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Important User Information

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

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

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

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

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

liability for actual use based on the examples and diagrams.

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

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

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

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

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

> D>

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

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

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

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

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

B> > >
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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 the Integrated Safety Functions
option module (catalog number 20-750-54).

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

o Chapter 6 is specific to Standard I/O mode and can be skipped if you are

using Integrated Motion mode.

o Chapter 7 is specific to Integrated Motion mode and can be skipped if
you are using Standard I/O 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
PFD and PFH Data on page 21).

This manual lists 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 Identity 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.

Rockwell Automation Publication 750-UMO05A-EN-P - October 2018 9
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Throughout this manual, the PowerFlex 755TL low harmonic drives,
PowerFlex 755TR regenerative drives, PowerFlex 755TM drive systems are
also referred to as PowerFlex 755T drive products.

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

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 SS1 and Safe Stop 1 time-controlled (S51-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
i . the motor.
St Safe Stop 1 time-controlled «Safe Stop 1 time-controlled (S51-t) is according to IEC 61800-5-2.
Monitored SS1 Monitored Safe Stop 1 Monitored SS1and Safe Stop 1 ramp-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 reached
: o or the maximum stop-time elapses, torque is removed from the motor.
S Safe Stop 1 ramp-monitored « Safe Stop 1 ramp-monitored (SS1-r) is according to [EC 61800-5-2.
1002 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 and
CAT (ategory 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 ISO 13849-1).
a 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 [EC 62061).
ar™ 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 Fault Tolerance that two faults are required before safety is lost.
HIM Human Interface Module A module that is used to configure a device.
- . L 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.
- _ N The International Organization for Standardization is an international standard-setting body that is
150 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-
y 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-
yop activated.
The component of the electro-sensitive protective equipment (ESPE) connected to the control system
0SSD Output Signal Switching Device of a machine. When the sensing device is actuated during normal operation, the device responds b
g g g 9 y
going to the OFF-state.
PELV Protective Extra Low Voltage An electrical system where the voltage cannot exceed ELV under normal conditions, and under single-

fault conditions, except earth faults in other circuits.

10
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Table 1 - Abbreviations and Definitions (continued)

Abbreviation Full Term Definition
System for control, protection, or monitoring based on one or more programmable electronic devices,
PES Programmable Electronic Systems 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.
PFD Probability of Dangerous Failure on Demand The average probability of a system to fail to perform its design function on demand.
PFH Average Frequency of a Dangerous Failure per hour | The average frequency of a system to have a dangerous failure per hour.
PL Performance Level EN S0 13849-1 safety rating
In permanent magnet (PM) motors, magnets mounted on or embedded in the rotor, couple with the
PM Permanent Magnet current-induced internal magnetic fields of the motor generated by electrical input to the stator.
SBC Safe Brake Control Controls safety discrete outputs that actuate a brake. Sets timing between brake and Safe Torque Off.
DI Safe Direction monitprs position of a motor to detect movement of more than a defined amount in the unintended
irection.
- A secondary circuit that is designed and protected so that, under normal and single fault conditions, its
SELV Safety Extra Low Voltage Circuit 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 :Y‘n(:intismrs the position of a motor to ensure that the positon does not deviate above or below defined
SLs Safely-Limited Speed \l)/;?ﬂétors the speed of a motor and sets the SLS Limit output if the speed exceeds the Active Limit input
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.
’ Monitors the speed or position of a motor to ensure that the deviation from standstill speed or position
505 Safe Operating Stop is not more than a defined amount.
Safe stop where the motor speed is decelerated to zero and once the maximum stop-time elapses,
. torque is removed from the motor.
1- Saf 1Ramp Monit
S afe Stop 1 Ramp Monitored Safe Stop 1 ramp-monitored (SS1-r) is according to IEC 61800-5-2 and is Stop Category 1, as defined in
IEC 60204
Safe stop where the motor speed is reduced to standstill within deceleration limits and once standstill
61t Safe Ston 1 Time Controlled speed is reached or the maximum stop-time elapses, torque is removed from the motor.
P Safe Stop 1 time-controlled (SS1-t) is according to IEC 61800-5-2 and is Stop Category 1, as defined in
IEC 60204
The Safe Torque Off (STO) function is used to help prevent unexpected motor rotation during an
sT0 Safe Torque Off emergency while the drive remains connected to the power supply. When STO is activated, the torque

power cannot reach the drive, which stops and prevents any motor shaft rotation.
Safe Torque Off (STO) is according to IEC 61800-5-2 and is Stop Category 0 as defined in [EC 60204.
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Product Firmware and Product firmware and release notes are available online within the Product
Release Notes Compatibility and Download Center.

1. From the Search bar on http://www.ab.com, choose Compatibility and

Downloads.

(o]o] iy,
Search E (o]} a M Q
Product Compatibility Literature Knowledgebase

Configuration & Downloads Library Support

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, assaociated software, drivers, tools and utilities.

products that support a feature, Perform a Global Search & More...

What's New... Get Notified on Product Updates & Lifecycle changes, Import a list of devices, Find all ¥ ’

<]

3. On the 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-QS001, for instructions on how to find and download

firmware and release notes.
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Additional Resources

These documents contain additional information concerning related Rockwell

Automation products.

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 IP00 Open Type Kits Installation Instructions, publication
750-IN101

Provides instructions to install IP00 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 750-Series AC Drives Programming Manual, publication 750-PM001

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-UMO001

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.

System Design for Control of Electrical Noise Reference Manual,
publication GMC-RM001

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-1.1

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 Controllers User Manual, publication 1756-UM543

Provides information on how to use standard ControlLogix 5580 controllers.

CompactLogix™ 5380 Controllers User Manual, publication 5069-UM001

Provides information on how to use standard CompactLogix 5380 controllers.

Product Certification Website,
www.rockwellautomation.com/global/certification/overview.page

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

You can view or download publications at

http://www.rockwellautomation.com/global/literature-library/overview.page.

To order paper copies of technical documentation, contact your local
Allen-Bradley distributor or Rockwell Automation sales representative.
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Notes:
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Chapter 1

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.

Topic Page
What Is the Integrated Safety Functions Option Module? 15
Compatible Drives 17
Compatible Safety Controllers 17
Safety Application Requirements 18
Safety Certification 18
Proof Tests 20
PFD and PFH Definitions 20
PFD and PFH Data 21
Safety Reaction Time 24
Contact Information If Safety Option Failure Occurs 29

The Integrated Safety Functions option module provides a networked STO
(Safe Torque Off) 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 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/O. 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:

e Isdesigned 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.

¢ Can be used in combination with other safety devices to satisfy the
requirements of IEC 61508, IEC 61800-5-2 SIL 3, ISO 13849-1 PLe,
and Category 4 for Safe Torque Off (STO).
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When used for safe speed monitoring, the drive can be configured for single- or
dual-feedback to achieve the following safety ratings:

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

e Dual-feedback configurations provide up to SIL 3 PLe capability when
discrepancy testing (cither 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.

IMPORTANT

The Integrated Safety Functions option module does not remove 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 32 for more
information.

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 20-750-5)

PowerFlex 750-Series Safe Speed Monitor option module
(catalog number 20-750-51)

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 20-750-54)

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

ATTENTION: The STO function only disables motor torque. A mechanical
force on the motor shaft such as suspended loads, back pressure in a pump or
fan, can cause motor rotation.
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IMPORTANT Do not use this option module as a control for starting or stopping the drive.

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

o PowerFlex 755 drives (v14.xxx or later)
¢ PowerFlex 755TL low harmonic drives (v4.xxx or later)
o PowerFlex 755TR regenerative drives (v4.xxx or later)

e PowerFlex 755TM drive systems (v4.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) v9.00.00 (or later)
755T v5.04 (or later) Future
cOmpatible Safety 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:

Controllers

Studio 5000 Logix Designer® Application Version /
Controller Controller Firmware

GuardLogix 5580 safety controller v31 (or later)

Compact GuardLogix 5380 safety controller | v31 (or later)

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

Safety Certification

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/O 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
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 13.

The TUV Rheinland group has approved the PowerFlex 755 Integrated Safety
Functions option module (catalog number 20-750-S4) as suitable for use in
integrated safety applications:

¢ Up to and including SIL 3 according to IEC 61508
¢ Up to and including SIL CL3 according to IEC 62061
¢ Up to and including PLe (Category 4) according to ISO 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 safeguarding.

Important Safety Considerations

You are responsible for these system safety considerations:

e Set-up, safety rating, and validation of any sensors or actuators
connected to the system.

o Complete a system-level risk assessment, and reassess the system any
time a change is made.

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

e Project management and proof testing.

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

e Access control to the system.

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

e Validation and documentation of all safety functions used.

IMPORTANT  Only qualified, authorized personnel that are trained and experienced in
functional safety can plan, implement, and apply functional safety systems.

18 Rockwell Automation Publication 750-UMO05A-EN-P - October 2018



About Safe Stop and Safe Monitor Functions ~ Chapter 1

can interact with the machine. Additional safeguard devices can be required

c ATTENTION: When designing your system, consider how various personnel
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.

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

Stop Category Definitions

There are three stop categories:

e 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.

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

achieved using SS1 with STO.

e 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 fora
coast-to-stop (Stop Category 0 or Safe Torque Off). For more information on
stop categories and Safe Torque Off, see EN 60204-1 and EN 61800-5-2.

Performance Level and Safety Integrity Level (SIL) CL3

For safety-related control systems, Performance Level (PL), according to

ISO 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 ISO 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 and PFH Definitions

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/O
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.

e 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 (PFDan).

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.
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PFD and PFH Data

These PFD

avg 2nd 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 3 provide PFDan and PFH values for the Safe Torque Off

(STO) or Timed Safe Stop 1 functions. These values apply when Safety
Instance is set to ‘Safe Stop Only — No Feedback’.

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

Attribute PowerFlex 755 Drives | PowerFlex 755 Drives | PowerFlex 755 Drives | PowerFlex 755 Drives
Frames1...7 Frame 8 Frame 9 Frame 10
PFD (average) 4.08E-5 1.81E-4 273E-4 3.64E-4
PFH (1/hour) 4.77E-10 2.09E-9 3.14E-9 4.19E-9
SIL 3 3 3 3
PL e e e e
(ategory 4 4 4 4
MTTFp years 204.1 (high) 93.3 (high) 69.1 (high) 55.1 (high)
DCavg% 97.5% (medium) 97.4% (high) 97.5% (high) 97.5% (high)
HFT 1(1002) 1(1002) 1(1002) 1(1002)
Mission time 20 years 20 years 20 years 20 years
Table 3 - PFD and PFH for PowerFlex 755T Drive Products STO and Timed SS1
PowerFlex 755T PowerFlex 755T | PowerFlex755T | PowerFlex 755T | PowerFlex 755T
Attribute Drive Products Drive Products | Drive Products | Drive Products | Drive Products
Frame 8 Frame 9 Frame 10 Frame 11 Frame 12
PFD(ayerage) 2.56E-4 2.82E-4 3.08E-4 33464 3.60E-4
PFH (1/hour) 2.96E-9 3.25E-9 3.55E-9 3.85E-9 4.15E-9
SIL 3 3 3 3 3
PL e e e e e
Category 4 4 4 4 4
MTTFp years 102.6 (high) 87.8 (high) 76.7 (high) 68.1 (high) 61.2 (high)
DCyye% 97.0% (high) 97.0% (high) 97.0% (high) 97.0% (high) 96.9% (high)
HFT 1(1002) 1(1002) 1(1002) 1(1002) 1(1002)
Mission time 20 years 20 years 20 years 20 years 20 years

Safety Data for Safe Feedback

Table 4 provides PFD,,, and PFH values to add to the PFDavg and PFH values

from Table 2 or Table 3 for safety functions that require safe encoder feedback.
Safety functions using safe encoder feedback include drive based Monitored
Safe Stop 1 and controller-based safety functions SS1, SS2, SOS, SLS, SLP, and
SDI.

avg
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In general, the PFD,,, and PFH values from Table 4 should be added to

Table 2 or Table 3 when Safety Instance is set to ‘Single Feedback Monitoring’
or ‘Dual Feedback Monitoring.

22

When using Dual Feedback Monitoring, enable Discrepancy Testing.

Table 4 - PFD or PFH to Add When Safety Functions Use Safety Feedback

Attribute Single Encoder Feedback FD: :(:E: :I(()((]ler
PFD (average) 6.75E-4 4.32E-5

PFH (1/hour) 7.70E-9 4.93E-10

SIL 2 3

PL d e

(ategory 3 4

MTTFD years 1446.7 (high) 1427.7 (high)
DCavg% 90.0% (medium) 99.0% (high)
HFT 1(1002) 1(1002)
Mission time 20 years 20 years

(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:

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

¢ Dual-feedback configurations provide up to SIL 3 PLe capability when
discrepancy testing (cither 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.
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Safety Data for Safety 1/0

The Integrated Safety Functions option module provides four safety inputs
and two safety outputs. Table 5 provides PFD,,, and PFH values to add for

safety functions that use this Safety I/O.

Table 5 - PFD or PFH to Add When Safety Functions Use Safety 1/0

Attribute Single Channel Safety 1/0 Dual Channel Safety I/0
PFD (average) 3.35E-4 2.49E-4

PFH (1/hour) 3.83E-9 2.84E-9

SIL 2 3

PL d e

(ategory 2 4

MTTFD years 1064.9 (high) 1998.0 (high)

DCavg% 96.4% (high) 94.2% (high)

HFT 0(1001) 1(1002)

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 1 demand per 30
seconds.

IMPORTANT Ifsingle 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 6 shows the Spurious Trip Rate (STR) and Mean Time to Failure
Spurious (MTTF gy i) values for the Integrated Safety Functions option

module, calculated according to the ISA TR-84 method.

Table 6 - STR and MTTF Spurious Values

Attribute Value
Spurious Trip Rate 3.00E-6
MTTFSpurious (years) 37.0
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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 7 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 13.

Table 7 - Safety Reaction Time

Drive Family Value, Max

PowerFlex 755 drives (firmware revision 13 or later), Frames 1...10
PowerFlex 755TL low harmonic drives, Frames 8. ..12

PowerFlex 755TR regenerative drives, Frames 8...12

PowerFlex 755TM drive systems, Frames 8...12

15ms

IMPORTANT  Aninput 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 7 does not include
the connection reaction time limit. See the GuardLogix Controller Systems
Safety Reference Manuals, listed in the Additional Resources on page 13, 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 8 describes the supported encoder types based on the feedback card that
is used and the physical terminal it is connected to. You must determine the
safety capability of a system based on the supported encoder types and the
encoder diagnostics that are described in this chapter.

Table 8 - 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
Not Used Not Used SIL 2/PL d with safety rated encoder
20-750-UFB-1 Sine/Cosine
Digital AgB Load Feedback SIL3/PLe
Motor Feedback
Not Used Not Used SIL 2/PL d with safety rated encoder
20-750-DENC-1 | Digital AqB
Digital AqB Load Feedback SIL3/PLe
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
activies.

General Encoder Diagnostics

The following encoder diagnostics are available for all supported encoder
types:

e Encoder Voltage Monitoring (Configurable)

¢ Maximum Speed Limit (Configurable)

e Maximum Acceleration (Configurable)

e Maximum Encoder Input Frequency

¢ Dual Encoder Velocity and/or Position Discrepancy (Configurable)
Encoder Voltage Monitoring

The voltage monitoring diagnostic samples the voltage being supplied to the
encoder to help ensure 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.
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The following voltage monitoring ranges are supported:

o 4.75v...5.25v (Recommended setting when using 20-750-DENC-1 card
with the 12V Jumper in the “Storage’ position)

o 11.4v..12.6v (Recommended setting when using 20-750-DENC-1 card
with the 12V Jumper in the ‘Enabled’ position)

e 7v...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 be 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 helps ensure 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 9 shows the maximum frequency based
on encoder type.

Table 9 - Maximum Frequency of Encoder Types

Encoder Type Max Frequency
Digital AqB 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 helps ensure
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:
e Inverse Signal Monitoring

¢ Quadrature Error Detection
Inverse Signal Monitoring

The inverse signal monitoring diagnostic helps ensure 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 helps ensure that the A and B signals from the
digital AgB 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:

e Sin% + Cos?® Vector Length Monitoring
. Zero—crossing Detection

o Signal Offset (Sine/Cosine Encoder Type Only)
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Sin -+ Cos? Vector Length Monitoring

The Sin? + Cos? vector length monitoring diagnostic helps ensure 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 10 describes the tolerance of encoder output signal amplitudes for
this diagnostic. Table 11 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.

Table 10 - Sin? + Cos Vector Length Monitoring Amplitude Range

Max Min
1.3 Vpp 0.7 Vpp

Table 11 - Sin? + Cos® Vector Length Monitoring Phase Tolerance

Tolerance

900 + 200

Zero-crossing Detection

The zero-crossing detection diagnostic helps ensure 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 helps ensures that a Sine/Cosine type encoder is
producing the proper offset on the Sine and Cosine signals. This diagnostic is
not performed when the feedback device type is configured as Hiperface.

Table 12 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 12 - Signal Offset Tolerance

Max Min
3.0V 2.0V
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Contact Information If Safety If you experience a failure with any safety-certified device, contact your local

Option Failure Occurs

Allen-Bradley distributor to request any of these actions:

e 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.

o 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 infomation about replacing drives, see Replace an Integrated Safety
Drive in a GuardLogix System on page 130 and Replace an Integrated Safety
Drivein a GuardLogix System on page 168.
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Notes:
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Installation

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

Topic Page
Remove Power to the System 32
Access the Control Pod 32
Set the SAFETY and Hardware ENABLE Jumpers 33
Install the Safety Option Module 34
1/0 Wiring 36
(Cabling 36

A\

ATTENTION: The following information is a quide for proper 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.

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

systcm.

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 System Before performing any work on the drive, remove all power to the system.

A\

ATTENTION:

Electrical Shock Hazard. Verify that all sources of ACand DC power are de-
energized and locked out or tagged out in accordance with the requirements
of ANSI/NFPA 70E, Part II.

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 DCbus 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-INO0T

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.

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.

Panel-mounted Drives

]
=0 4sals .

Drives in Cabinet Enclosures
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Setthe SAFETY and Hardware The PowerFlex755/755T drive products ship with the safety jumper

ENABLE Jumpers

(SAFETY) installed.

If the Integrated Safety Functions option module is installed, the control board
SAFETY jumper must be removed. If the SAFETY jumper is not removed, a
‘Safety Jumper In’ fault occurs.

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

If the Integrated Safety Functions option module is installed, the control board
hardware ENABLE jumper must be installed. If the hardware ENABLE
jumper is not installed, a ‘HW Enbl Jmpr Out’ fault occurs (only frames 1...7
of PowerFlex 755 drives and all frame sizes of PowerFlex 755T drive products).

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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Install the Safety Option
Module

To install the Integrated Safety Functions option module in a drive port, follow
these steps:

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 I/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)

— Recommended screwdriver = T15 Hexalobular

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.

Figure 4 - PowerFlex 755 Drives, Frames 1...7
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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:
e Dual-incremental Encoder module, catalog number 20-750-DENC-1
e 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 in Chapter 1.

Port Assignment

Follow these guidelines for port assignment:

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

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

e 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:

e Verify the hardware enable jumper (ENABLE) on the main control
board is installed. See Figure 2 or Figure 3 for location. If not installed,
the drive will fault when powered up.

e Verify the safety enable jumper (SAFETY) on the main control board is
removed (Frames 1...7 only). See Figure 2 or Figure 3 for location.
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This section describes the onboard safety I/O and wiring considerations. A
power supply must be connected between the SP and SC terminals in order for
the safety I/O to be used. See Power Supply Requirements on page 37 for
information on selecting a power supply.

Table 13 - Terminal Designation

Terminal Name Description

Tol Test Output 1 Test 24V DCoutput 1

Si2 Safety Input 2 Safety 24V DCinput 2

SC Safety Common Safety power common

Si3 Safety Input 3 Safety 24V DCinput 3

To0 Test Output 0 Test 24V DC output 0

NC No Connection

So0 Safety Output 0 Safety 24V DC output 0

SC Safety Common Safety power common

Sol Safety Output 1 Safety 24V DCoutput 1

Si0 Safety Input 0 Safety 24V DCinput 0

SC Safety Common Safety power common

Sil Safety Input 1 Safety 24V DCinput 1

SC Safety Common Safety power common (required if safety 1/0 used)
Sp Safety Power Safety 24V DC power (required if safety I/0 used)

For examples of wiring devices to the safety I/O, see the
Guard I/O™ EtherNet/IP Safety Modules User Manual, publication
1791ES-UMO001.

For technical specifications of the safety I/O, see Integrated Safety Functions
Option Module Specifications in Appendix B.

Follow these guidelines for cabling:

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

e Shielded cable is required.

e When installed in a Frame 8 or larger drive, an EMC Core Kit, catalog
number 20-750-EMCSSM1-FS8, is required.
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Power Supply Requirements

IMPORTANT  The external power supply must conform 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:

o ENG60950 - SELV (Safety Extra Low Voltage)

o ENG60204 - PELV (Protective Extra Low Voltage)
e IEC 60536 Safety Class III (SELV or PELV)

e UL 508 Limited Voltage Circuit

e 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 Wiringand

Grounding Guidelines, publication 1770-4.1.
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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.

Topic Page
Safety Inputs 39
Safety Outputs 52

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 1 is associated with safety inputs 1 and 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.
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Table 14 - Typical External Pulse Width and Period

Pulse Width Period
500 ps 300 ms

Figure 5 - 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 6 - Short-circuit Between Input Signal Lines

External
(Contact

External
7
s Contact

\ + Short Circuit Between Input Signal Lines

Short Circuit Between Input Signal Lines and
Power Supply (positive side)
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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 7 shows the operation of input latch error time in single channel mode.
See Safety Input Alarm Recovery on page 51 for information on removing an

alarm.

Figure 7 - Single Channel Input Latch Error Behavior (not to scale)

Normal Operation o

Pulse Test ON I_I |

Output OFF T &—— PulseTest

} Occurs
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]
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]
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Value OFF

Safety Input 0K
Status ALARM

Alarm Operation
I

Pulse Test ON |
Output OFF I—l I—I Nl Pulse Test
L Occurs
External Device ~ ON Q
OFF I I
[
Safety Input ON | I
Terminal OFF | |
|
Safety Input ON | |
Value OFF
Safety Input 0K Alarm Detected
Status ALARM I—
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Single Channel Safety Input Status Data

Figure 8 describes the status and value that is reported by the Safety IO
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.

Figure 8 - Single Channel Normal Operation and Alarm Detection (not to scale)

Normal Operation o
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[

I
|
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|
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Alarm Operation
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External Device ~ ON |
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Safety Input ~ ON
Terminal OFF

Safety Input ON | |
Value OFF

Safety Input 0K Alarm Detected
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Dual-channel Safety Input Operation

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 1 ms.

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.

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 15 shows the relation between physical input terminal states and the data

and status reported by the Safety Input subsystem.
Table 15 - Terminal Input Status and Controller 1/0 Data

Dual-channel Mode Input Terminal Controller Input Data and Status Dual-channel |Dual-channel

Sio Si1 Safety Safety Safety Safety g:::ltant IS';ap:Il:s

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

Dual-channels, Equivalent OFF OFF OFF OFF 0K ON OFF 0K

OFF ON OFF OFF ALARM OFF OFF Alarm

ON OFF OFF OFF ALARM OFF OFF Alarm

ON ON ON ON 0K ON ON 0K
Dual-channels, Complementary | OFF OFF OFF ON ALARM OFF OFF Alarm

OFF ON OFF ON 0K ON OFF 0K

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
clapses, 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 9 shows the operation of dual channel equivalent inputs under normal
and alarm conditions.

Figure 9 - Equivalent, Normal Operation, and Alarm Detection (not to scale)
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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 10 shows the operation of dual-channel complementary inputs under
normal and alarm conditions.

Figure 10 - 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 16 - Standard Input Value Attribute

Parameter Value | Description

Service Code | OxOE Get Attribute Single

Class 0x3D Safety Discrete Input Point Object

Instance i+1 Safety Input Instance (where iis the number of the safety input being used as a
standard input)

Data Type BYTE 8 Bits

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

Safety Input Safety Data

The Safety Input data of the Integrated Safety Functions module can be
monitored through:

o Safety Input Assembly
o DPI™ Parameters
o 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:

e Safety Input Status
e Safety Input Value
o Safety Input Valid

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

IMPORTANT  Ifasafety input is configured for standard input mode, its associated safety
data is forced in the safe state.
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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 17. Table 18 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 IO Status].

Table 17 - Safety Input Assembly Tags for Safety Input Status

Safety Input Assembly Tag Name Type/[bit] | Description
(safety controller to S4 option)
module:Sl.InputStatus SINT A collection of safety input values and status for each
safety input
module:SI.In01Status [4] Status of Safety Input 0
0=Alarm
1=0K
module:SI.In01Status [5] Status of Safety Input 1
0=Alarm
1=0K
module:SI.In02Status (6] Status of Safety Input 2
0= Alarm
1=0K
module:SI.In03Status 71 Status of Safety Input 3
0=Alarm
1=0K

Table 18 - MSG Configuration for Safety Input Status

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
Attribute 0x4 Safety Status

4 0=Alarm

1=0K
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 19. Table 20 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 IO Values].
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Table 19 - Safety Input Assembly Tags for Safety Input Values

Safety Input Assembly Tag Name | Type/[bit] | Description
(safety controller to S4 option)
module:Sl.InputStatus SINT A collection of safety input values and status for each
safety input
module:SI.In00Data [0] Value of Safety Input 0
0=0FF
1=0N
module:SI.In01Data (1] Value of Safety Input 1
0=0FF
1=0N
module:Sl.In02Data 2 Value of Safety Input 2
0=0FF
1=0N
module:Sl.In03Data (3] Value of Safety Input 3
0=0FF
1=0N

Table 20 - MSG Configuration for Safety Input Value

Service Code 0xOE Get attribute single
Class 0x3D Safety Discrete Input Point Object
Instance i+1 Where iis the number of the safety input
Data Type USINT
7 Safety Input Logical Value
Attribute 5 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 21. Table 22 describes the attributes for reading the safety value

via CIP messaging.
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Table 21 - Safety Input Assembly Tags for Safety Input Valid

Safety InputAssembly TagName . -
(safety controller to S4 option) Type/Ibit] | Description
module:SI.I0Support SINT A collection of bits describing safety 10 functionality
Safety Input 0 Valid
module:SI.In00Valid [0] 0 =Data invalid
1= Data valid
Safety Input 1 Valid
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:S1.In03 Valid [3] 0 =Data invalid
1=Data valid

Table 22 - MSG Configuration for Safety Input Valid

Service Code OxOE 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
Attribute 0x64 Safety Input Valid
100 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:

e Internal Circuit Error

e External Circuit Error
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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.

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 47 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. Setdevice 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 21
for the attributes that are required to read the alarm type.
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Table 23 - MSG Configuration for Safety Input Alarm Type

Service Code 0xOE 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
Attribute Ox6E Safety Input Alarm Type

110 0=No Alarm

1= Configuration Error
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.

Input Delays

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

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

Off—on Delay

An input signal is treated as logic 0 during the on-delay time (0...126 ms, in
increments of 1 ms) 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.
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Figure 11 - 0ff-on Delay
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On-off Delay

An input signal is treated as logic 1 during the off-delay time (0...126 ms, in
increments of 1 ms) 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 12 - On-off Delay

Input Signal ~ ON !
OFF
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|
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Use With PowerFlex 750-Series ATEX Option Module

The 20-750-ATEX option can be wired to an $4 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 SO.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 13 - Test Pulse in a Cycle
ON
Typical Pulse
Test Period
] 300 ms OFF
Typical
Pulse
Width
500 ps

Table 24 - Typical External Pulse Width and Period

Pulse Width

Period

500 s

300 ms

IMPORTANT  To help prevent the test pulse from causing the connected device to

that is connected to the output.

malfunction, pay careful attention to the input response time of the device

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.
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Figure 14 - Single-channel Setting (not to scale)
Normal Operation
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Latch Qutput 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 15 shows the behavior of the safety output latch time in single channel
mode. See Safety Output Alarm Recovery on page 62 for information on
clearing alarms.

Figure 15 - Single Channel Output Latch Error Behavior
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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 16 shows the operation of dual channel outputs under normal and alarm
conditions.

Figure 16 - Dual-channel Setting (Not to Scale)
Normal Operation

Safety Output0 ~ ON | | | |
OFF

Safety Output1  ON J_l_l—l
OFF

Dual Channel ~ ON
Output Status ~ OFF

Alarm Operation

Safety Qutput0 ~ ON
Value OFF

Safety Output 1~ ON
Value OFF

11

Dual Channel ON S Alarm Detected
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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 17 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 18 shows this
special case operation. See Safety Output Alarm Recovery on page 62 for
information on removing an alarm.
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Figure 17 - Dual Channel Output Latch Error Behavior
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Figure 18 - Dual Channel Qutput Latch Error Behavior With Alarm and Discrepancy (not to scale)
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Safety Output Safety Data

The Safety Output data of the Integrated Safety Functions module can be
monitored through:

o Safety Input Assembly
e DPI Parameters
o CIP Messaging

The following Safety Output data is available in the Integrated Safety
Functions Module:

e Safety Output Status
e Safety Output Ready

e Output 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 25. Table 26 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 IO Status].

Table 25 - Safety Input Assembly Tags for Safety Output Status

Safety Input Assembly Tag Name | Type/ [bit] Description
(safety controller to S4 option)

module:SI.QutputStatus SINT A collection of safety output status, safety output
monitor values, and test output status

module:SI.0ut00Status [4] Status of Safety Output 0
0=Alarm
1=0K

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

Table 26 - MSG Configuration for Safety Qutput Status

Service Code 0xOE Get attribute single
Class 0x3B Safety Discrete Output Point Object
Instance i+1 Where iis the number of the safety output
Data Type USINT
Attribute 0x5 Safety Status
5 0=Alarm
1=0K
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Safety Qutput 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 27. Table 28 describes the attributes for the Safety Output
Ready attribute via CIP messaging.

Table 27 - Safety Input Assembly Tags for Safety Output Ready

Safety Input Assembly Tag Name Type/[bit] Description
(safety controller to S4 option)
module:SI.I0Support SINT A collection of bits describing safety 10
functionality
module:SI.OutOOReady [4] Safety Output 0 Ready
0= Not Ready
1=Ready
module:S|.0ut01Ready [5] Safety Output 1 Ready
0 = Not Ready
1=Ready

Table 28 - MSG Configuration for Safety Output Ready

Service Code 0x0E Get attribute single
Class 0x3B Safety Discrete Output Point Object
Instance i+1 Where iis the number of the safety output
Data Type USINT
Attribute 0x64 Safety Status
100 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 29. Table 30 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 IO Values].

Rockwell Automation Publication 750-UMO05A-EN-P - October 2018



Safetyl/0  Chapter3

Table 29 - Safety Input Assembly Tags for Safety Output Monitor Value

Safety Input Assembly Tag Name Type/[bit] Description
(safety controller to S4 option)
module:SI.OutputStatus SINT A collection of safety output status, safety output

monitor values, and test output status

module:SI.0ut00Monitor [0] Output Monitor Value of Safety Output 0
0=0FF
1=0N

module:SI.0ut0TMonitor [1 Output Monitor Value of Safety Output 1

0= Not Ready
1=Ready

Table 30 - MSG Configuration for Safety Output Monitor Value

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
Attribute 0x4 Output Monitor Value
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 31 shows the output command tags of the

module.

Table 31 - Safety Input Assembly Tags for Safety Output Ready

Safety Input Assembly Tag Name Type/[bit] Description
(safety controller to S4 option)
module:S0.Safetyl0Commands SINT A collection of safety status bits for commanding

10 values

module:S0.0ut000utput

(0]

Commanded Safety Output 0 Value
0=0FF
1=0N

module:S0.0ut070utput

(1]

Commanded Safety Output 1 Value
0=0FF
1=0N
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Safety Output Alarms

The Safety Output logic can detect the following errors:
o Configuration
e Circuit
¢ Dual Channel Discrepancy (Dual Channel Configuration Only)
e 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, check to ensure the configuration attributes for the
safety outputs are valid.

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
e Stuck High

e 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.
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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.

TIP  The safety output data will still be placed in the safe state when a 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 57 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. Setdevice parameter P16 [Output Alarm Indx] to the integer value 7 +1,
where 7 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 32
for the attributes that are required to read the alarm type.

Table 32 - MSG Configuration for Safety Qutput Alarm Type

Service Code OxOE 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

Attribute 0Ox6E Safety Output Alarm Type
10 0=No Alarm

1=Configuration
3= Stuck Low

4 =Stuck High

5 = Partner Channel
8 =Dual Channel

9 = (ross Connection
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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.

TIP  Ifthe latch error time has expired, but the safety output is not yet
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 output The test outputs of the Integrated Safety Function module can be configured
in the following modes:

¢ Standard Output
e Test Output
e Power Supply Output

Supply become active whenever you apply input power to the module. These

c ATTENTION: Test Output points that are configured as Pulse Test or Power
configured functions are independent of the I/0 connections to the module.

Supply is incorrectly installed in an application where actuators are con-
nected to these Test Qutput points, the actuators are activated when input
power is applied.

c ATTENTION: If a module with Test Outputs configured as Pulse Test or Power

To prevent this possibility, follow these procedures.

« Wheninstalling 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.

«  Besure that all modules in replacement stock are in their out-of-box
condition.
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Test Output Data

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 33 shows the tags in the safety

output assembly to command test outputs when in standard output mode.

Table 33 - Safety Output Assembly Tags for Test Qutput Commands

Safety Input Assembly Tag Type/[bit] | Description
Name
module:S0.Safetyl0Commands | SINT A collection of safety status bits for commanding 10 values
module: SO.Test000utput [2] Test Output 0 Value
0=0FF
1=0N
module: SO.Test010utput [3] Test Output 1 Value
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.

The Test Output data of the Integrated Safety Functions module can be
monitored through:

e Safety Input Assembly
e DPI Parameters
o CIP Messaging
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The following Test Output data is available in the Integrated Safety Functions
module:

o Test Output Status

e 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 34. Table 35 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 IO Status].

Table 34 - Safety Input AssemblyTags for Test Output Status

Safety InputAssembly Tag Name Type/[bit] | Description
(safety controller to S4 option)
module:SI.OutputStatus SINT A collection of safety output and test output data
module:S|.Test00Status [4] Status of Test Output 0
0=Alarm
1=0K
module:SI.Test01Status [5] Status of Test Output 1
0=Alarm
1=0K

Table 35 - MSG Configuration for Test Qutput Status

Service Code 0x0E Get attribute single
Class 0x9 Discrete Output Point Object
Instance i+1 Where i is the number of the test output
Data Type USINT
Attribute 0x4 Output Status
4 0= Alarm
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 Qutput 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 36. Table 37 describes the attributes for ready the test output

ready attribute via CIP messaging.

Table 36 - Safety Input Assembly Tags for Test Output Ready

SafetylnputAssemblyTagName | Type/ Description
(safety controller to S4 option) | [bit]
module:SI.10Support SINT A collection of bits describing safety 10 functionality
module:S|.TestOOReady (6] Test Output 0 Ready
0= Not Ready
1=Ready
module:S|.Test01Ready (71 Test Output 1 Ready
0= Not Ready
1=Ready

Table 37 - MSG Configuration for Test Qutput Ready

Service Code 0x0E Get attribute single
Class 0x9 Discrete Output Point Object
Instance i+1 Where i is the number of the test output
Data Type USINT
Attribute 0x82 Output Ready
130 0= Not Ready
1=Ready
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Notes:
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Drive-based Safe Stop Functions

Use this chapter to learn more about the Safe Torque Off, 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 GuardLogix® Safety Stop instructions
operating in the controller, see Chapter 5.

Topic Page
Safety Output Assembly Safe Stop Function Tags 67
Safety Input Assembly Safe Stop Function Tags 68
Connection Action 70
Safe Torque Function 7
Safe Stop 1 Function 78
Connecting a Safety Brake 93

Safety Output Assemb'y Safe The safety output assembly for Integrated Safe Speed consists of 48 Logix tags:

e 35 tags for pass thru status and faults

Stop Function Tags

o 8 tags for safety stop function commands

e 5 tags for safety I/O commands

Table 38 - Safety Output Assembly Tags for Safety Stop Functions

Safety Output Assembly Tag Name Type/[bit] Description
(safety controller to S4 option)
module:S0.SafetyStopFunctions SINT A collection of bits used to activate (request) safety
functions as described in this table.
module:S0.STOOutput [0] Control Safe Torque Off (STO):
0= Disable Torque
1=Enable Torque
module:S0.SBCOutput [1] If Safe Brake Control (SBC) is configured:

0 = Engage Brake (So0 and So1 OFF)
1=Release Brake (So0 and So1 ON)

If Safe Brake Control is not configured, this tag must
be set to 0. If set to 1, will cause SBC fault.
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Table 38 - Safety Output Assembly Tags for Safety Stop Functions (continued)

Safety Output Assembly Tag Name Type/[bit] Description
(safety controller to S4 option)
module:S0.551Request [2] If Safe Stop 1 (SS1) is configured:

0= No Request
1="Request Safe Stop 1

If Safe Stop 1is not configured, this tag must be set
to 0. If set to 1, will cause SS1 fault.

module:50.552Request [3] Reserved for future use. This tag must be set to 0; will
cause SS2 faultif set to 1.

module:50.50SRequest [4] Reserved for future use. This tag must be set to 0; will
cause SOS fault if setto 1.

module:S0.SMTRequest [5] Reserved for future use. This tag must be set to 0; will
cause SMT fault if set to 1.

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

Safety |nput Assembly Safe The safety input assembly for Integrated Safe Speed consists of 56 Logix tags:
Stop Fun(tion Tags e 3 tags for connection status

e 28 tags for safety feedback and stop function status

e 25 tags for safety I/O status

Table 39 - Safety Input Assembly Tags for Safety Stop Functions

Safety Input Assembly Tag Name Type/[bit] Description
(54 option to safety controller)
module:SI.ConnectionStatus SINT A collection of the following bits.
module: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 encoder counts.

module:S|.FeedbackVelocity REAL Primary Feedback Velocity from drive-module safety
instance. Value is in Rev/s or Meter/s.

module:Sl.SecondaryFeedbackPosition DINT Secondary Feedback Position from drive-module safety
instance. Value is in encoder counts.

Secondary channel may only be used for discrepancy
comparison with primary channel.

module:SI.SecondaryFeedbackVelocity REAL Secondary Feedback Velocity from drive-module safety
instance. Value is in Rev/s or Meter/s.

Secondary channel may only be used for discrepancy
comparison with primary channel.

module:SI.StopStatus SINT A collection of the following bits.

module:S1.STOActive [0] Safe Torque Off (STO) function status
0 = Permit Torque
1= Disable Torque
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Table 39 - Safety Input Assembly Tags for Safety Stop Functions

Safety Input Assembly Tag Name Type/[bit] Description
(54 option to safety controller)

module:SI.SBCActive [1] Safe Brake Control (SBC) function status:
0 = Release Brake (S00 and So1 ON)
1= Engage Brake (So0 and So1 OFF)

module:SI.SSTActive 121 Safe Stop 1 (SS1) function status:
0="S551not Active
1=551Active
module:SI.SS2Active 3] Reserved for future use; always 0.
module:SI.50SStandstill [4] Reserved for future use; always 0.
module:SI.SMTOvertemp [4] Reserved for future use; always 0.
module:S|.SafetyFault [6] 1 = Safe Stop Fault present
module:S|.RestartRequired [7 1= Fault Reset or Stop Restart is required
module:S|.SafeStatus SINT A collection of the following bits.
module:S|.TorqueDisabled [0] 0 =Torque Permitted
1="Torque Disabled
module:S|.BrakeEngaged [1] 0 = Brake Released (So0 and So1 ON)
1= Brake Engaged (So0 and So1 OFF)
module:SI.MotionStatus SINT A collection of the following bits.
module:S|.MotionPositive [0] 1="Feedback Velocity > Primary Feedback Standstill
Speed
module:S|.MotionNegative (1 1="Feedback Velocity < Primary Feedback Standstill
Speed
module:SI.FunctionSupport SINT A collection of the following bits.
module:SI.PrimaryFeedbackValid [0] 0 = Secondary Feedback not configured or Faulted
1=>Secondary Feedback Value is valid
module:Sl.SecondaryFeedbackValid [1 0 = Secondary Feedback not configured or Faulted
1= Secondary Feedback Value is valid
module:S|.DiscrepancyCheckingActive [2] 1= Feedback Velocity Discrepancy checking is active
not faulted
module:S|.SBCReady (3] 0 = Drive-based SBC function is not configured or
faulted
1= Drive-based SBC function is configured and
ready for operation
module:S|.SSTReady [4] 0 = Drive-based SS1 function is not configured or
faulted
1=Drive-based 551 function is configured and ready
for operation
module:S|.SS2Ready (5] Reserved for future use; always 0.
module:S|.SOSReady [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.
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Safety Function in Response
to Connection Event

70

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 1/0 CONNECTION_STATUS bits and initiate the fault via program
logic.

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

The module allows for 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:

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

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

In both 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.

Connection Loss Action

When the connection loss event is detected, the following attributes will be set:
¢ In Standard Control Mode
— Host: P3 [Safety State] = Idle
— Host: P4 [Safety Status] Conn Closed = 1

¢ In Motion Control Mode
- axis.AxisSafetyState= 2

- axis.SafetyOutputConnectionClosedStatus = 1

The following drive-based safety functions are supported as a connection loss
action:

e STO
o SS1

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 P54 [Comm Flt Action] of the EtherNet/IP*
module in the drive should from its default value of ‘Fault’ to another
applicable setting in order for the drive to initiate the stopping action. If this
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Safe Torque Off Function

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:
e In Standard Control Mode
— Host: P4 [Safety Status] Conn Idle = 1

e In Motion Control Mode

— axis.SafetyOutputConnectionldleStatus = 1

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

e STO
o SS1

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.

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
ONe-state. This results in a condition where the drive is coasting.

Safe Torque Off (STO) will prevent the motor from applying torque 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 beginning on page
85 for information on using a mechanical brake with the Integrated Safety
Functions Module.
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Safe Torque Off Activation

Safe Torque Off can be initiated by one or more sources:

STO Output — Setting the Safety Output Assembly Tag
(module:SO.STOOutput = 1)

§S1 Complete — 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 19 shows the operation of the STO activation attribute. The
STO Activation attribute can be read with explicit messaging (see attribute 265
in Table 18 on page 247.

Figure 19 - Safe Torque Off Activation

STO Activation
STO Qutput
» STO Output —
SS1 Complete
- SS1 Complete >
Safety Stop Fault
| Safety Stop Fault — )
Safety Limit Fault — Logical STO Active ST0to Torque Disabled
| Safety Limit Fault — OR ——®  <c Delay
Safety Limit Active
- Safety Limit Active —
Connection Loss 7 > Gegan e > Negative Value: Delay = |Value|
Connection Idle @ Positive Value: Delay =0
> Connection Idle > Safety Fault: Delay =0
(1) Connection Loss Action = STO
(2) Connection dle Action = STO
Safe Torque Off Reset

72

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:S1L.STOActive = 1
module:SI.RestartRequired = 1

In Standard Control Mode
— Host: P4 [Safety Status] STO Active = 1
— Host: P4 [Safety Status] Restart Req =1
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¢ 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 01 transition on the
module:SO.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 10 transition on the 720dule:SO.STOOutput
tag then a 01 transition on module:SO.ResetRequest tag.

TIP  Setting module:S0.5TOOutput = 1 and module:SO0.RequestReset = 1in the
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 beginning on page 85 for information on configuring STO
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50.5T0 Output

STO Activation®
51.5T0 Active ®
Sl.Torque Disabled G)

SI.Restart Required &)

SO. Reset Required M

to SBC delay. In the case of STO activation by a safety fault, any configured
delay is ignored, and torque is disabled instantly.

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 20 - STO Without Delay

0x00

Lk

Disable Torque |
0x01 =STO Output EL o —I
Disable Torque EL o —I
Torque Disabled EL L —I
Restart Required EL o —I
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 1 function. See Safe
Torque Off Stopping Action and Source on page 76 for information on
configuring a drive stop type in response to a STO activation.

Figure 21 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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Velocity A

Figure 21 - STO with Delay

<—>: STO Delay

|
|
|
|
L >
50. 570 Output ! | Disable Torque |
ST0 Activation %) 0x00 | 0401 = ST0 Output EL T
51,570 Active® | $T0 Active 1
P4 [Safety Status] | $T0 Active T
$TO Active ¥ :
Sl.TorqueDisabled &) Torque Disabled | 1
SI.RestartRequired @ | Restart Required | B
M -
SO.ResetRequest Required If Restart Type = Manual M
(1) Safety Output Assembly (3) Safety Input Assembly
(2) Safe Stop Function Attribute (4) DPI™ Parameter
.............. Restart Type = Automatic — . — . — Restart Type = Manual

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 is immediately disabled. Figure 22 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 01
transition on Request Reset.
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Figure 22 - STO with Safety Fault
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ATTENTION: In the case of STO activation by a safety fault, the configured
STO Delay time is ignored, and torque is immediately disabled.

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:
e STO Stopping Action — Configures what stopping action to perform in
response to a STO activation.

e 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:
e The STO Action Source is configured as Drive or

e There is currently not a Standard I/O connection through the
Embedded EtherNet/IP port to the drive control or

e There is currently a Standard I/O 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/O 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 I/O connection.
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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).

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:

o module:SL.SafetyFault = 1
o module:SL.RestartRequired = 1
e STO Fault Type

e In Standard Control Mode

— Device: P7 [STO Fault Type] = varies depnding on the cause of the
fault. See description of STO Fault Type in Table 20 on page 254.

Host: P4 [Safety Status] Safety Fault = 1

Host: P4 [Safety Status] Restart Req =1

Host: P5 [Safety Faults] STO Fault = 1

Port 0: P933 [Start Inhibits] = ‘Safety’

Port 0: P951 [Last Fault Code] = “Safety Brd Flt’

e In Motion Control Mode
Axis.SafetyFault = 1
axis.SaféTorqueOffActivelnhibit = 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 199.
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The Safe Stop 1 (SS1) function signals the configured SS1 Stop Action Source
to initiate a stopping action, then the safety module monitors the stop. When
the Safe Stop 1 is 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 1 function, an SS1 Fault is annunciated.

Safe Stop 1 Activation

Safe Stop 1 can be initiated by one or more sources:

e SS1 Request — Setting the Safety Output Assembly Tag
(module:SO.SS1Request = 1)

e Limit Active — Reserved for future use
e Connection Loss — Loss of connection to the safety controller

e Connection Idle - Safety controller in program mode

When SS1 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 SS1
activation. Figure 23 shows the operation of the SS1 activation attribute. The
SS1 Activation attribute can be read with explicit messaging (sce attribute 289
in Table 18 on page 247).

Unlike the STO function, SS1 does not get activated by a safety fault.

Figure 23 - Safe Stop 1 Activation

SS1 Activation
SS1 Request
SS1 Request
Safety Limit Active
Safety Limit Active Logical SS1 Active
Connection Loss :
OR

Connection Idle @

Connection Loss

1YYy

Connection Idle

(1) Connection Loss Action = 551
(2) Connection Idle Action = SS1
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Safe Stop 1 Reset

After an SS1 action is complete, the SS1 function must be reset in order to
enable torque. When the STO Function needs to be reset, the following
attribute values are set:

o module:S1.SS1Active = 1
o module:SI.RestartRequired = 1

¢ In Standard Control Mode:
- Host: P4 [Safety Status] SS1 Active = 1
— Host: P4 [Safety Status] Restart Required = 1

e In Motion Control Mode:
— axis:SS1ActiveStatus = 1

— axis.SafetyResetRequiredStatus = 1

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

Connection Loss/Idle $51 Activation Reset

If the SS1 function is activated by a connection loss/idle event, the connection
must be reestablished and running before the SS1 function can be reset. The
function must be reset based on the configured Cold Start type.

$51 Automatic Cold Start/Restart Type Operation

If there are no Safety Faults present in the module, the SS1 function can be
reset by a 150 transition on the module:SO.SS1Request tag.

$51 Manual Cold Start/Restart Type Operation
If there are no Safety Faults in the module, the SS1 function can be reset by a

150 transition on the module:SO. SS1Request tag then a 01 transition on
module:SO.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:

e SS1 Stopping Action — Configures what stopping action to perform in
response to an SS1 Activation.

e SS1 Stopping Action Source — Configures where the stopping action is
performed (drive-based or controller-based).

When SS1 is activated the drive control will initiate the selected stop type if:
e The SS1 Action Source is configured as Drive
e There is currently not a Standard I/O connection through the
Embedded EtherNet/IP port to the drive control

e There is currently a Standard I/O 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/O connection is expected
to respond when SS1 is activated. In this case, the configured SS1 Stopping
Action is ignored, and the stopping logic must be programmed in the
controller that owns the Standard I/O 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 S51 action source is Controller.

Timed Safe Stop 1

A Timed Safe Stop 1 involves 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 1
function is initiated by setting the module:SO.SS1Request safety output tag.
This sets the ‘SS1 Request’ bit in the SS1 Activation attribute and sets the
module:S1.SS1Active safety input tag. When the SS1 Active bit is set, the SS1
Stop Action will be executed by the source indicated by the SS1 Stop Action
Source. See Safe Stop 1 Stopping Action and Source for more information.

The SS1 function waits for the configured SS1 Max Stop Time, then sets the
SS1 Complete 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 24 shows the
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timing of SS1 status and torque attributes in response to an SS1 activation,
along with the restart type behavior.

Figure 24 - Timed Safe Stop 1

Velocity A | —— ! SSTExt MaxStop Time
I I
I
I I
I I
] ] >
SO.SS1Requestm | |
551 Activation® 0x00 | 0x01 = S51 Request l T 0x00
51.551Active® | Active 1
$T0 Activation® 0x00 | 0x02 = 551 Complete N B!
S1.5TO0Active® | Disable Torque E T
SI.TorqueDisabIedB) | Torque Disabled E 1
ired® T
SI.RestartRequired | Restart Required ] ]
SI.RequestReset'") Required if Restart Type = Manual - -
(1) Safety Output Assembly (3) Safety Input Assembly
(2) Safe Stop Function Attribute
.............. Restart Type = Automatic — . — . — RestartType = Manual
Monitored Safe Stop 1

A Monitored Safe Stop 1 involves 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 1 Mode, the Safe
Stop 1 function is initiated by setting the module:SO.SS1Request safety output
tag. This sets the ‘SS1 Request’ bit in the SS1 Activation attribute, and also sets
the module:S1.SS1 Active safety input tag. When the SS1 Active bit is set, the
S§§1 Stop Action will be executed by the configured SS1 Stop Action Source.
See Safe Stop 1 Stopping Action and Source for more information.
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After the SS1 Active 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:SI.FeedbackVelocity exceeds the sum of the internal
ramp plus Decel Speed Tolerance, the SS1 Fault Type attribute is set to
‘Deceleration Rate” and the SS1 Fault attribute is set to Faulted.

Figure 25 describes the equations that are used for computing the deceleration
reference rate and tolerance.

Figure 25 - SS1 Deceleration Reference Rate and Tolerance Calculation

Decel Reference Speed
1000 x Stop Delay

Decel Reference Rate =

If Time Units = Seconds,

_ Decel Reference Rate X Position Scaling

SS1 Decel Ref R =
ecel Ref Rate Feedback Resolution

_ Decel Reference Tolerance X Position Scaling

881 Decel Tolerance Feedback Resolution

If Time Units = Minutes,

_Dece[ Reference Rate X Position Scaling
Feedback Resolution x 60

881 Decel Ref Rate =

TIP A Configured Decel Reference Rate of 0 disables the ramp check. SS1 will
fault if the drive does not slow to less than the Standstill Speed.

If the magnitude of module:SI.FeedbackVelocity is not less than the configured
Standstill Speed before Max Stop Time expires, the SS1 Fault Type is set to
‘Maximum Time’ and the SS1 Fault attribute is set to ‘Faulted’ Figure 26
describes the equations that are used for computing the standstill speed.

Figure 26 - $S1 Standstill Speed Calculation

If Time Units = Seconds,

SS1 Standstill Speed = Standistill Speed X Position Scaling
Feedback Resolution

If Time Units = Minutes,

SS1 Standstill Speed = Standstill Speed X Pos'z'tz'on 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
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Velocity A

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 27 shows the timing of the Monitored SS1 operation, along with the
restart type behavior.

Figure 27 - Monitored Safe Stop 1

SS1 Max Stop Time |
~ g
I

Standstill Speed |- — — —

|
Decel l
Monitor |
Delay |
|

SO.SS1Request“) | S51 Request |

L (2) H T
$51 Activation 0x00 | 0x01 = SS1 Request i 1 000

s1.5s1Active® | 551 Active : 1

STO Activation® 0x00

S1.5ToActive®

SI.TorqueDisabIedB)

| 0402 = 551 Complete : L)
| Disable Torque i T
| Torque Disabled i T

Sl RestartRequired® | Restart Required i o

Sl.RequestReset(" Required if Restart Type = Manual - =
(1) Safety Output Assembly (3) Safety Input Assembly
(2) Safe Stop Function Attribute
---------- Restart Type = Automatic — - — . — Restart Type = Manual

TIP  Speed units are configured by the ‘Position Units’ and ‘Time Units’ AOP
Controls on the Scaling page.

TIP A Configured Decel Reference Rate of 0 disables the ramp check. S51 will
fault if the drive does not slow to less than the Standstill Speed within Max
Stop Time.
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$S1 Safety Fault

When an SS1 Safety Fault occurs, the STO function is activated immediately
and torque is disabled. Figure 27 describes the timing of attributes when an SS1
fault occurs during SS1 execution. Figure 28 describes the operation of SS1
when an SS1 fault is detected.

The ‘Safe State’ of the SS1 function is the Torque Disabled state. If the SS1

function detects a fault, it will set:
o module:S1.SafetyFault = 1
o module:SL.RestartRequired = 1
e SS1 Fault Type

e In Standard Control Mode

Device: P10 [SS1 Fault Type] = varies depending on the cause of the
fault. See descriptions of faults in Table 20 on page 255 .

Host: P4 [Safety Status] Safety Fault = 1

Host: P4 [Safety Status] Restart Req =1

Host: P5 [Safety Faults] SS1 Faule = 1

Port 0: P933 [Start Inhibits] = ‘Safety’

Port 0: P951 [Last Fault Code] = ‘Safety Brd Flt’

e In Motion Control Mode
axis.SafetyFault = 1
axis.SaféTorqueOffActivelnhibit = 1

axis.SafetyFaultStatus = 1

axis.SafetyResetRequiredStatus = 1
— axis.SS1Fault = 1

Clearing a Safety Fault requires correcting the fault condition and a 0+1
transition on Request Reset. For more information on SS1 Safety Faults, see
Understand Safety Faults on page 199.
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Figure 28 - Safe Stop 1 Fault 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:

e SBC Output — Clearing the Safety Output Assembly Tag
(module:SO.SBCOutput = 0)

e STO Active — If STO Activates, SBC is configured as ‘Linked’
e Safe Stop Fault — Any Safety Fault

o Safe Limit Fault — Reserved for future use
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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 29 shows the operation of the SBC activation attribute. The
SBC Activation attribute can be read with explicit messaging (see attribute 365
in Table 18 on page 247.

Figure 29 - Safe Brake Control Activation

SBC Activation
SBC Output
»() SBC Output -

ST Activel? )

A | STO Active — Logical SBC Active ST0to Brake Engaged
afety Stop Fault — >

i - Safety Stop Fault —> OR SBC Delay

Safety Limit Fault . »
- Safety Limit Fault — Positive Value: Delay = |Value|
Negative Value: Delay =0
(1) STO Activates SBC = Linked 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:

o module:SI.SBCActive = 1
o module:SI.RestartRequired = 1

¢ In Standard Control Mode
— Host: P4 [Safety Status] SBCActive = 1
— Host: P4 [Safety Status] Restart Req =1

e In Motion Control Mode
— axis.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 01 transition on module:SO.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
0-1 transition on the module:SO.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 01 transition on the
module:SO.SBCOutput tag, then a 01 transition on
module:SO.ResetRequest tag.

TIP  Setting module:S0.SBCOutput = 1 and module:SO0.RequestReset = 1in 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:

e So00: Safety Discrete Output Point Object Instance 1
e Sol: Safety Discrete Output Point Object Instance 2
e 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:

e So00: Safety Discrete Output Point Object Instance 3
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e Sol: Safety Discrete Output Point Object Instance 4

e 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.

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 Output Error Operation in Single Channel Mode on

page 54.

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 So1 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:SI.0ut00Monitor =0
module:SI.0ut0TMonitor =0
module:SI.0ut00Status =0
module:SI.0ut01Status =0
module:SI.0ut00Ready = 0
module:SI.0ut01Ready = 0

Safe Brake Control Operation

Safe Brake Control (SBC) operation can be activated by the safety output
assembly or by STO.
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SBC Operation when Activated by Safety Output Assembly

When the SBC function is activated by clearing the 720dule:SO.SBCOutput
tag, the associated safety outputs are deenergized, forcing the brake to engage,
and torque is still enabled. Figure 30 shows the timing of SBC attributes when
the SBC function is executed independently.

Figure 30 - SBC Operation by Safety Output Assembly

50.5BCOutput ! | Engage Brake |
Sl.TorqueDisabled 6 Torque Enabled
SBCActivation® 000 | 001 = SBC Output B
51.5BCActive® | Engage Brake E 1
SI.BrakeEngaged(3) | Brake Engaged E 1
So0and 501 | Brake Engaged ir I
L - — -
M
S0.ResetRequest | Restart Required |
Required If Restart Type = Manual -
(1) Safety Output Assembly (3) Safety Input Assembly
(2) Safe Stop Function Attribute (4) 24V DC Safety Output
.............. Restart Type = Automatic — - — . — RestartType = Manual

ST0 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:

e STO to SBC Delay > 0 configures a delay between when STO is
activated and the brake is released. Figure 31 describes this operation.

e STO to SBC Delay < 0 configures the brake to engage when STO is
activated and delays disabling torque. Figure 32 describes this operation.
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Figure 31 - SBC Linked to STO with Positive Delay
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Figure 32 - SBC Linked to STO with Negative Delay
1. 570 Activel® | Disable Torque E B
SI.TorqueDisabIed(” Torque Disabled EL —I
sCActation® 00| 0402 = STO Active i
51.5BCActive® | Engage Brake E 1
(ST0 10 SBC Delay) <0 'g—ppo!
| |
3 HE
SI.BrakeEngaged( ) | Brake Engaged { 1
So0 and So1 | Brake Engaged ] I
] . — e ot
S0.RequestReset 6 Required If Restart Type = Manual -

(1) Safety Output Assembly (3) Safety Input Assembly (5) Safety Output Assembly
(2) Safe Stop Function Attribute (4) 24V DC Safety Output

Restart Type = Automatic Restart Type = Manual

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
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to the safe state changes. The ‘Safe State’ of the SBC function is the ‘Brake
Engaged’ state.

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 33 shows the
timing of SBC and torque attributes in response to a safety fault in this
scenario.

Figure 33 - SBC Operation Under Safety Fault Condition (not linked to STO)

SI.SafetyFault M | Safety Fault |
SBC Activation®? 0x00 | 0x04 = Safety Stop Fault |
1.5BCActive® | |
SI.BrakeEngagedB) | Brake Engaged |
SI.TorqueDisabIedB) | Torque Disabled |
SI.RestartRequiredB) | Disable Torque |
SO.ResetRequest“) IW

(1) Safety Output Assembly (2) Safe Stop Function Attribute (5) Safety Input Assembly

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 34 and Figure 35 show the operation of the SBC function under a safety
fault condition when linked to STO.
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SI.SafetyFauIt(Z)
STO Activation'”) 0x00

S1.5TOActive®

LR

Figure 34 - SBC Operation under Safety Fault Condition (linked to STO with positive delay)

Safety Fault |

0x04 = Safety Stop Fault |

Disable Torque

L
SI.TorqueDisabIed(Z) Torque Disabled |
SBC Activation”  0x00 0x06 = STO Active, Safety Stop Fault |
$1.5BCActive 2 Engage Brake |
(STO to SBC Delay) >0 :<_>:

SI.BrakeEngaged @ | Brake Engaged |
So0and So1® | Brake Engaged |

S0.RequestReset @ Always Required to Reset a Fault | Fault Cleared

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

Sl.SafetyFault?
STO Activation'” 0x00
51.5TOActive®

SI.TorqueDisabIed(z)

(3) 24V DC Safety Output
(4) 2Safety Output Assembly

Figure 35 - SBC Operation under Safety Fault Condition (linked to STO with negative delay)

Safety Fault |

0x04 = Safety Stop Fault |

Disable Torque

Torque Disabled

SBC Activation” 0x00
51.5BCActive
(STO to SBC Delay) <0

SI.BrakeEngaged @

So0and So1 )

SO0.RequestReset @

[ LEL

I

0x06 = STO Active, Safety Stop Fault

Engage Brake

—p

Brake Engaged

Brake Engaged

i T

Always Required to Reset a Fault Fault Cleared

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

(3) 24V DC Safety Output
(4) 2Safety Output Assembly
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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:
o module:SL.SafetyFault = 1
o module:SI.RestartRequired = 1
o module:SL.SBCReady = 0

o In Standard Control Mode
— Host P4 [Safety Status] Safety Fault = 1
— Host P4 [Safety Status] Restart Req = 1
— Host P5 [Safety Faults] SBC Faule = 1

¢ In Motion Control Mode
o axis.SafetyFaultStatus = 1
o axis.SafetyResetRequiredStatus = 1
o axis.SBCFault = 1

For more information on SBC fault types and troubleshooting methods, see
the Understand Safety Faults chapter beginning on page 199.

The safety brake control function uses the safety outputs So0 and Sol to
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
e Ifthe brake provides feedback in the application

e Ifthe 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, 1 A sourcing outputs.
Figure 36 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.
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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.

TIP  The controller-based SBCinstruction does perform a diagnostic check of
brake feedback while drive-based SBC does not. However, drive-based SBC
can be configured to complete a Safe Stop 1 before engaging the brake in
reaction to a Comm Loss or a Comm Idle.

Figure 36 - Safety Brake Warning

Test Qutput 1
24V DC
Safety Input 2 SELV/PELV
Safety Common Supply

Safety Input 3
Test Output 0

1 [

not used

Safety Output 0
Safety Common

Safety Output 1

Safety Input 0 —
Safety Common

Safety Input 1

Safety Common
Safety Power T

BR1 _D!
NI
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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 20-750-54 Integrated Safety Functions option module.

Topic Page
Drive Safety Instructions 95
Pass-through Data Using Standard I/0 Mode 98
Pass-through Data Using Integrated Motion 100
SFX Instruction 101

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 40 on page 96) 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 37 on page 96 ).

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/O. 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.
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96

Table 40 - Drive Safety Instructions

Safety Instruction Description

The SFX function scales feedback position into position units and
SFX feedback velocity into position units per time unit. SFX is used with

other Drive Safety instructions.SFX also provides unwind for rotary
applications and position homing.

Safety Feedback Interface

The S51 function monitors the motor deceleration rate within set
limits during motor stopping and provides an indication to initiate
Safe Torque Off (STO) function when the motor speed is below the
specified limit.

Safe Stop 1 SS1

The SS2 function monitors the motor deceleration rate within set
Safe Stop 2 $S2 limits during motor stopping and initiates the Safe Operating Stop
(S0S) function when the motor speed is below the specified limit.

The SOS function prevents the motor from deviating more than a

Safe Operational Stop 505 defined amount from the stopped position.

SLs The SLS function prevents the motor from exceeding the specified

Safely-limited Speed speed limit

sLp The SLP function prevents the motor shaft from exceeding the

Satfely-fimited Position specified position limits.

The SDI function prevents the motor shaft from moving in the

Safe Direction 5Dl unintended direction.

The SBC function provides safe output signals to control an external

Safe Brake Control SBC brake.

Figure 37 - Drive Safety Tab and Instructions

ﬁ Logix Designer - RM_Safety [1756-L84ES 31.1]* = B2
| FILE EDIT VIEW SEARCH LOGIC COMMUNICATIONS TOOLS WINDOW  HELP

e W & xga 92¢ % % 5 el (o b2 |G G e

i mRUN N ; :

: QK I Path: <none> % & B i =i, = =l | sF#, ssi, ss2, sBc, sos, SO, SLs, SLF,
:Er:}ergy Storage Offline f. NoForces F_ Mo Edits 2 Safety Unlocked = Favorit._ jd-On  Safety Bit I Drive Safety I

Controller Organizer - ine* X

by Bl G Eg ||ovee |83 ab v | o

3

3

3

3

3

3

-3
SRR N - R It JECI IR U JC IR
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33

4 | Controller RM_Safety < S51
< Controller Tags gﬂf@i‘f QrU”U ; - =
Controller Fault Handler / eslamt bt ;
i i Cold 2fart Type ?
Power-Up Handler Drive SafEty Instructions D I'u"ltllmtl-[’ Delay ? RR
4 I Tasks 2
Stop Delay ? FP
43 MainTask pmEE :
4 4 MainProgram Drive Safety Tab Standstill Speed ?
<7 Parameters and Local Tags Decel Ref Speed -
MainRoutine
4 (0 SafetyTask Decel Speed Tolerance ?
# & SafetyProgram Feedback SFX :
<! Parameters and Local Tags Request ?
MainRoutine e :
esel ¢
Unscheduled .
4 =l Motion Groups Drive SafEty Example 551 Active 7
: 551 Fault ?
4 g UM_MotionGroup Fault Type 7
GVPCQ Diagnostic Code ?
Ungrouped Axes
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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 20-750-54 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.

Figure 38 - SLS Drive Safety Instruction

SLS

SLS Axiz_1 = 04

Restart AUTOMATIC
. AUTOMATIC < RR Outputs
Configurable heck 2000
Inputs FP
Active Limit  SLSLimit_Dynamic
554
Feedback SFX SFX_Axis_1
< Reques SLS Request
Inputs 04
Reset SA1_Reset
(4=
SLS Active SDASO.SLSActive
(4=
Pass Through SLS Limit SDA:S0.SLSLimit1
(4=
SLS Fault SDAS0.SLSFaultt
0 dm
Fault 14m
0utputs< ol

Table 41 - Drive Safety Instruction Definitions

Instruction Information Description

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

Configurable Inputs operates.

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

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.
Pass Through 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.

« 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.

Outputs
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Pass-through Data Using

Standard 1/0 Mode

Safety
Device

Ve Van

Safety demand initiates
monitoring of the SLS
safety function.

SLS Active is set high (1).

98

Controller-based Instruction Example

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 39 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 39 - Pass-through Data Path (Standard 1/0 Mode)

Safety Task Programming PowerFlex 755 Drive

SLS_Axis_1 =01
AUTOMATIC
AUTOMATIC | RR

2000

SLS Active status is
sent to the drive.

FP
SLSLimit_Dynamic
5.5
SFX_Axis_1
SLS_Reguest
O
Reset SA1_Reset
O

5LS Active SDASO.SLSActve! | |
04

SDA:S0.SLSLimit1
O

5LS Fault SDAS0.SLSFault!

O

14 Standard Task Programming
4

SLS Active status is passed
to the Standard Task via
Datalinks.

My_PF755 Drive:| SaktyStatus_SLSAcive
Motion speedoagic

SLS Active Status initiates
change of motion speed.

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:

o P4 [Safety Status]
e D5 [Safety Faults]

TIP  Other safety parameters may also need to be data linked depending on your
application.
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Table 42 - SLS Tag Information

Safety Output Assembly Tag

Axis Tag

module:S0.SLSActive Drive:.SafetyStatus SLSActive
module:S0.SLSLimit Drive:|.SafetyStatus SLSLimit
module:SO.SLSFault Drive:|.SafetyStatus SLSFault

TIP  The words module and drive (italic) in these tag names represent the
module and drive name that is assigned in the Logix Designer application.

The following steps correspond to the activity in Figure 39.

1. Safety device reports a request to the safety zone. 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. If 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
Integrated Motion

Safety Task Programming

Sl

SLS_Axis_1 =01

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 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 40 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 40 - Pass-through Data Path

SLS Active status is

¢ Safgty iﬂlg:ﬂg RR sent to the drive.
(( Device 2000
FP
Active L SLSLimit_Dynamic
554
Safety demand initiates SFX_Axis_1
monitoring of the SLS SLS-REQUESJ‘
safety function. Sl SLS Active status is passed
- | SiSActve SDASSOSLSActvel g to the Standard Task.
04

SLS Active is set high (1).

100

SDAS0.SLSLimit1
O
SDAS0.SLSFault!
O
14
O

Axis_1.SLSActiveStatus

Controller-based Instruction Example

SLS Active Status initiates

EN

DN

change of motion speed. ER
Safe_Speed
004
Table 43 - SLS Tag Information

Safety Output Assembly Tag Axis Tag

module:SO.SLSActive Axis.SLSActiveStatus

module:S0.SLSLimit Axis SLSLimitStatus

module:S0.SLSFault Axis.SLSFault

TIP  The words module and axis (italic) in these tag names represent the module
and axis name that is assigned in the Logix Designer application.
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SFX Instruction

The following steps correspond to the activity in Figure 40.

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

2. SLS Active 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. If 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.

The Safety Feedback Interface (SEX) 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 41, the SS1 instruction uses the Actual Speed output from the SEX
instruction during execution of the SS1 safety function.
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PowerFlex 755/
755T Drive

102

Feedback Position ? _ AdualPosion N “
(counts) o . (position units) R ”
Feedback Velocity 7 Actual Speed . | Fesiback s g
(feedback units/second) ” (position units/second R 2
T or position units/minute) )

Figure 41 - SFX Instruction Feeds Data to SS1 Instruction

o1

P

SFH

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 42 - 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 43 - 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 44 - SFX Instruction Example

SFX_Axis_1 =018
gconds
5120 FP

Position Scaling value from Figure 43.

512 SFH

Feedback Resolution value from Figure 42.

Unwind 512
Unwind value as specified for the motor used in
this example.

0.0

SDAS| FeedbackPosition1
621748 @

SDA: S| FeedbackVelocity1
299972384

d SDA:S|PrimaryFeedbackValid1
14

SDA:S| ConnectionFaulted

0

Used only with position-based
drive safety instructions

SA1_HomeTrigger

See the GuardLogix Safety Application Instruction Set o
Reference Manual, publication 1756-RM095 s il

O®
SDA:S0.SFHomed1
SDAS0.SFXFault!

0.3515625 &

1214 e

29957238«

14

O

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 I/O mode. If using
Integrated Motion mode, see Chapter 7.

Topic Page
Safety Assembly Tags 105
Configure Safety in the Logix Designer Application 106
Programming 126
Safety Function Operation 127
Pass-through Data 129

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

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

The SO.Output000utput, SO.Output01Output, SO.Test00Output, and
SO.Test01Output 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, SLInputStatus, and SLIOSupport 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 for more information about assembly tags.
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COnfigure S afety in the Logix ;Fhfis cfllzaptcr provides instru;tilons folr) how ;i) add ar/ld co;ﬁ'dgurc an I(riltcgratcd
. T i i i 755/ 755T drive product to an
DESlgner Appllcatlon afety Functions option module in a PowerFlex p

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 13).

e You must add a PowerFlex 755/755T drive product and 20-750-54

option module to your project.

e Ifusing speed monitoring 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. Click the Ethernet network in the I/O Configuration folder and select
New Module.

P /O Configuration
4 E31756 Backplane, 1756-A7
[ [0] 1756-LB3ES My_GLX5580_Systemn

m B mew Module.. .
=

Import Module...

Discover Modules...
Paste Chrl+V
Properties Alt+Enter

Print L4
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2. Select from the following drive products and click Create.

o PowerFlex 755 HiPwr EENET
e PowerFlex 755 EENET

o PowerFlex 755T

o PowerFlex 755TM Bus Supply

This example uses the PowerFlex 755 EENET.

Catalog | Maodule Discovery | Favartes

i

Clear Filters Hide Filters 2

Madule Type Vendor Filters

ABE, Inc.

Advanced Energy Industries, Inc.
Cognex Corporation

Dizlight

Module Type Categaory Filters

AL Drive

AL Drive Device
Analog

CIP Mation Converter

* EEEE E

C HEEE "

Catalog Mumber Description

PowerFlex 755-EEMET AL Drive via Embedded Enet

PowerFlex 755-EEMET-CM PowerFlese 755 AC Drive via Embedded Ethemet - CIP Motion

PowerFlex 755-EEMET-CM-5 PowerFlex 755 AC Drive via Embedded Bthemet - CIP Motion/Safe Tanque-Off
PowerFlex 755-EEMET-CM-51 PowerFlex 755 AC Drive via Embedded Ethemet - CIP Mation/Safe Speed Mo .
PowerFlex 755-EEMET-CM-53 PowerFlex 755 AC Drive via Embedded Ethemet - CIF Mation/53 Safety Option

| — Mo.. 7EC CCRICT MR A i — M FEE AT Mieem e Tl o] T et 7 Bl Al Lt o M HdiTe

<

20 of 646 Module Types Found

[7] Close on Create [ Crﬂaie] [ Close ] [ Help ]
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Add an Option Module to a PowerFlex 755 Drive

1. In the 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

Requires Controller Firmware Revision

Standard

Control is managed by this controller.
Safety is managed by another controller.

V31 or later

Standard and Safety

Both control and network safety
connections are managed by this
controller. A Standard and Safety
connection can only be made from a
GuardLogix 5580 or Compact GuardLogix
5380 controller.

V31.012 or later

Safety Only

Network safety connection is managed by
this controller. Control is managed by
another controller. A Safety connection can
only be made from a GuardLogix 5580 or
Compact GuardLogix 5380 controller.

V31 or later

Device Definition

1 Upload

G Import

9 Export

Identity
Peripherals

Connection Format

Automatic Device Configuration

Identity

Type: PawerFlex 755

Connection: [standard

Standard
Standard and Safe
Safety Onl

Safety Peripheral:

Safety Instance 1: NGtOsedT

Vendor: Allen-Bradley
Name:

Parent:

Description:

Ethernet Address:

Revision:

Advanced

MWeed more options?

Electranic Ksuinn: [ hle Mol
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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 20-750-84.

Device Definition

1 Upload G Import 9 Export

Identity” .
Periphersls® Identity
Connection Format”

Automatic Device Configuration™ Type: PowerFlex 755

Connection: [Standard and safety -

Safety Peripheral: [20-750-53 ~]

30-750-53
Safety Instance 1:

Vendor: Allen-Bradley

Name:

Parent:

Description:

Ethernet Address: IP Address A

Safety Netwark Number: 4264 0397 4144

< n

3. Iffeedback 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  Export

Identity™ )
Periphersis® Identity
Connection Format*
Automatic Device Configuration™ Type: PowerFlex 755

Connection: [Standard and Safety

Safety Peripheral: [20-75054

Safety Instance 1: [ safe Stop Only, No Feedback

Safety Feedback Module MNone

Vendor: Allen-Bradley

Name: My_PF735_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

Identity™ .
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?

Electrenic Keying: lCompatibIe Module

Drive Rating: IZODV 4.8 (ND) 4.8 (HD)

Rating Options: [Normal Duty

Special Types: [standard

Selected Rating: 200V 4.8A

Selected Catalog: 20G..84P2
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/O devices.

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

e Ifthe project consumes safety input data from a device whose
configuration is owned by some other device

e Ifasafety 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 @ 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 il M

Format:

10/14/2016 5:28:42.339 AM

2 Manual

{Decimal)

Number:

3FE6_031B_52E3 (Hex)
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Electronic Keying

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

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.

Compatible Module

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.
— Ifthe Major Revision is higher, the Minor Revision can be any number.

Disable Keyi

ng

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.

5. Click Peripherals in the navigation tree and click the arrow in the top
left corner to expand the Network SSM *$4 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 Defini

1 Upload

tion

G Import

 Export

Peripherals
A Type: Network SSM *S4
Vendor: Allen-Bradley
Parent; My_PF755_Safety_Drive
Port 4 - Network SSM *54 -
evision: T -| 003 F
Compatible Module -

¥ 5 -Universal Fdbk *UFB-1

e

¥ 13- EtherNet/IP Embedded
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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 © Export

Identity i
T Peripherals
‘Connection Format .
Automatic Device Configuration Need more options?

4- Network SSM *54.
13 - EtherNet/IP Embedded
14 - Devicelogix Embedded

Add new peripheral

Q~ Search -
LE
4 Option Modules
EtherNet/IP "ENETR (Tap) H
Network STO *53

Universal Fdbk *UFB-1

"
I

[ ok [ cancet | [ hHep |
4 DP1COMMs
0 |
20-COMM-C
20-COMM-D B
n e |4 N Warmines

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

Device Definition

x
1 Upload G Import ) Export
:::;Lme Peripherals
Connection Format® N
Automatic Device Configuration Need more options?
¥ 4- Network SSM *S4
¥  5- Universal Fdbk *UFB-1 [}
¥ 13- EtherNet/IP Embedded
¥ 14 - Devicelogix Embedded
% Add new peripheral
7. Click Connection Format in the navigation tree to open the
COnnCCtiOn FOrmat page.
Device Definition X

1 Upload G Import 9 Bxport

Identity R
Peripherals™ Connection Format
Connection Format®
Automatic Device Configuration | [ Jnout | Qutput | Safety Output | Safety Input
Data Type Name: - AB:PowerFlex755_E_CA4IEAEGT0 Data Type Size: 20 Bytes
Members:
Name Data Type Parameter
» DriveStatus DINT
Feedback REAL
b PA SafetyStatus DINT Port 4: Safety Status -]
¥ Pa SafetyFaults DINT Port 4: Safety Faults =)=
=
ok | [ concel | [ Hep
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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 9 Export

9.

Identity
Peripherals
Connection Format

I nble AutomaticDevce Configuration

Automatic Device Configuration

Port ADC Port Enable

No write protection using parameter 888 has been set for any port.

ok | [ cancel | [ Hep

Click OK to use the Automatic Device Configuration settings.

TIP  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.
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My_PF755_Safety_Drive
T
10919776 | connect v
Overview
Connection @
b Safety Configuration Comperely Digrams
Parsmeters |
Diagnostic [tems Type: Powerflex 755 Peripherals
Faults / Alarms Name: My_PF755_Safety Drive 4 - Network 5SM *54
Device Info Drive Rating: 200V 4.8 (ND) 4.8 (.. 13 - EtherNet/IP Embedded
Devicelogix Revision: 14.002 14 - Devicelogix Embedded
Wizards e Address: 10.91.97.76 Edit peripherals...
Date / Time . Ko e 1 |
—_— 7ecrtrromc ying: Compatible Mo... I
Device Definition |
2
Creation in progress Create | [ Cancel | [ Help~

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

11. 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 Cmnn’act %

Querview s

Connection

¥ Safety Configuration :

— Safety Output Connection 7
Diagnostic Items Requested Packet Interval (RPI):
Faults / Alarms i
Device Info Set by safety task H
Devicelogix

Connection Reaction Time Limit: 60.0 ms Edi.
Wizards
Date / Time Max Observed Network Delay: 7 ms .
Address L

Safety Input Connection

Requested Packet Interval (RPI):

10 & oms

(6 - 500)

Connection Reaction Time Limit: 40.0 ms Edit.

Max Observed Network Delay: 77 ms .

oK Cancel | [ Help~

The RPI for the Safety Output connection is fixed.

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.
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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 22" when the status is
Faulted or Connecting.

12. Click Safety Configuration in the navigation tree to open the Safety

Configuration pages.

My _PF755_Safety Drive

10919776 Cm‘;nv

Overview
Comnection Configuration
il Ownership
510
ss1 .
Input Configuration
Output Configuration *
Test Qutput
sBC £ Signature
Primary Feedback
Scaling ID: cacf_fa2c tHex)
Secondary Feedback
Discrepancy Checking Datet ‘
Parameters Time: | 09:47:55826 ms
Diagnostic ltems
Faults / Alarms =
Device Info
Devicelogix
Wizards N

ok | Cancel | Help v |

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 109).

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.

e Localis displayed when the current controller owns the module
configuration.

e 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.

o 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.
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13. Click Actions under Safety Configuration in the navigation tree to

open the Actions page.

My_PF755_Safety_Drive

10.91.97.76 Ccmn‘ect 3
Overview
Connection Actions to Take Upon Conditions
~ Safety Configuration™ i
At Connection Loss Action:  |SSL =
STO Connection Idle Action: 551 b
1 ResitTipes
Input Configuration
Output Configuration Cold Start Type: Automatic -
Test Qutput
SBC
Parameters
Diagnostic [tems
Faults / Alarms
Device Info
Devicelagix
Wizards
Date / Time:
Address
Creation in progress Create | [ Cancel | [ Help~

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.

e 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’

Rockwell Automation Publication 750-UMO05A-EN-P - October 2018

117



Chapter 6

Standard /0 Mode — Configuration, Programming, and Operation

118

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.

My_PF755_Safety_Drive
10.91.97.76 Connzd -
Overview
& i STO - Safe Torque Off
~ Safety Configuration”
P Delay: 0 ms |
STO
== (STO to SBC Delay) > 0
STO Active Cisable Torque
Input Configuration — |-
Output Configuration Torque Disabled [ Torque Disabled L | i
Test Qutput SBC Active Engage Brake
SBC Brake Engaged Brake Engaged
Parameters
. (STO to SBC Delay) < 0
; ‘9 e STO Active Creabie Toram
aults larms
Device Info Torque Disabled Torqus Disabled
Devicelagix secacive | Engage Brake L
Wizards Brake Engaged Brake Engagea
Date / Time
Address
Creation in progress Creste | [ Concel | [ help~

15. Click $S1 under 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.

| NewModule
My_PF755_Safety Drive

109197.76

==

¥
Connect v

Overview
Connection
~ Safety Configuration®
Actions*
sT0
ss1t
Input Configuration
Qutput Canfiguration
Test Qutput
s8C
Parameters
Diagnostic ltems
Faults / Alarms

SS1 - Safe Stop 1

Mode: Monitored 551~

st

Max Stop Time ——s

Stop Mornitor Delay 0 ms e
Stop Delay: 18 ms

Axis Speed
Max Stop Time: 15 ms

Decel Reference Speed:

Decel Reference Rate:

Decel Speed Tolerance:

Standstil Speed:

4096.000 3 Position Units/s
4096000.000 5| Pasition Units/s/s
00005 Position Units/s

409600008 Position Units/s

Device Info
Devicelogix
Wizards
Date / Time
Address

Standstill Speed

op
;“;‘V"’-\R Stop Delay, x——
b

D o

Creation in progress

(

Creste | [ 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
Mod + Timed 551
ode + Monitored SS1

TIP  Monitored SS1is unavailable when Safety Instance 10n
the Identity page is set to ‘Safe Stop, No Feedback’

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

Stop Monitor Delay This option is not available when ‘Mode” is ‘Timed SS1-
Stop Delay The stop delay time used when the SS1 function is initiated by a stop type condition.
Max Stop Time Displays the SST maximum stop time. This value is the sum of ‘Stop Delay ‘and ‘Stop

Monitor Delay’.

Specifies the deceleration speed to monitor for SS1.

Decel Reference Speed This parameter is unavailable when ‘Mode’ is ‘Timed SS1-

The minimum rate of deceleration while stopping.
TIP  Changing the Stop Delay value recalculates the Decel

Reference Rate.
This parameter is unavailable when ‘Mode' is ‘Timed SS1-

Decel Reference Rate

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.

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 20-750-54 option module will be used,
configure the input points to match the application.

e, ==y

My_PF755_Safety Drive
10919776 | ¢onn

Connection Input Configuration
~ Safety Configuration® -
g Point Operation Input Delay Time (ms)
PActsans: Point Point Made Test Source
sT0 Type Discrepancy Time (ms) Off-» On On -» Off
551 0 - ||mot usea - o] o]
= 1 -+ || ot Usea - o) o]
Qutput Cs — =
]l ]
Test Output 2 +| | ot Usea = o8] o]
= ingle Channel ™ 0 = =5
3 ~ || Not Used - o] of]
Parameters = -
Diagnostic ltems
Faults / Alarms Input Error Latch Time: 10003 ms

Device Info.

Devicelogix

Creation in progress Creste | [ Cancel | [ Hep~
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Property

Description

Point

The physical input points available for configuration (terminals Si0, Si1, Si2,
and Si3).

Point 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' s set to ‘Single
Channel

Point Mode

Specifies the mode of the input. Available options are:

+ Not Used

« Used with Test Output - The associated test output point shown in the
‘Test Source’ field will be used to pulse test the external wiring of the
safety input.

« Used without Test Output - The time in milliseconds that a discrepancy
must exist between two corresponding safety inputs before an alarm is
generated.

« Used as 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.

[ New ocuie ===

My_PF755_Safety Drive

§
10910 /4761 [P RNt

Ouerview

Connection

QOutput Configuration

~ Safety Configuration®

Actions* Point

Paint Operation

sTO

Point Mode

ss1+ o

Not Used -

1

Qutput Configuration

Input Configuration ngle Channel

Not Used v

Test Qutput

s8C
Parameters
Diagnostic ltems
Faults / Alarms
Device Info
Devicelogix
Wizards
Date / Time
Address

Creation in progress

Output Error Latch time: 1000 ms

Creste | [ Cancel | [ Hep~
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Property Description
Point The physical output points available for configuration (terminals So0 and SoT).
Specifies the type of operation for the output. Available options are:
Point Operation - Type « Single Channel
Dual Channel
Specifies the mode of the output. Available options are:
) Not Used
Point Mode Used with Test Pulses
Used without Test Pulses
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 error 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 20-750-54 option
module will be used, configure the test output points to match the

application.
e ..
My_PF755_Safety_Drive "
10.9197.76 Cunn"zct -
Overview
Connection Test Output
= Safiz‘;:?gmm”‘ Point Point Mode
sTo 0 [NotUsed -
ss1r 1 |NotUsed -
Input Configuration
Qutput Configuration
Test Output
SBC
Parameters
Diagnostic Items
Faults / Alarms
Device Info
Devicelogix
‘Wizards
Date / Time
Address
Crestion in progress Create | [ Cancel | [ Helpr
Property Description
Point The physical test output point being configured (Terminals To1 and To0).

Specifies the mode of the test output. Available options are:
« Not Used - test point is not used
Point Mode « Standard Output - used as a standard safety output
« Pulse Test Output - 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

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.
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My_PF755_Safety_Drive "
10.91.97.76 Cunn'ect =
Overview
Connection SBC - Safe Brake Control
~ Safety Configuration® = [Not — "
Actions®
STO
S5 STO Activates SBC ’u‘;e\z:te:\
[cn:(u,:u: Configuration STOo0!SBC Delay ffne) l 4 ‘
Test Qutput (STO to SBC Delay) > 0
STO Active Drsable Torque
Parameters Torque Disabled Torque Disabied
Diagnostic ltems $BC Active Engage Brate
Faults / Alarms
o BrokeEngaged [T Gweeneea |
DeviceLogix (STO to SBC Delay) < 0
Wizards STO Active Disable Torque
Date / Time TorqueDisabled [T Tomuoomwes |
Address SBC Active Ergoge Biake
Brake Engaged Brake Engaged
Creation in progress Create | [ Cancel | [ Hep~
Property Description
Specifies the mode of the SBC function. Available options are:
+ Not Used
Mode
« Used, No Test Pulses
+ Used, Test Pulses
Identifies if Safe Torque Off (STO) activation triggers the SBC function. Available options
are:
STO Activates SBC « Not Linked
« Linked - the brake is engaged during an STO event, based on the STO to SBC Delay’
attribute. Only valid when ‘Mode" is set to ‘Used:
Specifies the time in milliseconds from when the Safe Torque Off function is active to when
the brake is engaged. For positive values, the brake will engage after the delay has expired.
STO to SBC Delay (ms) gagea. rorp i 9ag y Nas exp

For negative values, the brake will engage immediately and torque will be disabled after
the delay has expired.

TIP

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 109). 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 must be updated. The
properties available on this page are determined by the safety feedback
device selected when the drive module was created.

My_PF755_Safety_Drive

¥
10519776 | Connect v

Overview
Primary Feedback

Connection

~ Safety Configuration
——— Device: 20-750-UF8-1 Velocity Average Time: 08 ms

STO
s Type: Not Specified = Voltage Monitor:
Input Configuration Units: __ Maximum Speed: _u,uou Rev/s

Output Configuration

Test Qutput Resolution Units: Cycles/Unit Standstill Speed: 100083 Revis
e

e, Cycle Resalution: 10243 Cycles/Rev Maximum Acceleration: 0.000 53| Rev/s/s

Scaling
Secondary Feedback Cycle Interpolation: 4% Counts/Cycle

m

Discrepancy Checking

Effective Resolution: Counts/Rev

Parameters

4096
Disgnostic Items Polarity:

Faults / Alarms
Device Info

Devicelogix
Wizards

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

My_PF755 Safety Drive

=
10.9197.76 ot v

Overview :
Connection Scaling
~ Safety Configuration
Actions Feedback Resclution: 4096 Counts/Rev
sTO
581

Input Configuration

Position Units: Position Units.

Qutput Canfiguration

Test Qutput Position Scaling: 1.000 % Counts/1.0 Position Units
SBC
Primary Feedback

m

Scaling
Secondary Feedback
Discrepancy Checking

Parameters

Diagnostic ltems

Faults / Alarms

Device Info

DeviceLogix
Wizards
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22. Enter the information for the device being used for the secondary
feedback. Red boxes indicate items that must be updated. The
properties available on this page are determined by the safety feedback
device selected when the drive module was created.

My _PF755 Safety Drive

§
10919776 | Connect v
Overview =
Connection Secondary Feedback
~ Safety Configuration
Actions Device: 20-750-UFB-1 Velocity Average Time: 0 % ms

STO
- Type: NotSpecified Veltage Moniter: NotMonitersd =
Input Configuration Units: Rev - Maximum Speed: 0.000 5| Rew/s

Output Canfiguration

Test Qutput Resolution Units: CyclesfUnit Standstill Speed: 1000 5 Rev/s
sBC £
Primary Feedback Cycle Resalution: 1024 Cycles/Rev Maximum Acceleration: Rev/s/s
Scaling
Cycle Interpolation: 4 Counts/Cycle
Discrepancy Checking Effective Resolution: 4095 Counts/Rev
Parameters

Diagnostic Items Polarity: Normal -

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 SIL3 PLe.

My_PF755_Safety Drive

¥
10919796 | oo

Overview

— Discrepancy Checking
~ Safety Configuration —

Actions
0 Time: 15 ms
51 Ratic: 1000 | Primary rev/ Secondary rev
Ingut Configuration’ Velocity Deadband: 0.000 5| position Units/s
Output Configuration
Test Output Pasition Deadband: 0.000 Position Units
sac E
Primary Feedback
Scaling
Secondary Feedback
Discrepancy Checking

Parameters

Diagnostic ftems
Faults / Alarms
Device Info

Devicelogix
Wizards

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

e Parameters — Parameters for all ports in the drive.
e DeviceLogix™ — DeviceLogix program editor.

e Wizards — Simplified startup and application configuration.

My_PF755_Safety_Drive

1051 g776]| [ ST S
Overview
Connection Parameters
~ Safety Configuration
e (arposs - [ how Non-Deteuts ] = ke
g All Ports | Show Non-Defaults | Filter Value P —
ss1
Input Configuration Port + Name Value Units  Internal Value  Default Min Max
Output Configuration 0 - PowerFlex 755 i Output Frequency 000 | He 000 000| 65000 65“|
st Ouiptit: 0- PawerFlex 755 A Commanded SpdRef 000 000 000| -116000| 116
s8¢
0 - Powerflex 755 3 Mitr Vel Fobk 000 000 000 -116000| 116
Disgnostic tems 0 - PowerFlex 753 4 Commanded Trg 000 |% 000 000 80000 &0
Faults / Alarms 0 - PowerFlex 755 5 Torque Cur Fdbk 0.00 | Amps 000 000 950
Device Info 0 - PowerFlex 755 6 Flux Cur Fdbk 0.00 | Amps 0.00 000 -9.60
Devicelogix 0 - PowerFlex 755 7 Output Current 0.00 | Amps 000 000 000
Wizards
0 - PowerFlex 753 8 Output Voltage 0.00 | vAC 000 00| o000
Date/ Time
Address 0 - PowerFlex 755 9 Output Power 0.00 | W 000 000 000 300
0 - PowerFlex 755 10 Output Powr Fetr 000 000 oo o000
o i ] »
oK Cancel Help ~ |

The drive will be displayed in the T/O Configuration’ folder in the
Logix Designer application.

4 .| /O Configuration
4 E31756 Backplane, 1756-A7
[ [0] 1756-L83ES My_GLX5580_System
4 Fz Fthernet
&2 1756-LB3ES My_GLX5580_System

i PowerFlex755-EENET My _PF755_Safety Drive

Safety Configuration Signature and Ownership

The connection between the controller and the drive is based on the following
criteria:

e Drive catalog number must be for PowerFlex 755 drives

e Drive Safety Network Number (SNN) (displayed in drive module
General tab)

¢ GuardLogix slot number
o GuardLogix safety network number

e Path from the GuardLogix 5580 safety controller or Compact
GuardLogix 5380 safety controller to the PowerFlex 755 drive

e 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.
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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 214.

Safety Tags in Standard Routines

Tags that are classified as safety tags are either controller-scoped or program-

scoped.

o 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_w_s_\m:em in Mz_wjﬁm_scl_ﬂa

[ B File Edit View Search Communications Tools

BEH & Open
Rem Run Il M RunM Menitor Tags
No Forces [ 3 F Contro Edit Tags
Energy
i Produced Tags...
Mo Edits % 110 N P g
Safety Unlocked 53 Map PLC/SLC Messages...

5] | Controller Organizer L TR

-3 Controller My_Safety Verify »
] Controller Tags

abed pe]

Build
-[13 Controller Fault § -
-[23 Power-Up Handl /0 Forcing 4
E Tasks SFC Forcing 3
-8 MainTask
=8 MainProgram Online Edits 4

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.

c ATTENTION: When using standard data in a safety routine, you are
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Safety Function Operation

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.

o The safety task, operating in a GuardLogix controller, communicates
with the drive module with a safety connection over the EtherNet/IP
network.

e The main task, operating in ecither of these controllers, communicates
with the drive with a standard connection over the EtherNet/IP
network.

e 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 1 stop. At the same time, to make sure that the Stop Category 1 is
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 SS1 function 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 SS1
drive-based safety function.

1. The safety task reads the E-stop input and detects the switch actuation.

2. The safety task communicates an SS1 request by setting the bit:
module:SO.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:1.P4_SafetyStatus_SSIActive tag.

GuardLogix Safety Controller

Logix 5000 Standard Controller

g---------- When asingle controller is used for
main task and safety task.

Safety Status and Fault
Data in S4 parameters
(to send via Datalinks)

Safety 1/0
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 SS1 function (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 SS1 safety instruction running in the safety
task.

3. The SS1 instruction communicates an SS1 active by setting the bit:
module:SO.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.
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Pass-through Data

Understand Integrated
Safety Drive Replacement

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 SS1 function 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 SS1 safety instruction outputs
SS1 complete.

The safety task communicates to the drive motion safety instance to activate

STO by clearing the bit: module:SO.STOOutput tag of the drive.

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 20-750-54 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

ISO 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 I/O device configuration onboard and are able
to download the configuration to the replacement device.

IMPORTANT  Ifthe 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 Out-of-Box State
on page 214 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
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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 130 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
o Configure Always

Figure 45 - Safety Drive Replacement Options

ﬁ Controller Properties - UM_SafetyController = @
General I Major Faults I Minor Faults I Date/Time I Advanced I SFC Bxecution 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:
@ Corfigure Onty When Mo Safety Signature Exsts
() Configure Always

OK ][ Cancel ][ pply |[ Hep
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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/O device only if the
following is true:

e The device already has the correct safety network number.
¢ The device electronic keying is correct.

e The node or IP address is correct.

For detailed information, see the GuardLogix 5580 Controllers User Manual,
publication 1756-UMS543 or Compact GuardLogix 5380 Controllers User
Manual, publication 5069-UMO001.

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

e 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.

Itis your responsibility to implement a process to make sure proper safety
functionality is maintained during device replacement.

c ATTENTION: Enable the Configure Always feature only if the entire

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 Logix5000 controller:

« GuardLogix 5580 Controllers User Manual, publication 1756-UM543

« Compact GuardLogix 5580 Controllers User Manual, publication
5069-UM001.

c ATTENTION: Do not place any devices in the out-of-box condition on any
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PowerFlex 755 10 Mode Using
SFX, $S1, and SLS Instructions

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 20-750-54) 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:

e Safe Feedback (SFX safety instruction)
e Safe Stop 1 (SSI safety instruction)
e Safe Limited Speed (SLS safety instruction)

An 800FP push button is configured as an emergency stop. It is monitored using
aDCS ESTOP Instruction and is wired to one dual-channel $4 Safety Input.

This input can generate Safe Stop 1 at any time during operation of the drive.

A Guard Locking Switch (catalog number TLS-Z GD2) is mapped to one of the
$4 Safety Outputs. This switch can be opened when the Safe Stop 1 is 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 $4 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 IO 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 46 - Studio 5000 Logix Designer Application Configuration Example

4 | I/O Configuration
4 B91756 Backplane, 1756-A7
[0 [0] 1756-L84ES V31_SafetyTest
4 g5 Ethernet
[ 1756-L84ES V31_SafetyTest
8 PowerFlex 755-EENET Powerflex_S4_I0_mode_example
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Figure 47 - Studio 5000 Connection Set to Standard and Safety

Device Definition

1 Upload G Import 9 Export

Identity .

Peripherals Identlty

Connection Format

Automatic Device Configuration Type: PowerFlex 755
Connection: [Standard and Safety 4 l
Safety Peripheral: (20-750-54 -
Safety Instance 1: [Singie Feedback > l
Safety Feedback Module [ 20-750-DENC-1 -]
Vendor: Allen-Bradley
Name: Powerflex_S4_10_mode_example
Parent:
Description:

Studio 5000 Connection is set to ‘Standard and Safety’ since the GuardLogix
controller will provide both in this example.

Figure 48 - Studio 5000 Powerflex 755 EENET Configuration

Powerflex_S4_10_mode_example

192.168.1.15 Eapfezss

Overview
Connection Q@ i

» Safety Configuration* Compare v Data Logger Diagrams
Parameters
Diagnostic Items Type: PowerFlex 755 Peripherals
Faults / Alarms Name: Powerflex_S4_10_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 — Address: 192.168.1.15 14 - DeviceLogix Embedded
Date / Time i = ,
Address Electronic Keying: Compatible Module Edit peripherals...

| t ! e

Device Definition
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Figure 49 - Studio 5000 Safety Primary Feedback Configuration

Powerflex_S4_10_mode_example

192.168.1.15

Connect v
Qverview ’
— Primary Feedback
e Devil 20-750-DENC-1 Velocity A Ti 100%
Feemr evice: -750- = ‘elocity Average Time: 59 ms
STO Type: Digital AqB A Voltage Monitor: 4.75V to 5.25V 2
ss1 Units: Rev - Maximum Speed: 50‘000% Rev/s
Input Configuration
Output Configuration Resolution Units: Cycles/Unit Standstill Speed: 1.000 % Rev/s
Test Output Cycle Resolution: 1024% Cycles/Rev Maximum Acceleration: 500.000% Rev/s/s
SBC
Ty e Cycle Interpolation: 4 Counts/Cycle
Scaling Effective Resolution: 4096 Counts/Rev
Parameters Polarity: Normal -
Diagnostic Items
Faults / Alarms
Device Info
Devicelogix
Wizards
Figure 50 - Studio 5000 Safety Scaling Configuration
Powerflex_S4 I0_mode_example
L7
192.168.1.15 Connect ~
Overview .
Connection Scallng
~ Safety Configuration* )
. Feedback Resolution: 4096 Counts/Rev
Actions
STO Paosition Units: Position Units
51 Time Units: Seconds -
Input Configuration . . — .
Output Configuration Paosition Scaling: 4096‘000% Counts/1.0 Position Units
Test Output
SBC
Primary Feedback
Figure 51 - Studio 5000 Input Configuration
Powerflex_S4 10 _mode_example
¥
192.168.1.15 T
Overview . .
i Input Configuration
~ Safety Configuration* _ _
y Point Operation Input Delay Time (ms)
Actions Point Point Mode Test Source
STO Type Discrepancy Time (ms) Off -> On on -> Off
ss1 0 || safety Semiconductor Input ~ | None G% 0%
Input Configuration 1 Dual Chanoel " L Safety Semicond I None 08 08
= e I
Qutput Configuration Zfety semiconductor Inpu e =
Test Output 2 - || Safety Standard Input ~ | None 0 % 0 %
saC Single Channel - 0 R R
3 ~ || Safety Standard Input ~ | None 0 % 0 g

Primary Feedback
Scaling
Parameters

Diagnostic Items

134

Input Error Latch Time:

1000% ms

e Inputs 0 and 1 are used with an OSSD Estop input from the 800FP.
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e Input 2 is a standard digital input from a push button to safety reset the

S4 module.

e Input 3 is a standard digital input from a push button to set the SFX
home.

Figure 52 - Studio 5000 Output Configuration

Powerflex_S4_10_mode_example

192.168.1.15 EerliE

QOverview . )
Connection Output Configuration
~ Safety Configuration* .
B Point Operation
Actions Point Point Mode
STO Type
551 0 . Safety =
Input Configuration Single Channel =
7 al Not Used =
Output Configuration
Test Output
She Output Error Latch time: 1000 :%: ms

Primary Feedback

Scaling

o Output 1 is used with the guard locking switch TLS-Z GD2 to open the

gate door.

Programming Example

This example illustrates configuration of the safety input, logic, and output
routines.

TIP  Configure your system based on the required safety level devices and ratings.
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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

Zone X
Dual Channel Input 1
Estop 1
Zn¥_DCS1.01

Zone X
Dual Channel Input 1
Estop 1
ZnX_DCS1.FP

Estop_Not_Pressed

Safety Input

The DCS Instruction is responsible for evaluating the dual-input validity into
the GuardLogix safety controller.

Figure 53 - DCS Instruction with the S4 is Mapped to the 800FP

DSC.01 is a dual channel GuardLogix function setup to monitor the two safety inputs for a system ESTOP.
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

If the inputs should be lost this indicates the request for the
next action
Zone X
Knife Emergency Stop
Pushbuttons OK
ZnX EstopOk

m

This rung monitors if the ZnX.DCS1 has a fault preset and energizes the ZnX Fault Estop
Zone X
Knife Emergency Stop
Fault
ZnX. Fault.Estop

Zone X
Dual Channel Input 1
Estop 1
DCcs
DCS Zn¥_DCS1
Safety Function EMERGENCY STOP = (01 ==
Input Type EQUIVALENT - ACTIVE HIGH
Discrepancy Time (Msec) 250 FP
Restart Type AUTOMATIC
Cold Start Type AUTOMATIC
Channel A Powerflex_S4_I0_mode_example:Sl.In00Data
0+
Channel B Powerflex_S4_10_mode_example:Sl.In01Data
0+
Input Status Zn¥.DCS_InSts. 1
14
Reset ZnX FltReset_Out
0+
Zone X

Knife DSC Input
Point Status Summary
Powerflex_S4_|0_mode_example:SLIn00Data  Powerflex_S4_|0_mode_example:Sl.In01Data Zn¥.DCS_InSts 1

Powerflex_S4_|0_mode_example:SLIn00Data  Powerflex_S4_I0_mode_example:Sl.In01Data

If the B00FP EStop is not pressed the state of the two inputs are true

Powerflex_S4_|0_mode_example:SLIn00Data  Powerflex_S4_I0_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 1 and Safe Limited Speed use the SFX instruction for
correct monitoring of feedbacks. The Safe Stop 1 requests 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 54 - Safety Logic Example

If the ESTOP true turn Zone Power on

Zone X
Knife Emergency Stop
Pushbuttons OK

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.
Powerflex_S4 |0_mode_example:SO.SLSActive  Powerflex_S4_|10_mode_example:SO.SLSLimit ~ SLS_Axis01.CheckDelayActive Powerflex_S4_10_mode_example:SO.0ut000utput

An example of being to reset a safety condition with an OSF on the falling edge per safety guidelines

Powerflex_S4_I0_mode_example:S1.In02Data 0QSF 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_10_mode_example: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
S§51_Mode_Request S81_Mode  SS1_Mode_Request
U

If the S51 modue is true, tum on the S51 Rquest wihch now executes the 551 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 551_Mode 551_Request

Powerflex_S4_|0_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 before the SFX is executed

Powerflex_S4_10_mode_example:SI.PrimaryFeedbackValid SFX
Safety Control SFX_Axis01
Time Unit Seconds = 01 ==
Position Scaling 4096.0
FP
Feedback Resolution 4096
= SFH a=
Unwind 4096
Home Position 00

Feedback Position  Powerflex_S4_I0_mode_example:SI.FeedbackPosition
0%
Feedback Velocity ~ Powerflex_S4_I0_mode_example:S|.FeedbackVelocity
L]
Feedback Valid Powerflex_S4_|O_mode_example:SI PrimaryFeedbackValid
0

s
Connection Faulted Powerflex_S4_10_mode_example:SI|.ConnectionFaulted
0%
Home Trigger Home_Trigger
0%
Reset Safety_Reset
0%
Safe Feedback Homed Powerflex_S4_I0_mode_example:S0.SFHomed
SFX Fault Powerflex_S4_|0_mode_example:SO_SFXFault
Actual Position 01171875«
Actual Cycles 3727«
Actual Speed 00«
Fault Type 1«
Diagnostic Code O
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The §51.01 is active once the SFX has been verified. H

ver the S51 mode only executes when the S51_Request is given in the program

SFX_Axis01.01 8§51
[ Safety Control S§51_Axis01
Restart Type AUTOMATIC =01 ==
Cold Start Type AUTOMATIC
Stop Monitor Delay 500 RR
Stop Delay 5000 FP
Standstill Speed 0.1
Decel Ref Speed 6.0
Decel Speed Tolerance 1.0
Feedback SFX SFX_Axis01
Request S51_Request
O«
Reset Safety Reset
O«

SS1 Active  Powerflex_S4_10_mode_example:S0.SS1Active
SS1Fault Powerflex_S4 10_mode_example:SO.SS1Fault
Fault Type 1«
Diagnostic Code O«

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

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 & 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
Feedback SFX SFX_Axis01
Request SLS_Request
0+
Reset Safety_Reset
0+

SLE Active Powerflex_S4_|0_mode_example:S0_SLSActive
0+

SLS Limit Powerflex_S4_|0_mode_example:SO_SLSLimit
0+

SLE Fault  Powerflex_S4_10_mode_example:SO_SLSFault

0+
Fault Type 1«
Diagnostic Code (]

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.
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Powerflex_S4_|0_mode_example:SO.STOOutput

Figure 55 - Safety Output Example

STO output and Reset configuraiton

Powerflex_S4 |0_mode_example:Sl.SafetyFault  Powerflex_S4_10_mode_example:Sl.TorqueDisabled

Safety Reset  8S1_Axis01.01

Powerflex_S4_|I0_mode_example:S| RestartRequired

Powerflex_S4_|0_mode_example:S| SafetyFault

Powerflex_S4_|0_mode_example:S| SafetyFault

Powerflex_S4_10_mode_example:SI.ConnectionFaulted

Powerflex_S4_|10_mode_example:S0 ResetRequest

The STO Output must be high before any movement can occur.

551_Axis01.01

Powerflex_S4_|0_mode_example:Sl TorqueDisabled ~ Powerflex_S4_10_mode_example:SI RestartRequired 551_Mode

Powerflex_S4_|0_mode_example:SO.STOOutput

The PowerFlex 755 $4 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.

Figure 56 - Safety Output Programming Example

Powerflex_S4_IO_mode_example

192.168.1.15 EeimEe

Qverview
Connection
Safety Configuration*
Parameters
Diagnostic Items
Faults / Alarms
Device Info
Devicelogix
Wizards

Date / Time
Address

Parameters
[4 - Network S5M T | [AII Parameters > | [ Show Non-Defaults le Reset Defaults v

Port | # Name Value Units Internal Value  Default Min Max

4 a5l Enc2 Fault Type No Fault i No Fault 1 101 [j =
4 34 Enc2 Unit Revolution 0 Revolution 0 1 l—

4 3 Safety State Testing 1 Testing 1 52 f:]

4 4 Safety Status 00000000 000000... 0 | 00000000 0000000... C]

4 5 Safety Faults 00000000 000000... 0 | 00000000 0000000... [j

4 6 Safe Status Mfg 00000000 000000... 0 | 00000000 0000000... l—

4 7 Safe Faults Mfg 00000000 000000... 0 | 00000000 0000000... f:]

4 8 Safety Data A 0 0 0| -21474.. | 214748.. C]

4 0 Safety Data B 0 0 0| -21474.. | 214748.. [j =
4 11 STO Actn Src Drive 0 Drive 0 1 l—

4 12 | STO Stp Actn Coast 0 Coast 0 6 f:] 3
4 13 | 551/552 Actn Src Controller 1 Drive 0 i C] 1
4 14 SS1 Stp Actn Ramp 1l Ramp 0 6 [j

The Safe Limited Speed (and any other safe monitoring instruction requests
besides STO, SS1, and SS2) are handled with the use of pass-through tags in
the GuardLogix Standard Task. The GuardLogix Safety Task uses pass-
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through tags to the Standard I/O Routine to change the speed reference for the
SLS request, as shown in the programming example.

Figure 57 - The Use of Datalink is Required to Pass Data from the S4 Safety Function to the

Standard I/0 Routine
Device Definition x
% Upload G Import “ Export
Identity i
Peripherals Connection Format

Connection Format

Automatic Device Configuration

Input ‘ Output | Safety Output | Safety Input

Data Type Name: AB:PowerFlex755_E_8E4C3CC5IL0 Data Type Size: 16 Bytes
Members:
Name Data Type Parameter
» DriveStatus DINT Bl
Feedback REAL
b P4 _SafetyStatus DINT Port 4: Safety Status =

(EARVEARNEN N

[ OK ] [ Cancel ] [ Help ] |
Figure 58 - 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_I0_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_|O_mode_example:| DriveStatus_Ready ~ Powerflex_S4_l0_mode_example:O LogicCommand_Stop Powerflex_S4_|0_mode_example:O LogicCommand_Start
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Figure 59 - Standard 1/0 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 15

If the drive is running and the SLS active pass through tag is active, run the motor at 100 rpm.  Note t celeration and deceleration are used in parameters 535 and 537 for correct speed changes. These
are incorporated into the instruction tim,
Powerflex_S4_|0_mode_example:| DriveStatus_Active Powerflex_S4_|0_mode_example:| P4_SafetyStatus_SLSActive MOV
Source Determine_speed_to_run_normal

1500.0+
Dest Powerflex_S4_10_mode_example:O.Reference
0.

Powerflex_S4_10_mode_example:|.P4_SafetyStatus_SLSActive MoV
Source What_speed_to_get_to_SLS_Speed
100.0«
Dest Powerflex_S4_|0_mode_example:O Reference
0.0«
Show the existing drive speed on a HMI
MOV
Source Powerflex_S4_|0_mode_example:|. Feedback
0.0«
Dest Display_Existing_PF755_Speed
0.0«

Figure 60 - Standard 1/0 Routine That Commands the Drive to Zero Velocity Once the SS1
Request is Made by the Safety Task

Ifthe drive is active and the SS1 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_|0_mode_example:| DriveStatus_Active ~ Powerflex_S4_|0_mode_example:| P4_SafetyStatus_SS1Active Powerflex_S4_|0_mode_example:O LogicCommand_DecelTime2
MOV
Source Go_to_zero_speed_on_the_SS1_active
0.0«

Dest Powerflex_S4_10_mode_example:O.Reference
0.

Figure 61 - 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_|O_mode_example:O LogicCommand_Stop
Source A Drive_and_motor_below_1_rpm_or_stopped
0«

Source B Powerflex_S4_10_mode_example:|.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 I/O mode, see Chapter 6.

Topic Page
Safety Assembly Tags 143
Configure the Integrated Safety Function Option Module in the Logix Designer Application 144
Understand Module Properties Categories 145
Programming 176

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

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

The SO.Output000utput, SO.Output01Output, SO.Test00Output, and
SO.Test01Output 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, SLInputStatus, and SLIOSupport 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 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 755/755T 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.

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 13.

e When usinga PowerFlex 755/755T drive product in Integrated Motion
Mode, the Integrated Safety Functions option module must be installed
in port 6.

e Ifusing speed monitoring 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 B31756 Backplane, 1756-A10
[= [0] 1756-L725 forS3card
§ [1] 1756-L7SP forS3card:Partner
4 f] [2] 1756-EN2T bridge

ﬂ New Module...
Import Module...

Discover M

Paste Cirl+

aste

Print »

2. Select a PowerFlex 755 drive for Integrated Motion on EtherNet/IP*
networks (catalog number ends in —~CM-$4 for drives with the
Integrated Safety Functions option.
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Catalog Number Description Vendor Category

PowerFlex 755 HiPwr PMM-EENET High Power AC Drive, Permanent Magnet Motor, Deep Well Rockwell Aut..  Drive

PowerFlex 755 HiPwr-EENET AC Drive Rockwell Aut..  Drive

PowerFlex 755 HIPwr-ENETR AC Drive Rockwell Aut..  Drive

PowerFlex 755 HiPwr-NET-E AC Drive via 20-COMM-E Rockwell Aut..  Drive

PowerFlex 755 PMM-EENET AC Drive, Permanent Magnet Motor, Deep Well Rockwell Aut..  Drive

PowerFlex 755-EENET AC Drive Roclkwell Aut..  Drive

PowerFlex 755-EENET-CM PowerFlex 755 AC Drive via Embedded Ethemet - CIP Motion Rockwell Aut..  Drive, Motion
PowerFlex 755-EENET-CM-S PowerFlex 755 AC Drive via Embedded Ethernet - CIP Motion/Safe Torque-Off Rockwell Aut.. Drive Motion
PowerFlex 755-EENET-CM-51 PowerFlex 755 AC Drive via Embedded Ethernet - CIP Motion/Safe Speed Monitor Rockwell Aut..  Safety Drive Motion
PowerFlex 755-EENET-CM-33 PowerFlex 755 AC Drive via Embedded Ethernet - CIP Motion/S3 Safety Option Rockwell Aut..  Safety Drive Motion

I PowerFlex 755-EENET-CM-534 PowerFlex 755 AC Drive via Embedded Ethernet - CIP Motion/S4 Safety Option Rockwell Aut..  Safety Drive Mation l

PowerFlex 755-ENETR AC Drive Roclkwell Aut..  Drive

PowerFlex 755-HiPwr-EENET-CM PowerFlex 755 High Power AC Drive via Embedded Ethernet - CIP Motion Rockwell Aut..  Drive Motion
PowerFlex 755-HiPwr-EENET-CM-3 PowerFlex 755 High Power AC Drive via Embedded Ethemnet - CIP Motion/Safe Torque-Off Rockwell Aut..  Drive Motion
PowerFlex 755-HiPwr-EENET-CM-31 PowerFlex 755 High Power AC Drive via Embedded Ethernet - CIP Motion/Safe Speed Monitor Rockwell Aut..  Safety Drive Motion
Powerflex 755-HiPwr-EENET-CM-S3 Powerflex 755 High Power AC Drive via Embedded Ethernet - CIP Motion/S3 Safety Option Rockwell Aut.. Safety Drive Motion

I Powerflex 755-HiPwr-EENET-CM-S4 Powerflex 755 High Power AC Drive via Embedded Ethernet - CIP Motion/S4 Safety Option Rockwell Aut.. Safety Drive Motion l

PowerFlex 755-NET-E AC Drive via 20-COMM-E Rockwell Aut..  Drive

PowerFlex 755T PowerFlex 755TM Common Bus Inverter via Embedded Ethemet Rockwell Aut..  Drive

PowerFlex 755TM-Bus Supply PowerFlex 755TM Regenerative Bus Supply via Embedded Ethernet Rockwell Aut.. Drive

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 62 - Module Properties

[l New Module I

ime Sync

Module Info

temet Protocal

'ort Configuration
Motion

Associated Axes
Power

Digital Inputs

| Motion Diagnostics
£} Moion Safety

L btiong

570

551

SBC

- Input Configuration
- Test Output
Output Configuration

Status: Crealing

General

Type: PowerFlex 755-EENET-CM-54 PowerFlex 755 AC Drive via Embedded Ethernet - C...

Vendor:

Parent: enet

Rockwell Automation{Allen-Bradley

Mame: |

Description:

Module Definition

Revision:

Electronic Keying:

Pawer Struckure:
Connection

Safety Instance

[l

Ethernet Address

" Private Netwark:

192.168.1, _I::'
& Ip address: g Y g

|

Change ... I
14.001

Compatible Module

<none>

Motion and Safety

Safe Stop Oy - No Feedback

Safety Network
Number:

4245_0448_3BES ... |

6f13/2018 3:58:28.325 PM

o]

Cancel Help
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Module Properties Category Page
General page 146
Connection and Safety page 149
Motion Safety
Actions page 152
Primary Feedback page 153
Secondary Feedback page 155
Scaling page 156
Discrepancy Checking page 157
STO page 158
SS1 page 159
SBC page 160
Input Configuration page 161
Test Output page 162
Output Configuration page 163
Associated Axes Motor and Load Feedback Device page 165

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.

ﬂ

Peripheral Devices:

Revision: 14 - o0l = Safety Definition |

Electranic Kewing: ICompatthe Module

LefLed

Paower Struckure: |<none>

| | Yerify Power Rating on Connection

Connection: Motion and Safety
Safety Instance: Satfe Stop Only - Mo Feedback

|4«

Ok I Cancel | Help I

2. 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 44 for more details.
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Table 44 - 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.

Compatible Module

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.
— Ifthe Major Revision is higher, the Minor Revision can be any number.

Disable Keying

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
A 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.

4. From the Connection pull-down menu, [Motion and Safety -]

Motion and Safet

choose the Connection mode for your e
motion application. See Table 45 for Sabety Only

definitions.

TIP  When ‘Safety’ appears in the Connection mode, integrated safety is implied.

Table 45 - 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.
+ Integrated safety functions are managed by this controller.
Safety Only M Integrated mode 9 d gedy

« 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 thC Safety Instance puﬂ—down menu, [Sing\e Feedback Monitoring V]

choose the integrated safety type. See

Safe Stop Only - No Feedback

Single Feedback Mﬂitrin
Table 46 on page 149 for definitions. If ‘Safe T A —

Stop Only mode’ is selected, skip to step 7.
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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:

14 57 0ol = Safety Definition

Electraonic Keying: ICumpatible tModule j
Power Structure: |<none> j

o Yerify Power Rating on Connection

|Cannection: [Motion and Safety =l
|Safety Instance: |Safe Stop Only - Mo Feedback ;I‘

0K 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 |
Port: I4 j'

Peripheral Device:

[" safe Feedhack

OF I Cancel | Help |

7. Click Safety Definition to configure the Integrated Safety Functions
module’s revision and electronic keying settings. See Table 44 on

page 147 for information on electronic keying.
x

Maijor Revision: I_ % l Minar Revision: I 1 _Ij

Electranic Keying: ICompatibIe Module j

[a]'4 I Cancel | Help |

8. Click OK to close the Safety Definition dialog box.
9. Click OK to close the Module Definition dialog box.
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Table 46 - Motion Safety Instance Definitions

Motion Safety Instance Mode

Module Connection Options

Description

Safe Stop Only -
No Feedback

Single Feedback Monitoring

Dual Feedback Monitoring

+Motion and Safety
- Safety only

STO function and Timed SS1 Safe Stop functions are available.

Primary feedback is used in the safety object for safe monitoring.

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.

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.

8 Mt Propas o Ponerie 55 ENET Ot 00

Connection
Safely
Time Syrc
Module Infa Requestedt Packet Interval (RPI) | Connection over
Intemet Pratocol Mame (ms) EtherNetiP
Port Configuration
£ Motion
- Bssocisted xes B holionsens 00 2] 5e by Mation Group_| Inicast -
Power Safety Output 20 2{Set by Safety Task | Unicast -
DigitalInputs Saety inpu mgtsa on Safety Page | Uricast =

- Molion Diagnostics
) Motion Sefely
Actions
- Primaty Feedback
Secondary Feedback
Sealing
- Discrepancy Checking I Irhibit Mocule
sT0
851
- 380

™ Major Fauit On Contraler If Connection Fails Whie in Run Made

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.

2. To set the Safety Output value, right-click Safety Task in the Controller
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x
" General Configuration | Frogram Schedulel Monitorl
Type: I Perindic j
Period: Im ms
FErriority: |1 i} 3: [Lower number vields higher priarity)
‘watchdog: |2D.DDD TS
QK I Cancel Lpply Help
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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.

4. Click OK.

5. 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 47 on page 151 for information on other safety

connection attributes.

[ o repetes ot roveres 55 cner v s+ oao0_- [

ime Sync Connection | Reguested Packet [ Connection Reaction Max Ohserved
tadule Info Type Interval (RPI) (ms) Time Limit (ms) Metweork Delay (ms)
niernet Protocol Safety Input 10 = 401 [ Reset Advanced.., |
i+ Port Configuration Satety Output 20 £0.0 Feset
Advanced Connection Reaction Tine Limit Configurs 1[

~ Input
Fequested Packet Interval (RF1): _:I ms [6 - 500]

Timeaut Multipler: I 2_% -4

Netwark. Delay Multiplier: ZDD_jI % [10-600]
Connection Reaction Time Limit: 401 e
i~ Output

Requested Packet Interval (RF1): I 15 ms [Safety Task Period)

Timeout Multiplier: I 2_% [1-4

MNetwork Delay Multiplier: ZDD_:I % [10-600)

Caornection Reaction Time Limit: 450 ms

ak. I Cancel Help

The default Safety Input RPI value is 10 ms. Edit as appropriate for your
application.
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Table 47 - 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 RPIis entered in 1 ms
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
Requested Packet

Interval (RPI)

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.

Timeout Multiplier

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 before a connection error is declared. For example, a Timeout Multiplier of 1
indicates that messages must be received during each RPl 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).

Network Delay
Multiplier

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
the consumer and the acknowledge back to the producer. You can use the Network Delay
Multiplier to reduce or increase the Connection Reaction Time Limit in cases where the
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.

Connection Reaction

The Connection Reaction Time Limit is 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. The following equations
determine the Connection Reaction Time Limit:

Time Limit Input Connection 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.
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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 48 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 70.

1. Select the Motion Safety >Actions category.

T cticns to Take Upen Conditions 0
Connection
Safely
Time Sync Connection Loss Action: [T -

Module Info

Intemet Protocol Connection Id Action:  [STO =

Port Configuration
EJ- Mation Restart Type: Atomatic v
Associated Axes
Power Cold Start Typs: Automatic 2

Digiel Inputs
Motion Diagnostics

1 Motion S ofely
Actions
Pimay Feedback
Secondary Feedback
Scaling
Discrepancy Checking

551

SBC

Input Configuration
Test Output

Oulput Configuration

Status: Diffne ok | Cencel Ll Help

Table 48 - Motion Safety Actions

Attribute

Description

Values Description

Connection Loss Action

« Connection loss is caused by removal of the 551 Drive-based Safe Stop 1function is initiated and operates according

Ethernet cable from the drive.

+ Theloss could also be an indication of excessive
traffic, causing the drive to lose synchronizationto | ¢yq
the grandmaster clock/motion controller.

to the SS1 configuration.

Torque is removed according to the STO configuration.

Connection Idle Action

Connection idle is caused by the safety output task SS1
becoming disabled because the controller is in Remote

Program mode.

Drive-based Safe Stop 1 function is initiated and operates according
to the SS1 configuration.

ST0 Torque is removed according to the STO configuration.

Restart type means that the safety function resets and
will be ready for subsequent operation when the reset

Restart allowed after safety function completes and function
Automatic | request is removed. If restart is required due to a fault, the fault

Restart Type conditions are met. See specific function for more condition must also be removed.
detail. Manual | Restartis allowed aftera 0—1 transition of SO.ResetRequest bit.
Restart allowed after safety function completes and function
Cold start type means that the configured safety Automatic | request is removed. If restart is required due to a fault, the fault
Cold Start Type function is ready for operation immediately after the condition must also be removed.

controller enters run mode.

Manual Restart is allowed after a 0—1 transition of SO.ResetRequest bit.

152
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2. From the Connection Loss ACtion  conmection Loss action: [S51 v
and Connection Idle Action pull- ¢ .cion tle action: M
down menus, choose $S1 or STO

as required for your application.

3. From the Restart Type and Cold Start Type pull-down menus, choose
Automatic or Manual as required for your application.

4. Click Apply.

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 Primary Feedback
£ Connection
o Safety
Tine Spnc Device: Port 4 Primary - Yelacity Average Time 0 ms
Modue Info
Irtemet Protocal Type: ot Specied 2 Yoltage Monitor: ot Monitored 2
Port Corfiguration
[=1- Motion Uniks: Rev = Maximurn Speed: 0.000 | Revis
Associated Aves
Power Resolution Urits: Cycles{Rev Standstil Speed 1,000 Rewfs

Digital Inputs

Malion Diagnostics Cycle Resolution: 1024 Cycles/Rev Maximurn Acceleration; 0.000  Revis/s
- Motion Safety

Actions Cytls Interolation: 4 Couts/Cyce

Primary Feedback

Secondar Feedback

Sealing
Diserepancy Checking Bolaricy Hormal -
sTo

851

SBC

Input Configuration
Test Output

Output Configuration

Effective Resolution: 4096 Counts/Rev

Stetus: Offine 0K | Concel Al Help

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 49 shows the valid feedback types based on the module

configuration.

4. Set the remaining Primary Feedback attributes. See Table 50 for the

descriptions of these attributes.

5. Click Apply.
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Table 49 - Feedback Options

Feedback Option
20-750-UFB-1 20-750-DENC-1
g . Sine/Cosine -
‘E Primary Hiperface Digital AqB
=
=
% Secondary Digital AqB Digital AqB
v

Table 50 - 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.

Polarity

Based on encoder rotation and evaluation requirements. Choose
between Normal (default) or Inverted as appropriate for your L] *:
application. erte

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 50 to find
the correct voltage monitoring range based on feedback device.

Maximum Speed

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.
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Table 51 - Voltage Monitoring Values for Feedback Device

Feedback Devices

20-750-UFB 20-750-DENC
Not monitored Not monitored
. V..V 4.75V...5.25V

g | Frimary 475V...525V ..
E 11.4V...12.6V
_—: Not monitored Not monitored
= V... 12V 4.75V...5.25V

£ | Seonday 475, 505 N...12V
2 11.4V...12.6V

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 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
- Caonnection
. Safety
- Time Sync
-- Module Info
- Internet Protocol
- Port Configuration
- Network
—-Motion
- Associated Axes
- Power
- Digital Input
- Motion Diagnostics
|-Motion Safety 1
- Actions
- Primary Feedback
8 Secondary Feedback|
- Sealing
- Discrepancy Checking
- 8TO
- 881

Secondary Feedback

Device:

Catalog

Type:

Units:
Resolution Units:

Cycle Resolution:

Cycle Interpolation:

Polarity:

SIL Rating:

Universal Feedback 1 Por =

<nonez

Sine/Cosine -

Rev -

Change Cataleg...

Cycles/Rev
1024 Cycles/Rev

4 Counts/Cycle

Normal -

Unknown

Velocity Average Time:

Standstill Speed:
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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 63 - Scaling Category (default settings)

- General
Connection
- Safety
Time Sync
- Madule Info
- Internet Protocol
- Port Configuration
- Network
|=|-Motion
- Associated Axes
- Power
- Digital Input
- Diagnostics

[=1-Maotion Safety 1

- Actions

- S8TO
- 881

- Primary Feedback
- Secondary Feedback

-- Discrepancy Checking

Scaling

Feedback Resolution:

Position Units:

Time

Position

1

Position Units

1.000

Counts/Rev

Counts/1.0 Position Units

Table 52 - 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 Minutesas 535 o)

appropriate for your application. Minutes Ly
Position The conversion constant showing the counts per position units. This is the number of counts for

one of your position units.
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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 64 - Discrepancy Checking Dialog Box (default attributes)

- General
- Connection
Safety
- Time Sync
- Module Infa
Intermet Protocol
- Part Configuration
[=]- Motion
Associated Ares
- Power
~ Digital Inputs
Mation Diaghostics
[=- Mation Safety
- Actions
Primary Feedback
- Secondam Feedback.

551
SBC
~ Input Canfiguration
- Test Output
Output Configuration

Status: Offline

Discrepancy Checking

Time: I 1 ms

Ratio: I 1.000000  Primary ReviSecondary Rev
Velocity Deadband: I 0,000 Position Units/s

Position Deadband: I 0.000°  Position Units

oK I Cancel Apply 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.

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
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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.

1. From the Mode pull-down menu, choose the appropriate discrepancy
checking mode 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
Velocity Deadband feedback speed for the velocity discrepancy check.
- The position units of the difference between primary and secondary
Position Deadband feedback position for the position discrepancy check.

3. Click Apply.

Motion Safety>STO0 Category

The STO category provides a disable and coast fault action. However, if a
torque disable delay is needed followinga STO Active command, you can enter
avalue in the Delay field (see Safe Torque Off With Delay Operation on

page 74 for more information.)

Figure 65 - Motion Safety STO

Connection
Safely
Time Svnc Delay: 0 ms
Module Info
Internet Protocal
Port Corfiguistion Velocity 4 Fialay
- Motion -
Agsociated Axes :
- Power 1
Digital Inputs !
Motion Diagnostics 1
Bl Motion Safely H .
Actions L - -
Primany Feedback STO Output Disable Torque —
- Secondary Fesdback
Sl STOActve | Drsable Torque e
Discrepancy Checking Torque Disabled Torque Daabled
£:10
sec
- Input Configuration
Test Output
Dutput Carfiguration

Status: Offine Ok | Cancel Ll Help

158 Rockwell Automation Publication 750-UMO05A-EN-P - October 2018



Integrated Motion — Configuration, Programming, and Operation ~ Chapter 7

STO becomes active if any of the following inputs to STO are asserted:

e STO Output =0

e Safety Connection Loss and Connection Loss Action = STO
e Safety Connection is Idle and Connection Idle Action = STO
e Drive-based SS1 Function is Complete (= 1)

e Safety Stop Fault = 1

e Ciritical Safety fault occurs

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.

o IfSTO is activated by a Safety Stop fault or Critical Safety fault,
torque is removed immediately without the STO delay.

e IfSTO is reset by removing all inputs, torque is immediately
permitted without delay.

Motion Safety>SS1 Category

The ‘Motion Safety>SS1’ category is configured when a Timed or Monitored
Safe Stop 1 condition is desired.

‘Timed SS1° mode is available when the module is configured with or without
safety feedback monitoring. The ‘Monitored SS1°” mode is only available when
the module is configured for feedback monitoring (for more information on
the drive-based Safe Stop 1 function, see Safe Stop 1 Function on page 78.)

Timed SS1 is a fixed time for the motor to stop before removing
torque. Motor feedback is not monitored. ‘Stop Delay’ is the %&_A‘S
Monitored 551

only parameter used for “Timed SS1’ and determines the ‘Max

Stop Time’
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Figure 66 - SS1 Dialog Box (Timed SS1, default)

-~ General
- Connection
- Safety
- Time Syne
- Module Infa
i Internet Protocol
- Port Conliguration
£ Mation
| pssocisted Anes
Power
Digial Inputs
i Motion Diagnostics
- Motion Safely
Actions
- Piimary Feedback
Secondary Feedback
Sealing
- Discrepancy Checking

551

- GBC
Input Corfiguration
Test Dutput

-+~ Output Configuration

Status: Offline

SS1 - Safe Stop 1

Mode:

e MaxSop Time ——

I
Stop Monitor Delay: 0 oms 1

[+ StopDelay
Stop Delay: L ms

Axis Speed
Max Stop Time: 1 ms

Decel Reference Speed: 4096000 Position Unitsfs

Decel Reference Rate: 4095595, 750 Position Unitsfsfs

Decel Speed Tolerance: 0,000 position Units(s
Standstill Speed: 4098.000 Position Units/s

oK I Cancel Spply Help

Monitored SS1 is 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.

Figure 67 - SS1 Dialog Box (Monitored SS1)

& Motion

- Associated Axes
Fower
Digial Inputs

- Malion Diagnostics

&1 Motion Safety
Actions

- Primary Feedback
Secondary Feedback
Sealing

- Discrepancy Checking

Stop Delay:

Mz Stop Tine:

Decel Reference Speed:

Decel Reference Rate:

Decel speed Tolerance:

Standstil Speed:

—

4096.000

4095999,750

0,000
4096,000

ms
ms

Position Uritsfs
Position Urits/sis

Position Uritsfs

Position Uritsfs

Auis Speed ;L

Standstill Speed

General SS1 - Safe Stop 1

Connection
- Safety

Time Synz: Mode: Monitored 551 ¥

Module Infor - :.7&»: Max Stop Time ———|
. Stop Monitor Delay: ms |

Inteinet Protocol | wanior o

Pt Configuration I i ot

Dec| Referance
- Rate, y)

D
Reference
S

551

- SBC
Input Configuration
Test Output

- Output Configuration

Status: Offfine OK. I Cancel Apply Help

Motion Safety>SB(C 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
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of the physical brake outputs are performed. For more information on the
drive-based SBC function, see Safe Brake Control Function on page 85.

See Table 53 for descriptions of the SBC attributes.

- General
Connection
- Gafety
~ Time Sync
Module Info
- Internet Protocol
- Port Configuration
= Mation
- Mssociated Axes
- Power
Digital Inputs
~ Motion Diagnastics
[=)- Motion Safety
Actiors
- Primary Feedback
- Secondary Feedback
Scaling
- Digcrepancy Checking
-.5T0
551"
-JBBE
~ Input Configuration
Test Output
« Dutput Configuration

Status: Offline

(SBC - Safe Brake Control

Made [ Mot Usea -

STO Activates SBC | Mot Linked
STO to SBC Delay (ms) | il

4o || 4

(STO to SBC Delay) > 0

STO Active Disable Torque I_
Torque Disabled Torque Disabled |_
SBC Active Engage Biake |_
Brake Engaged [ GakeEngases |
(STO to SBC Delay) <0

STO Active Disable Torque L]
Torque Disabled ,W!_
SBC Active Engage Brake |_
Brake Engaged Brake Engaged I_

aK I Cancel Apply Help

Table 53 - SBC Attributes

Attribute Description

Determines if an STO event engages the brake. If set to ‘Not Linked; an STO event does not
STO Activates SBC | 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:

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
STOto SBCDelay | 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 54 for descriptions of these attributes.

The Point Mode configures the mode of the safety input. Table 55 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 51 for more information. The Input
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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 41 for more information.

- General
- Connection
Safety
- Time Syne
- Module Info
Internet Protocol
- Port Configuration
[=- Motion
Agsociated Axes
- Power
-~ Digital Inputs
Motion Diagnostics
= Mation Safety
-~ Actions
Frimary Feedback
- Secondary Feedback
- Scaling
Discrepancy Checking
570
551
SBC
-~ Input Configuration®
~ Test Output
Output Configuration

Status: Offline

Input Configuration

Paint Operation

Inpt Delay Time (ms)

Fairt Mocle Test Source

Point

Type Discrepancy Time (ms)

Off-=0n | On-=0ff

0 | Dual Channel Equivalent

10 | Used with Test Output

o -3 03

[ 03

4

Used with Test Output

L«

1
2 | Dual Channel Equivalent
3

10+ | Used with Test Output

03 03
-3 03

o
1

Ll 2 s
Jaf a4

Bl

Used with Test Output

Input Error Latch Time (ms):

1000 ﬁ

0k | cancel | [ aenw | Hel

Table 54 - Safety Input Point Operation Attributes

Attribute Description
Tve Determines the operation mode of the Safety Input. See Safety Inputs beginning on page 39
» for more information on the types of safety input operation.
The time in milliseconds that a discrepancy must exist between two corresponding safety
Discrepancy Time | inputs before an alarm is generated. See Dual-channel Safety Input Operation on page 43 for
more information on discrepancy time.

Table 55 - 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 46
for more information.
The time in milliseconds that a discrepancy must exist between two corresponding
Used without Test Output | safety inputs before an alarm is generated. See Dual-channel Safety Input Operation

on page 43 for more information on discrepancy time.

Used as 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’

Motion Safety>Test Qutput Category

The Test Output category allows for configuration of the Test Outputs of the
device. See Table 56 for descriptions of the attributes. For more information on

test output operation, see Test Output on page 62.
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- General
Connection
- Gafety
~ Time Sync
Module Info
- Internet Protocol
- Port Configuration
= Mation
- ssociated Axes
- Power
Digital Inputs
~ Motion Diagnastics
[=)- Motion Safety
Actiors
-~ Primary Feedback

Secaling

--5T0
551

--SBC

~ Input Configuration
Test Dutput

« Dutput Canfiguration

Status: Dffline

- Secondary Feedback

- Digcrepancy Checking

Poirit Made:

Mot Used

=]
Mot Used |

TIP  Ifasafety input’s Point Mode is configured for ‘Used with Test
Output; the Test Output indicated by the ‘Test Source’ field must

have its ‘Point Mode’ configured as ‘Pulse Test Output"

oK Cancel I Lpply I Help

Table 56 - 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.

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 57.

The Point Mode of the safety output configures the mode of the safety output
according to Table 58.

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 52 for more information).

TIP

If SBC mode is set to used, the safety outputs are under control of
the SBC function, and cannot be separately configured.
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General
- Connection
- Safety
Time Sync
- Module Info
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- Digital Inputs
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= Motion Safety
- Actions
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Secondary Feedback
- Sealing
- Discrepancy Checking
570
.-551
.-SBC
Input Configuration
- Test Output
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Pairt Operation

Type
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E

Single Channel m Mot Used
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Dutput Error Latch Time {ms):
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=
=]

Ok Cancel | Lpply I Help

Table 57 - Point Operation Type Values

Value

Description

Single Channel

The safety output operates in single channel mode. See Single-channel Mode on page
53 for more information.

Dual Channel

The safety output operates in dual channel mode with its partner safety output. See
Dual-channel Mode on page 55 for more information.

Table 58 - 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.

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 for more
information.
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@Auis Properties - axis ]

Categories:

General
=) Motar

L Model
Mator Feedback
Sealing
Palarity
Autotune
- Load
- Backlash
- Compliance
- Observer
Position Loop

Figure 68 on page 165 shows the Actions page. Table 59 on page 165 describes
the Safety Action attributes.

Figure 68 - Axis Properties > Actions Page

Actions to Take Upon Conditions

Standard Actions

Disable [M5F] Stopping &ction:

Power Loss Action:

Inverter Overload Action:

Parameters.. |
IEunent Decel & Disable 'l

IDisabIe & Coast 'l

|<n0ne> S l

Safety Actions

----- “Welocity Loop
----- Torque/Current Loop Safe Torque OFf Action: |Disable % Coast vl
----- Planer :
. S afe Torgue OFf Action Source: I i VI DANGEH Selection of 3
""" Haorning @ HAning aniolet ! Running Controller requires
----- Safe Stopping Action: Current Decel 'l the uzer pragram ta execute
..... i stopping action,
EH.CEDIIDnS Safe Stopping Action Source: Connected Drive 'l PR
----- Dirive Parameters
----- Parameter List
----- Status
----- Faults & Alarms
..... Tag
Axis State: Safely State:

Manual Tune... |

Cancel Help

o]

Apply

Table 59 - Safety Actions Attributes Descriptions

Attribute Description
Specifies the stopping action that will be executed in response to a STO Activation.
Safe Torque Off Action This selection is only valid when “Safe Torque Off Action Source’ is set to

‘Connected Drive’

Safe Torque Off Action Source

Specifies which controller or drive product is responsible for initiating and
performing the stop action specified in the ‘Safe Torque Off Action’ attribute.

Safe Stopping Action

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
‘Connected Drive’

Safe Stopping Action Source

Specifies which controller or drive product is responsible for initiating and
performing the stop action specified in the ‘Safe Stopping Action’ attribute.

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 60 on page 166 shows the correct
Motor/Load feedback device selection based on the physical terminal the
encoder is connected to per the supported feedback card.
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Table 60 - Motor/Load Feedback Device Selection

Terminal | Safety Feedback Device Selection | Motor/Load Feedback Device Selection

-SN
+ SN
-G
+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/O devices.

Manual manipulation of an SNN is required in the following situations:
o Ifsafety consumed tags are used

e Ifthe project consumes safety input data from a device whose
configuration is owned by some other device

e Ifasafety 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.
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IMPORTANT  Ifyou 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.

To edit the SNN, follow these steps.

1. To open the Safety Network Number dialog box, click (o] 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 Generate

10/14/2016 9:28:42.333 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:

e Drive catalog number must be for PowerFlex 755 drives

e Drive Safety Network Number (SNN) (displayed in drive module
General tab)

o GuardLogix slot number
¢ GuardLogix safety network number

e Path from the GuardLogix 5580 safety controller or Compact
GuardLogix 5380 safety controller to the PowerFlex 755 drive

o Conlfiguration signature (displayed on the Safety tab of the drive
Module Properties dialog box)
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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 214.

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:

o Configure Only When No Safety Signature Exists
¢ Configure Always

Figure 69 - Safety Drive Replacement Options

@ Controller Properties - UM_SafetyController = @
@eml 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
*) Configure Always

[ ok ][ cCancel |[ 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
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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/O device only if the
following is true:

e The device already has the correct safety network number.
e The device electronic keying is correct.

e The node or IP address is correct.

For detailed information, see the GuardLogix 5580 Controllers User Manual,
publication 1756-UMS543 or Compact GuardLogix 5380 Controllers User
Manual, publication 5069-UMO001.

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.

e The drive has an SNN that matches the configuration.

ATTENTION: Enable the ‘Configure Always' feature only if the entire
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.

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-UM001.

c ATTENTION: Do not place any devices in the out-of-box condition on any

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
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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.

ATTENTION: To avoid personal injury or damage to equipment, 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.

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 defaul.

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.

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.

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.

Itis 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.

c ATTENTION: Consider the consequences of allowing motion through the use
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Logix 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 70.

Figure 70 - Safety State Indications When Controller is in Run Mode (safety task executing)

Q2 Motion Direct Commands - axis1:2 o=
Commands: Motion Axis Step
5 £ Motion State | Fds: =ds] > [
Qe MSO
Qo MSF Label | Operand |
Qs MASD Stop Type A |
@ MASR Change Decel NO
% MDO UeCel hate
Qs MDF
Qe MDS
Qe MAFR
=23 Motion Move
g AS
Qe MAH
Qs MAJ
Qo MAM

Qs MCD 1\ DANGER: Executing motion command with controller in
Qe MRP Program or Run Mode may cause ads motion.

=-(E3 Motion Group Execution Eror.
Qs MGSD Axis State: Stopped Safety State: Running
@ MGSR Axis Fauk: No Fauls

@ MAW - | Start Inhibited: Not Inhibited

| Motion Group Shutdown | [(Becwe ] [ Cose | [ He |

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 71).

Figure 71 - Safety State Indications After Controller Transitions to Program Mode

Q¢ Motion Direct Commands - axis1:2 [ &)=
Commands: Motion ServaOn
T M50 o | Pods: ais] v E]
@y MSF i
e MASD ‘

T MASR
@ MDO
Qs MDF E
B MDS
T MAFR

=-(Z3 Motion Move

Ty MAS

T MAH

T MA)

Ty MAM

Ty MAG

@y MCD
B MDD ~| 4\  DANGER: Executing motion command with controller in
Program or Run Mode may cause axis motion.

Axis State: Start Inhibited Safety State: Mot Running
Axis Fault: No Faults
Start Inhibited: SafeTorqueCFffActivelnhibit

[Hoﬁon&upﬂuhdonn ] [ Execute ] [ Close I [ Help ]
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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 72.

Figure 72 - STO Bypass Prompt When the Safety Controller is in Program Mode

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 torque. 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?

(e [ ) [ ]

IMPORTANT  The warning in Figure 72 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 73. 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 73 - Safety State Indications After Controller Transitions to Program Mode
(MDC executing)

Qs Motion Direct Commands - axisl:2 =
Commands: MotionServoOn-

By MSO - | Ads: ads 1 - @

Qe MSF

Qe MASD

@y MASR

@ MDO

@ MDF

Qe MDS

@y MAFR
=-[C Motion Move

Qe MAS

Qe MAH

Qe MAI

@y MAM

@y MAG

B MCD
..@s MRD. 7| 1\  DANGER: Executing motion command with controller in

Program or Run Mode may cause axis motion.

m

( 1\ Safe Torque Off bypassed)
Axis State: Stopped Safety State: Mot Running (Torque Permitted)
Axis Fault: No Faults

Start Inhibited: Not 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 74 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 74 - STO Bypass Prompt When MDCis Issued in Multi-workstation Environment

oo R ==

I Drive is permitting motor torque while the safety controller is in Program Mode
it Y

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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Aus State:

Warning Icon and Text in Axis Properties

In addition to the other warnings that require your acknowledgement, 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 75 - Axis and Safe State Indications on the Hookup Services Dialog Box

Stopped Safety Stte: Mok Running (Torque Permitted)

(M Tume.. | 1\ SafeTorque Off bypassed [ oK | [ Concel | ooty (e |

Figure 76 - Axis and Safe State Indications on Motion Direct Commands Dialog Box

Qs Motion Direct Commands - axisl:2
Commands: MotionServoOn

@p MSO o | Pods: ads1 - @
Qp MsSF il
Qe MASD
@y MASR
@ MDO
@ MDF
Qe MDS
@y MAFR
=-[Z3 Motion Move
Qe MAS
Qe MAH
Qe MAI
@y MAM
@y MAG
B MCD

@s MRD = _ﬁ DANGER: Executing motion command with controller in
Program or Run Mode may cause axis motion.

m

1\ Safe Torque Off bypassed
Axis State: Stopped Safety State: Mot Running (Torque Permitted)
Axis Fault: No Faults
Start Inhibited: Mot Inhibited

| Motion Group Shutdown | | Execwte | [ close | [ hHep |

Rockwell Automation Publication 750-UMO05A-EN-P - October 2018



Integrated Motion — Configuration, Programming, and Operation ~ Chapter 7

Figure 77 - Axis and Safe State Indications on the Motion Console Dialog Box

@ Motion Console - axisl oo =
_ Manual Tuning | Reset | Motion Generator More Commands
* SE“‘""“HW 18.52124 {J © Hertz Mso Motion Servo On
E 0.0 2.0 * e
System 1.0 } pe Qe NS
5’ Damping: . 4 Qe MAH
J 0.8 L5 Qe MAJ
J Tuning Configuration Qe MAM
Position Loop Qo MAS
Loop Bandwdth: 18.52124 T *Hertz Qe MDS
- MAFR
Integrator Bandwidth: 0.0 . *Herty ®
Integrator Hold: | Disabled v|e
Error Tolerance: 0.94524145 - +Position Units 1\ DANGER: Executing motion command with controller in
Velocity Loop Program or Run Mode may cause axis motion
Loop Bandwidth: 74.08496 T eHertz Execution Emor A\ Safe Torque Off bypassed
Integrator Bandwidth: 0.0 T *Hertz Axis State: Sopped  Safety State: Mot Runining (Torque Permitted)
Integrator Hold: Disabied vle Axis Fault: No Faults
Error Tolerance: 26.317974 * «Position Unitsfs Dtact Inhitatac: S Not Inbiad
1\ DANGER: Tuning may result in unstable axis motion. [ Disable Ads

(% Addéional Tune E S

Functional Safety Considerations

the developer of the application must consider the implications of allowing
motion through motion direct commands. Consider developing logic for
runtime maintenance operations to meet the requirements of machine
safety operating procedures.

c ATTENTION: Before maintenance work can be performed in Program mode,

motion direct commands are used in Program mode.

Motion direct commands issued when the controller is in Program mode
cause the drive to bypass the STO Active condition.

Itis your responsibility to implement additional preventive measures to
maintain safety integrity of the machinery during execution of motion direct
commands in Program mode.

c ATTENTION: Motion is allowed and the STO function is not available when

of unauthorized access or unexpected motion during authorized access,
return the controller to Run mode and remove the key before leaving the
machine unattended.

c ATTENTION: To avoid personal injury and damage to equipment in the event
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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:
e Motion functions operate in a motion task of any ControlLogix" or
CompactLogix™ (Logix 5000) controller
e Safety functions operate in a safety task of only GuardLogix 5580 or
Compact GuardLogix 5380 controllers
e Motion tasks and safety tasks can operate in the same GuardLogix

controller or in separate controllers

e 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 79 on page 179.

o 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 79 on page 179.

e The PowerFlex 755 and PowerFlex 755T drives and drive products

contain one inverter for control of one motor and one motion axis.

e Feedback from position encoders, supplied to the motion tasks, is also
associated with the axis.

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
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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 1 stop. At the same time, to make sure that the Stop
Category 1 is correctly executed by the motion system, the safety task initiates a
Monitored SS1 safety function. The SS1 safety function can be configured to
use the drive-based SS1 function or it can be configured to use the controller-
based SS1 function.

This sequence of events represents the steps required for a Monitored SS1
drive-based safety function.
1. The safety task reads the E-stop input and detects the switch actuation.

2. The safety task communicates an SS1 request by setting the bit:
module:SO.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 SS1 function (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 SS1 safety instruction running in the safety
task.

3. The SS1 instruction communicates an SS1 active by setting the bit:
module:SO.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 SS1 function 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 SS1 safety instruction outputs

SS1 complete.

The safety task communicates to the drive motion safety instance to activate

STO by clearing the bit: module:SO.STOOutput tag of the drive motion-

safety instance.

This figure shows how the safety task and motion tasks communicate with the

drive.

Figure 78 - Safe Monitor System Communication

PowerFlex 755/755T
Drive Product

-

Motion
Safety Instance

Control Hardware

----------- >
Integrated
Motion Core

CIP Motion™ Motion (V)
Protocol Controller
(motion task)

Motion Core

N
A A

H

( Power Hardware )

!

Primary
Encoder
(SIL2, PLd)

Servo Motor

|
| Safety (!
| CIP Safety™ Controller
1 Protocol (safety task)
| U

Secondary

Encoder®
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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 79 - Motion and Safety Connections

GuardLogix Safety Controller

Logix 5000 Motion Controller

When a single controller is used for
************ motion task and safety task. - ----------

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 motion 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-EN-P or the
PowerFlex Drives with TotaFORCE® Control Programming Manual,
publication 750-PM100-EN-P.

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 79 for an illustration on how status is sent to the motion

controller.

IMPORTANT  Axis tags are for status only and are not used by the safety function.
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Table 61 - Motion Connection Axis Tags

Axis Tag Name
(motion controller)

Motion Connection
Attribute #

Data Type

Description

Safety Output Assembly Tag Name

(safety controller)

Axis.AxisSafetyState

760

DINT

Drive module Safety Supervisor state. See the Safety Supervisor
State on page 184 for more details.

None

Axis.AxisSafetyDataA

986

DINT

32-bit data container holding general-purpose safety data passed
from the safety controller.

module:S0.SafetyDataA[instance]

Axis.AxisSafetyDataB

987

DINT

32-bit data container holding general-purpose safety data passed
from the safety controller.

module:S0.SafetyDataA[instance]

Axis.AxisSafetyStatus

761

DINT

Collection of bits indicating the status of the standard safety func-
tions for the axis as reported by Drive Safety Instance.

See individual bits below.

Axis.SafetyFaultStatus

[0]

BOOL

Any Safe Stop Fault occurring in the Safety Instance.
0= Not Faulted
1= Safety Fault

none

Axis.SafetyResetRequestStatus

1

BOOL

Indicates that the state of the reset request output from the safety
controller (in the safety output assembly) connected with the
drive safety instance. This is the reset input to the safety instance
in the drive module.

0=Reset Request OFF

1=Reset Request ON

module:S0.ResetRequest[inst]

Axis.SafetyResetRequiredStatus

2

BOOL

Indicates that the drive-module safety instance associated with
this Axis requires a reset of the safety function.

0=Normal

1=Reset Required

none

Axis.SafeTorqueOffActiveStatus

B3]

BOOL

Indicates that the state of the STO output from the safety control-
ler, which is the STO input to the drive-module safety instance
associated with this axis.

0= STO Output Is active

1=ST0is not active, STO is not requested

module:S0.STOOuput[inst]

Axis.SafeTorqueDisabledStatus

4]

BOOL

Indicates that the drive-module safety instance Torque Disabled
Status.

0= Axis power structure is not inhibited by the safety instance
1= Axis power structure is inhibited

none

Axis.SBCActiveStatus

[5]

BOOL

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=SBCFunction is Active

module:S0.SBCActive

Axis.SBCEngagedStatus

(6]

BOOL

Indicates that the External Safety Brake is engaged by the control-
ler-based SBC function.

0= Brake is Engaged
1=Brake is Released

module:S0.5BCBrakeEngaged

Axis.SS1ActiveStatus

Y

BOOL

Indicates that the controller-based or the drive-based 51 func-
tion is active.

0= SS1 Function is not Active

1="551 Function is Active

module:S0.SSActive[inst]

Axis.SS2ActiveStatus

(8]

BOOL

Indicated that the controller-based SS2 function is active.
0 = SS2 Function is not Active
1="552 Function is Active

module:S0.SSActive [inst]

Axis.SOSActiveStatus

9

BOOL

Indicates that the controller-based SOS function is active.
0= S0S Function is not Active
1="50S Function is Active

module:S0.50SActive[inst]

Axis.SOSStandstillStatus

(0]

BOOL

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:S0.50SLimit[inst]

Axis.SMTActiveStatus

(1l

BOOL

Always 0. This function is not available

none

Axis.SMTOvertemperatureStatus

N2

BOOL

Always 0. This function is not available.

none

Axis.SSMActiveStatus

[16]

BOOL

For use with a controller-based SSM function.

module:S0.SSMActive[inst]

Axis.SSMStatus

N7

BOOL

For use with a controller-based SSM function.

module:S0.SSMStatus|inst]
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Table 61 - Motion Connection Axis Tags (continued)

Axis Tag Name
(motion controller)

Motion Connection
Attribute #

Safety Output Assembly Tag Name

Data Type (safety controller)

Description

Axis.SLSActiveStatus

(18]

BOOL

Indicates that the controller-based SLS function is active.
0 = SLS Function is not Active
1= SLS Function is Active

module:SO.SLSActive[inst]

Axis.SLSLimitStatus

(9]

BOOL

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 s greater than or equal to the setpoint speed

module:S0.SLSILimit[inst]

Axis.SLAActiveStatus

[20]

BOOL

Always 0. This function is not available.

none

Axis.SLALimitStatus

[21]

BOOL

Always 0. This function is not available.

none

Axis.SDIActiveStatus

(22]

BOOL

Indicates that the controller-based SDI function is active.
0= SDI Function is not Active
1="SDI Function is Active

module:S0.SDIActive[inst]

Axis.SDILimitStatus

[23]

BOOL

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.SDILimit[inst]

Axis.SafePositiveMotionStatus

(24]

BOOL

Always 0. This function is not available.

none

Axis.SafeNegativeMotionStatus

[25]

BOOL

Always 0. This function is not available.

none

Axis.SCAActiveStatus

[26]

BOOL

For use with a controller-based SCA function.

module:S0.SCAActive[inst]

Axis.SCAStatus

[27]

BOOL

For use with a controller-based SCA function.

module:S0.SCAStatus[inst]

Axis.SLPActiveStatus

(28]

BOOL

Indicates that the controller-based SLP function is active.
0 = SLP Function is not Active
1=SLP Function is Active

module:S0.SLPActive[inst]

Axis.SLPLimitStatus

[29]

BOOL

Indicates that the controller-based SLP function has detected the
monitored axis position outside of the setpoint limits.

0 = axis position is within the limits

1= axis position is outside of the limits

module:S0.SLPLimit[inst]

Axis.SafetyOutputConnectionClosedStatus

130]

BOOL

Indicates the safety connection status from the controller to the
drive module.

0 = connection open

1= connection closed

none

Axis.SafetyOutputConnectionldleStatus

[31]

BOOL

Indicates the safety connection status from the controller to the
drive module.

0 = connection active
1= connection idle

none

Axis.AxisSafetyStatusRA

762

DINT

Collection of bits indicating the status of Rockwell Automation
specific safety functions for the axis as reported by Drive Safety
Instance.

See individual bits below.

Axis.SafeBrakelntegrityStatus

[0]

BOOL

Status of an external safety brake controlled by SBC instruction.
The brake status, released or engaged, is undetermined.
0=SBC fault

1=No faults detected

module:S0.5BCIntegrity[inst]

Axis.SafeFeedbackHomedStatus

(1

BOOL

Status of the controller-based SFX position homing function.

module:S0.SFHome[inst]

Axis.AxisSafetyFaults

763

DINT

Collection of bits indicating the Safety Fault status of the drive-
module safety instances and integrated safety functions.

See individual bits below.

Axis.SafetyCoreFault

(0]

BOOL

Indicates an internal fault occurred within the drive-module
safety instance. In the case of dual-axis inverters, both safety
instances fault.

0= Normal Operation

1= Fault

None (use explicit message)

Axis.SafetyFeedbackFault

2

BOOL

Indicates a fault occurred with the safety feedback or with the
safety dual-channel feedback.

0= Normal Operation

1=Fault

None (use explicit message)
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Table 61 - Motion Connection Axis Tags (continued)

Axis Tag Name Motion Connection - Safety Output Assembly Tag Name
(motion controller) Attribute # DataType | Description (safety controller)

Axis.SafeTorqueOffFault [3] BOOL Indicates a fault occurred within the STO function of the drive- None (use explicit message)
module safety instance.
0= Normal Operation
1=Fault

Axis.SS1Fault [4] BOOL Indicates that a fault occurred with the drive-based or a controller- | module:S0.SSFault[inst]
based SS1 function.

0= Normal Operation
1="Fault

Axis.SS2Fault [5] BOOL Indicates that a fault occurred with the drive-based SS2 function. | module:S0.SSFault[inst]
0= Normal Operation
1=Fault

Axis.SOSFault [6] BOOL Indicates that a fault occurred with the drive-based SOS function. | module:50.50SFault[inst]
0= Normal Operation
1=Fault

Axis.SBCFault [71 BOOL Indicates that a fault occurred with the controller-based SS2 func- | module:S0.SBCFault[inst]
tion.

0= Normal Operation
1=Fault

Axis. SMTFault [8] BOOL Always 0. This function is not available. -

Axis.SSMFault [16] BOOL Controller-based SSM fault. module:S0.SSMFault[inst]
0= Normal Operation
1=Fault

Axis.SLSFault [17] BOOL Controller-based SLS fault. module:S0.SLSFault[inst]
0= Normal Operation
1=Fault

Axis.SLAFault [18] BOOL Always 0. This function is not available. -

Axis.SDIFault [19] BOOL Controller-based SDI fault. module:S0.SDIFault[inst]
0= Normal Operation
1=Fault

Axis.SCAFault [20] BOOL Controller-based SCA fault. module:S0.SCAFault[inst]
0= Normal Operation
1=Fault

Axis.SLPFault [21] BOOL Controller-based SLP fault. module:SO.SLPFault[inst]
0= Normal Operation
1=Fault

Axis. SafetyValidatorFault [30] BOOL Always 0. This function is not available. -

Axis.SafetyUNIDFault [31] BOOL Always 0. This function is not available. -

Axis.AxisSafetyFaultsRA 764 DINT Collection of bits indicating the safety fault status of Rockwell See individual bits below.
Automation safety functions.

Axis.SFXFault [1 BOOL Controller-based SFX fault. module:S0.SFXFault[inst]
0= Normal Operation
1="Fault

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.
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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.

Explicit Messages

Use explicit messages to communicate with a drive and obtain additional faul,
status, or configuration information that is not available in the Safety I/O 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 179 for the drive-
module safety attribute names and numbers that can be used by an MSG
instruction. See Figure 79 on page 179 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 62 - 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.
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Application Example - Using
SFX, 551, and SLS Instructions
with Integrated Motion

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 63 - Safety Supervisor State: MSG

Parameter Value Description
Service Code 0xOE Get attribute single
Class 0x39 Safety supervisor
Drive-module safety instance
Instance ! associated with an axis
Attribute 0x0B Device status
Data Type SINT Short integer
Table 64 - 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

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 20-750-54) 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:

o Safe Feedback
e Safe Stop 1
e Safe Limited Speed

An 800FP push button is configured as an emergency stop. It is monitored using
aDCS ESTOP Instruction and is wired to one dual-channel $4 Safety Input.

This input can generate Safe Stop 1 at any time during operation of the drive.
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A Guard Locking Switch (catalog number TLS-Z GD2) is mapped to one of the
$4 Safety Outputs. This switch can be opened when the Safe Stop 1 is 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 $4 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 IO 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 80 - Studio 5000 Logix Designer Application Configuration Example

4 =/ I/Q Configuration
4 B 1756 Backplane, 1756-A7

2 [0] 1756-L84ES V31 _SafetyTest
4 gx Ethernet

[ 1756-L84ES V31 _SafetyTest
& PowerFlex 755-EENET-CM-54 AxMod_D01

Figure 81 - Studio 5000 Connection Set to Motion and Safety

£ Module Properties: Local (PowerFlex 755-EENET-CM-54 14.001) x [T e

10_Mode_operation [B MainProgram - CIP_Synch_Motion_operation [ MainProgram - MainRoutine

General General
Connection
ia““"‘ls Type: PowerFlex 755-EENET-CM-54 FowerFlex 755 AC Drive via Embedded Ethernet - ..

ime Sync
] Vendor Rockwell Automation/Allen-Bradley
Intemet Protocol Parent Local Ehepsi e
Port Configurati
T Name: #AxMod_pot @ Private Network: 1921681, 102

& Motion =

Associated Axes Description =

Power Module Definition* X

Digital Inputs -

Motion Diagnostics Peripheral Devices

£ Motion Safety Module Defintion
Actions =+ AxMod_DOL =
Scaling R Electronic Keying: Compatible Module -
Electronic Keying Compatible Module s

sst Power Structure: 480V, 144, Normal Duty, ... over sirucure (88000 togronlvivaStandoer

‘SEC‘C ot Connection Motion and Safety [ Verify Power Rating on Connection

Input Configuration

Hisesls Safety Instance: Single Feedback Monitoring [Comicton [iotion and Saety =)

Output Configuration |Safety Instance: [Single Feedback Monitoring =

ok | [ cancel | [ hep
Status: Offine

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 1 and safe feedback.
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Figure 82 - Peripheral Device Definition

Peripheral Device Definition

—
Port [t~
Peripheral Device: |20-750-UFB-1 v
[¥] safe Feedback
| ok | | cancel | | e

This PowerFlex 755 drive is configured with the 20-750-UFB-1 in 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 20-750-54 and 20-750-UFB-1 must reside in the same backplane board.

Figure 83 - Primary Feedback Configuration

General™
Connection
Safety
Time Sync
Module Info
Internet Protocol
Port Configuration
Motion
Associated Axes
Power
Digital Inputs
Motion Diagnostics

[=-Motion Safety

Actions

Primary Feedback
Scaling

sTO

Primary Feedback

Device:

Units: Rev -
Resolution Units: Cycles/Rev

Cycle Resolution: 1024
Cycle Interpolation:

Effective Resolution: 4096
Polaritv: Normal -

Port 4 Primary ht

4 Counts/Cycle

Cycles/Rev

Counts/Rev

ﬂ Module Properties: Local (PowerFlex 755-EENET-CM-54 14.001) X< . MainProgram - IO_Mode_operation l Main|

Velocity Average Time:
Voltage Monitor:
Maximum Speed:
Standstill Speed:

Maximum Acceleration:

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 84 - Studio 5000 Safety Scaling Configuration Example

ﬂ Module Properties: Local (PowerFlex 755-EENET-CM-54 14.001) < . MainProgram - I0_|
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- Safety

- Time Sync

- Module Info
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- Port Configuration
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Scaling

Feedback Resolution:

Position Units:

Time

Position
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Figure 85 - Studio 5000 Safety Input Configuration Example

f] Module Properties: Local (PowerFlex 755-EENET-CM-s4 14.001) > [ L D e R T

+ General Input Configuration
- Connaction
i Safety

£ Time Sync Point
i Module Info

- Internet Protocol
i PoitC
£ Motion

Point Operation Input Delay Time (ms;

Type - Discrepancy Time (ms) IRt s OFfJbOn L On—>C()ﬁ !
Dual Channel Equivalent A 10 « [ Used without Test Output »| None 0 0%
~ [Used without Test Output ¥] None 0= ol
Single Channel 0 «|[Used as Standard Input || None 03 0=
- || Used as Standard Input | v| None 03 03

A4«

o[-

Axes

Power

Digital Inputs

H Motion Diagnostics
[=-Motion Safety

Actions

Primary Feedback
Scaling

sT0

351 Input Error Latch Time (ms): 1000 =
SBC

Input Configuration
Test Qutput

Output Configuration

e Inputs 0 and 1 are used with an OSSD Estop input from the 800FP.

e Input 2 is a standard digital input from a push button to safety reset the

S4 module.

e Input 3 is a standard digital input from a push button to set the SFX
home.

Figure 86 - Studio 5000 Output Configuration Example
& Module Properties: Local (PowerFlex 755-EENET-CM-S4 14.001) X

- General Qutput Configuration
- Connection
- Safety
- Time Sync Paoint
- Module Info
- Internet Pratacol
- Port Configuration
=-Motion
- Associated Axes
- Pawer
-- Digital Inputs
- Motion Diagnostics
[=-Motion Safety
- Actions
- Primary Feedback
- Scaling

Point Operation
Type
0 |Single Channel |_| Used without Test Pulses [x]
hd

1 | |[Not Used =]

Point Mode

551 Output Error Latch Time (ms): 1000 —

Programming Example

This example illustrates configuration of the safety input, logic, and output
routines.

TIP  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.
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Figure 87 - DCS Instruction with the S4 is Mapped to the 800FP

DSC.01is a dual channel GuardLogix function setup to monitor the two safety inputs for a system ESTOR.
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 i

»

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.  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 |
Estop 1 Pushbuttons OK H
ZnX_DCS1.01 ZnX EstopOk

This rung monitors if the ZnX.DCS1 has a fault preset and energizes the ZnX Fault Estop P

Zone X Zone X
Dual Channel Input 1 Knife Emergency Stop
Estop 1 Fault
ZnX_DCS1.FP ZnX.Fault.Estop

Figure 88 - DCS Instruction Evaluates Dual-input Validity

ZnX_DSC1 is 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 54 test pulse outputs in the configuration
The ZnX.DCS_InSts 1 is 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 = Q1 ==
Input Type EQUIVALENT - ACTIVE HIGH

Discrepancy Time (Msec) 250 FP
Restart Type AUTOMATIC
Cold Start Type AUTOMATIC
Channel A AxMod_D01:51.In01Data
(L]
Channel B AxMod_D01:51.In01Data
(L]
Input Status ZnX.DCS_InSts.1
1e
Reset ZnX.FltReset_Out
(L]
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 B0OFP EStop is not pressed the state of the two inputs are true

Estop_Not_Pressed AxMod_D01:SLIn01Data  AxMod_D01:SLIn01Data

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 1 and Safe Limited Speed use the SEX instruction for
correct monitoring of feedbacks. The Safe Stop 1 requests 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 89 - Safety Logic Example

Ifthe 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:S0.SLSActive  AxMod_D01:30.SLSLimit ~ SLS_Axis01.CheckDelayActive

AxiMod_D01:S0.0ut000utput

An example of being to reset a safety condition with an OSF on the falling edge per safety guidelines
AxMod_D01:S1In02Data OSF

Reset_Request
Storage Bit Safety Reset_SB U

Qutput Bit Safety Reset SB
oB
The Home to execute the SFX to home the safety channel
AxMod_D01:Sl.In03Data 0OSR Home_Request
Storage Bit Home_Trigger_SB — V]
Qutput Bit Home_Trigger SB
0B

if the 551 is requested, tum on the S51 Mode

S81_Mode_Request SS1_Mode  SS1_Mode_Request

=] = §)

If the S51 modue is true, turn on the S51 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 551 request

SS1_Mode

Zone_01_Pwr_On S81_Request

AxMod_D01:80.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
= SFH e
Unwind 4096
Home Position 0.0

Feedback Position  AxiMod |

Feedback Velocity  AxiMod |

D01:8l.FeedbackPosition
O«

D01:Sl.FeedbackVelocity

Feedback Valid AxMod7D01:S\.Pr\maryFeedhackVal-\d
O«

Connection Faulted  AxMod_D01:Sl.ConnectionFaulted
O«

Home Trigger
Reset

Safe Feedback Homed
SFX Fault

Home_Trigger
O«

Safety Reset

O«

AxMod_D01:50.SFHomed
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

Even though the SFX function is true and the SLS function is monitoring, the SLS Request generates the
SLS monitoring speed or SL

quest for the
active limit of &

Active. There is a 7 second difference waiting for the drive to put the motor to the
visec

SFX_Axis01.01 SLS
L £ Safety Control SLS_Axis01
Restart Type AUTOMATIC o1
Cold Start Ty AUTOMATIC
Check Delay 7000 RR
Active Limit SLS_Active_Limit FP
Feedback SFX SFX_Axis01
Request SLS_Request
O«
Reset Safety Reset
[iE]

SLS Active  AxMod_D01:50.SLSActive
0«

SLS Limit AxMod_D01:S0.SLSLimit
[iE]

SLS Fault  AxMod_D01:SO.SLSFault

O«
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 90 - Safety Output Example

STO output and Reset configuraiton -
AxMod_D01:50.STOOutput AxMod_D01:Sl SafetyFault  AxMod_D01:Sl.TorqueDisabled  AxMod_D01:SI.RestartRequired AxMod_D01:50 ResetRequest

Safety_Reset  S51_Axis01.01

The STO Output must be high before any movement can occur.

AxMod_D01:5I SafetyFault S§51_Axis01.01 AxMod_D01:5l.ConnectionFaulted

AxMod_D01:Sl SafetyFault  AxMod_D01:Sl TorqueDisabled ~ AxMod_D01:SI RestartRequired 5§51_Mode

AxiMod_D01:S0.STOOutput

m

The PowerFlex 755 $4 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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- Comphance
Observer

- Position Loop

Velocity Loop

- Torque/Current Loop

Planner

- Homing

Actions

- Exceptions

Drive Parameters

- Parameter List

Status

- Faults & Alarms

Tag

Safety_Reset

Fault_Reset

Enable_Loop  Ax_CD_Axis01.PowerStructureEnabledStatus

Figure 91 - Safety Output Programming Example

Inverer Uveroad Action:

Safety Actions

Safe Torque Off Action:

Safe Torque Off Action Source:

Safe Stopping Action:

Safe Stopping Action Source

|<none> ¥
\Disable & Coast VI
[Connected Drive V]
lCurrentDeceI VI
[Runmng Controller VI

DANGER: Selection of Running

Confroller requires the user

program to execute stopping

action.

The Safe Limited Speed (and any other safe monitoring instruction requests
besides STO, SS1, and SS2) 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 92 - Motion Instructions Used to Motion Servo On and Motion Servo Off
Check if the drive has faulted, fix the fault and issue a Motion Axis Reset
The safety task may have faulted so clear there then indicate to the drive that the drive will be fault cleared as well

Ax_CD_Axis01.SafetyFault  MAFR_MLEN

Source A Ax_CD_Axis01.CIPAxisState

16%#0002«
8

Source B

Ax_CD_Axis01.PowerStructureEnabledStatus

Turn the drive servo loop off with a motion servo off command when applicable

Disable_Loop  Ax_CD_Axis01 PowerStructureEnabledStatus
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Turn the motion servo loop on with a digital input or HMI
EQU
Source A Ax_CD_Axis01.CIPAxisState

16#0002«
2

MAFR

Axis Ax_CD_Axis01 (]

Motion Control  MAFR_MI

MSO

Axis  Ax_CD_Axis01 (]

Motion Contral  MI_MSO

MSF

Axis Ax_CD_Axis01 [.]

Motion Control ~ MI_MSF

EN

DN =

ER

EN

DN =

ER

EN
DN ==
ER

Enable_Loop
U
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Ax_CD_Axis01.PowerStructureEnabledStatus

Figure 93 - Motion Instructions to Run the Motor at a Specific Velocity

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

AJ[0] EN

MOV
Source Requested_speed
200

-

Dest Jjog_speed
0.0«
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Axis
Motion Contral MAJ[0]
Direction 0
Speed Jjog_speed
0.0«

Speed Units  Units per sec
Accel Rate 40

Accel Units  Units per sec2

Decel Rate 40
Decel Units  Units per sec2
Profile Trapezoidal
Accel Jerk 50
Decel Jerk 50
Jerk Units % of Time
Merge Disabled
Merge Speed Programmed
Lock Position 1
Lock Direction None

Disable_Loop
U

Ax_CD_Axis01 (] [-CEN—

[FCDN>—
FCER>—
FaP>—
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Figure 94 - Use of the Motion Change Dynamics Instruction to Change from Normal Operating
Speed 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 rev/sec in run 5 was changed to 25 rev/sec. 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

Here if

if the SLS Active Status from the safety output task is true then change dynamics to 2 rev/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

the SLS active status is not true

Note that the change speed can be any speed in the proces. The example

The acceleration and deceleration rate, as set in the motion
MNote once again use the MCD instruction to change the speed

AJIOLIP  Ax_CD_Axis01.JogStatus Ax_CD_Axis01.SLSActiveStatus MOV MCD
|/ Source  Requested_NEW_speed Axis Ax_CD_Axis01 [ |-CEN>—
250 Motion Control med[0]
Dest Changed_speed Mation Type Jog I DN—
0.0« Change Speed Yes
Speed Changed_speed FH_ER>—
0.0«
Change Accel Mo
Accel Rate 100
Change Decel Mo
Decel Rate 100
Change Accel Jerk Mo
Accel Jerk 100
Change Decel Jerk Mo
Decel Jerk 100
Speed Units Units per sec
Accel Units  Units per sec2
Decel Units Units per sec2
Jerk Units % of Time
Ax_CD_Axis01.SLSActiveStatus MCD
Axis Ax_CD_Axis01 [o] [-CEND—
Motion Control med[1]
Motion Type Jog (DN >—
Change Speed Yes
Speed 2 H ER—
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
A courtesy 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

Rockwell Automation Publication 750-UMO05A-EN-P - October 2018

0.0«

193



Chapter7

Integrated Motion — Configuration, Programming, and Operation

194

Figure 95 - 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 S51 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
AJ[0]IP  Ax_CD_Axis01.JogStatus  Ax_CD_Axis01.551ActiveStatus

Axis Ax_CD_Axis01 [.] - EN—
Maotion Control MASI[0]
Stop Type Jog DNO—
Change Decel Yes
Decel Rate 50 ERD—
Decel Units Units per sec2 IPO—
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 Mation Servo off.

In the safety task the STO Output 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
Motion Contral ~ 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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This chapter provides information for monitoring and troubleshooting the
Integrated Safety Functions option module.

Topic Page
Monitor Status Using Status Indicators 195
Monitor Status with a HIM or Software 205

Monitor Status Using Status  The option module has four status indicators to provide status of the module,
Indicators safety network, and motion output of the drive:

e Module status (DS1)

e Network status (DS2)

e Motion output status (DS3)
e 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.
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Module Status Indicator (DS1)

Table 65 provides information for the module status indicator.

Table 65 - Module Status LED (DS1)

For Safety Supervisor State M | status Indicator Description or Problem
No power off 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)
(ritical 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.

Network Status Indicator (DS2)

Table 66 provides information for the network status indicator.

Table 66 - 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 i)t(;\:lece 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
;'rro"g“;zzge updateisin Flashing red Firmware update in progress (If DS1 s also flashing red)

T Failed communications device — device has detected an
Critical ink failure Red error and it is not able to communicate on the network
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Safety Fault Names

Motion Output Status Indicator (DS3)

Table 67 provides information for the motion output status indicator.

Table 67 - Motion Output Status LED (DS3)

State Status Indicator | Problem

Torque disabled off 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 68 provides information for the safety fault status indicator.

Table 68 - Safety Fault LED (DS4)

State Status Indicator | Problem

No fault Solid green Safety functions and safety |0 are operational

Safety functions fault Flashing red There is a safety function fault and or safety 10 alarm
(ritical Fault Solid red The module has experienced a serious critical fault

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® window.
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Figure 96 - Axis Faults and Status

Controller Organizer * I x

4 =, Motion Groups
4 4 MotionGroup

<& Power_Supply
Ungrouped Axes
[ Alarm Manager
[ Assets
Y Logical Model
V] 1/0 Configuration L
2198-D006-ERS4 SDA
4% Axis 1-192.168.1.31
Type AXIS_CIP_DRIVE
Description
Axis State Faulted
Safety State Running
Update Period 2.0 ms
Auxis 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
Start Inhibited SafeTorqueOffActivelnhibit
Motor Catalog VPL-BOG3TIT-W
£ >

The safety faults named in Table 69 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 69 - 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

SS1Fault A fault was detected by the Safe Stop 1 function

SS2Fault A fault was detected by the Safe Stop 2 function

SOSFault A fault was detected by the Safe Operating Stop function
SBCFault " A fault was detected by the Safe Brake Control function

SMT Fault A fault was detected by the Safe Motor Temperature function
SSM Fault A fault was detected by the Safe Speed Monitor function
SLSFault A fault was detected by the Safely-limited Speed function

SLA Fault A fault was detected by the Safe Limited Acceleration function
SDIFault A fault was detected by the Safe Direction function

SCA Fault A fault was detected by the Safe Cam function

SLPFault A fault was detected by the Safe Limited Position function
et | PSR bl orer el

(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.
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Understand Safety Faults

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 usingan 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 251 on for an example of using the MSG

instruction to read status.

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 70 - Safety Supervisor State: MSG

Parameter Value Description

Service Code 0x0E 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 78 on page 207.

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.
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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 71 describes the
parameters for an MSG instruction. Table 72 describes the fault types.

Table 71 - Safe Torque Off Fault Type: MSG

Parameter Value Description

Service Code 0xOE 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 72 - STO Fault Types

gg eF ‘a’::; e STO Fault Type Name Description

3 Circuit Err Internal STO diagnostics has found an issue with STO circuitry.
4 Stuck Low Internal STO health and/or power input stuck low.

5 Stuck High Internal STO health and/or power input stuck high.
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Safe Stop 1 Fault

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 74 describes the parameters for an
MSG instruction. The drive immediately disables torque, ignoring STO delay,
if an SS1 fault is detected. If the SS1 Fault Type is reported as 1 (no fault), the
SS1 fault was generated by the connected safety controller and reported to the

drive over the safety connection.

Table 73 - Safe Stop 1 Fault Type: MSG

Parameter | Value Description

Service Code | OxOE Get attribute single

Class 0x5A Safety stop functions

Instance 1 Drive-module safety instance

Attribute 0x11¢ SS1 fault type

Data Type SINT Short integer

Table 74 - SS1 Fault Types

S$S1 Fault .

Type Value $S1 Fault Type Name Description

1 No Fault No Fault is present

) Confi The drive-based SS1 function has been requested when it has

9 been configured as ‘not used

Applies only when SS1 is configured for Monitored SS1 mode.

3 Decel Rate The SS1 function has detected that the feedback speed is not
decelerating as fast as expected.
Applies only when SS1 s configured for Monitored SS1 mode.

4 Maximum Time The SS1 function has detected that the device has not reached
standstill speed within the maximum stopping time.

101 Feedback Invalid The Monitored SS1 function was requested when the

associated safety feedback is not valid.
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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 75 describes
the parameters for an MSG instruction. Table 76 describes the fault types.

Table 75 - SBC Fault Type: MSG

Parameter Value Description

Service Code 0xOE 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 76 - SBC Fault Types

gg eF ‘a’::; e STO Fault Type Name Description

1 No Fault No Fault is present.

5 Config tT)he drive-based SB§ functior} has been requested when it has
een configured as not used.

3 Over Current Z:(]sezlzirggr]ttt] (;n n?:x?nlfupn:t controlling the safety brake has

4 Stuck Low An output controlling the safety brake is stuck low.

5 Stuck High An output controlling the safety brake is stuck high.

6 Cross Conn The outputs controlling the safety brake are cross connected.

7 Relay Fail Arelay of the outputs controlling the safety brake has failed.

$52, S0S, SLS, SLP, and SDI Faults

The Integrated Safety Functions option module does not support drive-based
§82, 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.
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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 77 - Safety Feedback Faults

Safe Feedback
Safe Feedback Fault —
Fault Type Description
Value Type Name
1 No Fault No Faultis 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
4 Max Accel maximum acceleration.
5 Sin”+Cos? The encoder has failed the vector length or aspect ratio checks.
The encoder has exceeded the maximum number of quadrature
6 Quadrature signal errors.
. The associated dual channel feedback instance has reported a
! Discrepancy discrepancy.
8 Partner The associated dual channel feedback instance has detected a
faultin the other encoder.
The associated dual channel feedback instance has detected a
? Voltage faultin 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.
The frequency of the encoder has exceeded the maximum level
107 Maxfreq for this product.
. The offset of the Sine/Cosine signal from ground is outside the
108 SinCosOffset required level,
The encoder position count has exceeded the maximum value
109 Pos Rollover that can 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:SI.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:SO.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.

See Figure 97 on page 205 for more information about the Integrated Safety
Functions option module state restart functionality.

204 Rockwell Automation Publication 750-UMO05A-EN-P - October 2018



Monitoring and Troubleshooting

Chapter 8

Figure 97 - Reset Safe Stop Fault Diagram

50.SafeTorqueOff (bit 0)  Disable Torque I Permit Torque |

SO.Reset (bit 7) Reset Request
Sl.TorqueDisabled (bit 0) | I Torque Disabled
Sl.SafetyFault (bit6) ~ 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)--->STO 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)1———>Safety —\_, Start Inhibited
Drive Fault Status B (bit 9) 2--->SafetyBrdFlt | Faulted

Ta o Ts

A. Set S0.SafeTorqueOff =1 (. Set S0.SafeTorqueOff = 0
B. Fault Detected D. Set SO.Reset =1

Tc

To

E. Set S0.SafeTorqueOff =1
F. PF 755 Clear Fault (/0 Mode) or MAFR (CIP Motion™)

Monitor Status with a HIM or  This section describes safety-related status information available for viewing

Software

Connected Components Workbench™ software.

with a HIM, Drive Module Properties in the Logix Designer application, or

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 211. 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 SO.PassThruLimitFaults in the Logix Designer
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application. After determining the fault type, see the Understand Safety Faults
section for more information on the fault.

Safety board faults are also stored in the drive fault queue:

Figure 98 - Drive Fault Queue

‘ Powerflex 755 (Port0) ‘

Fault

Status: Faulted ClearTip |+ | ClearQueue | #
TripInstance: 1
# Code Description Time Stamp
i1 | 211 |Safety Brd Fault 1070-10-120232:16.849 (=]
2 |51 | Cir Fault Queve 1070-10-120230:51.123 =

Further information on the cause of the fault is also recorded in the Integrated
Safety Functions module events queue:

Figure 99 - Mobile Events Queue

‘NetwnrkSSM (Port 6) ‘

Event

Status: Faulted [ CleorQueve | ¢
#  Code Description Elapsed Time
1 36 §51 Fault 100:00:41.5500000 C‘
2 25 Trq Disabled 100:00:41.5490000 C‘
3 24 STO Active 100:00:41.5490000 C‘
4 20 Sfty IO Run 100:00:38.1560000 C‘
5 |26 |TrqEnabled 00:00:38.1560000 =)
6 |18 |Siy100pen 00:00:380570000 =
7 |25 |TraDisabled 00:00:07.0710000 =
8 |24 |sTOActive 00:00:07.0710000 =
9 |21 |safetyReset 00:00:07.0710000 =
10 |27 | INCIP Host Sync 00:00:07.0300000 =
11 |8 | DPIBaud 500kbps 00:00:06.4200000 =
12 (13 |SIOnline 00:00:06.4080000 =
13 |2 | Device Power Up 00:00:00 =

ATTENTION: The status data that are described in this section is STANDARD
data (not SAFETY data) and cannot be used as part of 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:

o D3 [Safety State]

o P4 [Safety Status]
e D5 [Safety Faults]
e D6 [Safe Status Mfg]
o P7[Safe Faults Mfg]
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See Table 78 through Table 84 for a description of these parameters.

Table 78 - P3 [Safety State]

Value | Display Text Description

1 Testing Device is performing test diagnostics
2 dle No active connections

3 Test Fit A fault has occurred while executing test diagnostics
4 Executing Normal running state

5 Abort A major recoverable fault has occurred
6 (ritical FIt A critical fault has occurred

7 Configuring Transition state

8 Waiting Out-of-hox state

51 Waitw Trq Out-of-box state

52 Execw Trq STO bypass state

Table 79 - P4 [Safety Status]

Bit

Display Text

Description

0

Safety Fault

Indicates the existence of a safety fault.
0=no fault
1 =faulted

Safety Reset

A transition from 0 to 1 resets 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

SS1 Active

Indicates whether the Safe Stop 1 function is active.
0= Not Active
1= Active

S$S2 Active

Indicates whether the Safe Stop 2 function is active.
0= Not Active
1=Active

S0S Active

Indicates whether the Safe Operating Stop function is active.
0= Not Active
1=Active

SOS 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.
0= Not Active
1=Active
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Table 79 - P4 [Safety Status] (continued)

Bit |DisplayText |Description

12 |SMTOvrTemp |Indicates whether the Safe Motor Temperature function has detected a temperature above
the limit.

0 =Temp Below Limit
1=Temp Above Limit

16 SSM Active Indicates if the Safe Speed Monitoring function is active.
0= Not Active
1=Active

17 SSM Limit Indicates the status of the Safe Speed Monitoring function.

0= Speed is below limit
1=Speed is above limit

18 SLS Active Indicates if the Safely Limited Speed function is active.
0= Not Active
1=Active

19 |SLS Limit Indicates if the speed exceeds the SLS limit.

0 = Speed within limit
1="Speed exceeds limit

20 SLA Active Indicates if the Safely Limited Acceleration function is active.
0= Not Active
1= Active

21 SLA Limit Indicates if the acceleration exceeds the SLA limit.

0 = Acceleration within limit
1= Acceleration exceeds limit

22 SDI Active Indicates if the Safe Direction function is active.
0= Not Active
1=Active
23 SDI Limit Indicates if the Safe Direction function has detected movement in the prohibited direction.

0= Direction OK
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 Conn Closed No active connection of an output assembly from the safety controller exists.

31 Connldle An active output assembly connection exists but the safety controller is in Program mode.
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Table 80 - P5 [Safety Faults]

Bit  |Display Text

Description

1 Core Fault

The module has detected an unrecoverable fault.

2 Fdbk Fault

Afaultis present in a safety feedback device.

3 STO Fault

This bit indicates the fault status of the STO function.

0=no fault

1="faulted

The cause of the fault is recorded in device P7 [STO Fault Type].

4 551 Fault

This bit indicates the fault status of the 551 function.

0= No fault

1=Faulted

The cause of the fault is recorded in device P1 [SS1 Fault Type].

5 $S2 Fault

This bit indicates the fault status of the SS2 function.
0= No fault
1= Faulted

6 SOS Fault

This bit indicates the fault status of the SOS function.
0=No fault
1="Faulted

7 SBC Fault

This bit indicates the fault status of the SBC function.
0= No fault
1="Faulted

8 SMT Fault

This bit indicates the fault status of the SMT function.
0= No fault
1=Faulted

16 |SSM Fault

This bit indicates the fault status of the SSM function.
0= No fault
1="Faulted

17 SLS Fault

This bit indicates the fault status of the SLS function.
0=No fault
1="Faulted

18 SLA Fault

This bit indicates the fault status of the SLA function.
0= No fault
1= Faulted

19 SDI Fault

This bit indicates the fault status of the SDI function.
0=No fault
1="Faulted

20 SCA Fault

This bit indicates the fault status of the SCA function.
0= No fault
1="Faulted

21 SLP Fault

This bit indicates the fault status of the SLP function.
0= No fault
1=Faulted

30 |VALFault

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 81 - P6 [Safe Status MFG]

Bit  |Display Text

Description

0 Brak Intgrty

Indicates the brake controlled by the Safe Brake Control function has integrity.

1 Fdbk Homed

Indicates the Safety Feedback homing has been completed and the Safety Feedback

position is tracking from a known reference position.
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Table 82 - P7 [Safe Faults Mfg]

Bit

Display Text

Description

1

SFX Fault

The Safety Feedback Interface Add On Instruction has experienced a fault.

Table 83 - P8 [Safety Data A]

Data Type

Display Text

Description

DWORD

Safety Data A

User-defined data sent from Safety Controller.

Table 84 - P9 [Safety Data B]

Data Type

Display Text

Description

DWORD

Safety Data B

User-defined data sent from Safety Controller.

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 motion controller and they can be
examined when the Logix Designer application is online with the motion
controller.

x|

Categories:
- General
(1 Motar DatedTime - Source Condftion Action End State:
- Model % 1/8/970 205507563  Fauls Cleared  Fautt Log Resst Na Action Mo Action
Analyzer P 109N 970 20:56:07 586 Mo Alsrms Alarm Loy Reset Alarm Cff
- Sealing 1 1/8M870 20:56:22.55 Safety Fault - Mfg  SFH Immediate Stop (Co Disabled
- Hookup Tests 1 1/8M970 20:56:26.659  Safety Faul Safe Brake Cortrol (SBC) Immediate Stop (Co Disabled
- Polarity 1 1/8M870 20:56:31 .78 Safety Fault Safe Stop 1 (3510 Immediate Stop (Co Disabled
- Planner 1194970 20:56:34 598 Safety Faut Safe Stop 2 (352) Immediate Stop (Co Disabled
- Frequency Control 1194970 20:56:36.508  Safety Faut Safe Operating Stap (S0S) Immediate Stop (Co Disabled
- Aetions 1194970 20:56:42 578 Safety Faut Safe Speed Monitar (SSh) Immediate Stop (Co Disabled
- Exceptions 1 1/8M970 20:56:47.298  Safety Fault Safe Limited Speed (SLS) Immediate Stop (Co Disabled
- Drive Parameters 1194970 20:56:50 868 Safety Faut Safe Limted Direction (SDI) Immediate Stop (Co Disabled
- Parameter List 1194970 20:56:56.569  Safety Faut Safe Cam (SCA) Immediate Stop (Co Disabled
- Shatus 1 181870 20:57:02.29 Safety Fault Safely Limited Position (SLP) Immediate Stop (Co Disabled
- Faults & Alaims 2 18970 20:57:21 578 Faulls Cleared  Shutdown Reset Na Action Mo Action
- Tag LU 1AAS70 20057235708 Start Inhibit Safe Torque Off Active Inhibit Alarm Cff
LU 1AAS7020:57:35.758  Start Inhibit Axis Enable Input Alarm Cff
LU 1AAS7020057:35.758  Start Inhibit - Mfg  Safe Torque Off Alarm Cff
Show ¥ Faults ™ Alams |V Bessts
Auwig State Stopped Safety State:  Running
fdanual Tune... | oK. Cancel Lpply Help
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Table 85 - Motion Connection Axis Tags
Axis Tag Name (motion controller) MDAQ Attribute | DataType | Description
or [bit]
Axis.CIPStartInhibits 676 DINT Abit map that specifies the current state of all standard conditions that inhibits
starting of the axis.
Axis.SafeTorqueOffActivelnhibit [5] BOOL Indicates if the Safe Torque Off function is inhibiting the axis from starting.
0= ST0 is not inhibiting axis
1= ST0is inhibiting axis
Axis.AxisSafetyState 760 DINT Drive module Safety Supervisor state. See Safety Supervisor State on page 199
for more details.
Axis.AxisSafetyStatus 761 DINT Collection of bits indicating the status of the standard safety functions for the
axis as reported by Drive Safety Instance.
Axis.SafetyFaultStatus [0] BOOL Indicates that a fault was detected by a drive-based a safety function.
0= No Fault
1 =Faulted
Axis.SafetyResetRequestStatus [1] BOOL Indicates the state of the module:S0.ResetRequest controller output tag. A
transition from 0 to 1 resets drive-based safety functions.
Axis.SafetyResetRequiredStatus [2] BOOL Indicates that the drive-module safety instance that is associated with this Axis
requires a reset of the safety function.
0= Normal
1=Reset Required
Axis.SafeTorqueOffActiveStatus [3] BOOL Set if the drive-based STO function is active (to disable torque).
Axis.SafeTorqueDisabledStatus [4] BOOL Set if the drive-based STO function has disabled torque.
Axis.SBCActiveStatus [5] BOOL Set if the drive-based SBC instruction is active (to engage brake) or if the
controller-output tag module:S0.5B(BrakeEngaged is set.
Axis.SBCEngagedStatus [6] BOOL Set if the drive-based SBCinstruction has engaged the brake OR if the
controller-output tag module:S0.SBCBrakeEngaged s set.
Axis.SSTActiveStatus [71 BOOL Set if the drive-based SS1 instruction is active OR if the module:S0.551Active
controller tag is set.
Axis.SS2ActiveStatus [8] BOOL Indicates the status of the module:S0.552Status controller output tag. See the
controller-based SS2 instruction.
Axis.SOSActiveStatus [9] BOOL Indicates the status of the module:S0.552Status controller output tag. See the
controller-based SS2 instruction.
Axis.S0SStandstillStatus [10] BOOL Indicates the status of the module:S0.50SStandstill controller output tag. See
the controller-based SOS instruction.
Axis. SMTActiveStatus [11] 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:SO.SLSActive controller output tag.
Axis.SLSLimitStatus [19] BOOL Indicates the state of the module:SO.SLSLimit controller output tag.
Axis.SLAActiveStatus [20] BOOL Indicates the state of the module:SO.SLAActive controller output tag.
Axis.SLALimitStatus [21] BOOL Indicates the state of the module:SO.SLALimit controller output tag.
Axis.SDIActiveStatus [22] BOOL Indicates the state of the module:SO.SDIActive controller output tag. See the
controller-based SDI instruction.
Axis.SDILimitStatus [23] BOOL Indicates the state of the module:SO.SDILimit controller output tag. See the
controller-based SDI instruction.
Axis.SafePositiveMotionStatus [24] BOOL Set if the primary feedback velocity is greater than Standstill Speed.
Axis.SafeNegativeMotionStatus [25] BOOL Set if the primary feedback velocity is less than Standstill Speed.
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Table 85 - Motion Connection Axis Tags (continued)

Axis Tag Name (motion controller) MDAQ Attribute | DataType | Description
or [bit]

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:SO.SLPStatus controller output tag. See the
controller-based SLP instruction.

Axis.SafetyOutputConnectionClosedStatus | [30] BOOL No active connection of an output assembly from the safety controller exists.

Axis.SafetyOutputConnectionldleStatus [31] BOOL An active output assembly connection exists but the safety controller is in
Program mode.

Axis.AxisSafetyStatusRA 762 DINT Collection of bits indicating the status of Rockwell Automation specific safety
functions for the axis as reported by Drive Safety Instance.

Axis.SafeBrakelntegrityStatus [0] BOOL Indicates the state of the module:S0.SBCIntegrity controller output tag. See the
controller-based SBC instruction description.

Axis.SafeFeedbackHomedStatus (11 BOOL Indicates the state of the module:S0.SFHomed controller output tag. See the
controller-based SFX instruction description.

Axis.AxisSafetyFaults 763 BOOL Collection of bits indicating the Safety Fault status of the drive-module safety
instances and integrated safety functions.

Axis.SafetyCoreFault [0] BOOL Internal SSM fault. Cycle drive power to reset. If the fault reoccurs, replace the
option module.

Axis.SafetyFeedbackFault [2] BOOL A feedback fault was detected.

Axis.SafeTorqueOffFault [3] BOOL This bit indicates the fault status of the STO function (0 = no fault, 1 =faulted).
The cause of the fault is recorded in P7 [Device Config STO Fault Type].

Axis.SSTFault [4] BOOL The drive-based SS1 function has detected a fault OR the controller-output tag
module:S0.SSTFault is set. Enters ‘Safe Stop 1 (S51)" in the Axis Properties
Faults and Alarms Log. Cleared by a Motion Axis Fault Reset (MAFR). For Drive-
based SS1 Fault, see P10 [SS1 Fault Type] for more information. For controller-
based SS1, see the SS1 instruction description.

Axis.SS2Fault [5] BOOL Set if the module:S0.5S2Fault controller output tag is set. Enters ‘Safe Stop 2
(SS2)"in the Axis Properties Faults and Alarm Log. Cleared by a Motion Axis
Fault Reset (MAFR). See the controller-based SS1 instruction description.

Axis.SOSFault [6] BOOL Set if the module:S0.SOSFault controller output tag is set. Enters ‘Safe
Operating Stop (S0S) in the Axis Properties Faults and Alarms Log. Cleared by a
Motion Axis Fault Reset (MAFR). See the controller-based SOS instruction
description.

Axis.SBCFault [7] BOOL Set when the drive-based SBC function has detected a fault or the controller-
output tag 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.

Axis.SSMFault [16] BOOL Set if the module:S0.SSMFault controller output tag is set. Enters ‘Safe Speed
Monitor (SSM)" in the Axis Properties Faults and Alarms Log. Cleared by a
Motion Axis Fault Reset (MAFR).

Axis.SLSFault [17] BoOL Set if the module:SO.SLSFault controller output tag is set. Enters ‘Safe Limited
Speed (SLS)"in the Axis 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.
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Table 85 - Motion Connection Axis Tags (continued)
Axis Tag Name (motion controller) MDAQ Attribute | DataType | Description
or [bit]

Axis.SDIFault [19] BOOL Set if the module:SO.SDIFault controller output tag is set. Enters ‘Safely Limited
Direction (SDI)"in the Axis Properties Faults and Alarms Log. Cleared by a
Motion Axis Fault Reset (MAFR). See the controller-based SDI instruction
description.

Axis.SCAFault [20] BOOL Set if the module:SO.SCAFault controller output tag is set. Enters ‘Safe Cam
(SCA)"in P45 [SDI Fault] in the Axis Properties Faults and Alarms Log. Cleared
by a Motion Axis Fault Reset (MAFR).

Axis.SLPFault [21] BOOL Set if the module:SO.SLPFault controller output tag is set. Enters ‘Safely
Limited Position (SLP)" in P46 [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.

Axis.SFXFault 1 BOOL Set if the module:S0.SFXFault controller output tag is set. Enters ‘SFX in the
Axis Properties Faults and 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.
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Out-of-Box State

214

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.

Restore the Drive to Qut-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 usinga 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.

2-231/0 Configuration
531756 Backplane, 1756-A7
41 [0] 1756-L715 My_Safety_System
8l [1]11756-L7SP My_Safety_Systermn:Partner
[2]1756-EM2T My_EM2T
&5 Ethernet
o f] 1756-EN2T My_EN2T

[ i P owerFlex 755-EENET My _755_Safety_Drive
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2. Click the Connection tab.

| Module Properties: My_EN2T:0 (PowerFlex 755-EENET 13.002)

E=8 e P

General | Comnection” | Safety | Module Info | Port Configuration | Diive |

Requested Packet Interval (RPI).

( Inhibit Module
[ Major Fault On Contraller If Connection Fails While in Run Mode

100 ms(6.0-500.0)

Use Unicast Connection over EtherNet/IP

Module Fault

Status: Running

[ ok

) o] |

Apply

J

Help

3. Check Inhibit Module.
4. Click Apply.
5. Click the Safety Tab.

¥ odule Propertes: My DHITA [Powerfie 155 EDHIT 11803

Genars | Camrpctan | 5o | Mo it | Pt Contgunton | e

it s
Tt

i nnerited Facint
[————

Tomepiion Braiien
T il [

Ui Dbl
Hoptaios Doy (k1
1 ] Been

Aaiery Fget K]
[Eatety o] E| LT

Configursion Owremip. 17
Fiosed Dmrarbep |+
Confiqurion S
o g i

Duts

|

6. Click Reset Ownership.
7. Click the Connection tab.
8. Clear the Inhibit Module checkbox.
9. Click Apply.
10. Click OK.
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Notes:
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Appendix A

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.

Topic Page
Safe Stop 1(SS1) 218
Safe Stop 2 (5S2) 220
Safe Operating Speed (SOS) 223
Safely-limited Speed (SLS) 225
Safely-limited Position (SLP) 226
Safe Direction (SDI) 228
Safe Feedback Interface (SFX) 229
Safe Brake Control (SBC) 231
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Safe Stop 1(551)

operation scenarios.

Use this SS1 instruction checklist to verify normal operation and the abnormal

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 1- 551 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 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

« $51_Name.SpeedLimit

+  $51_Name.DecelerationRamp

+ 551_Name.01

Initiate SS1 demand.

Make sure that the instruction output SS7_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 SS1 demand removed, initiate a Reset command of the STO and SS1 instructions.
« Verify that the STO instruction remains de-energized
« 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 SS1 function so that it is slower than
the calculated speed limit used by the SS1 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

« $S1_Name SpeedLimit

« 551_Name.DecelerationRamp

+ 551_Name.01

Initiate SS1 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 SS1 demand removed, initiate a Reset command of the STO and SS1 instructions.
« Verify that the STO instruction remains de-energized
« Verify proper machine status and safety application program status
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Table 1- SS1 Instruction Checklist (continued)

Test Type Test Description Test Status

Change the motion 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

« $S1_Name SpeedLimit

« $51_Name.DecelerationRamp

Abnormal Operation2 | . $57_Name.01

Initiate SS1 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 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 SS1 demand removed, initiate a Reset command of the STO and SS1 instructions.
« 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)

operation scenarios.

Use this SS2 instruction checklist to verify normal operation and the abnormal

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 2 - 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

+  $52_Name.DecelerationRamp

+ 552_Name.ActualPosition

« 552_Name.StandstillSetPoint

« 552_Name.Output 1

Initiate 552 demand.

Make sure that while the SS2 instruction is monitoring that the motor decelerates below the $52_Name.SS2StandstillSpeed setting
and then maintains a speed below the $52_Name.S0SStandstillSpeed (or for position mode, maintains the
$52_Name.StandstillSetpoint without exceeding the $52_Name.StandstillDeadband setting).

While the system is in standstill state and with the sensor subsystems in a safe state, remove the S52 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

«+ 552_Name.SpeedLimit

« 552_Name.DecelerationRamp

+ 552_Name.ActualPosition

«  $52_Name StandstillSetPoint

« 552_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 SS1 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 2 - SS2 Instruction Checklist (continued)

Test Type Test Description Test Status

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

« $52_Name SpeedLimit

« 552_Name.DecelerationRamp

+ $52_Name.ActualPosition

Abnormal Operation2 | . §52_ NameStandstillSetPoint

« 552_Name.Output 1

Initiate S52 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 S52 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

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_NameSpeedLimit

+  $52_Name.DecelerationRamp

+ $52_Name.ActualPosition

+ §52_Name StandstillSetPoint

« 552_Name.Output 1

Abnormal Operation3 | |nitiate S52 demand.
(Speed mode)

Make sure that while the SS2 instruction is monitoring, the motor decelerates below the $52_Name.SS2StandstillSpeed setting and
then maintains a speed below the $52_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 S52 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 2 - SS2 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

«+ 552_Name.SpeedLimit

« 552_Name.DecelerationRamp

+ $52_Name.ActualPosition

«  $52_Name StandstillSetPoint

« 552_Name.Output 1

Initiate SS2 demand.

Make sure that while SS2 instruction is monitoring, the motor maintains the $52_Name.StandstillSetPoint without exceeding the
$52_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 S52 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

222

Rockwell Automation Publication 750-UMO005A-EN-P- October 2018



Safety Function Validation Checklist

Appendix A

Safe Operating Speed (S0S)

abnormal operation scenarios.

Use this SOS instruction checklist to verify normal operation and the

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 3 - SOS 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

« SFX_Name.ActualPosition

+ $0S_Name.StandstillSpeed

+ 50S_Name.StandstillDeadband

+ 505_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

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

+ $0S_Name.StandstillSpeed

«  $0S_Name .StandstillDeadband

« 505_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 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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Table 3 - SOS Instruction Checklist (continued)

Test Type

Test Description

Test 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

« 505_Name.StandstillSpeed

+ 50S_Name.StandstillDeadband

« 505_Name.Output 1

Initiate SOS demand.

Make sure that the SOS instruction maintains position within the S0S_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-hm'ted Speed (SLS) Use this SLS 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 4 - SLS 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 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

Normal Operation S15_ 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

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
Abnormal Operation 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 (SLP)

operation scenarios.

Use this SLP instruction checklist to verify normal operation and the abnormal

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 5 - 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_NameNegativeTravelLimit

« 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.PositiveTravellimit.
« Verify that SLP_Name.SLPLimit output is asserted and the programmed stop action s 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 5 - 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_NameNegativeTravelLimit

+ 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
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Safe Direction (SDI)

operation scenarios.

Use this SDI instruction checklist to verify normal operation and the abnormal

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 6 - 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 motion is in the intended direction and the SD/_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

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 SD/_Name.SDILimit output is not asserted.

While the system is in the SDI monitoring state, initiate a motion command that violates the SD/_Name.PositionWindow in the
unintended direction.
« Verify that SD/_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
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Safe Feedback Interface Use this SFX instruction checklist to verify normal operation and the

(SFX) 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 7 - SFX 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 the machine within the normal operating range.

Normal Scaling Set up a trend with the expected time scale and the following tags to graphically compare the motion position and speed from the
Operation 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.

Initiate a Start command.

Initiate a Homing procedure.
« Verify that the Home Position in the SFX instruction is set

Normal Homing

Operation 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
+ SFX_Name.ActualPosition

Verify that the standard and safety position are correlated as expected.

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
Abnormal Operation 1

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
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Table 7 - SFX 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 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.S|.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 8 - 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.BO02 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

Remove 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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Notes:
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Appendix B

Specifications, Certifications, and CE
Conformity

This appendix provides general specifications for the Integrated Safety
Functions option module.

Topic Page
Integrated Safety Functions Option Module Specifications 233
Environmental Specifications 235
Certifications 236

|ntegrated Safety Functions  These specifications apply to the Integrated Safety Functions option module.

o o o . F . . I .fo . , h l. . :
Optlon Module SpECIflcatIOI\S or additional specifications, see these publications
e PowerFlex® 755 AC Drives Technical Data, publication 750-TD001

o PowerFlex 750-Series Products with TotaFORCE® Control Technical
Data, publication 750-TD100

Table 9 - General Specifications

Attribute Value

Standards EN 60204-1, IEC 61508, EN 61800-3, EN 61800-5-1, EN 61800-5-2, EN 62061,
EN1S0 13849-1

Safety category (at. 4 and PLe per EN IS0 13849-1;
SIL 3 per [EC61508 and SIL CL3 per EN [EC 62061

Power supply (user I/0) 24VDC+10%,0.8...1.1 x rated voltage(z) PELV or SELV

Conductor type Multi-conductor shielded cable

Conductor size ™ 03...0.8mm? (28...18 AWG)

Strip length 10 mm (0.39in.)

Recovery time (approximate Network STO mode: 100 ms

time before drive can start after
the torque enable request is
made)

(1) See the Industrial Automation Wiring and Grounding Guidelines, publication 1770-4.1.
(2) 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.
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Electrical Requirements

Table 10 - Safety Input Specifications

Attribute Value

Input Type Current Sinking
IEC61131-2 (input type) Type 3
Voltage, on-state 11...30VDC
Voltage, off-state -3...5VDC
Current, on-state, minimum 2mA

Current, off-state, maximum 1.5mA

Table 11 - 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

Short circuit protection Yes

Table 12 - Test Output Specifications

Attribute Value

Output type Current sourcing
Output current 05A

Test pulse width 500 uS

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 13 - Environmental Pollution Degree Description (EN 61800-5-1)

Surrounding Environment
Pollution Degree

Conductive Contamination Allowed by
Pollution Degree

Acceptable Enclosures

Pollution degree 1and 2

No possibility of conductive dust.

All enclosures are acceptable.

Pollution degree 3 and 4

The possibility of conductive dust is
allowed.

Enclosure that meets or exceeds
IP54, NEMA/UL Type 12is
required.

The drive storage temperature is 40...70 °C (104...158 °F) and relative
humidity is 5...95% noncondensing.

IMPORTANT  Drive must not be installed in an area where the ambient atmosphere
contains volatile or corrosive gas, vapors, or dust. If the drive is not going to
be installed for a period of time, it must be stored in an area where it will not
be exposed to a corrosive atmosphere.

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

For detailed information on environmental, pollution degree, and drive
enclosure rating specifications, see the technical data publication for your drive.
e PowerFlex 755 AC Drives Technical Data,
publication 750-TD001
e PowerFlex 750-Series Products with TotaFORCE Control Technical
Data, publication 750-TD100

e PowerFlex 755TM IP00 Open Type Kits Technical Data, publication

750-TD101
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Certifications

Certification ("

Value

-Ul-us @

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'SO 13849-1; Safety Function

EN'1SO 13849-2; Safety Function

EN 60204-1; Safety Function

EN 62061; Safety Function

EN 61800-5-2; Safety Function

(-Tick

Australian Radiocommunications Act, compliant with:
EN 61800-3; categories (2 and (3

TOv

Certified by TOV Rheinland for Functional Safety:
Up to SIL 3, according to EN 61800-5-2 and IEC 61508, and SIL CL3 according to
ENIEC62061;
Up to Performance Level PLe and Category 4, according to EN IS0 13849-1;
When used as described in this PowerFlex 755 Integrated Safety Functions User Manual,
publication 750-UM004.

(1) See the Product Certification link at http://www.rockwellautomation.com/global/certification/overview.page for Declarations
of Conformity, Certificates, and other certifications details.
(2)  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:

hetp ://www.rockwellautomation.com/global/certification/over view.page

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:

e 2006/42/EC Machinery Directive
e 2014/30/EU EMC Directive

The following standards have been applied to demonstrate conformity.

Machinery Directive (2006/42/EC)

e ENISO 13849-1 Safety of machinery - Safety related parts of control
systems - Part 1: General principles for design

e EN 60204-1 Safety of machinery - Electrical equipment of machines -
Part 1: General requirements

e EN 62061 Safety of machinery - Functional safety of safety-related
electrical, electronic and programmable electronic control systems

e EN 61800-5-2 Adjustable speed electrical power drive systems - Part 5-
2: Safety requirement - Functional

e IEC 61508 Part 1...7 Functional safety of electrical/electronic/
programmable electronic safety-related systems
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EMC Directive (2014/30/EV)

e EN 61800-3 - Adjustable speed electric power drive systems - Part 3:
EMC requirements and specific test methods

Waste Electrical and Electronic Equipment (WEEE)

At the end of its life, this equipment should be collected separately from any
unsorted municipal waste.
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Notes:
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Safety I/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.

Topic Page
Safety Assembly Tags 240
Safety Feedback Attributes 245
Safe Stop Function Attributes 247

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.
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Safety Assembly Tags

Table 14 - Safety Input Assembly Tags

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 PLe.

TIP  The Output and Input designations are relative to the GuardLogix controller.

Safety Input Assembly Tag Name
(input to safety controller)

Type/[bit] | Description

module:SI.ConnectionStatus SINT See the following descriptions of individual bits.

module:SI.RunMode [0] Safety Connection O=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:S|.FeedbackVelocity REAL Primary Feedback Velocity from drive-module safety instance. Value is in revolutions/second.
module:SI.SecondaryFeedbackPosition DINT Secondary Feedback Position from drive-module safety instance. Value is in position counts.
module:Sl.SecondaryFeedbackVelocity REAL Secon((jiary Feedback Velocity from drive-module safety instance. Value is in revolutions/

second.

module:S|.StopStatus SINT See the following descriptions of individual bits.

module:S1.STOActive [0] Indicates STO function status.

0= STO function not active (permit torque)
1=STO function active (disable torque)

module:S1.SBCActive

[1] Safe Brake Control (SBC) function status
0= Release Brake (So0 and So1 ON)
1=Engage Brake (So0 and So1 OFF)

module:S.SS1Active

[2] Indicates drive-based SS1 active status.
0 =551 function not active
1= 551 function active

module:S.SS2Active [3] Always 0
module:SI.S0SStandstill [4] Always 0
module:S|.SMTOvertemp [5] Always 0
module:S|.SafetyFault [6] 1= Safe Stop Fault present
module:S|.RestartRequired [7] 1= Reset is required
module:S|.SafeStatus SINT See the following descriptions of individual bits.
module:S|. TorqueDisabled [0] 0= Torque Permitted
1="Torque Disabled
module:S|.BrakeEngaged [1] 0= Brake Released (S00 and So1 ON)
1=Brake Engaged (S00 and So1 OFF)
module:S|.MotionStatus SINT A collection of the following bits.
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Table 14 - Safety Input Assembly Tags (continued)

Safety Input Assembly Tag Name Type/[bit] | Description
(input to safety controller)
module:S|.MotionPositive B3] 1= Feedback Velocity > Primary Feedback Standstill Speed
module:SI.MotionNegative (4] 1= Feedback Velocity < Primary Feedback Standstill Speed
module:SI.FunctionSupport SINT See the following descriptions of individual bits.
module:SI.PrimaryFeedbackValid [0] 0 = Primary Feedback not configured or Faulted
1= Primary Feedback Value is valid
module:S|.SecondaryFeedbackValid [ See the following descriptions of individual bits.
module:SI.DiscrepancyCheckingActive [2] 1= Feedback Velocity Discrepancy checking is active
module:SI.SBCReady [3] 0 = Drive-based SBC function is not configured or faulted
1= Drive-based SBC function is configured and ready for operation
module:SI.SS1Ready [4] 0= Drive-based SS1 function is not configured or faulted
1= Drive-based 51 function is configured and ready for operation
module:S1.SS2Ready (5] Always 0
module:SI.SOSReady [6] Always 0
module:SI.SMTReady [7] Always 0
Module:SI.OutputStatus SINT See the following descriptions of individual bits.
Module:SI.0ut00Monitor [0] The readback value of Safety Output 0
Module:SI.0ut01Monitor [ The readback value of Safety Output 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:S.InputStatus SINT See the following descriptions of individual bits.
Module:SI.In00Data [0] The value read from Safety Input 0
Module:SI.In01Data [ The value read from Safety Input 1
Module:Sl.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 [71 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:SI.Test01Ready [5] Safety Output 1 Ready
Module:SI.Test00Ready [6] Test Output 0 Ready
Module:SI.Test01Ready [7] Test Output 1 Ready
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Table 15 - Safety Output Assembly Tags

Safety Output Assembly Tag Name Type/[bit] | Description
(output to safety controller)
module:S0.PassThruDataA[instance] DINT 32-bit data container holding general-purpose safety data passed from the safety controller.
module:S0.PassThruDataBl[instance] DINT 32-bit data container holding general-purpose safety data passed from the safety controller.
module:SO.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] [1 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= SBCFunction is not Active
1 =SBC Function is Active
module:S0.SB(BrakeEngaged[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:S0.551Active[instance] [3] Indicates that the controller-based SS1 function is active.
0 =551 Function is not Active
1=S551Function is Active
module:S0.SS2Active[instance] [4] Indicated that the controller-based SS2 function is active.
0 =552 Function is not Active
1 =552 Function is Active
module:S0.S0SActive[instance] [5] Indicates that the controller-based SOS function is active.
0 =S50S Function is not Active
1 =S50S 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.SSMActive[inst] [0] For use with a controller-based SSM function.
module:S0.SSMStatuslinst] [1] For use with a controller-based SSM function.
module:SO.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] [71 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:SO.PassThruPositionLimitStatus[instance] SINT See the following descriptions of individual bits, indicating the Monitoring Function Limit
status of controller-based functions.
module:S0.SCAActive[inst] [0] For use with a controller-based SCA function.
module:S0.SSMStatuslinst] [1] For use with a controller-based SSM function.
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Table 15 - Safety Output Assembly Tags (continued)

Safety Output Assembly Tag Name
(output to safety controller)

Type/[bit]

Description

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:SO.SLSLimit[instance]

B3l

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]

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.SCAActive[inst]

(o]

For use with a controller-based SCA function.

module:S0.SCAStatus[inst]

For use with a controller-based SCA function.

module:S0.SLPActive[instance]

(2

Indicates that the controller-based SLP function is active.
0= SLP Function is not active
1=SLP Function is active

module:S0.SLPLimit[instance]

Indicates that the controller-based SLP function has detected the monitored axis position
outside of the setpoint limits.

0 = axis position is within the limits
1= axis position is outside of the limits

module:S0.SFHomed[instance]

7

Status of the controller-based SFX position homing function.
1=SFX Homed

module:S0.PassThruStopFaults[instance]

SINT

See the following descriptions of individual bits, indicating the Safety Fault status of
controller-based safety functions.

module:S0.SFXFault[instance]

(0]

Indicates that a fault occurred with the controller-based SFX function.
0= Normal Operation
1="Fault

module:S0.SBCFault[instance]

(1

Indicates that a fault occurred with the controller-based SBC function.
0= Normal Operation
1= Fault

module:S0.5S1Fault[instance]

Indicates that a fault occurred with the controller-based SS1 function.
0 = Normal Operation
1= Fault

module:S0.552Fault[instance]

B3]

Indicates that a fault occurred with the controller-based SS2 function.
0= Normal Operation
1="Fault

module:S0.S0SFault[instance]

Not available, always 0.

module:S0.PassThruLimitFaults[instance]

See the following descriptions of individual bits, indicating the Safety Fault status of
controller-hased safety functions.

module:S0.SSMFault[inst]

Controller-based SSM fault.
0= Normal Operation
1=Fault
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Table 15 - Safety Output Assembly Tags (continued)

Safety Output Assembly Tag Name Type/[bit] | Description
(output to safety controller)
module:SO.SLSFault[instance] [ Controller-based SLS fault.
0= Normal Operation
1=Fault
module:S0.SDIFault[instance] [2] Controller-based SDI fault.
0 = Normal Operation
1="Fault
module:S0.SCAFault[inst] B3] Controller-based SCA fault.
0= Normal Operation
1="Fault
module:S0.SLPFault[instance] [4] Controller-based SLP fault.
0= Normal Operation
1=Fault
module:S0.SafetyStopFunctionsinstance] SINT See the following descriptions of individual bits used to activate (request) safety functions.
module:S0.STOOutput[instance] [0] 0 = Activate STO Function
1= Permit Torque
module:S0.SBCOutput[instance] [1 Drive-based function not available.
module:S0.SS51Request[instance] [2] 0 =Remove SS1 Request
1= Activate Drive-based 551 Function
module:S0.SS2Request[instance] [3] Drive-based function not available.
module:S0.50SRequest[instance] [4] Drive-based function not available.
module:S0.SMTRequest[inst] [5] Drive-based function not available.
module:S0.ResetRequest[instance] [71 0 — 1 transition 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 16 - Safety Feedback Instance Numbers

Safety Feedback Instance Number | Safety Feedback Device

1 Primary Feedback

2 Secondary Feedback

Table 17 - Safety Feedback Attributes (Class 0x58)

Attribute ID
Decimal (Hex)

Attribute Name

Attribute Description Values

1(0x1)

Velocity Data Type

Determines the data type of feedback velocity and 1=REAL (hard-coded)

feedback acceleration and all related attributes.

2(0x2)

Feedback Position

Feedback Counts

Safety data with a safe value defined by Position Safe State
Behavior

Actual position of the feedback device.

3(0x3)

Feedback Velocity

Feedback Units/s

Safety data with a safe value defined by Velocity Safe State
Behavior

Actual velocity of the feedback device.

4 (0x4)

Feedback Acceleration

Feedback Units/s*
Safety data with a safety state of 0.

Actual acceleration of the feedback device.

5(0x5)

Feedback Mode

0= Not Used (default)
1= Used

Motion Feedback mode.

8 (0x8)

Feedback Fault

0= No Fault
1="Faulted

Status of this motion feedback channel.

9 (0x9)

Feedback Fault Reason

1=No Fault
2=C(onfig

3 =Max Speed

4 =Max Accel

5 = Sin*+Cos?

6 = Quadrature

7 = Discrepancy

8 = Partner

9 =Voltage

10 = SignalNoise
11 = Signal Lost
12 =Data Lost

13 = Device Fail
107 = Max Freq
108 = SinCosOffset
109 = Pos Rollover

Determines cause of the fault detected.

10 (0xA)

Reset Feedback Fault

Resets a motion feedback fault (read/write access). 0to 1 transition will reset a safety feedback fault once the

fault condition is removed

11(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)

14 (0xE)

Velocity Safe State Value

Safe Velocity Feedback and Acceleration Feedback value. | Default=0

16 (0x10)

Feedback Unit

0= Revolution (default)
1= Meter

Unit of measure for the feedback device.
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Table 17 - Safety Feedback Attributes (Class 0x58) (continued)

Attribute ID | Attribute Name Attribute Description Values

Decimal (Hex)

17 (0x11) Feedback Type Identifies the type of feedback device. 0= Not Specified (default)
1= Digital Aqh
2 =Sine/Cosine
3 =Hiperface

18 (0x12) Feedback Polarity Feedback polarity of Normal provides increasing position | 0= Normal (default)

values when the feedback device is moved in position 1= Inverted
according to the encoder manufacture specifications. For

feedback devices internal to Allen-Bradley® motors, the

Normal direction is clockwise rotation of the shaft when

facing the end of the motor shaft.

19 (0x13) Feedback Cycle Resolution This is the number of feedback cycles per revolution of the | 0= Default

encoder. For a Sin/Cos encoder, this is the number of
sinusoidal cycles per revolution.

20 (0x14) Feedback Cycle interpolation This value is the number of feedback counts per feedback | Counts/Cycle

cycle. This value is always 4 for sin/cos or incremental Default=0
encoders. 4for Feedback Type=1/2/3

22 (0x16) Velocity Average Time A moving average filter is applied to velocity that is 0 = Disable Averaging (default)

provided by the Motion Safety instance of the drive. This | 1..65565 ms
parameter specifies the window of time where the
average is taken. Feedback velocity is provided as a REAL
data type.
23(0x17) Acceleration Average Time A moving average filter is applied to acceleration thatis | 0= Disable Averaging (default)
provided by the safety feedback instance of the drive. This | 1. 65565 ms
parameter specifies the window of time where the
average is taken.

24 (0x18) Feedback Voltage Monitor Defines the expected range of encoder voltage supply. 0= Voltage Monitoring Not Performed
1=475V...515V
2=7V...12V
3=114V...126V

26 (0x1A) Feedback Maximum Speed Absolu;e magimum speed for this feedback device. Feedback Units/s

Exceeding this speed is  fault. 0 = Disable Max Speed Check (Default)

27 (0x1B) Feedback Maximum Acceleration | Absolute maximum acceleration for this feedback device. | Feedback Units/sA2

Exceeding this acceleration is a fault. 0= Disable Max Speed Check (Default)

31 (0x1F) Motion Positive Indicates positive motion. 0= No Positive Motion
1= Positive Motion

32(0x20) Motion Negative Indicates negative motion. 0= No Negative Motion
1= Negative Motion

33 (0x21) Standstill Speed Defines what maximum magnitude of Feedback Velocity | Feedback Units/s

is considered standstill. Feedback Velocity above standstill | (Default of 0)
will set either Motion Negative or Motion Positive to 1.
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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 18 - Safe Stop Function Attributes (Class 0x5A)

Attribute ID
Decimal (Hex)

Attribute Name

Attribute Description

Values

10 (0xA)

Safety Reset

Reset all safety functions.

0to 1 transition required to reset

11 (0xB)

Restart Type

Selects safety function restart behavior while operating.

0= Manual
1= Automatic

12 (0xC)

Cold Start Type

Selects safety function restart behavior when applying controller power or
mode change to Run.

0 =Manual
1 = Automatic

20 (0x14)

Safety Feedback Instance

Instance ID of a Safety Feedback instance to provide position, velocity, and
acceleration data used by safe stop functions.

0= No feedback (default)

21(0x15)

Safety Feedback Fault

Copy of feedback status from the Safety Feedback instance.

0= No Fault
1= Faulted

30 (0x1E)

Safety Function Fault

Logical OR of all Fault attributes that reference this instance.

0=No Fault
1="Faulted

31 (0x1F)

Safety Stop Fault

Logical OR of all Stop Fault attributes in this instance.

0= No Fault
1= "Faulted

32(0x20)

Safety Limit Fault

Logical OR of all Limit Fault attributes that reference this instance.

0= No Fault
No Limit Functions Supported

33 (0x21)

Safety Limit Active

Logical OR of all Limit Active attributes that reference this instance.

0 =No Limit
No Limit Functions Supported

34(0x22)

Restart Required

A stop function has been activated and Restart Type is Manual.

0 = Restart Not Required
1=Restart Required

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=SBCActive

6 = Brake Engaged
7="551Active

8 =552 Active

9 =505 Active

10 = SOS Standstill

11 =SMT Active

12 = SMT OVertemp

41(0x29)

Safety Stop Faults

Collection of Safety Stop Fault bits:

Bit:

2 = Feedback Fault
3 =ST0 Fault

4 =551 Fault

5 =552 Fault

6 =S50S Fault

7 =SBC Fault

8 = SMT Fault
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Table 18 - Safe Stop Function Attributes (Class 0x5A) (continued)

Attribute ID | Attribute Name Attribute Description Values
Decimal (Hex)
50 (0x32) Connection Loss Action Safety Output Connection is lost (or closed) and optional Connection Loss 0="STO (default)
Action is Set to STO (default). 1=551
51(0x33) Connection Idle Action Safety Output Connection’s Run/Idle bit transitions from Run to Idle and 0=STO (default)
Optional Connection Idle Action is Set to STO (default). 1=551
101 (0x65) STO Delay Specify delay time from STO Active to Torque Disabled. This delay allows the Delay in milliseconds
time for an external brake to engage before torque disabled. Default=0
110 (0x6E) SBC Ready Safe B(eak Control safety function is supported, configured, and ready for 0= Not Ready
operation. SBC Function Not Supported
111 (0x6F) SS1 Ready Safe Stop 1 safety function is supported, configured, and ready for operation. | 0= Not Ready
1=Ready
112 (0x70) $S2 Ready Safe Stop 2 safety function is configured and ready for activation. 0= Not Ready
$S2 Function Not Supported
113 (0x71) S0S Ready Safe Operating Stop safety function is configured and ready for activation. 0= Not Ready
S0S 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 forceif | 0 = Disable Torque
linear mOtOI’). 1 = Permit Torque
Safety data with a safety state of 0.
262 (0x106) 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=551 Complete
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
280 (0x118) SS1Mode Safe Stop 1 mode. 0= Not Used
1="Timed S51 (default)
2 =Monitored S51
281(0x119) SS1 Request Select Safe Stop 1request. 0= No Request
1= Request
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Table 18 - Safe Stop Function Attributes (Class 0x5A) (continued)

Attribute ID
Decimal (Hex)

Attribute Name

Attribute Description

Values

282 (0x11A)

SS1 Active

Safe Stop 1 function active.

0 = Not Active
1= Active

283 (0x11B)

SS1 Fault

Safe Stop 1 fault.

0 =No Fault
1= Faulted

284 (0x110)

SS1 Fault 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 = SS1 Request while Feedback not valid

285 (0x11D)

$S1 Max Stop Time

Allowed time to stop.

0...65535 milliseconds
Default =0

286 (0x11E)

§S1 Standstill Speed

Defines the speed below which motion is considered stopped.

Feedback Units /s
Default=0

287 (0x11F)

S$S1 Stop Monitor Delay

Delay before deceleration is monitored.

0...65535 milliseconds
Default=0

288 (0x120)

§S1 Decel Ref Rate

Minimum rate of deceleration while stopping.

Feedback Units / s>
0= No Decel Check (default)

289 (0x121)

SS1 Activation

The source of the S51 activation.

Bit:

0 =551 Request

0 =551 Request

1= Safe Limit Active
2 = Connection Loss
3 = Connection Idle

290 (0x122)

SS1 Decel 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)

S$S1 Ext 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. 0= Max Stop Time
Must be supported if optional SS1 Ext Max Stop Time is supported. 1= Ext Max Stop Time
303 (0x12F) 52 Fault Safe Stop 2 fault. 0= No Fault
1="Faulted
304 (0x130) S$S2 Fault Type Detailed information about a fault. 1=No Fault
2 =Invalid Configuration
$S2 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
S0S 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
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Table 18 - Safe Stop Function Attributes (Class 0x5A) (continued)

Attribute ID | Attribute Name Attribute Description Values
Decimal (Hex)
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=SBCNot 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
365 (0x16D) SBC Activation Indicates the sources of SBC activation. 0= SBC Output Active
1=ST0 Active
2 = Safety Stop Fault
3 = Safety Limit Fault
366 (0x16E) SBC Brake Engaged Indicates the state of the signals controlling the SBC Output. 0 = Brake Released
1=Brake Engaged
367 (0x16F) SBC Output Monitor Value Read back value of the safety outputs. 0 = Brake De-energized
1= Brake Energized
368 (0x170) STO Activates SBC Conﬁ_gures Safe Brake Control to engage a mechanical brake when Safe Torque | 0= Not Linked (default)
Off disables torque. 1= STO Engages a mechanical
369 (0x171) STO to SBC Delay When STO Activates SBCis set, this attribute configures a time delay between | 0 = No Delay (default)
torque disabled and brake engaged.
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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/O 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 19 - Safe Stop 1 Fault Type: MSG

Parameter Value Description

Service Code 0x0E Get attribute single

(lass 0x5A Safety Stop Functions Object
Instance 1

Attribute 0x11C SS1 Fault Type

Data Type USINT Unsigned short integer

Read_Meszage0

M3
Message Cortrol S51_Faut_MSG [ | —EM

Message Configuration - 551_Fault_MSG

Configuration |C0mmunicati0n| Tag I

Meszage Tupe:

IEIF' Generic j

Twpe

Servilce IGet Attribute Single j Souree Element: I:

Source Length: I 0 3: (Bites)

SEryice g
i B (Hex) Cassi [5a | (Hex) Destination 551 Fauk_Type =

" s Element:
Instance: I 1 Attribute: I 11c (Hex) T |
) Enable O3 Enable Waiting ) Start ) Done Dohe Length: 0
23 Enar Code: Extended Emor Code: [ Timed Outes

Error Path: PF755_54 cm_saf_only, 1.6

Error Text:

ak. I Cancel | Apply | Help

The 20-750-54 option is accessed by a MSG command using CIP ‘Bridging
and Routing’ To access the $4, the routing information has to be manually
appended to the Path in the MSG configuration. This means appending *, 1,
<port> where ‘1’ indicates that the message is routed across the PF755
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backplane and <port> is the number of the backplane port where the 20-750-
$4 option is installed. This can be port 4, 5, or 6. In CIP Motion applications
the 20-750-S4 must be installed in port 6.

Message Configuration - Message_00 5[

Caonfiguration  Communication |Tag I

T
& Path |F'F?55_84_cm_saf_ow Browse... |

PF7E5_54 cm_safl_only. 1.6

= Broadeast: I 'I

Commurication i ethod
@ICF C DH+ Channel a 1| Destination Link: IU 3:
CIF ith i I HA Gt : Ig 3:
(] S Sourze Link: |0 = [estination Hode: [[iztal]
[ Connected [~ | Cache Conmections. 4 = | Large Connection
) Enable O3 Enable Waiting ) Start ® Done Done Length: 1
23 Enar Code: Extended Emor Code: [ Timed Outes
Error Path: PF755_54 cm_saf_only, 1.6
Error Text:

ak. I Cancel Apply Help
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Parameters and Settings in a

Linear List

Parameter Data

This appendix provides a description of the device parameters and host config

parameters.

order.

Device Parameters

Table 20 - Device Config Parameters

This section describes the status parameters and their values in numerical

No. | Display Name
Full Name
Description

Values

Description

Data Type

1 Identity Status

Describes the status of
the module.

“Owned" (0)

Indicates whether the safety option
module has an owner.

1=owned
0 =not owned

“Configured" (1)

Indicated whether the safety option
module has a configuration other than
out-of-hox.

1= configured
0= out of box configuration

“Min Rec FIt" (8)

If set (1), the safety option module has
detected a minor recoverable fault. The
device does not enter a faulted state.

“Min Unr Fit" (9)

If set (1), the safety option module has
detected a minor unrecoverable fault.

The device does not enter a faulted state.

“Maj Rec Fit" (10)

If set (1), the safety option module has
detected a major recoverable fault and is
in the major recoverable fault state.

“Maj Unr FIt" (11)

If set (1), the safety option module has
detected a major unrecoverable fault is
in the major unrecoverable fault state.

DWORD
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Table 20 - Device Config Parameters (continued)

No. | Display Name Values Description Data Type
Full Name
Description
2 Extended Status “Self Test” (0) A self test is in progress. USINT
Ehe:ﬂgglﬂzs:{égﬁ'son of “FW Update” (1) Afirmware update is in progress.
ggasteed on Identity “|0 Faulted” (2) At least one I/0 connection is faulted.
“No 10 Conect” (3) No I/0 connections are established.
“Config Err” (4) Non-volatile configuration is bad.
“Major Fit” (5) A major fault has occurred.
“l0 In Run” (6) At least one 1/0 connection is in Run
mode.
“10 Inldle” (7) At least one I/0 connection is in Idle
mode.
3 Identity State “Invalid” (0) The device is without power. USINT
State of the module. “Self Test” (1) The device is executing self tests.
“Standby” (2) The device has incorrect or incomplete
configuration.
“Operational” (3) The device is currently operating in
normal fashion.
“Maj Rec Flt” (4) The device has experienced a fault that is
recoverable.
“Maj Unr Fit" (5) Device has encountered a fault that is
unrecoverable.
4 Max Data Age - Holds the largest data age detected in UINT
Maximum data age 128 ps increments.
5 Cons Fit Count - The number of faults detected in this UINT
Consumer connection hour from the consumer connection.
fault count
6 Prod Fit Count - The number of faults detected in this UINT
Producer connection hour from the producer connection.
fault count
7 STO Fault Type “No Fault” (1) STO functions are not faulted. USINT
ISnTc(I)l(f:Lel: g;; e(g?tehnet “Circuit Err” (3) Internal STO circuitry error.
module. “Stuck Low” (4) Internal STO Health and/or Power input
stuck low.
“Stuck High” (5) Internal STO Health and/or Power input
stuck high.
“Discrepancy” (102) | Hardwired input discrepancy.

“Mode Conflict” (104)

Hardwired input is detected in Network
mode.
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Table 20 - Device Config Parameters (continued)
No. | Display Name Values Description Data Type
Full Name
Description
10 $S1 Fault Type “No Fault” (1) No faulft being reported by the Safe Stop | BYTE
The fault reported by Tfunction.
H}S (St?g;StOp ! “Config” (2) Ifnvali_d configuration of Safe Stop 1
unction.
“Decel Rate” (3) Acceleration less than Decel Reference
Rate (Monitored SS1).
“Maximum Time” (4) | Above Standstill Speed at Max Stop Time
(Monitored SS1).
“Fdbk Invalid” (101) | Afault is present in the encoder.
1n SBC Fault Type “No Fault” (1) No fault is reported by the Safe Brake BYTE
The fault reported by Control function.
}L\ScSteilg;Brake Control “Config” (2) Invalid configuration of the Safe Brake
Control.
“OverCurrent” (3) Current exceeded maximum on an
output controlling the Safety Brake.
“Stuck Low” (4) An output controlling the Safety Brake is
stuck low.
“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.
12 | Safety 10 Values “In0 Value” (0) The value read from Input 0. BYTE
The values being read [, "
fro.m inputand gutput In1 Value” (1) The value read from Input 1.
points. “In2 Value” (2) The value read from Input 2.
“In3 Value” (3) The value read from Input 3.
“Tst0 Value” (4) The value of test output 0.
“Tst1 Value” (5) The value of test output 1.
“Out0 Value” (6) The value of output 0.
“Out1 Value” (7) The value of output 1.
13 Safety 10 Status “In0 Status” (0) The status of input 0. BYTE
The status of the input [~ " -
and output points.p In1 Status” (1) The status of input 1.
“In2 Status” (2) The status of input 2.
“In3 Status” (3) The status of input 3.
“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.
14 Input Alarm Index BYTE

The number of the
input instance whose
alarm type will be
displayed in parameter
15 - (Input Alarm).
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Table 20 - Device Config Parameters (continued)

No. | Display Name Values Description Data Type
Full Name
Description
15 Input Alarm “No Alarm” (0) No alarm reported by the input instance. | BYTE
Elpeoiltaerdn:))tl)ﬂ\neginput “Config” (1) The ilpdput instance's configuration is
instance specified in Invalid.
parameter 14- (Input | gy Circyit” (2) External Pulse Test has failed.
Alarm Indx).
“Int Circuit” (3) Internal Pulse Test has failed.
“Discrepancy” (4) The Dual Channel function controlling
this instance is reporting an alarm.
“Dual Ch" (5) The Dual Channel function controlling
this instance has detected a fault in the
other channel.
16 Output Alarm Index BYTE
The number of the
outputinstance whose
alarm type will be
displayed in parameter
17 - (Output Alarm).
17 Output Alarm “No Alarm” (0) No alarm reported by the output BYTE
The alarm being instance.
irre]fgl:?g sbg etcri]f? eoduitr? u “Config” (1) The ?gtput instance's configuration is
parameter 16 - nvalid.
(Output Alarm Indx). | “gyercyrrent” (2) Current exceeded maximum on the
output.
“ShortCircuit” (3) The output is stuck low.
“Stuck High” (4) The output is stuck high.
“Partner Err” (5) The Dual Channel function controlling
this instance has detected a faultin the
associated output instance.
“Relay Err” (6) Read back signal error during an
expected high state.
“Relay Fail” (7) The output relay has failed.
“Dual Ch" (8) The output values of the associated dual
channel instance are not the same.
“Cross Conn” (9) The outputs of the associated dual
channel instance are cross-connected.
20 Enc1 Position DWORD
The position count
being reported by the
primary encoder.
21 Enc1 Velocity REAL
Primary encoder

velocity in units/s. The
units of this value are
of the type reported by
parameter 24 - (En1
Unit).
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Table 20 - Device Config Parameters (continued)

No. | Display Name Values Description Data Type
Full Name
Description
22 Enc1 Accel REAL
Primary encoder
acceleration in units/
s2 The units of this
value are of the type
reported by parameter
24 - (En1 Unit).
23 Enc1 Fault Type “No Fault” (1) No fault reported by the primary BYTE
The fault type being encoder.
;E)nowgtfydet:]yc;z:r. “Config” (2) The encoder's configuration is invalid.
“Max Speed” (3) The encoder speed has exceeded the
configured maximum speed.
“Max Accel” (4) The encoder acceleration has exceeded
the configured maximum acceleration.
“Sin*+Cos" (5) The encoder has failed the vector length
or aspect ratio checks.
“Quadrature” (6) The encoder has exceeded the maximum
number of quadrature signal errors.
“Discrepancy” (7) The associated dual channel feedback
instance has reported a discrepancy.
“Partner” (8) The associated dual channel feedback
instance has detected a fault in the other
encoder.
“Voltage” (9) The encoder voltage supply has gone out
of the configured range.
“SignalNoise” (10) The encoder signals have noise that is
preventing operation.
“Signal Lost” (11) The encoder signals are not present.
“Data Lost” (12) Stopped receiving data from a Digital
Encoder.
“Device Fail” (13) The encoder device has failed.
“Max Freq” (107) The frequency of the encoder has
exceeded the maximum level for this
product.
“SinCosOffset” (108) | The offset of the Sine/Cosine signal from
ground is outside the required level.
“Pos Rollover” (109) | The encoder position count has exceeded
the maximum value that can be
represented in this product.
24 Enc1 Unit “Revolution” (0) Encoder units are represented in terms of | BYTE
Primary encoder revolutions.
zgﬁgtk;a(cé(n%r;ltlsrgleotnt;y “Meter” (1) Encoder units are represented in terms of
meters.
30 Enc2 Position DWORD
The position count
being reported by the
secondary encoder.
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Table 20 - Device Config Parameters (continued)

No. | Display Name Values Description Data Type
Full Name
Description
31 Enc2 Velocity REAL
Secondary encoder
velocity in Units/s. The
units of this value are
of the type reported by
P34 [Enc2 Unit].
32 Enc2 Accel REAL
Secondary encoder
acceleration in units/
s2 The units of this
value are of the type
reported by P34 [Enc2
Unit].
33 Enc2 Fault Type “No Fault” (1) No fault reported by the secondary BYTE
The fault type being encoder.
;Eggrrlt(?:r)? )értlrc](Sd or. “Config” (2) The encoder's configuration is invalid.

“Max Speed” (3) The encoder speed has exceeded the
configured maximum speed.

“Max Accel” (4) The encoder acceleration has exceeded
the configured maximum acceleration.

“Sin?+Cos>" (5) The encoder has failed the vector length
or aspect ratio checks.

“Quadrature” (6) The encoder has exceeded the maximum
number of quadrature signal errors.

“Discrepancy” (7) The associated dual channel feedback
instance has reported a discrepancy.

“Partner” (8) The associated dual channel feedback
instance has detected a faultin the other
encoder.

“Voltage” (9) The encoder voltage supply has gone out
of the configured range.

“SignalNoise” (10) The encoder signals have noise that is
preventing operation.

“Signal Lost” (11) The encoder signals are not present.

“Data Lost” (12) Stopped receiving data from a Digital
Encoder.

“Device Fail” (13) The encoder device has failed.

“Max Freq” (107) The frequency of the encoder has
exceeded the maximum level for this
product.

“SinCosOffset” (108) | The offset of the Sine/Cosine signal from
ground is outside the required level.

“Pos Rollover” (109) | The encoder position count has exceeded
the maximum value that can be
represented in this product.

34 Enc2 Unit “Revolution” (0) Encoder units are represented in terms of | BYTE
Secondary encoder revolutions.
feedback units (sethy [~ p - -
safety conﬁguregtion))., Meter” (1) Encoder units are represented in terms of

meters.
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Table 21 - Host Config Parameters

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 11...14 configure how the PowerFlex” 755 drive reacts to a
change in the status of the safety functions. These configuration parameters are
not part of the ‘Safety’ configuration, they are part of the PowerFlex 755 drive

configuration.

No.

Display Name
Full Name
Description

Values

Read-Write

Data Type

Reserved

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” (4) — 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)
“Execw Trq" (52) — STO Bypass state (networked)

RO

DWORD
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Table 21 - Host Config Parameters (continued)

No.

Display Name Values

Full Name
Description

Read-Write

Data Type

Safety Status
Indicates status of the safety functions.

Options

SMT Active

< [SMT Ovr Temp

< [Conn Idle
< [Neg Motion
< |SDI Limit
< [SDI Active
< |SLA Limit
S [SLS Limit
< [SLS Active
< [SSM Active
< [Reserved
< [Reserved
< [Reserved
<1505 Stndstil
1 21505 Active
| =552 Active
= = [SST Active
| < |Brak Engage
<71 = [SBS Active
*| = [irq Disabled
| =STO Activ
™1 < |Restart Req
| = [Safety Reset
| = [Safety Fault

Default

_
o

&| < |Conn Closed
B| <|SLP Status
&| < [SLP Active
| <|SCA Status
& | = |SCA Active

®| = Pos Motion
S| < |[SLA Active
| < [SSM Limit
=/o

15 14 13 12

—
=)
—_
(=)
_
[=2)

23

w
puied
N
v
N
N
N
—_

Bit

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 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 7 “SS1 Active” — Indicates whether the Safe Stop 1 function 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.
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” — Indicates whether the Safe Motor Temperature function is active, where 0 = Not Active and 1= Active.
Bit 12 “SMT Ovr Temp” — Indicates whether the Safe Motor Temperature function has detected a temperature above the limit, where
0 =Temp Below Limit and 1= Temp Above Limit.
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” — Indicates if the Safely Limited Acceleration function is active, where 0 = Not Active and 1= Active.

Bit 21 “SLA Limit” — Indicates if the acceleration exceeds the SLA limit, where 0 = Acceleration within limit and 1 = Acceleration exceeds limit.
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 OK 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.

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 6 “Brak Engage” — Indicates whether the Safe Brake Control function has engaged the brake, where 0 = Brake Released and 1= Brake Engaged.

=
o

BOOL[32]
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Table 21 - Host Config Parameters (continued)
No. | Display Name Values F-
Full Name = E‘*
Description T |8
P g |5
5 Safety Faults RO | BOOL[32]
Indicates what type of safety fault has occurred.
opions | Sl=lg g gE|EElEEEslslsls 5 eEeEle e s ElslsssEE
S Elgls sz slss s EEEES g ssslsEEEEEELIE g
S22 3£28825352088882838883588088¢8
Default |0 0 |0 |0 [0 [0 [0 [0 [0 [0 [0 [0 [0 [0 0000001010000 00000
Bit 31 30 29 28 |27 26 25 24 123 22 21 20|19 18 17 16 ({15 14 13 12111109 8 (7 6 5 4 {3 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].
Bit 4 “SS1 Fault” — Indicates the fault status of the SS1 function, where 0 = No Fault and 1 = Faulted. The cause of the fault is recorded in device P1[SS1
Fault 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.
Bit 8 “SBC Fault” — Indicates the fault status of the SMT function, where 0 = No Fault and 1 = Faulted.
Bit 16 “SSM Fault” — Indicates the fault status of the SSM function, where 0 = No Fault and 1 = Faulted.
Bit 17 “SLS Fault” — Indicates the fault status of the SLS function, where 0 = No Fault and 1 = Faulted.
Bit 18 “SLA Fault” — Indicates the fault status of the SLA function, where 0 = No Fault and 1= Faulted
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 RO | BOOL[32]
Indicates status of the manufacturer specific safety functions.
“Brak Intgrty” (0) — Indicates that the brake controlled by the Safe Brake Control function has integrity.
“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 BOOL[32]
Indicates status of the safety functions.
optors | 2| 2|22 2(2[2[2[2[E[E|2 /2|2 8 82 2 2 2 2 2 T 2 T e T E B e 5T
3333283232383233323288323238323333% 3
oC |oc oc |6 (o (oc | (oc (o (o [ oc (o (oc (o (o (oc | (oc (o (o (oc | (o ([oc |oc (o |oc (oc o (e (o (e
Default |0 0 |0 |0 [0 [0 [0 [0 [0 [0 [0 [0 [0 [0 O (0|00 (001|000 [0 000000
Bit 31 30 29 28 (27 26 25 2423 22 21 20119 18 177 16{15 14 13 12(11 109 8 |7 6 5 4 3 2 1 0
Bit 1“SFX Fault” — The Safety Feedback Interface Add On Instruction has experienced a fault.
8 Safety Data A Default: 0 RO | DWORD
A 32-bit data container holding general purpose safety-data passed from the safety controller. | Min/Max: | -2147483648 / 2147483647
9 Safety Data B Default: 0 RO | DWORD
A 32-bit data container holding general purpose safety-data passed from the safety controller. | Min/Max: | -2147483648 / 2147483647
10 Reserved RO | USINT
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Table 21 - Host Config Parameters (continued)

No. | Display Name Values e | e
Full Name § ,E-:
Description LR
[-5 a
1 STO Actn Src Default: 0- Drive RW | DWORD
Determines whether the drive or the controller initiates a stop when the Safety Status STO Active | Options: 0 - Drive
bit is set. This does not apply when an SS1 or S52 action initiates the STO function. 1 - Controller
12 | STOStp Actn Default: 0- Coast RW | DWORD
Selects a stop mode to initiate when the Safety Status STO Active bit is set. Options: 0 - Coast
1-Ramp
2 - Ramp to hold
3-DCBrake
4 - DCBrkAutoOff
5- Current Lmt
6 - Fast Brake
13 | S51/552 Actn Src Default: 0- Drive RW | DWORD
Determines whether the drive or the controller initiates a stop when the Safety Status SS1 Active | Options: 0- Drive
bit or the Safety Status SS2 Active bit is set. 1- Controller
14 | SS1StpActn Default: 0- Coast RW | DWORD
Selects a stop mode to initiate when the Safety Status SS1 Active bit is set. Options: 0- Coast
1-Ramp To Hold
2-Ramp
3-DCBrake

4 - DCBrkAutoOff
5- Current Lmt
6 - Fast Brake
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Numerics

20-750-S 16
20-750-51 16
20-750-S3 16

A

actions 152
ADC 114
additional resources 13
assembly tags
input 240
output 242
attribute
feedback 245
automatic device configuration. See ADC
axis tags 180

C

certification

TUV Rheinland 95
checklist. See validation checklist
CIP messaging 50, 61
circuit error 49, 60
cold start type 152
Compact GuardLogix 5380 controller 17, 95,

143, 150, 167, 176
compatible drives 17
complementary mode 45
configuration

error 49, 60

ownership 126, 130, 168
configure

action 152

discrepancy checking 157

general 145

module

definition 146

motion safety instance 149

primary feedback 153

safety connection 147

safety input 149

safety output 149

scaling 156

secondary feedback 155

ST0 158
configure always feature 169
connection

idle 71

idle action 70, 152

loss 70

loss action 70, 152

reaction time limit 151
continuous mode 20
controller-based

instructions 95
cosine diagnostic 27
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interpolation 154
resolution 154

D

diagnostic 206

cosine 27

encoder 25

hiperface 27
digital AqB encoders 27

discrepancy 162

checking 157
errors 50
testing 22
time 162
documentation

additional resources 13
DPI parameters 50, 61

drive replacement 129

integrated safety 129
drive safety instructions 95

adding instruction 97
example 97
homing 104
pass-through data 100
SFXinstruction 101
tab 96

DS1 195, 196

DS2 195, 196
DS3 195, 197
DS4 195, 197
dual channel

discrepancy error 60

errors 50

mode 53, 55, 164
dual feedback 22

configurations 16
monitoring 22, 148, 155, 157
dual velocity check 157

duplicate device numbers 129

effective resolution 154

electronic keying 112, 146

encoder diagnostic 25

encoder input frequency diagnostic 26
environmental pollution degree 235
equivalent mode 44

explicit messages 183

external pulse tests 39

F

failure analysis 29
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264

falling edge
reset 129
signals 129
fault 203
actions 152
code 211 205
messages 205
names 198
recovery 51, 62
safety core 199
$$1 201
$S2, S0S, SBC, SLS, SLP, SDI 202
STO 200
feedback
attribute 245
resolution 156
firmware revisions 12

G

gate firing circuits 15

general 145

GuardLogix 5580 controller 17, 95, 105, 143,
150, 167, 176

hardware enable jumper 35
hazard prevention 19

high demand mode 20
hiperface diagnostic 27
homing 104

IGBT 15
failure 16
input
assembly tag 47, 48, 49, 57, 58, 59, 64, 65,
240
latch error time 41
power
turn off before maintenance 16
input valid (safety) 48
integrated
STO bypass 170
STO mode
drive replacement 129
STO state reset 204
ISATR-84 23

J

jumper locations
Powerflex 755 drives 33
PowerFlex 755T drive products 33
jumper settings 31
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kit catalog numbers
dual incremental encoder module (20-750-
DENC-1) 35
EMC Core (20-750-EMCSSM1-F8) 36
universal feedback module (20-750-UFB-1)
35

L

latch error time 54, 55
LEDs
module status 196
motion output status 197
network status 196
Logix Designer application 106, 145, 170, 174,
197
Logix5000 127
low demand mode 20

M

maintenance

turn input power off 16
mapping

safety tags 126
maximum

acceleration 154
diagnostic 26
encoder input frequency diagnostic 26
speed 154
speed limit diagnostic 26
mean time to failure spurious 23
mechanical

brakes 19
force
back pressure 16
suspended loads 16
mission time 21
module

definition 146
status 195
monitored $51 81, 159, 160
definition 10
motion
and safety connection 179
connection 179
connection axis tags 180
output status 195
safety instances 149, 176, 178
task 176, 178
motion direct commands
STO bypass 170
warning messages 171
MSG command 214

network delay multiplier 151
network status 195



Index

no test pulses mode 87
not used 87, 162, 163, 164

0

off state 16

off-delay function 52

on-delay function 51

One Shot Falling instruction 129

one shot falling instruction. See OSF
instruction

OSF instruction 129

out-of-box state

restore 214

verify 214
output

assembly tag 63, 67, 72, 78, 85, 88
output assembly tags 242
output monitor value 58

P

diagnostic parameters
safety state 207
safety status 207
safety faults 209
parameters
host 259
partner channel error 61
pass-through data 100, 129, 182, 183
and integrated motion 100
in standard 1/0 mode 98
PFD 20, 21, 23
PowerFlex 755 drives 21
PowerFlex 755T drive products 21
PFH 20, 21, 23
definition 11
PowerFlex 755 drives 21
PowerFlex 755T drive products 21
polarity 154
pollution degree 235
port 143
position 156
deadband 158
units 156
power supply output 163
mode 63
primary
encoder 178
feedback 153, 156
probability of dangerous failure per hour.
See PFH
probability of failure on demand. See PFD
product compatibility and download center
12
proof
test interval 20
testing 18
pulse test output 163

Rockwell Automation Publication 750-UMO05A-EN-P - October 2018

R

ratio 158
redundant channel safety devices 43
release notes 12
replace 168

PowerFlex 755 drive

on an integrated safety network 129

requested packet interval. See RPI
reset ownership 126
resolution units 154
response time 53
restart type 152
risk assessment 18, 19, 31
RPI 115, 149, 150, 151

S

Safe Break Control. See SBC

safe direction instruction. See SDI
safe operating speed. See SOS
safe stop function

Seealso SS1, 552
safe stopping action source 165
safe torque off. See STO
safeguarding devices 19
safely-limited position instruction. See SLP
safely-limited speed. See SLS
safety

analysis 31

brake 93

category 233

connection 147, 183

control state 214

core fault 199

DevicelD 129

digital outputs 52, 62

enable jumper 35

fault 195

feedback 203

feedback faults 203

function 177, 178

safety input 39

function operation 127

function testing 31

input 39, 149

input alarm 49

input alarm recovery 51

input assembly tag 68

input status 47

input valid 48

input value 47

jumper 33

network number
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266

edit 111, 167
output 149
output alarm 60
output assembly tag 67
output data 57
output ready 58
output status 57
output with test pulse 52
performance level 18
rating 18, 24
reset 214
routines 126
signature 18
supervisor
state 184, 199
status 214
supervisor state 199
system requirements 18
tag mapping 126
tags 126
task 176, 178
SAFETY BRD FAULT 205

safety feedback interface instruction. See

SFX

safety network number. See SNN
SBC 85, 121, 202, 231

activated by STO 89

activation 85

control modes 87

fault 93, 202

operation 88

reset 86

validation checklist 231
scaling 156

SFX 102
SDI 228

fault 202

validation checklist 228
secondary

encoder 178

feedback 155
SFX 101, 178, 229

instruction 101

scaling 102

validation checklist 229
short circuits 39
signal offset diagnostic 28
sine diagnostics 27
single channel mode 53, 164
single feedback 22

configurations 16

monitoring 22, 148, 157
SLP 226

fault 202

validation checklist 226
SLS 225

example 97

fault 202

validation checklist 225
SNN 18, 110, 129, 166, 167, 169
SOS 223

fault 202

validation checklist 223
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spurious trip rate 23
§5178, 127,128,159, 177, 201, 218
activation 78
fault 201
reset 79
safety fault 84
stopping action and source 80
validation checklist 218
SS1-r
definition 10
§S1-t
definition 10
§52 220
fault 202
validation checklist 220
standard data

in a safety routine 126
in a safety tag 126
standard input 162

operation 46
standard output 163

mode 63
standard tags 126

standstill speed 154, 160
status

attributes 206
indicators 195
LEDs
module status (DS1) 196
motion output status (DS3) 197
network status (DS2) 196
ST0 71,72, 118,158
action 165
action source 165
activates SBC 89, 161
delay 73, 74
fault 77, 200
operation 74
reset 72
state reset 204
stopping action 76
source 76
to SBC Delay 161
STO fault message 206
Circuit Err(3) 200
Stuck High(5) 200
Stuck Low(4) 200
stop
category 19
019
119
category 1177
category 2 19
stored energy 16
suspended loads 19
synchronize actions 126
system

safety considerations 18

T

tap mode 17
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test output 162

mode 63

ready 65

status 64
test pulse 52, 53

test pulses 164

test pulses mode 88
time 156, 158
timed

5180, 159
551 definition 10
timeout multiplier 151

TUV Rheinland 18
type 162

U

units 154
used

as standard input 162
no test pulses mode 87
test pulses mode 88
with test output 162
with test pulses 164
without pulse test 164
without test output 162

v

validation checklist 218, 220, 223, 225, 226,
228,229, 231

velocity average time 154

velocity deadband 158

voltage monitor 154

W

Wait wTrq 214

waiting 214
warningicon 174
wiring 31

with test output 162
without test output 162
without test pulse 164

Z

zero crossing detection diagnostic 28
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