailed information on how to install, configure, operate, and troubleshoot a
Guardmaster Configurable Safety Relay User Manual, publication 440C-UM001 Guardmaster 440C-CR30 configurable safety relay.

Industrial Automation Wiring and Grounding Guidelines, publication 1770-4.1 Provides general guidelines for installing a Rockwell Automation industrial system.
Product Certifications website, rok.auto/certifications. Provides declarations of conformity, certificates, and other certification details.

Download Safety Automation Builder® to help simplify machine safety design and
validation, and reduce time and costs. Integration with our risk assessment software
provides you with consistent, reliable, and documented management of the Functional
Safety Automation Builder and SISTEMA Library website, rok.auto/sistema Safety Lifecycle.

The SISTEMA tool, also available for download from the Safety Automation Builder page,
automates calculation of the attained Performance Level from the safety-related parts
of a maching's control system to (EN) IS0 13849-1.

You can view or download publications at rok.auto/literature.
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https://literature.rockwellautomation.com/idc/groups/literature/documents/um/440c-um001_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/in/1770-in041_-en-p.pdf
https://www.rockwellautomation.com/en-us/support/documentation/product-certifications.html
https://rok.auto/sistema
www.rockwellautomation.com/literature

Rockwell Automation Support

Use these resources to access support information.

Find help with how-to videos, FAQs, chat, user forums, Knowledgebase, and product

i e . !

Technical Support Center notification updates. rok.auto/support

Local Technical Support Phone Numbers Locate the telephone number for your country. rok.auto/phonesupport

Technical Documentation Center Quickly access and download technical specifications, installation instructions, and user rok.auto/techdocs
manuals. B

Literature Library Find installation instructions, manuals, brochures, and technical data publications. rok.auto/literature

Product Compatibility and Download Center Download firmware, associated files (such as AOP, EDS, and DTM), and access product

(PCDC) release notes. rok.auto/pede

Documentation Feedback

Your comments help us serve your documentation needs better. If you have any suggestions on how to improve our content, complete the
form at rok.auto/docfeedback.

Waste Electrical and Electronic Equipment (WEEE)

K At the end of life, this equipment should be collected separately from any unsorted municipal waste.

Rockwell Automation maintains current product environmental compliance information on its website at rok.auto/pec.

Safety Function Capabilities

Visit rok.auto/safety for more information on our Safety System Development Tools, including Safety Functions.

Allen-Bradley, CompactLogix, expanding human possibility, Guardmaster, PanelView, POINTBus, Rockwell Automation, Safety Automation Builder, SensaGuard, and Studio 5000 Logix Designer
are trademarks of Rockwell Automation, Inc.

EtherNet/IP is a trademark of ODVA, Inc.
Trademarks not belonging to Rockwell Automation are property of their respective companies.

Rockwell Otomasyon Ticaret A.S. Kar Plaza is Merkezi E Blok Kat:6 34752, igerenk{y, istanbul, Tel: +90 (216) 5698400 EEE Y0netmeligine Uygundur

Connect with us. ﬂ r@ m

rockwellautomation.com expanding human possibility”

AMERICAS: Rockwell Automation, 1201 South Second Street, Milwaukee, WI53204-2436 USA, Tel: (1) 414.382.2000
EUROPE/MIDDLE EAST/AFRICA: Rockwell Automation NV, Pegasus Park, De Kleetlaan 12a, 1831 Diegem, Belgium, Tel: (32) 2663 0600
ASIA PACIFIC: Rockwell Automation SEA Pte Ltd, 2 Corporation Road, #04-05, Main Lobby, Corporation Place, Singapore 618494, Tel: (65) 6510 6608
UNITED KINGDOM: Rockwell Automation Ltd., Pitfield, Kiln Farm, Milton Keynes, MK113DR, United Kingdom, Tel: (44)(1908) 838-800
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General Machinery Information

		Verification and Validation Checklist

		SAFETY-AT207A-EN-P
Stop Category 0 via the M100 Electronic Motor Starter with Safe Torque-off Safety Function

		Before validating the system, confirm that the Guardmaster 440C-CR30 configurable safety relay has been wired and configured in accordance with the installation instructions.

		Guardmaster Configurable Safety Relay User Manual, publication 440C-UM001I-EN-P



		General Machinery Information

		Machine Name/Model Number

		Machine Serial Number

		Customer Name

		Test Date

		Tester Names

		Schematic Drawing Number

		Project Verification Number

		Programming Software		Studio 5000 Logix Designer application

		Input Device		800F-1YP3

		Configurable Safety Relay		440C-CR30-22BBB

		Output Device		M105S-C09-S





http://literature.rockwellautomation.com/idc/groups/literature/documents/rm/1756-rm099_-en-p.pdfhttps://www.rockwellautomation.com/en-us/products/details.440C-CR30-22BBB.html

Safety System Verification

		SAFETY-AT207A-EN-P
Stop Category 0 via the M100 Electronic Motor Starter with Safe Torque-off Safety Function

		Safety Wiring and Relay Configuration

		Test Step		Verification		Pass/Fail		Changes/Modifications

		1		Confirm that all components' specifications are suitable for the application. Refer to Basic Safety Principles and Well-tried Safety Principles from ISO 13849-2.

		2		Visually inspect the safety relay circuit to confirm that it is wired as documented in the schematics.

		3		Confirm that the configuration in the 440C-CR30 configurable safety relay is the correct, intended configuration. 

				Guardmaster Configurable Safety Relay User Manual, publication 440C-UM001I-EN-P

		4		Visually inspect the M100 Electronic Starter system and verify that is wired as documented in the schematics.

		5		Visually inspect the safety application program to verify that suitable safety blocks/instructions are used. The logic must be readable, understandable, and testable with the aid of clear comments.

		6		Verify that all input devices are qualified by cycling their respective actuators. Monitor the status in the configured indicators (LEDs).

		7		Verify that all output devices are qualified by cycling their respective actuators. Monitor the status in the configured indicators (LEDs).

		8		Confirm that all components' specifications are suitable for the application. Refer to Basic Safety Principles and Well-tried Safety Principles from ISO 13849-2.





https://www.rockwellautomation.com/en-us/products/details.440C-CR30-22BBB.html

Normal Operation Verification

		SAFETY-AT207A-EN-P
Stop Category 0 via the M100 Electronic Motor Starter with Safe Torque-off Safety Function

		Normal Operation Verification - The safety system properly responds to all normal Start, Stop, Reset, E-stop and safety inputs.

		Test Step		Verification		Pass/Fail		Changes/Modifications

		1		Confirm that no one is in the guarded area.

		2		Confirm that the hazardous motion is stopped.

		3		Confirm that the E-Stop  is released.

		4		Apply power to the safety system. Verify that the Terminal 00, Terminal 01, and SMF1 input status indicator LEDs of the 440C-CR30 safety relay are green. Verify that all output status indicators are OFF. Verify that the Power and Run status indicator LEDs are green. Monitor the 440C- CR30 safety relay for proper status by using the Studio 5000 programming software.

		5		Press and release the Reset button on the 440C-CR30 safety relay. Verify that the Terminal 18, Terminal 19, Terminal 20 and SOF1 output status indicator LEDs are green. Monitor the status indicator LEDs for proper operation, and monitor the 440C-CR30 safety relay for proper status by using the Studio 5000 programming software.

				Verify that hazardous motion does not start on powerup.

				Press and release the M100 electronic sterter Start button. Verify that the hazardous motion begins and that the machine begins to operate.

				Press the external Stop button. Verify that the  machine stops in its normal, configured manner. The safety system must not respond.

				Press and release the external Start button. Confirm that the hazardous motion starts and the machine begins to operate.

		5		initiate a Stop Category 0 demand by pressing the E-Stop button. Verify that the safety system trips and that hazardous motion stops. Monitor the status indicator LEDs for proper operation and monitor the 440C-CR30 safety relay for proper status by using the Studio 5000 programming software.

		6		Press and release the Reset button on the 440C-CR30 safety relay. Verify that the 440C-CR30 configurable safety relay does not respond. Monitor the status indicator LEDs for proper operation, and monitor the 440C-CR30 safety relay for proper status by using the Studio 50000 programming software.

				Release the E-Stop button. Verify that the machine does not start and that the 440C-CR30 safety relay does not respond. Monitor the status indicator LEDs for proper operation, and monitor the 440C-CR30 safety relay for proper status by using the Studio 5000 programming software.

		7		Press and release the Reset button on the 440C-CR30 safety relay. Verify that the SOF1 of the 440C- CR30 safety relay energizes and that hazardous motion does not start. Monitor the status indicator LEDs for proper operation, and monitor the 440C-CR30 safety relay for proper status by using the Studio 5000 programming software.

		8		Press and release the external Start button. Verify that the motor starts and that the machine begins to operate.

		9		Stop the machine when testing is complete.





Safe Response Validation

		SAFETY-AT207A-EN-P
Stop Category 0 via the M100 Electronic Motor Starter with Safe Torque-off Safety Function

		Validation of Safe Response to Abnormal Operation - The safety system responds properly to foreseeable faults with corresponding diagnostics.

		[Input Device] -  440C-CR30 Configurable Safety Relay Tests

		Test Step		Validation		Pass/Fail		Changes/Modifications

		1		Keep the E-Stop button released. While the hazardous motion continues to run. remove the E-Stop wire to terminal EI_00 of the 440C-CR30 safety relay. Confirm that the 440C- CR30 safety relay trips immediately and that the red Fault status indicator LED on the relay blinks. Monitor all status indicator LEDs for proper operation and monitor the 440C-CR30 safety relay for proper status by using the Studio 5000 programming software.

		2		Reconnect the wire to E1_00. The 440C-CR30 safety relay must not respond. Press and release the Reset button on the 440C-CR30 safety relay. Confirm that the 440C-CR30 safety relay does not respond. Monitor all status indicator LEDs for proper operation and monitor the 440C- CR30 safety relay for proper status by using the Studio 5000 programming software.

		3		Press and release the E-Stop button. Confirm that the red Fault status LED is OFF. Monitor all status indicator LEDs for proper operation, and monitor the 440C-CR30 safety relay for proper status by using the Studio 5000 programming software.

		4		Press and release the Reset button on the 440C-CR30 safety relay. Confirm that the SOF 1 output on the 440C-CR30 relay energizes. Monitor all status indicator LEDs for proper operation, and monitor the 440C-CR30 safety relay for proper status by using the Studio 5000 programming software.

		5		Press the external Start button. Confirm that the machine starts to run. Monitor all status indicator LEDs for proper operation, and monitor the 440C-CR30 safety relay for proper status by using the Studio 5000 programming software. 



		[Output Device]- 440C-CR30 Configurable Safety Relay Tests

		Test Step		 Validation		Pass/Fail		Changes/Modifications

		1		While the machine continues to run, break the connection between terminal EO_18 of the 440C-CR30 configurable safety relay and the S12 terminal of the M100 electronic starter. Then confirm that hazardous motion coasts to a stop. This single channel loss fault triggers a Safety Error (Module  fault) condition in the M100 device.

		2		Press the external Stop button. Restore the connection. 

		3		Cycle control power on the M100 device. Press the external Start button. Confirm that hazardous motion resumes.

		4		Repeat steps 1 to 3 using EO_19 in place of EO_18, and S22 in place of S12.

		5		While the machine continues to run, break the connection between terminal EO_20 of the 440C-CR30 configurable safety relay and the In2 terminal of the M100 electronic starter. Then confirm that hazardous motion coasts to a stop.

		6		Restore the connection.

		7		Press the external Start button. Confirm that hazardous motion resumes.







