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PowerFlex 755/755T Integrated Safety Functions Option Module User Manual

Important User Information

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

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

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

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

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

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

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

WARNING: |dentifies 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 ecanomic loss. Attentions help you identify a hazard, avoid a hazard, and recognize the consequence.

> P>

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

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

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

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

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

B> B> [>

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

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

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

Summary of Changes

Conventions

This user manual explains how to use PowerFlex® 755 drives and PowerFlex 755T drive
products in safety applications up to safety integrity level 3 (SIL 3), performance level e (PLe),
category 4.

This user manual is intended for people that design, install, configure, or troubleshoot safety
applications that use Integrated Safety Functions option modules:

«  20-750-S4 (standard safety option card version) or
«  20-750-S4-XT (safety option card version with enhanced corrosive gas protection

This user manual covers using network safety with drives in Standard 1/0 mode and Integrated
Motion mode. All chapters apply to both modes with the following exceptions:

»  Chapter 6 is specific to Standard I/0 mode and can be skipped if you are using
Integrated Motion mode.

- Chapter 7 is specific to Integrated Motion mode and can be skipped if you are using
Standard 1/0 mode.

IMPORTANT  You must have a basic understanding of electrical circuitry and
familiarity with PowerFlex 755 drives and PowerFlex 755T drive
products. You must also be trained and experienced in the
creation, operation, and maintenance of safety systems.

This user manual describes the safety requirements, including probability of dangerous failure
on demand (PFD,,) and average frequency of a dangerous failure (PFH) per hour values and

application verification information (see PFDavg and PFH Data on page 17).

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.

This publication contains new and updated information as indicated in the following table.

Topic Page

Updated configuration steps for the hardware enable and safety enable jumpers. 27

This manual identifies parameter names by listing the parameter number first, followed by the
name in brackets. For example, P7[STO Fault Type].

Both the Host Config and Device Config parameters exist for this option module and the
parameter numbers overlap. For example, there is a P3 [ Device Config |dentity State] and a P3
[Host Config Safety State]. Host Config parameters reside on the Host (that is, the drive) side
of the option module and are specific to supporting the option module. Device Config
parameters reside on the option module itself.

Throughout this manual, the PowerFlex 755/755T Integrated Safety Functions option module is
also referred to as the Integrated Safety Functions option module.

Throughout this manual, the PowerFlex 755TL low harmonic drives, PowerFlex 755TR
regenerative drives, PowerFlex 755TM drive systems, and PowerFlex 755TS drives are also
referred to as PowerFlex 755T drive products.

The PowerFlex 755 drive is used for the examples in this manual.

Rockwell Automation Publication 750-UM005G-EN-P - July 2023 9



Preface

Terminology Table 1 defines the abbreviations that are used in this manual.
Table 1- Abbreviations and Definitions
Abbreviation Full Term Definition
Timed SS1 Timed Safe Stop 1 Timed $S1and Safe Stop 1time-controlled (SS1-t) are synonymous. Both mean a safe stop where the
motor speed is decelerated to zero and once the maximum stop-time elapses, torque is removed
: from the motor.
SSI-t Safe Stop 1time-controlled . . .
ale >lop THime-controlle . Safe Stop 1 time-controlled (SS1-t) is according to EN/IEC 61800-5-2.
Monitored SS1 Monitored Safe Stop 1 Monitored SS1and Safe Stop 1ramp-monitored (SS1-r) are synonymous. Both mean a safe stop where
the motor speed is reduced to standstill within deceleration limits and once standstill speed is
sSI- Safe Stop 1 “monitored reached or the maximum stop-time e[apses, torque is removed from the motor.
' ale >lop framp-montore « Safe Stop 1ramp-monitored (SS1-r) is according to EN/IEC 61800-5-2.
Too2 One out of Two Refers to the behavioral design of a dual-channel safety system.
Classification of the safety-related parts of a control system in respect of their resistance to faults
CAT Category and their subsequent behavior in the fault condition, and which is achieved by the structural
arrangement of the parts, fault detection, and/or by their reliability (source IS0 13849-1).
oL Claim Limit The maximum SIL rating that can be claimed for a safety-related electrical control system
subsystem in relation to architectural constraints and systematic safety integrity (source IEC 62061).
cipm™ Common Industrial Protocol Protocol for industrial automation applications and trademarked by ODVA, Inc.
EN European Norm The official European Standard.
A system, usually independent of the main control system, which is designed to shut down an
ESD Emergency Shutdown Systems operating system safely.
An assembly of devices and/or components working together for protective tripping or presence-
sensing purposes and includes as a minimum:
ESPE Electro-sensitive Protective Equipment « Asensing device.
« Controlling/monitoring devices.
- Output signal-switching devices (0SSD).
The HFT equals n, where n+1 faults could cause the loss of the safety function. An HFT of one means
HFT Hardware Faut Tolerance that two faults are required before safety is lost.
HIM Human Interface Module A module that is used to configure a device.
. . oo The International Electrotechnical Commission (IEC) is the organization that prepares and publishes
IEC International Electrotechnical Commission international standards for all electrical, electronic, and related technologies.
IGBT Insulated Gate Bi-polar Transistors Typical power switch that is used to control main current.
. - .| The International Organization for Standardization is an international standard-setting body that is
IS0 International Organization for Standardization composed of representatives from various national standards organizations.
NC Normally Closed A set of contacts on a relay or switch that are closed when the relay is de-energized or the switch is
de-activated.
NO Normally Open A'set of contacts on a relay or switch that are open when the relay is de-energized or the switch is
de-activated.
The component of the electro-sensitive protective equipment (ESPE) connected to the control
0SSD Output Signal Switching Device system of a machine. When the sensing device is actuated during normal operation, the device
responds by going to the OFF-state.
. An electrical system where the voltage cannot exceed ELV under normal conditions, and under
PELV Protective Extra Low Voltage single-fault conditions, except earth faults in other circuits.
System for control, protection, or monitoring based on one or more programmable electronic
PES Programmable Electronic Systems devices, including all elements of the system such as power supplies, sensors and other input
devices, data highways and other communication paths, and actuators and other output devices.
PFDayq Probability of Dangerous Failure on Demand | The average probability of a system to fail to perform its design function on demand.
PFH ﬁ\[/]varraqe Frequency of a Dangerous Failure per The average frequency of a system to have a dangerous failure occur per hour.
PL Performance Level EN IS0 13849-1 safety rating
In permanent magnet (PM) motors, magnets mounted on or embedded in the rotor, couple with the
PH Permanent Magnet current-induced internal magnetic fields of the motor generated by electrical input to the stator.
SBC Safe Brake Control B?fntrols safety discrete outputs that actuate a brake. Sets timing between brake and Safe Torque
10 Rockwell Automation Publication 750-UM005G-EN-P - July 2023



Preface

Table 1- Abbreviations and Definitions (Continued)

Abbreviation Full Term Definition
— Monitors position of a motor to detect movement of more than a defined amount in the unintended
SDI Safe Direction direction.
- A secondary circuit that is designed and protected so that, under normal and single fault conditions,
SELV Safety Extra Low Voitage Circuit its voltages do not exceed a safe value.
A GuardLogix® Drive Safety interface that scales feedback position into position units and feedback
SFX Safety Feedback Interface velocity into position units per time unit. Feedback Position and Velocity are read from a Safety
Input assembly to an integrated Safe Speed drive.
SIL Safety Integrity Level A measure of a products ability to lower the risk that a dangerous failure could occur.
SLP Safely-Limited Position Prevents the motor shaft from exceeding one or more specified position limits.
i Monitors the speed of a motor and sets the SLS Limit output if the speed exceeds the Active Limit
SLS Safely-Limited Speed input value.
Uniquely identifies a network across all networks in the safety system. You are responsible for
SNN Safety Network Number assigning a unique number for each safety network or safety subnet within a system.
. Prevents the motor from deviating more than a defined amount from the stopped position. The drive
808 Safe Operating Stop provides energy to the motor to enable it to resist external forces.
Safe stop where the motor speed is decelerated to zero and once the maximum stop-time elapses,
) . torque is removed from the motor.
SShr Safe Stop 1 Ramp Monitored Safe Stop 1 ramp-monitored (SS1-r) s according to EN/IEC 61800-5-2 and is Stop Category 1, as
defined in |EC 60204
Safe stop where the motor speed is reduced to standstill within deceleration limits and once
) . standstill speed is reached or the maximum stop-time elapses, torque is removed from the motor.
S8t Safe Stop 1 Time Controlled Safe Stop 1time-controlled (SS1-t) is according to EN/IEC 61800-5-2 and is Stop Category 1, as
defined in [EC 60204
The Safe Torque Off (STO) function is used to help prevent unexpected motor rotation during an
emergency while the drive remains connected to the power supply. When STO is activated, the
STO Safe Torque Off torque power cannot reach the drive, which stops and prevents any motor shaft rotation.

Safe Torque Off (STO) is according to EN/IEC 61800-5-2 and is Stop Category 0 as defined in IEC
60204.

Product Firmware and
Release Notes

Product firmware and release notes are available online within the Product Compatibility and
Download Center.

1. Go to rok.auto/pcdc.
2. Search for your product.

Compatibility & Downloads

The Product Compatibility and Download Center (PCDC) can help you find product-related downloads
including firmware, release notes, associated software, drivers, tools and utilities.

What's New...To reduce the time spent by the Customers Downloading software and help to improve
overall customer experience as it pertains to downloading Rockwell Products, see following hi-level

o [

3. Onthe search results page, find the firmware and release notes for your product. If no
firmware/release notes are available, the module is still shipping with its original
firmware release.

IMPORTANT Both standard connections to the drive and safety connections to
the card must be closed to update the Integrated Safety
Functions Module.

See the Product Compatibility and Download Center Quick Start Guide, publication
PCDC-0S001, for instructions on how to find and download firmware and release notes.

Rockwell Automation Publication 750-UM005G-EN-P - July 2023
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Preface

Additional Resources
products.

These documents contain additional information concerning related Rockwell Automation

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

Resource

Description

PowerFlex 750-Series Products with TotalFORCE® Control Installation Instructions,
publication 750-IN100

Provides the basic steps to install PowerFlex 755TL low harmonic drives, PowerFlex
755TR regenerative drives, and PowerFlex 755TM drive systems.

PowerFlex 755TM IPOO Open Type Kits Installation Instructions, publication 750-IN101

Provides instructions to install IPO0 Open Type kits in user-supplied enclosures.

PowerFlex Drives with TotalFORCE Control Programming Manual,
publication 750-PM100

Provides detailed information on:

« 1/0, control, and feedback options
« Parameters and programming

« Faults, alarms, and troubleshooting

PowerFlex 750-Series AC Drive Installation Instructions, publication 750-IN001

Provides information on how to install the Safe Torque Off option module in
PowerFlex 750-Series drive.

PowerFlex 755TS Products with TotalFORCE Control Installation Instructions,
publication 750-INTI9

Provides the basic steps to install PowerFlex 755TS drives.

PowerFlex 750-Series AC Drives Programming Manual, publication 750-PMOQ1

Provides information on how to mount, install, and configure PowerFlex 750-Series
drives.

Enhanced PowerFlex 7-Class Human Interface Module (HIM) User Manual, publication
20HIM-UMOQT

Provides information for using the 20-HIM-A6 HIM module to configure PowerFlex
750-Series drives and the Safe Torque Off option module.

GuardLogix Safety Application Instruction Set Reference Manual,
publication 1756-RM095

Provides information that describes the GuardLogix Safety Application Instruction
set.

EtherNet/IP Network Devices User Manual, publication ENET-UMO06

Describes how to configure and use EtherNet/IP devices to communicate on the
EtherNet/IP network.

EtherNet/IP Device Level Ring Application Technique, publication ENET-AT007

Describes Device Level Ring (DLR) topologies, configuration considerations, and
diagnostic methods.

System Design for Control of Electrical Noise Reference Manual,
publication GMC-RMOO1

Information, examples, and techniques that are designed to minimize system
failures caused by electrical noise.

Safety Guidelines for the Application, Installation, and Maintenance of Solid-State
Control, publication SGI-1.

Describes important differences between solid-state control and hardwired
electromechanical devices.

GuardLogix 5580 and Compact GuardLogix 5380 Controller Systems Safety
Reference, publication 1756-RM012

Provides information on safety application requirements for GuardLogix 5580 and
Compact GuardLogix 5380 controllers in Studio 5000 Logix Designer® applications.

ControlLogix® 5580 Contrallers User Manual, publication 1756-UM543

Provides information on how to use standard ControlLogix 5580 controllers.

CompactLogix™ 5380 Controllers User Manual, publication 5069-UMO01

Provides information on how to use standard CompactLogix 5380 controllers.

Product Certification s website, rok.auto/certifications

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

12
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Chapter ]

What Is the Integrated
Safety Functions Option
Module?

About Safe Stop and Safe Monitor Functions

This chapter provides information on safety considerations for the Integrated Safety
Functions option module.

The Integrated Safety Functions option module provides a networked STO (Safe Torque 0ff)
function via an EtherNet/IP® network. It is also equipped for Integrated (drive-based) Timed
SS1, Monitored SS1, and Safe Brake Control, which operate in the drive and are activated
through the network safety connection.

The Integrated Safety Functions option module also supports select controller-based EN/IEC
61800-5-2 safety functions operating in GuardLogix® 5580 or Compact GuardLogix 5380
controllers that use the EtherNet/IP network to communicate with the safety I/0. This support
includes the new safety function instructions that are provided on the Drive Safety tab in the
Logix Designer application.

The Integrated Safety Functions option module includes these features:

 Is designed to remove power from the gate firing circuits of the drive output power
devices (IGBTs). With the power removed, the drive output power devices cannot turn
on to generate AC power to the motor.

» Canbe used in combination with other safety devices to satisfy the requirements of IEC
61508, EN/IEC 61800-5-2 and EN 62061 SIL 3, IS0 13849-1 PLe, and Category 4 for Safe
Torque Off (STO).

When used for safe speed monitoring, the drive can be configured for single- or dual-feedback
to achieve the following safety ratings:

« Single-feedback configurations using safety encoders provide up to SIL 2 PLd
capability.

» Dual-feedback configurations provide up to SIL 3 PLe capability when discrepancy
testing (either velocity, position, or both) is enabled. Safety functions that use position
check have up to SIL 2 PLd capability. In this configuration, at least one encoder (the
primary encoder) has to comply with SIL 2, PL d. The second encoder can be a standard
encoder.

IMPORTANT The Integrated Safety Functions option module is suitable for
performing mechanical work on the drive train or affected area
of a machine only. It does not provide electrical safety.

not remave dangerous voltages at the drive output. Before
performing any electrical work on the drive or motor, turn off the
input power to the drive, and follow all safety procedures. See
Remove Power to the System on page 26 for more information.

2 ATTENTION: The Integrated Safety Functions option module does
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IMPORTANT  Multiple safety option modules in a single drive are not allowed.
Only one of these safety option modules can be installed in the
drive:

« PowerFlex® 750-Series Safe Torque Off option module
(catalog number 20-750-S)

« PowerFlex 750-Series Safe Speed Monitor option module
(catalog number 20-750-S1)

« PowerFlex 755/755T Integrated Safety - Safe Torque Off option
module (catalog number 20-750-S3)

« PowerFlex 755/755T Integrated Safety Functions option module
(catalog number 20-750-S4)

Safety Functions option module has controlled the drive outputs to
the Off state, the drive can provide stored energy for up to 180° of
rotation in a 2-pole motor before torque production in the motor
stops.

2 ATTENTION: If two output IGBTs fail in the drive, when the Integrated

mechanical force on the motor shaft such as suspended loads, back

ATTENTION: The STO function only disables motor torque. A
A pressure in a pump or fan, can cause motor rotation.

IMPORTANT Do not use this option module as a control for starting or stopping
the drive.

Compatihle Drives The Integrated Safety Functions option module is compatible with these PowerFlex 755 drives
and PowerFlex 755T drive products:

«  PowerFlex 755 drives (v14.xxx or later)

«  PowerFlex 755TL low harmonic drives (v4.xxx or later)

«  PowerFlex 755TR regenerative drives (v4.xxx or later)

«  PowerFlex 755TM common bus inverters (v4.xxx or later)
«  PowerFlex 755TS drives (vIl.xxx or later)

IMPORTANT The Integrated Safety Functions option module is not compatible
with PowerFlex 753 drives.

Integrated safety functions are controlled via the embedded Ethernet port on the drive only.
The 20-750-ENETR can still be used, but only in conjunction with the embedded Ethernet port
by being in Tap mode (safety messages must go through the embedded Ethernet port on

drive).

The following Add-on Profiles (AOPs) are needed depending on the drive and type of control
used:

Product Standard Control Integrated Motion

755 v5.03 (or later) v19.00.00 (or later)

755T v5.04 (or later) Future

755TS v15.01 Future
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Compatible Safety
Controllers

Safety Application
Requirements

Safety Certification

A GuardLogix safety controller is required for use of the Integrated Safety Functions option
module that is used in Network mode control (‘Safety’, ‘Standard and Safety’, or ‘Motion and
Safety’ used for Connection type). The following GuardLogix controllers can be used:

Studio 5000 Logix Designer® Application Version /
Controller Controller Firmware
GuardLogix 5580 safety controller v31(or later)
Compact GuardLogix 5380 safety
controller v31 {or fater)

IMPORTANT The Integrated Safety Functions option module is not supported
by GuardLogix 5570 and GuardLogix 5370 (or earlier) safety
controllers.

Create, record, and verify the safety signature as part of the required safety application
development process. The safety controller creates the safety signature, which consists of an
identification number, date, and time that uniquely identifies the safety portion of a project.
This signature covers all safety logic, data, and safety I/0 configuration.

If the Drive Safety Function Instructions are used in the safety application, special
consideration must be taken to verify the application. See Appendix A on page 187 for guidance
on verifying the drive safety function instructions.

For safety system requirements, including information on the safety network number (SNN),
verifying the safety signature, and functional verification tests, see the GuardLogix Controller
Systems Safety Reference Manuals that are listed in the Additional Resources on page 12.

The PowerFlex 755 Integrated Safety Functions option module (catalog number 20-750-S4) is
certified by TUV Rheinland as suitable for use in integrated safety applications:

» Uptoandincluding SIL 3 according to IEC 61508
« Uptoandincluding SIL CL3 according to EN 62061
« Up to and including PLe (Category 4) according to IS0 13849-1.
In these applications, the removal of motion-producing power is considered to be the safe

state. All components in the system must be chosen and applied correctly to achieve the
desired level of operator safequarding.

Important Safety Considerations

You are responsible for these system safety considerations:
»  Setup, safety rating, and validation of any sensors or actuators connected to the

system.

» Complete a system-level risk assessment, and reassess the system anytime a change is
made.

«  Certification of the system to the desired safety Performance Level/Safety Integrity
Level.

»  Project management and proof testing.

«  Programming the application software and the safety option module configurations in
accordance with the information in this manual.

« Access control to the system.

« Analyze all configuration settings and choose the proper setting to achieve the required
safety rating.

+ Validation and documentation of all safety functions used.
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IMPORTANT  Only qualified, authorized personnel that are trained and experienced in
functional safety can plan, implement, and apply functional safety
systems.

ATTENTION: When designing your system, consider how various personnel
can interact with the machine. Additional safeqguard devices can be required
for your specific application.

suspended loads that can fall) are present, additional measures (for
example, mechanical brakes) can be necessary to help prevent any hazard.

2 ATTENTION: In circumstances where external influences (for example,

Stop Category Definitions

There are three stop categories:

» Stop Category 0 is achieved with immediate removal of power to the machine
actuators, which results in an uncontrolled coast-to-stop. An STO accomplishes a Stop
Category 0 stop.

 Stop Category 1is achieved with a Ramp to Stop followed with immediate removal of
power to the machine actuators. This can be achieved using SS1with STO.

- Stop Category 2 is a controlled stop with power left available to the machine actuators.
This can be achieved using controller-based SS2 / SOS with the PowerFlex 755T drive
products.

IMPORTANT  When designing the machine application, consider timing and distance
for a coast-to-stop (Stop Category 0 or Safe Torque Off). For more
information on stop categories and Safe Torque Off, see EN 60204-1and
EN/IEC 61800-5-2.

Performance Level and Safety Integrity Level (SIL) CL3

For safety-related control systems, Performance Level (PL), according to IS0 13849-1, and SIL
levels, according to IEC 61508 and EN 62061, include a rating of the ability of the system to
perform its safety functions. All safety-related components of the control system must be
included in both a risk assessment and the determination of the achieved levels.

See the IS0 13849-1, IEC 61508, and EN 62061 standards for complete information on
requirements for PL and SIL determination.
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Proof Tests

PFD,yq and PFH Definitions

PFD,,q and PFH Data

IEC 61508 requires you to perform various proof tests of the equipment that is used in the
system. Proof tests are performed at user-defined times. For example, proof tests can be once
a year, once every 15 years, or whatever time frame is appropriate.

The Integrated Safety Functions option module has a useful life of 20 years, no proof test
required. Other components of the system, such as safety I/0 devices, sensors, and actuators
can have different useful life times.

IMPORTANT The time frame for the proof test interval depends on the specific
application.

Safety-related systems can be classified as operating in either a Low Demand mode, or in a
High Demand/Continuous mode.

« Low Demand mode: where the frequency of demands for operation, made on a safety-
related system, is no greater than one per year, or no greater than twice the proof-test
frequency.

« High Demand/Continuous mode: where the frequency of demands for operation, made
on a safety-related system, is greater than once per year, or greater than twice the
proof test interval.

The SIL value for a low-demand safety-related system is directly related to order-of-

magnitude ranges of its average probability of failure to perform its safety function on
demand or, simply, average probability of dangerous failure on demand (PFDavg).

The SIL value for a High Demand/Continuous mode safety-related system is directly related to
the average frequency of a dangerous failure (PFH) per hour.

These PFD,,q and PFH calculations are based on the equations from Part 6 of EN 61508 and
show worst-case values.

Safety Data for Safe Torque Off

Table 2 and Table § on page 18 provide PFD,,q and PFH values for the Safe Torque Off (STO) or

Timed Safe Stop 1functions. These values apply when Safety Instance is set to ‘Safe Stop Only
- No Feedback’.

Table 2 - PFD,,q and PFH for PowerFlex 755 Drives STO and Timed SS1

Attribute Frames 1...7 Frame 8 Frame 9 Frame 10
PFD,yq 408E-5 1.81E-4 2.73E-4 3.64E-4
PFH (1/hour) 4.TTE-10 2.09E-9 3.J4E-9 4.19E-9
SIL 3 3 3 3

PL e e e e
Category 4 A 4 A
MTTFp years 204.1(high) 93.3 (high) 69.1(high) 55.1(high)
DCauy % 975% (medium) | 97.4% (high) | 975%(high) | 97.5% (high)
HFT 1(1002) 1(1002) 1(1002) 1(1002)
Mission time 20 years 20 years 20 years 20 years
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Table 3 - PFD and PFH for PowerFlex 755T Drive Products STO and Timed SS1

Attribute ‘I;rames 3 and grames Tand Frame 9 Frame 10 Frame 11 Frame 12 Frame 13 Frame 14 Frame 15
PFD 4y 4.49E-5 2.56E-4 2.82E-4 3.08E-4 3.34E-4 3.60E-4 3.86E-4 4.38E-4 4.90E-4
PFH (1/hour) | 5.24E-10 2.96E-9 3.25E-9 3.55E-9 3.85E-9 4.15E-9 4.45E-9 5.05E-9 5.65E-9
SIL 3 3 3 3 3 3 3 3 3
PL e e e e e e e e e
Category 4 4 4 4 4 4 4 4 4
MTTFp years | 1875 (high) 102.6 (high) 878 (high) | 76.7(high) | 68.1(high) | 61.2 (high) 55.6 (high) 47 (high) 40.7 (high)
DCag® | 974%(high) | 970% (high) | 97.0% (high) ?[Zlgh/) ﬁ?lgh/) 96.9% (high) | 96.9% (high) | 96.9% (high) | 96.9% (high)
HFT 1(1002) 1(1002) 1(T002) 1(1002) 1(T002) 1(To02) 1(1002) 1(1002) 1(T002)
Mission time | 20 years 20 years 20 years 20 years 20 years 20 years 20 years 20 years 20 years
Table &4 - PFD,q and PFH for PowerFlex 755TS Drives
Attribute Frames 1...7
PPy 412E-05
PFH (1/hour) 4.81E-10
SIL 3
PL e
Category A
MTTFp years 202.2
DCayg% 975 (high)
HFT 1(T002)
Mission time 20 years
Safety Data for Safe Feedback
Table 5 provides PFD,,q and PFH values to add to the PFD,,, and PFH values from Table 2 on
page 17 or Table 3 for safety functions that require safe encoder feedback. Safety functions
using safe encoder feedback include drive based Monitored Safe Stop 1and controller-based
safety functions SS1, $S2, SOS, SLS, SLP, and SDI.
In general, the PFD,,, and PFH values from Table 5 should be added to Table 2 on page 17 and
Table 3 when Safety Instance is set to ‘Single Feedback Monitoring' or ‘Dual Feedback
Monitoring'.
When using Dual Feedback Monitoring, enable Discrepancy Testing.
Table 5 - PFD,,, or PFH to Add When Safety Functions Use Safety Feedback
Attribute Single Encoder Feedback Dual Encoder Feedback!”
PFD (average) 6.75E-4 4.32E-5
PFH (1/hour) 7.70E-9 4,93E-10
SIL 2 3
PL d e
Category 3 4
MTTFD years 1446.7 (high) 14277 (high)
DCavg% 90.0% (medium) 99.0% (high)
HFT 1(To02) 1(l002)
Mission time 20 years 20 years
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(1) Dual channel values apply with discrepancy checking configured.

The safe motion-monitoring option can be configured for single feedback or dual feedback to
achieve the following safety rating:

« Single feedback configurations provide up to SIL 2 PLd capability.

 Dual-feedback configurations provide up to SIL 3 PLe capability when discrepancy
testing (either velocity, position, or both) is enabled.

IMPORTANT Achievable safety rating depends on each system component. For
Safe Feedback, the safety rating of the selected encoders may
limit the safety rating of the system.

Safety Data for Safety 1/0

The Integrated Safety Functions option module provides four safety inputs and two safety
outputs. Table 6 provides PFD,,q and PFH values to add for safety functions that use this

Safety I/0.
Table 6 - PFD or PFH to Add When Safety Functions Use Safety 1/0
Attribute Single Channel Safety 1/0 | Dual Channel Safety 1/0
PFD (average) 3.35E-4 2.49E-4
PFH (1/hour) 3.83E-9 2.84E-9
SIL 2 3
PL d e
Category 2 4
MTTFD years 1064.9 (high) 1998.0 (high)
DCavg% 96.4% (high) 94.2% (high)
HFT 0 (Too1) 1(lo02)
Mission time 20 years 20 years
IMPORTANT  Single channel safety 1/0 is only certified for use in functional
safety applications with process safety times greater than or
equal to 300 ms; or applications with demand rates less than or
equal to 1demand per 30 seconds.
IMPORTANT  If single channel safety I/0 is used, pulse testing (external pulse

testing for safety inputs, pulse testing for safety outputs) MUST
be enabled on the single channel I/0 points.

Spurious Trip Rate

Table 7 shows the Spurious Trip Rate (STR) and Mean Time to Failure Spurious (MTTF gyigys)
values for the Integrated Safety Functions option module, calculated according to the ISA TR-

84 method.

Table 7 - STR and MTTF Spurious Values
Attribute Value

Spurious Trip Rate 3.00E-6
MTTFSpurious (years) 310
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Safety Reaction Time

Considerations for Safety
Ratings

The safety reaction time is the length of time from a safety-related event as input to the
system until the system is in the safe state. Table 8 shows the safety reaction time from an
input signal condition that triggers a safe stop, to the initiation of the configured Stop Type.
For details on how to calculate system reaction times with GuardLogix controllers, see the
GuardLogix Controller Systems Safety Reference Manuals listed in the Additional Resources on

page 12.
Table 8 - Safety Reaction Time

Drive Family Network STO Reaction Time, Max
PowerFlex 755 drives (firmware revision 13 or later), Frames
1..10

PowerFlex 755TL low harmonic drives, Frames 7...15 15 ms
PowerFlex 755TR regenerative drives, Frames 7...15

PowerFlex 755TM, Frames 8...15

PowerFlex 755TL low harmonic drives, Frames 1...7

PowerFlex 755TL low harmonic drives, Frames 5 and 6 26 ms

IMPORTANT An input signal condition that is present for less than the reaction time
may not result in the safety function being performed. Repeated
requests of the safety function for less than the reaction time can result
in a spurious detection of a fault.

IMPORTANT In network STO Mode, the safety reaction time in Table 8 does not include
the connection reaction time limit. See the GuardLogix Controller

Systems Safety Reference Manuals, listed in the Additional Resources on
page 12, for details.

The achievable safety rating of an application that uses the Integrated Safety Functions option
module that is installed in PowerFlex 755/755T drive products is dependent upon many
factors, drive options, and the type of motor.

A safety rating up to and including SIL 3, PLe, and Category 4 can be achieved.
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Encoder Considerations

This section describes factors to consider when using an encoder with the Integrated Safety
Functions option module.

Supported Encoders

Table 9 describes the supported encoder types based on the feedback card that is used and
the physical terminal it is connected to. The Achievable System Safety Rating column shows
the highest achievable safety rating for a system using the components listed. Other lower
safety ratings may be achievable in specific situations. You must determine the actual system
safety rating based on the encoder types used, the encoder diagnostics described in this
chapter, the contents of this safety manual, and safety information provided by the encoder
manufacturer. Contact the encoder manufacturer for further guidance.

Table 9 - Supported Feedback Cards and Encoder Types

. |Primary Channel Secondary Channel . .
Feedback Option - - - — Achievable System Safety Rating
Encoder Type Encoder Motion Axis |Encoder Type Encoder Motion Axis
« SIL 2/PL d with rat R
Not Used Not Used S : d with rated encodg)r 0
. X « PL d with standard encoder
20-70-UFB-1 | Sine/Cosine SIL3/PL e with two rated encoders OR
Digital AqB Load Feedback )
Motor Feedback 1ralag oad reedhac « PL e with two standard encoders”
Not Used Not Used « SIL 2/PL d with rated encoder
20-750-DENC-1 | Digital AqB

Digital AqB Load Feedback « SIL3/PL e with two rated encoders®

(1) When using a standard sine/cosine encoder, safety relevant data (MTTF) and safety diagnostic measures to achieve required diagnostic coverage need be considered. Encoder
diagnostics for sine/cosine encoders provided by this product include: encoder voltage monitoring, sin2 + cos2 vector length monitoring, zero crossing detection, and signal
offset (described in the section below). Additional (customer supplied) diagnostics may be required. You must determine the suitability of the encoder and the system safety

rating.

(2) Toachieve a SIL 3 rating when using two encoders of the same type, consider whether the two encoders used have sufficient independence per IEC 61508-2 clauses 7.4.3.2 and

74.3.4.

Encoder Diagnostics

Depending on the encoder type, the module performs several diagnostic tests on encoder
signals to detect faults in the encoder. You must determine if the combination of the selected
encoder device type and the diagnostics that are described in this chapter will satisfy the
required safety function rating. The use of non-safety, standard encoders my require further
analysis and assessment activities.

General Encoder Diagnostics

The following encoder diagnostics are available for all supported encoder types:
- Encoder Voltage Monitoring (Configurable)
«  Maximum Speed Limit (Configurable)
«  Maximum Acceleration (Configurable)
«  Maximum Encoder Input Frequency
«  Dual Encoder Velocity and/or Position Discrepancy (Configurable)

IMPORTANT These diagnostics are based on the capability of the chosen
encoder and its rated limits. They do not provide a safety-rated
safety function.
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Encoder Voltage Monitoring

The voltage monitoring diagnostic samples the voltage being supplied to the encoder to
confirm that its level is within its configured range. If the voltage monitoring diagnostic
detects a voltage that is out of the configured range, the safety feedback instance reports a
voltage monitoring fault and causes the module to enter the safe state.

The following voltage monitoring ranges are supported:
«  475..5.25V (Recommended setting when using 20-750-DENC-1 card with the 12V
Jumper in the ‘Storage’ position)
+  11.4..12.6V (Recommended setting when using 20-750-DENC-1 card with the 12V Jumper
in the ‘Enabled’ position)

« 7..12V(Recommended setting when using 20-750-UFB-1)

If a voltage range is not specified, then the voltage monitoring diagnostic is not performed.
Maximum Speed Limit

The maximum speed limit diagnostic detects when encoder speed is above a configured limit.
If the speed of the encoder is greater than the configured max speed limit, an exceeded max
speed fault is reported by the safety feedback instance. This causes the module to enter the
safe state.

If the encoder being used specifies a maximum speed, set the maximum speed limit
configuration value to this value or lower. If the limit is configured as 0, this diagnostic is not
performed.

Maximum Acceleration

The maximum acceleration diagnostic detects when encoder acceleration is above a
configured limit. If the module detects that the acceleration of the encoder has exceeded the
configured limit, a max acceleration fault is reported by the safety feedback instance. This
causes the module to enter the safe state.

If the encoder being used specifies a maximum acceleration, set the maximum acceleration
configuration value to this value or lower. If the maximum acceleration is configured as 0, this
diagnostic is not performed.

Maximum Encoder Input Frequency

The maximum encoder input frequency diagnostic confirms that the safety feedback signals
do not exceed the maximum frequency (encoder counts per second) supported by the module.
This value is not configurable and has fixed values based on the encoder type. Table 10 shows
the maximum frequency based on encoder type.

Table 10 - Maximum Frequency of Encoder Types

Encoder Type Max Frequency
Digital AgB 250 kHz
Sine/Cosine and

Hiperface 163.8 kHz

If the module detects an encoder input frequency above the limit, a max frequency fault is
reported in the safety feedback instance and the module enters the safe state.
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Dual Encoder Velocity and/or Position Discrepancy

The dual encoder velocity and position discrepancy diagnostic confirms that the position and/
or velocity of the two encoders match within a configurable tolerance. The position and
velocity discrepancy limits are individually configurable; setting the limit to a value of 0
disables the diagnostic check. If the module detects that the difference between the position
and/or velocity of both encoders is outside the configured limit, a discrepancy error is
reported in both safety feedback instances and the module enters the safe state. This
diagnostic is only available when the module is configured in a dual feedback configuration.

Digital AqB Diagnostics

The following diagnostic functions are implemented in the module to perform diagnostics for
digital AgB encoders:

« Inverse Signal Monitoring
o (uadrature Error Detection

Inverse Signal Monitoring

The inverse signal monitoring diagnostic confirms that the inverted and non-inverted signals
are always at opposite signal levels. If the module detects a non-inverted signal, a feedback
signal lost fault is reported in the safety feedback instance and the module enters the safe
state. This diagnostic is meant to detect encoder wiring errors, such as open, short, or short to
power.

Quadrature Error Detection

The quadrature error detection confirms that the A and B signals from the digital AqB encoder
do not change simultaneously. This diagnostic is also referred to as an exclusive bit check. If
the module detects a quadrature error, the safety feedback instance reports a quadrature
error fault and enters the safe state. A simultaneous change indicates an error with the
encoder wiring or an issue with the encoder itself.

Sine/Cosine and Hiperface Diagnostics

The following diagnostic functions are implemented in the module to perform diagnostics on
Hiperface and or Sine/Cosine type encoders:

«  SinZ+ Cos? Vector Length Monitoring

«  Zero-crossing Detection

- Signal Offset (Sine/Cosine Encoder Type Only)

Sin 2+ Cos? Vector Length Monitoring

The Sin? + Cos? vector length monitoring diagnostic confirms that the sine and cosine signals
are sinusoidal and 90° apart. This diagnostic is meant to detect errors in the wiring of the
encoder and problems within the encoder itself. Table 11 on page 24 describes the tolerance of
encoder output signal amplitudes for this diagnostic. Table 12 on page 24 describes the phase
tolerance of the diagnostic. If the module detects that the amplitude and or phase of the

signals is out of range, the safety feedback instance reports a Sin? + Cos? fault and the module
is placed in the safe state.
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Table 11 - Sin? + Cos? Vector Length Monitoring Amplitude Range

Max Min
1.3Vpp 0.7Vpp

Table 12 - Sin? + Cos? Vector Length Monitoring Phase Tolerance

Tolerance
900+ 20°

Zero-crossing Detection

The zero-crossing detection diagnostic confirms that the sine and cosine signals have a
similar offset to ground. The offset tripping point is + 50 mV. If the offset of the sine and
cosine signals is greater than the tripping point, the zero-crossing detection diagnostic will
fail, a signal lost fault is reported in the safety feedback instance, and the module is placed in
the safe state.

Signal Offset

The signal offset diagnostic confirms that a Sine/Cosine type encoder is producing the proper
offset on the Sine and Cosine signals. This diagnastic is not performed when the feedback
device type is configured as Hiperface.

Table 13 describes the offset tolerance of the diagnostic. If the offset of the Sine and or Cosine
signals are outside the tolerance range, the safety feedback instance reports a signal offset
fault and the module is placed in the safe state.

Table 13 - Signal Offset Tolerance

Max Min
3.0V 20V

If you experience a failure with any safety-certified device, contact your local Allen-Bradley
distributor to request any of these actions:

»  Return the device to Rockwell Automation so the failure is appropriately logged for the
catalog number that is affected and a record is made of the failure.

« Request a failure analysis (if necessary) to determine the probable cause of the failure.

In case of malfunction or damage, no attempts at repair should be made. The option module
should be returned to the manufacturer for repair. Do not dismantle the option module.

For more information about replacing drives, see Replace an Integrated Safety Drive in a
GuardLogix System on page T15 and Replace an Integrated Safety Drive in a GuardLogix System

on page 148.
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This chapter provides installation, jumper settings, and wiring for the Integrated Safety
Functions option module.

installation. Rockwell Automation does not assume responsibility for
the compliance or the noncompliance to any code, national, local, or
otherwise for the proper installation of this equipment. A hazard of
personal injury and/or equipment damage exists if codes are
ignored during installation.

2 ATTENTION: The following information is a guide for proper

IMPORTANT Installation must be in accordance with the instructions in this
user manual and the installation instructions for your drive.
Only qualified, authorized personnel that are trained and

experienced in functional safety can plan, implement, and apply
functional safety systems.

IMPORTANT  During installation and maintenance, check your drive firmware
release notes for known anomalies and verify that there are not
safety-related anomalies.

The Integrated Safety Functions option module is intended to be part of the safety-related
control system. Before installation, perform a risk assessment that compares the Integrated
Safety Functions option module specifications and all foreseeable operational and
environmental characteristics of the control system.

A safety analysis is required to determine how often to test the safety function for proper
operation during the life of the machine.
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Remove Power to the Before performing any work on the drive, remove all power to the system.

System
ATTENTION:
A « Electrical Shock Hazard. Verify that all sources of AC and DC power

are de-energized and locked out or tagged out in accordance with

the requirements of ANSI/NFPA 70E, Part I.

To avoid an electric shock hazard, verify that the voltage on the bus

capacitors has discharged before performing any work on the drive.

Measure the DC bus voltage at the +DC and -DC terminals or test

points. The voltage must be zero. For the location of the terminal

block and test point sockets, see the manual for your drive:

PowerFlex® 750-Series AC Drive Installation Instructions,

publication 750-IN0OT

« PowerFlex 750-Series Products with TotalFORCE® Control Installation
Instructions, publication 750-IN100

« PowerFlex 755TM IP00 Open Type Kits Installation Instructions,
publication 750-IN101

« In Safe Torque Off mode, hazardous voltages may still be present at
the motor. To avoid an electric shock hazard, disconnect power to
the motor and verify that the voltage is zero before performing any
work on the motor.

« PowerFlex 755TS Products with TotalFORCE Contral Installation
Instructions, publication 750-INTI9

Access the Control Pod The option module is installed in the drive control pod. Different drives have different ways to
access the control pod. To access the control pod, follow these steps.

1. Remove the door or cover.
2. Loosen the retention screw on the HIM cradle.
3. Lift the cradle until the latch engages.

See the installation instructions for your drive for more information.

Figure 1- Access the Control Pod

[

Drives in Cabinet Enclosures
Panel-mounted Drives
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Set the SAFETY and The drive ships with the SAFETY enable jumper and the hardware ENABLE jumper installed.
Hardware ENABLE Jumpers Both of these jumpers are on the main control board.

IMPORTANT PowerFlex 755 drives (frames 8...10) control boards do not have a
SAFETY enable jumper.

To configure the product to use the PowerFlex 755/755T Integrated Safety Functions option
module, complete the following steps.
1. Access the control pod.
2. Locate and remove the SAFETY enable jumper on the main control board.
If the SAFETY enable jumper is installed when using a safety option the drive will fault.
3. Locate and make sure that the hardware ENABLE jumper is installed.

Figure 2 - PowerFlex 755 Drives Jumper Locations, Frames 1...7

SAFETY Jumper
(jumper is removed)

Hardware ENABLE Jumper
(jumper in place)

Figure 3 - PowerFlex 755T Drive Products Jumper Locations (all frame sizes)

SAFETY Jumper
(jumper is removed)

PowerFlex 755T Drive Products

Hardware ENABLE Jumper
(jumper in place)
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| Figure & - PowerFlex 755TS Drive Products Jumper Locations Frames 1...7
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Install the Safety Option To install the Integrated Safety Functions option module in a drive port, follow these steps:
Module 1. Firmly press the module edge connector into the desired port.

IMPORTANT The Integrated Safety Functions option module can be
installed in ports 4, 5, or 6 when used in Standard 1/0 mode.
When used in an Integrated Motion application, the

Integrated Safety Functions option module must be
installed in Port 6.

2. Tighten the top and bottom retaining screws.
- Recommended torque = 0.45 Nem (4.0 Ibein) 1
- Recommended screwdriver = T15 Hexalobular

654

IMPORTANT Do not overtighten the retaining screws.

IMPORTANT  Only one safety option module can be installed in a drive.

Multiple safety option modules or duplicate safety option
module installations are not supported.

28 Rockwell Automation Publication 750-UM005G-EN-P - July 2023



Chapter 2 Installation and Wiring

Figure 5 - PowerFlex 755 Drives, Frames 1...7

Feedback Installation Guidelines
Follow these guidelines for the Integrated Safety Functions option module.

Feedback Devices

The Integrated Safety Functions option module can be used with one of the following feedback
devices when safe feedback monitoring is used:

+  Dual-incremental Encoder module, catalog number 20-750-DENC-1
+ Universal Feedback module catalog number 20-750-UFB-1

Only one feedback card can be used in conjunction with the Integrated Safety Functions
module. For information on the supported encoder types for a given feedback device, see

Encoder Considerations on page 21.
Port Assignment

Follow these guidelines for port assignment:

» The Integrated Safety Functions option module and the feedback device must be
installed on the same backplane using ports 4, 5, or 6.

«  When used in an Integrated Motion application, the Integrated Safety Functions option
module must be installed in port 6.

»  Only one safety option module can be installed in a drive. Multiple safety options or
duplicate safety option installations are not supported.

Jumper Settings

Follow these guidelines for jumper settings:

«  Verify the hardware enable jumper (ENABLE) on the main control board is installed. See

Figure 2 on page 27 or Figure 3 on page 27 for location. If not installed, the drive will
fault when powered up.

Rockwell Automation Publication 750-UM005G-EN-P - July 2023 29



Chapter 2 Installation and Wiring

«  Verify the safety enable jumper (SAFETY) on the main control board is removed (Frames
1...7 only). See Figure 2 on page 27 or Figure 3 on page 27 for location.

170 Wiring This section describes the onboard safety 1/0 and wiring considerations. A power supply must
be connected between the SP and SC terminals in order for the safety 1/0 to be used. See
Power Supply Requirements on page 31 for information on selecting a power supply.

IMPORTANT  External 24V power is only required to the module when
hardwired safety is used. It is NOT required when the module is
used for networked safety operation.

Table 14 - Terminal Designation

Terminal Name Description

Tol Test Output 1 Test 24V DC output 1

Si2 Safety Input 2 Safety 24V DC input 2

SC Safety Common Safety power common

Si3 Safety Input 3 Safety 24V DC input 3

To0 Test Output 0 Test 24V DC output 0

NC No Connection

S0 Safety Output 0 Safety 24V DC output 0

SC Safety Common Safety power common

Sol Safety Output 1 Safety 24V DC output 1

Si0 Safety Input 0 Safety 24V DC input 0

SC Safety Common Safety power common

Sil Safety Input 1 Safety 24V DC input 1

SC Safety Common ﬁzsagz(ajt)y power common (required if safety I/0
sp Safety Power lsz;fe(lajt)y 24V DC power (required if safety 1/0

For examples of wiring devices to the safety 1/0, see the Guard I/0™ EtherNet/IP Safety
Modules User Manual, publication 1791ES-UMOO1.

For technical specifications of the safety I/0, see Integrated Safety Functions Option Module
Specifications on page 199.

Cabling Follow these guidelines for cabling:

- Safety wiring must be protected against external damage by cable ducts, conduit,
armored cable, or other means.

« Shielded cable is required.

«  When installed in a PowerFlex 755 Frame 8 or larger drive, an EMC Core Kit, catalog
number 20-750-EMCSSMI-F8, is required.
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Power Supply Requirements

IMPORTANT  The external power supply must canform to the Directive 2006/
95/EC Low Voltage by applying the requirements of EN61131-2
Programmable Controllers, Part 2 - Equipment Requirements and
Tests, and one of the following:

« ENB0950 - SELV (Safety Extra Low Voltage)

EN60204 - PELV (Protective Extra Low Voltage)

« |EC 60536 Safety Class Il (SELV or PELV)

« UL 508 Limited Voltage Circuit

« 24V DC £10% must be supplied by a power supply that complies
with IEC 60204 and IEC 61558-1.

For more information, see the guidelines in Industrial Automation Wiring and Grounding
Guidelines, publication 1770-4.1.
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Notes:
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Safety Inputs

Safety 1/0

This chapter provides information that is related to the embedded safety inputs and outputs
on the Integrated Safety Functions option module.

Read this section for information about safety inputs and their operation modes. The safety
inputs can be used in a single or dual-channel configuration for monitoring a safety input
device. A safety input can also be configured for external pulse testing with an associated test
output.

Safety Input Operation

The Integrated Safety Functions option module provides two modes of operation for its safety
inputs: Safety Input with External Pulse Tests and Standard Input.

The safety inputs also support configuring a sample delay time. You can configure both on-off
and off-on sample delay times for each input point. You can also configure a latch error time,
which specifies the minimum amount of time that a safety input alarm is reported.

Safety Input with External Pulse Tests Operation

A test output can be used in combination with a safety input for short-circuit detection.
Configure the test output as a pulse test source and configure the safety input as ‘Used with
Test Output’. Test Output 0 is associated with safety inputs 0 and 2. Test Output 1is associated
with safety inputs 1and 3.

When the external input contact is closed, a test pulse is output from the test output terminal
to diagnose the field wiring and input circuitry. By using this function, short circuits between
input signal lines and the power supply (positive side), and short circuits between redundant
input signal lines of one external device can be detected. Safe wiring by customer action is
required.

Table 15 - Typical External Pulse Width and Period

Pulse Width Period
500 ps 300 ms

Rockwell Automation Publication 750-UM005G-EN-P - July 2023 33



Chapter 3

Safety 1/0

34

Figure 6 - Test Pulse in a Cycle

ON
Typical Pulse
Test Period OFF
300 ms
Typical
Pulse
Width
500 ps

IMPORTANT  When using external pulse testing in single-channel mode, the
demand rate of the input must be greater than 30 seconds.

Figure 7 - Short-circuit Between Input Signal Lines

External
Contact

External Contact

/

Short Circuit Between Input Signal Lines and
Power Supply (positive side)

External
Ul
H -, Contact
P ’
Z 1
’ \
/ S o
| -
\ + Short Circuit Between Input Signal Lines

Latch Input Error Operation in Single Channel Mode

The safety input subsystem allows for a configurable time for which an alarm state is held.

This is referred to as Input Latch Error Time. In single channel mode, the input latch error time
describes the period between when the alarm condition is removed and when the safety input
stops reporting the alarm. Figure 8 on page 35 shows the operation of input latch error time in
single channel mode. See Safety Input Alarm Recovery on page 43 for information on removing

an alarm.
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Figure 8 - Single Channel Input Latch Error Behavior (not to scale)
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Single-channel Safety Input Status Data

Figure 9 on page 36 describes the status and value that is reported by the Safety 1/0
subsystem for normal and alarm states. In normal operation, the Safety Input value reported is
the value being read on the input terminal. The Safety Input status is on. When a fault is
detected, the Safety Input value and status are forced off.

Rockwell Automation Publication 750-UM005G-EN-P - July 2023 35



Chapter 3

Safety 1/0

36

Figure 9 - Single Channel Normal Operation and Alarm Detection (not to scale)
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Dual-channel Safety Input Operation

I

To support redundant safety devices, the consistency between signals on two input points can
be evaluated. This is referred to as Dual-channel operation. Two modes are available when

using dual-channel inputs: equivalent and complementary.

When using either dual-channel input mode, the time from when a discrepancy is created and
when the discrepancy is reported can be configured. This is referred to as Discrepancy Time.
The configured discrepancy time is

0 (deactivated)...65,530 ms in increments of 1ms.

IMPORTANT The dual-channel function is used with two consecutive inputs
that are paired together, this process starts at an even input
number, such as inputs 0 and 1; 2 and 3; and so on.
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IMPORTANT Do not set the discrepancy time longer than necessary. The
purpose of the discrepancy time is to allow for normal

differences between contact switching when demands are

placed on safety inputs. For discrepancy checking to operate

correctly, only one demand on the safety input is expected

during the discrepancy time. If the discrepancy time is set too
high, and multiple demands occur during this time, then both
safety input channels will alarm.

Table 16 shows the relation between physical input terminal states and the data and status
reported by the Safety Input subsystem.

Table 16 - Terminal Input Status and Controller 1/0 Data

Input Terminal Controller Input Data and Status Dual-channel |Dual-channel
Dual Channel Mode . . Safety Safety Safety Safety Resultant Input

Sio Sit Data Status

Input 0 Data  |Input1Data |Input 0 Status Input 1 Status

OFF OFF OFF OFF 0K ON OFF 0K

Dual Channels. Equivalent OFF ON OFF OFF ALARM OFF OFF Alarm
'+ ON OFF OFF OFF ALARM OFF OFF Alarm

ON ON ON ON 0K ON ON 0K

OFF OFF OFF ON ALARM OFF OFF Alarm

OFF ON OFF ON 0K ON OFF 0K
Dual Channels, Complementary

ON OFF ON OFF 0K ON ON 0K

ON ON OFF ON ALARM OFF OFF Alarm
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Equivalent Dual-channel Input Operation

In Equivalent mode, both inputs of a pair must typically be in the same (equivalent) state.
When a transition occurs in one channel of the pair, before the transition of the second
channel of the pair, a discrepancy occurs. If the second channel transitions to the appropriate

state before the discrepancy time elapses, the inputs are considered equivalent.

If the second transition does not occur before the discrepancy time elapses, the channels

transition to the alarm state. In the alarm state, the input and status for both channels are set
low (off). When configured as an equivalent dual pair, the data bits for both channels are sent
to the controller as equivalent, both high or both low.

Figure 10 on page 38 shows the operation of dual-channel equivalent inputs under normal and
alarm conditions.

37



Chapter 3

Safety 1/0

38

Figure 10 - Equivalent, Normal Operation, and Alarm Detection (not to scale)
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Dual Channel 0K | «— Alarm Detected
Status ALARM | I

Complementary Dual-channel Input Operation

In Complementary mode, the inputs of a pair are typically in the opposite (complementary)
state. When a transition occurs in one channel of the pair before the transition of the second
channel of the pair, a discrepancy occurs. If the second channel transitions to the appropriate
state before the discrepancy time elapses, the inputs are considered complementary.

If the second transition does not occur before the discrepancy time elapses, the channels
transition to the alarm state. The alarm state of complementary inputs is the even-numbered
input turned off and the odd-numbered input turned on. If in the alarm state, both channel
status bits are set low. When configured as a complementary dual-channel pair, the data bits
for both channels are sent to the controller in complementary, or opposite states.

Figure 11 on page 39 shows the operation of dual-channel complementary inputs under normal
and alarm conditions.
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Figure 11 - Complementary, Normal Operation and Alarm Detection (not to scale)
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Standard Input Operation

When a safety input is configured for standard input operation, no diagnostics are performed
on the input. Unlike safety inputs, a standard input cannot be used with pulse testing and can
only be used in single channel mode. A standard input can still be configured to have an
on—off and off—on filter time.

IMPORTANT Do not use standard inputs for safety purposes.

Table 17 - Standard Input Value Attribute

Parameter |Value |Description
Service Code |O0xOE Get Attribute Single
Class 0x3D Safety Discrete Input Point Object

Safety Input Instance (where i is the number of the safety input being used as
a standard input)

Data Type BYTE 8 Bits

Filtered Input Value
Attribute 0xA 0= Input OFF
1=Input ON

Instance i+1
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Safety Input Safety Data

The Safety Input data of the Integrated Safety Functions module can be monitored through:
«  Safety Input Assembly
« DPI™ Parameters
+  CIP™ Messaging

IMPORTANT  Only the Safety Input Value and Status in the Safety Input
Assembly can be considered safety data. Input values read
through DPI parameters or CIP messages are not safety data. Do
not use standard inputs for safety purposes.

The following Safety Input data is available in the Integrated Safety Functions Module:
» Safety Input Status
«  Safety Input Value
» Safety Input Valid

Each safety input point reports its own status, value, and valid attributes.

IMPORTANT If a safety input is configured for standard input mode, its
associated safety data is forced in the safe state.

Safety Input Status

The safety input status indicates whether an alarm is present in the safety input point. The
safety input status is provided in the safety input assembly, as shown in Table 18. Table 19
describes the attributes for reading the safety status via CIP messaging.

The safety input status is also provided in the first four bits of device parameter P13 [Safety 10

Status].
Table 18 - Safety Input Assembly Tags for Safety Input Status
Safety Input Assembly Tag Name . -
(safety controller to S& option) Type/[bit] | Description
. A collection of safety input values and status for

module:Sl.InputStatus SINT each safety input

Status of Safety Input 0
module:SI.In01Status [4] 0= Alarm

1=0K

Status of Safety Input 1
module:Sl.In01Status [5] 0=Alarm

1=0K

Status of Safety Input 2
module:SI.In02Status [6] 0 =Alarm

1=0K

Status of Safety Input 3
module:SI.In03Status [7] 0 =Alarm

1=0K

Table 19 - MSG Configuration for Safety Input Status

Parameter Value Description
Service Code 0x0E Get attribute single
Class 0x3D Safety Discrete Input Point Object
Instance i+1 Where i is the number of the safety input
Data Type USINT Unsigned integer value
Attribute EX[' gallitérsr;atus

1=0K
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Safety Input Value

The safety input value is the value of the input after safety and on/off delay evaluations when
the safety input is not in the alarm state. If the safety input is in the alarm state, this value will
always be 0.

The safety input value is provided in the safety input assembly, as shown in Table 20. Table 21
describes the attributes for reading the safety value via CIP messaging. The safety input value
is also provided in the first four bits of device parameter P12 [Safety 10 Values].

Table 20 - Safety Input Assembly Tags for Safety Input Values

Safety Input Assembly Tag Name . -
(safety controller to S& option) Type/[bit] | Description
. A collection of safety input values and status for each

module:Sl.InputStatus SINT safety input

Value of Safety Input 0
module:SI.In00Data [0] 0=0FF

1=0N

Value of Safety Input 1
module:Sl.In01Data [1] 0=0FF

1=0N

Value of Safety Input 2
module:Sl.In02Data [2] 0=_0FF

1=0N

Value of Safety Input 3
module:Sl.In03Data [3] 0=0FF

1=0N

Table 21 - MSG Configuration for Safety Input Value

Parameter Value Description
Service Code 0x0E Get attribute single
Class 0x3D Safety Discrete Input Point Object
Instance i+1 Where i is the number of the safety input
Data Type USINT Unsigned integer value

) 0x7 Safety Input Logical Value
Attribute 7 0=0FF

1=0N

Safety Input Valid

When set, the safety input valid attribute indicates that the safety input is configured for
safety use and producing valid data. If this value is not set, the data that is associated with the
safety input is no longer valid safety data.

IMPORTANT The Safety Input Valid attribute should be checked before using
safety input data in a safety application.

The safety input valid attribute is provided in the safety input assembly, as shown in Table 22.
Table 23 on page 42 describes the attributes for reading the safety value via CIP messaging.

Table 22 - Safety Input Assembly Tags for Safety Input Valid

Safety Input Assembly TagName

(safety controller to S& option) Type/[bit] | Description

module:S1.I0Support SINT A collection of bits describing safety 10

Safety Input 0 Valid
module:S|.In00Valid [0] 0 = Data invalid
1=Data valid
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Table 22 - Safety Input Assembly Tags for Safety Input Valid

Safety Input 1Valid
module:S1.In01 Valid [1 0 = Data invalid
1= Data valid

Safety Input 2 Valid
module:S1.In02 Valid [2] 0 = Data invalid
1=Data valid

Safety Input 3 Valid
module:SI.In03 Valid [3] 0 = Data invalid
1= Data valid

Table 23 - MSG Configuration for Safety Input Valid

Configuration Item | Value Description
Service Code 0x0E Get attribute single
Class 0x3D Safety Discrete Input Point Object
: Where i is the number of the safety

Instance i+1 input
Data Type USINT Unsigned integer value

Safety Input Valid
Attribute (b 0 = Data invalid

1= Data Valid
Safety Input Alarms

The safety input logic can detect configuration, circuit, and discrepancy errors for each safety
input. When an error is detected, the associated safety input data is put into the safe state,
and the alarm type attribute is set.

Configuration Error

A configuration error occurs when a safety input's configuration data is invalid. If this error
occurs, check to make sure that the configuration attributes for the safety input are valid. A
configuration error can also occur if the safety input is selected for external pulse testing and
the associated test output’s configuration is not valid for this mode.

Circuit Error

A circuit error occurs in a safety input when a pulse test fails. There are two types of circuit
errors that can be reported:

« Internal Circuit Error
« External Circuit Error

An internal circuit error occurs when an internal pulse test fails. This means that circuitry
inside the module has failed. An internal circuit error may not be recoverable; replacing the
module may be required.

An external circuit error occurs when pulse testing by the safety input's associated test output
fails. This error indicates the input circuitry external to the card has failed.

Discrepancy and Dual Channel Errors

The discrepancy and dual channel errors are related, as a discrepancy can only occur when
the safety input is in dual channel mode. A discrepancy error occurs when one of the dual
channel safety inputs is not reporting the expected safety input value. The safety input with
the unexpected value reports the discrepancy error. The other associated safety input will also
be put in the safe state and report a dual channel error alarm.

Rockwell Automation Publication 750-UM005G-EN-P - July 2023



Chapter 3 Safety 1/0

Determining Safety Input Alarm Type

To determine if a safety input is reporting an alarm, examine the safety input's input status
attribute (see Safety Input Status on page 40 for information on accessing this attribute). If
the input is reporting an alarm, the alarm type can be accessed through DPI parameters or CIP
messaging.

Determine Safety Input Alarm Type with DPI Parameters

To read an alarm type of safety input with DPI parameters, follow these steps:

1. Set device parameter P14 [Input Alarm Indx] to the integer value i +1, where i is the
number of the safety input.

2. Read device parameter P15 [Input Alarm].

Determine Safety Input Alarm Type with CIP Messaging

The safety input alarm type can also be read via CIP messaging. See Table 22 on page 41 for
the attributes that are required to read the alarm type.

Table 24 - MSG Configuration for Safety Input Alarm Type

Parameter Value Description
Service Code 0x0E Get attribute single
Class 0x3D Safety Discrete Input Point Object
. Where i is the number of the safety
Instance i+1 input
Data Type USINT Unsigned integer value
Safety Input Alarm Type
0=No Alarm
OXBE 1= Configuration Error
Attribute 0 2 = External Circuit Error
3 = Internal Circuit Error
4= Discrepancy Error
5 = Dual Channel error

Safety Input Alarm Recovery

If an error is detected, the safety input data remains in the off state. Follow this procedure to
activate the safety input data.

1. Remove the cause of the error.
2. Place the safety input (or safety inputs if in dual channel mode) into the safe state.
The safety input status turns on (alarm cleared) after the input-error latch time has

elapsed.
If the latch error time has expired, but the safety input is not yet in the
Q safe state, the alarm will not be cleared. Once the safety input is in the
safe state, the alarm will clear immediately.
Input Delays

Each safety input has a configurable filter time for sampling the input. Both the on—off and
off—on filter values can be configured. Unlike other configuration values, these values can be
configured in standard input mode
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Safety Outputs

Lt

Off-on Delay

Aninput signal is treated as logic 0 during the on-delay time (0...126 ms, in increments of 1ms)
after the rising edge of the input contact. The input only turns on if the input contact remains
on after the on-delay time has elapsed. This delay helps prevent rapid changes of the input
data due to contact bounce.

Figure 12 - Off-on Delay

Input Signal  QFF

I

Safety Input Val |
afety Input Value OFF |
I

On-delay 1

On-off Delay

Aninput signal is treated as logic 1during the off-delay time (0...126 ms, in increments of 1ms)
after the falling edge of the input contact. The input only turns off if the input contact remains
off after the off delay time has elapsed. This delay helps prevent rapid changes of the input
data due to contact bounce.

Figure 13 - On-off Delay
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Use With PowerFlex 750-Series ATEX Option Module

The 20-750-ATEX option can be wired to an S4 safety input. This is a general-purpose safety
input, so the user is responsible for the GuardLogix programming logic to tie the input to the
S0.STOOutput tag. See the PowerFlex 750-Series ATEX Option Module User Manual, publication
750-UMO003, for more information.

Read this section for information about safety outputs. The safety outputs can operate in
single channel mode or dual channel mode. In either mode, the safety output can also be
configured to run pulse test diagnostics.

Safety Output with Test Pulse

When the safety output is on, the safety output can be configured to pulse test the safety
output channel. By using this function, you can continuously test the ability of the safety
output to remove power from the output terminals of the module. If an error is detected, the
safety output data and individual safety output status turn to the safe state.
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Figure 14 - Test Pulse in a Cycle

ON
Typical Pulse
Test Period
]\ 300 ms OFF
Typical
Pulse
Width
500 ps

Table 25 - Typical External Pulse Width and Period

Pulse Width Period
500 ps 300 ms

IMPORTANT To help prevent the test pulse from causing the connected device
to malfunction, pay careful attention to the input response time
of the device that is connected to the output.

Single-channel Mode

IMPORTANT  When using pulse testing in single channel mode, the demand
rate of the output must be greater than 30 seconds.

In single-channel mode, when the safety output is requested to the on state, the output will
turn on if there is no alarm. If an alarm is detected on the channel, the safety output data and
safety output status turn off, and commanding the output will have no effect.

Figure 15 - Single-channel Setting (not to scale)
Normal Operation

Safety Output ON J_l—l—l
Terminal OFF

Safety Output ON J_l—l—l
Value OFF

Safety Output ON
Status OFF

Alarm Operation

Safety Qutput ~ ON i
Terminal OFF | | |

Safety Output ON :
Value OFF J i |

< Narm Detected
Safety Output ON | arm Detecte
Status OFF |
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Latch Output Error Operation in Single Channel Mode

The safety output subsystem allows for a latch error time to be configured. The latch error
time is the minimum time an output alarm will be held before the alarm can be cleared. This
latch error time is used by all safety outputs. Figure 16 shows the behavior of the safety output
latch time in single channel mode. See Safety Output Alarm Recovery on page 52 for
information on clearing alarms.

Figure 16 - Single Channel Output Latch Error Behavior

: Output
| &— latchError —
i Time
i
Safety Output0 ~ ON i
Value OFF |
i
Safety Output 0K
Status ALARM
i
Alarm
Alarm Detected Condition
Removed and Alarm Cleared
Safety Output
Value in Safe
State

Dual-channel Mode

When the data of both channels is in the on state, and neither channel has an alarm, the
outputs are turned on. The status is normal. If an alarm is detected on one channel, the safety
output data and individual safety output status turn off for both channels.

Figure 17 shows the operation of dual channel outputs under normal and alarm conditions.

Figure 17 - Dual-channel Setting (Not to Scale)
Normal Operation

Safety Output0  ON J_l—l—l
OFF

Safety Output1 ~ ON
OFF | | | |

Dual Channel ON
Output Status ~ OFF

Alarm Operation

Safety Qutput 0 ON
Value OFF

Safety Qutput1 ~ ON
Value OFF

11

:S Alarm Detected
Dual Channel ON ]

Output Status ~ OFF

i
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Latch Output Error Operation in Dual Channel Mode

In dual channel mode, the output latch error time describes the period between when the
alarm condition is removed and when the dual channel safety output stops reporting the
alarm. Figure 18 shows the normal operation of output latch error time in dual channel mode.
When one or both of the associated output points has an alarm (such as a Pulse Test Failure),
and there is a discrepancy between the two channels, the alarm and discrepancy must be
cleared before the latch error timer begins counting. Figure 19 on page 48 shows this special
case operation. See Safety Output Alarm Recovery on page 52 for information on removing an
alarm.

Figure 18 - Dual Channel Output Latch Error Behavior

! Output
&—  latchError —
Time
Safety Output0  ON
Value OFF
Safety Output1 ~ ON
Value OFF
Dual Channel 0K
Safety Output ~ ALARM
Status
Dual Channel 0K
Safety Output ~ ALARM
Status
Alarm Detected Alarm Marm Cleared
Condition
Removed and
Output Values
in Safe State
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Figure 19 - Dual Channel Output Latch Error Behavior With Alarm and Discrepancy (not to scale)

Dual Channel
Equivalent Mode

Output
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Safety Output 0 ON =—————F—+— Time
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i
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Safety Output Safety Data

The Safety Output data of the Integrated Safety Functions module can be monitored through:
«  Safety Input Assembly
+  DPIParameters
» CIP Messaging

The following Safety Output data is available in the Integrated Safety Functions Module:
«  Safety Output Status
+ Safety Output Ready
+  QOutput Monitor Value

Each safety output point reports its own status, monitor value, and ready attributes.
Safety Output Status

The safety output status indicates whether an alarm is present in the safety output point. The
safety output status is provided in the safety input assembly, as shown in Table 26. Table 27
on page 49 describes the attributes for reading the safety status via CIP messaging. The
safety output status is also provided in bits 6 and 7 of device parameter P13 [Safety 10 Status].

Table 26 - Safety Input Assembly Tags for Safety Output Status

Safety Input Assembly Tag Name

(safety controller to S4 option) Type / [bit] | Description

. A collection of safety output status, safety output
module:3l.OutputStatus SINT monitor values, and test output status

Status of Safety Output 0

module:S1.0ut00Status [4] 0=Alarm

1=0K

Status of Safety Output 1
module:S1.0ut01Status [5] 0=Alarm

1=0K
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Table 27 - MSG Configuration for Safety Output Status

Parameter Value Description
Service Code 0x0E Get attribute single
Class 0x3B Safety Discrete Output Point Object
Instance i+1 Where i is the number of the safety output
Data Type USINT Unsigned integer value
Safety Status
Attribute gxs 0=Alarm
1=0K
Safety Output Ready

When set, the safety output ready attribute indicates that the safety output is configured for
safety use and ready to be commanded.

IMPORTANT Check the Safety Output Ready attribute before commanding the
safety output.

The safety output ready attribute is provided in the safety input assembly, as shown in
Table 28. Table 29 describes the attributes for the Safety Output Ready attribute via CIP
messaging.

Table 28 - Safety Input Assembly Tags for Safety Output Ready

Safety Input Assembly Tag Name . -
(safety controller to S& option) Type/[bit] | Description
. A collection of bits describing safety 10

module:SI.I0Support SINT functionality

Safety Output 0 Ready
module:SI.0ut00Ready [4] 0 = Not Ready

1= Ready

Safety Output 1Ready
module:SI.0ut0TReady [5] 0 = Not Ready

1= Ready

Table 29 - MSG Configuration for Safety Output Ready

Parameter Value Description
Service Code 0xOE Get attribute single
Class 0x3B Safety Discrete Output Point Object
Instance i+1 Where i is the number of the safety output
Data Type USINT Unsigned integer value
Safety Status
Attribute (b 0 = Not Ready
1= Ready
Output Monitor Value

IMPORTANT  Safety Output Monitor Value is not safety data and has no defined
safe state. Use Output Monitor Value for diagnostic purposes only.

The output monitor value of a safety output is the value of the output that is read by module. It
is expected that the output monitor value is the same as the commanded safety output value
in normal operation. The output monitor value can be used to diagnose output alarms.

The output monitor value is provided in the safety input assembly, as shown in Table 30 on
page 50. Table 31 on page 50 describes the attributes for reading the output monitor value via
CIP messaging. The output monitor value is also provided in bits 6 and 7 of DPI device
parameter P12 [Safety |0 Values].
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Table 30 - Safety Input Assembly Tags for Safety Output Monitor Value

Safety Input Assembly Tag Name
(safety controller to S& option)

. A collection of safety output status, safety
module:Sl.OutputStatus SINT output monitor values, and test output status

Output Monitor Value of Safety Output 0

Type/[bit]  |Description

module:S1.0ut00Monitor [0] 0=0FF

1=0N

Output Monitor Value of Safety Output 1
module:SI.0ut01Monitor [1] 0 = Not Ready

1= Ready

Table 31- MSG Configuration for Safety Output Monitor Value

Parameter Value Description
Service Code 0x0E Get attribute single
Class 0x3B Safety Discrete Output Point Object
Instance i+1 Where i is the number of the safety output
Data Type USINT Unsigned integer value

Oxts Output Monitor Value
Attribute 4 0=0FF

1=0N

Commanding Safety and Test Outputs

The value of a safety and test outputs can be commanded by setting tags in the safety output
assembly. Table 32 shows the output command tags of the module.

Table 32 - Safety Input Assembly Tags for Safety Output Ready

Safety Input Assembly Tag Name
(safety controller to S& option)

. A collection of safety status bits for
module:S0.Safetyl0Commands SINT commanding 10 values

Commanded Safety Output 0 Value

Type/[bit]  |Description

module:S0.0ut000utput [0] 0=0FF

1=0N

Commanded Safety Output 1Value
module:S0.0ut010utput (] 0=0FF

1=0N
Safety Output Alarms

The Safety Output logic can detect the following errors:
«  Configuration
+  Circuit
«  Dual Channel Discrepancy (Dual Channel Configuration Only)
«  Partner Channel (Dual Channel Configuration Only)

When an error is detected, the associated safety output data is put into the safe state and the
Alarm Type attribute is set.

Configuration Error

A configuration error occurs when a safety output's configuration data is invalid. If this error
occurs, verify that the configuration attributes for the safety outputs are valid.
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Circuit Error

When a safety output is configured for use with test pulses, a circuit error occurs when a pulse
test fails. There are three types of circuit errors that can be reported:

o Stuck Low
« Stuck High
o  Cross Connection

A stuck low error occurs when the output is expected to be in the on state, but the feedback
indicates the output is in the off state.

A stuck high error occurs when a pulse test expects the output to be in the off state but the
output does not transition to the off state during the pulse test interval.

A cross connection error occurs when a pulse test of one safety output causes another safety
output to change value. This usually indicates that two outputs are shorted together.

If a circuit error occurs in a safety output, check the wiring of the safety outputs for errors.
Dual Channel Discrepancy Error

When the safety outputs are configured for dual channel mode, a dual channel discrepancy
error occurs when there is a mismatch in the commanded output values of the dual channel
outputs. Both outputs will report a Dual Channel Discrepancy error.

Partner Channel Error

When the safety outputs are configured for dual channel mode, and one of the safety outputs
experiences a circuit or configuration error, the other safety output will report a Partner
Channel error.

The safety output data will still be placed in the safe state when a
Q Partner Channel error occurs.

Determining Safety Output Alarm Type

To determine if a safety output is reporting an alarm, examine the safety output's output
status attribute. See Safety Output Safety Data on page 48 for information on safety output
status. If the output is reporting an alarm, the alarm type can be accessed through DPI
parameters or CIP messaging.

Determine Safety Input Alarm Type with DPI Parameters

To read an alarm type of safety output with DPI parameters, follow these steps.

1. Set device parameter P16 [Output Alarm Indx] to the integer value i +1, where i is the
number of the safety output

2. Read device parameter P17 [Output Alarm].
Determine Safety Output Alarm Type with CIP Messaging

The safety input alarm type can also be read via CIP messaging. See Table 33 on page 52 for
the attributes that are required to read the alarm type.
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Table 33 - MSG Configuration for Safety Output Alarm Type

Parameter Value Description
Service Code 0x0E Get attribute single
Class 0x3B Safety Discrete Output Point Object
Instance i+1 Where i is the number of the safety output
Data Type USINT Unsigned integer value
Safety Output Alarm Type
0=No Alarm
1=Configuration
: 0x6E 3 = Stuck Low
Attribute 10 4 = Stuck High
5 = Partner Channel
8 = Dual Channel
9 = Cross Connection

Safety Output Alarm Recovery

If an alarm is detected, the safety outputs are switched to the safe state and remain in the
safe state. Follow this procedure to activate the safety output data again.

1. Remove the cause of the alarm.

2. Command the safety output (or safety outputs in dual channel mode) into the safe
state.

3. Allow the output-error latch time to elapse and monitor the output ready attribute and
the output status attribute to determine when the output can be commanded again.

If the latch error time has expired, but the safety output is not yet

Q commanded to the safe state, the alarm will not be cleared. Once
the safety output is commanded to the safe state, the alarm will
clear immediately.

Test 0utput The test outputs of the Integrated Safety Function module can be configured in the following
modes:

« Standard Output
«  Test Output
»  Power Supply Output

Power Supply become active whenever you apply input power to the
module. These configured functions are independent of the 1/0

2 ATTENTION: Test Output points that are configured as Pulse Test or
connections to the module.

or Power Supply is incorrectly installed in an application where
actuators are connected to these Test OQutput points, the actuators
are activated when input power is applied.

To prevent this possibility, follow these procedures.

« When installing or replacing a module, be sure that the module is
correctly configured for the application or in the out-of-box condition
before applying input power.

« Reset modules to their out-of-box condition when removing them
from an application.

« Be sure that all modules in replacement stock are in their out-of-box
condition.

2 ATTENTION: If a module with Test Outputs configured as Pulse Test
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ATTENTION: Do not use test outputs as safety outputs. Test outputs
do not function as safety outputs.

Standard Output Mode

When a test output is configured for standard output mode, the test output point operates as a
general purpose output. The output can be commanded through the safety output assembly.
Table 34 shows the tags in the safety output assembly to command test outputs when in
standard output mode.

Table 34 - Safety Output Assembly Tags for Test Qutput Commands

::::::y Input Rssembly Tag Type / [bit] |Description
module:S0.Safetyl0Commands | SINT A collection of safety status bits for commanding |0
Test Output 0 Value
module: SO0.Test000utput [2] 0=0FF
1=0N
Test Output 1Value
module: SO.Test010utput [3] 0=0FF
1=0N
Test Output Mode

When in test output mode, the test output point operates in conjunction with a safety input to
perform pulse testing on the external safety input circuitry. Please see the Safety Input with
External Pulse Tests Operation section for information on this mode. Commanding the output
point via the safety output assembly will have no effect in this mode.

Power Supply Output

In power supply output mode, the output point is forced on, and will only shut off in the case of
a critical fault. Commanding the output point via the safety output assembly will have no
effect in this mode.
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The Test Output data of the Integrated Safety Functions module can be monitored through:
« Safety Input Assembly
»  DPI Parameters
« CIP Messaging

The following Test Output data is available in the Integrated Safety Functions module:
« Test Output Status
« Test Output Ready

Each test output point reports its own status and ready attributes.

IMPORTANT Test Output data is not safety data and cannot be used for safety
applications.

Test Output Status

The test output status indicates whether an alarm is present in the test output point. When in
standard output mode, the status will always be OK, unless there is a critical fault, in that case,
the status is forced to Alarm. In all other modes test output status is set to Alarm.

The test output status is provided in the safety input assembly, as shown in Table 35. Table 36
describes the attributes for reading the test output status via CIP messaging. The test output
status is also provided in bits 4 and 5 of device parameter P13 [ Safety 10 Status].

Table 35 - Safety Input Assembly Tags for Test Output Status

Safety Input Assembly Tag Name . -
(safety controller to S& option) Type/[bit] | Description
module:S|.0utputStatus SINT A collection of safety output and test output
Status of Test Output 0
module:S|.Test00Status [4] 0=Alarm
1=0K
Status of Test Output 1
module:S|.Test01Status [5] 0=Alarm
1=0K

Table 36 - MSG Configuration for Test Output Alarm Type

Parameter Value Description
Service Code 0x0E Get attribute single
Class 0x9 Discrete Output Paint Object
Instance i+1 Where i is the number of the test output
Data Type USINT Unsigned integer value
Attribute Exl' 8u=t %ngrsngatus
1=0K
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Test Output Ready

When set, the test output ready attribute indicates that the test output is configured for
standard output mode, and is ready to be commanded. In other modes, the test output ready
attribute is forced to the safe (alarm) state.

IMPORTANT The Test Output Ready attribute should be checked before
commanding the test output.

The test output ready attribute is provided in the safety input assembly, as shown in Table 37.
Table 38 describes the attributes for ready the test output ready attribute via CIP messaging.

Table 37 - Safety Input Assembly Tags for Test Output Ready

Safety Input Assembly Ta -
Namey P y'ag .[rgll:?/ Description
module:S1.I0Support SINT A collection of bits describing safety 10
Test OQutput O Ready
module:S|.TestO0Ready [6] 0 = Not Ready
1=Ready
Test Output 1 Ready
module:SI.Test01Ready [7] 0 = Not Ready
1=Ready

Table 38 - MSG Configuration for Test Output Ready

Parameter Value Description
Service Code 0x0E Get attribute single
Class 0x9 Discrete Output Point Object
; Where i is the number of the test

Instance i+1 output
Data Type USINT Unsigned integer value

Output Ready
Attribute 82 0 = Not Ready

1= Ready

Rockwell Automation Publication 750-UM005G-EN-P - July 2023

55



Chapter 3 Safety 1/0

Notes:
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Safety Output Assembly
Safe Stop Function Tags

Safety Input Assembly Safe
Stop Function Tags

Drive-based Safe Stop Functions

Use this chapter to learn more about the Safe Torque 0ff, Timed Safe Stop 1, Monitored Safe
Stop 1, and Safe Brake Control stopping functions that are built into the Integrated Safety
Functions option module.

IMPORTANT The information in this section describes Safety Stop Functions
operating in the drive. For information on using the Drive Safety
instructions operating in the GLX controller, see Chapter 5 on

page 83.

The safety output assembly for Integrated Safe Speed consists of 48 Logix tags:
» 3btags for pass thru status and faults
» 8 tags for safety stop function commands
 btags for safety I/0 commands

Table 39 - Safety Output Assembly Tags for Safety Stop Functions

Safety Output Assembly Tag Name

(safety controller to S4 option) Type/[bit] | Description

A collection of bits used to activate (request) safety
functions as described in this table.

Control Safe Torque Off (STQ):
module:S0.STOOutput [0] 0 = Disable Torque
1=Enable Torque

If Safe Brake Control (SBC) is configured:

0 = Engage Brake (So0 and Sol OFF)
module:S0.SBCOutput [1 1= Release Brake (So0 and Sol ON)

If Safe Brake Control is not configured, this tag must be
set to 0. If set to 1, will cause SBC fault.

If Safe Stop 1(SS1) is configured:

0= No Request

module:S0.SSTRequest [2] 1=Request Safe Stop 1

If Safe Stop 1is not configured, this tag must be set to 0.
If set to 1, will cause SS1fault.

module:S0.SafetyStopFunctions SINT

module:S0.552Request 3] Esﬁggvgng?arjll;til;r;eettJig.LThis tag must be set to 0; will
module:S0.50SRequest 4] Ezﬁggvggsf?gjﬁt#rsetﬁi]Thls tag must be set to 0; will
module:S0.SMTRequest [5] Reserved for future use. This tag must be set to 0; will

cause SMT fault if set to 1.

A 0—1transition is required to reset Safety Faults. If
module:S0.ResetRequest [7] Restart Type is ‘Manual’, a 0 —1transition is required to
restart a Safety Stop Functions.

The safety input assembly for Integrated Safe Speed consists of 56 Logix tags:
« Jtags for connection status
28 tags for safety feedback and stop function status
» 25 tags for safety 1/0 status
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Table 40 - Safety Input Assembly Tags for Safety Stop Functions

Safety Input Assembly Tag Name
(S option to safety controller)

Type/[bit]

Description

module:SI.ConnectionStatus

SINT

A collection of the following bits.

Safety Connection

module:SI.RunMode [0] 0=Idle
1=Run
Safety Connection
module:SI.ConnectionFaulted (] 0=Normal
1= Faulted
! - Primary Feedback Position from drive-module safety
module:S| FeedbackPosition DINT instance. Value is in encoder counts.
. . Primary Feedback Velocity from drive-module safety
module:3l.FeedhackVelocity REAL instance. Value is in Rev/s or Meter/s.
Secondary Feedback Position from drive-module safety
. - instance. Value is in encoder counts.
module:3|.SecondaryFeedbackPosition | DINT Secondary channel may only be used for discrepancy
comparison with primary channel.
Secondary Feedback Velocity from drive-module safety
. . instance. Value is in Rev/s or Meter/s.
module:Sl.SecondaryFeedbackVelocity | REAL Secondary channel may only be used for discrepancy
comparison with primary channel.
module:SI.StopStatus SINT A collection of the following bits.
Safe Torque Off (STO) function status
module:SI.STOActive [0] 0 = Permit Torque
1= Disable Torque
Safe Brake Control (SBC) function status:
module:SI.SBCActive ] 0 = Release Brake (So0 and So1ON)
1= Engage Brake (So0 and Sol OFF)
Safe Stop 1(SS1) function status:
module:SI.SS1Active [2] 0 = SS1 not Active
1=SS1Active
module:SI.SS2Active [3] Reserved for future use; always 0.
module:S1.S0SStandstill [4] Reserved for future use; always 0.
module:S1.SMTOvertemp [4] Reserved for future use; always 0.
module:S|.SafetyFault [6] 1= Safe Stop Fault present
module:Sl.RestartRequired [7] 1="Fault Reset or Stop Restart is required
module:S|.SafeStatus SINT A collection of the following bits.
module:SI.TorqueDisabled [0] 10 :{]Dr;quueenﬁgmégm
] 0 = Brake Released (So0 and So1 ON)
module:S1 BrakeEngaged y 1= Brake Engaged (So0 and Sol OFF)
module:SI.MotionStatus SINT A collection of the following bits.
module:Sl.MotionPositive (0] %;eZededback Velocity > Primary Feedback Standstill
module:SI. MotionNegative 1 1S;el;ededback Velocity < Primary Feedback Standstill
module:SI.FunctionSupport SINT A collection of the following bits.
module:SI.PrimaryFeedbackValid [0] 10 ::SSeeCcoonnddaarryyFl;eeeddbbaacckkvnacihg?g ggﬁ{fd or Faulted
module:S|.SecondaryFeedbackValid [1] 10 fsseeccoor?ddaarryyFieeeddbbaacckk\?a%E?Qf\,'gﬁ[rfd or Faulted
module:SI.DiscrepancyCheckingActive  ([2] Lc:)thg?J(ljt%%Ck Velocity Discrepancy checking is active
0 = Drive-based SBC function is not configured or
. faulted
module:31.3BCReady [3] 1= Drive-based SBC function is configured and ready
for operation
0 = Drive-based SS1 function is not configured or
module:S|.SSTReady [4] faulted

1= Drive-based SS1 function is configured and ready
for operation
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Safety Function in
Response to Connection
Event

Table 40 - Safety Input Assembly Tags for Safety Stop Functions

Safety Input Assembly Tag Name . -

(S4 option to safety controller) Type/[bit] | Description

module:SI.SS2Ready (5] Reserved for future use; always 0.
module:SI.S0SReady [6] Reserved for future use; always 0.
module:SI.SMTReady [7] Reserved for future use; always 0.

IMPORTANT Review the CONNECTION_STATUS Data section of the GuardLogix
5580 and Compact GuardLogix 5380 Controller Systems Safety
Reference Manual, publication 1756-RM012, for information on
how to use the connection status tags.

connections cannot be automatically configured to fault the
controller if a connection is lost and the system transitions to the
safe state. If you must detect a device fault so that the system
maintains the required SIL level, you must monitor the Safety I/0
CONNECTION_STATUS bits and initiate the fault via program logic.

2 ATTENTION: Safety I/0 connections and produced/consumed

The module allows a safety function to be executed when the safety connection to the module
is lost or the connection enters the idle state. This operation is referred to as the connection
action. There are two configurable connection actions that are defined as follows:

« Connection Loss Action - The safety function to be executed if the network connection
from the module to the safety controller is lost or closed.

«  Connection Idle Action - The safety function to be executed if the safety controller
connected to the module enters program mode.

In bath of theses cases, the safety function must be executed by the drive/module. Therefore,
only the drive-based safety functions may be used in these cases.
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Connection Loss Action

When the connection loss event is detected, the following attributes will be set:
» InStandard Control Mode
- Host: P3 [Safety State] = Idle
- Host: P4 [Safety Status] Conn Closed =1
 InMation Control Mode
- axis.AxisSafetyState = 2
- axis.SafetyOutputConnectionClosedStatus =1

The following drive-based safety functions are supported as a connection loss action:
. ST0
« 381

A safety function will operate as configured when activated by a connection loss and the
Connection Loss bit will be set in its activation attribute. See the following sections for
information on the safety function operation.

In standard control mode, change the Comm Flt Action parameter of the EtherNet/IP® module
in the drive from its default value of ‘Fault’ to another applicable setting in order for the drive
to initiate the stopping action. In the PowerFlex 755 drive, this is done using parameter 54. In
the PowerFlex 755T drive, this done using port 0 parameter 360. If this parameter is not
changed, the safety function that is triggered by the connection loss may fault.

Connection Idle Action

When the connection idle event is detected, the following attributes will be set:
 In Standard Control Mode
- Host: P4 [Safety Status] Conn Idle =1
+ In Motion Control Mode
- axis.SafetyOutputConnectionldleStatus =1

The following drive-based safety functions are supported as a connection idle action:
« ST0
« SSI

A safety function will operate as configured when activated by a connection idle and the
Connection Idle bit will be set in its activation attribute. See the following sections for
information on Safety Function operation.

In standard control mode, change P55 [Idle Flt Action] of the EtherNet/IP port in the drive from
its default value of ‘Fault’ to another applicable setting in order for the drive to initiate the
stopping action. If this parameter is not changed, the safety function that is triggered by the
connection loss may fault.
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Safe Torque Off Function

The Safe Torque Off (STO) function provides a method, with sufficiently low probability of
failure, to force the power-transistor control signals to a disabled state. When the command to
execute the STO function is received from the GuardLogix controller, all drive output-power
transistors are released from the ON-state. This results in a condition where the drive is
coasting.

Safe Torque Off (STO) will prevent the motor from applying torgue to a system but in some
systems torque is also applied to the mechanical system by a suspended load, unbalanced
load, back pressure, and so on. In such a system, application of a mechanical brake is required
to hold the load while motor torque is disabled by STO. See Safe Brake Control Function on
page 73 for information on using a mechanical brake with the Integrated Safety Functions
Module.

Safe Torque Off Activation

Safe Torque Off can be initiated by one or more sources:
«  STO Output - Setting the Safety Output Assembly Tag (module:S0.STOOutput =1)
«  SS1Complete - Completion of a Safe Stop 1
«  Stop Fault - Any Safety Fault
+  Limit Fault - Reserved for future use
«  Limit Active - Reserved for future use
»  Connection Loss - Loss of connection to the safety controller
«  Connection Idle - Safety controller in program mode

When STO is activated, all sources of activation are stored in an attribute as a bit mask. The
attribute can then be read to determine the causes of a STO activation. Figure 20 shows the
operation of the STO activation attribute. The STO Activation attribute can be read with explicit
messaging (see attribute 265 in Table 105 on page 210.

Figure 20 - Safe Torque Off Activation
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STO Output
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- SS1Complete —
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Safe Torque Off Reset

After torque is disabled due to a STO activation, the STO function must be reset in order to
enable torque. When the STO function must be reset, the following attribute values are set:

«  module:SI.STOActive =1
« module:Sl.RestartRequired =1
« InStandard Control Mode
- Host: P4 [Safety Status] STO Active =1
- Host: P4 [Safety Status] Restart Req =1
+ In Motion Control Mode
- axis.SafeTorqueOffActiveStatus =1
- axis.SafetyResetRequiredStatus =1

The steps to reset the STO function depend on the cause of STO activation and the Restart/
Cold Start Type configured in the module.

Safety Fault STO Activation Reset

IMPORTANT  When the STO function is activated by a Safety Fault, the cause of the
safety fault must be removed before STO can be reset, regardless of the
configured restart type.

Once the cause of the fault is removed, a 0?1 transition on the module:S0.ResetRequest tag will
reset the STO function to the Torque Enabled state.

Connection Loss/Idle STO Activation Reset

If the STO function is activated by a connection loss/idle event, the connection must be
reestablished and running before the STO function can be reset. The function must be reset
based on the configured Cold Start type.

STO Automatic Cold Start/Restart Type Operation

If there are no Safety Faults and no safety demands, the STO function can be reset.

STO Manual Cold Start/Restart Type Operation

If there are no Safety Faults and no safety demands present in the module, the STO function
can be reset by a 170 transition on the module:S0.ST00utput tag then a 071 transition on
module:S0.ResetRequest tag.

Setting module:S0.STOOutput = 1and module:S0.RequestReset = 1in the
Q same program scan will enable torque.

Safe Torque Off Delay

A delay to provide time for the drive to stop the load in response to STO Active can be
programmed. This delay time is referred to as STO Delay. If no delay is desired, set the STO
Delay to 0. The STO Delay must be a positive integer value.

If Safe Brake Control is being used, the STO delay must be 0. If an STO delay is desired with the
use of the Safe Brake Control function, see Safe Brake Control Function on page 73 for
information on configuring STO to SBC delay. In the case of STO activation by a safety fault,
any configured delay is ignored, and torque is disabled instantly.
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$0.570 Output

STO Activation?
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Sl.Torque Disabled )

SI.Restart Required @

S0. Reset Required 0

0x00

L

Safe Torque Off Operation

The operation of the STO function and its attributes is dependent on the configuration of the
STO function and the activation reason. For all STO activations besides safety fault, the
operation of STO is dependent on STO Delay. For STO activations caused by a safety fault, the
operation ignores STO Delay. See the following sections for more information.

Figure 21 - STO Without Delay

Disable Torque |

0x01=STO Output

m———d

Disable Torque

Torque Disabled

m———d

Restart Required

r———d

Required If Restart Type = Manual |— i

(1) Safety Output Assembly (2) Safe Stop Function Attribute (3) Safety Input Assembly

Restart Type = Automatic =~ — ¢ — & — Restart Type - Manual

Safe Torque Off With Delay Operation

When the STO Delay is configured for a positive non-zero value, the delay is inserted between
STO Active and Torque Disabled. The STO Delay is meant to serve as a delay between the
configured STO drive stopping action and when torque is disabled. The delay allows the drive
to complete the stop before torque is disabled. This is effectively a Timed Safe Stop 1function.
See Safe Torque Off Stopping Action and Source on page 65 for information on configuring a
drive stop type in response to a STO activation.

Figure 22 on page 64 shows the timing of STO status and torque attributes in response to a
STO activation, along with the restart type behavior, when STO Delay is configured.
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Figure 22 - STO with Delay
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IMPORTANT

The Safe Brake Control (SBC) Mode must be set to ‘Not Used' to permit
STO Delay. If Mode is not set to ‘Not Used', Delay is set to zero.

Safe Torque Off Safety Fault Operation

When a safety fault occurs in the module, the STO function is forced to the Safe State, which is
the Torque Disabled state. In this case, the configured STO Delay value is bypassed and torque
isimmediately disabled. Figure 23 on page 65 shows the timing of STO and torque attributes in
response to STO activation by a Safety Fault.

Clearing a Safety Fault requires correcting the fault condition, then a 0 to 1transition on

Request Reset.
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SI. Safety Fault 0

Figure 23 - STO with Safety Fault
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configured STO Delay time is ignored, and torque is immediately

ATTENTION: In the case of STO activation by a safety fault, the
A disabed.

Safe Torque Off Stopping Action and Source

In response to an STO activation, the type of stop and the source responsible for controlling
the stop are configurable. These configuration attributes are defined as:

«  STO Stopping Action - Configures what stopping action to perform in response to a STO
activation.

«  STO Stopping Action Source - Configures where the stopping action is performed
(drive-based or controller-based).

When STO is activated, the drive control will initiate the selected stop type if:
«  The STO Action Source is configured as Drive or

« There is currently not a Standard 1/0 connection through the Embedded EtherNet/IP
port to the drive control or

« There is currently a Standard 1/0 connection through the Embedded EtherNet/IP port to
the drive control but it is in Idle mode (the controller is in program mode)

Otherwise, the controller that owns the Standard I/0 connection is expected to respond when
STO is activated. In this case, the configured STO Stopping Action is ignored, and the stopping
logic must be programmed in the controller that owns the Standard 1/0 connection.

If the STO Stopping Action Source is Controller, or the STO Stopping Action is configured for a
non-default value, a STO Delay may need to be specified in order for the Stopping Action to be
completed before torque is disabled.

See the drive's reference manual for information on its supported stop modes.

IMPORTANT  You are responsible for providing logic in the controller standard
task to implement a stop action when the STO Action Source is
configured as Controller.

IMPORTANT If STO Delay is zero, there is no time for the drive to complete a
stop before torque is disabled. In that case, the stop action is
effectively ‘Coast’ (default).
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Safe Stop 1Function

STO Safety Fault

When the module experiences a STO Fault, the module is placed in the safe state and the
cause of the fault is recorded. If the STO function detects a fault, it will set the following
attributes:

« module:Sl.SafetyFault =1

»  module:Sl.RestartRequired =1
« STO Fault Type

» InStandard Control Mode

- Device: P7[STO Fault Type] = varies depnding on the cause of the fault. See
description of STO Fault Type in Table 106 on page 213.

Host: P4 [Safety Status] Safety Fault =1
Host: P4 [Safety Status] Restart Req =1
- Host: P5 [Safety Faults] STO Fault =1

755 Port 0: P33 [Start Inhibits], bit 7 = 'Safety’
755T Port 0: P351[M Start Inhibits], bit 8 = ‘Safety’

755 Port 0: P951[Last Fault Code] = ‘Safety Brd FIt'
755T Port 0: P610 [ Last Fault Code] = ‘Safety Brd FIt’

» In Motion Control Mode

- Axis.SafetyFault =1

- axis.SafeTorqueOffActivelnhibit =1
axis.SafetyFaultStatus = 1
axis.SafetyResetRequiredStatus =1
axis.STOFault =1

For more information on STO Fault Types and troubleshooting methods, see Understand Safety
Faults on page 173.

The Safe Stop 1(SS1) function signals the configured SS1Stop Action Source to initiate a
stopping action, then the safety module monitors the stop. When the Safe Stop 1is complete,
STO is activated and torque is disabled. If the drive does not complete the stop within the
limits that are configured in the Safe Stop 1function, an SS1 Fault is annunciated.

Safe Stop 1 Activation

Safe Stop 1can be initiated by one or more sources:
«  SS1Request - Setting the Safety Output Assembly Tag (module:S0.SS1Request =1)
»  Limit Active - Reserved for future use
«  Connection Loss - Loss of connection to the safety controller
»  Connection Idle - Safety controller in program mode

When SS1is activated, all sources of activation are stored in an attribute as a bit mask and the
attribute can then be read to determine the causes of an SS1activation. Figure 24 on page 67
shows the operation of the SS1 activation attribute. The SS1 Activation attribute can be read
with explicit messaging (see attribute 289 in Table 105 on page 210).

Unlike the STO function, SS1 does not get activated by a safety fault.
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Figure 24 - Safe Stop 1 Activation
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After an SS1action is complete, the SS1function must be reset in order to enable torque. When
the STO Function needs to be reset, the following attribute values are set:

«  module:SI.SS1Active =1
« module:Sl.RestartRequired =1
« In Standard Control Mode:
- Host: P4 [Safety Status] SS1Active =1
- Host: P4 [Safety Status] Restart Required =1
+ In Motion Control Mode:
- oxis:SS1ActiveStatus =1
- axis.SafetyResetRequiredStatus =1

The steps to reset the SSTfunction depend on the cause of SS1 activation and the Restart/Cold
Start Type configured in the module.

Connection Loss/Idle SST Activation Reset

If the SS1function is activated by a connection loss/idle event, the connection must be
reestablished and running before the SS1function can be reset. The function must be reset
based on the configured Cold Start type.

SS1 Automatic Cold Start/Restart Type Operation

If there are no Safety Faults present in the module, the SS1 function can be reset by a 1?70
transition on the module:S0.SS1Request tag.

SS1Manual Cold Start/Restart Type Operation

If there are no Safety Faults in the module, the SS1 function can be reset by a 170 transition on
the module:S0. SSTRequest tag then a 071 transition on module:S0.ResetRequest tag.
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Safe Stop 1 Stopping Action and Source

In response to an SS1 activation, the type of stop and the source responsible for controlling the
stop is configurable. These configuration attributes are defined as:

 SS1Stopping Action - Configures what stopping action to perform in response to an SS1
Activation.

- SS1Stopping Action Source - Configures where the stopping action is performed (drive-
based or controller-based).

When SS1is activated the drive control will initiate the selected stop type if:
»  The SSTAction Source is configured as Drive

« There is currently not a Standard 1/0 connection through the Embedded EtherNet/IP
port to the drive control

« Thereis currently a Standard I/0 connection through the Embedded EtherNet/IP port to
the drive control but it is in Idle mode (the controller is in program mode)

Otherwise, the controller that owns the Standard I/0 connection is expected to respond when
SS1is activated. In this case, the configured SS1Stopping Action is ignored, and the stopping
logic must be programmed in the controller that owns the Standard 1/0 connection.

See the drive's reference manual for information on its supported stop modes.

IMPORTANT  You are responsible for providing logic in the controller standard
task to implement a stop action when the SS1action source is
Controller.

Timed Safe Stop 1

A Timed Safe Stop 1involves initiating motor deceleration and initiating the STO function after
the configured time delay.

Timed Safe Stop 1 Operation

When the module is configured for Timed Safe Stop 1 Mode, the Safe Stop 1function is initiated
by setting the module:S0.SS1Request safety output tag. This sets the ‘SS1Request’ bit in the SS1
Activation attribute and sets the module:SI.SS1Active safety input tag. When the SS1 Active bit
is set, the SS1Stop Action will be executed by the source indicated by the SS1Stop Action
Source. See Safe Stop 1 Stopping Action and Source on page 68 for more information.

The SS1function waits for the configured SS1Max Stop Time, then sets the SS1Complete flag in
the STO Activation attribute, which sets STO Active to Disable Torque. In Timed Safe Stop 1
mode, speed and deceleration are not monitored so this mode does not require Safety
Feedback. Figure 25 on page 69 shows the timing of SS1 status and torque attributes in
response to an SS1 activation, along with the restart type behavior.
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Figure 25 - Timed Safe Stop 1
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Monitored Safe Stop 1

A Monitored Safe Stop 1involves monitoring motor feedback deceleration rate and time, then
initiating an STO activation when the motor feedback speed is below a specified limit.

Monitored Safe Stop 1 Operation

When the module is configured for Monitored Safe Stop 1Mode, the Safe Stop 1function is
initiated by setting the module:S0.SS1Request safety output tag. This sets the ‘SS1 Request’ bit
in the SSTActivation attribute, and also sets the module:SI.SS1Active safety input tag. When the
SSTActive bit is set, the SS1Stop Action will be executed by the configured SS1Stop Action
Source. See Safe Stop 1 Stopping Action and Source on page 68 for mare information.

After the SS1Active bit is set, the configured SS1 Decel Monitor Delay timer begins. After the
configured Decel Monitor Delay expires, an internal speed ramp value is computed every time
that the encoder is sampled. If the magnitude of module:Sl.FeedbackVelocity exceeds the sum
of the internal ramp plus Decel Speed Tolerance, the SS1 Fault Type attribute is set to
‘Deceleration Rate’ and the SS1Fault attribute is set to Faulted.

Figure 26 on page 70 describes the equations that are used for computing the deceleration
reference rate and tolerance.
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Figure 26 - SS1Deceleration Reference Rate and Tolerance Calculation
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A Configured Decel Reference Rate of O disables the ramp check.
Q SS1will fault if the drive does not slow to less than the Standstill
Speed.

If the magnitude of module:Sl.FeedbackVelocity is not less than the configured Standstill
Speed before Max Stop Time expires, the SS1Fault Type is set to ‘Maximum Time' and the SS1
Fault attribute is set to ‘Faulted'. Figure 27 on page 70 describes the equations that are used
for computing the standstill speed.

Figure 27 - SS1 Standstill Speed Calculation

If Time Units = Seconds,

SS1 Standstill Speed = Standstill Speed X Position Scaling

Feedback Resolution

If Time Units = Minutes,

SS1 Standstill Speed = Standistill Speed X Position Scaling
Feedback Resolution X 60

Where Standstill Speed, Position Scaling, and Feedback Resolution are
user-configured values.

When the magnitude of module:SI.FeedbackVelocity is less than the Standstill Speed, the SS1
Complete flag in the STO Activation attribute is set, and STO Active is set. If STO Delay is
positive (and SBC Mode = Not Used) or if STO to SBC Delay is negative (and STO Activates SBC =
Linked), then the Torque Disabled attribute is set after the configured time delay. Otherwise,
the Torque Disabled attribute is set immediately.

Figure 28 on page 71 shows the timing of the Monitored SS1operation, along with the restart
type behavior.
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Figure 28 - Monitored Safe Stop 1
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When an SS1 Safety Fault occurs, the STO function is activated immediately and torque is
disabled. Figure 28 describes the timing of attributes when an SS1 fault occurs during SS1
execution. Figure 29 on page 72 describes the operation of SS1when an SS1 fault is detected.

The ‘Safe State’ of the SS1function is the Torque Disabled state. If the SS1function detects a
fault, it will set:

« module:Sl.SafetyFault =1
«  module:SI.RestartRequired = 1
«  SS1Fault Type
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« InStandard Control Mode

descriptions of faults in Table 106 on page 213.
Host: P4 [Safety Status] Safety Fault =1

Host: P4 [Safety Status] Restart Req =1

Host: P5 [Safety Faults] SS1 Fault =1

- 755 Port 0: P933 [Start Inhibits], bit 7= "Safety’
755T Port 0: P351[M Start Inhibits], bit 8 = ‘Safety’

755 Port 0: P951Last Fault Code] = Safety Brd FIt
755T Port 0: P610 [ Last Fault Code] = ‘Safety Brd FIt’

» InMation Control Mode

- axis.SafetyFault =1

- axis.SafeTorqueOffActivelnhibit =1

- axis.SafetyFaultStatus =1
axis.SafetyResetRequiredStatus =1
axis.SSTFault =1

Clearing a Safety Fault requires correcting the fault condition and a 0?1 transition on Request
Reset. For more information on SS1Safety Faults, see Understand Safety Faults on page 173.

Figure 29 - Safe Stop 1Fault Operation
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Safe Brake Control Function The Safe Brake Control function (SBC) function utilizes the module’s safety outputs to control

an electromechanical brake that is attached to the motor. The SBC function releases the brake
to allow motion or engages the brake to prevent motion.

Safe Brake Control Activation

Safe Brake Control can be initiated by one or more sources:
«  SBC Output - Clearing the Safety Output Assembly Tag (module:S0.SBCOutput = 0)
«  STO Active - If STO Activates, SBC is configured as ‘Linked’
 Safe Stop Fault - Any Safety Fault
«  Safe Limit Fault - Reserved for future use

When SBC is activated, all sources of activation are stored in an attribute as a bit mask, and
the attribute can then be read to determine the causes of an SBC activation. Figure 30 shows
the operation of the SBC activation attribute. The SBC Activation attribute can be read with
explicit messaging (see attribute 365 in Table 105 on page 210.

Figure 30 - Safe Brake Control Activation
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(1) STO Activates SBC = Linked

Negative Value: Delay = 0
Safety Fault: Delay = 0

If the SBC Activation bit mask indicates that only STO Active is the source of activation, then
the STO to SBC Delay is executed. If the activation is not by STO Active, or other activation bits
are also set, the STO to SBC Delay is not executed and the brake is immediately engaged.

Safe Brake Control Reset

After the brake is engaged due to an SBC activation, the SBC function must be reset in order to
release the brake. When the SBC function must be reset, the following attribute values are set:

»  module:SI.SBCActive =1
«  module:Sl.RestartRequired = 1
» InStandard Control Mode
- Host: P4 [Safety Status] SBCActive =1
- Host: P4 [Safety Status] Restart Req =1
+ In Motion Control Mode
- oxis.SBCActiveStatus=1
- axis.SafetyResetRequiredStatus =1

The steps to reset the SBC function depend on the cause of SBC activation and the Restart/
Cold Start Type configured in the module.
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Safety Fault SBC Activation Reset

IMPORTANT  When the SBC function is activated by a Safety Fault, the cause of
the safety fault must be removed before the SBC function can be
reset, regardless of the configured restart type.

Once the fault is removed, a 0 to 1transition on module:S0.ResetRequest tag will reset the SBC
function to the Brake Released state.

SBC Automatic Cold Start/Restart Type Operation

If there are no Safety Faults in the module, the STO function can be reset by a 0 to 1transition
on the module:S0.SBCOutput tag.

SBC Manual Cold Start/Restart Type Operation

If Restart Type is set to ‘Manual’ and there are no Safety Faults in the module, the SBC function
can be reset by a 0 to 1transition on the module:S0.SBCOutput tag, then a 0 to 1transition on
module:S0.ResetRequest tag.

Setting module:S0.SBCOutput =1and module:S0.RequestReset =1
Q in the same scan will enable torque.

Safe Brake Control Modes

SBC Mode specifies if the SBC functionality is used and how the safety outputs controlling the
brake operate. The mode also changes the instances of the CIP objects controlling the safety
outputs. The following modes are supported by the module.

Not Used

In ‘Not Used' mode, the SBC function will not be used by the application. The associated safety
outputs are not under SBC control, and can be configured independently. The safety outputs
are mapped to the following CIP objects:

+ S00: Safety Discrete Output Paint Object Instance 1
+  Sol: Safety Discrete Output Point Object Instance 2
«  Safety Dual Channel Output Object Instance 1

Used, No Test Pulses

In‘Used, No Test Pulses’ mode, the associated safety outputs are not pulse tested. The
associated safety outputs are under SBC control and cannot be configured independently. The
safety outputs are mapped to the following CIP objects:

+  So0: Safety Discrete Output Point Object Instance 3
» Sol: Safety Discrete Qutput Point Object Instance 4
«  Safety Dual Channel Output Object Instance 2

Used, Test Pulses

In‘Used, Test Pulses’ mode, the associated safety outputs are tested with a

500 ps pulse every 300 ms when the brake is in the released state (outputs energized). Pulse
tests of So0 and Sol outputs are shifted in time, allowing So0 to Sol shorts to be detected.
There is no difference in implementation of Safety Outputs pulse testing in SBC control versus
direct control.
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In the 'Used, Test Pluses’ mode, the safety outputs are under SBC control and cannot be
configured independently. The safety outputs are mapped to the same CIP objects as the
‘Used, No Test Pulses’ mode.

For more information on the pulse testing that is performed by the SBC function, see Latch
Qutput Error Operation in Single Channel Mode on page 46.

IMPORTANT  If the Safe Brake Mode is set to ‘Not Used’, then setting the Safety
Output tag module:S0.SBCOutput =1 sets the SBC Fault and sets
the SBC Fault Type to ‘Config'.

IMPORTANT  If the Safe Brake Mode is set to ‘Not Used', then the state of the
two safety outputs So0 and Sol are controlled by Safety Output
Assembly tags; otherwise, the two Safety Outputs are controlled
by the Safe Brake Function.

IMPORTANT  If the Safe Brake Mode is set to ‘Used’, then the Safety Input
Assembly tags associated with safety outputs will be forced to:

module:S1.0ut00Monitor =0
module:S1.0ut01Monitor = 0
module:S1.0ut00Status = 0
module:S1.0ut01Status = 0
module:SI.0ut00Ready = 0
module:SI.0ut0TReady = 0

Safe Brake Control Operation
Safe Brake Control (SBC) operation can be activated by the safety output assembly or by STO.

SBC Operation when Activated by Safety Output Assembly

When the SBC function is activated by clearing the module:S0.SBCOutput tag, the associated
safety outputs are deenergized, forcing the brake to engage, and torque is still enabled.
Figure 31 an page 76 shows the timing of SBC attributes when the SBC function is executed
independently.
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Figure 31 - SBC Operation by Safety Output Assembly
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STO Activates SBC Operation

If the SBC function is configured to link STO and SBC activation, any STO activation will cause
the SBC function to be activated as well. The brake is engaged (deenergized) by the SBC
function when torque is disabled by the STO function.

If the SBC function is configured to link STO activation to SBC activation, you can configure an
STO to SBC Delay time where:

«  STO to SBC Delay > 0 configures a delay between when STO is activated and the brake is
released. Figure 32 on page 77 describes this operation.

»  ST0 to SBC Delay < 0 configures the brake to engage when STO is activated and delays
disabling torque. Figure 33 on page 77 describes this operation.
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Figure 32 - SBC Linked to STO with Positive Delay
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Figure 33 - SBC Linked to STO with Negative Delay
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SBC Safety Fault Operation

The operation of SBC under a safety fault condition is dependent on its configuration. If the
SBC function is not configured for use, the SBC function is not activated when a safety fault
occurs. If configured for use, a safety fault will force the SBC function to the safe state, but the
sequence of events leading to the safe state changes. The ‘Safe State’ of the SBC function is
the ‘Brake Engaged’ state.
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SBC not Linked to STO Safety Fault Operation

When a safety fault is detected in the module (and the SBC function is configured to not be
linked to STO activation), the SBC function will be activated with the SBC activation reason
being ‘Safety Stop Fault’. The SBC function can be reset once the safety fault is cleared.
Figure 34 shows the timing of SBC and torque attributes in response to a safety fault in this
scenario.

Figure 34 - SBC Operation Under Safety Fault Condition (not linked to STO)
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STO Linked to SBC Safety Fault Operation

When a safety fault is detected in the module and the SBC function is configured to link STO
and SBC activation, the SBC function will be activated with the SBC activation reason being
‘STO Active’ and ‘Safety Stop Fault'. The SBC and STO function can be reset once the safety fault
is cleared.

Figure 35 on page 79 and Figure 36 on page 79 show the operation of the SBC function under a
safety fault condition when linked to STO.
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Figure 35 - SBC Operation under Safety Fault Condition (linked to STO with positive delay)
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Figure 36 - SBC Operation under Safety Fault Condition (linked to STO with negative delay)
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Connecting a Safety Brake

SBC Safety Fault

When the module experiences an SBC Fault, the module is placed in the safe state and the
cause of the fault is recorded.

If SBC function detects a fault, it will set:

« module:Sl.SafetyFault =1

»  module:Sl.RestartRequired =1

«  module:SI.SBCReady = 0

» InStandard Control Mode
- Host P4 [Safety Status] Safety Fault =1
- Host P4 [Safety Status] Restart Req =1
- Host P5 [Safety Faults] SBC Fault =1

» In Motion Control Mode
- axis.SafetyFaultStatus = 1
- axis.SafetyResetRequiredStatus =1
- axis.SBCFault =1

For more information on SBC fault types and troubleshooting methods, see the Understand
Safety Faults on page 173.

The safety brake control function uses the safety outputs So0 and So1to control a safety
brake.

The design of a safety brake circuit is application-dependent and is based on the following
factors:

«  Choice of safety brake for the application
« If the brake provides feedback in the application
« If the application uses single or dual channel

The safety brake function interfaces to the safety brake through the two safety outputs So0
and Sol. So0 and Sol are 24V DC, 1A sourcing outputs. Figure 37 on page 81 shows a wiring
example for connecting a brake to the module.

Usually the voltage and current rating of the safety brake is much higher than the 24V DC and 1
A that the safety outputs can directly control. To support brakes with that require higher
voltage and higher current, an interposing safety relay such as the 700S-CF Safety Control
Relay is required.

Safety brakes typically require a voltage suppression device. Most safety brakes provide a
suppression device as an option or they specify a diode or MOV to use. Use the recommended
suppression devices.

The drive-based SBC function does not implement checking of brake feedback; however, the
available safety inputs can be used to send the status of brake feedback to the safety
controller that is programmed with a diagnostic check.

The controller-based SBC instruction does perform a diagnostic

Q check of brake feedback while drive-based SBC does not.
However, drive-based SBC can be configured to complete a Safe
Stop 1before engaging the brake in reaction to a Comm Loss or a
Comm Idle.
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Notes:

82 Rockwell Automation Publication 750-UM005G-EN-P - July 2023



Chapter 5

Drive Safety Instructions

Controller-based Safety Functions

Use this chapter to become familiar with the GuardLogix® controller-based Drive Safety
instructions and how they interact with PowerFlex® 755/755T drive products with a 20-750-S4
Integrated Safety Functions option module.

See the GuardLogix Safety Application Instruction Set Reference Manual, publication
1756-RM095, for more information on the Drive Safety instructions and TUV Rheinland
certification.

The Drive Safety instructions (see Table 41 on page 83) are designed to work with the 20-750-
S4 option module. They are available in the Studio 5000 Logix Designer® application, version
31.00 or later, in the Drive Safety instruction element group that is enabled when the Safety
Program - MainRoutine is open (see Figure 38 on page 84).

Controller-based safety functions operate in GuardLogix 5580 or Compact GuardLogix 5380
controllers and use the EtherNet/IP™ network to communicate with the safety I/0. Drive Safety
instructions use safety feedback, provided by PowerFlex 755/755T drive products to the Safety
Task of the controller, to perform safe monitoring functions.

Table 41 - Drive Safety Instructions

Safety Instruction Description

The SFX function scales feedback paosition into position units and

feedback velocity into position units per time unit. SFX is used with other
Safety Feedback Interface SFX Drive Safety instructions.SFX also provides unwind for rotary applications
and position homing.

The SS1 function monitors the motor deceleration rate within set limits
Safe Stop 1 SS1 during motor stopping and provides an indication to initiate Safe Torque
0ff (STO) function when the mator speed is below the specified limit.

The SS2 function monitors the motor deceleration rate within set limits
Safe Stop 2 $S2 | during motor stopping and initiates the Safe Operating Stop (SOS)
function when the motor speed is below the specified limit.

The SOS function prevents the motor from deviating more than a defined

Safe Operational Stop 508 amount from the stopped position.

Safely-limited Speed SIS H]nﬁt.SLS function prevents the motor from exceeding the specified speed
Safely-limited Position SLP ggzitsilér] Til:gicttsi.on prevents the motor shaft from exceeding the specified
Safe Direction SDI ancst[l}tllrftmctlon prevents the motor shaft from moving in the unintended
Safe Brake Control SBC gr:ki.BC function provides safe output signals to control an external
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Figure 38 - Drive Safety Tab and Instructions
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Before Adding the Safety Instructions

Before adding drive safety instructions to your Logix Designer application, you must have
PowerFlex 755/755T drive products with 20-750-S4 options installed in your project.

Drive Safety Instruction Example

Drive Safety instructions provide the following information. In this example, the Safely limited
Speed (SLS) instruction is shown.
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Pass-through Data Using

Standard 1/0 Mode

Figure 39 - SLS Drive Safety Instruction

Configurable / Ch

Inputs

Inputs

Pass Through

Faul
Outputs < b

SLS

5LS_Axis_1 =01
AUTOMATIC
AUTOMATIC

2000

AR Outputs

FP

wotive Limt SLSLimit_Dynamic

554

SFX_Axis 1

SLS Request
04

eset SA1_Reset
04

LS Active S5DA:S0.5LS5Active!

D4

SLS Limit S04 50.5L5Limit1

4=
S04 50.5L5Fault
(4=
T4
4=

Table 42 - Drive Safety Instruction Definitions

Instruction Information

Description

Configurable Inputs

Safety function parameters that are used to define how the safety function
operates.

Inputs

« Feedback SFX is the link to the SFX instruction for an axis.
« Request initiates the safe monitoring function.
« Reset initiates a safety instruction reset.

Pass Through

Safety Output Assembly Object tags pass safety function status information from
the Safety Task of the safety controller to the safety instance of the drive module.
The status is made available to the motion controller. In standard I/0 mode,
datalinks must also be configured to provide status information to the standard
controller.

Outputs

« Fault Type is the instruction fault code that indicates the type of fault that

occurred.

Diagnostic Code provides additional details on the fault.

01- Output 1indicates the status of the instruction. When ON (1), it indicates that

the input conditions are satisfied.

« RR - Reset Required indicates when a reset is needed to restart the instruction or
to clear faults.

« FP - Fault Present indicates whether a fault is present in the instruction.

The Drive Safety instructions provide safety function monitoring in the safety task of a
controller. Control of the drive is done in the main program within the standard (main) task of
a controller. For the main program to receive safety status information from the Drive Safety
instruction, tag data in the safety output assembly for the drive module (safety task) is passed
to the drive and then data linked to tags in the main task.

This is especially useful when the user's program is in a separate controller from the safety
program that is in a safety controller. Figure 40 on page 86 shows how this works for the SLS

instruction.

IMPORTANT  Pass-through data is for status information only and does not impact
configured safety functions.
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Figure 40 - Pass-through Data Path (Standard /0 Mode)
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SLS Active status and safety faults are passed to the standard task via user-configured
datalinks (inputs) to the following host config parameters in the Integrated Safety Functions
option module:

«  P4[Safety Status]
« P5[Safety Faults]

Other safety parameters may also need to be data linked depending on
Q your application.

Table 43 - SLS Tag Information

Safety Output Assembly Tag Axis Tag
module:S0.SLSActive Drive:|.SafetyStatus SLSActive
module:S0.SLSLimit Drive:|.SafetyStatus SLSLimit
module:S0.SLSFault Drive:|.SafetyStatus SLSFault
The words module and drive (italic) in these tag names represent the
Q module and drive name that is assigned in the Logix Designer
application.

The following steps correspond to the activity in Figure 40.

1. Safety device reports a request to the safety zane. Initiates monitoring by the SLS
instruction (Safety Task).

2. SLS Active status is passed to the Standard program (Safety Task to Standard Task via
the drive).

3. The Standard program adjusts the speed of the drive to below the SLS Active Limit
during the Check Delay (Standard Task).

4, |f the drive speed exceeds the SLS Active Limit (Safety Task) during SLS monitoring, the
SLS Limit output is set.

- Optionally, a stopping safety function can be initiated within the safety program.
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Pass-through Data Using The Drive Safety instructions provide safety function monitoring in the safety task of the
: controller. Control of the drive is done in the motion programming within the standard task of
Integrated Motion the controller. For the main program to receive status information from the Drive Safety
instruction, tag data in the output assembly for the drive module (safety task) are passed to
the drive and then to the corresponding tag in the axis structure (standard task).

This is especially useful when the motion program is in a separate controller from the safety
program that is in a safety controller. Figure 41 shows how this works for the SLS instruction.

IMPORTANT  Pass-through data is for status information only and does not
impact configured safety functions.

Figure 41 - Pass-through Data Path
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Table 44 - SLS Tag Information
Safety Output Assembly Tag Axis Tag
module:S0.SLSActive Axis.SLSActiveStatus
module:S0.SLSLimit Axis.SLSLimitStatus
module:S0.SLSFault Axis.SLSFault
The words module and axis (italic) in these tag names represent the
Q module and axis name that is assigned in the Logix Designer application.

The following steps correspond to the activity in Figure 4.
1. Safety device reports a request to the safety zone.
Initiates monitoring by the SLS instruction (Safety Task).

2. SLS A)ctive status is passed to the motion program (Safety Task to Standard Task via the
drive).

3. The motion program adjusts the speed of the drive to below the SLS Active Limit during
the Check Delay (Standard Task).

4, |f the drive speed exceeds the SLS Active Limit (Safety Task) during SLS monitoring, the
SLS Limit output is set.

- Optionally, a stopping safety function can be initiated within the safety program.
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SFX Instruction
PowerFlex 755/
755T Drive
88

The Safety Feedback Interface (SFX) instruction scales feedback position into position units
and feedback velocity into speed units per unit of time. Feedback position and velocity are
read from the safety input assembly and become inputs to the instruction. The SFX instruction
also sets a reference position from a home input and performs position unwind in rotary
applications. Typically, one SFX instruction is used per safety drive. This instruction provides
the position and velocity feedback that is used by other safety instructions, also used by the
same safety drive.

The PowerFlex 755/755T drive provides safe position and velocity feedback. Up to SIL 3 PLe
safety rating can be achieved by using dual feedback with velocity and/or position
discrepancy checking.

The outputs of the SFX instruction are used as inputs to other Drive safety instructions. For
any drive with an Integrated Safety Functions option module to execute a controller-based
safety function, an SFX instruction is required. Although the SFX instruction is a safety
instruction, it alone does not perform a safety function.

In Figure 42, the SSTinstruction uses the Actual Speed output from the SFX instruction during
execution of the SS1safety function.

Figure 42 - SFX Instruction Feeds Data to SS1Instruction
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SFX Instruction Example

In this SFX example, an encoder has 512 feedback counts per motor revolution and is scaled
for position to have 512 counts per motor revolution.

The SFX instruction scales the applicable safety instructions with feedback position units
from the safety encoder/motor, into position feedback units used in applicable safety
instructions. It also scales feedback velocity units from the safety encoder/motor into
position feedback units per time unit.

Scaling Setup

When configuring the SFX instruction, calculate the value for ‘Position Scaling’ so that the
‘Actual Position’ and ‘Actual Speed’ output from the instruction matches the ‘Actual Position’
and ‘Actual Velocity' in the motion controller.

Values from ‘Axis Properties>Scaling and Motion Safety>Primary Feedback’ are required to
calculate the instruction input.

The Feedback Resolution is determined based on the feedback device and the Effective
Resolution of the feedback. This information is configured on the ‘Module Properties>Motion
Safety>Primary Feedback’ category.
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Figure 43 - Effective Resolution Parameter
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In this example, the motor is used in a rotary application where the unwind is set to roll over
each motor revolution. Therefore, the unwind of 512 Counts/Rev’ was added in the SFX
instruction appropriately.

Figure 44 - Scaling
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Homing

Setting the ‘Actual Position’ output to the 'Home Position input’ (homing) of the instruction is
required if using a position-based drive safety instruction like Safely-limited Position (SLP). If
a position-based drive safety instruction is not being used on an axis, homing the SFX
instruction is not required.

The data in the Primary Feedback category, Scaling category, and motor unwind value is used
to populate the SFX instruction.

Figure 45 - SFX Instruction Example
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See the GuardLogix Safety Application Instruction Set Reference Manual, publication
1756-RM095, for more information on the drive safety instructions.
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Chapter 6

Safety Assembly Tags

Standard 1/0 Mode - Configuration,
Programming, and Operation

This chapter provides information for network installation and operation of the Integrated
Safety Functions option module in Standard 1/0 mode. If using Integrated Motion mode, see
Chapter 7 on page 127.

Using network safety, a GuardLogix® 5580 or Compact GuardLogix 5380 safety controller
controls the PowerFlex® 755/755T Safe Torque Off function through the S0.SafeTorqueOff tag
in the safety output assembly.

The S0.SafetyStopFunctions tags are sent from the GuardLogix safety output assembly to the
PowerFlex 755 safety output assembly to control the safety functions.

The S0.0utput000utput, SO.0utput010utput, SO.Test000utput, and SO.Test010utput tags are
sent from the GuardLogix safety output assembly to the PowerFlex 755 safety output assembly
to control the safety and test outputs on the Integrated Safety Functions option module.

The SI.StopStatus tags are sent from the PowerFlex 755 to the GuardLogix safety input
assembly and indicate the PowerFlex 755 safety control status.

The SI.0utputStatus, Sl.InputStatus, and SI.I0Support tags are sent from the PowerFlex 755/
755T drive product to the GuardLogix safety input assembly and indicate the status of the
safety inputs, safety outputs, and test outputs.

The Sl.ConnectionStatus tags indicate the safety input connection status.

See Appendix C on page 205 for more information about assembly tags.
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Configure Safety in the
Logix Designer Application

This section provides instructions for how to add and configure an Integrated Safety
Functions option module in a PowerFlex 755/ 755T drive product to an existing project in the
Logix Designer application. This chapter is specific to safety and does not cover all aspects of
drive configuration. The PowerFlex 755 drive is used for the examples in this chapter.

Before you can configure your option module in the Logix Designer application:

»  You must have a safety controller project with an EtherNet/IP® network connection
configured. See the documentation for your controller, drive, and Ethernet adapter for
information on configuring those products (see Additional Resources on page 12).

«  Youmust add a PowerFlex 755/755T drive product and 20-750-S4 option module to your
project.

» If using speed monitaring functions, install a 20-750-DENC-1 or
20-750-UFB-1 option module in port 4, 5, or 6.

Add a PowerFlex 755 Drive/755T Drive Product to the Safety
Controller Project

1. Select the Ethernet network in the /0 Configuration folder and select New Module.

4 0 Configuration
4 E31756 Backplane, 1756-4A7
[ [0] 1756-L83ES My_GLX5580_Systemn
H Mew Module... .

Import Module...

E
Discover Modules..,
Paste Ctri+V
Properties Alt+Enter

Print k
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2. Select from the following drive products and click Create.
- PowerFlex 755 HiPwr-EENET
- PowerFlex 755-EENET
- PowerFlex 755T

If you want to use a 20-750-ENETR Dual-port EtherNet/IP option
module with the PowerFlex 755/755T Integrated Safety Functions
option module, you must select PowerFlex 755-EENET or
PowerFlex 755 HiPwr-EENET from this list. Later in this
procedure, you will use the Synchronize command so that the
module reflects an ENETR module and will work with the
PowerFlex 755/755T Integrated Safety Functions option module.

This example uses the PowerFlex 755-EENET.

Catalog | Module Discovery I Fa\roritesl

&

Clear Filters Hide Filters %

Module Type Category Fiters = Module Type Vendor Fiters

ALC Drive ABB. Inc.

AL Drive Device Advanced Energy Industries, Inc.
Analog Cognex Corporation

CIP Motion Converter Dialight

*EEEEE

Catalog Number Description

PowerHex ¥55-EEMET A Drive via Embedded Enet

PowerHex ¥55-EEMET-CM PowerFlex 755 AC Drive via Embedded Bthemet - CIF Motion

PowerHex 755-EEMET-CM-5 PowerFlex 755 AC Drive via Embedded Ethemet - CIF Motion/Safe Torque-CHff
PowerFex 7B5-EEMET-CM-51 PowerFlex 755 AC Drive via Embedded Ethemet - CIP Motion/Safe Speed Mo ...
PowerFex ¥55-EEMET-CM-53 PowerFex 755 AC Drive via Embedded Bthemet - CIF Motion/53 Safety Option

| DR M_.. 7CC FORICT &L &4 | P M. PCC A/ M. oo T L_JdJd_Jd Ml o _u 1IN RA_a:__ dC A8 C_Fon oo

4 |

20 of 646 Module Types Found

[] Close on Create [ Crﬂaie] [ Close ] [ Help ]
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Add an Option

Module to a PowerFlex 755 Drive

1. Inthe Device Definition dialog box, enter the connection type that you want to use.
Select from one of the following types. The ‘Standard and Safety’ connection is used in

this example.

Connection Type Description ';?f;;:::ecﬂmi'ﬁ
Control is managed by this contraller. Safety is managed by

Standard another controller. V31 or later
Both control and network safety connections are managed by
this controller. A Standard and Safety connection can only be

Standard and Safety made from a GuardLogix 5580 or Compact GuardLogix 5380 V31012 or later
controller.
Network safety connection is managed by this contraoller.
Control is managed by another controller. A Safety connection

Safety Only can only be made from a GuardLogix 5580 or Compact VsTor later
GuardLogix 5380 controller.

Device Definition

1 Upload G Import 9 Export

Identity
Peripherals

Automatic Device

Connection Farmat

Identity

Canfiguration Type: PowerFlex 755

Connection: [standard
Standard
Safety Peripheral Standard and Safe!

Safety Onl
Safety Instance 1: |\ g

Vendor: Allen-Bradley
Mame:
Parent:

Description:

Ethernet Address: IP Address. -4 . . . Advanced

Revision: 4 7. Need more options?

] [ Help
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2. When a network safety connection is selected, the 20-750-S3 Network STO option is
selected by default. Click the Safety Peripheral pull-down menu and select 20-750-S4.

Device Definition

1 Upload G Import 9 Export

Identity® ‘
Peripherals™ Identity
Connection Format”

Automatic Device Canfiguration®| | TYPe: PowerFlex 755

Connection: [Standard and Safety -

Safety Peripheral: [20-750-53 -]

20-750-53
Safety Instance 1

Vendor: Allen-Bradley
Name:

Parent:

Description:

Ethernet Address: IP Address b

Safety Network Mumber: 4264 0397 4144

3. If feedback is being used (indicated by the selection in Safety Instance 1), enter a
feedback device for the Safety Feedback Module.

Device Definition

1 Upload G Import 9 Export

Identity”
Peripherals™ Identity
Connection Format”
Automatic Device Canfiguration®| | TVPe: PowerFlex 755

Connection: [ Standard and Safety

Safety Peripheral: [20-750-54

Safety Instance 1: [ safe Stop Only, No Feedback

Safety Feedback Madule MNone

Vendor: Allen-Bradley

Name: My_PF755 Safety Drive
Parent:

Description:

Ethernet Address:
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4. Scroll down and enter additional Device Definition data for the drive product being
used.

Device Definition

1 Upload G Import 9 Export

Tdentity* .
Peripherals* Identity
Connection Format®

Automatic Device Configuration* Description:

Ethernet Address: IP Address »|| 10.91.97 .76

Safety Network Number: 4264 0397.4144 Edit

Revision: . Need more options?

Electronic Keying: (Compatible Module

Drive Rating: (200v 48 D) 48 (HD)

Rating Optians: | Normal Duty

Special Types: [standara

Selected Rating: 200V 484

Selected Catalog: 20G..B4P2
4

Generate the Safety Network Number (SNN)

The assignment of a time-based SNN is automatic when you create a GuardLogix safety
controller project and add new Safety I/0 devices.

Manual manipulation of an SNN is required in the following situations:
+ If safety consumed tags are used

« If the project consumes safety input data from a device whose configuration is owned
by some other device

« If asafety project is copied to another hardware installation within the same routable
Safety system

If an SNN is assigned manually, the SNN has to be unique.

IMPORTANT  If you assign an SNN manually, make sure that the system
expansion does not result in duplication of SNN and node address
combinations.

A warning appears if your project contains duplicate SNN and
node address combinations. You can still verify the project, but
Rockwell Automation recommends that you resolve the duplicate
combinations.
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To edit the SNN, follow these steps.
1. In the Device Definition dialog box, click Edit to the right of the Safety Network Number.
2. Select either Time-based or Manual.
If you select Manual, enter a value from 1...9999 decimal.
3. Click Generate.
Click OK.

Edit Safety Network Number X

Format

@ Time-based

5/22/2019 9:30:50.997 AM

Generate SNN |

Manual - DPI Network Type

Number: (Dec)

Number

439C_031D_4975 [Hex)
Copy |

[ OK | [ Cancel | [ Help

Electronic Keying

The electronic keying options are for the standard connection to the drive.

Electronic Keying

Indicates that all keying attributes must match to establish communication. If any attribute
does not match precisely, communication with the device does not occur.

Lets the installed device accept the key of the device that is defined in the project when the
installed device can emulate the defined device. With Compatible Module, you can typically
replace a device with another device that has the following characteristics:

« Same catalog number
« Same or higher Major Revision

« Minor Revision as follows:
- If the Major Revision is the same, the Minor Revision must be the same or higher.
- If the Major Revision is higher, the Minar Revision can be any number.

Indicates that the keying attributes are not considered when attempting to communicate
with a device. With Disable Keying, communication can occur with a device other than the
type specified in the project.

ATTENTION: Be extremely cautious when using
Disable Keying; if used incorrectly, this option
can lead to personal injury or death, property
damage, or economic loss.

We strongly recommend that you do not use
Disable Keying. If you use Disable Keying, you
must take full responsibility for understanding
whether the device being used can fulfill the
functional requirements of the application.
ATTENTION: Disable Keying is not permitted for
safety devices.

Exact Match

Compatible Module

Disable Keying
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5. Click Peripherals in the navigation tree and click the arrow in the top left corner to
expand the Network SSM *S& section. The port location can be changed if needed
(uses ports 4, 5 or 6). The electronic keying options that are specified here are for the

safety connection with the safety controller. ‘Exact Match’ or ‘Compatible Module’ must
be used.

Device Definition

1 Upload G Import  Export

Identity -
Peripherals” Peripherals
‘Connection Format™

- Need more options?
Automatic Device Configuration

A Type: Network SSM *S4.
Vendor: Allen-Bradley
Parent My_PF755 Safety Drive
B
Revision: 1 (002 3
Eectronic Keying:
User Text:

¥ 5- Universal Fdbk *UFB-1

¥ 13 - EtherNet/IP Embedded

[ ok |[ coce |[ hHep |

6. Click the Add new peripheral pull-down menu to add any additional peripherals, such
as feedback devices to use with the safety option module.

Device Definition

1 Upload G Import 9 Export

Identity ]
Peripherals Peripherals
Connection Format

Automatic Device Configuration

Y 4-Network SSM "S&

¥ 13 - EtherNetIP Embedded
Y 14- Devicelogix Embedded
Add new peripheral []

Q- Search
LS

4 Option Modules

EtherNet/IP *ENETR (Tap) H
Network STO 53

Universal Fdbk "UFE-1
[ ok | [ cancel |[ Help |
4 DPICOMMS.

20-COMM-C

I ——
20-COMM-D .

f
|| ‘ o

In this example, a 20-750-UFB-1 Universal Feedback’ option module has been added.

Device Definition

x
2 Upload G Import 9 Export

Identity .

Peripherals™ Peripherals

Connection Format™

- Need more options?
Automatic Device Configuration

¥ 4 - Network 55M *54

¥ 5 - Universal Fdbk *UFB-1
¥ 13 - EtherNet/IP Embedded
¥ 14 - Devicelogix Embedded

3 Add new peripheral [
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7. Click Connection Format in the navigation tree to open the Connection Format page.

Device Definition x

1 Upload G Import S Export

Identity ]
Peripherals” Connection Format

Input | Output | Safety Output | Safety Input

Data Type Name:  AB:PowerFlex755_E_CA41EAEGT0 Data Type Size: 20 Bytes

Members:

Name Data Type Parameter
» DriveStatus DINT

Feedback REAL

¥ P4 SafetyStatus DINT Port 4: Safety Status

¥ P4 SafetyFaults DINT Port 4: Safety Faults

Do

[ oc [ comce ||

|

-
2

The Input and Output tabs are for setting the datalinks between the drive and the
controller that is performing control. Add P4 [Safety Status] and P5 [Safety Faults] to
provide pass-thru data from the safety task/safety controller to the main task/
standard controller. Enter additional datalinks as desired for your application.

The Safety Output and Safety Input tabs show the fixed safety data between the drive
and safety controller.

8. If Automatic Device Configuration (ADC) will be used, click Automatic Device
Configuration in the navigation tree to open the Automatic Device Configuration page.
The 20-750-S4 option module has Host configuration parameters that can be set using
the ADC process.

Device Definition x

1 Upload G Import S Export

Idenity . )
Peripherals Automatic Device Configuration

Automatic Device Configuration [C] Enable Automatic Device Configuration

Port ADC Port Ensble Fal Drive Connection on
Peripheral Error

n using parameter 888 has been set for any port

ok | [ cancel | [ Help
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9.

O

Click OK to use the Automatic Device Configuration settings.

You can click the Device Definition button from the Overview
page to reopen the Device Definition dialog box and make edits
to the previous steps.

My_PF755_Safety Drive

3
10.81.97.76 Connect +

Overview

Connection o]

Compare v Data Logger Diagrams
Drive Rating: 200V 4.8 (ND) 4.8 (..
Revision: 14.002
s Address: 1091.97.76
Electronic Keying: Compatible Mo...

Device Definition_|

Safety Configuration
Parameters
Diagnostic Iltems
Faults / Alarms

Device Info

Type: PowerFlex 755
Name: My_PF755_Safety_Drive

Peripherals

4 - Network S5M *54

13 - EtherNet/IP Embedded
14 - Devicelogix Embedded
Edit peripherals...

Devicelogix
Wizards
Date / Time
Address

Creation in progress (

Creste | [ cancel | [ Hep

10.

1.

Click Create to create the drive and have it added to the 1/0 Configuration folder. Save
the project to save any edits and double-click the drive in the I/0 Configuration folder to
reopen the drive properties window.

Click Connection in the navigation tree to open the Connection page. The safety output
connection, safety input connection, and standard connection configuration
information is shown on this page. The Requested Packet Interval (RPI) and
Connection Reaction Time Limit can be set according to the application.

My_PF755_Safety Drive

¥
109197.76 G ©

Overview

Date

¥ Safety Configuration
Parameters
Diagnostic ltems
Faults / Alarms
Device Info
DeviceLogix
Wizards

Address —

Connection

Safety Output Connection B

Requested Packet Interval (RPI) :
20 ms
Sex by ey task

n

Connection Reaction Time Limit: 60.0 ms

/Time Max Observed Network Delay: 22 ms -

Safety Input Connection

Requested Packet Interval (RPI) :
10 & ms
(6 - 500)

Connection Reaction Time Limit: 40.0 ms

Max Observed Network Delay: 22 ms -

o] o] (e
The RPI for the Safety Output connection is fixed based on the period of the safety task
in the controller.

The Connection Reaction Time Limit sets the maximum age of safety packets on the
associated connection. If the age of the data that is used by the consuming device
exceeds the connection reaction time limit, a connection fault occurs.

For safety output connections, the Max Observed Network Delay displays the value
that is generated by the output module. For safety input connections, it displays the
value that is generated by the controller. The Max Observed Network Delay value is
updated automatically at a rate similar to the rate used by the Max Scan Time. The Max
Observed Network Delay displays ??" when the status is Faulted or Connecting.
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12. Click Safety Configuration in the navigation tree to open the Safety Configuration
pages.

My_PF755_Safety_Drive

¥
10929776 | connect v

Overview B ) ‘
Connection Configuration

Actions Cwnership

STO

551 .
Input Configuration

Output Configuration .
Test Output

sac = | Signature

Primary Feedback
Scaling D cacf falc (Hex)

Secondary Feedback

Discrepancy Checking Date: ‘

Parameters Time:  00:47:55.826 ms
Diagnostic ltems
Faults / Alarms
Device Info

Copy

Devicelogix
Wizards

oK Cancel Help *

Primary Feedback, Scaling, Secondary Feedback, and Discrepancy Checking will only be
displayed if a feedback device is selected for the Safety Feedback Module on the Device
Definition Identity page (shown on page 95).

Ownership indicates whether the current controller owns the configuration of the
safety module. The value is read directly from the module and is available only online.
When working offline, the label is unavailable and a value does not appear. The value is
updated when you open the page and when you change to or from Run mode.

- Local is displayed when the current controller owns the module configuration.

- Remote (SNN: nnnn_nnnn_nnnn, Address: mm) is displayed when another device
owns the module configuration. SNN: nnnn_nnnn_nnnn is the owning device.
Address: mm is the node or slot number.

- read fails,?? is typically displayed when the module status is faulted or connecting.

Reset Ownership resets the ownership of the safety module. If the reset ownership is
confirmed, the module enters its out-of-box state (configuration). The module is not
owned. It becomes owned by the first originator that successfully configures the

module.
13. Click Actions under Safety Configuration in the navigation tree to open the Actions
page.
My_PF755_Safety Drive
1091.97.76 Conn‘rect @
Overview . .
Connection Actions to Take Upon Conditions
~ Safety Configuration” . )
s Connection Loss Action: |S51 -
Actions’
STO Connection Idle Action: ~ |S51 -
= Resiet Type futomate 7]
Input Configuration
Output Configuration Cold Start Type: Automatic -
Test Qutput
SBC |
Parameters
Diagnostic Items !
Faults / Alarms
Device Info
DeviceLogix
‘Wizards
Date / Time
Address I
Creation in progress Create 1 [ Cancel 1 [ Help
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Use the settings on the Actions page to:

- Define the action to take when the safety connection is lost.

- Define the action to take when the safety connection goes idle.
- Define the restart and cold start behavior.

Restart is the restart behavior while operating. A cold start is the restart behavior when
applying controller power or controller mode changes to ‘Run'.

14. Click STO under Safety Configuration in the navigation tree to open the STO page. The
Delay value is the time delay between the STO Active condition and Safe Torque
Disabled. This allows the drive to bring the motor to a controlled stop before disabling
torque.

(3 s v sy e e e o

My_PF755_Safety_Drive

My_PF755_Safety Drive

¥
1921682100 | (onnect v

4

QOverview

Connection STO - Safe Torque Off

Safety Configuration
Actions Delay: 150 ms

STO

551 Velocity A

Input Configuration

A STO Celay

Cutput Configuration
Test Qutput
SBC

Primary Feedback P
Scaling STO Output Disable Terque
Parameters STO Active Desable Torque l_
Diagnostic Items Torque Disabled I Torque Dsabled

Faults / Alarms

Device Info
DevicelLogix
Wizards
Date / Time
Address

15. Click $S1under Safety Configuration in the navigation tree to open the SS1 page. Use
the settings to configure the drive-based Safe Stop 1(SS1) function, which decelerates
the motor and then initiates a Safe Torque Off (STO) in the drive.

¥
10.91.97.76 TR

Qverview
Connection
~ Safety Configuration™

Actions*®
STO
S51*
Input Configuration
Output Configuration
Test Qutput
SBC

Parameters

Diagnaostic Items.

Faults / Alarms

Device Info

Devicelagix

Wizards

Date / Time

Address

SS1 - Safe Stop 1

Mode: Monitared 551 A F Max Stop Time —————
Stop
Stop Monitor Delay: 0F ms e Stop Delay, x——!
Stop Delay: 1% ms ) Decel Reference
s Speed * o Race, Y

Max Stop Time: 1 ms “\(:l e Decal

. ) i = /‘SLP“:' Reference
Decel Refarence Speed: 4096.000 3] Position Units/s ] R bmit I
Decel Reference Rate: 4096000.000 Position Units/s/s  Standstill Speed AN
Decel Speed Tolerance: 00003 Position Units/s ) ) '
Standstill Speed: 4096.000% Position Units/s

Creation in progress

[ Create ][ Cancel ][ Help =
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Property Description

Specifies the mode of the SS1 function. The Mode selection determines which
parameters on the tab are available to configure. The available options are:

« Not Used

« Timed SS1

Mode « Monitored SSI

Instance 1on the Identity page is set to ‘Safe
Stop, No Feedback’.

O Monitored SS1is unavailable when Safety

The delay time before deceleration is monitored. Valid values are 0...65535.

Stop Monitor Delay | 1y’ ytion is not available when ‘Mode' is Timed SST.
Stop Delay Igﬁdsitt(i]é]nfjelay time used when the SS1function is initiated by a stop type

. Displays the SS1 maximum stop time. This value is the sum of ‘Stop Delay ‘and
Max Stop Time ‘Stop Monitor Delay'.

Specifies the deceleration speed to monitor for SS1.
This parameter is unavailable when ‘Mode" is ‘Timed SST.

The minimum rate of deceleration while stopping.

Decel Reference Rate Changing the Stop Delay value recalculates the
O Decel Reference Rate.

This parameter is unavailable when ‘Mode" is ‘Timed SST.

Decel Speed Tolerance | The speed tolerance that is applied to the deceleration ramp check.

Standstill Speed The speed limit that is used to declare motion as stopped.

Decel Reference Speed

16. Click Input Configuration under Safety Configuration in the navigation tree to open
the Input Configuration page. If the general-purpose safety inputs on the 20-750-S4
option module will be used, configure the input points to match the application.

My_PF755_Safety_Drive

10.91.97.76 ConnTact -
Overview ) )
Connection Input Configuration
~ Safety Configuration™ N
- Point Operation Input Delay Time (ms)
Actions Point Paint Made Test Source
5TO Type Discrepancy Time (ms) Off -= On On -» Off
551+ 0 Not Used + | None o o
L Not Used Mone 0 0
Output Configuration o z & &
Test Gutput 2 Not Used ~ | None o@ 0 @
—— Single Channel - 0
> 2 Not Used v | None 0@ u@
Parameters
Diagnostic Items
Faults / Alarms Input Error Latch Time: 1000 g ms

Device Info
Devicelogix
Wizards
Date / Time
Address

Creation in prograss Create | [ Concel | [ Help~
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Property

Description

Point

The physical input points available for configuration (terminals Si0, Si,
Si2, and Si3).

Paint Operation - Type

Specifies the type of operation for the input. Available options are:
« Single Channel

« Dual Channel Equivalent

« Dual Channel Complementary

Point Operation - Discrepancy
Time

The time in milliseconds that a discrepancy must exist before a
discrepancy alarm is raised. Valid values are 0...65535.

This property is unavailable when ‘Point Operation - Type'is set to
‘Single Channel".

Point Mode

Specifies the mode of the input. Available options are:

» Not Used

Safety Pulse Test - The associated test output point shown in the
Test Source’ field will be used to pulse test the external wiring of the
safety input.

Safety Semiconductor Input - The time in milliseconds that a
discrepancy must exist between two corresponding safety inputs
before an alarm is generated.

Safety Standard Input - The safety input will be treated as a
standard input. No diagnostics are run. When using a safety input as
a standard input, the ‘Point Operation Type' must be set to ‘Single
Channel'.

Test Source

Specifies the Test Output associated with the input. This property is
only available when ‘Point Mode' is set to ‘Used with Test Output’.

Input Delay Time (ms)
0ff —0n

Specifies the filter time in milliseconds for off to on transition of the
input. Valid values are 0...65535.

Input Delay Time (ms)
On — Off

Specifies the filter time in milliseconds for on to off transition of the
input. Valid values are 0...65535.

Input Error Latch Time

Specifies the amount of time in milliseconds an Input error will be
latched. If the error is no longer present after this time, the error
condition can be reset.

17. Click Output Configuration under Safety Configuration in the navigation tree to open

the Actions page. If the safety outputs on the
20-750-S4 option module will be used, configure the output points to match the
application. Safety outputs cannot be used if Safe Brake control is enabled.

ien Mo —
My_PF755_Safety_Drive .
1091.97.76 Cm"‘;ﬁ v
Overview . i
Connection Output Configuration
~ Safety Configuration®
arey € orrguaten Point Operation
Actions’ Point Point Mode
STO Type
s 0 Not Used -
Input Configuration T Single Channel -2 S
Output Configuration o
Test Output
s8c Output Error Latch time: 10003 ms
Parameters
Diagnastic ltems
Faults / Alarms.
Device Info
DeviceLogix
Wizards
Date / Time
Address
Creation in progress Create | [ Cancel | [ Helpv
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Property

Description

Point

The physical output points available for configuration (terminals So0 and Sof).

Point Operation - Type

Specifies the type of operation for the output. Available options are:
« Single Channel
« Dual Channel

Specifies the mode of the output. Available options are:

. « Not Used
Point Mode . Safety
« Safety Pulse Test
Output Error Latch Time Specifies the amount of time in milliseconds an Output error will be latched. If the

error is no longer present after this time, the errar condition can be reset.

18. Click Test Output under Safety Configuration in the navigation tree to open the
Actions page. If the test outputs on the 20-750-S4 option module will be used, configure
the test output points to match the application.

‘:. : e |
My_PF755_Safety_Drive .
10.91.97.76 Cunn‘;:t o
Overview
Connection Test Output
~ Safety Configuration® Point Point Mod
e cint Mode
sTo 0 |Mot Used -
ss1* 1 |Not Used -
Input Configuration
Output Configuration
Test Output
SBC
Parameters
Diagnostic Items
Faults / Alarms
Device Info
Devicelogix
Wizards
Date / Time
Address
Creation in progress Create | [ Cancel | [ Help~
Property Description
Paint The physical test output point being configured (Terminals Tol and To0).

Point Mode

Specifies the mode of the test output. Available options are:

« Not Used - test point is not used

« Standard Output - used as a standard safety output

« Pulse Test Qutput - used to test a safety input for short circuit detection

« Power Supply Output - used as a 24V DC power supply for an external input
circuit
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19. Click SBC under Safety Configuration in the navigation tree to open the Actions page.
If the drive-based Safe Brake Control on the
20-750-S4 option module will be used, configure SBC to match the application.

My_PF755_Safety_Drive .
10919776 cgmzd .
Qwerview
Connection SBC - Safe Brake Control
~ Safety Configuration” Mo [N Ueed
Actions* oce o
STO
ss17 5TO Activates SBC | Unselected
Input Configuration
) STO to SBC Delay (ms) 0
Output Configuration
Test Output (STO to SBC Delay)> 0
TO Acive st Torm
Parameters Torque Disabled Terque Disabled
Diagnostic Iltems
SBC Active Engage Brake
Faults / Alarms — =
Device Info Brake Engaged Brake Engaged
Devicelogix (STO to SBC Delay) <0
Wizards STO Active Disable Torque
Date / Time TorqueDisabled [T Tomwomwea |
Address
SBC Active Engage Brahe
Brake Engaged | Brake Engaged |
Creation in progress Create | [ Cancel | [ Help v
Property Description
Specifies the mode of the SBC function. Available options are:
+ Not Used
Mode
- Safety

« Safety Pulse Test

Identifies if Safe Torque Off (STO) activation triggers the SBC function. Available

options are:

STO Activates SBC |+ Unselected

« Selected - the brake is engaged during an STO event, based on the ‘STO to SBC
Delay attribute. Only valid when ‘Mode' is set to ‘Safety’ or ‘Safety Pulse Test'.

Specifies the time in milliseconds from when the Safe Torque Off function is active
STO to SBC Delay to when the brake is engaged. For positive values, the brake will engage after the
(ms) delay has expired. For negative values, the brake will engage immediately and
torque will be disabled after the delay has expired.

Primary Feedback, Scaling, Secondary Feedback, and

O Discrepancy Checking will only be displayed if a feedback device
is selected for the Safety Feedback Module on the Device
Definition Identity page (shown on page 95). Skip to if these are
not used.
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20. Enter the information for the device that is being used for the primary feedback. Red
boxes indicate items that need to be updated if the feature is used in your application.
The properties available on this page are determined by the safety feedback device
selected when the drive module was created.

The Maximum Speed and Maximum Acceleration diagnostics are based on the capability
of the chosen encoder and its rated limits. They do not provide a safety-rated safety

function.
My_PF755_Safety Drive
1091.97.76 Cmnn’e:t ©
Overview = .
Connection Primary Feedback
~ Safety Configuration

Actions Device: 20-750-UFB-1 Velocity Average Time: a % ms
57O
1 Type: Not Specified -2 Voltage Monitor:
Input Configuration Units: Maximum Speed: 0.000 % Rev/s
‘Output Configuration
Test Cutput Resolution Units: Cycles/Unit Standstill Speed: 10003 Revfs
SBC E
Primary Feedback Cycle Resolution: 102455 Cycles/Rev Maximum Acceleration: 0,000 3| Rev/s/s
Scaling
Secondary Feedback Cycle Interpolation: 4 Counts/Cycle
Discrepancy Checking Effective Resolution: 4096 Counts/Rev

Parameters

Diagnastic Items
Faults / Alarms

Device Info

Devicelogix
Wizards

Polarity:

21.

My_PF755_Safety_Drive

Enter scaling information to configure the feedback position and time in terms of
counts per position unit in the safe monitoring functions.

¥
10.91.97.76 Connect v

Cverview
Connection
~ Safety Configuration

Actions
sTO
551
Input Configuration
Qutput Configuration
Test Qutput
SBC
Primary Feedback
Scaling
Secondary Feedback
Discrepancy Checking

m

Parameters
Diagnostic Items
Faults / Alarms

Device Info

Devicelogix
Wizards

Scaling
Feedback Resolution:
Pasition Units:
Time Units:

Position Scaling:

4096

Pasition Units

10003 Counts/L0 Position Units

Counts/Rev
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22. Enter the information for the device being used for the secondary feedback. Red boxes
indicate items that need to be updated if the feature is used in your application. The
properties available on this page are determined by the safety feedback device
selected when the drive module was created.

The Maximum Speed and Maximum Acceleration diagnostics are based on the capability
of the chosen encoder and its rated limits. They do not provide a safety-rated safety
function.

My _PF755_Safety_Drive

¥
10.91.97.76 Connect v
Chverview -l
Connection Secondary Feedback
- Safety Configuration
Actions Device: 20-750-UFB-1 Velocity Average Time: 0 % ms

sTO

ss1 Type: Not Specified b4 Voltage Monitor: Not Monitored b4
Input Canfiguration Units: Rev o Maximum Speed: 0.000 % Rev/s

Qutput Configuration

Test Qutput Resolution Units: Cycles/Unit Standstill Speed: 1000 (3 Revis
SBC H
Primary Feedback Cycle Resolution: 1024% Cycles/Rev Maximum Acceleration: Rev/s/s
Scaling

Cycle Interpolation: Counts/Cycle
Discrepancy Checking Effective Resolution: Counts/Rev

4
40096
Parameters
Diagnostic Items Polarity:
Faults / Alarms
Device Info

Devicelogix
Wizards

23. Enter discrepancy checking information to determine the checking mode and the
allowed discrepancy between feedback channels. Discrepancy checking is only used
with dual-feedback monitoring and is required for SIL 3 PL e.

My_PF755_Safety_Drive

¥
10.91.97.76 Gie @

Qverview

Discrepancy Checking

Connection

~ Safety Configuration Made: No Checking -
Actions

<TO Time: 1 ms

ss1 Ratio: 1.000 Primary rev/ Secondary rev

Input Cenfiguratien Velocity Deadband: 0.000 =) position Units/s
Qutput Configuration

Test Qutput Position Deadband: 0.000 Position Units
SBC

Primary Fesdback
Scaling

Secondary Feedback
Discrepancy Checking

Parameters
Diagnostic [tems
Faults / Alarms
Device Info

Devicelogix
Wizards
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My_PF755_Safety Drive

24. Configure the rest of the drive as needed for the application:

» Parameters - Parameters for all ports in the drive.

+  DeviceLogix™ - DeviceLogix program editor.
»  Wizards - Simplified startup and application configuration.

10.91.97.76

¥
Connect v

Overview
Cannection
~ Safety Configuration

Actions
STO
S51
Input Configuration
Qutput Configuration
Test Qutput
SBC

Diagnostic Items

Faults / Alarms

Device Info

Devicelogix

Wizards

Date / Time

Address

Parameters

Show Non-Defaults Filter Value

Reset Defaults v

Port E3 Name Value Units  Internal Value  Default Min Max

0 - PowerFlex 755 1 ‘Cutput Frequency 0.00 | Hz 0.00 0.00| -650.00 55';'
0 - PowerFlex 755 2 Commanded SpdRef 0.00 0.00 000| -116000| 116

0 - PowerFlex 755 3 Mtr Vel Fdbk 0.00 0.00 000| -116000| 116
0 - PowerFlex 755 4 Commanded Trq 0.00 | % 0.00 0.00| -E00.00 80

0 - PowerFlex 755 5 Torque Cur Fdbk 0.00 | Amps 0.00 0.00 -9.60

0 - PowerFlex 755 6 Flux Cur Fdbk 0.00 | Amps 0.00 0.00 -9.60

0 - PowerFlex 755 7 Output Current 0.00 | Amps 0.00 0.00 0.00

0 - PowerFlex 755 8 Output Violtage 0.00 | VAC 0.00 0.00 0.00 26

0 - PowerFlex 755 9 Output Power 0.00 | kw 0.00 0.00 0.00( 300

0 - PowerFlex 755 10 Output Powr Fetr 0.00 0.00 0.00 0.00 .
“ | m ] v
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4

/O Configuration
4 E31756 Backplane, 1756-A7
[ [0] 1756-L83ES My_GLX5580_Systern
4 Fz Fthernet
[ 1756-L83ES My_GLX5580_Systemn
i PowerFlex 755-EENET My_PF755_5afety_Drive

25. Click OK. The drive will be displayed in the 1/0 Configuration’ folder in the Logix
Designer application.
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Using a 20-750-ENETR Dual-port EtherNet/IP Option Module with a 20-
750-S4 Option Module

When using a PowerFlex 755 drive with 20-750-ENETR and 20-750-S4 option modules, the
drive must be added to the Controller Organizer as a PowerFlex 755-EENET module instead of a
PowerFlex 755-ENETR module. See page 93 for more information.)

1. Make sure that the jumper on the 20-750-ENETR option module is in the Tap position.

2. Select Synchronize from the Connect menu. (The Connection to the PowerFlex 755/
755T drive product must be ‘Standard’ or 'Standard and Safety’ in order for Synchronize
option to be selectable.)

[T i ot o sy e v

My_PF755_Safety Drive .
T
192168.6822 |  (connect v
Overview 5 Upload
Connection L) i
» Safety Configuration Compare ~ -ata Logger ST
Parameters Download
Diagnostic [tems Type: PowerFlex 755 Peripherals
Faults / Alarms Product: PowerFlex 75.. 4 - Network SSM *54
Device Info e Mame: My_PF755 Safe.. 5 - Universal Fdbk ..
W‘Za'ds. ' Drive Rating: 480V 36.. 10 - Induction Econ
Date / Time f Revision: 4.002 12 - Motor Side Powe...
Address - . i
I Address: 192.168.68.22 Edit peripherals...
'/. Electronic Keying: Co...
2
[ 0K ] [ Apply ] [ Cancel ] l Help ~ ]

3. If necessary, select your drive in the Synchronize - Identifying Device dialog box, and
then click Continue.

z Synchronize - Identifying Device

[¥] Autobrowse Fefresh

=8 g Workstation, NAUSMEQDO029YZ1

ﬁ Linx Gateways, Ethernet

o 1203-USB, Data Highway Plus
=} ﬁ Ethernet, Ethernet
] @ 10219358, 5069-L3100ERMS2 LOGIX3L00ERMS2 SAFETY, 54 CIP Test

B ﬁ Al Ethemet
% 192.168.68.22. PowerFlex 755, PowerFlex 755

192.168.1.3, 5069-L3100ERMS2 LOGIX3100ERMS2 SAFETY
. Backplane, 1 Slot 5069 Backplane

ol n »

Continue Cancel
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4, After selecting Synchronize, select the check box for Use Physieal. This will match the
project’s configuration to the physical configuration of the drive.

O

.

6. After the synchronization is completed, verify that the 20-750-ENETR option module

If you have already configured parameters offline, you can select
the Use Project check box associated with the Parameters
Category so that your parameters will not be overwritten during
the synchronization. Selecting Use Project sets the parameters in
the drive to match the parameter configuration of the offline

project.

g Synchronize - Merge
= " |

These are differences between offline project and physical device .

To synchronize the project and physical device, identity which source to use.

Difference Use Project  Use Physical
]
PowerFlex 755 (Port 0) -
Identity ]
Parameters (]
User Text (=]
Time ] 3
Peripheral Ports [ I
20-HIM-x6 LCD HIM (Port 1)
Identity
EtherNet/IP “ENETR (Tap) (Port4)
Identity
Universal Fdbk *UFB-1 (Port 5)
Identity
Network SSM *S4 (Port 6)
Identity =
Items that have no selection will retain their differences.
./ More Details [ Continue J l Cancel ] [ Help I

Select Continue.

appears as EtherNet/IP *ENETR (TAP), indicating that the option module is in tap mode.

[T et raperies e 752 52 Poweris 7 et v

My PF755_Safety Drive

192.168.1.16

Faults / Alarms
Device Info
Devicelogix
Wizards

Date / Time
Address

Name: My_PF755_Safety_Drive

Drive Rating: 480V 5 (ND) 5 (HD)
Revision: 14.002

Address: 192.168.1.16

Electronic Keying: Compatible Module

Device Definition

»

Rockwell Automation Publication 750-UM005G-EN-P - July 2023

Connect ~
Overview
Cennection @
» Safety Configuration Compare v Data Logger Diagrams
Parameters
Diagnostic Items Type: PowerFlex 755 Peripherals

1 - 20-HIM-x6 LCD HIM

4 - EtherNet/IP *ENETR (Tap)

5 - Universal Fdbk *UFB-1

6 - Network SSM *S4

7 - I/O Module 24V *2262C-2R
13 - EtherNet/IP Embedded
14 - Devicelogix Embedded
Edit peripherals...

m
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Programming

n2

Safety Configuration Signature and Ownership

The connection between the controller and the drive is based on the following criteria:
«  Drive catalog number must be for PowerFlex 755 drives
«  Drive Safety Network Number (SNN) (displayed in drive module General tab)
»  GuardLogix slot number
+ GuardLogix safety network number

» Path from the GuardLogix 5580 safety controller or Compact GuardLogix 5380 safety
controller to the PowerFlex 755 drive

«  Configuration signature (displayed on the Safety tab of the drive Module Properties
dialog box)

If any differences are detected, the safety connection between the safety controller and the
drive is not established (for a new drive/system) or lost (for an existing drive/system). A yellow
icon appears next to the drive in the controller project tree to indicate a lost or unestablished
connection. Configuration Ownership has to be reset to establish a new connection or to
reestablish an existing connection.

Reset Ownership

To reset ownership, see Restore the Drive to Out-of-Box State on page 185.

Safety Tags in Standard Routines

Tags that are classified as safety tags are either controller-scoped or program-scoped.

«  Controller-scoped safety tags are read by either standard or safety logic or other
communication devices.

«  Controller-scoped safety tags are written only by safety logic or another GuardLogix
safety controller.

Program-scoped safety tags are accessible only by local safety routines. These routines reside
within the safety program.

Standard Tags in Safety Routines (tag mapping)

Controller-scoped standard tags can be mapped into safety tags, providing a mechanism to
synchronize standard and safety actions. In the Logix Designer application, click Logic > Map
Safety Tags... to open the Safety Tag Mapping window.

"@ Logix Designer - My ' System in My ' System _SC1 7e
[ B File Edit View Search [Logic] Communications Tools
gzl & Open

| Rem Run Ad ™ Run M Monitor Tags

No Forces »_| ™ Contro Edit Tags

=1 Energy
i Produced Tags...
No Edits g; = 10 Ne B q
Safety Unlocked L Map PLC/SLC Messages...

) Controller Organizer Mapatetlag
5] Controller My_Safety Verify 4
Controller Tags

Build
-3 Controller Fault K -
23 Power-Up Handl /O Eorcing 4
a Tasks SFC Forcing 3

58 MainTask
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Safety Function Operation

responsible to verify that the data is used in an appropriate manner.
The use of standard data in a safety tag does not make it safety
data.

Do not directly control a safety output with standard tag data.

2 ATTENTION: When using standard data in a safety routine, you are

Standard and Safety Tasks

Control systems built using Rockwell Automation® Integrated Architecture® components have
separate control and safety functions. In a typical control application with standard and safety
connections, control and safety tasks run in the following Logix 5000™ controllers:

«  Control functions operate in the main task / main program of a standard ControlLogix®
controller.

+ The safety task, operating in a GuardLogix controller, communicates with the drive
module with a safety connection over the EtherNet/IP network.

» The main task, operating in either of these controllers, communicates with the drive
with a standard connection over the EtherNet/IP network.

« The standard and safety controllers communicate safety-related information via pass-
through data (datalinked parameters) in the Integrated Safety Function option module.

The PowerFlex 755/755T drive products, with the Integrated Safety Function option module,
provides integrated safety functions. Safety functionality operates independently of the
inverters and feedback that is used for motion. The Integrated Safety Function option module
receives encoder safety feedback from the feedback option module for use with the
integrated safety functions. The safety feedback is supplied to the controller safety task over
the safety connection for use with controller-based safety functions that may operate in the
controller.

A standard (control) and safety system can be configured so that a safety function operates in
the controller. This type of configuration is referred to as a ‘controller-based’ safety function.
The system can also be configured so that some safety functions operate in the drive module
with the initiation and monitoring of the function in the safety task. This type of safety
function is referred to as ‘drive-based’ safety. A control system can have both controller-based
and drive-based safety functions.

The following example describes how a standard and safety control system operates and how
main and safety tasks are coordinated. In typical standard and safety system applications, an
E-stop switch is used to stop the system. In the example, the switch is used to initiate the
process that brings the drive to a controlled stop before removing power. This type of stop is
called Stop Category 1.

The main task and drive inverter are responsible for bringing the motor to a Category 1stop. At
the same time, to make sure that the Stop Category 1is correctly executed by the control
system, the safety task initiates a Monitored SS1 safety function. The SS1 safety function can
be configured to use the drive-based SS1function or it can be configured to use the controller-
based SS1 function.
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This sequence of events represents the steps required for a Monitored SS1drive-based safety
function.

1. The safety task reads the E-stop input and detects the switch actuation.

2. The safety task communicates an SS1request by setting the bit: module:S0.SS1Request
tag of the drive. This bit is also present in P4 [Safety Status], which is data linked with
the standard controller via the standard connection.

3. The request is available to the standard controller main task via the
module:|.P4_SafetyStatus_SSTActive tag.

GuardLogix Safety Controller Logix 5000 Standard Controller

When a single controller is used for
<-

main task and safety task.

Safety Status and Fault
Data in S4 parameters

Safety 1/0 (to send via Datalinks)

Assembly

Standard I/0
Assembly

PowerFlex 755/755T
Drive Product

4. The main task controls the drive to bring the motor to a stop within the Monitored SS1
limits for speed and time.

5. While the drive is stopping, the SS1function (in the motion-safety instance) monitors
the motor speed to make sure it remains below the speed limit and maximum stopping
time.

6. When the drive reaches standstill speed, the 20-750-S4 activates the Safe Torque Off
function.

This sequence of events represents the steps that are required for a Monitored SS1 controller-
based safety function.

1. The safety task reads the E-stop input and detects the switch actuation.
2. The safety task activates the SS1safety instruction running in the safety task.

3. The SSTinstruction communicates an SS1active by setting the bit: module:S0.SS1Active
tag of the drive (inverter) motion-safety instance.

4. The motion-safety instance in the drive communicates to the drive motion core of the
Axis Safety Status.

5. The motion core communicates with the motion controller running the motion task by
updating the motion axis tag axis.SS1ActiveStatus.

6. The motion task controls the axis to bring the motor to a stop within the Monitored SS1
limits for speed and time.

7. While all events are occurring, the motion-safety instance updates the Feedback
Velocity tag, module:S1.FeedbackVelocity, in the safety controller. The SS1function
running in the safety task receives the speed scaled by the SFX safety instruction and
makes sure that the axis remains below the speed limit and maximum stopping time.

8. When the axis reaches standstill speed the SS1safety instruction outputs SS1complete.

The safety task communicates to the drive motion safety instance to activate STO by clearing
the bit: module:S0.STOOutput tag of the drive.
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Pass-through Data

Understand Integrated
Safety Drive Replacement

Some of the safety data (parameters) in the 20-750-S4 module must be communicated with
the standard controller. The safety controller only requests safety functions and monitors. If,
for example, a controller-based safety function is to be performed (such as SLS), this request
and the status / fault data that is associated with it must be passed on to the standard
controller. This data comes from 20-750-S4 parameters that are data linked to the standard
controller where the associated tags are used by the main program. This data is referred to as
pass-through data.

Falling Edge Reset

IS0 13849-1 stipulates that instruction reset functions must occur on falling edge signals. To
comply with this requirement, a One Shot Falling (OSF) instruction is used on the reset rung.
Then, the OSF instruction Output Bit tag is used as the reset bit for the STO output or enable
rungs.

GuardLogix controllers retain 1/0 device configuration onboard and are able to download the
configuration to the replacement device.

IMPORTANT  If the replacement card/module was used before, clear the existing
configuration before installing the card/module on a safety network by
resetting the card/module to the out-of-box state. See Qut-of-Box State
on page 184 for more information.

Replacing an entire PowerFlex 755 drive or PowerFlex 755T drive product on an integrated
safety network is more involved than replacing standard devices because of the safety
network number (SNN). The device number and SNN is the safety Device ID of the device.
Safety devices require this complex identifier to make sure that duplicate device numbers do
not compromise communication between the safety devices. The SNN is also used to provide
integrity on the initial download to the PowerFlex 755 drive or PowerFlex 755T drive product.

When the Logix Designer application is online, the Safety tab of the Module Properties dialog

box displays the current configuration ownership. When the opened project owns the
configuration, Local is displayed.

Configuration Ownership: Local

A communication error is displayed if the module read fails. See Replace an Integrated Safety
Drive in a GuardLogix System on page 115 for integrated safety drive replacement examples.

Replace an Integrated Safety Drive in a GuardLogix System

When you replace an integrated safety drive, the replacement device must be configured
properly and the replacement drives operation be user-verified.

ATTENTION: During drive replacement or functional test, the safety
of the system must not rely on any portion of the affected drive.

Two options for safety drive replacement are available on the Safety tab of the Controller
Properties dialog box in the Logix Designer application:

«  Configure Only When No Safety Signature Exists
«  Configure Always
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Figure 46 - Safety Drive Replacement Options

@ o N [ Il
‘ Nonvolatie Memory I Capacity I Intemet Protocol I Port Corfiguration | Security I Alam Log

‘ General I Major Faults I Minor Faults I Date/Time I Advanced | SFC Execution I Project | Safety

Safety Application: Unlocked Safety Lock/Unlock...
Safety Status:
Safety Signature Generate -

[ Protect Signature in Run Mode

When replacing Safety 1/0: [Ccnﬁgure Only When No Safety Signature Exists V]
Safety Level: [si2pLe v
Safety Network Numbers 5069 Backplane 439B_D45F_D137 E]

I 5/21/2018 2:23:08.243 FM
A1, Ethernat 439B_045F_D138 (]

5/21/2019 3:23:08.344 PM
A2, Ethemet 439B_045F_D139 ]

5/21/2018 2:23:08.245 PM

Configure Only When No Safety Signature Exists

This setting instructs the GuardLogix controller to automatically configure a safety drive only
when the safety task does not have a safety task signature, and the replacement drive is in an
out-of-box condition, meaning that a safety network number does not exist in the safety drive.

If the safety task has a safety task signature, the GuardLogix controller automatically
configures the replacement CIP Safety I/0 device only if the following is true:

» The device already has the correct safety network number.
« The device electronic keying is correct.
» The node or IP address is correct.

For detailed information, see the GuardLogix 5580 Controllers User Manual, publication
1756-UM543 or Compact GuardLogix 5380 Controllers User Manual, publication 5069-UMQ0]1.

Configure Always

When the Configure Always feature is enabled, the controller automatically checks for and
connects to a replacement drive that meets all of the following requirements:

« The controller has configuration data for a compatible drive at that network address
« The drive has an SNN that matches the configuration

integrated safety control system is not being relied on to maintain SIL 3
behavior during the replacement and functional testing of a PowerFlex 755/
755T drive product.

If other parts of the integrated safety control system are being relied upon to
maintain SIL 3, make sure that the controller's Configure Always feature is
disabled.

It is your responsibility to implement a process to make sure proper safety
functionality is maintained during device replacement.

2 ATTENTION: Enable the Configure Always feature only if the entire

116 Rockwell Automation Publication 750-UM005G-EN-P - July 2023


http://literature.rockwellautomation.com/idc/groups/literature/documents/um/1756-um543_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/um/5069-um001_-en-p.pdf

Chapter 6 Standard 1/0 Mode - Configuration, Programming, and Operation

PowerFlex 755 10 Mode
Using SFX, SS1, and SLS
Instructions

integrated safety network when the Configure Always feature is enabled,

except while following the device replacement procedure in the GuardLogix

user manual appropriate for your Logix 5000 controller:

» GuardLogix 5580 Controllers User Manual, publication 1756-UM543

« Compact GuardLogix 5580 Controllers User Manual, publication
5069-UMO001.

2 ATTENTION: Do not place any devices in the out-of-box condition on any

In this example, a PowerFlex 755 drive (equipped with embedded Ethernet) controls an
induction motor with a 1024 PPR incremental encoder. A Dual Incremental Encoder option
module (catalog number 20-750-DENC-1) and an Integrated Safety Function option module
(catalog number 20-750-S4) are used to interface to a GuardLogix 5580 safety controller
(catalog number 1756-L84ES).

This example shows the programming and configuration required for three of the most
common safe monitoring functions:

- Safe Feedback (SFX safety instruction)
- Safe Stop 1(SS1safety instruction)
- Safe Limited Speed (SLS safety instruction)

An 800FP push button is configured as an emergency stop. It is monitored using a DCS ESTOP
Instruction and is wired to one dual-channel S4 Safety Input. This input can generate Safe Stop
1at any time during operation of the drive.

A Guard Locking Switch (catalog number TLS-Z GD2) is mapped to one of the S& Safety Outputs.
This switch can be opened when the Safe Stop 1is complete and when the Safe Limited Speed
is below the required speed for an operator to access the machine function.

The Safety Reset and Home Request functions are programmed with the other two S4 Safety
inputs. These do not need to be safety-rated devices. For the purpose of this example, other
inputs and outputs are toggled for simplicity. At any time, you can implement additional safety
or 10 devices as required based on the machine risk assessment.

Both the standard programming and safety programming must be completed for a successful
implementation.

Studio 5000 Logix Designer Application Configuration

Figure 47 - Studio 5000 Logix Designer Application Configuration Example

4 =/ 1/QO Configuration
4 B31756 Backplane, 1756-A7
[ [0] 1756-L84ES V31_SafetyTest
4 75 Ethernet
@ 1756-1L84ES V31_SafetyTest
8 PowerFlex 755-EENET Powerflex_S4_I0_mode_example
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Figure 48 - Studio 5000 Connection Set to Standard and Safety

Device Definition

% Upload G Import 9 Export

Identity .

Peripherals Identlty

Connection Format

Automatic Device Configuration Type: PowerFlex 755
Connection: [Siandard and Safety ']
Safety Peripheral: (20-750-54 -
Safety Instance 1: [Single Feedback ']

Safety Feedback Module [20—750-DENC—1

4

Vendor: Allen-Bradley

Name: Powerflex_S4_I0_mode_example
Parent:

Description:

Studio 5000® Connection is set to ‘Standard and Safety’ since the GuardLogix controller will
provide both in this example.

Figure 49 - Studio 5000 PowerFlex 755 EENET Configuration

Powerflex_S4 10_mode_example

192168115 | connect v

Overview
Connection R 5
» Safety Configuration® Compare v Data Logger Diagrams
Parameters
Diagnostic Items Type: PowerFlex 755 Peripherals
Faults / Alarms Name: Powerflex_S4_I0_mode_example 4 - Network SSM *54
Device Info Drive Rating: 480V 2.1 (ND) 2.1 (HD) 5 - Dual Encoder *DENC-1
Devicelogix Revision: 14.002 13 - EtherNet/IP Embedded
Wizards et Address: 192.168.1.15 14 - Devicelogix Embedded
Date / Time e ’ .
Address Electronic Keying: Compatible Module Edit peripherals...
b : / Disabled

Device Definition

»
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Figure 50 - Studio 5000 Safety Primary Feedback Configuration

Powerflex_S4_10_mode_example

192.168.1.15

Connect v
Overview .
Connection Primary Feedback
v Safety Configuration* Devi 20-750-DENC-1 Velocity A Ti 100%
Actions evice: -750- - elocity Average Time: ms
STO Type: Digital AqB - Voltage Monitor: 475V to 5.25V -
s51 Units: Rev - Maximum Speed: 50.000% Rev/s
Input Configuration
Output Configuration Resolution Units: Cycles/Unit Standstill Speed: 1.000 % Rev/s
Test Qutput Cycle Resolution: 1024% Cycles/Rev Maximum Acceleration: SDD.OUU% Rev/s/s
SBC
Primary Feedback Cycle Interpolation: 4 Counts/Cycle
Scaling Effective Resolution: 4096 Counts/Rev
Diagnostic Items
Faults / Alarms
Device Info
Devicelogix
Wizards
Figure 51 - Studio 5000 Safety Scaling Configuration
Powerflex_S4_10_mode_example .
192.168.1.15 Coinzs: =

Overview
Connection
~ Safety Configuration*

Actions
STO
S51
Input Configuration
Output Configuration
Test Output
SBC
Primary Feedback

Scaling

Feedback Resolution:

Position Units:
Time Units:

Position Scaling:

4096 Counts/Rev

Pasition Units

4096.000% Counts/1.0 Position Units
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Figure 52 - Studio 5000 Input Configuration

Powerflex_S4_10_mode_example
192.168.1.15

Connect v
Overview . .
Connection Input Configuration
~ Safety Configuration* - - )
B Point Operation Input Delay Time (ms)
Actions Paint Point Mode Test Source
STO Type Discrepancy Time (ms) Off -> On On -> Off
551 0 || Safety Semiconducter Input ¥ | None 1] % 0 %
Input Configuration 1 Dual Channel = 10 FE— . o 08 08
Output Configuration afety Semicanductor Input A A
Test Output 2 « || Safety Standard Input » | None 0 % 0 %
sBC Single Channel v 0 = =
3 ¥ || Safety Standard Input ~ | None 0 8 0 8

Primary Feedback .
Scaling

Parameters Input Error Latch Time: 1000% ms

Diagnostic Items

+ Inputs 0 and 1are used with an 0SSD Estop input from the 800FP.
« Input 2 is a standard digital input from a push button to safety reset the S4 module.
+ Input 3 is a standard digital input from a push button to set the SFX home.

Figure 53 - Studio 5000 Output Configuration

Powerflex_S4_10_mode_example

192168115 | connect v

Overview

Connection Output Configuration
~ Safety Configuration* N _
. Point Operation
Actions Point Point Mode
STO Type
ss1 o | Safety -
Input Configuration Single Channel ~
- 1 Not Used A
Output Configuration
Test Qutput
SBC Output Error Latch time: 1000 % ms

Primary Feedback

Scaling

»  QOutput Tis used with the guard locking switch TLS-Z GD2 to open the gate door.
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Programming Example

This example illustrates configuration of the safety input, logic, and output routines.

Configure your system based on the required safety level devices
O and ratings.

Safety Input

The DCS Instruction is responsible for evaluating the dual-input validity into the GuardLogix
safety controller.

Figure 54 - DCS Instruction with the S& is Mapped to the 800FP

DSC.01is a dual channel GuardLogix function setup to monitor the two safety inputs for a system ESTOPR.
Both of these inputs wire directly to the S4 card and are monitored by the drive however the GuardLogix also can monitor them for the DCS function W

»

Rung 0 monitors the DSCO1 output. Since the DCS monitors the Emergency Stop as high, the DSC.01 is high thus the ZnX ESTOP OK is true. Ifthe inputs should be lost this indicates the request for the

next action
Zone X Zone X
Dual Channel Input 1 Knife Emergency Stop L |
Estop 1 Pushbuttons OK 3
ZnX_DCS1.01 ZnX.EstopOk
This rung monitors if the Zn¥. DCS1 has a fault preset and energizes the ZnX Fault Estop m
Zone X Zone X
Dual Channel Input 1 Knife Emergency Stop
Estop 1 Fault
Zn¥_DCS1FP ZnX Fault Estop
Zone X
Dual Channel Input 1
Estop 1
DCs
DCs ZnX_DCS1
Safety Function EMERGENCY STOP = Q1 ==
Input Type EQUIVALENT - ACTIVE HIGH
Discrepancy Time (Msec) 250 FP
Restart Type AUTOMATIC
Cold Start Type AUTOMATIC
Channel A Powerflex_S4_10_mode_example:SI.In00Data
(]
Channel B Powerflex_S4_10_mode_example:SI.In01Data
(L]
Input Status ZnX.DCS_InSts.1
1e
Reset ZnX.FltReset_Out
(L]
Zone X
Knife DSC Input
Point Status Summary
Powerflex_S4 |0_mode_example:SL.In00Data  Powerflex_S4_10_mode_example:Sl.In01Data ZnX.DCS_InSts.1
Powerflex_S4_10_mode_example:SLIn00Data  Powerflex_S4_10_mode_example:Sl.In01Data
If the B0OFP EStop is not pressed the state of the two inputs are true
Estop_Not_Pressed Powerflex_S4_10_mode_example:SLIn00Data  Powerflex_S4_10_mode_example:Sl.In01Data

Safety Logic

The Safety Logic is used to configure when a safety reset occurs, the home trigger, and the
execution of the SFX instruction (which must have primary feedback valid for it to execute
properly).

Both the Safe Stop 1and Safe Limited Speed use the SFX instruction for correct monitoring of

feedbacks. The Safe Stop 1requests when the 800FP inputs are removed. The Safe Limited
Speed requests, in this example, with the toggling of the Examine On tag.
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Figure 55 - Safety Logic Example

If the ESTOP true tum Zone Power on

Zone X
Knife Emergency Stop
Pushbuttons OK
Safety_Reset Zone_01_Pwr_On
i . —

Zone_01_Pwr_On

Ifthe SLS is active and not in any SLS limit. open the Gate Door.
Powerflex_S4_|0_mode_example:S0 SLSActive  Powerflex_S4_I0_mode_example:SO.SLSLimit ~ SLS_Axis01.CheckDelayActive Powerflex_S4_|0_mode_example:S0.Out000utput
1T / [— |/
An example of being to reset a safety condition with an OSF on the falling edge per safety guidelines
Powerflex_S4 10 _mode_example:S1.In02Data OSF Reset Request
] Storage Bit Safety Reset SB U
Qutput Bit Safety_Reset SB
0B
The Home to execute the SFX to home the safety channel
Powerflex_S4_|0_mode_example:S1.In03Data 0SR : Home_Request
{2} | Storage Bit Home_Trigger_SB U
Qutput Bit Home_Trigger — SB -
~_ 0B -
if the S51 is requested, turn on the $S1 Mode
551_Mode_Request S1_Mode  S551_Mode_Request
= e u

If the $S1 modue is true, turn on the SS1 Rquest wihch now executes the SS1 insruction. Since the drive parameter safety action is running controller, the drive sends a pass through tag to the controller to
indicate s SS1 request
Zone_01_Pwr_On S81_Mode S581_Request
] = [
Powerflex_S4 10_mode_example:SO.SLSLimit
Before any primary or secondary feedback evaluation, the SFX must be executed to verify the instructions feedback Use the Primary Feedback Valid as a precheck befare the SFX is executed
Powerflex_S4_|10_mode_example:S| PrimaryFeedbackValid [ SFX ) ) )
| Safety Control SFX_Axis01
Time Unit Seconds = O =
Position Scaling 4096.0
FP
Feedback Resolution 4096
B SFH ==
Unwind 4096
Home Position 0.0
Feedback Position  Powerflex_S4_10_mode_example:Sl.FeedbackPosition
O«
Feedback Velocity  Powerflex_S4_10_mode_example:Sl.FeedbackVelocity
Feedback Valid Powerﬂex7547IOﬁmodeiexample:S\.anaryFeedhackVal-\d
O«
Connection Faulted Powerflex_S4_10_mode_example:Sl.ConnectionFaulted
0
Home Trigger Home_Trigger
O«
Reset Safety Reset
[iE]
Safe Feedback Homed Powerflex_S4 10_mode_example:SO.SFHomed
SFX Fault Powerflex_S4 |10_mode_example:SO.SFXFault
Actual Position 0.1171875«
Actual Cycles 3727«
Actual Speed 0.0«
Fault Type 1«
Diagnostic Code [
The $51.01 is active once the SFX has been verified. However the SS1 mode only executes when the SS1_Request is given in the program
SFX_Axis01.01 551
= == Safety Control S51_Axis01
Restart Type AUTOMATIC = 01 ==
Cold Start Type AUTOMATIC
Stop Monitor Delay 500 RR
Stop Delay 5000 FP
Standstill Speed 01
Decel Ref Speed 6.0
Decel Speed Tolerance 1.0
Feedback SFX SFX_Axis01
Request 551_Request
O«
Reset Safety_Reset
O«

551 Active  Powerflex_S4_|0_mode_example:S0_SS51Active
551 Fault  Powerflex_S4_10_mode_example:SO_SS1Fault
Fault Type 1«
Diagnostic Code (]
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The Request for the SLS function verifies the SLS command is valid then gives the SLS Request
Request_for SLS  SLS_ Axis01.01 SLS_Request

 Axis01.

Even though the SFX function is true and the SLS function is monitoring, the SLS Request generates the request for the SLS Active. There is a 7 second difference waiting for the drive to put the motor to the
SLS monitoring speed or SLS active limit of 5 rev/sec

SFX_Axis01.01 SLS
] Safety Control SLS_Axis01
Restart Type AUTOMATIC = Q1 ==
Cold Start Type AUTOMATIC
Check Delay 7000 RR
Active Limit SLS_Active_Limit FP
Feedback SFX SFX_Axis01
Request SLS_Request
(L]
Reset Safety Reset
(L]

SLS Active  Powerflex_S4_10_mode_example:SO.SLSActive
(L]

SLS Limit Powerflex_S4_10_mode_example:SO.SLSLimit
(L]

SLS Fault  Powerflex_S4_10_mode_example:SO.SLSFault

(L]
Fault Type 14
Diagnostic Code O«

Safety OQutput

The Safe Torque Off output must be true in order for any of the preceding safe monitoring
functions (namely SFX, SS1, and SLS) to function.

Figure 56 - Safety Output Example

STO output and Reset configuraiton

Powerflex_S4_10_mode_example:SO.STOOutput Powerflex_S4_10_mode_example:Sl.SafetyFault  Powerflex_S4_10_mode_example:Sl.TorqueDisabled

Safety Reset  SS1_Axis01.01

Powerflex_S4_I0_mode_example:SI RestartRequired Powerflex_S4_|0_mode_example:S0_ResetRequest

The STO Output must be high before any movement can occur.

Powerflex_S4_|0_mode_example:S| SafetyFault S§51_Axis01.01
Powerflex_S4_|0_mode_example:S| SafetyFault  Powerflex_S4_|0_mode_example:S| TorqueDisabled  Powerflex_S4_|0_mode_example:S| RestartRequired 5§51_Mode
Powerflex_S4_|0_mode_example:Sl.ConnectionFaulted Powerflex_S4_10_mode_example:SO.STOOutput

(End) ‘

The PowerFlex 755 S4 safety actions can be configured based on the required reaction to
various machine requirements. In this instance, the STO request is executed by the PowerFlex
755 in causing a disable and coast reaction. However, the request to the SS1(requested by the
GuardLogix Safety Task) is executed by the GuardLogix Standard Task with the use of pass-
through tags. In this case, the Stop command is used to control stop the motor, as shown by
the programming example.
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Figure 57 - Safety Output Programming Example

Powerflex_S4 10_mode_example

192.168.115

L
Connect v

Overview
Connection

Safety Configuration*
Parameters
Diagnostic Items
Faults / Alarms
Device Info
Devicelogix

Wizards

Date / Time

Address

Parameters

(4 - Network s5M

A ] [AI\ Parameters

v] [ Show Non-Defaults

] Filter Value

Reset Defaults ~

J

Port #  Name Value Units  Internal Value Default Min Max

4 33 Enc2 Fault Type No Fault 1 No Fault 1 101 @ ‘
4 34 | Enc2 Unit Revolution 0 Revolution 0 1 @
4 3 Safety State Testing 1 Testing 1 52 @
4 4 Safety Status 00000000 000000... 0 | 00000000 0000000... @
4 5 Safety Faults 00000000 000000... 0 | 00000000 0000000... @
4 6 Safe Status Mfg 00000000 000000... 0 | 00000000 0000000... @
4 7 Safe Faults Mfg 00000000 000000... 0 | 00000000 0000000... @
4 8 Safety Data A 0 0 0 -21474..| 214748... @
4 9 Safety Data B 0 0 0 -21474..| 214748... @
4 11 | STO Actn Src Drive 0 Drive 0 1 @
4 12 | STO Stp Actn Coast 0 Coast 0 6 @
4 13 S$5§1/552 Actn Src Controller 1 Drive 1] 1 @
4 14 | SS1Stp Actn Ramp 1 Ramp 0 6 @

The Safe Limited Speed (and any other safe monitoring instruction requests besides ST0, SS1,
and S$S2) are handled with the use of pass-through tags in the GuardLogix Standard Task. The
GuardLogix Safety Task uses pass-through tags to the Standard 1/0 Routine to change the
speed reference for the SLS request, as shown in the programming example.

Figure 58 - The Use of Datalink is Required to Pass Data from the S4 Safety Function to the Standard

124

1/0 Routine
Device Definition X
2 Upload G Import 9 Export
Identity .
Peripherals Connection Format
Automatic Device Configuration Input | Output | Safety Output | Safety Input
Data Type Name: AB:PowerFlex755_E_8E4C3CC5L0 Data Type Size: 16 Bytes
Members:
Name Data Type Parameter
» DriveStatus DINT ol
Feedback REAL
P P4 _SafetyStatus DINT Part 4: Safety Status >
> (=
-
-
-
)
oK ] [ Cancel ] [ Help ] ‘
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Figure 59 - Standard 1/0 Routine That Starts and Stops the PowerFlex 755

Check if the drive has faulted, fix the fault and issue a drive reset

The safety task may have faulted so clear there then indicate to the drive that the drive will be fault cleared as well

Powerflex_S4_|0_mode_example:| DriveStatus_Faulted  Reset_drive_fault Powerflex_S4_|0_mode_example:O LogicCommand_ClearFaults

Powerflex_S4_|0_mode_example:| P4_SafetyStatus_SafetyFault  Reset_since_safety_faulted J

Stop the PF755 with an input from external stop or plc doe

Stop_the_PF755 Powerflex_S4_|0_mode_example:O LogicCommand_Stop

Start the PF755 is the PF755 is ready and no stop command is in progress

Start_the_PF755  Powerflex_S4_|0_mode_example:| DriveStatus_Ready  Powerflex_S4_IO_mode_example:O LogicCommand_Stop Powerflex_S4_I0_mode_example:O LogicCommand_Start

Figure 60 - Standard /0 Routine That Runs the Drive at Velocity and Changes to Safe Limited Speed
Velocity When Requested by the Safety Task

If the drive is running and no SLS is active from the safety output pass through tag. run the motor at 1500 rpm

If the drive is running and the SLS active pass through tag is active. run the motor at 100 rpm. Note the acceleration and deceleration are used in parameters 535 and 537 for correct speed changes. These
are incorporated into the SLS instruction time delay.

Powerflex_S4 |10_mode_example:l. DriveStatus_Active Powerflex_S4 10 _mode_example:|.P4_SafetyStatus SLSActive MOV
/[ ———— Source Determine_speed_to_run_normal
150004
Dest Powerflex_S4_10_mode_example:O Reference
0.0«
Powerflex_S4_|0_mode_example:| P4_SafetyStatus_SLSActive MOV
| Source What_speed_to_get to_SLS Speed
100.0#
Dest Powerflex_S4_10_mode_example:O.Reference
0.0«

Show the existing drive speed on a HMI
MOV
Source Powerflex_S4_10_mode_example:l.Feedback |
0.0

Dest D\splayiExlstmgiPF?SEiSpee-d
0.0«

Figure 61 - Standard 1/0 Routine That Commands the Drive to Zero Velocity Once the SS1Request is
Made by the Safety Task

If the drive is active and the 551 pass through tag is active then change the drive deceleration rate to parameter 538 and then stop the drive to close to 0 speed

Powerflex_S4_10_mode_example:l.DriveStatus_Active  Powerflex_S4_10_mode_example:|.P4_SafetyStatus_SS1Active Powerflex_S4_10_mode_example:O.LogicCommand_DecelTime2

MOV

Source Go_to_zero_speed_on_the_SS1_active
0.0«

Dest Powerflex_S4_|0_mode_example:O Reference
0.0«

Figure 62 - Standard 1/0 Routine That Monitors When at Zero Speed and Stops the Drive

When the drive controlled motor is below 1 RPM or 0 speed, send a stop command
The safety task will then issue a STO command to put the drive into a safe state
EQU Powerflex_S4_|0_mode_example:O LogicCommand_Stop
Source A Drive_and_motor_below_1_rpm_or_stopped
0

Source B Powerflex_S4_10_mode_example:l.Feedback
0.0
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Notes:
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Chapter 7

Safety Assembly Tags

Integrated Motion - Configuration, Programming,
and Operation

This chapter provides information for network installation and operation of the Integrated
Safety Functions option module when used in Integrated Motion mode. If using Standard 1/0
mode, see Chapter 6 on page 9.

Using network safety, a GuardLogix® 5580 or Compact GuardLogix 5380 safety controller
controls the PowerFlex® 755 Safe Torque Off function through the S0.SafeTorque0ff tag in the
safety output assembly.

The S0.SafetyStopFunctions tags are sent from the GuardLogix safety output assembly to the
PowerFlex 755 safety output assembly to control the safety functions.

The S0.0utput00Qutput, SO.0utput010utput, SO.Test000utput, and SO.Test010utput tags are
sent from the GuardLogix safety output assembly to the PowerFlex 755 safety output assembly
to control the safety and test outputs on the Integrated Safety Functions option module.

The SI.StopStatus tags are sent from the PowerFlex 755 to the GuardLogix safety input
assembly and indicate the PowerFlex 755 safety control status.

The Sl.OutputStatus, Sl.InputStatus, and SI.I0Support tags are sent from the PowerFlex 755/
755T drive product to the GuardLogix safety input assembly and indicate the status of the
safety inputs, safety outputs, and test outputs.

The SI.ConnectionStatus tags indicate the safety input connection status.

See Appendix C on page 205 for more information about assembly tags.
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Configure the Integrated
Safety Function Option
Module in the Logix
Designer Application

This section provides instructions for how to add and configure an Integrated Safety
Functions option module in a PowerFlex 755 drive to an existing project in the Logix Designer
application. This chapter is specific to safety and does not cover all aspects of drive
configuration.

Before you can configure your option module in the Logix Designer application:

»  You must have a safety controller project with an EtherNet/IP network connection
configured and Time Sync enabled. See the documentation for your controller, drive,
and Ethernet adapter for information on configuring those products in Additional
Resources on page 12.

«  When using a PowerFlex 755 drive in Integrated Motion Mode, the Integrated Safety
Functions option module must be installed in port 6.

» If using speed monitaring functions, install a 20-750-DENC-1 or
20-750-UFB-1 card in port 4 or port 5.

Add a PowerFlex 755 Drive to the Controller Project

1. Right-click Ethernet network and choose New Module.

4 .[1/O Configuration
4 E81756 Backplane, 1756-A10
[ [0] 1756-172S forS3card
§ [1] 1756-L7SP forS3card:Partner
4 f] [2]1 1756-EN2T bridge

E New Module...
Import Module...
Discover Modules...

Paste

Print »

2. Select a PowerFlex 755 drive for Integrated Motion on EtherNet/IP® networks (catalog
number ends in -CM-S4 for drives with the Integrated Safety Functions option.

Catalog Number
PowerFlex 755 HiPwr PMM-EENET
PowerFlex 755 HiPwr-EENET
PowerFlex 755 HiPwr-ENETR
PowerFlex 755 HiPwr-NET-E
PowerFlex 755 PMM-EENET
PowerFlex 755-EENET
PowerFlex 755-EENET-CM
PowerFlex 755-EENET-CM-S
PowerFlex 755-EENET-CM-S1
PowerFlex 755-EENET-CM-53

Description Vendor Category
High Power AC Drive, Permanent Magnet Motor, Deep Well Rockwell Aut.. Drive
AC Drive Rockwell Aut..  Drive
AC Drive Rockwell Aut..  Drive
AC Drive via 20-COMM-E Rockwell Aut..  Drive
AC Drive, Permanent Magnet Motor, Deep Well Rockwell Aut.. Drive
AC Drive Rockwell Aut..  Drive

PowerFlex 755 AC Drive via Embedded Ethemet - CIF Mation

PowerFlex 755 AC Drive via Embedded Ethemnet - CIP Motion/Safe Torque-Off
PowerFlex 755 AC Drive via Embedded Ethernet - CIP Motion/Safe Speed Monitor
PowerFlex 755 AC Drive via Embedded Ethemnet - CIP Motion/S3 Safaty Option

Rockwell Aut..  Drive,Motion
Rockwell Aut..  Drive.Motion
Rockwell Aut.. Safety Drive,Mation
Rockwell Aut..  Safety Drive.Motion

| FowerFlex 755-EENET-CM-S4

PowerFlex 755 AC Drive via Embedded Ethernet - CIP Motion/S4 Safety Option Rockwell Aut..  Safety Drive Motion |

PowerFlex 755-ENETR

PowerFlex 755-HiPwr-EENET-CM
PowerFlex 755-HiPwr-EENET-CM-S
PowerFlex 755-HiPwr-EENET-CM-31
PowerFlex 755-HiPwr-EENET-CM-53

AC Drive Rockwell Aut..  Drive

PowerFlex 755 High Power AC Drive via Embedded Ethernet - CIP Motion Rockwell Aut..  Drive, Motion
PowerFlex 755 High Power AC Drive via Embedded Ethemet - CIP Mation/Safe Torque-Off Rockwell Aut..  Drive,Motion
PowerFlex 755 High Power AC Drive via Embedded Ethemet - CIP Motion/Safe Speed Monitor Rockwell Aut..  Safety Drive Motion

PowerFlex 755 High Power AC Drive via Embedded Ethemnet -

CIP Motion/S3 Safety Option

Rockwell Aut...

Safety Drive.Motion

I PowerFlex 755-HiPwr-EENET-CM-34

PowerFlex 755 High Power AC Drive via Embedded Ethemnet -

CIP Motion/S4 Safety Option

Rockwell Aut.

Safety Drive Motion I

PowerFlex 755-NET-E
PowerFlex 755T
PowerFlex 755TM-Bus Supply

128

AC Drive via 20-COMM-E Rockwell Aut..  Drive
PowerFlex 755TM Common Bus Inverter via Embedded Ethernet Rockwell Aut..  Drive
PowerFlex 755TM Regenerative Bus Supply via Embedded Ethemet Rockwell Aut.. Drive
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Understand Module
Properties Categories

The Integrated Safety Function module and its safe speed monitor functions are configured in
the Studio 5000 Logix Designer® application. Follow these guidelines when configuring your

safety application.

IMPORTANT  For access to Motion Safety module properties, the Connection

pull-down menu in the Module Definition dialog box must be
configured for Motion and Safety or Safety Only.

Right-click your safety drive module and choose Properties. The Module Properties dialog box

appears.

Figure 63 - Module Properties

x4
CE=
-+ Connection
Safety Type: PowerFlex 755-EENET-CM-54 PowerFlex: 755 AC Drive via Embedded Ethernet - ...
Time Sync
. Module Info Wendar: Rockwell Aukomation/allen-Bradiey
 Intemet Prolosol Parent: enet Ethermet Addre:
é :Z:mc:""'gwa“m Mame: 1 £ Privats Network: 192,168.1. _IQ
;;ssumated Bues Description: - & 1P Address: . . .
amer
- Digital Inputs -]
i Motl'::g”a’;e?;‘*g”m““ Module Defirition
- Ations % ;ﬁﬁ;‘;y"}'ﬁw”’k 4245 p4e0_sEEs .. |
oS Revision: 14.001 ’
551 Electronic Keying: Compatible Module 6/13/2018 3:58:28.325 P
-~ SBC Power Structurs: <nones
Input Configuration Connection: Wation and Safety
Test Dutput Safety Instance: Safe Stop Only - No Feedback
- Dutput Configuration
Status: Creating 1] I Cancel Help
Module Properties Category Page
General page 130
Connection and Safety page 132
Motion Safety
Actions page 134
Primary Feedback page 136
Secondary Feedback page 138
Scaling page 138
Discrepancy Checking page 139
ST0 page 140
SS1 page 141
SBC page 142
Input Configuration page 143
Test Qutput page 144
Output Configuration page 145
Associated Axes Motor and Load Feedback Device page 147
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130

Module Properties > General Category

Follow these steps to configure the Module Definition dialog box properties.
1. Select the General category and click Change to open the Module Definition dialog box.
x|

Fetipheral Devices:

Revision: 14 - ool = Safety Definition |

Electranic Keving: ICompatibIe Module j
Paower Structure: |<n0ne> j
r Werify Power Rating on Connection

Connection; Mation and Safety =]
Satfety Instance: Safe Stop Only - Mo Feedback =

(o4 I Cancel I Help |

From the Revision pull-down menu, choose the drive firmware revision.

3. From the Electronic Keying pull-down menu, choose the type of electronic keying. See
Table 45 for more details.

Table 45 - Electronic Keying Methods

Electronic Keying

Exact Match Indicates that all keying attributes must match to establish communication. If any
attribute does not match precisely, communication with the device does not occur.

Lets the installed device accept the key of the device that is defined in the project
when the installed device can emulate the defined device. With Compatible Module,
you can typically replace a device with another device that has the following
characteristics:

« Same catalog number
« Same or higher Major Revision
« Minor Revision as follows:
- If the Major Revision is the same, the Minor Revision must be the same or
higher.
- If the Major Revision is higher, the Minar Revision can be any number.
Indicates that the keying attributes are not considered when attempting to

communicate with a device. With Disable Keying, communication can occur with a
device other than the type specified in the project.

ATTENTION: Be extremely cautious when using
Disable Keying; if used incorrectly, this option
can lead to personal injury or death, property
damage, or economic loss.

We strongly recommend that you do not use
Disable Keying. If you use Disable Keying, you
must take full responsibility for understanding
whether the device being used can fulfill the
functional requirements of the application.
ATTENTION: Disable Keying is not permitted for
safety devices.

Compatible Module

Disable Keying
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4. From the Connection pull-down menu, choose the [Motion and Safety -]
Connection mode for your motion application. See Motion and Safet
Table 46 for definitions. Safety Only
When ‘Safety’ appears in the Connection mode, integrated safety
O is implied.
Table 46 - Module Connection Definitions
Connection Mode | Safety Options Description
Motion and Safety Integrated mode Motion connections and integrated safety functions are managed by this controller.
« Motion connections are managed by this controller.
Motion Only Integrated mode « Integrated safety functions are managed by another controller that has a Safety-only connection to the
drive.
Safety Only ) Integrated mode « Integrated safety functions are managed by this controller.

« Motion connections are managed by another controller that has a Motion-only connection to the drive.

(1) When the Connection mode is Safety Only, you do not need to configure a motion axis.

5. From the Safety Instance pull-down menu, choose the [Single F zedback Monitoring -]
integrated safety type. See Table 47 on page 132 for Sale Stop Only - No Feedback
definitions. If ‘Safe Stop Only mode' is selected, skip to S e P K |
step 7.

6. When using ‘Single’ or ‘Dual Feedback Monitoring’ mode, use these steps to add a safety
feedback device.

a. Right-click the drive under Peripheral Devices, and then click New Peripheral
Device... to bring up the Peripheral Device Definition dialog box.

Module Definition x|
Peripheral Devices:
Iew Peripheral Device. .. : 14 - ooy = Safety Definition |
Electronic Keying: ICompatibIe Module j
Power Structure: I JP— j

o ‘erify Power Rating on Connection

|connection: [Motion and Safety Jd |
|Saiety Instance: |Safe Stop Only - Mo Feedback ;Il

K I Cancel Help

b. Select the Port.

c. Select the catalog number of the feedback option module installed in the Peripheral
Device pull-down menu.

d. Check Safe Feedback and click OK to close the Peripheral Device Definition dialog
box.

Peripheral Device Definition =

Pork:

Peripheral Device:

[ 5afe Feedback

OF I Cancel Help
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1. Click Safety Definition to configure the Integrated Safety Functions module's revision
and electronic keying settings. See Table 45 on page 130 for information on electronic
keying.

Safety Definition x|

Major Revision: hd Minor Resvision: I 1 _|::'
Electronic Kevying: ICompatibIe IModule j
QK I Cancel | Help |

8. Click OK to close the Safety Definition dialog box.
9. Click OK to close the Module Definition dialog box.

Table 47 - Motion Safety Instance Definitions

Motion Safety Instance Mode |Module Connection Options |Description
ﬁifgesetgga%aly ) STO function and Timed SS1 Safe Stop functions are available.
Single Feedback Monitoring « Motion and Safety Primary feedback is used in the safety object for safe monitoring.

Dual Feedback Monitoring

+ Safety only In addition to primary feedback, an external feedback device is used to provide error checking

of the primary feedback device. A secondary encoder is considered part of the encoder
diagnostics and the data it produces is not rated safety data.

132

Module Properties > Connection and Safety Categories

Follow these steps to configure the Safety Output and Safety Input requested packet interval
(RPI) values.

1. Click Connection.

9 s ot oo Fowerin 5 e st 0a) <
S

- Reuested Packet Interval ¢RPY) | Connection ver
(ms)

B iotionSyne
Safety Output
Safety nput

0 %[ et by Wiotion Group_[Unice:
20 %St by Safety Task__|Unic:
10+ [et on Satety Page | unic

I Inhibit Module

I Major Faul: ©n Cantroller If Connection Fals While in Run Mode

From the Connection category you can observe the status of the Safety Output and
Safety Input RPI values. The default values are shown.

IMPORTANT The Safety Output and Safety Input values, when viewed
from the Connection category, is for status only. To set
the Safety Output and Safety Input values, continue with
step 2 through step 6.
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2. To set the Safety Output value, right-click Safety Task in the Controller Organizer and
click Properties.

& Task Propetties - SafetyTask ll

" General Configuration | Frogram Schedulel Monitorl

Type: I Perindic j

Period: lm— ms

FErriority: m [Lowver number vields higher priarity]
‘Watchdog: IW TS

QK I Cancel Lpply Help

3. Click the Configuration tab.
The default safety task Period value (and output RPI) is 20 ms.

IMPORTANT  The ‘Period’ is the interval at which the safety task
executes. The ‘Watchdog’ must be less than the period.

For more safety task information, see the GuardLogix 5580 and Compact GuardLogix
5380 Controller Systems Safety Reference Manual, publication 1756-RM012.

Click OK.

b. To set the Safety Input RPI and other safety connection attributes, select the Safety
category on the module properties page and click Advanced.... See Table 48 on
page 134 for information on other safety connection attributes.

[ ot proeris o roweres 5 enerco s+ 0 |

Connection | Requested Packet | Connection Reaction | Max Observed
Type Interval (RPI) (ms) Time Limit (m=]) Metwark Delay (ms)
Internet Pratocol Satety Input 10 = 401 [ Reset Advanced. .. |
Pait Configuration Satety Output 20 g0.0 I&
Advanced Connection Reaction Time Limit Configur x|

~Input

Bequested Packet Interval [RFI): I _Ij ms B - 500)

Timeout Multiplier: I 2_-| [1-4)

Metwork Delay Multiplier: ZIJIJ_jI * [10-600)
Connection Reaction Time Limit: 401 ms
— Dutput

Requested Packet Interval [RP1): I 15 mz [Safety Task Period)

Timeout Multiplier: I 2_|; -4

Metwork Delay kultiplier: 2DD_jI % [10-500)

Connection Reaction Time Limit: 450  ms

ok I Cancel Help

The default Safety Input RPI value is 10 ms. Edit as appropriate for your application.
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Table 48 - Advanced Reaction Connection Time Limit Configuration Settings
Advanced Reaction
Connection Time -
Limit Configuration Description
Settings
The RPI specifies the period that data updates over a connection. For example, an input
module produces data at the RPI that you assign. For safety input connections, you can set
the RPI on the Safety tab of the Module Properties dialog box. The RPI is entered in 1ms
increments, with a range of 6...500 ms. The default is 10 ms.
The Connection Reaction Time Limit is adjusted immediately when the RPI is changed via
ﬁg?&:ltfgpﬁ)fcm the Logix Designer application.
For safety output connections, the RPI is fixed at the safety task period. If the
corresponding Connection Time Reaction Limit is not satisfactory, you can adjust the
safety task period via the Safety Task Properties dialog box of the safety controller. See the
user manual for the controller.
For typical applications, the default RPI is sufficient.
The Timeout Multiplier determines the number of RPIs to wait for a packet before declaring
a connection timeout. This value translates into the number of messages that can be lost
Timeout Multiolier before a connection error is declared. For example, a Timeout Multiplier of 1indicates that
p messages must be received during each RP!I interval. A Timeout Multiplier of 2 indicates
that one message can be lost as long as at least one message is received in two times the
RPI(2 x RPI).
The Network Delay Multiplier defines the message transport time that the safety protocol
enforces. The Network Delay Multiplier specifies the round-trip delay from the producer to
Network Dela the consumer and the acknowledge back to the producer. You can use the Network Delay
Multiplier y Multiplier to reduce or increase the Connection Reaction Time Limit in cases where the
P enforced message transport time is significantly less or more than the RPI. For example, to
adjust the Network Delay Multiplier is helpful when the RPI of an output connection is the
same as a lengthy safety task period.
The Connection Reaction Time Limit is the maximum age of safety packets on the
associated connection. I the age of the data that is used by the consuming device exceeds
the Connection Reaction Time Limit, a connection fault occurs. The following equations
Connection Reaction |determine the Connection Reaction Time Limit:
Time Limit Input Con]nection Reaction Time Limit = Input RPI x [ Timeout Multiplier + Network Delay
Multiplier
Output Connection Reaction Time Limit = Safety Task Period x [ Timeout Multiplier +
Network Delay Multiplier - 1]

IMPORTANT  If the drive is used with an induction motor, there is a general rule of no
repeated (three or more) start/stops with less than 10 seconds between
them (assumes the highest RPI of 500 ms is used). Otherwise a safety
connection loss can occur. If less than 10 seconds is needed, a lower RPI
can
be used per the following formula:

RPI(ms) * 19 = Min. Repeated Start/Stop time (seconds)
For example, a 50 ms RPI equates to a minimum of 0.95 seconds
required
between repeated start/stops.
6. Click Apply.
Motion Safety > Actions Category
The Actions category provides fault behavior options. Determine the preferred machine
function when a connection loss or connection idle condition occurs. Safe Torque-off (STO)
means that the drive immediately disables the motor power outputs causing a coast condition
for the motor and load. Safe Stop 1(SS1) means that the drive decelerates the load to zero
speed before removing the motor power outputs causing a controlled stop for the motor and
load. Table 49 on page 135 describes the attributes and the values available on the Actions
page.
Follow these steps to configure the Actions to Take Upon Conditions dialog box. For more
information on connection action operation, please see Safety Function in Response to
Connection Event on page 59.
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1. Select the Motion Safety >Actions category.

Connaction Loss Action: lh
Status: Offfne I Lpply Help
Table 49 - Motion Safety Actions
Attribute Description Values Description
« Connection loss is caused by removal of the 5S1 Drive-based Safe Stop 1function is initiated and operates
Ethernet cable from the drive. according to the SS1 configuration.
Connection Loss Action » The loss could also be an indication of
excessive traffic, causing the drive to lose . . .
synchronization to the grandmaster clock/ STO Torque is removed according to the STO configuration.
motion controller.
Connection idle is caused by the safety output | SS1 Drive—(?ase? St?]fessst]op ! ffqnctilz'n is initiated and operates
Connection Idle Action task becoming disabled because the controller is accoraing to the ol configuration.
in Remote Program mode. ST0 Torque is removed according to the STO configuration.
. Restart allowed after safety function completes and function
Restart type means that the safety function Automatic request is removed. If restart is required due to a fault, the
Restart Type resets and will be ready for subsequent fault condition must also be removed.
operation when the reset conditions are met. See - —
specific function for more detail. Manual Restart is allowed after a 0—1 transition of S0.ResetRequest
bit.
) Restart allowed after safety function completes and function
Cold start type means that the configured safety Automatic ;eqluest |§.rgmoved. Iflreslt]art is requdlred due to a fault, the
Cold Start Type function is ready for operation immediately after ault condition must also be removed.
the controller enters run mode. Manual Restart is allowed after a 0—1transition of S0.ResetRequest
bit.

2. From the Connection Loss Action and
Connection Idle Action pull-down menus,
choose $81or STO as required for your

application.

Connection Loss Action: | 551 -

STO
Connection Idle Action: M

3. From the Restart Type and Cold Start Type pull-down menus, choose Automatic or
Manual as required for your application.

4, Click Apply.
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Motion Safety > Primary Feedback Category

Configure primary feedback if you intend to use any drive-based or controller-based safety
function that monitors motion. There are many different combinations of feedback for motion
control and safety that can be configured.

Follow these steps to configure the Primary Feedback.
1. Select the Motion Safety >Primary Feedback category.

General

Cannection

Safety

Time Sy

Modue Info

Interriet Pretoeal

Fort Configuration

= Motion
Associsted Axes
Power
Digital Inputs
Mation Diagnastics
= Mation Safety

Actions
Primaty Feedback
Secondaty Fesdback
Scaling
Discrepancy Chesking
sT0
551
SBC
Inpit Corfiguration
Test Output
Output Canfiguration

Status: Offine

Primary Feedback

Device: lm Yelocity Averags Time: 0 ms
Type: ot Speciied - olkage Maritor: [nctMontored — ¥]

Units: | Maximum Speed 0.000 Revjs
ResolLtion Units: CyclesiRey Standstil Speed: 1.000 | Revfs
Cyele Resolution: 1024 CycesiRev Maximum Acceleration; 0.000 Revjsfs

Cyele Interpalation; 4 CountsfCycle

Effective Resolution: 409  CountsfRey

Bolarity:

hormal -

[oc ] cwen | so e

2. From the Device pull-down menu, choose the feedback device that was defined as the
Safety Feedback device during module configuration.

3. From the Type pull-down menu, choose the feedback type.
Table 50 shows the valid feedback types based on the module configuration.

4, Set the remaining Primary Feedback attributes. See Table 51 for the descriptions of
these attributes.

5. Click Apply.
Table 50 - Feedback Options

Feedback Option

20-750-UFB-1 20-750-DENC-1
1] : Sine/Cosine .
E Primary Hiperface Digital AgB
2
S
5 Secondary Digital AgB Digital AqB
[
(-1}
[

Table 51 - Safety Feedback Configuration Attributes

Attribute

Description

Units

Specify the units of the encoder. Default value is revolutions (Rev) that supports rotary
motors. When using a linear encoder, select Meter.

Resolution Units

Cycles per Encoder Unit. Default value is Cycles/Revolution (Rev).

Cycle Resolution

Used in the Effective Resolution calculation. The actual motor encoder cycle resolution.
This is the raw encoder cycle resolution of the motor or encoder device type.

Cycle Interpolation

Used in the Effective Resolution calculation. The safety primary-feedback interpolated
counts as oppose to the motion axis-feedback interpolated counts. For the Integrated
Safety Functions module, this value is 4 and cannot be changed.

Effective Resolution

The product of cycle resolution and cycle interpolation for the primary safety function
evaluation.
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Table 51 - Safety Feedback Configuration Attributes

Attribute Description
Based on encoder rotation and evaluation requirements. [uormal =
Polarity Choose between Normal (default) or Inverted as

Tnverted

appropriate for your application.

Velocity Average Time

The velocity average time attribute is a moving-average window of time for which the
velocity samples are averaged. A small value results in more deviation in the velocity
evaluation. A large value results in less deviation in the velocity evaluation, but also
adds more delay to the resulting evaluation. Consider this delay with system
requirements for over-speed response.

Voltage Monitor

The voltage monitor attribute indicates the valid range of the feedback's power supply.
If a voltage outside of the range is detected, a Safety Feedback Fault will occur. See
Table 52 to find the correct voltage monitoring range based on feedback device.

Maximum Speedm

This value sets the maximum speed of the encoder. If a speed above the limit is
detected, a Safety Feedback fault will occur. If set to 0.0, the speed check is disabled.

Standstill Speed

Used in the safe-monitoring process to indicate to the safety controller that the motor
has stopped rotating. The system is at standstill when the speed detected is less than
or equal to the configured Standstill Speed. The Standstill Speed parameter defines the
speed limit before the drive determines standstill has been reached.

Maximum Acceleration

This value sets the maximum acceleration of the encoder. If an acceleration above the
limit is detected, a Safety Feedback fault will occur. If set to 0.0, the acceleration check
is disabled.

(1) These diagnostics are based on the capability of the chosen encoder and its rated limits. They do not provide a safety-rated

safety function.

Table 52 - Voltage Monitoring Values for Feedback Device

Feedback Devices
20-750-UFB 20-750-DENC
Not monitored [r\f%mgr;ig\)/red
§ Primary 1.0V 7V
g 475V..5.25V 12,6V
f . Not monitored
‘g Secondary 7”.?1t2r\?0mt0md ;"715é'\'/5'25v
3 475,525 Th..12.6V
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Motion Safety > Secondary Feedback Category

If the Safety Instance is configured for Dual Feedback monitoring, the Secondary Feedback
must be configured. The attributes for the Secondary Feedback configuration are the same as
the Primary Feedback. See the Motion Safety > Primary Feedback Category section on page
136 for information on the attributes that can be configured for the Secondary Feedback
Instance.

IMPORTANT The secondary feedback is intended to provide diagnostic
coverage of the primary encoder. The data produced by the
secondary feedback device is not safety data.

General
- Connection
Safety
- Time Sync
Module Info
- Internet Pratocol
Port Configuration
- Netwark
- Motion
- Associated Axes
Power
- Digital Input
Motion Diagnostics
H-Maotion Safety 1
Actions
- Primary Feedback
--Scaling
Discrepancy Checking
~STO
551

Secondary Feedback ;
Device: [Umversal Feedback 1 Por v] Velocity Average Time: 100 ms

Catalog <none> Standstill Speed: 1.000  rey/s

Type: [Sme{casme v]

Units: [Rev -]

Resolution Units: Cycles/Rev

Cycle Resolution: 1024 cydes/Rev

Cycle Interpolation: 4 Counts/Cycle

Polarity: Normal -

S1L Rating: Unknown

Motion Safety > Scaling Category

The Primary Feedback category set safety resolution in terms of counts per encoder unit. The
Scaling category configures the position and time to be used in terms of counts per position
unit in the safe monitoring functions.

Figure 64 - Scaling Category (default settings)

ﬂ Module Properties: Local (2198-D020-ERS4 9.001) <

- General
- Connection
- Safety
Time Sync
- Module Infa
Internet Protocol
--Port Configuration
Network
=-Maotion
Associated Axes
- Power
Digital Input
--Diagnostics
=-Maotion Safety 1
- Actions
Primary Feedback
--Secondary Feedback
- Discrepancy Checking
STO
- 381

138

Feedback Resolution: 1

Position Units:

Time

Fosition

Scaling

Counts/Rev

Position Units

Seconds -

1.000  Counts/1.0 Position Units
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Table 53 - Scaling Category Attributes

Attribute Description
Feedback The number of counts per motor revolution, which is determined by the Primary Feedback
Resolution category.

Position Units

The position units for this safety application. Enter text for the name of your units.

The evaluation of position per unit of time for a velocity

|
Time evaluation. Choose between Seconds (default) and o I
Minutes as appropriate for your application. Minutes L
Position The conversion constant showing the counts per position units. This is the number of counts for

one of your position units.

Motion Safety > Discrepancy Checking Category

Discrepancy checking is only used in applications where the ‘Module Definition>Safety

Instance’ is configured for ‘Dual Feedback Monitoring'. Its purpose is to perform an evaluation
of the speed and position discrepancy between primary and secondary feedback. A ratio can
also be configured that describes the expected gear ratio of primary to secondary feedback.

If primary feedback and secondary feedback differ in position or velocity for the configured
time period, a discrepancy fault occurs.

Figure 65 - Discrepancy Checking Dialog Box (default attributes)

General
- Connection
- Salety
Time Sync
- Module Info
- Intemet Protocol
Port Configuration
=l Motion
-~ Associated Axes
Power
- Digital Inputs
- Motion Diagnostics
=l Motion Safety
-~ Actions
~ Primary Feedback

- Scalirg

- 5BC
Input Canfiguration
- Test Output

Status: Dffline

Discrepancy Checking

Dual Yelocity Check. h
1 ms
1.000000  Primary Rev/Secondary Rey
welocity Deadband: 0.000 pasition Lnits/s
0,000 pasition Units

Mode:

Time:

Ratio:

Position Deadband:

Secondary Feedback

+ Output Configuration

Ok I Cancel Lpply Help

IMPORTANT  When setting discrepancy tolerances in terms of the velocity deadband

attribute, consider that configuring a high gear-ratio between primary
feedback and secondary feedback can lead to unexpected dual-
feedback position faults. This is because a very large primary feedback
movement translates into very small secondary feedback increments.

When ‘Module Definition>Safety Instance’ is configured for Single Feedback Monitoring, the
discrepancy checking mode is set to the default value of ‘Not Used’, and cannot be changed.
When configured for Dual Feedback Monitoring, the discrepancy checking mode is set to ‘Dual
Velocity Check'. In the Dual Feedback Monitoring configuration, the ‘Dual Position” and
‘Velocity/Postion Check’ modes are also available.
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Use the ‘Dual Velocity Check’ mode to measure the difference between primary feedback
speed and secondary feedback speed. Use ‘Dual Position Check’ mode to measure the
difference between primary feedback position and secondary feedback position. Use the
‘Velocity/Position Check’ mode if position and velocity checking are needed.

Follow these steps to configure the Discrepancy Checking attribute.
From the Moede pull-down menu, choose the appropriate discrepancy checking mode

1.

for your application.

2. Set the remaining Discrepancy Checking attributes.

Attribute Description
Time The amount of time (ms) specified for velocity deadband to be evaluated and
trigger a safety fault condition.
Ratio The gear ratio of one primary feedback revolution to one secondary feedback
revolution.
. The velocity units of the difference between primary and secondary feedback
Velocity Deadband speed for the velocity discrepancy check.
. The position units of the difference between primary and secondary feedback
Position Deadband position for the position discrepancy check.

3. Click Apply.

Motion Safety > STO Category

The STO category provides a disable and coast fault action. However, if a torque disable delay
is needed following a STO Active command, you can enter a value in the Delay field (see Safe_
Torque Off With Delay Operation on page 63 for more information.)

Figure 66 - Motion Safety STO

General
- Cannection
~ Salely
Time Sync
- Madule Infa
~ Intemet Protosol
Port Configuration
- Mation
- Associated fwes
Fower
- Digital Inputs
- Mation Disgnostics
1 Motion Salety
- Actions
- Primany Feedback.
Secondary Feedback
- Sealing
- Discrepancy Checking
- 851
- SBC
Input Configuration
- Test Output
- Dutput Configuration

Status: Diffine

Delay: 0 ms
Velocity & 79 ?Em
H
1
1
]
1
]
i
1 — -
STO Output Daable Torque:
STO Actrve Disabie Torque
TorqueDisabled | Torque Daabled |

STO - Safe Torque Off

0K | Cancel Aprly Help
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STO becomes active if any of the following inputs to STO are asserted:

STO Qutput=0

Safety Connection Loss and Connection Loss Action = STO
Safety Connection is Idle and Connection Idle Action = STO
Drive-based SS1Function is Complete (=1)

Safety Stop Fault =1

Critical Safety fault occurs
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STO Output is a tag in the safety output assembly used to activate the STO function and is
written by the GuardLogix controller. When any source for STO is asserted, STO Active becomes
high to indicate that the STO function is operating.

STO Delay follows this sequence of events.
1. STO becomes active and the STO delay timer begins.
2. The STO delay timer expires.
Torque producing power is removed from the inverter output.

- If STO is activated by a Safety Stop fault or Critical Safety fault, torque is removed
immediately without the STO delay.

- If STO is reset by removing all inputs, torque is immediately permitted without delay.

Motion Safety > SS1Category

The "Motion Safety > SST category is configured when a Timed or Monitored Safe Stop 1
condition is desired.

‘Timed SST mode is available when the module is configured with or without safety feedback
monitoring. The ‘Monitored SST made is only available when the module is configured for
feedback monitoring (for more information on the drive-based Safe Stop 1function, see Safe.
Stop 1 Function on page 66.)

Timed SS1is a fixed time for the motor to stop before removing torque. Motor
feedback is not monitored. ‘Stop Delay’ is the only parameter used for Timed =~ ot used
SST" and determines the ‘Max Stop Time'. s s

Figure 67 - SS1Dialog Box (Timed SS1, default)

A iated Aues

Oudput Configuration

Status: Offfine

551 - Safe Stop 1

Mode: imed =

Stop Maritor Delay: ms

Stop Delay: 1ms
1

Max Stop Time:

m:
ms
Decel Reference Speed: 4096.000  Position
P
Py
P

f——— Max Stop Time ————

e stop Delay —————|
Axis Speed

Uritsfs

Decel Reference Rate: 40155559, 750

Decel Speed Tolerance: 0,000
Standstil Speed: 4096000

It
asition Uritsfsfs
asition Uritsfs
i

asition Uritsfs

oK | Cancal Apply Help

Monitored SS1is a ramped safe-stop where the motion safety instance monitors the speed
ramp to standstill speed, while either the motion task or the drive controls the deceleration to
standstill speed. When standstill is reached, the motion safety instance removes torque from
the motor.
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Figure 68 - SS1 Dialog Box (Monitored SS1)

1 Module Properties: Local (PowerFlex 755-EENET-CM-54 14.001)

Geneial 551 - Safe Stop 1
Connection
-~ Salety
Time Sync Mode: Monitored 551 >
Module Info
- Intemet Frotocel S TR Dy 0 oms
Port Configuration
- Mation Stop Delay: 1 ms
- Associated Axes Axis Speed
Power Maix Stap Time: 1 ms
Digital Input:
\ghainputs Decel Reference Speed: 4096.000  Position Unitsfs
- Malion Diagnastics
B M“‘“;” Safely Decel Reference Rate: 4095999,750  Position Units/s/s Standstill Speed
ctions
- Primary Feedback Decel Speed Tolerance: 0,000 Position Uritsfs
Secondary Feedback
Scaling Standstill Speed: 4096.000  Pasition Unitsfs

- Discrepancy Checking

551

- 58C
Input Configuation
Test Dutput

-+ Dutput Configuration

Cancel Help

Spply

Status: Offline

Motion Safety > SBC Category

The "Motion Safety > SBC Category' is configured when Safe Brake Control functionality is
desired in an application.

The default mode for SBC is ‘Not Used'. If the SBC functionality is desired, setting the mode to
‘Used', ‘Test Pulses’, or ‘Used, No Test Pulses’, will enable the SBC function. When configured for
‘Used, Test Pulses mode’, pulse testing of the physical brake outputs are performed. For more
information on the drive-based SBC function, see Safe Brake Control Function on page 73.

See Table 54 on page 143 for descriptions of the SBC attributes.
[ o ropries o overis 55 ey v saaes [

Output Configuration

Status: Offfine

- General SBC - Safe Brake Control
- Connection
Safety
- Time Sync Mode [Mot Used |
- Module Info
Intemet Pratocol STO Activates SHC ‘Ncﬂ Linked LI
~ Part Configuration ET0ta 38 Delay (ms) ‘ o j
(= Motion
Associated Axes
- Pawer (STO to SBC Delay)>0
- Digital Inputs STO Active Disable Torque
Motion Diagnostic: —I I_
[=1- Mation S atety Torque Disabled l Torque Disabled |
- Actions
SBC Active Engage Brake
Primary Feedback —l I—
- Gecondary Feedback Brake Engaged Brake Engaged I
- Sealing
Discrepancy Checking (STC to SBC Delay) <0
- 5TD STO Active Disable Torque |
g:‘l[; Torque Disabled ’W‘_
- Input Configuration SBC Active l Engage Brake |
~ Test Output Brake Engaged I ] I

o]

Cancel Apply Help
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Table 54 - SBC Attributes

Attribute

Description

STO Activates SBC

Determines if an STO event engages the brake. If set to ‘Not Linked', an STO event does not
engage the brake. If set to ‘Linked, the brake is engaged during an STO event based on the ‘STO
to SBC Delay' attribute. This attribute is only valid when the ‘Mode’ is set to ‘Used".

STO to SBC Delay

The delay of brake engagement in milliseconds. If the value is a positive number, the delay
specifies the time between when STO is activated and the brake is engaged. If the value is a
negative number, the brake is engaged immediately after STO is activated, and the delay
specifies the time between STO activation and when torque is actually disabled. This attribute
is only valid when ‘STO Activates SBC' is set to’ Linked".

Motion Safety > Input Configuration Category

The Input Configuration category allows configuration of the safety input instances of the

device.

The Point Operation of a safety input configures the type of input operation and its
discrepancy time. See Table 55 for descriptions of these attributes.

The Point Mode

configures the mode of the safety input. Table 56 on page 144 describes the

valid values of this attribute.

The Input Delay Time configures the delay in sample time after a state change of the input.
See Input Delays on page 43 for more information. The Input Error Latch Time attribute
configures the time that a discrepancy must exist before a Safety Input alarm is generated.
See Latch Input Error Operation in Single Channel Mode on page 34 for more information.

- General
Connection
- Gafiety
- Time Sync
Module Info
+ Internet Protocol
- Part Configuration
=) Mation
- Associated Axes
- Power
Digital Inputs
- Motion Diagnostics
[=)- Mation Safety
Actions
- Primary Feedback
- Secondary Feedback

Sealing
- Digcrepancy Checking
-5T0

551

-SBC

- Input Configuration®
Test Output

- Dutput Configuration

Status: Offline

[[8 wosuie Properties Loca powerrin sz eener s 400« [

Input Configuration
5 Poirt Operation Input Delay Time (ms)
IR Type Discrepancy Time (ms) Paint Mads Test Souse L on | oot
0 | Dual Channel Equivalent v 10 =) Used with Test Output 1] hd 03] L=
1 || Used with Test Output x| hd 05 0+
2 Dual Channel Equivalent v 10 | Used with Test Output o hd 0= 03]
3 | = || Used with Test Output i} hd 0= 03]
Input Error Latch Time (ms): 1000 =l
=
ok | Cancel | [ Apab | Heb
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Table 55 - Safety Input Point Operation Attributes

Attribute

Description

Type

Determines the operation mode of the Safety Input. See Safety Inputs on page 33 for more
information on the types of safety input operation.

Discrepancy Time

The time in milliseconds that a discrepancy must exist between two corresponding safety
inputs before an alarm is generated. See Dual-channel Safety Input Operation on page 36 for
more information on discrepancy time.
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Table 56 - Safety Input Point Mode Values

Value Description

Not Used The safety input will not be used.

The associated test output point shown in the ‘Test Source’ field will be used to pulse
Used with Test Output | test the external wiring of the safety input. See Standard Input Operation on page 39 for
more information.

Used without Test The time in milliseconds that a discrepancy must exist between two corresponding
Outout safety inputs before an alarm is generated. See Dual-channel Safety Input Operation on
p page 36 for more information on discrepancy time.

The safety input will be treated as a standard input. No diagnostics are run. When using
Used as Standard Input |a safety input as a standard input, the ‘Point Operation Type" must be set to ‘Single
Channel'.

Motion Safety > Test Output Category

The Test Output category allows for configuration of the Test Outputs of the device. See
Table 57 for descriptions of the attributes. For more information on test output operation, see
Test Qutput on page 52.

If a safety input's Point Mode is configured for ‘Used with

Q Test Output’, the Test Output indicated by the ‘Test
Source’ field must have its ‘Point Mode’ configured as
‘Pulse Test Output.

| ﬂ Maodule Properties: Local (PowerFlex 755-EENET-CM-54 14.001) <

- General
Connection
- Safety
- Time Sync
Module: Info
- Intemet Protocal
~ Port Configuration
= Motian
- Associated Axes
- Poweer
Drigital Inputs
« Motion Diagnostics
[=1- Motion 5 afety
Actions
- Primany Feedback
- Secondary Feedback
Scaling
- Digcrepancy Checking
..5T0
551
.-SBC
~ Input Configuration
Test Output
« Qutput Canfiguration

Poirit Pairit Mode
Mat Lsed
Mot Used

o

Ll

Statuz: Qffling aK Cancel | Apply I Help

Table 57 - Test Output Point Mode Values

Value Description

Not Used The safety input will not be used.

Standard Output The test output will be treated as a standard output No diagnostics are run.
Pulse Test Output The test output is used as a pulse test output for the associated safety input.
Power Supply Output | The test output is used as a power supply output.
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Motion Safety > Output Configuration Category

The Output Configuration category allows the safety outputs of the device to be configured.
The Point Operation Type of the safety output configures the type of safety output according
to Table 58.

The Point Mode of the safety output configures the mode of the safety output according to
Table 59.

The Output Error Latch Time attribute configures the time that a discrepancy must exist
before a Safety Output alarm is generated (see Safety Outputs on page 44 for more
information).

control of the SBC function, and cannot be separately

Q If SBC mode is set to used, the safety outputs are under
configured.

I ﬂ Module Properties: Local (PowerFlex 755-EENET-CM-54 14.001) >

- General Output Configuration
- Connection
Salety -
~- Time Sync Pairt IR ST Paint Made
- Module Info Tre
0 [Single Channel Mot Used &4
Intemet Protacol = M T El
- Part Configuration
=l Motion
Associated Axes
- Power
- Digital Inputs
Mation Diagnostics
=+ Mation Safety

-~ Actions
Primary Feedback
- Secondary Feedback
- Scaling Gutput Error Latch Time {ms): 1000 j
Discrepancy Checking
~5T0
-~ 581
SBC
~ lnput Configuration
- Test Dutput
Output Configuration

Status: Offline oK Cancel I Apply I Help

Table 58 - Paint Operation Type Values

Value Description

The safety output operates in single channel mode. See Single-channel Mode on page 45
for more information.

The safety output operates in dual channel mode with its partner safety output. See
Dual-channel Mode on page 46 for more information.

Single Channel

Dual Channel

Table 59 - Point Mode Values

Value Description

Not Used The safety output is not used. The ‘Point Operation Type’ must be set to ‘Single Channel' if
the Point Mode is set to ‘Not Used'.

Used without Test

Pulses The safety output is used. No pulse test diagnostics are performed.

Used with Test Pulses | The safety output is used. Pulse testing of the safety output is performed periodically.
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Axis Properties > Actions > Safety Actions

To set the stop action taken in response to a safety function activation, open the Axis
Properties and select the Actions page. The Safety Actions section of this page is used to

select Safe Torque Off and Safe Stopping actions and sources.

Make sure that these settings will allow the drive to complete a stop without causing a safety
function fault during normal operation. See the Stopping Action section for the specific safety
function in Chapter 4 on page 57 for more information.

Figure 69 on page 146 shows the Actions page. Table 60 on page 146 describes the Safety

Action attributes.

Figure 69 - Axis Properties > Actions Page

@L_.)Axis Properties - axis

Categories:
- Gereral Actions to Take Upon Conditions
EI tdatar _
‘... Modsl Standard Actions Parameters... |
..... Mator Feedback Disable [M5F) Stopping Action: IEurrent Decel & Dizable 'l
----- Scaling
----- Polarity )
_____ Autotune Power Loss Action: IDisabIe & Coast ‘l
=] Load
-Backlash
- Compliance
- Observer Inwverter Dverload Action I <honex ~ l
----- Pozition Loop .
_____ Velacity Loop Safety Actions
""" Tarque/Current Laap Safe Tarque OFf Action: IDisabIe # Coast ‘l
----- Planner -
i Safe Torgue OFf Action Source: I i Yl DANGER: Selection of
""" Horing g Fiunning Caniraller ! Funning Controller requires
----- s Safe Stopping Action: Current Decel 'l the user program to execute
..... i stopping action.
EH,CED“DnS Safe Stopping Action Source: Connected Drive VI BRI
----- Dirive Parameters
----- Paramneter List
----- Statug
----- Faults & Alarmz
..... Tag
Auiz State: Safety State:

Manual Tune... |

QK I Cancel Apply Help

Table 60 - Safety Actions Attributes Descriptions

Specifies the stopping action that will be executed in response to a STO Activation.
This selection is only valid when ‘Safe Torque Off Action Source’ is set to ‘Connected

Specifies which controller or drive product is responsible for initiating and
performing the stop action specified in the ‘Safe Torque Off Action’ attribute.

Specifies the stopping action that will be executed in response to a Safe Stop
Activation. This selection is only valid when ‘Safe Stopping Action Source' is set to

Specifies which controller or drive product is responsible for initiating and

Attribute Description
Safe Torque Off Action
Drive'.
Safe Torque Off Action
Source
Safe Stopping Action
‘Connected Drive'.
Safe Stopping Action Source

performing the stop action specified in the ‘Safe Stopping Action’ attribute.
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Module Properties > Associated Axes Motor and Load Feedback
Device

Special consideration must be taken when setting Motor and Load feedback devices on the
Associated Axes page. Table 61 on page 147 shows the correct Motor/Load feedback device
selection based on the physical terminal the encoder is connected to per the supported
feedback card.

Table 61- Motor/Load Feedback Device Selection

Terminal |Safety Feedback Device Selection | Motor/Load Feedback Device Selection
- SN
+SN
-CS
+SN

Port X Primary Port X Channel B

20-750-UFB-1

Port X Secondary Port X Channel A

Port X Primary Port X Channel A

20-750-DENC-1

Port X Secondary Port X Channel B

Port X indicates the DPI™ port where the encoder card is installed.

Generate the Safety Network Number (SNN)

The assignment of a time-based SNN is automatic when you create a GuardLogix safety
controller project and add new Safety I/0 devices.

Manual manipulation of an SNN is required in the following situations:
 If safety consumed tags are used

- If the project consumes safety input data from a device whose configuration is owned
by some other device

- If asafety project is copied to another hardware installation within the same routable
Safety system

If an SNN is assigned manually, the SNN has to be unique.

IMPORTANT  If you assign an SNN manually, make sure that the system
expansion does not result in duplication of SNN and node address
combinations.

A warning appears if your project contains duplicate SNN and
node address combinations. You can still verify the project, but
Rockwell Automation recommends that you resolve the duplicate
combinations.
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To edit the SNN, follow these steps.
1. To open the Safety Network Number dialog box, click E] to the right of the Safety
Network Number.
2. Select either Time-based or Manual.
If you select Manual, enter a value from 1...9999 decimal.
3. Click Generate.
4. Click OK.
Safety Network Number @
Format:
@ Time-based
10/14/2016 9:28:42 335 AM
) Manual
{Decimal)
Number:
3FE6_031B_52E3 (Hex)
Safety Configuration Signature and Ownership
The connection between the controller and the drive is based on the following criteria:
«  Drive catalog number must be for PowerFlex 755 drives
«  Drive Safety Network Number (SNN) (displayed in drive module General tab)
»  GuardLogix slot number
+ GuardLogix safety network number
» Path from the GuardLogix 5580 safety controller or Compact GuardLogix 5380 safety
controller to the PowerFlex 755 drive
«  Configuration signature (displayed on the Safety tab of the drive Module Properties
dialog box)
If any differences are detected, the safety connection between the safety controller and the
drive is not established (for a new drive/system) or lost (for an existing drive/system). A yellow
icon appears next to the drive in the controller project tree to indicate a lost or unestablished
connection. Configuration Ownership has to be reset to establish a new connection or to
reestablish an existing connection.
Reset Ownership
To reset ownership, see Restore the Drive to Out-of-Box State on page 185.
Replace an Integrated Safety Drive in a GuardLogix System
When you replace an integrated safety drive, the replacement device must be configured
properly and the replacement drives operation be user-verified.
ATTENTION: During drive replacement or functional test, the safety
of the system must not rely on any portion of the affected drive.
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Two options for safety drive replacement are available on the Safety tab of the Controller
Properties dialog box in the Logix Designer application:

«  Configure Only When No Safety Signature Exists
«  Configure Always

Figure 70 - Safety Drive Replacement Options

@ Controller Properties - UM_SafetyController = @
General I Major Faults I Minor Faults I Date/Time I Advanced I SFC Execution I Project |
Safety™ | Monvolatile Memory I Capacity I Security I Alarm Log |
Safety Application: Unlocked
Safety Status:
Safety Signature: Generate €

[ Protect Signature in Run Mode

When replacing Safety 1/0:
@ Configure Only When No Safety Signature Exsts

~) Corffigure Always

[ ok ][ cancel |[ My |[ Heb

Configure Only When No Safety Signature Exists

This setting instructs the GuardLogix controller to automatically configure a safety drive only
when the safety task does not have a safety task signature, and the replacement drive is in an
out-of-box condition, meaning that a safety network number does not exist in the safety drive.

If the safety task has a safety task signature, the GuardLogix controller automatically
configures the replacement CIP Safety I/0 device only if the following is true:

« The device already has the correct safety network number.
» The device electronic keying is correct.
» The node or IP address is correct.

For detailed information, see the GuardLogix 5580 Controllers User Manual, publication
1756-UM543 or Compact GuardLogix 5380 Controllers User Manual, publication 5069-UM0OI.

Configure Always

When the Configure Always feature is enabled, the controller automatically checks for and
connects to a replacement drive that meets all of the following requirements:

« The controller has configuration data for a compatible drive at that network address.
» The drive has an SNN that matches the configuration.

integrated safety control system is not being relied on to maintain
SIL 3 behavior during the replacement and functional testing of a
PowerFlex 755/755T drive product.

If other parts of the integrated safety control system are being relied
upon to maintain SIL 3, make sure that the controller's ‘Configure
Always' feature is disabled.

It is your responsibility to implement a process to make sure proper
safety functionality is maintained during device replacement.

2 ATTENTION: Enable the ‘Configure Always' feature only if the entire
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any integrated safety network when the ‘Configure Always' feature is

enabled, except while following the device replacement procedure in

the GuardLogix user manual appropriate for your Logix 5000™

controller:

« GuardLogix 5580 Controllers User Manual, publication 1756-UM543.

« Compact GuardLogix 5580 Controllers User Manual, publication
5068-UMO01.

2 ATTENTION: Do not place any devices in the out-of-box condition on

Motion Direct Commands in Motion Control Systems

You can use the Motion Direct Command (MDC) feature to initiate motion while the controller is
in Program mode, independent of application code that is executed in Run mode. These
commands let you perform a variety of functions, for example, move an axis, jog an axis, or
home an axis.

A typical use might involve a machine integrator testing different parts of the motion system
while the machine is being commissioned or a maintenance engineer, under certain restricted
scenarios in accordance with safe machine operating procedures, wanting to move an axis
(like a conveyor) to clear a jam before resuming normal operation.

follow these rules regarding Run mode and Program mode.

« Allow only authorized, trained personnel with knowledge of safe
machine operation to use Motion Direct Commands.

« Use additional supervisory methods, like removing the controller key
switch, to maintain the safety integrity of the system after returning
the safety controller to Run mode.

2 ATTENTION: To avoid personal injury or damage to equipment,

Understand STO Bypass When Using Motion Direct Commands

If a Safety-only connection between the GuardLogix safety controller and the PowerFlex 755/
755T drive product was established at least once after it was received from the factory, then it
does not allow motion while the safety controller is in Program mode by default.

This is because the safety task is not executed while the GuardLogix safety controller is in
Program mode. This applies to applications running in a single-safety controller (with Motion
and Safety connections). When an integrated safety drive has a Motion connection to a
standard controller and a separate Safety connection to a dual-safety controller, the standard
controller can transition to Program mode while the safety controller stays in Run mode and
continues to execute the safety task.
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However, PowerFlex 755/755T drive systems are designed with a bypass feature for the STO
function in single-safety controller configurations. You can use the MDC feature to allow
motion while following all necessary and prescribed steps per your machine's safety operating
procedures.

the use of MDC when the controller is in Program mode. You must
acknowledge warning messages in the Logix Designer application
that warn of the drive bypassing the STO function and unintended
motion can occur. The integrated safety drive does not respond to
requests of the STO function if MDC mode is entered.

It is your responsibility to maintain machine safety integrity while
executing motion direct commands. One alternative is to provide
ladder logic for Machine Maintenance mode that leaves the controller
in Run mode with safety functions executing.

2 ATTENTION: Consider the consequences of allowing motion through

Lagix Designer Application Warning Messages

When the controller is in Run mode, executing safety functions, the PowerFlex 755 drive
follows the commands that it receives from the safety controller. The controller reports ‘Safety
State = Running’ and "Axis State = Stopped/Running’, as shown in Figure 71.

Figure 71 - Safety State Indications When Controller is in Run Mode (safety task executing)

Qs Motion Direct Commands - axisl:2 o e =
Commands: Motion Axis Stop
5 3 Motion State | Ads: 2081 - Nl
MSO
E s Lsbel | Operand |
Qs MASD Stop Type A
Qe MASR ||| |Change Decel 42
Qs MDO
Qs MDF
Qs MDS
Qs MAFR
—1 Motion Move
g MAS |
Q@ MAH
Qs MAJ
Qo MAM

MAG
$MCD 1\ DANGER: Executing motion command with controller in
Qe MRP Program or Run Mode may cause ads motion

=3 Motion Group Execution Emor.
Qe MGS . ’
Qe MGSD Axis State: Stopped Safety State: Running

@ MGSR Axis Fault: No Faults

Qs MGSP :
& MAW .| StatInhibted:  Not Inhbed

r

When the controller transitions to Program mode, the integrated safety drive is in the safe
state (torque is not permitted). The controller reports ‘Safety State = Not Running’ and "Axis
State = Start Inhibited’, as shown in Figure 72 on page 152.
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Figure 72 - Safety State Indications After Controller Transitions to Program Mode
% Motion Direct Commands - axisl:2 =N =R <"

Commands: MotionServoOn
@ Mso « | Pods: s * [

@ MSF

Tp MASD

@ MASR

@ MDO

% MDF =

@ MDS

T MAFR
=23 Motion Move

@ MAS

T MAH

T MAD

Ty MAM

@ MAG

@s MCD

T MDD b | 1 DANGER:: Executing motion command with controller in
Program or Run Mode may cause axis motion.

Axis State: Start Inhibited Safety State: Mot Running
Auds Fault: No Faults
Start Inhibited: SafeTorqueCffActiveInhibit

[Mob'onGroupSPuhdo\m ] |( Execute ] I Close ] [ Help ]

When you issue a motion direct command to an axis to produce torque in Program mode, for
example MSO or MDS, with the safety connection present to the drive, a warning message is
presented before the motion direct command is executed, as shown in Figure 73.

Figure 73 - STO Bypass Prompt When the Safety Controller is in Program Mode

v
Logix Designer

! Drive is not in correct state to allow requested operation on '[HPI]'.
Safety controller is in Program Mode and Safe Torque Off is actively
preventing motor torque. Safe Torque Off may be bypassed to permit
motor terque. Ensure that preventative measures are in place to
maintain safety integrity of machinery.

Do you want to permit motor torque while safety controller is in
Program Mode and perform the operation?

| Yes ] [ No J [ Help ]

A 4

IMPORTANT The warning in Figure 73 is displayed only the first time a
motion direct command is issued.

After you acknowledge the warning message by clicking Yes, torque is permitted by the drive
and a warning message is indicated in the software as shown in Figure 74 on page 153. The
controller reports ‘Safety State = Not Running (Torque Permitted), ‘Axis State = Stopped/
Running’ and ‘Persistent Warning = Safe Torque Off bypassed".

IMPORTANT Switch the controller to Run mode to exit Motion Direct
Command mode and end the STO function bypass.
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Figure 74 - Safety State Indications After Controller Transitions to Program Mode
(MDC executing)

@ Motion Direct

Commands:

Commands - axisl:2 =

Qs MSO
Qe MSF

@ MDO
@ MDF
Qe MDS

=~ Motion M
Qe MAS
Qe MAH
Qe MAI
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B MCD

@ MRP
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@9 MASR
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"
;

v )

m

ove

T | 4\  DANGER: Executing motion command with controller in

Program or Run Mode may cause axis motion.

Axis State:
Axis Fault:
Start Inhibited:

( 1\ Safe Torque OFF bypassed)
Stopped Safety State: Mot Running (Torque Permitted)
No Faults

Nok Inhibited

| Motion Group Shutdown | | Execwte | [ close | [ hHep |

IMPORTANT

The persistent warning message text ‘Safe Torque Off bypassed’
appears when a motion direct command is executed.

The warning message persists even after the dialog is closed and
reopened as long as the integrated safety drive is in STO Bypass
mode.

The persistent warning message is removed only after the integrated
safety drive's Safety State is restored to the Running state.

Torque Permitted in a Multi-workstation Environment

The warning in Figure 75 is displayed to notify a second user working in a multi-workstation
environment that the first user has placed the integrated safety drive in the STO state and that

the current action is about to bypass the STO state and permit torque.

Figure 75 - STO Bypass Prompt When MDC is Issued in Multi-workstation Environment

o R )

l Drive is permitting motor torque while the safety controller is in Program Mode
it BN

Safe Torque Off safety function is currently bypassed,

Do you want to perform requested operation in this state?

[ Y J[__No ][ Hep |
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Warning Icon and Text in Axis Properties

In addition to the other warnings that require your acknowledgment, the Logix Designer
application also provides warning icons and persistent warning messages in other Axis
Properties dialog boxes when the integrated safety drive is in STO Bypass mode.

Figure 76 - Axis and Safe State Indications on the Hookup Services Dialog Box

Fosa State: Stopped Safety State: Mot Running (Torque Permitted)
(Manusi Tume.. | 1\  SafeTorque Off bypassed [ ok | [ comcel | ooy [he |
Figure 77 - Axis and Safe State Indications on Motion Direct Commands Dialog Box
& Motion Direct Commands - axisl:2 =R~
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& (3 Motion Move L
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@p MCD
@ MDD b _ﬁ DANGER: Executing motion command with controller in
Program or Run Mode may cause axis motion.
A\ Safe Torque Off bypassed
Axis State: Stopped Safety State: Mot Running (Torque Permitted)
Axis Fault: No Faults
Start Inhibited: Not Inhibited
[Moﬂm&m.p.‘:‘d‘uhdownl [Exemte]l Close ][ Help ]
Figure 78 - Axis and Safe State Indications on the Motion Console Dialog Box
Q¢ 'Motion Console - axisl oo
Manual Tuning [ Reset Motion Generator More Commands..
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System - D - o Qe MSF
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Integrator Bandwidth: 0.0 - eHertz Axis State: Sopped  Safety State: Not Running (Torque Permitted)
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Programming

Functional Safety Considerations

the developer of the application must consider the implications of allowing

2 ATTENTION: Before maintenance work can be performed in Program mode,

motion through motion direct commands. Consider developing logic for
runtime maintenance operations to meet the requirements of machine
safety operating procedures.

motion direct commands are used in Program mode.
Motion direct commands issued when the controller is in Program mode

2 ATTENTION: Motion is allowed and the STO function is not available when

cause the drive to bypass the STO Active condition.

It is your responsibility to implement additional preventive measures to
maintain safety integrity of the machinery during execution of motion direct
commands in Program mode.

of unauthorized access or unexpected motion during authorized access,

2 ATTENTION: To avoid personal injury and damage to equipment in the event

return the controller to Run mode and remove the key before leaving the
machine unattended.

Motion and Safety Tasks

Motion systems built using Rockwell Automation® Integrated Architecture™ components have
separate motion and safety functions. In a typical control application with motion and safety
connections, motion and safety tasks run in the following Logix 5000 controllers:

Motion functions operate in a motion task of any ControlLogix® or CompactLogix™
(Logix 5000) controller

Safety functions operate in a safety task of only GuardLogix 5580 or Compact
GuardLogix 5380 controllers

Motion tasks and safety tasks can operate in the same GuardLogix controller or in
separate controllers

The safety task, operating in a GuardLogix controller, communicates with the drive
module with a safety connection over the EtherNet/IP® network. See Safety Task in
Figure 80 on page 158.

The motion task, operating in any of these controllers, communicates with the drive
module Associated Axes with a motion connection over the EtherNet/IP network. See
Motion Task in Figure 80 on page 158.

The PowerFlex 755 and PowerFlex 755T drives and drive products contain one inverter
for control of one motor and one motion axis.

Feedback from position encoders, supplied to the motion tasks, is also assaciated with
the axis.
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Motion Safety Instances

The PowerFlex 755/755T drive products, with the Integrated Safety Function option module,
contain one Motion Safety instance to provide integrated safety functions. The safety instance
operates independently of the inverters and feedback used for motion. The drive module
safety instance receives encoder safety feedback for use with the integrated safety functions.
The safety feedback is also supplied to the controller safety task over the safety connection
for use with controller-based safety functions that may operate in the controller.

A motion and safety system can be configured so that a safety function operates in the
controller. This type of configuration is referred to as a controller-based safety function. The
system can also be configured so that the safety function operates in the drive module with
the initiation and monitoring of the function in the safety task. This type of safety function is
referred to as drive-based safety. A motion system can have both controller-based and drive-
based safety functions.

Safety Function Operation

In this example we describe how a motion and safety control system operates and how motion
and safety tasks are coordinated. In typical motion and safety system applications, an E-stop
switch is used to stop the system. In the following example, the switch is used to initiate the
process that brings the axis to a controlled stop before removing power. This type of stop is
called Stop Category 1. The motion task and drive inverter are responsible for bringing the axis
to a Category 1stop. At the same time, to make sure that the Stop Category 1is correctly
executed by the motion system, the safety task initiates a Monitored SS1 safety function. The
SS1safety function can be configured to use the drive-based SS1function or it can be
configured to use the controller-based SS1 function.

This sequence of events represents the steps required for a Monitored SS1drive-based safety
function.

1. The safety task reads the E-stop input and detects the switch actuation.

2. The safety task communicates an SS1request by setting the bit: module:S0.SS1Request
tag of the drive (inverter) motion-safety instance.

3. The motion-safety instance in the drive communicates to the drive motion core of the
Axis Safety Status.

4, The motion core communicates with the motion controller running the motion task by
updating the motion axis tag axis.SS1ActiveStatus.

5. The motion task controls the axis to bring the motor to a stop within the Monitored SS1
limits for speed and time.

6. While the axis is stopping, the SS1function (in the motion-safety instance) monitors the
axis speed to make sure it remains below the speed limit and maximum stopping time.

7. When the axis reaches standstill speed, the motion-safety core activates the Safe
Torque Off function.

This sequence of events represents the steps required for a Monitored SS1 controller-based
safety function.

1. The safety task reads the E-stop input and detects the switch actuation.
2. The safety task activates the SS1safety instruction running in the safety task.

3. The SSTinstruction communicates an SS1active by setting the bit: module:S0.SS1Active
tag of the drive (inverter) motion-safety instance.

4. The motion-safety instance in the drive communicates to the drive motion core of the
Axis Safety Status.

5. The motion core communicates with the motion controller running the motion task by
updating the motion axis tag axis.SS1ActiveStatus.

6. The motion task controls the axis to bring the motor to a stop within the Monitored SS1
limits for speed and time.
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7. While all events are occurring, the motion-safety instance updates the Feedback
Velocity tag, module:S1. FeedbackVelocity, in the safety controller. The SS1function

running in the safety task receives the speed scaled by the SFX safety instruction and

makes sure the axis remains below the speed limit and maximum stopping time.

8. When the axis reaches standstill speed the SS1safety instruction outputs SS1complete.

The safety task communicates to the drive motion safety instance to activate STO by clearing
the bit: module:S0.STOOutput tag of the drive motion-safety instance.

This figure shows how the safety task and motion tasks communicate with the drive.

Figure 79 - Safe Monitor System Communication
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(1) Motion and Safety connections can be made from a single Safety controller or two separate Motion and Safety controllers.
(2) The secondary encoder is required to meet a SIL 3 system rating.
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Safe Monitor Network Communication

The safe monitor network executes motion and safety tasks by using CIP protocol.

Figure 80 - Motion and Safety Connections
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eS
U\)\'\\i\\ Vess?

Safety fault and status sent
to motion controller axis tags.

Motion Axis
Motion Core

Motion Safety
Instance

PowerFlex 755/755T
Drive Product

Motion Connection

The motion connection communicates drive motion and safety status to the motion task. The
moation connection also receives motion commands from the motion task in the motion
controller. Data is exchanged at a periodic rate over the connection. To configure the drive-
module motion connection Axis Properties in the Logix Designer application, see the
PowerFlex 750-Series AC Drives Programming Manual, publication 750-PM001 or the
PowerFlex Drives with TotalFORCE® Control Programming Manual, publication 750-PM100.

Some of the axis tags are updated from fault and safety status provided by the safety instance
in the drive module. The safety instance sends this status to the motion core and then on to
the motion controller. Axis tags show the updated status. See Figure 80 for an illustration on
how status is sent to the mation controller.

IMPORTANT  Axis tags are for status only and are not used by the safety
function.
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Table 62 - Motion Connection Axis Tags

. Motion Safety Output Assembly Tag

(AI:Lsﬁ?ngc'::'::i“ er) Connection |Data Type |Description Name
Attribute # (safety controller)

- Drive module Safety Supervisor state. See the Safety Supervisor State an
Axis.AxisSafetyState 760 DINT age 160 for more details. None
Axis.AxisSafetyDataA 986 DINT zgfgtI; réztnigﬁlrétramer holding general-purpose safety data passed from the module:S0.SafetyDataAl instance]
Axis AxisSafetyDataB 987 DINT ﬁfé’t'; data container holding general-purpose safety data passed ftom the | ;g e:30 SafetyDatadl nstance]

o My Collection of bits indicating the status of the standard safety functions for the M .
Axis.AxisSafetyStatus 761 DINT axis as reported by Drive Safety Instance. See individual bits below.

P Collection of bits indicating the status of Rockwell Automation specific safety o .
Axis.AxisSafetyStatusRA | 762 DINT functions for the axis as reported by Drive Safety Instance. See individual bits below.

P Collection of bits indicating the Safety Fault status of the drive-module safety o .
Axis.AxisSafetyFaults 763 DINT instances and integrated safety functions. See individual bits below.
Axis.AxisSafetyFaultsRA | 764 DINT Eg]lft;t}mgtfig;t: indicating the safety fault status of Rockwell Automation See individual bits below.
Axis.AxisSafetyAlarms 753 DINT Reserved for future use. -

Pass-through Data

Some of the Motion Connection axis tags are updated from information that is received from
the Safety Connection. This data originates in the safety controller as Safety Output assembly
tags and are passed through the drive and on to the motion controller where the
corresponding axis tag is updated. These data are called pass-through data.

The pass-through data includes items such as status and faults for controller-based safety
functions. Two general-purpose 32-bit words are provided in the output assembly from the
safety controller and appear as AxisSafetyDataA and Axis SafetyDataB in the motion controller
associated axis.

Safety Data A and B are provided for the safety and motion application for additional safety
program status. A typical use of Safety Data A and Safety Data B can be to indicate the value of
a safety limit that is currently in effect for the motion application to control the motion
accordingly.

IMPORTANT  Axis tags are for status only and are not used by the safety function.

Safety Connection

The safety controller communicates with the safety instance in the drive module over the
safety connection. Cyclic data are passed in each direction over the safety connection that
appears in Safety Controller tag structures called input and output assembly. The safety
connection cyclic rate is configured in the Logix Designer application.

The Safety Input Assembly tag structure is data from the drive module safety instance to the
safety controller. The Safety Output Assembly tag structure is data from the safety controller
to the drive module safety instance.
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Explicit Messages

Use explicit messages to communicate with a drive and obtain additional fault, status, or
configuration information that is not available in the Safety I/0 Tag structure. Attribute data is
useful for additional diagnostic information. An explicit message can be sent by any controller
on the network and used to read any drive module attribute. See Motion Connection on

page 158 for the drive-module safety attribute names and numbers that can be used by an MSG
instruction. See Figure 80 on page 158 to see how explicit messages are part of motion and
safety communication.

When an explicit message is used, a class ID must be specified. The class ID identifies the
safety object type in the drive module that is accessed.

Table 63 - Object Classes Available in Motion Safety Instances

Object Class Motion Safety Instances
Safety Supervisor 1
Safe Stop Functions 1
Safety Feedback 2
Dual-channel Safety Feedback 1

IMPORTANT  Explicit messages must not be used for any safety-related function.

Safety Supervisor State

In the drive module, the connection to the safety instance or instances is controlled by a
safety supervisor. The supervisor status can be read by the motion controller through the

motion connection and the safety controller through the Safety Input Assembly or by an
explicit message.

The safety supervisor state provides information on the state of the integrated safety

connection and the mode of operation. There is only one safety supervisor object per drive
module.

Table 64 - Safety Supervisor State: MSG

Parameter Value Description
Service Code 0x0E Get attribute single
Class 0x39 Safety supervisor
Drive-module safety instance associated
Instance 1 with an axis
Attribute 0x0B Device status
Data Type SINT Short integer
Table 65 - Safety Supervisor States
Value Safety Supervisor State Definition Safety Mode
2 Configured (no safety connection) |No active connections Integrated
4 Running Normal running state Integrated
7 Configuring Transition state Integrated
. Hard-wired STO mode with .
8 Not Configured torque disabled Hard-wired (out of the box)
. . Hard-wired STO mode with .
51 Not Configured (torque permitted) torque permitted Hard-wired (out of the box)
52 Running (torque permitted) STO bypass state Integrated
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Application Example - Using
SFX, $S1, and SLS
Instructions with Integrated
Motion

In this example, a PowerFlex 755 drive (equipped with embedded Ethernet) controls a servo
motor (catalog number MPL-B430P-M). A Universal Feedback option module (catalog number
20-750-UFB-1) and an Integrated Safety Function option module (catalog number 20-750-S4)
are used to interface to a GuardLogix 5580 safety controller (catalog number 1756-L84ES).

This example shows the programming and configuration required for three of the most
common safe monitoring functions:

» Safe Feedback
« SafeStop1
« Safe Limited Speed

An 800FP push button is configured as an emergency stop. It is monitored using a DCS ESTOP
Instruction and is wired to one dual-channel S& Safety Input. This input can generate Safe Stop
1at any time during operation of the drive.

A Guard Locking Switch (catalog number TLS-Z GD2) is mapped to one of the S& Safety Outputs.
This switch can be opened when the Safe Stop 1is complete and when the Safe Limited Speed
is below the required speed for an operator to access the machine function.

The Safety Reset and Home Request functions are programmed with the other two S4 Safety
inputs. These do not need to be safety-rated devices. For the purpose of this example, other
inputs and outputs are toggled for simplicity. At any time, you can implement additional safety
or 10 devices as required based on the machine risk assessment.

Both the standard motion programming and safety programming must be completed for a
successful implementation.

Studio 5000 Logix Designer Application Configuration

Figure 81 - Studio 5000 Logix Designer Application Configuration Example

4 | I/O Configuration
4 B31756 Backplane, 1756-A7
@ [0] 1756-L84ES V31_SafetyTest
4 g5 Ethernet
[ 1756-L84ES V31_SafetyTest
B PowerFlex 755-EENET-CM-54 AxMod_D01

Figure 82 - Studio 5000 Connection Set to Motion and Safety

£ Module Properties: Local (PowerFlex 755-EENET-CM-54 14.001) < [t e Sl s e Vv vl e e

Type: PowerFlex 755-EENET-CM-54 PowerFlex 755 AC Drive via Embedded Ethernet - ...
Vendor: Rockwell Automation/Allen-Bradley

R =] Ethernet Address

Name: #xMod_Do1

© Private Network: 1921661 10 %

=5

Module Definition*

Peripheral Devices
£+ AxMod_Do1
Change ... s 4 20-750-UFB-1 Revision

14~ afety Definition
Compatible Module -

480V, 14A, Normal Duty, Standard v

14.001
Compatible Module
480V, 144, Normal Duty, S...
Mation and Safety
Single Feedback Monitoring

C

onnection Rating on Connection
Saety Instance

Input Configuration
TestOutput
Output Configuration

[Motion and Safety =
[Single Feedback Monitoring =

ok | [ cancel | [ hep
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Studio 5000 Connection is set to ‘Motion And Safety’ since the GuardLogix controller will
provide both in this example. The Safety Instance is set to ‘Single Feedback Monitoring’ in
order to use Safe Limited Speed, which supports monitoring Safe Stop 1and safe feedback.

Figure 83 - Peripheral Device Definition

Peripheral Device Definition — &J
Port;
Peripheral Device: 20-750-UFB-1 v|

[¥] safe Feedback

[ oc | [ cona | [ vep |

This PowerFlex 755 drive is configured with the 20-750-UFB-1in port 4. The Safe Feedback
checkbox must be checked for proper configuration and agreement with the safety switches on
the Universal Feedback option module.

IMPORTANT The 20-750-S4 and 20-750-UFB-1 must reside in the same
backplane board.

Figure 84 - Primary Feedback Configuration

ﬂ Module Properties: Local (PowerFlex 755-EENET-CM-S4 14.001) < . MainProgram - IO_Mode_operation . Main

- General® Primary Feedback
--Connection
ey s Velocty Average Time:
--Module Info
--Internet Protocol e Voltage Monitor:
--Port Configuration i X
& Motion = Maximum Speed:
ssociated Axes
ower Resolution Units: Cycles/Rev Standstill Speed:
igital Inputs
i-.Motion Diagnostics ~ Cycle Resolution: 1024 cycles/Rev Maximum Acceleration:

[=-Motion Safety

Cycle Interpolation: 4 Counts/Cycle
Effective Resolution: 4096 Counts/Rev
Polaritv: Normal -

Since the MPL-B430P-M device is used for the primary safety channel, the normal cycles per
revolution are 1024 and must be configured in the Primary Feedback tab.

Figure 85 - Studio 5000 Safety Scaling Configuration Example

ﬂ Meodule Properties: Local (PowerFlex 755-EENET-CM-54 14.001) < . MainProgram - I0_Mode_oper

- General® Scaling
- Connection
- Safety Feedback Resolution: 4096  Counts/Rev
- Time Sync
. Module Info Position Units: Motor revotions
- Intemet Protocol
- Port Configuration Time Seconds A
[—]--Motion
- Associated Axes Position 4096.000  Counts/1.0 Motor revotions
ower
Digital Inputs
Motion Diagnostics

[=-Motion Safety
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Figure 86 - Studio 5000 Safety Input Configuration Example

f] Module Properties: Local (PowerFlex 755-EENET-cM-s4 14.001) x L G Bl ol I e

- General Input Configuration
Connection
Safety Point Operation Input Delay Time (ms;
Time Sync Point Type B Discrepancy Time (ms) Paint Mode Test Source O:’V—>On v On—>éﬁ )
m;‘::z;”:mm‘ | 0 |Dual Channel Equivalent m 10 - | Used without Test Qutput |¥||None b 02 0
 PotC 1 - |[Used without Test Output |»|[None =} 0= 0=
-Mation | 2 |Single Channel n 0 +| Used as Standard Input | *| None = 03 0
; ated Axes 3 - | Used as Standard Input_|¥||None 1 0= [E
Power
Digital Inputs

Motion Diagnostics
(- Motion Safety

Actions

Primary Feedback
Scaling

STO

881 Input Error Latch Time (ms): 1000 =
SBC

Input Configuration
TestOutput

Output Configuration

« Inputs 0 and 1are used with an 0SSD Estop input from the 800FP.

» Input 2 is a standard digital input from a push button to safety reset the S4 module.
« Input Jis a standard digital input from a push button to set the SFX home.

Figure 87 - Studio 5000 Output Configuration Example
8 Module Properties: Local (PowerFlex 755-EENET-CM-54 14.001)

General Output Configuration
Connection
Safety
Time Sync Point
Module Info
Internet Protocol
Port Configuration
[=-Motion
Associated Axes
Power
Digital Inputs
Motion Diagnostics
[=l-Motion Safety
Actions
Primary Feedback
Scaling
STO
351 Output Error Latch Time (ms): 1000 =
SBC

Point Operation
Type
|0 |[Single Channel - Used without Test Pulses

1 Not Used hd

Point Mode
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Programming Example

This example illustrates configuration of the safety input, logic, and output routines.

Configure your system based on the required safety level devices
@ and ratings.

Safety Input

The DCS Instruction is responsible for evaluating the dual-input validity into the GuardLogix
safety controller.

Figure 88 - DCS Instruction with the S& is Mapped to the 800FP

DSC.01is a dual channel GuardLogix function setup to monitor the two safety inputs for a system ESTOPR. -~
Both of these inputs wire directly to the S4 card and are monitored by the drive however the GuardLogix also can monitor them for the DCS function W
Rung 0 monitors the DSCO01 output. Since the DCS monitors the Emergency Stop as high, the DSC.01is high thus the ZnX ESTOP OK is true.  If the inputs should be lost this indicates the request for the
next action
Zone X Zone X
Dual Channel Input 1 Knife Emergency Stop L |
Estop 1 Pushbuttons OK 3
Zn¥_DCS1.01 ZnX EstopOk
This rung monitors if the ZnX.DCS1 has a fault preset and energizes the ZnX Fault Estop m
Zone X Zone X
Dual Channel Input 1 Knife Emergency Stop
Estop 1 Fault
Zn¥X_DCS1.FP ZnX. Fault.Estop

Figure 89 - DCS Instruction Evaluates Dual-input Validity

ZnX_DSC1is used with an external Bullent 800FP Estop to monitor the stae of the ESTOP state. These two inputs are wired into the S4 with the use of the S4 test pulse outputs in the configuration
The ZnX.DCS_InSts 1is energized when data stae of the two S4 EStop Inputs are true. This is the safety function the DCS module evaluates for a proper safety dual state

Zone X
Dual Channel Input 1
Estop 1
DCs
DCS ZnX_DCS1

Safety Function EMERGENCY STOP = (O1
Input Type EQUIVALENT - ACTIVE HIGH

Discrepancy Time (Msec) 250 FP
Restart Type AUTOMATIC
Cold Start Type AUTOMATIC
Channel A AxMod_D01:SLIn01Data
O«
Channel B AxMod_D01:SLIn01Data
O«
Input Status ZnX.DCS_InSts.1
1e
Reset ZnX FltReset_Out
O«
Zone X

Knife DSC Input
Point Status Summary
AxMod_D01:SLIn01Data  AxMod_D01:SLIn01Data ZnX.DCS_InSts.1

AxMod_D01:SLIn00Data  AxMod_D01:SlIn01Data

If the 800FP EStop is not pressed the state of the two inputs are true
Estop_Mot_Pressed AxMod_D01:SLIn01Data  AxMod_D01:SlIn01Data
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Safety Logic

The Safety Logic is used to configure when a safety reset occurs, the home trigger, and the
execution of the SFX instruction (which must have primary feedback valid for it to execute
properly).

Both the Safe Stop 1and Safe Limited Speed use the SFX instruction for correct monitoring of
feedbacks. The Safe Stop 1requests when the 800FP inputs are removed. The Safe Limited
Speed requests, in this example, with the toggling of the Examine On tag.

Figure 90 - Safety Logic Example

If the ESTOP true turn Zone Power on
Zone X
Knife Emergency Stop
Pushbuttons OK
ZnX EstopOk Safety Reset Zone_01_Pwr_On

Zone_01_Pwr_On

If the SLS is active and not in any SLS limit, open the Gate Door.
AxMod_D01:S0O.SLSActive  AxMod_D01:SO.SLSLimit ~ SLS_Axis01.CheckDelayActive AxMod_D01:S0.0ut000utput

An example of being to reset a safety condition with an OSF on the falling edge per safety guidelines

AxMod_D01:S1.In02Data 0SF Reset_Request
Storage Bit Safety Reset SB u
Qutput Bit Safety Reset SB
0B

The Home to execute the SFX to home the safety channel

AxMod_D01:S1.In03Data OSR Home_Request
Storage Bit Home_Trigger_SB — U
Output Bit Home_Trigger SB
0B

if the $51 is requested, turn on the S51 Mode
S51_Mode_Request S81_Mode  S$S1_Mode_Reqguest
U

If the S51 modue is true, turn on the S51 Rquest wihch now executes the S51 insruction. Since the drive parameter safety action is running controller, the drive sends a pass through tag to the controller to
indicate s 551 request

Zone_01_Pwr_On SS51_Mode S81_Request

AxiMod_D01:S0.SLSLimit

Before any primary or secondary feedback evaluation, the SFX must be executed to verify the instructions feedback. Use the Primary Feedback Valid as a precheck befare the SFX is executed

AxMod_D01:Sl PrimaryFeedbackValid SFX
Safety Control SFX_Axis01
Time Unit Seconds = Q1 ==
Position Scaling 4096.0
FP
Feedback Resolution 4096
=0 SFH m=
Unwind 4096
Home Position 0.0

Feedback Position  AxMod_D01:Sl.FeedbackPosition
O«
Feedback Velocity  AxMod_D01:Sl.FeedbackVelocity
Feedback Valid AxMod7D01:S\.Pr\maryFeedhackVal-\d
O«

Connection Faulted  AxMod_D01:Sl.ConnectionFaulted
O«

Home Trigger Home_Trigger
O«
Reset Safety Reset
O«
Safe Feedback Homed AxMod_D01:50.SFHomed
SFX Fault AxMod_D01:50.SBCFault
Actual Position 0.1171875+
Actual Cycles 3727«
Actual Speed 0.0«
Fault Type 1«
Diagnostic Code O«
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The Request for the SLS function verifies the SLS command is valid then gives the SLS Request

Request_for SLS  SLS_Axis01.01 SLS_Request

 Axis01.

Ewen though the SFX function is true and the SLS function is monitoring. the SLS Request generates the request for the SLS Active. There is a 7 second difference waiting for the drive to put the motor to the
SLS monitoring speed or SLS active limit of 5 rev/sec

SFX_Axis01.01 SLs
= (=== Safety Control SLS_Axis01
Restart Type AUTOMATIC = 01 ==
Cold Start Type AUTOMATIC
Check Delay 7000 RR
Active Limit SLS_Active_Limit FP
50«
Feedback SFX SFX_Axis01
Request SLS_Request
0%
Reset Safety_Reset
0%

SLE Active  AxMod_D01:S0.SLSActive
0%
SLE Limit  AxMod_D01:S0_SLSLimit

O
SLS Fault  AxMod_D01:S0.SLSFault

0%
Fault Type 1«
Diagnostic Code O

Safety Output

The Safe Torque Off output must be true in order for any of the preceding safe monitoring
functions (namely SFX, SS1, and SLS) to function.

Figure 91 - Safety Output Example

STO output and Reset configuraiton -
AxiMod_D01:S0.STOOutput AxMod_D01:Sl.SafetyFault  AxMod_D01:Sl.TorqueDisabled  AxMod_D01:S1.RestartRequired AxiMod_D01:30.ResetRequest

Safety Reset  SS1_Axis01.01

The STO Output must be high before any movement can occur.

AxdMod_D01:S1.SafetyFault S51_Axis01.01 AxMod_D01:Sl.ConnectionFaulted

AxMod_D01:Sl.SafetyFault  AxMod_D01:Sl.TorqueDisabled AxModDUtS.RestanRequlredI SS51_Mode

AxMod_D01:50.STOOutput

The PowerFlex 755 S4 safety actions can be configured based on the required reaction to
various machine requirements. In this instance, the STO request is executed by the PowerFlex
755 in causing a disable and coast reaction. However, the request to the SS1(requested by the
GuardLogix Safety Task) is executed by the GuardLogix Motion Controller (not the Safety
Controller) with the use of pass-through tags. In this case, the Motion Axis Stop is used to
control stop the motor, as shown by the programming example.
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- Planner

- Actions

- Drive Parameters

i Comphance

.. Observer
Position Loop
- \elocity Loop
Torguef/Current Loop

Homing
Exceptions

Parameter List

Figure 92 - Safety Output Programming Example

Inverter Uverioad Action: |snone> M|
Safety Actions
Safe Torque Off Action: ’Disable & Coast VI
Safe Torque Off Action Source: ’Connected Drive VI 1 DANGER: Selection of Running
. Controller requires the user
Safe Stopping Action: ’CurrentDeceI vl program to execute stopping
action.
Safe Stopping Action Source: ’Running Controller VI

- Status
Faults & Alarms
.. Tag
The Safe Limited Speed (and any other safe monitoring instruction requests besides ST0, SS1,
and $S2) are handled with the use of pass-through tags in the GuardLogix Motion Controller.
The GuardLogix Safety Controller uses pass-through tags to the Motion Controller to use the
Motion Change Dynamics instruction for the SLS request, as shown in the programming
example.
Figure 93 - Motion Instructions Used to Motion Serve On and Motion Servo Off
Check if the drive has faulted, fix the fault and issue a Motion Axis Reset
The safsty task may have faulted so clear there then indicate to the drive that the drive will be fault cleared as well
Safety Reset  Ax CD AxisO1.SafetyFault  MAFR_MILEN MAFR
=/ [ Axis Ax_CD_Axis01 [] —EN
Fai e i Motion Control MAFR_MI (DN
T Source A Ax_CD_Axis01.CIPAxisState B
16#0002+
Source B 8
Turn the motion servo loop on with a digital input or HMI
Enable_Loop  Ax CD_Axis01.PowerStructureEnabledStatus EQU MSO
e/ [— Source A Ax_CD_Axis01 CIPAxisState Axis  Ax_CD_AuwisD1 [ —EN
16400024 Mation Control ~ MI_MSO = DN ==
Source B 2 ER
Ax_CD_Axis01.PowerStructureEnabledStatus Enable_Loop
Tum the drive servo loop off with a motion servo off command when applicable
Disable_Loop  Ax_CD_Axis01 PowerStructureEnabledStatus MSF

Axis Ax_CD_Axis01 [...] —EN
Motion Control ~ MI_MSF = DN =
ER
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Figure 94 - Motion Instructions to Run the Motor at a Specific Velocity

Ax_CD_Axis01 PowerStructureEnabledStatus

Before giving a Motion axis jog command, enter in the requested speed

The Start jogging can come from a digital input or HMI

Use of Tracking command status indicates the drive is under PLC control and the MAJ.EN ensures the command is not in process

Start_jogging  Ax_CD_Axis01.TrackingCommandStatus ~ MAJ[0].EN MOV
=)/ (e Source Requested_speed
200
Dest jog_speed
00«

Figure 95 - Use of the Motion Change Dynamics Instruction to Change from Normal Operating Speed

MAJ
— Axis

Direction

Speed

Accel Rate

Decel Rate

Profile
Accel Jerk
Decel Jerk

Jerk Units
Merge

Mation Control

Speed Units

Accel Units  Units per sec2

Decel Units  Units per sec2

Merge Speed Programmed
Lock Position 1

Lock Direction

Disable_Loop
U

Ax_CD_Axis01 [ | CEN7—
MAJ[0]

0 FCoNy—
HCER—
Fapy—

jog_speed
0.0«

Units per sec
40

40
Trapezoidal
50
50

% of Time
Disabled

None

to Safe Limited Speed and Back based on the Safety Task Request

If the motion axis is jogging and the drive status indicates so, the MCD instruction can change the motor speed as well as the acceleration, decleration and jerk.

requested speed of 20 rew/sec in run 5 was changed to 25 rewsec. No change in the acceleration, decelerration or jerk was made
is to show use the MCD command to change the speed when not in SLS mode

ifthe SLS Active Status from the safety output task is true then change dynamics to 2 rew'sec to match that of the SLS safety task instruction.
planner, is changed to get to this speed as fast as possible based on the time delay set in the SLS instruction

When the SLS active is removed, the system reverts back to the Changed speed initially used

MAJ[OL.IP  Ax_CD_Axis01.JogStatus Ax_CD_Axis01.SLSActiveStatus MoV
e/ [— Source Requested_NEW_speed
2504
Dest Changed_speed
0.0«
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MCD

Motion Control
Motion Type

Change Speed
Speed

Change Accel
Accel Rate

Change Decel
Decel Rate

Change Accel Jerk
Accel Jerk

Change Decel Jerk
Decel Jerk

Speed Units
Accel Units
Decel Units
Jerk Units

Changed_speed
0

Units per sec
Units per sec2
Units per sec2

Here if the SLS active status is not true, the
Mote that the change speed can be any speed in the proces. The example

The acceleration and deceleration rate, as set in the motion
Mote once again use the MCD instruction to change the speed

meo |
Axis Ax_CD_Axis01 [ | CEN7—

med[0]
Jog DN

Yes
FCER—
0«
No
100
No
100

No
100

No
100

% of Time
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Aox_OD_Axis01 5L ShctveStatus
— Axis Ax_CD_Axis01 ] - EN—

Mation Control med[1]
Motion Type Jog I DNZ—

Change Speed Yes
Speed 2 HCERD—

Change Accel Yes

Accel Rate 100

Change Decel Yes

Decel Rate 100

Change Accel Jerk No

Accel Jerk 100

Change Decel Jerk No

Decel Jerk 100

Speed Units Units per sec

Accel Units % of Maximum

Decel Units % of Maximum

Jerk Units % of Time

Acourtesy run to let the user display to the HIM or operatore what speed is really being executed
MoV

Source Ax_CD_Axis01 ActualVelocity
4.99999966e-004

Dest Display_Actual_PF755_CIP_Velocity
0.0«

Figure 96 - Use of the Motion Axis Stop Instruction to Bring the Motor to 0 Speed Once the SS1
Request is Made From the Safety Task

In this example if the axis were jogging at any speed and the $51 request from the safety task passes through then the controller, since the safety actions is set to running controller, will use the Motion Axis
Stop command to control stop the motor and load
MAJ[O]IP  Ax_CD_Axis01.JogStatus  Ax_CD_Axis01.551ActiveStatus

Axis Ax_CD_Axis01 [..) FCEN—
Motion Contral MAS[O]
Stop Type Jog DN o—
Change Decel Yes
Decel Rate 50 ER—
Decel Units Units per sec2 IP—
Change Decel Jerk Yes
Decel Jerk 10 PCo—
Jerk Units % of Time

If the Motion axis stop is complete and teh axis reports that the decel status is no longer true, execute a Motion Servo off

In the safety task the STO Qutput will be brought low so now the axis cip drive is in the STO state or start inhibited

MAS[0]PC  Ax_CD_Axis01 DecelStatus MSF
e (— Axis Ax_CD_Axis01 ] —EN
Mation Control ~ MSF[0] DN

ER

When the stop is complete and 0 speed, the Motion Servo Off is given to open the position loop
and stop modulating the drive. The Safety Task then uses the STO Output off to put the drive
and motor into a Safe Torque Off state.
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Notes:
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Chapter 8

Monitoring and Troubleshooting

This chapter provides information for monitoring and troubleshooting the Integrated Safety
Functions option module.

Monitor Status Using Status The option module has four status indicators to provide status of the module, safety network,

Indicators

and motion output of the drive:
«  Module status (DS1)
«  Network status (DS2)
«  Motion output status (DS3)
. Safety fault (DS4)

IMPORTANT Status indicators are not reliable for safety functions. Use status
indicators only for general diagnostics during commissioning or
troubleshooting. Do not attempt to use status indicators to
determine operational status.

Module Status Indicator (DS1)

Table 66 provides information for the module status indicator.

Table 66 - Module Status LED (DS1)

For Safety Supervisor State " Status Indicator Description or Problem
No power 0ff No power is applied to drive
Device self-test (1) Flashing red/green Device is performing its power-on self-test
Waiting for TUNID (8) . . )
Configuring (7) Flashing red/green Module is not configured
Executing (5) Green Module is not configured
Idle state (2) Flashing green Standby (drive is not configured)
Abort (5) Flashing red Recoverable fault detected by drive
. . . Firmware update in progress (if DS2 is also
Firmware update in progress Flashing red flashing red)
Critical fault (6) Red Non-recoverable fault detected by drive

(1) The numbers in parentheses are the values in the Host Config P3 [Safety State] parameter.
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Network Status Indicator (DS2)

Table 67 provides information for the network status indicator.
Table 67 - Network Status LED (DS2)

State Status Indicator Description or Problem
. Device is not online or device is not powered - check Module
Not powered/not online | Off Status LED
Self-test Flashing red/green Device is performing its power-on test
Setting safety network . .
number Fast flashing red/green |Replace device
No connection Flashing green Bgvtlge is online but has no connections in the established
Connected Green Device is online and has connections in the established
state

Connection timeout Flashing red One or more 1/0 connections are in the timed-out state
Firmware update is in Flashing red Firmware update in progress (If DSTis also flashing red)
progress

e e Failed communications device - device has detected an
Critical link failure Red error and it is not able to communicate on the network

Motion Output Status Indicator (DS3)

Table 68 provides information for the motion output status indicator.
Table 68 - Motion Output Status LED (DS3)

State Status Indicator |Problem

Torque disabled 0ff Torque is disabled

Torque permitted Solid green STO circuit is permitting torque
Circuit fault Flashing red STO circuit is faulted

Safety Fault Indicator (DS4)

Table 69 provides information for the safety fault status indicator.
Table 69 - Safety Fault LED (DS4)

State Status Indicator | Problem
No fault Solid green Safety functions and safety 10 are operational
Safety functions fault Flashing red There is a safety function fault and or safety 10 alarm
Critical Fault Solid red The module has experienced a serious critical fault
safety Fault Names The Motion Safety instance in the Integrated Safety Functions option module reports faults to

the drive through the AxisSafetyFaults and AxisSafetyFaultsRA tags. Each bit in these tags
indicates a specific fault. This information is used by the drive to log and display faults.

The Logix Designer application displays axis faults and status. When an axis is selected in the
Controller Organizer, axis faults and status are displayed in the QuickView® software window.
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Understand Safety Faults

Figure 97 - Axis Faults and Status

Controller Organizer * I x

4 =, Motion Groups
4 4 MotionGroup

<& Power_Supply

Ungrouped Axes
[ Alarm Manager
4 Assets
Y Logical Model
V] 1/0 Configuration v

2193-D006-ERS4 SDA
45 Axis 1-192.168.1.31

Start Inhibited
Motor Catalog

<

Type AXIS_CIP_DRIVE
Description

Axis State Faulted
Safety State Running
Update Period 2.0 ms
Axis Fault SafetyFault
Meodule Faults Mo Faults
Group Fault Mo Faults
Motion Fault Mo Faults
Initialization Fault Mo Faults
APR Fault Mo Faults
Safety Fault S51Fault
Guard Fault Mo Faults
Attribute Error Mo Faults

SafeTorqueOffActivelnhibit
VPL-BOGIT-W

>

The safety faults named in Table 70 appear as Safety Faults when they occur. In addition, if
any of these faults are present, a safety fault appears under the axis fault. Corresponding axis
tags are set with any of the faults.

Table 70 - Safety Fault Names

Fault Name Description

SafetyCoreFault Internal fault in the drive’s safety processor

STOFault A fault was detected by the Safe Torque Off function
SSTFault ™ A fault was detected by the Safe Stop 1function

SS2Fault A fault was detected by the Safe Stop 2 function

SOSFault Afault was detected by the Safe Operating Stop function
SpeFault ™ A fault was detected by the Safe Brake Control function
SLSFault A fault was detected by the Safely-limited Speed function
SDIFault A fault was detected by the Safe Direction function
SLPFault A fault was detected by the Safe Limited Position function
s St rocesr o st rflem i e moreof e

(1) A safety function fault bit can be set because the fault was detected by the internal drive safety function (if it is
configured), or by the connected safety controller. Read the safety function’s fault attribute from the drive to
determine if the fault was generated by the drive or received from the safety controller.

To obtain more detailed information about any faults that are detected in the drive, most
faults have a corresponding fault-type attribute. These attributes are read by using an MSG
instruction in the ladder program to read the specific attribute information, or by reading the
corresponding DPI™ parameter. Details of the various fault-type attributes are described in

the following sections.

See Explicit Messages on page 213 on for an example of using the MSG instruction to read

status.
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Safety Supervisor State

The Safety Supervisor State provides information on the state of the safety connection and
the mode of operation. It can be read in the user's Logix program using explicit messaging via
the MSG instruction.

Table 71 - Safety Supervisor State: MSG

Parameter Value Description

Service Code | OxOE Get Attribute Single
Class 0x39 Safety Supervisor
Instance 1 -

Attribute 0x0B Device Status

Data Type SINT

Unsigned Short Integer

For P3 [Safety State] information, see Table 79 on page 179.

Safety Core Fault

The Motion Safety instance has detected a non-recoverable fault or internal error. When this
happens, the Motion Safety instance reboots itself and attempts to re-establish normal
operation.

If this fault persists through power cycles, return the drive and safety module for repair. In
case of malfunction or damage, no attempts at repair should be made. Do not dismantle the
option module.

Safe Torque Off Fault

The Safe Torque Off (STO) function detected a fault. The safe stop function records the
specific fault type in the STO Fault Type attribute. The STO Fault Type attribute is also
recorded in P7[STO Fault Type]. Table 72 describes the parameters for an MSG instruction.
Table 73 describes the fault types.

Table 72 - Safe Torque Off Fault Type: MSG

Parameter Value Description

Service Code 0x0E Get attribute single

Class 0x5A Safety stop functions
Instance 1 Drive-module safety instance
Attribute 0x108 STO fault type

Data Type SINT Short integer

Table 73 - STO Fault Types

STO Fault -
Type Value STO Fault Type Name Description
- Internal STO diagnostics has found an issue with STO
3 Circuit Err circutry.
4 Stuck Low Internal STO health and/or power input stuck low.
5 Stuck High Internal STO health and/or power input stuck high.

Rockwell Automation Publication 750-UM005G-EN-P - July 2023



Chapter 8 Monitoring and Troubleshooting

Safe Stop 1Fault

The Safe Stop 1(SS1) function detected a fault. The safe stop function records the specific
fault type in the Safe Stop Fault attribute. The SS1 Fault Type is also recorded in P10 [SS1 Fault
Type]. Table 75 describes the parameters for an MSG instruction. The drive immediately
disables torque, ignoring STO delay, if an SS1 fault is detected. If the SS1Fault Type is reported
as 1(no fault), the SS1fault was generated by the connected safety controller and reported to

the drive over the safety connection.
Table 74 - Safe Stop 1Fault Type: MSG

Parameter |Value Description

Service Code |OxOE Get attribute single

Class 0x5A Safety stop functions
Instance 1 Drive-module safety instance
Attribute 0xTle SSTfault type

Data Type SINT Short integer

Table 75 - SS1Fault Types

$S1 Fault _—
Type Value $S1Fault Type Name Description
1 No Fault No Fault is present
9 Confi The drive-based SS1function has been requested when it has been
9 configured as 'not used".
Applies only when SS1is configured for Monitored SS1mode. The
3 Decel Rate SS1function has detected that the feedback speed is not
decelerating as fast as expected.
Applies only when SS1is configured for Monitored SS1mode. The
4 Maximum Time SS1function has detected that the device has not reached
standstill speed within the maximum stopping time.
01 Feedback Invalid The Monitored SS1 function was requested when the associated

safety feedback is not valid.

Safe Brake Control Fault

The Safe Brake Control (SBC) function detected a fault. The safe stop function records the
specific fault type in the SBC Fault Type attribute. The SBC fault type is also recorded in P11
[SBC Fault Type]. Table 76 describes the parameters for an MSG instruction. Table 77 describes
the fault types.

Table 76 - SBC Fault Type: MSG

Parameter Value Description

Service Code 0x0E Get attribute single

Class 0x5A Safety stop functions
Instance 1 Drive-module safety instance
Attribute 0x16C SBC fault type

Data Type SINT Short integer

Table 77 - SBC Fault Types

?.;3 :3:::‘ e STO Fault Type Name Description

1 No Fault No Fault is present.

9 Config Ehe drive-based SBC fur]ction ha§ been requested when it
as been configured as not used'.

3 Over Current lgseztérgg%grlrnaar;?n%%{t controlling the safety brake has

4 Stuck Low An output controlling the safety brake is stuck low.
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Table 77 - SBC Fault Types

STO Fault -

Type Value STO Fault Type Name Description

5 Stuck High An output controlling the safety brake is stuck high.
The outputs controlling the safety brake are cross

6 Cross Conn connected.

7 Relay Fai /f-\azlilgy of the outputs contralling the safety brake has

$S2, SOS, SLS, SLP, and SDI Faults

The Integrated Safety Functions option module does not support drive-based SS2, SOS, SLS,
SLP, and SDI safe stop/safety limit functions. If the drive reports one of these faults, then the
fault was detected by the safety controller and reported to the drive over the safety output
connection, or the request tag was set through the safety output assembly. Additional
information for these faults must be obtained from the safety controller that is associated
with the drive. In addition, the safety controller is responsible for issuing a torque disable
request.

Safety Feedback Faults

When configured for safety feedback, the device performs periodic diagnostics to make sure
that the feedback device is operating correctly. Explicit messaging can be used to read the
fault type information from the drive. For example, if an error is detected, the Safe Feedback
object (class code 0x58) updates the Safe Feedback Fault Type attribute (attribute ID 0x09)
with the reason for the fault.

Table 78 - Safety Feedback Faults

Safe Feedback
Safe Feedback Fault -

Fault Type Description

Value P Type Name P

1 No Fault No Fault is present.

2 Config The encoder's configuration is invalid.

3 Max Speed The encoder speed has exceeded the configured maximum speed.
The encoder acceleration has exceeded the configured maximum

b Max Accel acceleration.

5 Sin*+Cos? The encoder has failed the vector length or aspect ratio checks.

6 Quadrature ZPr%?anOder has exceeded the maximum number of quadrature signal

. The associated dual channel feedback instance has reported a

7 Discrepancy discrepancy.

8 Partner The associated dual channel feedback instance has detected a fault in
the other encoder.

9 Voltage The associated dual channel feedback instance has detected a fault in

g the other encoder

10 SignalNoise The encoder signals have noise that is preventing operation.

n Signal Lost The encoder signals are not present.

12 Data Lost Stopped receiving data from a Digital Encoder.

13 Device Fail The encoder device has failed.

07 Max Freg The frequency of the encoder has exceeded the maximum level for this
product.

108 SinCosOffset ITeILZIOffSEt of the Sine/Cosine signal from ground is outside the required
The encoder position count has exceeded the maximum value that can

109 Pos Rollover be represented in this product.
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Safety Fault Reset

If the drive motion safety instance detects a fault, the input assembly tag
module:Sl.SafetyFault is set to 1. The associated axis.SafetyFault tag is also set to 1.

A Safety Fault can result from the SS1 stopping function, STO function, safety feedback, SBC
function, or other safety diagnostics.

To clear (reset) the Safety Fault, the fault conditions must be removed first and then a
transition from logic 0 to 1 of the module:S0.ResetRequest tag is required. It is only the 0 to 1
transition that clears the fault.

To clear an axis fault that is associated with a Safety Fault, first clear the Safety Fault from the
safety task of your application, then clear the axis fault using the MAFR command from the
motion application. If the drive is not in integrated motion, then first clear the safety fault in
the safety task and then clear the drive fault by writing to the 0.LogicCommand_ClearFaults
bit.

See Figure 98 for more information about the Integrated Safety Functions option module state
restart functionality.

Figure 98 - Reset Safe Stop Fault Diagram

S0.SafeTorqueOff (bit 0)  Disable Torque I Permit Torque | |
S0.Reset (bit 7) Reset Request |

Sl.TorqueDisabled (bit 0) | I Torque Disabled |
S\.SafetyFault (bit 6)  No Fault | Faulted |
Sl.ResetRequired (bit 7) | I Reset Required |
P4 [Host Config] Safety Status (bit 0)--->Safety Fault | Faulted |
P4 [Host Config] Safety Status (bit 1)--->Safety Reset Reset Request |
P4 [Host Config] Safety Status (bit 2)--—->Restart Req | I Reset Required |

P4 [Host Config] Safety Status (bit 3)--->ST0 Active | I Disable Torque

P4 [Host Config] Safety Status (bit 4)--->Trq Disabled | I Torque Disabled |
P5 [Host Config] Safety Status (bit 3)}--->STO Fault ~ No Fault | Faulted |

Drive Start Inhibits (bit 7)'-—>Safety | I Start Inhibited

Drive Fault Status B (bit 9) 2———>SafetyBrdFIt | Faulted

T T Tc To Te e

A. Set S0.SafeTorque0ff =1 C.Set S0.SafeTorqueOff =0 E. Set S0.SafeTorque0ff =1
B. Fault Detected D. Set SO.Reset =1 F. PF 755 Clear Fault (/0 Mode) or MAFR (CIP Motion™)

Rockwell Automation Publication 750-UM005G-EN-P - July 2023 17



Chapter 8 Monitoring and Troubleshooting

Monitor Status with a HIM or This section describes safety-related status information available for viewing with a HIM, Drive

Software

178

Module Properties in the Logix Designer application, or Connected Components Workbench™
software.

Fault Messages on HIM, Drive Module, and Connected Components
Workbench Software

The only message that is displayed for any fault originating from the module is "SAFETY BRD
FAULT" with a fault code of F211 for PowerFlex 755 drives and a code of F87 for PowerFlex 755T
drives. This fault is displayed by the HIM, drive module, and Connected Components
Workbench software. To determine the cause of the fault, examine the bits set in P4 [Safety
Status] in Connected Components Workbench, or by examining the SO.PassThruStopFaults and
S0.PassThruLimitFaults in the Logix Designer application. After determining the fault type, see
the Understand Safety Faults on page 173 section for more information on the fault.

Safety board faults are also stored in the drive fault queue:

Figure 99 - Drive Fault Queue

|Powerflex 755 (Porto) |

Fault
Status: Faulted ClearTrip | # [ ClearQueve | @
Trip Instance: 1

#  Code Description Time Stamp

i 1 |211 | SafetyBrd Fault 1970-10-12 02:32:16.849

2 |51 |CirFault Queue 1970-10-12 0230:51.123

Further information on the cause of the fault is also recorded in the Integrated Safety
Functions module events queue:

Figure 100 - Mobile Events Queue

| Wetwork ssm cport6) |

Event

Status: Faulted Clear Queve |

Code Description Elapsed Time

36 | ssiFault 00:00:41.5500000 [J
25 | Trg Disabled 00:00:41.5490000 [J
24| STO Active 00:00:41.5490000 [J
20 |sfylORun 00:00:38.1560000 [J
26 | Trg Enabled 00:00:38.1560000 [J
18 | SfyI0 Open 00:00:38.0570000 [J
25 | Trg Disabled 00:00:07.0710000 [J
24| STO Active 00:00:07.0710000 [J

elofe|[«|au|s|w[m[m «

21 | safety Reset 00:00:07.0710000 [
0 |27 | INCIP HostSync 00:00:07.0200000 [
11 |8 | DPIBaud S00kbps 00:00:06.4200000 [
12 |13 | SIOnine 00:00:06.4080000 [
13 |2 | Device Power Up 00:00:00 )

STANDARD data (not SAFETY data) and cannot be used as part of a

ATTENTION: The status data that are described in this section is
A safety function.

For diagnostic purposes, you can also view status attributes by accessing the following Host
Config parameters. These parameters are different than the ‘Device Config’ parameters from a
HIM, Connected Components Workbench software, or the Logix Designer application:

« P3[Safety State]

«  P4[Safety Status]

« P5[Safety Faults]

«  P6[Safe Status Mfg]
«  P7[Safe Faults Mfg]

See Table 79 on page 179 through Table 85 on page 181 for a description of these parameters.
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Table 79 - P3 [Safety State]

Value | Display Text Description

1 Testing Device is performing test diagnostics
2 Idle No active connections

3 Test Flt A fault has occurred while executing test diagnostics
4 Executing Normal running state

5 Abort A major recoverable fault has occurred
6 Critical Flt A critical fault has occurred

7 Configuring Transition state

8 Waiting Out-of-box state

51 Waitw Trg Out-of-box state

52 Exec w Trg STO bypass state

Table 80 - P4 [Safety Status]

Bit

Display Text

Description

0

Safety Fault

Indicates the existence of a safety fault.
0 = no fault
1=faulted

Safety Reset

Atransition from 0 to 1resets the safety function.

Restart Req

Indicates whether a manual restart is required following a stop function.
0 = restart not required
1=restart required

STO Active

Indicates whether STO control is active.
0 = Not Active (Permit Torque)
1= Active (Disable Torque)

Trq Disable

Displays the status of STO control.
0 = Torque Permitted
1=Torque Disabled

SBC Active

Indicates whether the Safe Brake Control function is active.
0= Not Active
1=Active

Brak Engage

Indicates whether the Safe Brake Control function has engaged the brake.
0 = Brake Released
1=Brake Engaged

SS1Active

Indicates whether the Safe Stop 1function is active.
0 = Not Active
1=Active

SS2 Active

Indicates whether the Safe Stop 2 function is active.
0 = Not Active
1=Active

SOS Active

Indicates whether the Safe Operating Stop function is active.
0 = Not Active
1=Active

S0S StndStll

Indicates whether the Safe Operating Stop function is comparing the actual feedback
value to the set point.

0 = Not comparing

1=Comparing

SMT Active

Indicates whether the Safe Motor Temperature function is active.
Reserved for future use. Always 0.

SMT OvrTemp

Indicates whether the Safe Motor Temperature function has detected a temperature
above the limit.
Reserved for future use. Always 0.

SSM Active

Indicates if the Safe Speed Monitoring function is active.
0 = Not Active
1=Active

SSM Limit

Indicates the status of the Safe Speed Monitoring function.
0 = Speed is below limit
1= Speed is above limit

SLS Active

Indicates if the Safely Limited Speed function is active.
0= Not Active
1= Active
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Table 80 - P4 [Safety Status] (Continued)

Bit |Display Text |Description
Indicates if the speed exceeds the SLS limit.
19 SLS Limit 0 = Speed within limit
1= Speed exceeds limit
. Indicates if the Safely Limited Acceleration function is active.
20 |SLAActive Reserved for future use. Always 0.
- Indicates if the acceleration exceeds the SLA limit.
2 SLA Limit Reserved for future use. Always 0.
Indicates if the Safe Direction function is active.
22 |SDI Active 0 = Not Active
1= Active
Indicates if the Safe Direction function has detected movement in the prohibited
. direction.
25 |SDILmIt g = irection 0K
1=Prohibited Direction
24 Pos Motion The feedback device indicates a positive position value.
25  |Neg Motion The feedback device indicates a negative position value.
26 SCA Active Same as event description.
27 SCA Status Same as event description.
28 SLP Active Same as event description.
29 SLP Status Same as event description.
30 |ConnClosed [No active connection of an output assembly from the safety controller exists.
3 Conn Idle An active output assembly connection exists but the safety controller is in Program mode.
Table 81- P5 [Safety Faults]
Bit |Display Text |Description
1 Core Fault The module has detected an unrecoverable fault.
2 Fdbk Fault Afault is present in a safety feedback device.
This bit indicates the fault status of the STO function.
0 = no fault
3 STO Fault 1= faulted
The cause of the fault is recorded in device P7[STO Fault Type].
This bit indicates the fault status of the SS1function.
0 = No fault
4 SS1 Fault 1= Faulted
The cause of the fault is recorded in device P1[SS1 Fault Type].
This bit indicates the fault status of the SS2 function.
5 SS2 Fault 0 = No fault
1= Faulted
This bit indicates the fault status of the SOS function.
6 SOS Fault 0 = No fault
1= Faulted
This bit indicates the fault status of the SBC function.
7 SBC Fault 0 = No fault
1= Faulted
This bit indicates the fault status of the SMT function.
8 SHT Fault Reserved for future use. Always 0.
This bit indicates the fault status of the SSM function.
16 SSM Fault 0 = No fault
1=Faulted
This bit indicates the fault status of the SLS function.
17 SLS Fault 0 = No fault
1= Faulted
This bit indicates the fault status of the SLA function.
18 SLA Fault Reserved for future use. Always 0.
This bit indicates the fault status of the SDI function.
19 SDI Fault 0 = No fault
1= Faulted
This bit indicates the fault status of the SCA function.
20 |SCA Fault 0 = No fault
1= Faulted

180
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Table 81 - P5 [Safety Faults]

Bit |Display Text |Description

This bit indicates the fault status of the SLP function.
2 SLP Fault 0 = No fault
1= Faulted

30 |VAL Fault The Safety Validator Object has detected a fault.
31 UNID Fault The Safety Validator Object has detected a fault relating to the Unique Identifier number.

Table 82 - P6 [Safe Status MFG]

Bit |Display Text |Description
Indicates the brake controlled by the Safe Brake Control function has integrity.

0 Brak Intgrty

Indicates the Safety Feedback homing has been completed and the Safety Feedback
1 Fdbk Homed  |position is tracking from a known reference position.

Table 83 - P7[Safe Faults Mfg]

Bit |Display Text |Description
1 SFX Fault The Safety Feedback Interface Add On Instruction has experienced a fault.

Table 84 - P8 [Safety Data A]

Data
Type
DWORD  |Safety DataA |User-defined data sent from Safety Controller.

Display Text |Description

Table 85 - P9 [Safety Data B]

Data
Type
DWORD |Safety DataB |User-defined data sent from Safety Controller.

Display Text |Description
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Monitor Status Using This section describes safety-related status information available in the Integrated Motion
: Axis tags in the motion controller. These tags can be monitored by user programs in the
Integrated Motion motion controller and they can be examined when the Logix Designer application is online with

the motion controller.

y
Categaries:
B M_Utﬂf DaterTime ~ Source Condition Action End State
- Model % 1/91970 20:56:07.683  Faults Cleared Fault Log Reset Mo Action No Action
o Analyzer P 1/9M970 20:56:07 B3 Mo Alarms Alarm Log Reset Alarm Off
- Soaling 1 1/8M970 20:56:22.58 Safety Fault - Mfy  SFX Immedizte Stop (Co  Disabled
-+ Hookup Tests 1 1/8M970 20:56: 26,659 Safety Fault Safe Brake Control (SBC) Immediste Stop (Co  Disshled
- Polarity 1 1/8M970 20:56:31.78 Safety Fault Safe Stop 1 (S51) Immediste Stop (Co  Disshled
- Planner 1 1794970 20:56:34 8958 Safety Fault Safe Stop 2 (S52) Immediate Stop (Co Disshled
- Frequency Control 1 1/8M970 20:56:35.508  Safety Fault Safe Cpersting Stop (S05) Immediste Stop (Co  Disshled
- Actions 1 1794970 20:56:42.878  Safety Fault Safe Speed Monitar (SSh) Immediate Stop (Co Disshled
- Exceptions 1 1/9M970 20:56:47.298  Safety Fault Safe Limited Speed (SLS) Immediste Stop (Co  Disshled
- Drive Parameters 1 1794970 20:56:50.8668  Safety Fault Safe Limited Direction (S0 Immediate Stop (Co Disshled
- Parameter List 1 1794970 20:56:56.560  Safety Fault Safe Cam (SCA) Immediate Stop (Co Disshled
- Statuz 1 1/8M970 20:57:02.29 Safety Fault Safely Limited Position (SLP) Immedizte Stop (Co  Disabled
- Faults & Alarms % 1/91970 20:57:21.878  Faults Cleared Shutdown Reset Mo Action No Action
- Tag AL 1191870 20:57:35.708  Start Inhibit Safe Torgue Off Sctive Inhikit Alarm Off
AL 1191870 20:57:35.758  Start Inhibit Az Enable Input Alarm Off
AL 1191970 20:57:35.758  Start Inhibt - Mig  Safe Torgue Off Alarm Off
Show [V Fauts ¥ Alams [V Resets
Az State: Stopped Safety State: Running

[ anual Tune. .. | 0.8 Cancel Apply Help

Table 86 - Motion Connection Axis Tags

MDAO Data
Axis Tag Name (motion controller) | Attribute Description
s Type
or [bit]
Axis.CIPStartInhibits 676 DINT A bit map that specifies the current state of all standard conditions that inhibits starting of the axis.

Indicates if the Safe Torque Off function is inhibiting the axis from starting.
Axis.SafeTorqueOffActivelnhibit [5] BOOL | 0=ST0 s not inhibiting axis
1=S8T0is inhibiting axis

Axis.AxisSafetyState 760 DINT Drive module Safety Supervisor state. See Safety Supervisor State on page 174 for more details.

N Collection of bits indicating the status of the standard safety functions for the axis as reported by Drive
Axis.AxisSafetyStatus 761 DINT Safety Instance.

Indicates that a fault was detected by a drive-based a safety function.
Axis.SafetyFaultStatus (0] BOOL | 0=No Fault
1= Faulted

BOOL Indicates the state of the module:S0.ResetRequest controller output tag. A transition from 0 to 1resets

Axis.SafetyResetRequestStatus (1] drive-based safety functions.

Indicates that the drive-module safety instance that is assaciated with this Axis requires a reset of the
safety function.

[2] BOOL 0 =Normal

1= Reset Required

Axis.SafetyResetRequiredStatus

Axis.SafeTorqueOffActiveStatus [3] BOOL | Set if the drive-based STO function is active (to disable torque).
Axis.SafeTorqueDisabledStatus [4] BOOL | Setif the drive-based STO function has disabled torque.

. . Set if the drive-based SBC instruction is active (to engage brake) or if the controller-output tag
Axis. SBCActiveStatus [5] BOOL | 1odule:S0.8BCBrakeEngaged is set.

. Set if the drive-based SBC instruction has engaged the brake OR if the controller-output tag
Axis.SBCEngagedStatus [6] BOOL module:S0.SBCBrakeEngaged is set.
Axis.SSTActiveStatus [7] BOOL | Setif the drive-based SSTinstruction is active OR if the module:S0.SS1Active controller tag is set.
Axis.SS2ActiveStatus [8] BOOL :E(Sjéfjézz;he status of the module:S0.SS2Status controller output tag. See the controller-based SS2
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Table 86 - Motion Connection Axis Tags (Continued)

MDAO

Axis Tag Name (motion controller) Att[rlijlgtu]te 2;;: Description
or [bi
. . Indicates the status of the module:S0.SS2Status controller output tag. See the controller-based SS2
Axis.SOSActiveStatus [9] BOOL | instruction.
. . Indicates the status of the module:S0.S0SStandstill controller output tag. See the controller-based SOS
Axis.S0SStandstillStatus [10] BOOL | istruction.
Axis.SMTActiveStatus [m] BOOL | Reserved for future use. Always 0.
Axis.SMTOvertemperatureStatus [12] BOOL | Reserved for future use. Always 0.
Axis.SSMActiveStatus [16] BOOL Indicates the state of the module:S0.SSMActive controller output tag.
Axis.SSMStatus [17] BOOL | Indicates the state of the module:S0.SSMStatus controller output tag.
Axis.SLSActiveStatus [18] BOOL | Indicates the state of the module:S0.SLSActive controller output tag.
Axis.SLSLimitStatus [19] BOOL Indicates the state of the module:S0.SLSLimit controller output tag.
. . Indicates the state of the module:S0.SLAActive controller output tag.
Axis SLAActiveStatus [20] BOOL Reserved for future use. Always 0.
. . Indicates the state of the module:S0.SLALimit controller output tag.
Axis SLALImitStatus [21] BOOL Reserved for future use. Always 0.
Axis.SDIActiveStatus [22] BOOL Indicates the state of the module:S0.SDIActive controller output tag. See the controller-based SDI
’ instruction.
Axis.SDILimitStatus [23] BOOL Indicates the state of the module:S0.SDILimit controller output tag. See the controller-based SDI
’ instruction.
Axis.SafePositiveMotionStatus [24] BOOL | Setif the primary feedback velocity is greater than Standstill Speed.
Axis.SafeNegativeMotionStatus [25] BOOL Set if the primary feedback velocity is less than Standstill Speed.
Axis.SCAActiveStatus [26] BOOL | Indicates the state of the module:S0.SCAActive controller output tag.
Axis.SCAStatus [27] BOOL | Indicates the state of the module:S0.SCAStatus controller output tag.
Axis.SLPActiveStatus (28] BOOL Indicates the state of the module:SO.SLPActive controller output tag. See the controller-based SLP
’ instruction.
Axis.SLPLimitStatus [29] BOOL Indicates the state of the module:S0.SLPStatus controller output tag. See the controller-based SLP
’ instruction.
{Alfsis.SafetyDutputConnectionCIosedSta [30] BOOL | No active connection of an output assembly from the safety controller exists.
Axis.SafetyOutputConnectionldleStatus | [31] BOOL | Anactive output assembly connection exists but the safety controller is in Program mode.
fo My Collection of bits indicating the status of Rockwell Automation specific safety functions for the axis as
Axis.AxisSafetyStatusRA 762 DINT reported by Drive Safety Instance.
. . Indicates the state of the module:S0.SBCIntegrity controller output tag. See the controller-based SBC
Axis.SafeBrakelntegrityStatus [0] BOOL instruction description.
. Indicates the state of the module:S0.SFHomed controller output tag. See the controller-based SFX
Axis.SafeFeedbackHomedStatus [1 BOOL | instruction description.
ne Collection of bits indicating the Safety Fault status of the drive-module safety instances and integrated
Axis.AxisSafetyFaults 763 BOOL safety functions.
Axis.SafetyCoreFault [0] BOOL | Internal SSM fault. Cycle drive power to reset. If the fault reaccurs, replace the option module.
Axis.SafetyFeedbackFault [2] BOOL | Afeedback fault was detected.
. This bit indicates the fault status of the STO function (0 = no fault, 1= faulted). The cause of the fault is
Auds SafeTorqualffFault [3] BOOL recorded in P7[Device Config STO Fault Type].
The drive-based SS1function has detected a fault OR the controller-output tag module:S0.SSTFault is
Axis SSTFault 4] BooL | et Enters ‘Safe Stop 1(SS1) in the Axis Properties Faults and Alarms Log. Cleared by a Motion Axis Fault
’ Reset (MAFR). For Drive-based SS1Fault, see P10 [SST Fault Type] for more information. For controller-
based SS1, see the SSTinstruction description.
Set if the module:S0.SS2Fault controller output tag is set. Enters ‘Safe Stop 2 (SS2) in the Axis
Axis.SS2Fault [5] BOOL Properties Faults and Alarm Log. Cleared by a Motion Axis Fault Reset (MAFR). See the controller-based

SStinstruction description.
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Table 86 - Motion Connection Axis Tags (Continued)

HDAO Data
Axis Tag Name (motion controller) | Attribute Tvoe Description
or [bit] yp
Set if the module:S0.SOSFault controller output tag is set. Enters ‘Safe Operating Stop (SOS) in the Axis
Axis.SOSFault [6] BOOL Properties Faults and Alarms Log. Cleared by a Motion Axis Fault Reset (MAFR). See the controller-based
SOS instruction description.
Set when the drive-based SBC function has detected a fault or the controller-output tag
Axis. SBCFault 7] BOOL module:S0.SBCFault is set. Enters ‘Safe Brake Control (SBC) in the Axis Properties Faults and Alarms
) Log. Cleared by a Motion Axis Fault Reset (MAFR). For a drive-based SBC Fault, see P11 [SBC Fault Type]
for more information. For a controller-based SBC Fault, see the SBC instruction description.
Axis.SMTFault [8] BOOL | Reserved for future use. Always 0.
. Set if the module:S0.SSMFault controller output tag is set. Enters ‘Safe Speed Monitor (SSMY in the Axis
Axis.SSHFault [16] BOOL Properties Faults and Alarms Log. Cleared by a Motion Axis Fault Reset (MAFR).
Set if the module:S0.SLSFault controller output tag is set. Enters ‘Safe Limited Speed (SLS) in the Axis
Axis.SLSFault [17] BOOL | Properties Faults and Alarms Log. Cleared by a Motion Axis Fault Reset (MAFR). See the controller-based
SLS instruction description.
Axis.SLAFault [18] BOOL | Reserved for future use. Always 0.
Set if the module:S0.SDIFault controller output tag is set. Enters ‘Safely Limited Direction (SDI) in the
Axis.SDIFault [19] BOOL | Axis Properties Faults and Alarms Log. Cleared by a Motion Axis Fault Reset (MAFR). See the controller-
based SDI instruction description.
- Set if the module:S0.SCAFault controller output tag is set. Enters ‘Safe Cam (SCA) in P45 [SDI Fault]in
Axis.SCAFault [20] BOOL | tne Axis Properties Faults and Alarms Log. Cleared by a Motion Axis Fault Reset (MAFR).
Set if the module:S0.SLPFault controller output tag is set. Enters ‘Safely Limited Position (SLP) in P46
Axis.SLPFault [21] BOOL | [SLP Fault]in the Axis Properties Faults and Alarms Log. Cleared by a Motion Axis Fault Reset (MAFR).
See the controller-based SLP instruction description.
Axis.SafetyValidatorFault [30] BOOL | The Safety Validator Object has detected a fault.
Axis.SafetyUNIDFault [31] BOOL | The Safety Validator Object has detected a fault relating to the Unique Identifier number.
Axis.AxisSafetyFaultsRA 764 DINT Collection of bits indicating the safety fault status of Rockwell Automation safety functions.
Set if the module:S0.SFXFault controller output tag is set. Enters ‘SFX' in the Axis Properties Faults and
Axis.SFXFault [1] BOOL | Alarms Log. Cleared by a Motion Axis Fault Reset (MAFR). See the controller-based SFX instruction
description.
Axis.AxisSafetyAlarms 753 DINT Reserved for future use.

Out-of-Box State

184

This section describes the out-of-box state.

Recognize Out-of-Box State

You can determine if the drive is in the out-of-box state by using a diagnostic parameter or by
using the Logix Designer application.

IMPORTANT  Only authorized personnel can reset ownership. The safety
connection must be inhibited before the reset. If any active
connection is detected, the safety reset is rejected.

The safety control state can be read from P3 [Host Config Safety State] via the HIM or
Connected Components Workbench software. You can also use an MSG command in Logix
Designer application to read the Safety Supervisor Status.

If the state is ‘Waiting' (8), then the safety control is in the out-of-box state.
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Restore the Drive to Out-of-Box State

Use the Safety Reset [#14] Diagnostic Item (only online)

Before you can reset the drive to out-of-box state, the value of the Safety Reset [ #14]
diagnostic item must be ‘Ready’ (1) or the reset is not allowed. Set the Safety Reset [ #14]
diagnostic item to ‘Reset’ (2) by using a HIM or Connected Components Workbench software.

Reset the Drive by Using the Logix Designer Application

After the integrated safety connection configuration is applied to the PowerFlex® 755 drive at
least once, you can follow these steps to restore your PowerFlex 755 drive to the out-of-box
state while online.

1. Right-click the PowerFlex 755 drive you created, and choose Properties.

-5 1/0 Configuration
=-E91756 Backplane, 1756-A7
.. §01[0] 1756-L71S My_Safety_System
! g [1]1756-L75P My_Safety_System:Partner
& [ [2]1756-EN2T My_EN2T
. -5 Ethemet
o f) 1756-EN2T My_EN2T

- N0 ouverfiex 755-EENET My 755 Safety Drive

2. Click the Connection tab.

5 Module Properties: My_EN2T:0 (PowerFlex 755-EENET 13.002) (=% B =<=|
Cornection” | Safety | Moduls Info | Port Configurstion | Drive |

Requested Packet Interval BRI 100 2] g (6.0-5000)

( Inhibit Module
[T Major Fault On Cortroller f Connection Fails While in Run Mode

Use Unicast Connection over EtherNet/IP

Module Fault

Status: Running Ok | [ Cancal | [ Ay | [ Heb

3. Check Inhibit Module.
4, Click Apply.
5. Click the Safety Tab.
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Click Reset Ownership.
Click the Connection tab.

Clear the Inhibit Module checkbox.

Click Apply.
Click OK.
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Safety Function Validation Checklist

Use this appendix to validate your drive safety instructions. Each instruction has a checklist
with test commands and results to verify for normal operation and abnormal operation
scenarios.

Safe Stop 1 (SS]) Use this SSTinstruction checklist to verify normal operation and the abnormal operation
scenarios.

IMPORTANT  Perform I/0 verification and validation before validating your
safety ladder program. SFX instruction must be verified within
your application.

When possible, use immediate operands for instructions to
reduce the possibility of systematic errors in your ladder

program.
Instruction operands must be verified for your safety ladder
program.
Table 87 - SS1Instruction Checklist
Test Type Test Description Test Status

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine at the desired operating system speed.

Set up a trend with expected time scale and the following tags to graphically capture this information:
« SFX_Name.ActualSpeed

« SS1_Name.SpeedLimit

« SS1_Name.DecelerationRamp

+ SS1_Name.01

Normal Operation Initiate SS1demand.
Make sure that the instruction output SST_Name.01 turns off without generating a fault and that the drive initiates an STO

instruction.
« Verify that the STO instruction de-energizes the motor for a normal safe condition.

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify that the STO instruction remains de-energized for a normal safe condition
« Verify proper machine status and safety application program status

While the system is stopped with the SS1demand removed, initiate a Reset command of the STO and SS1instructions.
« Verify that the STO instruction remains de-energized
« Verify proper machine status and safety application program status
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Table 87 - SS1Instruction Checklist (Continued)

Test Type

Test Description

Test Status

Abnormal Operation 1

Change the actual motion deceleration rate within the motion task that is associated with this SS1function so that it is slower
than the calculated speed limit used by the SS1instruction.

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate machine at the desired operating system speed.

Set up a trend with expected time scale and the following tags to graphically capture this information:
« SFX_Name.ActualSpeed

« SS1_Name.SpeedLimit

+ SS1_Name.DecelerationRamp

+ SS1_Name.01

Initiate SS1demand.

Make sure that the instruction generates a deceleration fault and that the drive initiates an STO instruction.
« Verify that the STO instruction de-energizes the motor for a normal safe condition

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify that the STO instruction remains de-energized for a normal safe condition
« Verify proper machine status and safety application program status

While the system is stopped with the SS1demand removed, initiate a Reset command of the STO and SS1instructions.
« Verify that the STO instruction remains de-energized
« Verify proper machine status and safety application program status

Abnormal Operation 2

Change the mation deceleration rate within the motion task that is associated with this SS1 function so that the stop delay time
is exceeded without triggering a deceleration fault.

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate machine at desired operating system speed.

Set up a trend with expected time scale and the following tags to graphically capture this information:
« SFX_Name.ActualSpeed

« SS1_Name.SpeedLimit

+ SS1_Name.DecelerationRamp

+ SS1_Name.01

Initiate SS1demand.

Make sure that the instruction generates a maximum time fault and that the drive initiates an STO instruction.
« Verify that the STO instruction de-energizes the mator for a normal safe condition

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify that the STO instruction remains de-energized for a normal safe condition
« Verify proper machine status and safety application program status

While the system is stopped with the SS1demand removed, initiate a Reset command of the STO and SS1instructions.
« Verify that the STO instruction remains de-energized
« Verify proper machine status and safety application program status
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Safe Stop 2(SS2)

scenarios.

Use this SS2 instruction checklist to verify normal operation and the abnormal operation

IMPORTANT  Perform I/0 verification and validation before validating your

safety ladder program. SFX instruction must be verified within

your application.

When possible, use immediate operands for instructions to
reduce the possibility of systematic errors in your ladder
program.

Instruction operands must be verified for your safety ladder

program.

Table 88 - SS2 Instruction Checklist

Test Type

Test Description

Test Status

Normal Operation

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate machine at the desired operating system speed.

Set up a trend with expected time scale and the following tags to graphically capture this information:
« SFX_Name.ActualSpeed

+ §52_Name.SpeedLimit

« S$S2_Name.DecelerationRamp

+ $82_Name.ActualPosition

« §52_Name.StandstillSetPoint

« S$S2_Name.Output 1

Initiate SS2 demand.

Make sure that while the SS2 instruction is monitoring that the motor decelerates below the SS2_Name.SS2StandstillSpeed
setting and then maintains a speed below the $S2_Name.S0SStandstillSpeed (or for position mode, maintains the
$S2_Name.StandstillSetpoint without exceeding the SS2_Name.StandstillDeadband setting).

While the system is in standstill state and with the sensor subsystems in a safe state, remove the SS2 demand.
« Verify proper machine status and safety application program status.

Resume normal machine operation.
« Verify proper machine status and safety application program status.

Abnormal Operation 1

Change the actual motion deceleration rate within the motion task that is associated with this SS2 function so that it is slower
than the calculated speed limit used by the SS2 instruction.

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate machine at the desired operating system speed.

Set up a trend with expected time scale and the following tags to graphically capture this information:
» SFX_Name.ActualSpeed

« S$S2_Name.SpeedLimit

« SS2_Name.DecelerationRamp

« SS2_Name.ActualPosition

« 5$82_Name.StandstillSetPoint

« SS2_Name.Output 1

Initiate SS2 demand.

Make sure that the instruction generates a deceleration fault and that the drive initiates an STO instruction.
« Verify that the STO instruction de-energizes the motor for a normal safe condition

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify that the STO instruction remains de-energized for a normal safe condition
« Verify proper machine status and safety application program status

While the system is stopped with the SS1demand removed, initiate a Reset command of the STO and SS2 instructions.
« Verify that the STO instruction remains de-energized
« Verify proper machine status and safety application program status
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Table 88 - $S2 Instruction Checklist (Continued)

Test Type

Test Description

Test Status

Abnormal Operation 2

Change the motion deceleration rate within the motion task that is associated with this SS2 function so that the stop delay time
is exceeded without triggering a deceleration fault.

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate machine at desired operating system speed.

Set up a trend with expected time scale and the following tags to graphically capture this information:
« SFX_Name.ActualSpeed

« SS2_Name.SpeedLimit

+ §52_Name.DecelerationRamp

+ $S2_Name.ActualPosition

+ $$2_Name.StandstillSetPoint

+ §582_Name.Output 1

Initiate SS2 demand.

Make sure that the instruction generates a maximum time fault and that the drive initiates an STO instruction.
« Verify that the STO instruction de-energizes for a normal safe condition

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify that the STO instruction remains de-energized for a normal safe condition
« Verify proper machine status and safety application program status

While the system is stopped with the SS2 demand removed, initiate a Reset command of the STO and SS2 instructions.
« Verify that the STO instruction remains de-energized
« Verify proper machine status and safety application program status

Abnormal Operation 3

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine at maximum (normal) operating system speed.

Set up a trend with expected time scale and the following tags to graphically capture this information:
« SFX_Name.ActualSpeed

« §52_Name.SpeedLimit

« S$S2_Name.DecelerationRamp

+ $$2_Name.ActualPosition

« §52_Name.StandstillSetPoint

« S$S2_Name.Output 1

Initiate SS2 demand.

(Speed mode)
P Make sure that while the SS2 instruction is monitoring, the motor decelerates below the SS2_Name.SS2StandstillSpeed setting

and then maintains a speed below the SS2_Name.S0SStandstillSpeed.
While the system is in the standstill state, initiate a motion command that violates the standstill speed.
« Verify that standstill speed fault is generated and STO is initiated
« Verify that the STO instruction de-energizes for a normal safe condition
While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify that the STO instruction remains de-energized for a normal safe condition
« Verify proper machine status and safety application program status
While the system is stopped with the SS2 demand removed, initiate a Reset command of the STO and SS2 instructions.
« Verify that the STO instruction remains de-energized
« Verify proper machine status and safety application program status
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Table 88 - $S2 Instruction Checklist (Continued)

Test Type

Test Description

Test Status

Abnormal Operation 4
(Position mode)

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine at maximum (normal) operating system speed.

Set up a trend with expected time scale and the following tags to graphically capture this information:
« SFX_Name.ActualSpeed

« SS2_Name.SpeedLimit

« SS2_Name.DecelerationRamp

« SS2_Name.ActualPosition

+ §52_Name.StandstillSetPaint

« SS2_Name.Output 1

Initiate SS2 demand.

Make sure that while SS2 instruction is monitoring, the motor maintains the SS2_Name.StandstillSetPoint without exceeding the
$S2_Name.StandstillDeadband setting).

While the system is in the standstill state, initiate a motion command that violates the standstill deadband.
« Verify that standstill position fault is generated and STO is initiated
« Verify that the STO instruction de-energizes for a normal safe condition

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify that the STO instruction remains de-energized for a normal safe condition
« Verify proper machine status and safety application program status

While the system is stopped with the SS2 demand removed, initiate a Reset command of the STO and SS2 instructions.
« Verify that the STO instruction remains de-energized
« Verify proper machine status and safety application program status

Safe Operating Speed (SOS) Use this SOS instruction checklist to verify normal operation and the abnormal operation

scenarios.

IMPORTANT  Perform I/0 verification and validation before validating your

safety ladder program. SFX instruction must be verified within

your application.

When possible, use immediate operands for instructions to
reduce the possibility of systematic errors in your ladder
program.

Instruction operands must be verified for your safety ladder
program.

Table 89 - SOS Instruction Checklist

Test Type Test Description Test Status
Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status
Operate machine at the desired operating system speed.
Set up a trend with expected time scale and the following tags to graphically capture this information:
« SFX_Name.ActualSpeed
+ SFX_Name.ActualPosition
« S0S_Name.StandstillSpeed
Normal Operation + S0S_Name.StandstillDeadband
+ SO0S_Name.Output 1
Initiate SOS demand.
Make sure that while the SOS instruction maintains a speed below the SOS_Name.StandstillSpeed (or for position mode,
maintains position within the SOS_Name.StandstillDeadband setting).
While the system is in standstill state and with the sensor subsystems in a safe state, remove the SOS demand.
« Verify proper machine status and safety application program status
Resume normal machine operation.
« Verify proper machine status and safety application program status
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Table 89 - SOS Instruction Checklist (Continued)

Test Type

Test Description

Test Status

Abnormal Operation 1
(Speed mode)

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate machine at the desired operating system speed.

Set up a trend with expected time scale and the following tags to graphically capture this information:
« SFX_Name.ActualSpeed

+ SFX_Name.ActualPosition

« SOS_Name.StandstillSpeed

« S0S_Name.StandstillDeadband

« SO0S_Name.Output 1

Initiate SOS demand.

Make sure that the SOS instruction maintains a speed below the SOS_Name.StandstillSpeed.

While the system is in the standstill state, initiate a motion command that violates the SOS_Name.StandstillSpeed.
« Verify that the standstill speed fault is generated and that the STQ is initiated
« Verify that the STO instruction de-energizes for a normal safe condition

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify that the STO instruction remains de-energized for a normal safe condition
« Verify proper machine status and safety application program status

While the system is stopped with the SOS demand removed, initiate a Reset command of the STO and SOS instructions.

« Verify that the STO instruction remains de-energized
« Verify proper machine status and safety application program status

Abnormal Operation 2
(Position mode)

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine at maximum (normal) operating system speed.

Set up a trend with expected time scale and the following tags to graphically capture this information:
«» SFX_Name.ActualSpeed

+ SFX_Name.ActualPosition

« SOS_Name.StandstillSpeed

« S0S_Name.StandstillDeadband

« SO0S_Name.Output 1

Initiate SOS demand.

Make sure that the SOS instruction maintains position within the SOS_Name.StandstillDeadband setting.

While the system is in the standstill state, initiate a motion command that violates the SOS_Name.StandstillDeadband.
« Verify that standstill position fault is generated and STO is initiated
« Verify that the STO instruction de-energizes for a normal safe condition

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify that the STO instruction remains de-energized for a normal safe condition
« Verify proper machine status and safety application program status

While the system is stopped with the SOS demand removed, initiate a Reset command of the STO and SOS instructions.

« Verify that the STO instruction remains de-energized
« Verify proper machine status and safety application program status
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Safely-limited Speed (SLS)

scenarios.

Use this SLS instruction checklist to verify normal operation and the abnormal operation

IMPORTANT  Perform I/0 verification and validation before validating your

safety ladder program. SFX instruction must be verified within

your application.

When possible, use immediate operands for instructions to
reduce the possibility of systematic errors in your ladder

program.

Instruction operands must be verified for your safety ladder

program.

Table 90 - SLS Instruction Checklist

Test Type

Test Description

Test Status

Normal Operation

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine within the desired speed range.

Set up a trend with expected time scale and the following tags to graphically capture this information:
SFX_Name.ActualSpeed

SLS_Name.SLSLimit

SLS_Name.ActiveLimit

SLS_Name.Output 1

Initiate SLS demand.

Verify that the drive achieves the speed below the SLS_Name.ActiveLimit without asserting the SLS_Name.SLSLimit output.

While the system is in SLS monitoring state and with the sensor subsystems in a safe state, remove the SLS demand.
« Verify proper machine status and safety application program status

Resume normal machine operation.
« Verify proper machine status and safety application program status

Abnormal Operation 1

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine within the normal speed range.

Set up a trend with expected time scale and the following tags to graphically capture this information:
SFX_Name.ActualSpeed

SLS_Name.SLSLimit

SLS_Name.ActiveLimit

SLS_Name.Output 1

Initiate SLS demand.

Verify that the drive achieves the speed below the SLS_Name.ActiveLimit without asserting the SLS_Name.SLSLimit output.

While the system is in the SLS monitoring state, initiate a motion command that violates the SLS_Name.ActiveLimit.
« Verify that the SLS_Name.SLSLimit output is asserted and the programmed stop action is initiated

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify proper machine status and safety application program status

While the system is stopped, initiate a Reset command.
« Verify proper machine status and safety application program status
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Safely-limited Position Use this SLP instruction checklist to verify normal operation and the abnormal operation

(SLP)

scenarios.

IMPORTANT  Perform I/0 verification and validation before validating your
safety ladder program. SFX instruction must be verified within
your application.

When possible, use immediate operands for instructions to
reduce the possibility of systematic errors in your ladder

program.
Instruction operands must be verified for your safety ladder
program.

Table 91- SLP Instruction Checklist

Test Type Test Description Test Status

Normal Operation

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine within the desired position range.

Set up a trend with expected time scale and the following tags to graphically capture this information:
+ SFX_Name.ActualPosition

+ SLP_Name.SLPLimit

+ SLP_Name.PositiveTravelLimit

« SLP_Name.NegativeTravelLimit

+ SLP_Name.Output 1

Initiate SLP demand.

Verify that the drive achieves and maintains a position between the SLP_Name.PositiveTravelLimit and the
SLP_Name.NegativeTravelLimit without asserting the SLP_Name.SLPLimit output.

While the system is in SLP monitoring state and with the sensor subsystems in a safe state, remove the SLP demand.
« Verify proper machine status and safety application program status

Resume normal machine operation.
« Verify proper machine status and safety application program status

Abnormal Operation 1

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine within the desired position range.

Set up a trend with expected time scale and the following tags to graphically capture this information:
+ SFX_Name.ActualPosition

« SLP_Name.SLPLimit

+ SLP_Name.PositiveTravelLimit

« SLP_Name.NegativeTravelLimit

« SLP_Name.Output 1

Initiate SLP demand.

Verify that the drive achieves and maintains a position between the SLP_Name.PositiveTravelLimit and the
SLP_Name.NegativeTravelLimit without asserting the SLP_Name.SLPLimit output.

While the system is in the SLP monitoring state, initiate a motion command that violates the SLP_Name.PasitiveTravelLimit.
« Verify that SLP_Name.SLPLimit output is asserted and the programmed stop action is initiated

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify proper machine status and safety application program status

While the system is stopped, initiate a Reset command.
« Verify proper machine status and safety application program status
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Table 91 - SLP Instruction Checklist (Continued)

Test Type

Test Description

Test Status

Abnormal Operation 2

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine within the desired position range.

Set up a trend with expected time scale and the following tags to graphically capture this information:
« SFX_Name.ActualPosition

+ SLP_Name.SLPLimit

+ SLP_Name.PositiveTravelLimit

« SLP_Name.NegativeTravelLimit

« SLP_Name.Output 1

Initiate SLP demand.

Verify that the drive achieves and maintains a position between the SLP_Name.PositiveTravelLimit and the
SLP_Name.NegativeTravelLimit without asserting the SLP_Name.SLPLimit output.

While the system is in the SLP monitoring state, initiate a motion command that violates the SLP_Name.NegativeTravelLimit.

« Verify that SLP_Name.SLPLimit output is asserted and the programmed stop action is initiated

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify proper machine status and safety application program status

While the system is stopped, initiate a Reset command.
« Verify proper machine status and safety application program status

Safe Direction (SDI)

scenarios.

Use this SDI instruction checklist to verify normal operation and the abnormal operation

IMPORTANT  Perform I/0 verification and validation before validating your

safety ladder program. SFX instruction must be verified within

your application.

When possible, use immediate operands for instructions to

reduce the possibility of systematic errors in your ladder
program.

Instruction operands must be verified for your safety ladder

program.

Table 92 - SDI Instruction Checklist

Test Type

Test Description

Test Status

Normal Operation

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine within the desired operating range.

Set up a trend with expected time scale and the following tags to graphically capture this information:
+ SFX_Name.ActualPosition

+ SDI_Name.SDILimit

+ SDI_Name.PositionWindow

« SDI_Name.Output 1

Initiate SDI demand.

Verify that mation is in the intended direction and the SDI_Name.SDILimit output is not asserted.

While the system is in SDI monitoring state and with the sensor subsystems in a safe state, remove the SDI demand.
« Verify proper machine status and safety application program status

Resume normal machine operation.
« Verify proper machine status and safety application program status
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Table 92 - SDI Instruction Checklist (Continued)

Test Type

Test Description

Test Status

Abnormal Operation 1

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine within the desired operating range.

Set up a trend with expected time scale and the following tags to graphically capture this information:
« SFX_Name.ActualPosition

+ SDI_Name.SDILimit

+ SDI_Name.PositionWindow

« SDI_Name.Output 1

Initiate SDI demand.

Verify that motion is in the intended direction and the SDI_Name.SDILimit output is not asserted.

While the system is in the SDI monitoring state, initiate a motion command that violates the SDI_Name.PositionWindow in the
unintended direction.
« Verify that SDI_Name.SDILimit output is asserted and the programmed stop action is initiated

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify proper machine status and safety application program status

While the system is stopped, initiate a Reset command.
« Verify proper machine status and safety application program status

Safe Feedback Interface

(SFX)

scenarios.

Use this SFX instruction checklist to verify normal operation and the abnormal operation

IMPORTANT  Perform I/0 verification and validation before validating your

safety ladder program. SFX instruction must be verified within

your application.

When possible, use immediate operands for instructions to
reduce the possibility of systematic errors in your ladder
program.

Instruction operands must be verified for your safety ladder
program.

Table 93 - SFX Instruction Checklist

Test Type

Test Description

Test Status

Normal Scaling
Operation

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine within the normal operating range.

Set up a trend with the expected time scale and the following tags to graphically compare the motion position and speed from
the Main task to the scaled position and speed in the Safety task.

« Axis_Name.ActualPosition

« Axis_Name.ActualSpeed

+ SFX_Name.ActualPosition

+ SFX_Name.ActualSpeed

Verify that the standard and safety position and speed are correlated as expected.

Normal Homing

Initiate a Start command.

Initiate a Homing procedure.
« Verify that the Home Position in the SFX instruction is set

Set up a trend with the expected time scale and the following tags to graphically compare the motion position and speed from

Operation the Main task to the scaled position and speed in the Safety task.
« Axis_Name.ActualPosition
« SFX_Name.ActualPosition
Verify that the standard and safety position are correlated as expected.
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Table 93 - SFX Instruction Checklist (Continued)

Test Type

Test Description

Test Status

Abnormal Operation 1

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine within the normal operating range.

Set up a trend with the expected time scale and the following tags to graphically compare the motion position and speed from
the Main task to the scaled position and speed in the Safety task.

« Axis_Name.ActualPosition

« Axis_Name.ActualSpeed

« SFX_Name.ActualPosition

« SFX_Name.ActualSpeed

Verify that the standard and safety position and speed are correlated as expected.

Disconnect the feedback between the motor/encoder and drive.

Verify the generation of a Fault Type: 100 Feedback Invalid by checking Device_Name.SI.PrimaryFeedbackValid tag.

Verify that the system fault action takes place as configured.

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify proper machine status and safety application program status

While the system is stopped, initiate a Reset command.
« Verify proper machine status and safety application program status

Abnormal Operation 2

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Operate the machine within the normal operating range.

Set up a trend with the expected time scale and the following tags to graphically compare the motion position and speed from
the Main task to the scaled position and speed in the Safety task.

« Axis_Name.ActualPosition

« Axis_Name.ActualSpeed

« SFX_Name.ActualPosition

« SFX_Name.ActualSpeed

Verify that the standard and safety position and speed are correlated as expected.

Disconnect the Ethernet cable between the controller and the drive.

Verify the generation of a Fault Type: 101 Connection Fault by checking the Device_Name.Sl.ConnectionFaulted tag.

Verify that the system fault action takes place as configured

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify proper machine status and safety application program status

While the system is stopped, initiate a Reset command.
« Verify proper machine status and safety application program status
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Safe Brake Control (SBC) Use this SBC instruction checklist to verify normal operation and the abnormal operation

scenarios.

IMPORTANT  Perform I/0 verification and validation before validating your
safety ladder program.
When possible, use immediate operands for instructions to
reduce the possibility of systematic errors in your ladder

program.
Instruction operands must be verified for your safety ladder
program.
Table 94 - SBC Instruction Checklist
Test Type Test Description Test Status

Normal Operation

Verify that the brake feedback is properly wired to the input module as documented.

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Set up a trend with expected time scale and the following tags to graphically capture this information:
+ SBC_Name.BO1

+ SBC_Name.B02

« SBC_Name.TOR

« Device_Name.STOOutput

Initiate an SBC request and initiate the STO event.
« Verify expected coordination of the STO output initiation and the SBC_Name.BO1 and SBC_Name.B02 outputs
« Verify proper machine status and safety application program status

While the system is stopped, initiate a Start command.
« Verify that the system remains de-energized for a normal safe condition
« Verify proper machine status and safety application program status

While the system is stopped, initiate a Reset command.
« Verify that the system remains de-energized for a normal safe condition
« Verify proper machine status and safety application program status

Abnormal Operation

Verify that brake feedback is properly wired to the input module as documented.

Initiate a Start command.
« Verify that the machine is in a normal machine run condition
« Verify proper machine status and safety application program status

Initiate machine function to make sure that the brake is released.

Set up a trend with expected time scale and the following tags to graphically capture this information:
« SBC_Name.BO1

« SBC_Name.B02

+ SBC_Name.TOR

« Device_Name:STOOutput

Remave brake feedback wires from the input module.

« Verify that the appropriate diagnostic code is generated
« Verify that the brake output SBC_Name.BO1 and SBC_Name.B02 bits clear
« Verify the external brake engagement

While the system is stopped with the sensor subsystems in a safe state, initiate a Start command.
« Verify proper machine status and safety application program status

While the system is stopped, initiate a Reset command.
« Verify proper machine status and safety application program status
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Appendix B

Integrated Safety Functions

Option Module
Specifications

Specifications, Certifications, CE, and UKCA

Conformity

This appendix provides general specifications for the Integrated Safety Functions option

module.

These specifications apply to the Integrated Safety Functions option module. For additional
specifications, see these publications:

«  PowerFlex® 755 AC Drives Technical Data, publication 750-TD001
»  PowerFlex 750-Series Products with TotalFORCE® Control Technical Data, publication

750-1D100

Table 95 - General Specifications

Attribute

Value

Standards (when used with
PowerFlex 755 drives)

[EC 61800-5-2, EN 61800-5-1, EN 61800-3, EN IS0 13849-1, EN 62061,
EN 60204-1, IEC 61508

Safety ratings (when used
with PowerFlex 755 drives)

SIL 3 according to EN 62061/ IEC 61508
SIL CL 3 according to IEC 61800-5-2 / EN 62061/ IEC 61508
Cat. &4 and PL e according to EN IS0 13849-1

Standards (when used with

EN 61800-5-2, EN 61800-5-1, EN 61800-3, EN IS0 13849-1, EN 62061,

PowerFlex 755T drive

products) EN 60204-1, IEC 61508

Safety ratings (when used SIL 3 according to EN 62061/ IEC 61508

with PowerFlex 755T drive SIL CL 3 according to EN 61800-5-2 / EN 62061/ IEC 61508
products) Cat. 4 and PL e according to EN 1S0 13849-1

Power supply (user 1/0)

24V DC +10%, 0.8...1.1x rated voltage™ PELV or SELV

Conductor type

Multi-conductor shielded cable

Conductor size @

0.3..0.8 mm?(28...18 AWG)

Strip length

10 mm(0.39in.)

Recovery time (approximate
time before drive can start
after the torque enable
request is made)

Network STO mode: 100 ms

(1) Safety outputs need additional fuse for reverse voltage protection of the control circuit. Install a 6 A slow-blow or 10 A fast-

acting fuse.

(2) See the Industrial Automation Wiring and Grounding Guidelines, publication 1770-4.1.

Electrical Requirements

Table 96 - Safety Input Specifications

Attribute Value

Input type Current sinking
IEC 61131-2 (input type) Type 3

Voltage, on-state 1...30v DC
Voltage, off-state -3..5V DC
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Table 96 - Safety Input Specifications

Attribute Value
Current, on-state, minimum |2 mA
Current, off-state, maximum |1.5 mA

Input reaction time, maximum

<10 ms + set values of ON/OFF delays

Table 97 - Safety Output Specifications

Attribute Value

Output type Current sourcing
Output current 1A

Test pulse width 500 ps

Test pulse period 300 ms
Maximum field capacitance ~ |950 nF

Residual voltage, maximum [ 0.3V

Leakage current, maximum  |0.1mA

Output reaction time,
maximum

<10 ms + set values of ON/OFF delays

Short circuit protection

Yes

Table 98 - Test Output Specifications

Attribute Value

Output type Current sourcing
Output current 05A

Test pulse width 500 ps

Test pulse period 300 ms
Maximum field capacitance 100 nF

Residual voltage, maximum 0.3V

Leakage current, maximum 0.1mA

Short circuit protection Yes
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Environmental
Specifications

The installation must comply with all environmental, pollution degree, and drive enclosure
rating specifications required for the operating environment.

Table 99 -
Category Specification
Ambient temperature
Storage temperature For detailed information on environmental, pollution degree, and
Shock drive enclosure rating specifications, see the technical data
Operating ) publication for your drive.
Packaged for shipment « PowerFlex 750-Series AC Drives Technical Data,
Vibration publication 750-TD001
Operating . Power'FIex 750-Series Products with TotalFORCE Control
Packaged for shipment Technical Data,
Sinusoidal loose load publication 750-TD100
Random secured « PowerFlex 755TM IPOO Open Type Kits Technical Data,
publication 750-TD101
Surrounding environment « PowerFlex 755TS Products with TotalFORCE Control Technical

Data, publication 750-TD104

. en_csy)| Severity Level GX per ANSI/ISA 71.03-2013, airborne contaminants-gases.

Corrosive Atmosphere (20-750-84-XT)  goyerity fevel GX.is defined as up to 2100 angstroms of film growth per 30

+ ASTM B845-97 Method K days of copper of silver reactivity. Severity Level CX per IEC 60721-3-3:
Accelerated Test (30 day exposure) | oqjg, Chemically Active Substances.

« Plus additional Rockwell For the product to meet the corrosive atmosphere rating, these conditions
Automation proprietary must be met:
accelerated corrosion testing « The PowerFlex 755T product has the Corrosive Gas Prote3ction (XT)
protocol for specific industries option.

with sources of gaseous sulfur
compounds, including tire and
rubber.

« Protective covers must remain installed in unused connectors during
storage and operation.

« The product or kit must be stored in the original packaging.

ATTENTION: Failure to maintain the specified ambient temperature
can result in a failure of the safety function.

IMPORTANT Products with a safety function installed must be protected
against conductive contamination by one of the following
methods:

« Select a product with an enclosure type of at least IP54,
NEMA/UL Type 12

« Provide an environmentally controlled location for the product
that does not contain conductive contamination

Table 100 - Environmental Pollution Degree Description (EN 61800-5-1)

Surrounding Environment | Conductive Contamination Allowed by
Pollution Degree Pollution Degree

Pollution degree 1and 2 No possibility of conductive dust. All'enclosures are acceptable.

- . . Enclosure that meets or
Pollution degree 3 and 4 The possibility of conductive dust is exceeds IP54, NEMA/UL Type 12
allowed. is required.

Acceptable Enclosures
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Certifications

Certification (! | Value

cULus CM2) UL Listed, certified for US and Canada

CE

European Union and 2014/30/EU EMC Directive, compliant with:

EN 61800-3; PowerFlex 750-Series AC Drive, Emissions, and Immunity
European Union 2006/42/EC Machinery Directive:

EN IS0 13849-1; Safety Function

EN IS0 13849-2; Safety Function

EN 60204-1; Safety Function

EN 6206T; Safety Function

EN 61800-5-2; Safety Function

UKCA

UK Electromagnetic Compatibility Regulations (EMC) 2016 No. 1091, compliant with:
EN 61800-3; PowerFlex 750-Series AC Drive, Emissions, and Immunity
UK Supply of Machinery (Safety) Regulations (MD) 2008 No. 1597:
EN IS0 13849-1; Safety Function
EN IS0 13849-2; Safety Function
EN 60204-1; Safety Function
EN 6206T; Safety Function
EN 61800-5-2; Safety Function

C-Tick Australian Radiocommunications Act, compliant with:

EN 61800-3; categories C2 and C3

TOV Rheinland

Certified by TUV Rheinland for Functional Safety:
Up to SIL 3, according to EN 61800-5-2 and IEC 61508, and SIL CL3 according to
EN IEC 6206;
Up to Performance Level PLe and Category 4, according to EN SO 13849-1;
When used as described in this PowerFlex 755 Integrated Safety Functions User
Manual, publication 750-UM004.

(1
(2)

See the Product Certification link at rok.auto/certifications for Declarations of Conformity, Certificates, and other
certifications details.

Underwriters Laboratories Inc. has not evaluated the Integrated Safety Functions, or Safe Speed Monitor option
modules for functional safety.

CE conformity CE Declarations of Conformity are available online at: rok.auto/certifications.

The PowerFlex 755/755T Integrated Safety Functions Option Module (catalog number 20-750-

S4),

when installed and maintained in accordance with the instructions in this document, is in

conformity with the essential requirements of these directives:

2006/42/EC Machinery Directive
2014/30/EU EMC Directive

The following standards have been applied to demonstrate conformity.

Machinery Directive (2006/42/EC)

EN 1S0 13849-1 Safety of machinery - Safety related parts of control systems - Part 1:
General principles for design

EN 60204-1 Safety of machinery - Electrical equipment of machines - Part 1: General
requirements

EN 62061 Safety of machinery - Functional safety of safety-related electrical, electronic
and programmable electronic control systems

EN 61800-5-2 Adjustable speed electrical power drive systems - Part 5- 2: Safety
requirement - Functional

IEC 61508 Part 1...7 Functional safety of electrical/electronic/ programmable electronic
safety-related systems

EMC Directive (2014/30/EU)

EN 61800-3 - Adjustable speed electric power drive systems - Part 3: EMC requirements
and specific test methods
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UKCA Conformity

Waste Electrical and Electronic Equipment (WEEE)

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

UKCA Declarations of Conformity are available online at: rok.auto/certifications.

The PowerFlex 755/755T Integrated Safety Functions Option Module (catalog number 20-750-
S4), when installed and maintained in accordance with the instructions in this document, is in
conformity with the essential requirements of these directives:

« UK Supply of Machinery (Safety) Requlations (MD) 2008 No. 1597
« UK Electromagnetic Compatibility Regulations (EMC) 2016 No. 1091

The following standards have been applied to demonstrate conformity.

UK MD Regulations 2008 No. 1597
« EN IS0 13849-1 Safety of machinery - Safety related parts of control systems - Part 1:
General principles for design

»  EN 60204-1Safety of machinery - Electrical equipment of machines - Part 1: General
requirements

»  EN 62061 Safety of machinery - Functional safety of safety-related electrical, electronic
and programmable electronic control systems

» EN61800-5-2 Adjustable speed electrical power drive systems - Part 5- 2: Safety
requirement - Functional

» |EC 61508 Part 1...7 Functional safety of electrical/electronic/ programmable electronic
safety-related systems

UK EMC Regulations 2016 No. 1091

« EN61800-3 - Adjustable speed electric power drive systems - Part 3: EMC requirements
and specific test methods
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Notes:
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Safety Assembly Tags

Table 101 - Safety Input Assembly Tags

Safety 1/0 Assemblies and Safety Attributes

Controller axis tags are used by the motion controller motion task to read the status of safety
functions and coordinator motion. This appendix lists the motion controller tags that are
associated with the safety instances and with safety functions operating in the safety task of
the controller.

Safety attributes provide additional information not available through the tag structure.
Attributes are read using explicit messages.

IMPORTANT The controller axis tags and the safety attributes read by using
explicit messages must not be used in the operation of a safety
function.

Safety assembly tags are associated with a safety connection from a safety controller to a
drive module. The data in these tags are communicated at the configured connection rate.

Safety Input Assembly tags contain the data that is transferred from the drive to the
GuardLogix® using CIP Safety™ protocol over EtherNet/IP®. This is the network safety status
data. Safety Output Assembly tags contain the data that is transferred from the GuardLogix
controller to the drive option module using CIP Safety protocol over EtherNet/IP. This is the
network safety control data.

CIP Safety protocol over EtherNet/IP transfers data with integrity up to SIL 3 and PL e.

The Output and Input designations are relative to the GuardLogix
Q controller.

Safety Input Assembly Tag Name
(input to safety controller)

Type/[bit] | Description

module:Sl.ConnectionStatus SINT See the following descriptions of individual bits.

madule:SI.RunMode [0] Safety Connection 0= idle 1= Run

module:SI.ConnectionFaulted [1] Safety Connection 0=normal 1= Faulted
module:S|.FeedbackPosition DINT Primary Feedback Position from drive-module safety instance. Value is in feedback counts.
module:Sl.FeedbackVelocity REAL Primary Feedback Velocity from drive-module safety instance. Value is in revolutions/second.
module:Sl.SecondaryFeedbackPosition DINT Secondary Feedback Position from drive-module safety instance. Value is in position counts.
module:S|.SecondaryFeedbackVelocity REAL ggé:gggary Feedback Velocity from drive-module safety instance. Value is in revolutions/
module:S1.StopStatus SINT See the following descriptions of individual bits.

Indicates STO function status.
module:SI.STOActive [0] 0 = STO function not active (permit torque)

1= STO function active (disable torque)

module:SI.SBCActive

Safe Brake Control (SBC) function status
[1] 0 = Release Brake (So0 and Sol ON)
1= Engage Brake (So0 and So1 OFF)

Indicates drive-based SS1 active status.

module:S|.SS1Active [2] 0 = SS1 function not active
1=S§S1function active
module:SI.SS2Active [3] Always 0
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Safety 1/0 Assemblies and Safety Attributes

Table 101 - Safety Input Assembly Tags (Continued)

(nput to safety conrolier) Type/[hit] | Description
module:SI.S0SStandstill [4] Always 0
module:S|.SafetyFault [6] 1= Safe Stop Fault present
module:S|.RestartRequired [7] 1= Reset is required
module:S1.SafeStatus SINT See the following descriptions of individual bits.
module:S].TorqueDisabled (0] U_= Torque Permitted
1="Torque Disabled
module:S|.BrakeEngaged 1] 0_= Brake Released (So0 and So1ON)
1= Brake Engaged (So0 and Sol OFF)
module:Sl.MotionStatus SINT A collection of the following bits.
module:Sl.MotionPositive [3] 1="Feedback Velocity > Primary Feedback Standstill Speed
module:Sl.MotionNegative [4] 1="Feedback Velocity < Primary Feedback Standstill Speed
module:SI.FunctionSupport SINT See the following descriptions of individual bits.
module:S|.PrimaryFeedbackValid [0] ?:Ff’rg'nT;;yy;;;ddbb;;kkv";tug‘;gfv'gﬁ{fd or Faulted
module:SI.SecondaryFeedbackValid [1] See the following descriptions of individual bits.
module:Sl.DiscrepancyCheckingActive [2] 1="Feedback Velocity Discrepancy checking is active
module:31.3BCReady [3] ?:: [?rril\/\’ee—-bbaasseeddSSBB[ICffuunnccttilr?nnilsscnoogf?guunrfe;(chuarﬁttii ?eraf(?; Iftclle rd operation
module:Sl.SSIReady [4] ?:: IJDrrii/Vee-_bbaasSeedd383811ftjunnccttigjnn ifcnoogf?qounrfé?iuzarﬁg ?eraft?; |ftt?rd operation
module:SI.SS2Ready [5] Always 0
module:S|.SOSReady [6] Always 0
Module:SI.0utputStatus SINT See the following descriptions of individual bits.
Module:SI.0ut00Monitor [0] The readback value of Safety Output 0
Module:SI.0utO1Monitor [1] The readback value of Safety Qutput 0
Module:SI.0ut00Status [3] The status of Safety Output 1
Module:SI.0ut01Status [4] The status of Test output 0
Module:SI.Test00Status [5] The status of Test output 1
Module:Sl.InputStatus SINT See the following descriptions of individual bits.
Module:SI.In00Data [0] The value read from Safety Input 0
Module:SI.In01Data [1] The value read from Safety Input 1
Module:SI.In02Data [2] The value read from Safety Input 2
Module:SI.In03Data [3] The value read from Safety Input 3
Module:SI.In00Status [4] The status of safety input 0
Module:SI.In01Status [5] The status of safety input 1
Module:SI.In02Status [6] The status of safety input 2
Module:SI.In03Status [7 The status of safety input 3
Module:SI.I0Support SINT See the following descriptions of individual bits.
Module:SI.In00Valid [0] Safety Input 0 producing valid data
Module:SI.In01Valid [1] Safety Input 1 producing valid data
Module:SI.In02Valid [2] Safety Input 2 producing valid data
Module:SI.In03Valid [3] Safety Input 3 producing valid data
Module:SI.0ut00Ready [4] Safety Output 0 Ready
Module:Sl.Test01Ready [5] Safety Output 1 Ready
Module:SI.TestOOReady [6] Test Output 0 Ready
Module:Sl.TestO1Ready [7] Test Output 1 Ready
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Table 102 - Safety Output Assembly Tags

Safety Output Assembly Tag Name
(output to safety controller)

Type/[bit]

Description

module:S0.PassThruDataA[ instance]

DINT

32-bit data container holding general-purpose safety data passed from the safety
controller.

module:S0.PassThruDataB[ instance]

DINT

32-bit data container holding general-purpose safety data passed from the safety
controller.

module:SO0.PassThruStopStatus instance]

SINT

See the following descriptions of Safe Stop Function Status bits.

module:S0.SBCIntegrity[ instance]

(0]

Status of an external Safety Brake controlled by SBC function.
0= SBC fault. The brake status, released or engaged, is undetermined.
1= No faults detected.

module:S0.SBCActive[ instance]

(1l

Indicates that the SBC function is active and the sequence to set the Safety Brake
has started. This function is only available as a controller-based function.

0 = SBC Function is not Active

1=SBC Function is Active

module:S0.SBCBrakeEngaged[ instance]

(2]

Indicates that the External Safety Brake is engaged by the controller-based SBC
function.

0 = Brake is Engaged

1=Brake is Released

module:S0.SS1Active[ instance]

(3]

Indicates that the controller-based SS1 function is active.
0 =SS1Function is not Active
1=SS1Function is Active

module:S0.SS2Active[ instance]

(4]

Indicated that the controller-based SS2 function is active.
0 =SS2 Function is not Active
1=SS2 Function is Active

module:S0.S0SActive[ instance]

(5]

Indicates that the controller-based SOS function is active.
0 =S0S Function is not Active
1=S0S Function is Active

module:S0.50SStandstill[ instance]

(6]

Indicates that the controller-based SOS function has detected Standstill according
to the function configuration.

0 = Monitored axis is not at Standstill

1=Monitored axis is at Standstill

module:S0.PassThruSpeedLimitStatus| instance]

SINT

See the following descriptions of Limit Function Status bits.

module:S0.SLSActive[ instance]

(2]

Indicates that the controller-based SLS function is active.
0 = SLS Function is not active
1=SLS Function is active

module:S0.SLSLimit[ instance]

(3]

Indicates that the controller-based SLS function has detected the monitored axis
speed above the limit setpoint.

0 = axis is below setpoint speed

1= axis is greater than or equal to the setpoint speed

module:S0.SDIActive[ instance]

(6]

Indicates that the controller-based SDI function is active.
0 =SDI Function is not active
1=SDI Function is active

module:S0.SDILimit[ instance]

(7]

Indicates that the controller-based SDI function detected motion greater than the
limit in the unintended direction.

0 = Limit not reached

1= Unintended motion

module:S0.PassThruPositionLimitStatus[ instance]

SINT

See the following descriptions of individual bits, indicating the Monitoring Function
Limit status of controller-based functions.

module:S0.SLSActive[ instance]

(2]

Indicates that the controller-based SLS function is active.
0 = SLS Function is not active
1=SLS Function is active

module:S0.SLSLimit[ instance]

(3]

Indicates that the controller-based SLS function has detected the monitored axis
speed above the limit setpoint.

0 = axis is below setpoint speed

1=axis is greater than or equal to the setpoint speed

module:S0.SDIActive[ instance]

(6]

Indicates that the controller-based SDI function is active.
0 =SDI Function is not active
1= SDI Function is active

module:S0.SDILimit[ instance]

(7]

Indicates that the controller-based SDI function detected motion greater than the
limit in the unintended direction.

0 = Limit not reached

1= Unintended motion

module:S0.PassThruPositionLimitStatus[ instance]

SINT

See the following descriptions of individual bits, indicating the Monitoring Function
Limit status of controller-based functions.
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Table 102 - Safety Output Assembly Tags (Continued)

Safety Output Assembly Tag Name Type/[bit]

(output to safety controller) Description

Indicates that the controller-based SLP function is active.
module:S0.SLPActive[ instance] [2] 0 = SLP Function is not active
1=SLP Function is active

Indicates that the controller-based SLP function has detected the monitored axis
(3] position outside of the setpoint limits.

0 = axis position is within the limits
1= axis position is outside of the limits

module:S0.SLPLimit[ instance]

7] Status of the controller-based SFX position homing function.

module:S0.SFHomed[ instance] 1= SFX Homed

See the following descriptions of individual bits, indicating the Safety Fault status of

module:S0.PassThruStopFaults instance] SINT controller-based safety functions.
Indicates that a fault occurred with the controller-based SFX function.
module:S0.SFXFault[ instance] [0] 0 = Normal Operation
1= Fault
Indicates that a fault occurred with the controller-based SBC function.
module:S0.SBCFaultl instance] [1] 0 = Normal Operation
1=Fault
Indicates that a fault occurred with the controller-based SS1 function.
module:S0.SSTFaultl instance] [2] 0 = Normal Operation
1=Fault
Indicates that a fault occurred with the controller-based SS2 function.
module:S0.SS2Faultl instance] [3] 0 = Normal Operation
1=Fault
module:S0.S0SFaultl instance] [4] Not available, always 0.
module:S0.PassThruLimitFaults{instance] SINT See the following descriptions of individual bits, indicating the Safety Fault status of

controller-based safety functions.

Controller-based SLS fault.

module:S0.SLSFault] instance] [1] 0 = Normal Operation
1=Fault
Controller-based SDI fault.

module:S0.SDIFault] instance] [2] 0 = Normal Operation
1=TFault
Controller-based SLP fault.

module:SO0.SLPFault[instance] [4] 0 = Normal Operation
1=TFault

module:S0.SafetyStopFunctionslinstance] SINT fSl?r?ctt?gnst”OWing descriptions of individual bits used to activate (request) safety

] . 0 = Activate STO Function
module:S0.STOOutput instance] [0] 1= Permit Torque
module:S0.SBCOutput[ instance] [1] Drive-based function not available.

’ . 0 = Remove SS1Request
module:30.351Requestlnstance] [21 1= Activate Drive-based SS1 Function
module:S0.SS2Request[ instance] [3] Drive-based function not available.
module:S0.S0SRequest] instance] [4] Drive-based function not available.
module:S0.ResetRequest[ instance] [7] 0 — Ttransition resets drive-based Safe Stop function.

Module:S0.Safetyl0Commands SINT See the following descriptions of individual bits.
Module:S0.0ut000utput [0] Command Safety Output 0
Module:S0.0ut010utput [1] Command Safety Output 1
Module:S0.Test000utput [2] Command Test Output 0
Module:S0.Test010utput [3] Command Test Output 1
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Safety Feedback Attributes

Safety feedback attributes provide configuration and status information for safety feedback.

The module has two safety feedback instances. The safety feedback instances contain safety
feedback attributes and safety feedback configuration data. The following attributes can be

read.

Table 103 - Safety Feedback Instance Numbers

Safety Feedback Instance .
Number Safety Feedback Device
1 Primary Feedback
2 Secondary Feedback
Table 104 - Safety Feedback Attributes (Class 0x58)
Attribute ID . . -
Decimal (Hex) Attribute Name Attribute Description Values
. Determines the data type of feedback velocity and _ )
1(0x1) Velocity Data Type feedback acceleration and all related attributes. 1= REAL (hard-coded)
Feedback Counts
2(0x2) Feedback Position Actual position of the feedback device. Safety data with a safe value defined by Position Safe
State Behavior
Feedback Units/s
3(0x3) Feedback Velocity Actual velocity of the feedback device. Safety data with a safe value defined by Velocity Safe
State Behavior
. ) ' Feedback Units/s”
4 (0x4) Feedback Acceleration Actual acceleration of the feedback device. Safety data with a safety state of 0.
5(0x5) Feedback Mode Motion Feedback mode. ?::UNS%thsed (default)
. . 0= No Fault
8(0x8) Feedback Fault Status of this motion feedback channel. 1= Faulted
1=No Fault
2 = Config
3 =Max Speed
4 =Max Accel
5 = Sin™+Cos’
6 = Quadrature
7= Discrepancy
; 8 = Partner
9(0x9) Feedback Fault Reason Determines cause of the fault detected. 9 = Voltage
10 = SignalNoise
11 = Signal Lost
12 = Data Lost
13 = Device Fail
107 = Max Freq
108 = SinCos0ffset
109 = Pos Rollover
. . 0 to 1transition will reset a safety feedback fault once
10 (0xA) Reset Feedback Fault Resets a motion feedback fault (read/write access). the fault condition is removed
T1(0xB) Position Safe State Behavior Defines behavior for value reporting when faulted. |2 = Hold Last Value
13 (0xD) Velocity Safe State Behavior Defines behavior for value reporting when faulted. |0 = Use Velocity Safe State Value (default)
1 (0xE) Velocity Safe State Value Sglfl:aeVelocity Feedback and Acceleration Feedback Default = 0
16 (0x10) Feedback Unit Unit of measure for the feedback device. ?:P'T;\;Orlumn (default)
0 = Not Specified (default)
17(0xT) Feedback Type Identifies the type of feedback device 1= Digital Agb
P P ) 2 = Sine/Cosine
3 = Hiperface
Feedback polarity of Normal provides increasing
position values when the feedback device is moved
in position according to the encoder manufacture _
18(0x12) Feedback Polarity specifications. For feedback devices internal to ?;lﬂeéﬂsydefau't)
Allen-Bradley® motors, the Normal direction is
clockwise rotation of the shaft when facing the end
of the motor shaft.
This is the number of feedback cycles per revolution
19 (0x13) Feedback Cycle Resolution of the encoder. For a Sin/Cos encoder, this is the 0 = Default

number of sinusoidal cycles per revolution.
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Table 104 - Safety Feedback Attributes (Class 0x58) (Continued)

ﬁ:t;i'll:]":le(:&x) Attribute Name Attribute Description Values
This value is the number of feedback counts per Counts/Cycle
20 (0x14) Feedback Cycle interpolation feedback cycle. This value is always 4 for sin/cos or |Default =0
incremental encoders. 4 for Feedback Type=1/2/3
A moving average filter is applied to velocity that is
provided by the Motion Safety instance of the drive. |, _ . .
22 (0x16) Velocity Average Time This parameter specifies the window of time where ]0 Bgé%%b[lﬁsAveragmg (default)
the average is taken. Feedback velocity is provided |
as a REAL data type.
A moving average filter is applied to acceleration that
: . is provided by the safety feedback instance of the |0 = Disable Averaging (default)
23(0x17) | Acceleration Average Time | 4 iue Srhic'oarameter specifies the window of time |1..65565 ms
where the average is taken.
0 = Voltage Monitoring Not Performed
. Defines the expected range of encoder voltage 1=475V..515V
24(0x18) Feedback Voltage Monitor supply. 9 =TV 1V
3=M4V.226V
. Absolute maximum speed for this feedback device. |Feedback Units/s
26(0x14) Feedback Maximum Speed Exceeding this speed is a fault. 0 = Disable Max Speed Check (Default)
. .| Absolute maximum acceleration for this feedback  |Feedback Units/s"2
27(0x18) Feedback Maximum Acceleration device. Exceeding this acceleration is a fault. 0 = Disable Max Speed Check (Default)
. - . . . 0 = No Positive Motion
31(0x1F) Motion Positive Indicates positive motion. 1= Positive Motion
. . . . . 0 = No Negative Motion
32(0x20) Motion Negative Indicates negative motion. 1= Negative Motion
Defines what maximum magnitude of Feedback
: Velocity is considered standstill. Feedback Velocity | Feedback Units/s
33(0x21) Standstill Speed above standstill will set either Motion Negative or  |(Default of 0)

Motion Positive to 1.

Safe Stop Function
Attributes

Safe-stop function attributes provide configuration and status information for safety

feedback.

The module has one safe stop function instance. Safe-stop function attributes provide status
and configuration data. All attributes can be read using explicit messages. Attributes that can
be written are indicated in the table. Configuration attributes can be read but cannot be

written using an explicit message.

Table 105 - Safe Stop Function Attributes (Class 0x5A)

Attribute ID . . -
Decimal (Hex) Attribute Name Attribute Description Values
10 (0xA) Safety Reset Reset all safety functions. 0 to 1transition required to reset
11(0xB) Restart Type Selects safety function restart behavior while operating. ?;Aﬁgﬂtic
Selects safety function restart behavior when applying controller power |0 = Manual
12{0xC) Cold Start Type or mode change to Run. 1= Automatic
Instance 1D of a Safety Feedback instance to provide position, velocity, | _
20 (0x14) Safety Feedback Instance | W% o vion data used by safe stop functions. 0 = No feedback (default)
21(0x15) Safety Feedback Fault Copy of feedback status from the Safety Feedback instance. ?;’iﬂﬁgﬂ“
. . . . 0 = No Fault
30 (0x1E) Safety Function Fault Logical OR of all Fault attributes that reference this instance. 1= Faulted
. . s 0= No Fault
31(0x1F) Safety Stop Fault Logical OR of all Stop Fault attributes in this instance. 1= Faulted
32(0x20)  |Safety Limit Fault Logical OR of all Lt Fault atributes that reference this instance. |y >0t Supported
33(0x21) Safety Limit Active Logical OR of all Limit Active attributes that reference this instance. El;Lh:r?\iliiPLj;ctions Supported
- . - . 0 = Restart Not Required
34(0x22) Restart Required A stop function has been activated and Restart Type is Manual. 1= Restart Required
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Table 105 - Safe Stop Function Attributes (Class 0x5A) (Continued)

Attribute ID
Decimal (Hex)

Attribute Name

Attribute Description

Values

40 (0x28)

Safety Stop Status

Collection of Safety Stop Status bits:

Bit:

0 = Safety Function Fault
1=Safety Reset Request
2 = Restart Required

3 =ST0 Active

4 =Torque Disabled

5 =SBC Active

6 = Brake Engaged
7=SS1Active

8 = SS2 Active

9=S0S Active

10 = SOS Standstill
11'=SMT Active

12 = SMT QVertemp

41(0x29)

Safety Stop Faults

Collection of Safety Stop Fault bits:

Bit:

2 = Feedback Fault
3 =ST0 Fault

4 =SS Fault

5 =852 Fault

6 = SOS Fault
7=SBC Fault

8 = SMT Fault

50(0x32)

Connection Loss Action

Safety Output Connection is lost (or closed) and optional Connection
Loss Action is Set to STO (default).

0= ST0 (default)
1=881

51(0x33)

Connection Idle Action

Safety Output Connection’s Run/Idle bit transitions from Run to Idle and

Optional Connection Idle Action is Set to STO (default).

0= STO (default)
1=3581

101(0x65)

STO Delay

Specify delay time from STO Active to Torque Disabled. This delay allows

the time for an external brake to engage before torque disabled.

Delay in milliseconds
Default=0

T10 (0xBE)

SBC Ready

Safe Break Control safety function is supported, configured, and ready
for operation.

0 = Not Ready
SBC Function Not Supported

11 (0x6F)

SS1Ready

Safe Stop 1safety function is supported, configured, and ready for
operation.

0 = Not Ready
1=Ready

112 (0x70)

S$S2 Ready

Safe Stop 2 safety function is configured and ready for activation.

0 = Not Ready
SS2 Function Not Supported

T3 (0x71)

SOS Ready

Safe Operating Stop safety function is configured and ready for
activation.

0 = Not Ready
SOS Function Not Supported

114 (0x72)

SMT Ready

Safe Motor Temperature safety function is configured and ready for
activation.

0 = Not Ready
SMT Function Not Supported

260 (0x104)

STO Mode

Safe Torque Off mode.

1=Used
2 = Permit Torque

261(0x105)

STO Output

Enables or disables energy to the motor that can generate torque (or
force if linear motor).

0 = Disable Torque
1= Permit Torque
Safety data with a safety state of 0.

262 (0x108)

STO Active

Output of STO Activation block.

0 = Permit Torque
1= Disable Torque

263(0x107)

STO Fault

Safe Torque Off fault.

0=No Fault
1= Faulted

264 (0x108)

STO Fault Type

Detailed information about a fault.

1=No Fault

2 = Invalid Configuration

3 = Circuit Error

4 = Stuck At Low

5 = Stuck At High

6 = Cross Connection

102 = Hard-wired STO Input Discrepancy
104 = Hard-wired STO Input Active in
Network Safety

265 (0x109)

STO Activation

Bit string showing status of all inputs to the STO Activation block.

Bit:

0 = STO Output Active
1=SS1Complete

2 = Safety Stop Fault

3 = Safety Limit Fault
4 = Safety Limit Action
5 = Connection Loss

6 = Connection Idle

266 (0x10A)

Torque Disabled

Status of Safe Torque Off.

0 = Torque Permitted
1="Torque Disabled
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Table 105 - Safe Stop Function Attributes (Class 0x5A) (Continued)

Attribute ID
Decimal (Hex)

Attribute Name

Attribute Description

Values

280 (0xT8)

SS1 Mode

Safe Stop 1mode.

0 = Not Used
1=Timed SS1(default)
2 =Monitored SS1

281(0xM9)

SS1Request

Select Safe Stop 1request.

0= No Request
1=Request

282 (0xT1A)

SS1Active

Safe Stop 1function active.

0= Not Active
1= Active

283 (0x11B)

SS1 Fault

Safe Stop 1fault.

0=No Fault
1=Faulted

284(0x1C)

SS1Fault Type

Describes detailed information about the Fault.

1=No Fault

2 =Invalid Configuration

3 = Deceleration Rate

4 =Maximum Time

100 = STO Request during SS1
101=SS1Request while Feedback not valid

285 (0xT1D)

SS1Max Stop Time

Allowed time to stop.

0...65535 milliseconds
Default=0

286 (OxTIE)

SS1 Standstill Speed

Defines the speed below which mation is considered stopped.

Feedback Units / s
Default =0

287(0x1F)

SS1Stop Monitor Delay

Delay before deceleration is monitored.

0...65535 milliseconds
Default=0

288(0x120)

SS1Decel Ref Rate

Minimum rate of deceleration while stopping.

Feedback Units / s*
0 = No Decel Check (default)

289 (0x121)

SS1 Activation

The source of the SS1 activation.

Bit:

0 = SSTRequest

0 = SS1Request
1=Safe Limit Active
2 = Connection Loss
3 = Connection Idle

290 (0x122)

SS1Decel Rev Tolerance

Defines the speed tolerance that is applied to the deceleration ramp
check. This attribute is optional in the implementation.

Feedback Units/sZ
Default=0

291(0x123)

SS1Ext Max Stop Time

Allowed time to stop with extended range to support possibility of long
stop times. This attribute is optional in the implementation.

0...4294967296 ms
Default=0

292 (0x124)

SS1Max Stop Time Source

Selects which Max Stop Time attribute determines the allowed time to
stop. Must be supported if optional SS1Ext Max Stop Time is supported.

0 = Max Stop Time
1=Ext Max Stop Time

303 (0x12F)

SS2 Fault

Safe Stop 2 fault.

0=No Fault
1= Faulted

304(0x130)

SS2 Fault Type

Detailed information about a fault.

1=No Fault
2 = Invalid Configuration
352 Function Not Supported

323 (0x143)

SOS Fault

Safe Operating Stop fault.

0 =No Fault
1= Faulted

324 (0x144)

SOS Fault Type

Detailed information about a fault.

1=No Fault
2 = Invalid Configuration
SOS Function Not Supported

341(0x155)

SMT Fault

Safe Motor Temperature fault.

0 =No Fault
1= Faulted

342 (0x156)

SMT Fault Type

Detailed information about a fault.

1=No Fault
2 =Invalid Configuration
SMT Function Not Supported

360 (0x168)

SBC Mode

Safe Brake Control Mode.

0 = Not Used (default)
1=Used, No Test Pulses
2 = Used, with Test Pulses

361(0x169)

SBC Output

Commanded state of the SBC Outputs.

0 = Engage Brake (default)
1=Release Brake Permit

362 (0x16A)

SBC Active

Indicates that the brake is currently engaged, and can be released.

0 =SBC Not Active
1=SBC Active

363 (0x16B)

SBC Fault

Safe Brake Control fault.

0=No Fault
1= Faulted

364 (0x16C)

SBC Fault Type

Detailed information about a fault.

1=No Fault
2 = Invalid Configuration
SBC Function Not Supported

212

Rockwell Automation Publication 750-UM005G-EN-P - July 2023



Appendix

C Safety 1/0 Assemblies and Safety Attributes

Table 105 - Safe Stop Function Attributes (Class 0x5A) (Continued)

ﬁ:t;iill:]":le(:&x) Attribute Name Attribute Description Values
0= SBC Output Active
365(0x16D) | SBC Activation Indicates the sources of SBC activation. ;z%g%;t'sﬁp Fault
3 = Safety Limit Fault
366 (0xI6E) | SBC Brake Engaged Indicates the state of the signals controlling the SBC Output. ?jBBrfkkeeERneg'ggzzd
367 (0x16F) SBC Output Monitor Value |Read back value of the safety outputs. 10 :: BBrr;,akkeeEDne;gr;serz?iized
I R e 1 T
369(0x171) |STO to SBC Delay ‘é"e“tsvlgmfﬁm‘éaéfjaifgd':rfjtbg‘;fe aetrt]ggé‘;z.“’“ﬁg“res atime delay o g pelay (default)
Explicit Messages Use explicit messages to communicate with a drive and obtain additional fault, status, or

configuration information that is not available in the Safety I/0 Tag structure. Attribute data is

useful for additional diagnostic information.

IMPORTANT  Explicit messages must not be used for any safety related

function.

Example: Read SS1 Fault Type

In the drive module, the connection to the safety instance or instances is controlled by a
safety supervisor. The supervisor status can be read by the motion controller through the
motion connection and the safety controller through the Safety Input Assembly or by an

explicit message.
Table 106 - Safe Stop 1Fault Type: MSG

Parameter Value |Description
Service Code | OxOE Get attribute single
Safety Stop Functions

Class 0x5A Object

Instance 1

Attribute 0x1C SS1Fault Type

Data Type USINT  |Unsigned short integer
Read_Meszage .0 MEG

Message Control S51_Faut_M3G [L.]
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Message Configuration - 551_Fault_MSG

Configuration | Eommunicationl Tag I

Message Type: I CIP Generic j

?ervice IGet Attribute Single j Source Element: I:
ype:
Source Lemath: I 0 3: (Bykes)

Serwice .
e [= (Hexj Classi [5a | (Hex) Destination 51 Fauk_Type =
lnsta.-.ce;|1 Aftribute: Illc (Heac Element: Mew Tag |

) Enable ) Enable Waiting » Start ) Done Dohe Length: 0
) Enrar Code: Extended Error Code: [ Timed Oute
Eror Path: PF755_S4_cm_saf_only. 1.6

Errar Text:

ak. I Cancel | Apply | Help

The 20-750-S4 option is accessed by a MSG command using CIP ‘Bridging and Routing'. To
access the S4, the routing information has to be manually appended to the Path in the MSG
configuration. This means appending ', 1, <port>" where ‘" indicates that the message is routed
across the PF755 backplane and <port> is the number of the backplane port where the 20-
750-S4 option is installed. This can be port 4, 5, or 6. In CIP Mation applications the 20-750-S4

must be installed in port 6.

Message Configuration - Message_00

" Corfiguration  Communication | Tag I

o
& Path: |PF?55_54_cm_sar_ow Browse... |

PF755_54 cm_saf_only, 1.6

= Broadcast: I & l

Caommunicatior i ethod

& 0P DHe Channel IIA' j' Destinatior Link: IU 3:
) CIF it Source Link: ID 3: Destination Mode: IU 3: [Diztal]

|

Source |0
[ Connected = | Cache Conrections. 4 ™| Large Connection
) Enable ) Enable Waiting » Start ® Done Dione Length: 1
) Enrar Code: Extended Error Code: [ Tired Outés
Eror Path: PF755_S4_cm_saf_only. 1.6
Errar Text:

ak. I Cancel Apply Help
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Parameter Data

This appendix provides a description of the device parameters and host config parameters.

Parameters and Settings in  This section describes the status parameters and their values in numerical order.

a Linear List

Device Parameters

You are not able to create datalinks to these Device parameters. If you need to read them, you
could use a message instruction.

Table 107 - Device Config Parameters

Display Name
No. [Full Name Values Description Data Type
Description
Indicates whether the safety option
p " module has an owner.
Owned" (0) 1= owned
0 = not owned
Indicated whether the safety option
module has a configuration other than
“Configured" (1) out-of-hox.
1=configured
0 = out of box configuration
Identity Status If set (1), the safety option module has
1 Describes the status of | Min Rec FIt"(8) detected a minor recoverable fault. The | pwoRD
the module. device does not enter a faulted state.
If set (1), the safety option module has
“Min Unr Flt" (9) detected a minor unrecoverable fault.
The device does not enter a faulted state.
If set (1), the safety option module has
“Maj Rec Flt" (10) detected a major recoverable fault and is
in the major recoverable fault state.
If set (1), the safety option module has
“Maj Unr Fit" (T1) detected a major unrecoverable fault is in
the major unrecoverable fault state.
“Self Test” (0) A self test is in progress.
“FW Update” (1) A firmware update is in progress.
"0 Faulted" (2) At least one I/0 connection is faulted.
Extended Status “No 10 Conect” (3) No I/0 connections are established.
Detailed description of |“Config Err” (4) Non-volatile configuration is bad.
2 the module status — g m - : USINT
based on Identity State. Major FIt"(5) A major fault has occurred.
p p At least one I/0 connection is in Run
10 In Run”(6) mode.
p p At least one I/0 connection is in Idle
10 In Idle” (7) mode.

Rockwell Automation Publication 750-UM005G-EN-P - July 2023 215



Appendix D

Parameter Data

216

Table 107 - Device Config Parameters (Continued)

Display Name
No. [Full Name Values Description Data Type
Description
“Invalid” (0) The device is without power.
“Self Test" (1) The device is executing self tests.
p " The device has incorrect or incomplete
Standby”(2) configuration.
Identity State . o The device is currently operating in
3 State of the module. | ‘Operational” (3) normal fashion. Y operafing USINT
Mo p The device has experienced a fault that is
Maj Rec FIt" (4) recoverable. P
M p Device has encountered a fault that is
Maj Unr Fit”(5) unrecoverable.
4 Max Data Age _ Holds the largest data age detected in 128 UINT
Maximum data age ps increments.
Cons Fit Count o
. The number of faults detected in this
5 Consumer connection |- - UINT
fault count hour from the consumer connection.
Prod Fit Count g
. The number of faults detected in this
6 gﬁﬂuccoeurnctonnectlon - hour from the producer connection. UINT
“No Fault” (1) STO functions are not faulted.
“Circuit Err" (3) Internal STO circuitry error.
" " Internal STO Health and/or Power input
STO Fault Type Swek Low'(4) | 4t ow, ’
Indicates the current -
T |ST0fault typeof the  |"Spyck High" (5) Interl??][ sgn Health and/or Power input ~ |USINT
module. stuck high.
“Discrepancy” (102) Hardwired input discrepancy.
"Mode Conflict” (104) Ir-lnaorg;vired input is detected in Network
“No Fault” (1) yuongz:?[!;?elng reported by the Safe Stop 1
"Config” (2) ;rl}\:]iltiidogonfiguration of Safe Stop 1
S$S1Fault Type -
10 The fault reported by “Decel Rate’ (3) Acceleration less than Decel Reference  |BYTE
the Safe Stop 1function. Rate (Monitored SS1).
“Maximum Time" (4) {&ﬁg;ﬁsrtg;ggt{)ll Speed at Max Stop Time
“Fdbk Invalid” (101) A fault is present in the encoder.
, p No fault is reported by the Safe Brake
No Fault” (1) Control function.
“Config” (2) Enovr?tl:gl.conflguratmn of the Safe Brake
" " Current exceeded maximum on an output
OverCurrent” (3 .
SBC Fault Type (3) controlling the Safety Brake.
The fault reported by~ |.. " An output controlling the Safety Brake is
n the Safe Brake Control Stuck Low” (4) stuck low. BYTE
function.

“Stuck High” (5)

An output controlling the Safety Brake is
stuck high.

“Cross Conn” (6)

The outputs controlling the Safety Brake
are cross-connected.

“Relay Fail"(7)

A relay of the outputs controlling the
Safety Brake has failed.
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Table 107 - Device Config Parameters (Continued)

Display Name
No. [Full Name Values Description Data Type
Description
“In0 Value” (0) The value read from Input 0.
“In1 Value” (1) The value read from Input 1.
Safety 10 Values In2 Value” (2) The value read from Input 2.

| Thevalues being read “In3 Value”(3) The value read from Input 3. BYTE
frqn]tinput and output | Tst0 Value” (4) The value of test output 0.
points. “Tstl Value” (5) The value of test output 1.

“0ut0 Value” (6) The value of output 0.
“Out1 Value” (7) The value of output 1.
“In0 Status” (0) The status of input 0.
“In1 Status” (1) The status of input 1.
“In2 Status” (2) The status of input 2.
Safety 10 Status “In3 Status" (3 The status of input 3.

13 |Thestatus of the input |- (3 P BYTE

and output points. Tst0 Status” (4) The status of test output 0.
“Tst1 Status” (5) The status of test output 1.
“Out0 Status” (6) The status of output 0.
"Out1 Status” (7) The status of output 1.

Input Alarm Index

The number of the input

instance whose alarm

L type will be displayed in BYTE
parameter 15 - (Input
Alarm).

“No Alarm” (0) No alarm reported by the input instance.
“Config’ (1) The input instance’s configuration is
invalid.
Input Alarm — -
The alarm being “Ext Circuit” (2) External Pulse Test has failed.

15 |reported by the input  |nt Circuit (3) Internal Pulse Test has failed. BYTE
instance specified in The Dual Channel funct g thi
parameter 14 - (Input “Discrepancy” (4) The Dual Channel function controlling this
Alarm Indx). instance is reporting an alarm.

The Dual Channel function controlling this
“Dual Ch" (5) instance has detected a fault in the other
channel.
Output Alarm Index
The number of the
output instance whose
16 alarm type will be BYTE
displayed in parameter
17 - (Output Alarm).
“No Alarm” (0) No alarm reported by the output instance.
P The output instance's configuration is
Config” (1) invalid.
“OverCurrent" (2) Current exceeded maximum on the
output.

“ShortCircuit” (3) The output is stuck low.

Output Alarm - - -

The alarm being “Stuck High” (4) The output is stuck high.

reported by the output The Dual Channel function controlling this

17 |instance specified in | “partner Err” (5) instance has detected a fault in the BYTE

parameter 16 - (Qutput associated output instance.
Alarm Indx) Read back signal error during an
Relay Err” (6) expected high state.
“Relay Fail"(7) The output relay has failed.
" " The output values of the associated dual
Dual Ch(8) channel instance are not the same.
" " The outputs of the associated dual
Cross Conn”(9) channel instance are cross-connected.
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Table 107 - Device Config Parameters (Continued)
Display Name
No. |Full Name Values Description Data Type
Description
Encl Position
The position count
20 being reported by the DWORD
primary encoder.
Enc1 Velocity
Primary encoder
velocity in units/s. The
2 units of this value are of REAL
the type reported by
parameter 24 - (En1
Unit).
Encl Accel
Primary encoder
acceleration in units/s”
22 The units of this value REAL
are of the type reported
by parameter 24 - (En1
Unit).
“No Fault” (1) No fault reported by the primary encoder.
“Config” (2) The encoder's configuration is invalid.
" " The encoder speed has exceeded the
Max Speed” (3) configured maximum speed.
p " The encoder acceleration has exceeded
Max Accel” (4) the configured maximum acceleration.
Qi 2 o i The encoder has failed the vector length
Sin“+Cos™ (5) or aspect ratio checks.
p " The encoder has exceeded the maximum
Ouadrature’ (6) number of quadrature signal errors.
e p The associated dual channel feedback
Discrepancy”(7) instance has reported a discrepancy.
The associated dual channel feedback
“Partner” (8) instance has detected a fault in the other
Enc1 Fault Type encoder.
The fault type being
| raparted by the primary “oltage” (9 The encoder voltage supply has gone out | BYTE
encoder. of the configured range.
oy - The encoder signals have noise that is
SignalNoise” (10) preventing operation.
“Signal Lost” (11) The encoder signals are not present.
" ” Stopped receiving data from a Digital
Data Lost" (12) Encoder.
“Device Fail" (13) The encoder device has failed.
The frequency of the encoder has
“Max Freq” (107) exceeded the maximum level for this
product.
Qs " The offset of the Sine/Cosine signal from
SinCosOffset’(108) ground is outside the required level.
The encoder position count has exceeded
"Pos Rollover” (109) the maximum value that can be
represented in this product.
Enc1 Unit " - Encoder units are represented in terms of
Primary encoder Revolution’ (0) revolutions.
2 feedback units (sct by Encoder units are represented in terms of BITE
safety configuration). |~ d
y g b |"Meter” (1) meters.
Enc? Position
The position count
50 being reported by the DWORD
secondary encoder.
218 Rockwell Automation Publication 750-UM005G-EN-P - July 2023



Appendix D Parameter Data

Table 107 - Device Config Parameters (Continued)

Display Name
No. |Full Name Values Description Data Type
Description
Enc2 Velocity
Secondary encoder
velocity in Units/s. The
J units of this value are of REAL
the type reported by
P34 [Enc2 Unit].
Enc2 Accel
Secondary encoder ,
acceleration in units/s".
52 The units of this value REAL
are of the type reported
by P34 [Enc2 Unit].
" " No fault reported by the secondary
No Fault” (1) encoder.
“Config" (2) The encoder's configuration is invalid.
u " The encoder speed has exceeded the
Max Speed” (3) configured maximum speed.
p " The encoder acceleration has exceeded
Max Accel” (4) the configured maximum acceleration.
Qi 2, The encoder has failed the vector length
Sin‘+Cos™ (6) or aspect ratio checks.
p " The encoder has exceeded the maximum
Quadrature” (6) number of quadrature signal errors.
. p The associated dual channel feedback
Discrepancy” (7) instance has reported a discrepancy.
The associated dual channel feedback
Enc2 Fault Type “Partner” (8) instance has detected a fault in the other
33| The fault type being encoder. BYTE
reported by the "oltage” (9) The encoder voltage supply has gone out
secondary encoder. 9 of the configured range.
oy - The encoder signals have noise that is
SignalNoise” (10) preventing operation.
“Signal Lost" (11) The encoder signals are not present.
p p Stopped receiving data from a Digital
Data Lost" (12) Encoder.
“Device Fail" (13) The encoder device has failed.
The frequency of the encoder has
“Max Freq” (107) exceeded the maximum level for this
product.
e " The offset of the Sine/Cosine signal from
SinCos0ffset” (108) ground is outside the required level.
The encoder position count has exceeded
"Pos Rollover” (109) the maximum value that can be
represented in this product.

Enc? Unit “Revolution” (0 Encoder units are represented in terms of
3, | Secondary encoder 0 revolutions. BYTE
feedback units (set by “Meter” (1) Encoder units are represented in terms of

safety configuration). | T1eter meters.

Rockwell Automation Publication 750-UM005G-EN-P - July 2023 219



Appendix D Parameter Data

Host Config Parameters

These parameters are part of the host configuration parameters. Host Parameters 3...9
provide status of the safety functions. These parameters can be data linked to the controller
input assembly to provide the fastest possible update of safety status to the controller. In
Integrated Motion operation, these parameters are sent to the motion controller as part of the
Motion Connection Axis Tags.

Host Parameters T1...14 configure how the PowerFlex® 755 drive reacts to a change in the
status of the safety functions. These configuration parameters are net part of the ‘Safety’
configuration, they are part of the PowerFlex 755 drive configuration.

Table 108 - Host Config Parameters

Display Name
No. |Full Name Values
Description

Read-Write
Data Type

1 Reserved

2 Reserved

Safety State

Provides information on the state of the safety connection and the mode of operation.
“Testing" (1) - The safety option module is in self-test

“Idle” (2) - No active connections (networked)

"Test FIt" (3) - Indicates a fault has occurred during testing of the safety module
“Executing” (&) - Normal running state (networked)

"Abort" (5) - Safety module is in a recoverable fault state

“Critical FIt" (6) - A critical fault has occurred

“Configuring” (7) - Transition state (networked)

“Waiting” (8) - Out-of-Box state (hardwired)

"Wait w Trq" (51) - Out-of-Box state (hardwired)

“Exec w Trq" (52) - STO Bypass state (networked)

RO {DWORD
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Table 108 - Host Config Parameters (Continued)
Display N £ 3
isplay Name £ =3
No. |FullName Values = &
Description g §
4 Safety Status
Indicates status of the safety functions.
3 - g |z S L8 o8|z
"’%gg2.9ga_angﬂwzwuuuwwmgmmggﬁ>§c)g’):
Options |3 |2 |B|E|E|E|B E|E |2 Eg’é%é% 2|2 22%?‘8%5 SEEEEESE
clclP =S |s= =SS =SS|=22ISIg5l55so=a=s=RE=a<s 2T
SIEILSISISITEsalZIRLH5 5888880 % B2 85
O (O N[N NN = |0 [N [NV N[NNI IL O O O (N N[N N[ [L 0D WV (L0 (LN
Default 0 0 0 0 0 0 O Oj0|0O|00OIWOYWOTIGOTIGO]IEOCIO|O|0|0|00I0IOIW0I GO] Q]|
Bit 31 30 29 2827 26 25 24123 22 71 2019 18 17 6 15 % 13 12Mm 109 8|7 6 5 43 210
Bit 0 “Safety Fault” - Indicates the existence of a safety fault, where 0 = no fault and 1= faulted.
Bit 1“Safety Reset” - A transition from 0 to 1 resets the safety function.
Bit 2 "Restart Req" - Indicates whether a manual restart is required following a stop function, where 0 = restart not required and 1= restart
required.
Bit 3 “STO Active” - Indicates whether STO control is active, where 0 = Not Active (Permit Torque) and 1= Active (Disable Torque).
Bit 4 “Trq Disabled” - Displays the status of STO control, where 0 = Torque Permitted and 1= Torque Disabled.
Bit 5 “SBC Active” - Indicates whether the Safe Brake Control function is active, where 0 = Not Active and 1= Active.
Bit 6 “Brak Engage” - Indicates whether the Safe Brake Control function has engaged the brake, where 0 = Brake Released and 1= Brake Engaged.
Bit 7SS1 Active” - Indicates whether the Safe Stop 1function is active, where 0 = Not Active and 1= Active.
Bit 8 “SS2 Active” - Indicates whether the Safe Stop 2 function is active, where 0 = Not Active and 1= Active.
RO |BOOL[32]

Bit 9 "SOS Active” - Indicates whether the Safe Operating Stop function is active, where 0 = Not Active and 1= Active.

Bit 10 “SOS StndStil" - Indicates whether the Safe Operating Stop function is comparing the actual feedback value to the set point, where
0 = Not comparing and 1= Comparing.

Bit 11“SMT Active” - Reserved for future use. Always 0.

Bit 12 “SMT Ovr Temp" - Reserved for future use. Always 0.

Bit 16 “SSM Active” - Indicates if the Safe Speed Monitoring function is active, where 0 = Not Active and 1= Active.

Bit 17 “SSM Limit” - Indicates the status of the Safe Speed Monitoring function, where 0 = Speed is below limit and 1= Speed is above limit.
Bit 18 “SLS Active” - Indicates if the Safely Limited Speed function is active , where 0 = Not Active and 1= Active.

Bit 19 “SLS Limit” - Indicates if the speed exceeds the SLS limit, where 0 = Speed within limit and 1= Speed exceeds limit.

Bit 20 “SLA Active” - Reserved for future use. Always 0.

Bit 21 “SLA Limit" - Reserved for future use. Always 0.
Bit 22 "SDI Active” - Indicates if the Safe Direction function is active, where 0 = Not Active and 1= Active.
Bit 23 "SDI Limit” - Indicates if the Safe Direction function has detected movement in the prohibited direction, where 0 = Direction 0K and

1=Prohibited Direction.

Bit 24 "Pos Motion” - The feedback device indicates a positive position value.

Bit 25 “Neg Motion” - The feedback device indicates a negative position value.

Bit 26 “SCA Active” - The Safe Cam function is active.

Bit 27 “SCA Status” - The Safe Cam function has detected a motor shaft position outside the specified range.

Bit 28 “SLP Active” - The Safety Limited Position function is active.
Bit 29 "SLP Status” - The Safely Limited Position function has detected a position outside the specified range

Bit 30 “Conn Closed" - No active connection of an output assembly from the safety controller exists.

Bit 31“Conn Idle” - An active output assembly connection exists but the safety controller is in Program mode.
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Table 108 - Host Config Parameters (Continued)

(-]
Display Name £ a
No. |FullName Values = &
Description S £
(- [—]
5 Safety Faults
Indicates what type of safety fault has occurred.
owios S EEEEEEEEE S S SSEEEEEERES RS 55 58
==l g n n ol ldl=I<wn =T n n Bl nDEDnN|— Ol
S =g 3 angEEeEEEeR 538852 8&
Default 0 0 0 0 0 0|00 0 00|00 I0WOCIHOT W I IIOWOIHOIW0IWOIHOII|0OIWOI.G0
Bit 31 3029 28127 26 25 2423 22 21 2019 18 17 1615 14 13 12 M 109 87 6 5 43 2 1 0
Bit 1“Core Fault” - The module has detected an unrecoverable fault.
Bit 2 “Fdbk Fault” - A fault is present in a safety feedback device.
Bit 3 “STO Fault” - Indicates the fault status of the STO function, where 0 = No Fault and 1= Faulted. The cause of the fault is recorded in device
P7[STO Fault Type]. RO |BOOL[32]
[Bit 43881 Fault”]— Indicates the fault status of the SS1function, where 0 = No Fault and 1= Faulted. The cause of the fault is recorded in device P1
SS1Fault Type].
Bit 5“SS2 Fault” - Indicates the fault status of the SS2 function, where 0 = No Fault and 1= Faulted.
Bit 6 “SOS Fault” - Indicates the fault status of the SOS function, where 0 = No Fault and 1= Faulted.
Bit 7“SMT Fault” - Indicates the fault status of the SBC function, where 0 = No Fault and 1= Faulted. Reserved for future use.
Bit 8 “SBC Fault” - Indicates the fault status of the SMT function, where 0 = No Fault and 1= Faulted.
Bit 16 “SSM Fault” - Reserved for future use. Always 0.
Bit 17 “SLS Fault” - Indicates the fault status of the SLS function, where 0 = No Fault and 1= Faulted.
Bit 18 “SLA Fault” - Reserved for future use. Always 0.
Bit 19 “SDI Fault” - Indicates the fault status of the SDI function, where 0 = No Fault and 1= Faulted.
Bit 20 "SCA Fault” - Indicates the fault status of the SCA function, where 0 = No Fault and 1= Faulted.
Bit 21 “SLP Fault” - Indicates the fault status of the SLP function, where 0 = No fault 1= Faulted.
Bit 30 “VAL Fault” - The Safety Validator Object has detected a fault.
Bit 31 “UNID Fault” - The Safety Validator Object has detected a fault relating to the Unique Identifier number.
6 Safe Status Mfg
Indicates status of the manufacturer specific safety functions.
“Brak Intgrty” (0) - Indicates that the brake controlled by the Safe Brake Control function has integrity. RO |[BOOL[32]
“Fdbk Homed" (1) - Indicates the that Safety Feedback homing has been completed and the Safety Feedback position is tracking from a known
reference position.
7 Safe Faults Mfg
Indicates status of the safety functions.
otions |2 2 EEEEEEEEEEEEEEEEEEEEEEEEEEE R
TS 18822282 2282822822822822822822238282232838:zx3
Default 0 0 0 0O 0 0|00 0 0|00 W01 I0WOCIHOT I IOWOI HOIW0IWOIHOII|0OIW0I]
Bit 31 3029 28127 26 25 2423 22 21 2019 18 177 1615 %4 13 12 M 09 87 6 5 &3 2 10
Bit 1“SFX Fault” - The Safety Feedback Interface Add On Instruction has experienced a fault.
8 Safety DataA ] Default: 0
/éo3r]2t-rt[1]||}edrata container holding general purpose safety-data passed from the safety Min/Max: | -2147483648 | T147483647 RO |DWORD
9 Safety DataB ) ) Default: 0
ﬁozrgt-rgll}e(rj'ata container holding general purpose safety-data passed from the safety Min/Max:  |-2147483648 / 2147483647 RO |DWORD
10  |Reserved RO |USINT
1" STO Actn Src Default: 0 - Drive
Determines whether the drive or the controller initiates a stop when the Safety Status STO Options: 0 - Drive RW  [DWORD
Active bit is set. This does not apply when an SSTor SS2 action initiates the STO function. ptions: 1- Controller
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Table 108 - Host Config Parameters (Continued)
Display N £ 3
isplay Name £ =
No. |FullName Values = &
Description S £
(- [=]
12 0 - Coast
0 - Coast
1- Ramp
STO Stp Actn Default: 2 - Ramp to hold RW |oworD
Selects a stop mode to initiate when the Safety Status STO Active bit is set. Options: 3 - DC Brake
4 - DCBrkAutaOff
5 - Current Lmt
6 - Fast Brake
13 $81/8S2 Actn Src Default: 0 - Drive
Determines whether the drive or the controller initiates a stop when the Safety Status SS1 Options: 0 - Drive RW | DWORD
Active bit or the Safety Status SS2 Active bit is set. ptions: 1- Controller
14 0 - Coast
0 - Coast
1- Ramp To Hold
$S1Stp Actn Default: 2 - Ramp RW |DwoRrD
Selects a stop mode to initiate when the Safety Status SS1Active bit is set. Options: 3 - DC Brake
4 - DCBrkAutoOff
5 - Current Lmt
6 - Fast Brake
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Notes:
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Appendix E

History of Changes

This appendix contains the new or updated information for each revision of this
publication. These lists include substantive updates only and are not intended to reflect all
changes. Translated versions are not always available for each revision.

750-UM0O05B-EN-P, September 2019

Change
Added additional frame sizes to the PFD and PFH for PowerFlex 755T Drive Products STO and Timed SS1table
Revised the Safety Reaction Time table

Updated the information about encoder diagnostics to indicate that they do not provide a safety rated safety
function

Updated the Important information table to reflect Drive Safety instructions and GLX controller

Added additional information about using the 20-750-ENETR Dual-port EtherNet/IP™ option module with the
PowerFlex 755/755T Integrated Safety Functions option module

Added additional details to the description of the Primary and Secondary Feedback features

Updated the Safety Feedback Configuration Attributes table to clarify which attributes do not provide a safety-
rated safety function

Revised the Safety Fault Names table

Updated the P4 [Safety Status] table, the P5 [Safety Faults] table, the Motion Connection Axis Tags table, and the
Host Config Parameters table to clarify which items are reserved for future use

750-UMO05C-EN-P, February 2021

Change
Added attention statement regarding ambient temperature to Environmental Specifications in Appendix B.

750-UM005D-EN-P, December 2021

Change

Added catalog number 20-750-S4-XT to preface.

Updated the Supported Encoders section and table to better describe the achievable system safety ratings.
Added Corrosive Atmosphere (20-750-S4-XT) information row to the specifications table.

750-UMOOSE-EN-P, April 2022

Change
Updated name of PFD to PFD .
Added PowerFlex 755TS drive to Conventions.

Added PowerFlex 755TS Products with TotalFORCE Control Installation Instructions, publication 750-INTIS to
Additional Resources table.

Added PowerFlex 755TS to Compatible Drives section.

Added PFDavg and PFH for PowerFlex 755TS Drives table to PFDavg and PFH Data section.
Added PowerFlex 755TS to Safety Reaction Time table in Safety Reaction Time section.
Updated the Supported Encoders section.

Added PowerFlex 755TS Drive Products Jumper Locations Frames 1...7 figure to the Set the SAFETY and Hardware
ENABLE Jumpers section.

Added History of Changes Appendix
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750-UMOOSF-EN-P, October 2022

Change

Changed to IEC 62061 to EN 62061

Added UKCA to heading

Added UKCA to certifications table

Added UKCA conformity section

750-UM005G-EN-P, July 2023

Change

Updated configuration steps for the hardware enable and safety enable jumpers.
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Index

Numerics

20-750-8 14
20-750-81 14
20-750-83 14

A

actions category 134
ADC 99
additional resources 12
assembly tag
input 205
output 207
attribute
feedback 209
automatic device configuration. See ADC
axis tag 159

C

certification

TUV Rheinland 83
checklist. See validation checklist
CIP messaging 43, 51
circuit error 42, 51
cold start type 135
Compact GuardLogix 5380 controller 15, 83,

127,133, 148, 155

compatible drive 14
complementary mode 38
configuration

error 42, 50

ownership 112, 115, 148
configure

action 134

discrepancy checking 139

general 129

module

definition 130

motion safety instance 132

primary feedback 136

safety connection 131

safety input 132

safety output 132

scaling 138

secondary feedback 138

STO 140
configure always feature 149
connection

idle 60

idle action 59, 135

loss 60

loss action 59, 135

reaction time limit 134
continuous mode 17
controller-based

instruction 83
cosine diagnostic 23
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cycle

interpolation 136
resolution 136

diagnostic 178

cosine 23

encoder 21

hiperface 23
digital AqB encoder 23

discrepancy 144

checking 139
error 42
testing 18
time 143
documentation

additional resources 12
DPI parameter 43, 51

drive replacement 115

integrated safety 115
drive safety instruction 83

drive safety instructions

adding instruction 84
example 84
homing 90
pass-through data 87
SFXinstruction 88
tab 84

DS1171

DS2 171,172
DS3 171,172
DS& 171,172
dual channel

discrepancy error 51

error 42

mode 45, 46, 47, 145
dual feedback 19

configuration 13
monitoring 18, 131, 138, 139
dual velocity check 139

duplicate device number 115

E

effective resolution 136

electronic keying 97, 130

encoder diagnostic 21

encoder input frequency diagnestic 22
environmental pollution degree 201
equivalent mode 37

explicit message 160

external pulse test 33

external pulse tests 33

F

failure analysis 24
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Index

228

falling edge
reset 115
signal 115
fault 176
actions 134
code 211178
message 178
name 173
recovery 43, 52
safety core 174
SS1175
$S2, S0S, SBC, SLS, SLP, SDI 176
STO 174
feedback
attribute 209
resolution 139
firmware revision 11

G

gate firing circuit 13

general 129

GuardLogix 5580 controller 15, 83, 91, 127, 133,
148, 155

hardware enable jumper 29
hazard prevention 16

high demand mode 17
hiperface diagnostic 23
homing 90

IGBT 13
failure 14
input
assembly tag 40, 41, 48, 49, 50, 54, 55, 205
latch error time 34
input valid (safety) 41
integrated
STO bypass 150
STO mode
drive replacement 115
STO state reset 177
ISA TR-84 19

J

jumper location
Powerflex 755 drive 27
PowerFlex 755T drive product 27
jumper setting 25

K

kit catalog number
dual incremental encoder module (20-750-
DENC-1) 29
EMC Core (20-750-EMCSSM1-F8) 30
universal feedback module (20-750-UFB-1)
29
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L

latch error time 46, 47
LED
module status 171
motion output status 172
network status 172
Logix Designer application 92, 129, 151, 154, 172

Logix5000 113
low demand mode 17

M
mapping
safety tag 112
maximum

acceleration 137
diagnostic 22
encoder input frequency diagnostic 22
speed 137
speed limit diagnostic 22
mean time to failure spurious 19
mechanical
brake 16
force
back pressure 14
suspended load 14
mission time 17
module
definition 130
status 171
monitored $S1 69, 141

definition 10
motion

and safety connection 158
connection 158
connection axis tag 159
output status 171
safety instance 132, 156, 157
task 155, 157

motion direct command

STO bypass 150
warning message 151
MSG command 184

network delay multiplier 134
network status 171

no test pulse mode 74

not used 74, 144, 145

off state 14

off-delay function 44

on-delay function 44

one shot falling instruction. See 0SF
instruction

OSF instruction 115

out-of-box state

restore 185
verify 184



Index

output

assembly tag 53, 57, 61, 66, 73, 75
output assembly tag 207

output monitor value 49

P

diagnostic parameter

safety state 179

safety status 179

safety fault 180
parameter

host 220
partner channel error 51

pass-through data 87, 115, 159

and integrated motion 87
in standard 1/0 mode 85
PFD 17,18, 19

PowerFlex 755 drive 17
PowerFlex 755T drive product 18
PFH 17,18, 19

definition 10

PowerFlex 755 drive 17

PowerFlex 755T drive product 18
polarity 137

pollution degree 201
port 131
position 139

deadband 140
unit 139
power supply output 144
mode 53
primary
encoder 157
feedback 136, 138
probability of dangerous failure per hour. See

PFH
probability of failure on demand. See PFD
product compatibility and download center 11
proof

test interval 17
testing 15
pulse test output 144

ratio 140

redundant channel safety device 36
release note 11

replace 148

PowerFlex 755 drive
on an integrated safety network 115
requested packet interval. See RPI

reset ownership 112
resolution unit 136
response time 45

restart type 135

risk assessment 15, 16, 25
RPI1 100, 132, 133, 134
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S

Safe Break Control. See SBC

safe direction instruction. See SDI
safe operating speed. See S0S
safe stop function

See also SS1, SS2
safe stopping action source 146

safe torque off. See STO

safeguarding devices 16

safely-limited position instruction. See SLP
safely-limited speed. See SLS

safety

analysis 25
brake 80
category 199
connection 131, 159
control state 184
core fault 174
DevicelD 115
digital output 44, 52
enable jumper 30
fault 171
feedback 176
feedback fault 176
function 156, 157
safety input 33
function operation 113
function testing 25
input 33, 132
input alarm 42
input alarm recovery 43
input assembly tag 58
input status 40
input valid 41
input value 41
network number
edit 148
output 132
output alarm 50
output assembly tag 57
output data 48
output ready 49
output status 48
output with test pulse 44
performance level 15
rating 15, 20
reset 185
routine 112
signature 15
supervisor
state 160, 174
status 184
supervisor state 174
system requirement 15
tag 112
tag mapping 112
tags 112
task 155, 157
SAFETY BRD FAULT 178

safety feedback interface instruction. See SFX
safety network number. See SNN
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SBC 73, 106, 175, 198
activated by STO 76
activation 73
control mode 74
fault 80, 176
operation 75
reset 73
validation checklist 198

scaling 138
SFX 88

SDI 195
fault 176
validation checklist 195

secondary
encoder 157
feedback 138

SFX 88, 157, 196
instruction 88
scaling 88
validation checklist 196

short circuit 33

signal offset diagnostic 24

sine diagnostic 23

single channel mode 45, 145

single feedback 19
configurations 13
monitoring 18, 131, 139

SLP 194
fault 176
validation checklist 194

SLS 193
example 84
fault 176
validation checklist 193

SNN 15, 96, 115, 147, 148, 149

S0S 191
fault 176
validation checklist 191

spurious trip rate 19

$81 66, 113, 114, 141, 156, 175, 187
activation 66
fault 175
reset 67
safety fault 71
stopping action and source 68
validation checklist 187

SS1-r
definition 10

SS1-t
definition 10

$S2 189
fault 176
validation checklist 189

standard data
in a safety routine 113
in a safety tag 113

standard input 144
operation 39

standard output 144
mode 53

standard tag 112

standstill speed 137, 141
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status
attributes 178
indicators 171
LED
module status (DS1) 171
motion output status (DS3) 172
network status (DS2) 172
STO 61,102, 140
action 146
action source 146
activates SBC 76, 143
delay 62, 63
fault 66, 174
operation 63
reset 62
state reset 177
stopping action 65
source 65
to SBC Delay 143
STO fault message 178
Circuit Err(3) 174
Stuck High(5) 174
Stuck Low(4) 174
stop
category 16
016
116
category 1156
category 2 16
stored energy 14
suspended load 16
synchronize action 112
system

safety considerations 15

T

tap mode 14
test output 144
mode 53
ready 55
status b4
test pulse 44, 45
test pulses 145
test pulses mode 74
time 139, 140
timed
SS168, 141
SS1definition 10
timeout multiplier 134

type 143

units 136
used

as standard input 144
no test pulse mode 74
test pulses mode 74
with test output 144
with test pulses 145
without pulse test 145
without test output 144
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v

validation checklist 187, 189, 191, 193, 194, 195,
196, 198

velocity average time 137

velocity deadband 140

voltage monitor 137

w

Wait w Trq 184

waiting 184

warning icon 154
wiring 25

with test output 144
without test output 144
without test pulse 145

Z

zero crossing detection diagnostic 24
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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 E]u;ﬁhlaylsccess and download technical specifications, installation instructions, and user rok.auto/techdocs
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
(pcbc) release notes. tok.auto/peds

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)

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.

Allen-Bradley, Connected Components Workbench, CompactLogix, ControlLogix, DeviceLogix, DPI, expanding human possibility, Integrated Architecture, Guard 1/0, GuardLogix, Logix 5000,
PowerFlex, QuickView, Rockwell Automation, Studio 5000, Studio 5000 Logix Designer, and TotalFORCE are trademarks of Rockwell Automation, Inc.

CIP Mation, CIP Safety, and EtherNet/IP are trademarks of ODVA, Inc.
Trademarks not belonging to Rockwell Automation are property of their respective companies.
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