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Safety instructions

Contents of this chapter

The chapter contains the warning symbols used in this manual and the safety

instructions which you must obey when you install or connect an option module to a

drive or inverter. If you ignore the safety instructions, injury, death or damage can

occur. Read this chapter before you start the installation. A

Use of warnings

Warnings tell you about conditions which can cause injury or death, or damage to the
equipment. They also tell you how to prevent the danger. The manual uses these
warning symbols:

Electricity warning tells you about hazards from electricity which can cause
injury or death, or damage to the equipment.

General warning tells you about conditions, other than those caused by
electricity, which can cause injury or death, or damage to the equipment.
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Electrical safety precautions

These electrical safety precautions are for all personnel who do work on the drive,
motor cable or motor.

This manual does not give detailed information for disconnecting and isolating all
drive types. Refer also to the drive or inverter unit hardware manual.

WARNING! Obey these instructions and the safety instructions of the drive. If
you ignore them, injury or death, or damage to the equipment can occur.

If you are not a qualified electrical professional, do not do installation or
maintenance work. Do these steps before you start installation or
maintenance work.

SUEE

Clearly identify the work location and equipment.

Disconnect all possible voltage sources. Make sure that re-connection is not
possible. Lock out and tag out.

* Open the main disconnecting device of the drive.

+ If you have a permanent magnet motor connected to the drive, disconnect the
motor from the drive with a safety switch or by other means.

» Disconnect all dangerous external voltages from the control circuits.

« After you disconnect power from the drive, always wait 5 minutes to let the
intermediate circuit capacitors discharge before you continue.

Protect any other energized parts in the work location against contact.

Take special precautions when close to bare conductors.
Measure that the installation is de-energized. Use a quality voltage tester.

Before and after measuring the installation, verify the operation of the voltage
tester on a known voltage source.

ACS880 drives:

+ Make sure that the voltage between the drive input power terminals (L1, L2,
L3) and the grounding (PE) busbar is zero.

* Make sure that the voltage between the drive output terminals (T1/U, T2/V,
T3/W) and the grounding (PE) busbar is zero.

* Make sure that the voltage between the drive DC terminals and the grounding
(PE) busbar is zero.

Install temporary grounding as required by the local regulations.

Ask the person in control of the electrical installation work for a permit to work.
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Introduction to the manual

Contents of this chapter

This chapter states exclusion of liability and describes the applicability, compatible
products, supported safety functions, target audience and purpose of the manual.

The chapter also lists contents of this manual, recommended reading as well as
related standards and directives, and explains used definitions, terms and
abbreviations. The safety certificate is included at the end of the chapter.

Exclusion of liability

This manual is an informative aid only. It contains information needed to use the
FS0O-12 safety functions module when implementing safety systems. The information
and examples given are for general use only. They do not describe all the necessary
details for implementing a safety system. The manufacturer of the machinery always
remains ultimately responsible for the product safety and compliance with applicable
laws. ABB does not accept any liability for direct or indirect injury or damage caused
by the information contained in this document. ABB hereby disclaims all liabilities that
may result from this document.

Do not open the FSO module, otherwise the safety classification will become invalid
and the warranty cease to be in effect.

Applicability

This manual applies to the FSO-12 safety functions module, revision J.
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Compatible products

Check the compatibility of the earlier versions with your local ABB representative.
See also section FSO module version handling on page 33.

ACS880 drives and option modules

+ ACSB880 series without “No FSO support” sticker

+ ACSB880 primary control program: version 2.12 or later

* FENA-21 Ethernet adapter module: version 3.05 or later

+ FPNO-21 PROFINET fieldbus adapter module: version 1.00 or later

Application control programs
FSO-12 behavior is independent from application control program, thus all application
control programs are supported by FSO-12. Example applications:
* Machinery control program v2.40 or later
« Crane control program v2.1 or later
+ Tower crane control program v1.0 or later
*  Winch control program v1.0 or later
* Winder control program v1.10 or later
» PCP/ESP control program (+N5200) v1.1 or later
+ PCP/ESP control program SynRM v1.1.1.0 or later
* Spinning control program v1.0 or later
* Rod pump control program v1.0 or later

Controller stations
For example the following controller stations are supported. Check the compatibility
of the controller station in its manual.

+ ABB AC500-S Safety PLC. For more information, see AC500-S Safety User
Manual (3ADR025091M0207 [English])

+ Siemens SIMATIC Fail-safe S7 PLC
Tools
+ Drive Composer pro PC tool: version 1.7 or later

Note: This manual applies to the Drive Composer pro PC tool versions until 1.12. If
you use a later version, the menus and button names can differ from the ones used in
this manual. For more information, see the documentation of the tool.

WARNING! ACS880 drives equipped with the label “No FSO support” are not
A compatible with FSO-12. Do not use this combination.
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Supported safety functions

This manual provides instructions for creating the following safety functions
(according to EN/IEC 61800-5-2) for the ACS880 drives:

» Safe torque off (STO) — standard feature in the ACS880 drives, see page 60
» Safe brake control (SBC), see page 44

» Safe stop 1 (SS1), see page 67

» Safely-limited speed (SLS), see page 100

» Variable Safely-limited speed (SLS), with PROFIsafe only, see page 7317.

Additional safety functions (not specified in EN/IEC 61800-5-2):
+ Safe stop emergency (SSE), see page 82

+ Safe maximum speed (SMS), see page 136

» Prevention of unexpected start-up (POUS), see page 739.

Note: The FSO-12 module does not support an encoder in safety applications.

Target audience

The manual is intended for qualified persons who design the safety application, plan
the installation as well as install and commission the safety application. Read the
manual before starting work on the safety application. You must know the
fundamentals of safety technology, electricity, wiring, electrical components and
electrical schematic symbols.

Purpose of the manual

The manual explains how to install the FSO safety functions module and configure
and commission the supported safety functions. It describes how to meet and
maintain safety life cycle requirements of the FSO module to ensure required safety
performance and specified safety integrity.

Drive-specific technical, configuration and installation details are in the drive
hardware manual (see List of related manuals on page 2).

Contents

Chapter Safety instructions (page 13) explains the usage of warning symbols in this
manual and the safety instructions which you must obey when you install or connect
an option module to a drive or inverter.

Chapter Introduction to the manual (this chapter, page 15) states exclusion of liability
and describes the applicability, compatible products, supported safety functions,
target audience and purpose of the manual.
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It also lists contents of this manual and recommended reading and explains used
definitions, terms and abbreviations. The safety certificate is included at the end of
the chapter.

Chapter Safety information and considerations (page 27) contains general safety
considerations and information to be taken into account when applying the FSO
safety functions.

Chapter Overview (page 317) briefly describes the FSO module with safety system
components as well as the FSO layout, connections, type designation label and
operational characteristics.

Chapter Safety functions (page 47) describes how the safety functions of the FSO
module operate.

Chapter PROFIsafe (page 143) describes the safety system when the FSO module is
connected to a safety PLC through a fieldbus (FB) module using the PROFIsafe
profile of PROFINET. It describes the FSO module states and transitions and the
contents of the PROFIsafe messages. The chapter also includes installation
instructions, configuration instructions for the ABB AC500-S Safety PLC and
Siemens SIMATIC Fail-safe S7 PLC as well as fault tracing tips.

Chapter Planning for installation (page 229) gives instructions and references to
instructions in other manuals for planning the safety system installation, as well as the
requirements for installation in the applicable safety standards.

Chapter Installation (page 237) gives examples of how to connect the FSO module to
the ACS880.

Chapter Installation checklists (page 247) contains a checklist for checking the
mechanical and electrical installation of the FSO module and refers to common cause
failure checklists in standards.

Chapter Configuration (page 249) describes the password usage, outlines the
configuration process and gives examples of how to configure the FSO module to
implement the safety functions described in chapter Safety functions.

Chapter Parameters (page 323) lists the FSO parameters.

Chapter Start-up (page 365) describes the general precautions to be taken before
starting up the safety system for the first time.

Chapter Verification and validation (page 367) describes verification and validation
procedures of the implemented safety functions.

Chapter Fault tracing (page 397) describes the status LEDs and provides generic
diagnostics, troubleshooting and fault recovery tips for FSO-related faults.
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Chapter Maintenance (page 407) explains the replacement of the FSO module in
case of a module failure, gives instructions for reinstalling the FSO module to another
drive and updating the firmware of the drive where the FSO is installed. It also gives
instructions for the replacement of the FB module, FSO factory reset, safety system
update and decommissioning as well as proof tests.

Chapter Technical data (page 413) contains the technical specifications of the FSO
module, for example, electrical data, sizes and safety data. It also lists related
standards and directives.

Chapter Dimension drawings (page 431) shows the dimension drawings of the FSO
module.

Recommended reading
This manual is based on the following standards. It is recommended that you are
familiar with these standards before implementing safety-related systems.

+ EN/IEC 61800-5-2: Adjustable speed electrical power drive systems — Part 5-2:
Safety requirements — Functional. (Includes safety function definitions.)

* ENISO 13849-1: Safety of machinery — Safety-related parts of control systems —
Part 1: General principles for design

» EN/IEC 62061: Safety of machinery — Functional safety of safety-related
electrical, electronic and programmable electronic control systems

« EN 60204-1: Safety of machinery — Electrical equipment of machines — Part 1:
General requirements.

* PROFIsafe System Description — Safety Technology and Application. Version
November 2010. Order Number 4.342.

Before starting the implementation of safety-related systems, it is highly
recommended to read and understand the following manuals, which will also be
referred to in the later chapters of this manual.

* Functional safety; Technical guide No. 10 (SAUA0000048753 [English])
* firmware and hardware manuals of the drive.

For a complete list of related standards and directives, see section Related standards
and directives on page 429.

Terms and abbreviations

The terms and abbreviations used in this manual are defined in the table below.

Term / Description
Abbreviation

Acknowledgement | Deactivates the active safety functions which have been completed and
are without active function request. See section Acknowledgement
methods on page 48. See also term Reset on page 23.

AWG American wire gauge
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Term /
Abbreviation

Description

B1od Number of cycles until 10% of the components fail dangerously (for
pneumatic and electromechanical components). (EN ISO 13849-1)
BCU Type of control unit

Black channel

Communication channel that is not safe as it has not been designed
and/or validated according to IEC 61508. The reliability of the
connection can be secured with an additional security protocol, for
example PROFIsafe, on top of the black channel.

Cat. Classification of the safety-related parts of a control system. The
categories are: B, 1, 2, 3 and 4. (EN ISO 13849-1)
CCF Common cause failure (EN ISO 13849-1)

Common cause
failure (CCF)

Failure, which is the result of one or more events, causing coincident
failures of two or more separate channels in a multiple channel
(redundant architecture) subsystem, leading to failure of a Safety
related electronic control function (SRCF).

Communication
module

Communication module is a name for a device (eg, a fieldbus adapter)
through which the drive is connected to an external communication
network (eg, a fieldbus). The communication with the module is
activated with a drive parameter.

Controller

Control system with bus initiative (master). In PROFINET 10
terminology, controller stations are also called active stations.

Control word

16-bit word from controller to device with bit-coded control signals
(sometimes called the Command word).

CRC

Cyclic redundancy check

Cyclic
communication

Communication in which parameter/process data objects are sent
cyclically at predefined intervals

DAT

Device acknowledgement time

DC Diagnostic coverage (%) (EN ISO 13849-1), Direct current

Device Passive bus participant. In PROFINET IO terminology, device stations
(or slaves) are also called passive stations. Also referred to as nodes.

DI Digital input

DO Digital output

E-stop Emergency stop

ELV Extra-low voltage

EMC Electromagnetic compatibility

External active load

Load that has the capability to accelerate the speed of the motor, for
example, gravity or spring based load.

Factory reset

See Reset

Fail-safe mode

The FSO module has activated the drive STO function as a result of an
error (in some cases, after a delay). To exit this mode and continue
normal operation, reboot the FSO module.
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Term / Description

Abbreviation

FbEQ16 16-bit fieldbus equivalent: The scaling between the value shown on the
panel and the integer used in communication when a 16-bit value is
selected for transmission to an external system.

FbEQ32 32-bit fieldbus equivalent: The scaling between the value shown on the
panel and the integer used in communication when a 32-bit value is
selected for transmission to an external system.

F-Device Device that is able to communicate using PROFlIsafe, eg, the FSO
module.

F-Host Programmable logic controller (PLC) that is able to communicate using
PROFIsafe.

F-Input PROFIsafe frame user data from that is sent from the F-Device (FSO) to
the F-Host (PLC).

F-Output PROFIsafe frame user data from that is sent from the F-Host (PLC) to

the F-Device (FSO).

F-Parameters

Set of PROFIsafe parameters that all PROFIsafe devices support.
F-Parameters are sent from the F-Host (PLC) to the F-Device (FSO)
when the PROFIsafe connection is created.

FBA Fieldbus adapter parameter (drive parameter group 50)

FB module Fieldbus adapter module (FPNO-21 or FENA-21)

FENA-21 Optional Ethernet adapter module for EtherNet/IP™, Modbus TCP and
PROFINET 10 protocols

FIT Failure in time: 1E-9 hours. Expected failure rate of semiconductors and
other electronic devices. (IEC 61508)

FPNO-21 PROFINET fieldbus adapter module

FSE-31 Pulse encoder interface module which can be used in safety
applications

FSO-12 Safety functions module which does not support the use of encoders

FSO-21 Safety functions module which supports the FSE-31 module and the

use of safety encoders

Functional safety

Functional safety is part of the overall safety that depends on a system
or equipment operating correctly in response to its inputs.

Generator mode

Drive is taking energy from the controlled application

GND

Ground

GSD file General Station Description file that describes the basic capabilities of a
device in a specified form. PROFINET uses GSDML files which are
GSD files written in XML format.

HAT Host acknowledgement time

Hazard Potential source of harm (physical injury, or damage to health or
equipment)

HFT Hardware fault tolerance (IEC 61508)
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Term / Description

Abbreviation

hi-Z state In digital outputs, the signal is neither driven to a logical high nor low
level. It is “floating”.

IGBT Insulated gate bipolar transistor

Internal fault

A fault which is detected by FSO module’s internal diagnostics.

When an internal fault is detected, the FSO goes into fail-safe mode,
activates drive STO, and creates a fault to the drive.

1’0

Input/output

LSB

Least significant byte

MAC address

Media access control address. A unique identifier of a network node in
an communication network.

Mission time Tw- The period of time covering the intended use of a safety
function/device.

After the mission time the safety device(s) must be replaced. Note that
any Ty, values given cannot be regarded as a guarantee or warranty.
(EN ISO 13849-1).

MSB Most significant byte

modoff No modulation (the control of inverter IGBTs is off)

Warning: ‘No modulation’ is not a safe state. To achieve a safe state,
the STO function must be activated.

MTTFp Mean time to dangerous failure: (The total number of life units) / (the
number of dangerous, undetected failures) during a particular
measurement interval under stated conditions (EN ISO 13849-1)

N/A Not applicable

NC Normally closed. Break contact. Normally closed contacts disconnect
the circuit when the relay is energized; the circuit is connected when the
relay is de-energized.

NO Normally open. Make contact. Normally open contacts connect the
circuit when the relay is energized; the circuit is disconnected when the
relay is de-energized.

OEM Original equipment manufacturer

PCB Printed circuit board

PELV Protected extra-low voltage (IEC 60364-4-41)

PFDayg Average probability of dangerous failure on demand (IEC 61508)

PFH Average frequency of dangerous failures per hour (IEC 61508)

PL Performance level (a-e) (EN ISO 13849-1)

PLC Programmable logic controller

POUS Prevention of unexpected start-up

Power drive Adjustable speed electrical power drive system suitable for use in

systems (Safety
related), PDS(SR)

safety-related applications
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Term /
Abbreviation

Description

Profile

Adaptation of the protocol for certain application field, for example,
drives.

PROFINET

An open standard for industrial communication systems that uses the
Ethernet standard. Registered trademark of PROFIBUS and
PROFINET International (Pl) community.

PROFIsafe

An additional layer on top of the PROFINET protocol for safety-related
communication. Registered trademark of PROFIBUS and PROFINET
International (Pl) community.

Proof test

Periodic test performed to detect dangerous hidden failures in a safety-
related system so that, if necessary, a repair can restore the system to
an “as new” condition or as close as practical to this condition.

(IEC 61508, IEC 62061)

Protective measure

Measure intended to achieve risk reduction

PZD

Process data (Prozessdaten)

Reasonably
foreseeable misuse

Use of a machine in a way not intended by the designer, but which may
result from readily predictable human behavior

Reset Factory reset. Clears the configuration and sets the parameters to their
factory default values.
Residual risk Risk remaining after protective measures have been taken

Response time of
FSO

The internal response time of the FSO, that is, the time in which the
STO control output of the FSO reacts after receiving a request. (Usually
this is not the same as the time from the request to the safe state of the
machine application.) See also term Safety function response time
(SFRT) on page 23.

Risk Combination of the probability of occurrence of harm and the severity of
that harm

Safe state STO activated. The STO circuit in the drive is open. Note: When the
drive STO is activated in the POUS function, the FSO is in the
Operational state. See also section FSO states on page 54.

Safety fieldbus Communication system used in safety-related applications. In the safety

system described in this manual, safe communication is secured with
the PROFIsafe application layer. See also term PROFIsafe on page 23.

Safety function

Function, with a specified safety performance, which is intended to
maintain the safe condition of the installation or prevent hazardous
conditions arising at the installation. Example: Safe torque off (STO)

Safety function
response time
(SFRT)

Worst-case elapsed time following an actuation of a safety sensor
connected to a fieldbus before the corresponding safe state of its safety
actuator(s) is achieved in the presence of errors or failures in the safety
function channel.

Response time of the combination of the drive and the FSO. See also
term Response time of FSO on page 23.

Safety module

Part of a safety system, physical entity. Example: FSO safety functions
module.
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Term /
Abbreviation

Description

Safety related
control function
(SRCF)

Control function implemented by a SRECS with a specified integrity
level that is intended to maintain the safe condition of the machine or
prevent an immediate increase of the risk(s)

Safety related
electrical control
system (SRECS)

Electrical control system of a machine whose failure can result in an
immediate increase of the risk(s)

Safety system Whole safety system including for example human interface, FSO
safety functions module, drive, sensors and machine.

SAR Safe acceleration range. In the FSO module, there are two sets of SAR
parameters (SARO and SAR1) that are used to define and/or monitor
the deceleration ramp in safety functions. SARO parameters are used in
the SSE function. SAR1 parameters are used in SS1, SLS, varSLS and
SDI functions.

SBC Safe brake control

SC Systematic capability (IEC 61508)

Scaling speed

A user-defined value that the FSO module uses as a speed reference
point in ramp time calculations. See parameter 200.202 SAR speed
scaling on page 326.

SELV Safety extra-low voltage

SFF Safe failure fraction (%) (IEC 61508)

SFRT Safety function response time (see page 23)

SIL Safety integrity level (1...3) (IEC 61508, IEC 62061, IEC 61800-5-2)

SLS Safely-limited speed

SMS Safe maximum speed

SS1 Safe stop 1

SS1-r Safe stop 1 ramp monitored

SS1-t Safe stop 1 time controlled

SSE Safe stop emergency
For example, safety fieldbus failure, speed monitoring trip limit hit (SLS
and SMS) will activate the SSE safety function.

SRECS Safety related electrical control system (see page 24).

Status word 16-bit word from device to controller with bit-coded status messages.

STO Safe torque off (EN/IEC 61800-5-2). In this manual, this term is used in

two different contexts:
* the STO circuit in the drive (the drive STO function)

* the STO safety function in the FSO module.

Safety functions in the FSO module (eg, STO, SSE, SS1 and POUS)
activate the drive STO function, that is, open the drive STO circuit. In
addition, some safety functions can activate the STO safety function in
the FSO module, which in turn opens the drive STO circuit. See section
Dependencies between safety functions on page 141.
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Term /
Abbreviation

Description

Stop category

There are three categories of stop functions:

» stop category 0: an uncontrolled stop where power to the machine
actuators is removed immediately

» stop category 1: a controlled stop where the machine actuators have
power for stopping, after which the power is removed

» stop category 2: a controlled stop where the machine actuators
continue to have power.

Stop category 0 and 1 definitions also apply to Emergency stop

categories.

T Proof test interval. Defines the probabilistic failure rate (PFH or PFD,q)
for the safety function or subsystem. Performing a proof test at a
maximum interval of T1 is required to keep the SIL capability valid. The
same interval must be followed to keep the PL capability
(EN ISO 13849) valid. Note that any T1 values given cannot be
regarded as a guarantee or warranty. See also section Proof tests on
page 411.

Tm See Mission time.

TP Test pulse. Term diagnostic pulse is used in this manual.

TWCDT Total worst-case delay time

Validation Confirmation by, for example, analysis that the safety system meets the
functional safety requirements of the specific application.

Verification Confirmation by, for example, testing that the safety system meets the
requirements set by the specification.

WCDT Worst-case delay time

WD Watchdog

ZCU Type of control unit

Zero speed Speed limit where a ramp stop safety function is considered to be
completed and drive STO is activated. The acknowledgement of the
safety function becomes possible when this speed is reached.

Zero speed limit is given with parameter FSOGEN.51 Zero speed
without encoder on page 329.

Ag Dangerous failure rate

Ay Dangerous failure rate, undetected failures

Ag Safe failure rate

Certificates

TOV Nord certificate for the FSO-12 and ACS880 drive series can be found in the
ABB Library, where you can also check the validity of the certificate with a specific

drive variant.
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The PROFIsafe certificate for the FSO-12 module is attached below.

PROFIBUS - PROFINET

Certificate

PROFIBUS Nutzerorganisation e.V. grants to

ABB Oy
Hiomotie 13, 00380 Helsinki, Finland

the Certificate No: Z20141 for the PROFIsafe device:

Model Name: FSO-12

Order Number:  3AXD50000012090

Revision: SW:V4.3.0; HW: 1

Application CRC: Channel A: 0x63F41365
Channel B: 0xB630A569

This certificate confirms that the product has successfully passed the certification tests
with the following PROFIsafe scope:

L4 PROFIsafe_V2 functionality on PROFINET 10

Test Report Number: PS083-2
Authorized Test Laboratory: SIEMENS AG, Fiirth, Germany

The tests were executed in accordance with the following documents:
“PROFlsafe - Test Specification for F-Slaves, F-Devices, and F-Hosts, Version 2.1, March 2007".

This certificate is granted according to the document:
“Framework for testing and certification of PROFIBUS and PROFINET products”.

For all products that are placed in circulation by June 22, 2023 the certificate is valid for life.

Karlsruhe, August 06, 2020 Board of PROFIBUS Nutzerorganisation e. V.

@CW&(

(Official in Charge)

(Karsten Schneider)

® J&b Z@CL«»/C

FROFlsafe (Dr. Jorg Hahniche)
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Safety information and
considerations

Contents of this chapter

This chapter contains general safety considerations and information to be taken into
account when applying the FSO safety functions.

WARNING! The FSO safety functions module is delivered with the safety
functions bypassed by jumper wires in connectors X:113 and X:114 to allow
initial drive commissioning without the need to configure safety functions first.
The safety system must always be properly commissioned and
verified/validated before it can be considered safe.

WARNING! Make sure that the functional safety of the machine is maintained

A in situations where the safety option does not provide protection, for example,
during commissioning, system maintenance, fault tracing, or
decommissioning.

Use of safety functions

To make sure that the application, where FSO and its safety functions are used, is
safe to use and fulfills all relevant safety requirements, it is necessary to take into
account the requirements of the local (machinery) safety legislation (eg, Machinery
Directive) and/or the applicable functional safety standards (eg, ISO 13849-1).

Implementing safety functions to make safe applications requires a systematic
approach/process, where risk assessment is the basis of all safety requirements.
These processes are described in global ISO and IEC machinery safety and




28 Safety information and considerations

functional safety standards (eg, ISO 12100, 13849-1, IEC 62061). These are also
introduced in Functional safety; Technical guide No. 10 (3AUA0000048753 [English]).

Before you take into use any system where FSO and its safety functions are used, or
if you later modify any application parameters or the configuration related to safety,
you must ensure the safety of the entire system. This is done by verifying and
validating the correct operation of the safety application according to the system
safety verification plan. See chapter Verification and validation.

Meeting the requirements of the Machinery Directive

If the machine, where FSO is part of the safety system, is going to be sold or taken
into use in Europe, it is the responsibility of the machine builder / OEM / system
integrator to make sure that the machine is safe to use and the essential health and
safety requirements (EHSR) of the Machinery Directive are fulfilled. The
requirements in the applicable standards must also be met and the FSO module must
be used according to the instructions provided in this manual.

Responsibilities

As a component manufacturer, ABB is only responsible for the safety and conformity
of their manufactured products, not of the systems where these products are used. If
you detect any failure in safety functions, contact your local ABB representative.

Intentional misuse

Use the FSO module according to the instructions given in the user's manual. ABB is
not responsible for any damage caused by the misuse of the module.

The FSO module is not designed to protect a machine against intentional misuse or
sabotage.

Safety-related parts

The FSO module and the drive Safe torque off (STO) channel/function are safety
relevant, and the rest of the drive is considered as not safety relevant. For example,
the drive regular I/O cannot be used for requesting safety functions on the FSO.

Limitations of Safe torque off (STO) function

The Safe torque off function can be used for stopping the drive in the operational
mode. If a running drive is stopped by using the STO function, the drive stops by
coasting. STO function can also be used for prevention of unexpected start-up
according to the limitations of IEC 60204-1, 5.4 and ISO 14118.

The Safe torque off function does not disconnect or isolate the voltage of the main
and auxiliary circuits of the drive. Therefore maintenance work on any electrical parts
of the system (including drive and the motor) can only be carried out after a proper
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isolating procedure, which must be obeyed to make sure that the maintained part of
the system is properly isolated.

Proof testing

Periodic proof testing of, for example, electromechanical parts of the safety system
may be required in order to maintain the claimed SIL / PL level of the system. In this
case proof testing must be taken into consideration in the safety calculations and it
must be properly documented in the user documentation. Proof testing has to be
verified in the acceptance testing during the commissioning phase.

The FSO module itself does not require periodic proof testing.

External contactors, relays and mechanical actuators must be sized correctly for
safety use as the automatic diagnostics only monitors the electrical connections; the
mechanical final elements like brakes are not diagnosed.

Failure of a mechanical actuator, for example a brake, could lead up to an undetected
fault, and a possible loss of the load control.

Safety separation

The FSO module and the drive Safe torque off (STO) channel/function are safety
relevant, and the rest of the drive is considered as not safety relevant, for example,
the drive regular 1/0 cannot be used for requesting safety functions on the FSO.

WARNING! The Safe torque off function does not disconnect the voltage of the
main and auxiliary circuits from the drive. Do not do maintenance work on the
electrical parts of the drive or the motor before you isolate the drive system
from the main supply, from rotating permanent magnet motors, from rotating
motors equipped with sine filters and from all dangerous external voltages.

Note: The Safe torque off function can be used for stopping the drive in the
operational mode. If a running drive is stopped by using the STO function, the drive
stops by coasting.

ACS880 drives with separate inverter and supply units

In ACS880 drives with separate inverter, supply and brake units, the FSO module is
connected to the inverter unit(s). It cannot be connected to supply or brake units.
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Overview

Contents of this chapter

This chapter briefly describes the FSO module with safety system components as
well as the FSO module layout, connections, type designation label and operational
characteristics.

Intended use of the FSO module

FSO-12 is a safety option module for ABB ACS880 drives, which adds safety
functionality, including support for PROFIsafe communication with a safety PLC
through an FB module.

The intended use of the FSO module is to safely monitor and stop the drive
(PDS(SR), VSD) if necessary, in case a dangerous or unexpected event occurs that
requires a safe reaction of the safety related control system.

The main purpose of the FSO module is to make the systems/applications safe to
use. It can be the main safety logic for the safety system, or it can be part of a larger
safety related control system as a subsystem.

The FSO module can be used in applications where EN ISO 13850 is used. This
standard gives the requirements for the emergency stop function of the machine (that
can be implemented with FSO functions STO, SS1 and SSE). It is necessary to know
the Priorities between safety functions, see page 141.

The FSO module can be used with applications that comply with standard ISO 14118.
This standard defines the requirements for the prevention of the unexpected start-up
(POUS) of the machine (that can be implemented with FSO functions POUS, STO
and SS1).
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System description

The FSO module includes various safety functions that can be used for implementing
safety functions in various applications, such as emergency stop, and safe speed
limiting, etc. as presented in the figure. The FSO module is one part of the functional
chain of the safety functions where external components together with FSO are
connected to create complete safety systems. This user's manual gives overall
information on how to implement safety functions with FSO module, regarding the
SIL/PL requirements, functionality, and restrictions of use. The safety requirements
for the application are defined in the system-specific risk assessment. The system
integrator must obey those requirements when he/she implements safety functions
with the FSO module.

FSO module and safety system components

Example figure of a safety system with the FSO-12 safety functions module, the
ACS880-01 drive, a safety PLC, an FB module, switches and buttons.

PROFIsafe over PROFINET

o

" Safety PLC
system master

=3

Safe stopping —_————————*

Gate opening switch

Safety function requests

Prevention of unexpected
start-up

Emergency stop
Stop button

—————— Channel separation

The FSO safety functions module is an option for the ACS880 drives. The Safe
torque off (STO) function is a standard feature on the ACS880 drives.

The FSO module does not operate the drive; it only monitors the actions of the drive
and commands safety functions to be executed. The request for safety functions can
come from an external safety system, for example, a push button, a safety PLC, or
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from an FSO internal fault. Some safety functions can be permanently active. If the
drive does not fulfill the commands of the FSO, the FSO stops the drive modulation
using the Safe torque off (STO) function.

If the drive is connected to a safety PLC, the safety of the fieldbus communication
can be secured with the PROFIsafe over PROFINET technology. The safety PLC is
connected to the FB module, which communicates with the FSO module. For more
information, see chapter PROFIsafe.

Safety functions supported by the FSO module are presented in chapter Safety
functions.

FSO module version handling

To ensure backward and forward compatibility with the ACS880 drives, the FSO-12
module has a version handling system. Both the FSO module and the ACS880 drive
firmware must support the used safety functions.

You can always replace the FSO-12 module with a newer revision and use the same
configuration file with the new revision. Each time you make any changes in the
safety system, you must do the acceptance test to each safety function using the
checklists described in chapter Verification and validation.

Note: Due to an update in functionality related to a situation where drive modulation
is lost when SLS function is active, it is recommended to update all FSO modules to
revision H (or later).

Each new revision of the FSO-12 module supports all or most functions of previous
FSO-12 module revisions and it can be used together with previous ACS880 drive
firmware versions. In addition, previous FSO-12 module revisions can be used
together with new ACS880 drive firmware versions. In this case, the drive supports
only the functions of the previous FSO-12 module revision. For more information on
product compatibility, see section Compatible products on page 16.

In the Drive Composer pro PC tool, each safety function and parameter group has a
version parameter. With these parameters, the user selects the desired versions.
Only the versions that are supported by both the drive firmware and the FSO module
are shown in Drive Composer pro.

Example: Revision A of the FSO-12 module has one version of the SMS function
(Version 1). Revision C has two versions the SMS function (Version 1 and Version 2).
If the used ASC880 drive firmware supports both versions, the user can find them in
the parameter list and select the desired version. If the used ACS880 drive firmware
supports only Version 1 of the SMS function, only Version 1 is shown in the parameter
list.
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Layout

@
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FSO-12 ABB

Safely functions module
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O STATUS/FAULT
O sto

No | Description

1 | 24 V DC input connection

2 | Safe torque off (STO) connection
Data connection

4, | Mounting for drives with ZCU-12 control unit shown. Two mounting points on each side.

4b | The screw fixed at 4b also grounds the enclosure of the FSO. Mounting points vary by
installation type.

5 | FSO grounding screw, grounds the electronics

FSO status LEDs, see section Status LEDs on page 391.

Input / output status LEDs, one for each 1/O connector (see No 8). The LEDs are in two
rows above the corresponding two rows of I/O connectors. The LED is lit if the state of the
corresponding I/O is ON (24 V in the input or output). The data shown by LEDs is only

indicative and cannot be considered safe.
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No | Description

8 | Input/ output connections

» 4 redundant or 8 single digital inputs, or combinations of redundant and single inputs.
Possible redundant pairs: X113:1 & X114:1, X113:2 & X114:2, X113:3 & X114:3 and
X113:4 & X114:4.

» 3 redundant or 6 single digital outputs, or combinations of redundant and single
outputs. Possible redundant pairs: X113:7 & X114:7, X113:8 & X114:8 and X113:9 &
X114:9.

» two 24 V DC reference outputs with configurable diagnostic pulses.

9 | Factory reset button (under the label)

Connections

The FSO module has several safety 1/Os for external safety devices, for example
buttons, gates and indicators. The FSO-12 module does not have the ability to
interface to an encoder.

When you use the Safe brake control (SBC) function, the FSO module controls the
mechanical brake. For more information on the SBC function, see chapter Safety
functions.

One FSO module is needed for each drive/inverter to be monitored.

Connection details are described in section Terminals on page 241.

Type designation label

The type designation label is attached on the top of the FSO module. An example
label and description of the label contents are shown below.

@ ® ®
ABB 0Y FSO-12 SN:A4320026 CODE:3AXD60000012090

0RO N A

3AXD50000012000A4320025WS  RoHS
@ ®

No |Description

1 |Type
2 |Serial number of format RYWWSSSS, where
R: Component revision: A, B, C, ...
Y: Last digit of the manufacturing year: 4, 5, ... for 2014, 2015, ...
WW: Manufacturing week: 01, 02, ... for week 1, week 2, ...
SSSS: Integer starting every week from 0001

3 |ABB MRP code of the FSO module
Combined ABB MRP code, serial number and manufacturing location
5 |RoHS mark

N
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Operational characteristics

The FSO module monitors that the drive operates within the configured safety limits
when safety functions are active, and if the limits are exceeded, activates a safe
stopping in the drive within the response time. The safe stopping function activates
the drive STO function either immediately or after an emergency ramp. Activation of
the drive STO function removes the torque and, if configured, applies the brake.

WARNING! The Safe torque off function does not disconnect the voltage of the
main and auxiliary circuits from the drive. See the warning on page 29.

The supported functions are preprogrammed in the FSO firmware; they cannot be
programmed in any way.

Authorized personnel configure the FSO module with the Drive Composer pro PC
tool. The FSO module checks the authorization with a password before it is possible
to edit the FSO parameters. The user sends the parameters from the tool to the drive,
after which the FSO module and the PC tool validate the configuration, and the tool
asks the user to confirm the validation.

The FSO module goes into the Fail-safe mode if it detects an internal fault during its
diagnostics tests (see section FSO modes on page 54) and must be rebooted (for
rebooting instructions, see section FSO recovery on page 404).

The FSO module checks on every boot that the drive has the same configuration as
the FSO module. If the configurations do not match, the FSO module keeps the STO
active.

When the FSO module is configured with the Drive Composer pro, the tool will do a
sanity check for the FSO configuration to make sure that it is plausible. Despite of
this, the user must do the validation for the parametrization and for the functionality of
the safety functions. The Drive Composer pro or FSO module cannot determine the
validity of the configuration.

You must reboot the FSO module after the drive has recovered from a power failure,
or after a control unit boot. FSO can be rebooted by switching the power off and on. It
is also possible to reboot the FSO with drive parameter 96.09 FSO reboot, or by
pressing the Boot FSO button on the Safety view of the Drive Composer pro PC tool.
The FSO module accepts this 'soft boot' when the FSO module is in fail-safe mode
and the stopping function is completed.

Response times

Safety function response time and FSO response times are specified in section
Response times on page 426.

The acceptable speed limits must be configured so that the speed cannot
accelerate/decelerate from an acceptable speed to a dangerous speed faster than
the response time of the FSO module.
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FSO diagnostics

The FSO module performs extensive auto diagnostics tests during the runtime
operation on FSO internal parts as well as the communication and STO connection
between the FSO and the drive. The FSO goes into the Fail-safe mode if it detects a
fault.

*  The communication between the FSO and the drive is diagnosed continuously.

» The STO connection between the FSO and the drive STO connector is diagnosed
during the power-up and periodically during the runtime.

If an FSO redundant I/O failure occurs, FSO module activates (or keeps active) the
safety function that has been configured to the I/O. For all other I/O or safety fieldbus
failures, the FSO module activates the SSE function. Also, the overtemperature fault
of the FSO module activates the SSE function (for more information, see section
Configuring SSE on page 287). In other internal failure situations, the FSO module
activates the STO function.

/10
The FSO module supports input and output redundancy.

The FSO module provides an option for applying diagnostic pulsing for its inputs and
outputs. When applied, the pulsing enables the FSO diagnostics to detect cable
failures as follows:

* Inputs: Open-circuiting and short-circuiting failures are detected with diagnostic

pulsing. The failures that short-circuit the sensor are detected upon input
activation when redundant connection is used.

24V 1 TP2 Diagnostic pulse 2
B!

TP1 Diagnostic pulse 1

DI1 Digital input 1 1. Failure is detected

DI2 Digital input 2 2. Failure is detected upon
oV A input activation when
redundancy is used

Note: If only one of the redundant inputs is activated upon a safety function request,
the FSO module activates the safety function in which the input is configured but it
cannot be acknowledged before the failure has been repaired. To acknowledge the
safety function, you must set both input channels down and up at the same time or,
switch the power off and on.
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Note: ABB recommends to use external devices which are equipped with either a
positive mechanical action or force guided contacts.

Note: With external test pulses, the length of the pulses shall be 0.5 ... 2 ms. Test
pulses must be in totally different phasing, and must not overlap.

« Outputs: If diagnostic pulsing is used, failures that short-circuit the signal to the
voltage supply or the ground potential are detected. Failures that open-circuit the
actuator are not detected.

You can select the logical signal level for each digital output by a parameter. The
selections are Active low (0 V) and Active high (24 V). Select the level depending on
the application requirements. For example, Active high is suitable for the SLS
indication and Active low for the SBC output. The FSO module operates according to
the de-energize to 0 V principle, which means that in case of power loss or Fail-safe
situation, the outputs will go to the low state (0 V).

WARNING! Only use the Active high selection of a digital output for indicating
a status. Do not use the selection for the control of a safety device.

Acknowledgement

Safety functions have four acknowledgement methods for entering the Operational

state (at power-up or after a safety function request is removed):

* Manual (recommended): The user must first acknowledge the FSO locally from
the FSO 1/O to allow the drive to restart.

+ Automatic: The FSO grants the drive permission to restart after a safety function
request is removed or the power-up process is completed. If the drive is in the
automatic start mode, it starts automatically, which may cause danger.

* From a safety PLC: The FSO module expects an external acknowledgement
signal from a safety PLC via the PROFIsafe communication bus.

* Manual or from a safety PLC: The FSO module expects an external
acknowledgement signal either from the FSO 1/O or from a safety PLC.

The acknowledgement method can be selected separately for the power-up, the STO
(SSE and SS1 always end in drive STO), SLS and POUS safety functions.

For more information, see section Acknowledgement methods on page 48. For fault
recovery, see chapter FSO recovery on page 404.

WARNING! If the FSO module has the automatic acknowledgement in use,
make sure that it does not cause an unacceptable risk, for example, due to an
automatic start of the drive.
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Motor speed feedback

FSO module needs motor speed feedback to perform safety functions. It can be
either a measured speed from a safety encoder or a safe speed estimate. With
FSO-12 module only safe speed estimate is available. Depending of the motor speed
feedback, safety functions operate slightly differently (for example, when the
indications turn on and off) due to inaccuracy in safe speed estimate. The feedback
type has also an effect on how the safety functions are configured. See chapter
Safety functions for more information on the difference between the measured speed
feedback (encoder) and safe speed estimate.

Note: With safe speed estimate, the FSO module and the drive motor control have an
independent motor model of their own. The accuracy of these two speed estimates
can differ from each other, especially in the low speed region.

Safe speed estimate

With safe speed estimate, the FSO module uses the drive electrical output frequency
measurement to estimate the motor speed. For safe speed estimate to operate
correctly, parameter FSOGEN.21 must be set to the motor synchronous speed, and
FSOGEN.22 must be set to the motor nominal frequency.

Using safe speed estimate with an induction (asynchronous) motor: The FSO module
does not estimate or compensate for motor slip. If parameter FSOGEN.21 is set to
the motor nominal speed, this assumes that there is always a nominal slip/load at the
motor. Depending on the application, a nominal slip/load is not always present. With
FSOGEN.21 set to the nominal speed, a lower than nominal slip/load can cause the
motor speed to be higher than the safe speed estimate. Thus, it is recommended that
you set parameter FSOGEN. 21 to the motor synchronous speed, not nominal speed.
This will generate a safe speed estimate which is more accurate with lighter loads,
but the accuracy decreases when more load/slip is present. The motor synchronous
speed depends on the frequency and number of poles (or pole pair number). Refer to
the table that follows.

Nominal Number of poles in the motor
frequency 2 4 6 8 10 12 16
50 Hz 3000 rpm | 1500 rpm | 1000 rpm | 750 rpm | 600 rpm | 500 rpm | 375 rpm
60 Hz 3600 rpm | 1800 rpm | 1200 rpm | 900 rpm | 720 rpm | 600 rpm | 450 rpm
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AL D BD ~BBSp.zoO. Q
ul. Placydowska 27
"l. l' 95-070 Aleksandréw Lédzki Poland
C € UK
cE IEC60034-1
3~ Motor M2BAX 160MLA 4 IMB3/IM1001 2022
L
No. Ins.cl. F IP 55
\' Hz kw r/min A cos Y Duty
690 Y 50 11 1478 12.8 0.77 S1
400 D 50 1 1478 22 0.77 S1
660 Y 50 11 1475 13 0.80 S1
380 D 50 11 1475 22.5 0.80 S1
1E4-93.3%(100%)-93.6%(75%)-93%(50%)
Product code  3GBA162410-ADN
6309-2Z/C3 ) 6209-2Z/C3 181 kg

With the example 4-pole induction motor shown above, it is recommended to use
these values:

+ FSOGEN.21 =1500 rpm
*+ FSOGEN.22 =50 Hz.

The FSO module has two safe speed estimation data channels. Speed in channel
one is received from the drive (200.01 FSO speed ch1), and speed in channel two is
calculated by FSO module (200.02 FSO speed ch2). FSO compares these two speed
data sources. If the values differ too much, the FSO module detects it and goes into
the Fail-safe mode.

The motor information must be set according to the motor type designation label for
the FSO module. See section How fo configure general settings on page 254.

It must be considered in the risk assessment of the application whether the safe
speed estimate can be used.

Restrictions for the use of safe speed estimate

As the safe speed estimation is based on the drive electrical output frequency, there
are characteristics which must be taken into account:
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1. Safe speed estimate is available when the drive is modulating. If the motor shaft
speed information must be safely available when the drive is not modulating, use
a safety encoder together with the FSO-21 and FSE-31 modules for measuring
the motor shaft speed.

2. Safe speed estimate can only be used in applications that do not have external
active loads. Thus, it is not permitted to use safe speed estimate in applications
that have, for example, hanging loads.

3. If the motor has slip (for example, an induction motor), the safe speed estimate
differs from the drive actual motor shaft speed roughly the amount of the slip. See
the graph below which illustrates the effect of the slip.

4. When the motor operates near zero speed (below 2 Hz / 3% of the nominal
speed), there is ripple in the safe speed estimate signal. If the speed close to this
region needs to be monitored by the FSO module using the safe speed estimate,
the applicability of the estimate must be checked and considered case-by-case.
For example, the motor type and number of pole pairs.

5. The drive and motor shall be dimensioned considering the application (for
example, inertia, operating environment, etc). The dimensioning shall be such
that all functions can be performed without exceeding the specified operating
limits of the drive and motor.

6. The drive shall be dimensioned considering the motor and vice versa (for
example, nominal current, nominal power, etc).

7. Inthe event of motor control loss, the motor shaft mechanical speed and the drive
electrical output frequency can have a significant difference. The event can occur
due to:

* incorrect dimensioning of motor or AC-drive compared to the load (for
example, inertia)

¢ AC-drive motor control firmware failure
« external active load
e generator mode.

If deceleration is safety-related in the application, use a safety encoder together with
the FSO-21 and FSE-31 modules for measuring the motor shaft speed, or use safety
functions with ramp monitoring.

Note: When the motor shaft speed is below the monitored speed limit, then the motor
shaft cannot accelerate over the speed limit, even in the event of motor shaft control
loss.

The safe speed estimate calculated by the FSO module does not include slip
compensation for induction motors. You must take this into account when you define
monitoring limits for the safety functions. Otherwise it is possible that unnecessary
monitoring limit hits occur. Using encoder for only control purposes decreases the
ripple in the safe speed estimate signal. For example, defining a safe speed limit
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when using safe speed estimate with an induction motor:
SLS speed limit = Motor maximum permitted speed + expected motor slip + margin.

It is highly recommended to perform the best possible identification run that can be
performed in the typical motor operating conditions (for example, shafts connected to
motors, nominal temperature). This makes it possible to create the most accurate
motor model for the speed estimation. If the Normal ID run is not possible, do the
Reduced or Standstill identification run. For more information, see ACS880 primary
control program firmware manual (3AUA0000085967 [English]).

The safe speed estimation can only be calculated when the drive is modulating.
When the drive stops the modulation, the safe speed estimation shows 0 rpm.
Because of this main principle, it is a must that the motor speed starts to slow down
by coasting when the power is switched off. If the motor is not decelerating fast
enough by coasting, the rotation must be stopped with external device, for example
with a safe brake.

It is not allowed to use the safe speed estimation with an external active load that can
accelerate the motor shaft. For example, in a hoist drive, the hanging load would
potentially cause an accelerating motion because of the gravity, thus the safe speed
estimate cannot be used for these types of applications.

WARNING! Applications with external active load must use a safety encoder
and FSO-21 and FSE-31 modules.

The diagram below shows an example of the SLS function, and the behavior of the
safe speed estimation with an induction motor and its slip. It also illustrates the
possible effect (unnecessary limit hit) if you do not take the slip into account when
defining the trip limits in the FSO module.

Motor speed

Time

- - - Actual speed
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— Safe speed estimate
—— SLS trip limits

In the example, the motor torque is 100% during the acceleration and the motor slip is
at its maximum value. The FSO module speed estimates (ch1 & ch2) reach the SLS
trip limit even though the compensated value of the actual speed of the motor stays
below the SLS trip limit.

When acceleration is completed, the motor torque decreases. The FSO module
speed estimates show the actual motor speed and the slip is not any more visible in
the signal, assuming that the load is minimal on constant speed. The more load there
is, the more slip there will be, and thus inaccuracy increases also, but in the safe
direction (motor speed is lower than safe speed estimate).

During the deceleration, when the motor torque is -100%, the motor slip is again in its
maximum value. Because of the torque direction, FSO speed estimates are below the
actual motor speed (amount of the slip). After the FSO safe speed estimates reach 0
rpm, they begin to show reverse (negative) motor speed due to the negative motor
slip. The FSO module starts to compare the safe speed estimation to the negative
SLS trip limit value. Because the trip limit is much lower than the estimated speed,
there will be no fault trip.

Mute time feature

WARNING! The mute time increases the response time of the safety system.
This must be considered in the design of the safety system.

The FSO module has a mute time feature that can be used to suspend the monitoring
limits for a short period so that spurious trips can be eliminated. The feature is
available for both safe speed estimate and safety encoder feedback. The mute time
feature can be especially useful with the safe speed estimate because the estimate is
more prone to spurious trips caused by for example rapid changes in motor torque.
The mute time should be set as short as possible.

With safe speed estimate, there are two options to implement the mute time feature in
the FSO. By default, general mute time parameter FSOGEN.31 is used for all speed
functions. Starting from FSO rev. J, it is also possible to enable function-specific mute
times for limit hit situations with parameters FSOGEN.38 and FSOGEN.39. For more
information, see section Mute time feature on page 58.

Overview of safety functions

This section gives a short overview of the safety functions and gives references to the
detailed descriptions. For a description of the dependencies between the safety
functions, see section Dependencies between safety functions on page 141.
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Safe torque off (STO)

This safety function activates the STO function in the drive, this is, opens the STO
circuit in the drive. The motor coasts to a stop (stop category 0). See section STO
function on page 61.

The FSO module activates the STO function and the motor stops, if:

+ the motor speed reaches the SARO, SAR1, or time monitoring (ie, SS1-t) limits, or
» the FSO detects an internal failure.

Safe stop 1 (SS1)

This safety function stops the motor safely by ramping down the motor speed to zero
speed (stop category 1). The FSO monitors the stop ramp either with the time or
ramp monitoring method (SS1 function types SS1-t and SS1-r, respectively). See
sections

« SS1 with time monitoring (SS1-t) on page 68 and
»  SS1 with ramp monitoring (SS1-r) on page 70.

Safe stop emergency (SSE)

This safety function stops the motor safely by coasting (stop category 0) or ramping
down (stop category 1) the motor speed to zero speed.

You can configure this safety function to be similar to the STO (SSE with immediate
STO, stop category 0) or SS1 function (SSE with emergency ramp, stop category 1).
See sections

» SSE with immediate STO on page 83,

« SSE with time monitoring on page 88 and

» SSE with ramp monitoring on page 90.

SSE is also activated in certain FSO fault reaction situations, see Safe stop
emergency (SSE) on page 82.

Safe brake control (SBC)

This safety function provides a safe output for controlling external safety brakes.
When you use the SBC function with other safety functions of the FSO module, it is
always combined with the drive STO function. That is, the SBC function is activated
before, at the same time with, or after the drive STO function, and also when an
internal fault occurs as it activates STO.
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STO function and SSE with immediate STO

In these safety functions, you can configure the SBC function to be activated before,
at the same time with, or after the drive STO function. See sections:

» SBC after STO on page 63,

* SBC before STO on page 65,

» SSE with immediate STO, SBC after STO on page 84 and

» SSE with immediate STO, SBC before STO on page 86.

Note: The SBC is activated also when the drive STO is activated at zero speed in the
SSE and SS1 functions.

Note: The FSO module activates the SSE function after trip limit hits in the SLS and
SMS functions. As a result, this activates the drive STO and SBC functions (for more
information, see section Safe stop emergency (SSE) on page 82). Make sure that
you dimension the brake correctly for these situations.

S$81 function and SSE with emergency ramp

In these safety functions, you can configure the SBC and STO combination to be
activated at a user-defined speed limit while ramping down to zero speed. See
sections

« SS1 with speed limit activated SBC on page 72 and

« SSE with speed limit activated SBC on page 92.

You can also define a delay so that the SBC is activated first at the user-defined
speed limit and the drive STO after the delay. See sections

«  SS1 with speed limit activated SBC, SBC before STO on page 72 and

» SSE with speed limit activated SBC, SBC before STO on page 96.

Safely-limited speed (SLS)

This safety function prevents the motor from exceeding user-defined speed limits. If
the motor speed reaches the positive or negative SLS trip limit, the FSO module
activates the SSE function and the motor stops. See section Safely-limited speed
(SLS) on page 100.

Variable Safely-limited speed (SLS)

This safety function prevents the motor from exceeding user-defined speed limits.
With the variable SLS function, it is possible to scale down the SLS limits with a
safety PLC via PROFIsafe communication. See section Variable Safely-limited speed
(SLS) on page 131 and chapter PROFIsafe.

Safe maximum speed (SMS)

This safety function is used to protect the machine from too high speeds/frequencies.
You can configure it to be permanently on or off. If the motor speed reaches the SMS
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trip limit, the FSO module activates the SSE function and the motor stops. There are
two different versions of the SMS function. See sections

* SMS function, version 1 on page 137 and
* SMS function, version 2 on page 138.

Prevention of unexpected start-up (POUS)

This safety function prevents the machine from starting accidentally. The POUS
function activates the drive STO function. See section Prevention of unexpected
start-up (POUS) on page 139.

Safe acceleration range (SAR)

This safety function provides safe deceleration ramp monitoring for other safety
functions. FSO module has two different SAR functions, SARO and SAR1.

SARO and SAR1 functions behave in the same way but they can be configured to
work differently, based on the application needs. SARO parameters are used with the
SSE function. SAR1 parameters are used with the SS1, SLS, varSLS, and SDI
functions. For more information, see section Configuring SAR on page 290.
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Contents of this chapter

This chapter describes how the safety functions of the FSO module operate.

The FSO-12 module supports these safety functions:

start-up (POUS)

Safety function Stop category Information Page
Safe torque off (STO) Stop category 0 |STO: standard drive feature 60
Safe stop 1 (SS1) Stop category 1 |With time (SS1-t) or ramp 67
monitoring (SS1-r)
Safe stop emergency (SSE) |Stop category 0 |With immediate STO or 82
or1 emergency ramp with time or
ramp monitoring
Safe brake control (SBC) With STO, SSE and SS1 44
functions
Safely-limited speed (SLS) With time or ramp monitoring | 700
Variable Safely-limited Only with PROFlsafe 131
speed (SLS)
Safe maximum speed (SMS) Function permanently on/off | 136
Two different versions
Version 1 137
Version 2 138
Prevention of unexpected 139
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General

Safety function request

A safety function can be activated locally from FSO digital inputs, from a safety PLC,
in FSO internal fault situations or by another safety function (see section
Dependencies between safety functions on page 141).

If you want to control a safety function with a push button, connect an activation
button to an FSO digital input. 24 V in the input is the non-request for a safety
function and 0 V is the request.

Button pressed Button release allowed

©

Time

o1
=
o
20 ms

ID | Description

A Normal request: The request is recognized when the button is pressed. The pressing
time of the button must be at least 20 ms.

Note: The safety function request must be removed before the acknowledgement is
accepted.

B | Short low signals (less than 20 ms) are ignored.

C | Safety function is activated when the request signal last at least 20 ms.

Note: The FSO module executes the requested safety function even if the request is
removed before the function has reached the acknowledgement criteria.

Note: With one input it is possible to activate up to two separate safety functions.
A request activates both functions simultaneously. For the execution order, see
section Priorities between safety functions (page 141).

Note: The FSO module does not react to activation requests of the safety functions
during the boot.
Acknowledgement methods

You can configure the acknowledgement method separately for the power-up, STO
(SSE and SS1 always end in drive STO), SLS and POUS safety functions.
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e acknowledgement method can be manual or automatic, from a safety PLC via

the PROFIsafe communication bus, or either manual or from a safety PLC.

Yo

Automatic: The FSO module acknowledges the power-up process and/or safety
functions automatically when these have completed successfully and the safety
function request has been removed.

From a safety PLC: The FSO module expects an external acknowledgement
signal from a safety PLC via the PROFIsafe communication bus. The PROFlIsafe
profiles include the acknowledgement bits (see section FSO PROFIsafe profiles
on page 7149).

Manual: The FSO module requires a manual acknowledgement at the end of the
power-up process and/or after successful completion of a safety function when
the safety function request has been removed. The user must do this manually by
pressing the acknowledgement button.

u can connect only one acknowledgement button to the FSO module. The

acknowledgement button must be of type “normally closed” (NC). The
acknowledgement button is connected like a normal safety input. 24 V in the input is
the standby (negative) state and 0 V is the positive (acknowledge) state.

CH—

Button pressed Button release allowed

)

T |
N I

Time
03s 3.0s

ID | Description

A | Normal acknowledgement: The acknowledgement is recognized when the button is
released after pressing it; the system must detect both falling and rising edge changes
for successful acknowledgement triggering. The pressing time of the button must be
between 0.3 s...3.0 s.

B | Short low signals (less than 0.3 s) are ignored.

C | Too long interruptions (signal low longer than 3.0 s) on the signal are ignored and a

warning message (A7DO0) is generated to the drive. If there is something to acknowledge,
it is ignored and the user must press the acknowledgement button again.
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Acknowledgement can be performed if:
« Asafety function request is not active.

+ STO: Delay defined by parameter STO. 13 Restart delay after STO or STO. 14
Time to zero speed with STO and modoff has passed.

Note: If an SSE or SS1 request is received while the STO function is active, the
STO function must be completed before the acknowledgement is allowed. For
more information see section Safe torque off (STO) on page 60.

+ SSE, SS1: Safety function is completed.
« SLS, Variable SLS: The monitoring has started.

When automatic acknowledgement is used, the FSO module acknowledges the
safety function immediately after the safety function request has been removed and
the above requirements are met.

When manual or acknowledgement from a safety PLC is used, the FSO module waits
for an external acknowledgement signal (either from the FSO I/O or from a safety
PLC) before it can acknowledge the safety function(s). After the FSO module has
received the signal, it acknowledges all active safety functions that can be
acknowledged with the same acknowledgement.

When several safety functions are active at the same time, the priorities described in
section Priorities between safety functions (page 141) apply.

Note: If the FSO module is rebooted after a safety function request has been
removed but before it has been acknowledged, the FSO reboot acknowledges the
safety function.

DC magnetization and drive start modes

The correct operation of safety functions that limit or monitor motor speed (for
example, SLS, SMS) requires that ID-run has been performed prior to operation.

Note: Motor speed estimation is disabled on drive side when certain start modes with
magnetization or DC current control modes are active. SLS cannot provide reliable
protection during motor start, when:

1. Motor start with magnetization is requested: parameter 21.01 ‘Start mode’ = ‘Fast
(0) OR ‘Constant time’ (1) OR ‘Automatic’ (2), OR

2. DC current control is enabled by parameter 21.08 ‘DC current control’. This
parameter is associated with ‘DC hold’ and ‘Post magnetization’ features, OR

3. Motor pre-heating is enabled by parameter 21.14 ‘Pre-heating input source’, OR

4. Continuous magnetization is enabled by parameter 21.12 'Continuous
Magnetization command' = 'Magnetization active' (1), OR

5. Auto-phasing is enabled, OR
6. Fly-startis on.
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For more information, see the firmware manual of your drive.

Ramp monitoring

The ramp monitoring is configured with five parameters as described below.

®

Defining the ramp monitoring limits Ramp monitoring using the ramps

Speed Speed

Motor speed
Limit hit

Ramp monitoring started

* Lower monitoring limit is always 30 rpm below actual
@ speed.Starting point of the upper monitoring limit is based
on maximum deceleration slope (E/C) and D.

Description

Minimum deceleration time from the Scaling speed to zero. Configured for each SARnN
ramp,

n =0...1 separately.

For example for SARO: parameter SARx.11 SARO min ramp time to zero.

Target time for deceleration from the Scaling speed to zero. Configured for each SARn

ramp, n = 0...1 separately.
For example for SARO: parameter 200.702 SARO ramp time to zero.

Maximum deceleration time from the Scaling speed to zero. Configured for each SARn
ramp, n = 0...1 separately.
For example for SARO: parameter SARx.12 SARO max ramp time to zero.

Initial allowed range for the SARn ramp: value of parameter SARx.02 SAR initial allowed
range. This parameter moves the location of the maximum ramp forward on the time
axis, when monitoring is started, that is, at time of D, the maximum limit is the value of
the motor speed, that was in use when the monitoring started. Common for all ramps
SARn,n=0...1.

Scaling speed: value of parameter 200.202 SAR speed scaling. Speed value that the
FSO module uses as a reference point in ramp time calculations. This value and the
minimum (A), target (B) and maximum (C) ramp times define fixed slopes for the
deceleration ramps that are used in ramp monitoring.

Common for all ramps SARn, n=0...1.
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Limit hit: If the motor speed hits a ramp monitoring limit, the FSO module activates
the STO function and generates an event. The user can select the event type
(warning, fault or event) with parameter FSOGEN.62 STO indication safety limit.

Safety function indications
Safety functions have the following indications:

* Request indication, which is shown in the control panel or in the event log (stopping
functions (STO, SS1, SSE) and POUS)

« Digital output indication, see Parameters on page 323

« Status bit indication, see FSO PROFIsafe profiles on page 149 and Status and
control words on page 358.

Request indication

The safety function request indication for stopping functions (STO, SS1, SSE) and
POUS is activated immediately when a safety function is requested. The type of the
indication (event type) is selected with parameter FSOGEN.61 STO indication ext
request.

Note: For the POUS function, the request indication is always a warning if activated
when the drive is not modulating, and the indication is a fault, when the drive is
modulating, see FSO premature POUS on page 393.

FSO digital output indication

FSO digital outputs can be configured for indication or for controlling, eg, safety door
locking/unlocking. Digital output indications for the safety functions are explained in
connection with the safety function descriptions in chapter Safety functions, in
Configuring I/0O on page 256, and in Parameters for FSO inputs and outputs on page
351.

If configured to a function output parameter, the digital output is controlled to change
state immediately when a safety function is requested. If configured to a function
completed output parameter, the digital output is controlled to change state when a
safety function is completed.

Note: A logic state of output indication signals can be configured to be active low or
active high.

See also chapter PROFIsafe for Remote I/O control on page 147.

Status bit indication

PROFIsafe status bit indication of the safety function is relevant when the FSO
module is part of a PROFIsafe control system. These are safety-related indications.

Note: Status and control words (see Status and control words on page 358) are not
safety-related indications, and they can be used for monitoring purposes only. They
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are not allowed to be used as safe status and control indications in PROFIsafe/safety
systems.

STO, SS1, SSE, POUS functions

States of the configured and connected functions are indicated with FSO digital
outputs and fieldbus status signals when the function is started:

» Stopping functions (SSE and SS1) are always started and their active state
indicated immediately (the monitoring method depends on the configuration)
(parameters SSE.21 SSE output and SS1.21 SS1 output).

» The drive STO state is indicated when the drive STO circuit is open (parameter
STO.21 STO output and octet 0 bit 7 STO_active).

Note: When the SBC is activated before the drive STO, the drive STO active state
is indicated after a delay (parameter SBC.712 STO SBC delay).

Note: SBC active state is indicated only with status bit (octet 0 bit 6 SBC_active).

» POUS active state is indicated immediately when requested from an input
(POUS.21 POUS output).

* Ramp monitoring (SARO and SAR1, see section Configuring SAR on page 290) is
not indicated.

The FSO module switches off the digital output indications (SSE, SS1 and POUS
functions) when the function is acknowledged.

Stop completed indications are activated when the stopping function has completed,
but is not yet acknowledged. There are separate indications for each stopping
function STO, SSE and SS1 (parameters STO.22 STO completed output, SSE.22
SSE completed output, SS1.22 SS1 completed output) and one common for all of
them (parameter FSOGEN. 11 Stop completed output). The FSO module switches off
the indications when the function is acknowledged.

The completed indication of the POUS function (parameter POUS.22 POUS
completed output) is activated after the time defined by parameter POUS. 13 POUS
delay for completion has passed. The FSO module switches off the completed
indication when the POUS request is removed.

SLS, Variable SLS

+ SLS active state is indicated when the motor speed is in the user-defined range.
The FSO module switches off the indication when the function is acknowledged or
the monitored speed exceeds the user-defined limit (this also causes the SLS to
trip, that is, the FSO module activates the SSE function).

For further information on indication and output parameters, see chapter Parameters
on page 323, and FSO PROFIsafe profiles on page 149.
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FSO modes

The FSO can be in one of the following modes:

* Power down: The power to the FSO is off. The drive STO circuit is open. The
POWER LED is off.

» Start-up: The FSO is starting up after power-up. Indicated with a blinking green
RUN LED.

* Running: The FSO is up and running. It can be in different states (see section
FSO states on page 54) depending on the status of safety functions and the
safety fieldbus communication. Indicated with a green RUN LED.

» Fail-safe: There is a failure in the FSO. The drive STO is active. Indicated with a
red STATUS/FAULT LED. You have to reboot the FSO to exit the Fail-safe mode.
See section Transitions between FSO modes and states on page 55.

+ Configuration: Parameters are uploaded from the FSO module. The drive STO
is active. Indicated with blinking RUN and STATUS/FAULT LEDs. You can exit the
Configuration mode by downloading the new configuration to the FSO or by
rebooting the FSO.

For more information on the FSO LEDs, see section Status LEDs on page 391.

FSO states

When the FSO is up and running, it can be in one of the following states depending
on the drive STO status:

+ Safe: STO active, that is, the drive STO circuit is open and the motor is stopped.
The SBC is active (if used).

» Operational: STO inactive.
In the Operational and Safe states, the FSO can execute the safety functions.

Note: When the POUS function is active, the FSO module is in the Operational state
and the drive STO is active.
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Transitions between FSO modes and states
The following diagram shows the possible transitions during normal operation of the
FSO module.
* Powerdown: STO active, power off (below 19 V)
» Start-up: STO active, power on (above 19 V), start-up checks performed
+ Configuration: STO active, setting of parameters
» Operational: STO inactive, FSO running
» Operational: STO active, POUS active, FSO running

+ Safe: STO active, FSO running
» Fail-safe: STO active, I/0, FSO or communication fault detected.
Internal fault Drive Composer pro
Power down
(STO active)
Start-up Fail-safe Configuration
(STO active) < (STO active) (STO active)
A

Power '
~4— OFF / ON

Download new
configuration

r——4~+ 7 7 7 7 RUN"
| Y |
| . |
| Operational Acknowledgement > D |
(STO inactive) .
L T T < (STO active) |
| (Pous>sTO !
| active) |
L - - _

At power-up, the FSO goes into the Start-up mode. During the power-up process,
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FSO is in Safe state (STO active). It performs start-up checks and, according to the
configuration, enters the Operational state either automatically or after an
acknowledgement request from the FSO I/O or from a safety PLC.

The Drive Composer pro PC tool can request the Configuration mode, when the FSO
is in the Start-up, Operational, Safe or Fail-safe mode and the drive is in the Torque
off mode (not modulating). The FSO exits the Configuration mode into the Start-up
mode when the user either:

» downloads the new configuration to the FSO, or

* reboots the module (for rebooting instructions, see chapter FSO recovery on page
404).

If there is an internal fault, the FSO enters the Fail-safe mode. To identify and recover
from the cause of the fault, see section FSO recovery on page 404.

The FSO exits the Fail-safe mode into the Start-up mode when the user reboots the
module (for rebooting instructions, see chapter FSO recovery on page 404).

When the FSO is in the Power down, Start-up, Configuration, Safe or Fail-safe mode,
the drive STO function is always active. When the FSO is in the Operational state, the
drive STO function is inactive (except when the POUS function is active, the drive
STO function is also active).

Note: When the drive is connected to a safety PLC via the PROFIsafe over
PROFINET communication bus, see the states diagrams in section FSO module
modes and states on page 155 in chapter PROFIsafe.

Cascade

It is possible to cascade up to six FSO modules into a daisy-chain type network
(resembles somewhat an 1/0 master/follower system): If an FSO triggers a cascaded
safety function, it passes the triggering information to the next FSO, which triggers
the next one, and so on, until the last FSO again triggers the first one.

Without a PROFIsafe communication bus, you can cascade only safety functions
which have a primary and a secondary digital input: STO, SS1, SSE and SLS1.

If you want to a cascade safety function which has only one digital input (SLS2,
SLS3, SLS4), you must have a PROFIsafe communication bus and configure the
safety function request from a safety PLC.

For detailed configuration instructions, see section How to configure a cascaded
system on page 258.

This figure shows an example cascade configuration. Two different safety functions
are cascaded in the same cascaded system. Safety function 1 is cascaded in one
cascade loop (Cascade A) and safety function 2 in another (Cascade B).

The inputs and outputs of the FSO module are defined as pairs. In this example,
single input X113:2 is cascaded with single output X113:8 in Cascade A. When
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Acknowledgement
button Indication lamp Automatic
Emergency . ® acknowledgement
stop Cascade A
l«‘&m%‘l
(e} |
FSO FSO FSO .
Master Follower Follower |
Out In Out In Out
Safety [X113:7] Safety Safety '
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function 2 X133 function 2 XTT3:3 function 2 139
In Out In Out In Out
3.9 X113.9 |
POUS Cascade B
switch
Emergency stop (Safety function 1 = SSE) is activated in the master FSO module

(from a redundant digital input X113:1 & X114:1), it is also activated in the follower
FSO modules via digital master FSO outputs. Safety function 2 is cascaded with
single input X113:3 and single output X113:9 (Cascade B). When POUS (Safety
function 2 = POUS) is activated in the master FSO module (from a single digital input
X113:4), it is also activated in the follower FSO modules. Feedback from the last FSO
in cascaded chain is wired back to master FSO.

You must configure one of the cascaded FSO modules as the master and the others
as followers.

You can configure a separate safety function indication both in the master and the
follower FSO modules. Use the completed output of the cascaded safety function for
the indication - in this example, output X113:7 is used to indicate SSE completed.

You must configure all follower FSO modules to use the automatic acknowledgement
method. The master FSO module can use any acknowledgement method. The
acknowledgement always starts from the master FSO module.

You can configure one or two safety functions in the same cascaded system
(Cascade A and Cascade B). If the whole cascaded system must trip after reaching a
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trip limit of any safety function, or with a safety fieldbus failure, you must cascade the
SSE function.

If an FSO module activates the STO function (after a limit hit, an STO request from
the 1/0O or the safety fieldbus, or after an internal fault), also the cascaded SSE output
is triggered.

Note: When several drives are linked together in a master/follower system and the
follower drive is in the torque control mode, stopping functions with a deceleration
ramp (SSE with emergency ramp and SS1) will turn the follower drive to the speed
control mode. For more information on the master/follower functionality in the drive,
see the firmware manual.

Mute time feature

WARNING! The mute time increases the response time of the safety system.
This must be considered in the design of the safety system.

Mute time feature with the safe speed estimation

When there are spurious transients in safe speed estimate, you can suspend speed
monitoring with mute time to prevent unnecessary trips in the safety system. The
transient mute time can be set to cover the transient situation with the parameter
FSOGEN.31 Transient mute time. This transient mute time covers limit hits,
monitoring start, and zero speed limits.

It is also possible to use function-specific mute times for limit hit situations in SLSx,
SMS, and variable SLS functions with the safe speed estimate (starting from FSO
rev. J). Mute times for each of these functions can be set independently. In addition,
they can be set longer than the transient mute time FSOGEN.31.

By default, these function-specific mute times are disabled, and the value set to
parameter FSOGEN.31 Transient mute time is used in limit hit situations instead.
Function-specific mute times for limit hit situations of the SLSx and variable SLS
functions can be enabled with the parameter FSOGEN.38 Enable SLSx mute times.

After the SLSx specific mute times have been enabled, the following mute time
parameters are used in limit hit situations.

*  SLSx.17 Mute time for SLS1

»  SLSx.27 Mute time for SLS2

*  SLSx.37 Mute time for SLS3

*  SLSx.47 Mute time for SLS4

»  SLSx.57 Mute time for variable SLS

The function-specific mute time for SMS is activated with a separate parameter
FSOGEN.39 Enable SMS mute time. After the parameter FSOGEN.39 has been
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activated, the mute time parameter SMS. 17 Mute time for SMS is used in limit hit
situations for the SMS function.

In monitoring start and zero speed limit situations, FSOGEN.31 Transient mute time
parameter is always used even if the SLSx and SMS specific mute times are enabled.

Mute times in monitoring start, limit hit and zero speed situations

The parameters used for monitoring start, limit hit and zero speed situations are
described in the time diagram and table below.

Speed

®h
®r
Of —=—=-t-—-——--

A SLS trip limit
B  SLS limit
C FSOGEN.51 Zero speed without encoder
1 SLS function is requested from higher speed than the SLS Ilimit.
2 Monitoring start situation
3 Limit hit situation
4 Zero speed situation
Monitoring start Limit hit (E) Zero speed delay
delay (D) time (F)
FSOGEN.31 FSOGEN.31 FSOGEN.31
Function-specific mute times
disabled
IFSOGEN.31 Function-specific FSOGEN.31
Function-specific mute times mute times
lenabled

Note: SS1 and SSE functions always use FSOGEN. 31 for limit hit situations.
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Safe torque off (STO)

The STO function brings the machine safely into a no-torque state and/or prevents it
from starting accidentally. The STO function in the FSO module activates the drive
STO function, that is, opens the STO circuit in the drive. This prevents the drive from
generating the torque required to rotate the motor. If the motor is running when the
STO function is activated, it coasts to a stop.

You can configure the SBC function to be activated before, at the same time with, or
after the drive STO function. For more information on the STO function in the ACS880
drives, see the drive hardware manual.

WARNING! For the encoderless mode, you have to set parameters STO. 14
and SBC. 13 so that the motor has enough time to stop from full speed when
modulation is stopped.

Note: If the SSE is cascaded, STO activation also activates the SSE cascade
indication signal (output). See sections Safe stop emergency (SSE) on page 82 and
Cascade on page 56.

Note: Always set the parameters related to the STO function to have the correct
monitoring limit hit and fault reaction behavior. An internal monitoring of the FSO
module can trigger the STO function even if you have not defined an external request
signal. These internal monitorings trigger STO:

+ SARO0, SAR1 or SSE/SS1 limit hit

*  FSO module fail safe state.
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STO function

The operation of the STO function when the SBC is not used is described in the time
diagram and table below. For configuration, see section How to configure STO on
page 267.

Motor speed

(A sT0.14

ST0.13

: ' Drive STO state
: Ii & indication
1 STO completed

indication

A Time to zero speed (parameter STO. 74): Time from the STO activation to the moment
when the safety function is completed and the STO completed indication (parameter
STO0.22) goes on. You must set this to the estimated time in which the motor coasts to a
stop from the maximum speed.

B Restart delay after STO (parameter STO.13): Time from the STO activation to the
moment when the acknowledgment becomes allowed. With this parameter, you can
allow a restart of the drive before the motor has stopped (fly-start). You can use this
feature only in certain applications. This parameter is relevant only when an external
request activates the STO function.

Step | Description

1 The STO request is received (for example, from the 1/0). The FSO activates the drive
STO function and starts counters for times A and B. STO active indication parameter
STO output (STO.217) goes on.

2 After time B has elapsed, the acknowledgement becomes allowed as soon as the
STO request has been removed (step 4).

Note: If an SSE or SS1 request is received while the STO function is active, the STO
function must be completed before the acknowledgement is allowed.

3 After time A has elapsed, the FSO module defines the motor as stopped and the STO
completed indication goes on.

4 The STO request is removed.
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Step

Description

5

After the acknowledgement, the STO function is deactivated. The indications STO
output (STO.27) and STO completed output (STO.22) go off.
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SBC after STO

The operation of the SBC after the STO function (positive SBC delay) is described in
the time diagram and table below. For configuration, see section How to configure
SBC after STO on page 268.

Motor speed

(A) sBC.12 SBC.13
(© s10.13

@
n
]

» o
' ! ,7 STO request
: : : Drive STO state
! ! L &indication
| ! | SBC output

STO completed

'—I— indication

A SBC delay (parameter SBC.12): Time from the activation of the drive STO function to the
moment when the FSO activates the SBC function (brake). In this case the value is
positive and the FSO activates the SBC after the drive STO. If the value is zero, the FSO
activates the SBC and drive STO functions at the same time. Note: It is possible to set
the SBC delay so that the SBC is activated while the motor is still rotating.

B  SBC time to zero speed (parameter SBC.13): Time from the SBC activation to the
moment when the safety function is completed and the STO completed indication
(parameter STO.22) goes on. You must set this to the estimated time in which the motor
brakes to a stop from the maximum speed.

C  Restart delay after STO (parameter STO.13): Time from the STO activation to the
moment when the acknowledgment becomes allowed. With this parameter, you can
allow a restart of the drive before the motor has stopped (fly-start). You can use this
feature only in certain applications. This parameter is relevant only when an external
request activates the STO function.
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Step | Description

1 The STO request is received (for example, from the 1/0). The FSO activates the drive
STO and starts counters for times A and C. STO active indication parameter STO
output (STO.217) goes on.

2 After time C has elapsed, the acknowledgement becomes allowed as soon as the STO
request has been removed (step 5).

3 After time A has elapsed, the FSO activates the SBC (brake) and starts a counter for
time B.

4 After time B has elapsed, the FSO module defines the motor as stopped and the STO
completed indication goes on.

5 The STO request is removed.

6 After the acknowledgement, the STO and SBC functions are deactivated, and the

control is given back to the drive, which controls the brake from now on. The indications
STO output (STO.27) and STO completed output (STO.22) go off.
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SBC before STO

The operation of the SBC before the STO function (negative SBC delay) is described
in the time diagram and table below. For configuration, see section How to configure
SBC before STO on page 269.

The reason to use a negative SBC delay is to have the mechanical brake closed just
before the drive STO circuit is opened.

Motor speed
(A) SBC.12

: . SBC.13

Time

,7 STO request
' Drive STO state

l— & indication
! [ SBC output

i—‘— STO completed

indication

A SBC delay (parameter SBC.12): Time from the activation of the drive STO to the moment
when the FSO activates the SBC function (brake). In this case the value is negative and
the FSO activates the SBC before the drive STO. If the value is zero, the FSO activates
the SBC and drive STO functions at the same time.

B  SBC time to zero speed (parameter SBC.13): Time from the SBC activation to the
moment when the safety function is completed and the STO completed indication
(parameter STO.22) goes on. The acknowledgment becomes allowed. You must set this
to the estimated time in which the motor brakes to a stop from the maximum speed.

C Response time (depends on system configuration, see page 426)
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Step

Description

The STO request is received (for example, from the I/O). The FSO activates the SBC
function (brake) and starts counters for times A and B. STO active indication
parameter STO output (STO.27) goes on.

After time C has elapsed, the SBC starts to brake the motor.

After time A has elapsed, the FSO activates the drive STO.

After time B has elapsed, the FSO module defines the motor as stopped and the STO
completed indication goes on. The acknowledgement becomes allowed as soon as the
STO request has been removed (step 5).

The STO request is removed.

After the acknowledgement, the STO and SBC functions are deactivated, and the
control is given back to the drive, which controls the brake from now on. The
indications STO output (STO.27) and STO completed output (STO.22) go off.
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Safe stop 1 (SS1)

The SS1 function stops the motor safely by ramping down the motor speed. The FSO
activates the drive STO function below a user-defined zero speed limit.

The FSO monitors the stop ramp either with the time or ramp monitoring method
(SS1 function types SS1-t and SS1-r, respectively). If the motor speed does not
follow the monitoring limit(s), the FSO activates the STO function and the motor
coasts to a stop.

The SS1 function uses SAR1 parameters to define and/or monitor the stop ramp.

When you use the SBC function with the SS1 function, you can configure the SBC
and drive STO combination to be activated at a user-defined speed limit while
ramping down to zero speed. You can also define a delay so that the SBC is activated
first at the user-defined speed limit and the drive STO after the delay.
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S$S81 with time monitoring (SS1-t)

The operation of the SS1 with time monitoring (SS1-t) is described in the time
diagram and table below. For configuration, see section How to configure SS1 with
time monitoring (SS1-t) on page 270.

Motor speed

(A) s51.14

- -> Safe torque off (STO)

—_— e e m e m e e e e e e - - == -

Time

SS1 request

Drive STO stat
[ &indication

; SS1 state &
I indication

(]

SS1 completed

indication

A SS1-tdelay for STO (parameter SS1.174): Time after which the FSO activates the STO
function regardless of the motor speed.

B  Zero speed (parameter FSOGEN.51): Speed limit for activating the drive STO function.
The safety function is completed and the SS1 completed indication (parameter SS1.22)
goes on.

C  Response time (depends on system configuration, see page 426)
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Step

Description

The SS1 request is received (for example, from the 1/0). The FSO starts a counter for
time A. SS1 active indication parameter SS7 output (SS1.21) goes on.

After time C has elapsed, the drive starts to ramp down the motor speed. SAR1
parameter 200. 112 defines the deceleration ramp.

Note: If parameter 200.71712 has value 0, the drive (parameter 23.23) defines the ramp.

The motor speed reaches the zero speed limit (B), FSO activates the drive STO

function and STO active indication parameter STO output (STO.217) goes on. The SS1

completed output indication (parameter SS71.22) goes on and the acknowledgement

becomes allowed as soon as the SS1 request has been removed (step 4).

Note: If the SBC is configured in the STO function (see section Safe torque off (STO) on

page 60), also the SBC is activated (not shown in the figure).

+ Ifthe STO SBC delay (parameter SBC.12) is negative, the SBC is activated here and
the drive STO after this delay.

+ If the STO SBC delay is positive or zero, the SBC and drive STO functions are
activated at the same time.

» The SS1 completed indication goes on after the delay defined with parameter
SBC.13 has elapsed from the SBC activation.

Note: You can define an extra delay (parameter SS17.15) before the FSO activates the

drive STO (not shown in the figure).

3b

If the drive has not decelerated fast enough when time A has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 60 for more
information on how to configure the STO function.

The SS1 request is removed.

After the acknowledgement, the STO and SS1 functions are deactivated. The
indications SS1 output (SS1.21), SS1 completed output (SS1.22), and STO output
(STO.21) go off.
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S$S81 with ramp monitoring (SS1-r)

The operation of the SS1 with ramp monitoring (SS1-r) is described in the time
diagram and table below. For configuration, see section How to configure SS1 with
ramp monitoring (SS1-r) on page 272.

Motor speed

- -> Safe torque off (STO)

Time

‘ “ 881 request
Drive STO state

|l &indication
‘ SS1 state &
|— indication

i SS1 completed
: indication

SAR1

monitoring

A Zero speed (parameter FSOGEN.51): Speed limit for activating the drive STO function.
The safety function is completed and the SS1 completed indication (parameter SS171.22)
goes on. The acknowledgment becomes allowed.

B  Response time (depends on system configuration, see page 426)

—— Ramp monitoring limits
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Step

Description

The SS1 request is received (for example, from the 1/O).

After time B has elapsed, the drive starts to ramp down the motor speed. SAR1
parameter 200.112 defines the deceleration ramp. The FSO starts the SAR1 ramp
monitoring (parameters SARx.21 and SARx.22).

Note: If parameter 200.712 has value 0, the drive (parameter 23.23) defines the ramp.

2b

If the motor speed hits a ramp monitoring limit, the FSO activates the STO function.
See section Safe torque off (STO) on page 60 for more information on how to configure
the STO function.

The motor speed reaches the zero speed limit (B), FSO stops the SAR1 monitoring and

activates the drive STO function, and STO active indication parameter STO output

(STO.21) goes on. The SS1 completed output indication (parameter SS7.22) goes on

and the acknowledgement becomes allowed as soon as the SS1 request has been

removed (step 4).

Note: If the SBC is configured in the STO function (see section Safe torque off (STO)

on page 60), also the SBC is activated (not shown in the figure).

« Ifthe STO SBC delay (parameter SBC.12) is negative, the SBC is activated here and
the drive STO after this delay.

» If the STO SBC delay is positive or zero, the SBC and drive STO functions are
activated at the same time.

» The SS1 completed indication goes on after the delay defined with parameter
SBC.13 has elapsed from the SBC activation.

Note: You can define an extra delay (parameter SS1.15) before the FSO activates the

drive STO (not shown in the figure).

The SS1 request is removed.

After the acknowledgement, the STO and SS1 functions are deactivated and the
control is given back to the drive, which is allowed to modulate again. The indications
SS1 output (SS1.21), SS1 completed output (SS1.22), and STO output (STO.21) go
off.
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S$S1 with speed limit activated SBC

In these examples, the SBC and drive STO functions are activated at a user-defined
speed limit.

With time monitoring (SS1-t)

The operation of the SS1-t function with speed limit activated SBC is described in the
time diagram and table below. For configuration, see section How fo configure SS1
with speed limit activated SBC on page 273.

Motor speed ' SS1.14
< -> Safe torque off (STO)

- - Time

—! : ,:—881 request
i Drive STO state
: | ' | &indication
l | ; [~ SBC output
: ' SS1 state &
] ' indication

i—‘l—SS1 completed

indication

A SBC speed (parameter SBC. 15): Speed limit below which the FSO activates the SBC
(brake) and drive STO functions while ramping.

B SS1-t delay for STO (parameter SS1.74): Time after which the FSO activates the STO
function regardless of the motor speed.

C  SBC time to zero (parameter SBC.13): Time from the SBC activation to the moment
when the safety function is completed and the SS1 completed indication (parameter
SS1.22) goes on. The acknowledgment becomes allowed. You must set this to the
estimated time in which the motor brakes to a stop from the maximum speed.

D Response time (depends on system configuration, see page 426)
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Step

Description

The SS1 request is received (for example, from the 1/0). The FSO starts a counter for
time B. SS1 state indication parameter SS7 output (SS1.21) goes on.

After time D has elapsed, the drive starts to ramp down the motor speed. SAR1
parameter 200.112 defines the deceleration ramp.

Note: If parameter 200.712 has value 0, the drive (parameter 23.23) defines the ramp.

The motor speed goes below the SBC speed limit (A), the FSO checks the value of

STO SBC delay (parameter SBC.12) and activates the SBC and drive STO functions:

+ If the STO SBC delay is positive or zero, the SBC and drive STO functions are
activated at the same time (this case is shown in the figure).

» Ifthe STO SBC delay is negative, the SBC is activated here and the drive STO after
this delay (see section SS71 with speed limit activated SBC, SBC before STO on
page 76).

» STO active indication parameter STO output (STO.21) goes on when STO is
activated.

The FSO starts a counter for time C.

Note: You can define an extra delay (parameter SS1.15) before the FSO activates the

SBC and drive STO functions (not shown in the figure).

3b

If the drive has not ramped down fast enough when time B has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 60 for more
information on how to configure the STO function.

After time C has elapsed, the FSO defines the motor as stopped, the SS7 completed
output indication (parameter SS1.22) goes on and the acknowledgement becomes
allowed as soon as the SS1 request has been removed (step 5).

The SS1 request is removed.

After the acknowledgement, the SS1, STO and SBC functions are deactivated and the
control is given back to the drive, which is allowed to modulate again. The indications
SS1 output (SS1.21), SS1 completed output (SS1.22), and STO output (STO.21) go off.
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With ramp monitoring (SS1-r)

The operation of the SS1-r function with speed limit activated SBC is described in the
time diagram and table below. For configuration, see section How fo configure SS1
with speed limit activated SBC on page 273.

Motor speed

- -> Safe torque off (STO)

Time

| ,7 SS1 request

| ' Drive STO state

! ' L &indication

i ' [ SBC output

: . SS1 state &

! li indication
SS1 completed
indication
SAR1
monitoring

A SBC speed (parameter SBC. 15): Speed limit below which the FSO activates the SBC
(brake) and drive STO functions while ramping.

B SBC time to zero (parameter SBC.13): Time from the SBC activation to the moment
when the safety function is completed and the SS1 completed indication (parameter
SS1.22) goes on. The acknowledgment becomes allowed. You must set this to the
estimated time in which the motor brakes to a stop from the maximum speed.

C Response time (depends on system configuration, see page 426)
—— Ramp monitoring limits
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Step

Description

The SS1 request is received (for example, from the 1/0O).

After time C has elapsed, the drive starts to ramp down the motor speed. SAR1
parameter 200.712 defines the deceleration ramp. The FSO starts the SAR1 ramp
monitoring (parameters SARx.21 and SARx.22).

Note: If parameter 200.71712 has value 0, the drive (parameter 23.23) defines the ramp.

The motor speed goes below the SBC speed limit (A), the FSO stops the SAR1
monitoring. The FSO checks the value of STO SBC delay (parameter SBC.12) and
activates the SBC and drive STO functions:

+ If the STO SBC delay is positive or zero, the SBC and drive STO functions are
activated at the same time (this case is shown in the figure).

» Ifthe STO SBC delay is negative, the SBC is activated here and the drive STO after
this delay (see section SS1 with speed limit activated SBC, SBC before STO on
page 76.)

» STO active indication parameter STO output (STO.21) goes on when STO is
activated.

The FSO starts a counter for time B.

Note: You can define an extra delay (parameter SS1.15) before the FSO activates the

SBC and drive STO functions (not shown in the figure).

3b

If the motor speed hits a ramp monitoring limit, the FSO activates the STO function. See
section Safe torque off (STO) on page 60 for more information on how to configure the
STO function.

After time B has elapsed, the FSO defines the motor as stopped, the SS71 completed
output indication (parameter SS1.22) goes on and the acknowledgement becomes
allowed as soon as the SS1 request has been removed (step 5).

The SS1 request is removed.

After the acknowledgement, the SS1, STO and SBC functions are deactivated and the
control is given back to the drive, which is allowed to modulate again. The indications
SS1 output (SS1.21), SS1 completed output (SS1.22), and STO output (STO.21) go off.
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S$81 with speed limit activated SBC, SBC before STO

In these examples, the SBC function is activated at a user-defined speed limit and
drive STO function after a user-defined delay (negative SBC delay). The reason to
use a negative SBC delay (parameter SBC.12) is to have the mechanical brake
closed just before the drive STO circuit is opened.

With time monitoring (SS1-t)

The operation of the SS1-t function with speed limit activated SBC, SBC before STO
is described in the time diagram and table below. For configuration, see section How
to configure SS1 with speed limit activated SBC, SBC before STO on page 277.

Motor speed $S1.14

® @ e® ® 00 e
' |

SS1 request

' Drive STO state
& indication

' [ SBC output

SS1 state &
indication
SS1 completed
indication

A SBC speed (parameter SBC. 15): Speed limit below which the FSO activates the SBC
(brake).

B  SS1-tdelay for STO (parameter SS17.174): Time after which the FSO activates the STO
function regardless of the motor speed.

C  SBC delay (parameter SBC.12): Time from the activation of the SBC function to the
moment when the FSO activates the drive STO function.

D  SBC time to zero (parameter SBC.13): Time from the SBC activation to the moment
when the safety function is completed and the SS1 completed indication (parameter
S81.22) goes on. The acknowledgment becomes allowed. You must set this to the
estimated time in which the motor brakes to a stop from the maximum speed.

E Response time (depends on system configuration, see page 426)
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Step

Description

The SS1 request is received (for example, from the 1/0). The FSO starts a counter for
time B. SS1 state indication parameter SS7 output (SS1.21) goes on.

After time E has elapsed, the drive starts to ramp down the motor speed. SAR1
parameter 200.112 defines the deceleration ramp.

Note: If parameter 200.71712 has value 0, the drive (parameter 23.23) defines the ramp.

The motor speed goes below the SBC speed limit (A), the FSO activates SBC function.
The FSO starts counters for times C and D.

Note: You can define an extra delay (parameter SS1.75, not shown in the figure) before
the FSO activates the SBC function. This affects also the STO activation (step 4).

3b

If the drive has not ramped down fast enough when time B has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 60 for more
information on how to configure the STO function.

After time C has elapsed, the FSO activates the drive STO function. STO active
indication parameter STO output (STO.21) goes on when STO is activated.

The SS1 request is removed.

After time D has elapsed, the FSO defines the motor as stopped, the SS71 completed
output indication (parameter SS1.22) goes on and the acknowledgement becomes
allowed as soon as the SS1 request has been removed (step 5).

After the acknowledgement, the SS1, STO and SBC functions are deactivated and the
control is given back to the drive, which is allowed to modulate again. The indications
SS1 output (SS1.21), SS1 completed output (SS1.22), and STO output (STO.21) go off.
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With ramp monitoring (SS1-r)

The operation of the SS1-r function with speed limit activated SBC, SBC before STO
is described in the time diagram and table below. For configuration, see section How
to configure SS1 with speed limit activated SBC, SBC before STO on page 277.

Motor speed
- -> Safe torque off (STO)

(B)SBC.12
@ (©) sBC.13

® @ 8 ®@ ® ©O

Time

SS1 request

L Drive STO state
| . L &indication

SBC output

— SS1 state &
' l7indication

! ] SS1 completed
' ' indication
| SAR1
monitoring

A SBC speed (parameter SBC. 15): Speed limit below which the FSO activates the SBC
function (brake) while ramping. The SAR1 ramp monitoring is stopped.

B SBC delay (parameter SBC.12): Time from the activation of the SBC function to the
moment when the FSO activates the drive STO function.

C  SBC time to zero (parameter SBC.13): Time from the SBC activation to the moment
when the safety function is completed and the SS1 completed indication (parameter
SS1.22) goes on. The acknowledgment becomes allowed. You must set this to the
estimated time in which the motor brakes to a stop from the maximum speed.

D Response time (depends on system configuration, see page 426)

—— Ramp monitoring limits
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Step

Description

The SS1 request is received (for example, from the 1/0O).

After time D has elapsed, the drive starts to ramp down the motor speed. SAR1
parameter 200.712 defines the deceleration ramp. The FSO starts the SAR1 ramp
monitoring (parameters SARx.21 and SARx.22).

Note: If parameter 200.71712 has value 0, the drive (parameter 23.23) defines the ramp.

The motor speed goes below the SBC speed limit (A), the FSO stops the SAR1
monitoring and activates the SBC function.

The FSO starts counters for times B and C.

Note: You can define an extra delay (parameter SS1.75, not shown in the figure) before
the FSO activates the SBC function. This affects also the STO activation (step 4).

3b

If the motor speed hits a ramp monitoring limit, the FSO activates the STO function. See
section Safe torque off (STO) on page 60 for more information on how to configure the
STO function.

After time B has elapsed, the FSO activates the drive STO function. STO active
indication parameter STO output (STO.21) goes on when STO is activated.

The SS1 request is removed.

After time C has elapsed, the FSO defines the motor as stopped, the SS71 completed
output indication (parameter SS1.22) goes on and the acknowledgement becomes
allowed as soon as the SS1 request has been removed (step 5).

After the acknowledgement, the SS1, STO and SBC functions are deactivated and the
control is given back to the drive, which is allowed to modulate again. The indications
SS1 output (SS1.21), SS1 completed output (SS1.22), and STO output (STO.21) go off.
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S$S1 ramp functions when drive modulation is lost

The operation of SS1-r and -t functions in a situation where drive modulation is lost
during the deceleration ramp is described below.

The operation of SSE function in this situation is otherwise similar, but SSE
indications are shown instead of SS1 indications.

With safe speed estimation

With both SS1-r and SS1-t, STO function is activated right away when the modulation
is lost but the SS1 indications are operational. STO cascading is not activated in this
case. The completed indication of the STO function is not indicated (STO.22), instead
the SS1 completed indication (SS7.22) is activated. Otherwise STO function (and
SBC, if in use) behaves as configured.

Motor speed

A

: : SS1-r request
J ! ; SAR1 monitoring
‘ ‘ ‘ Drive modulation

I 1 STO indication
STO.14 counter on
I SS1 completed

A Zero speed (parameter FSOGEN.51)
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Step

Description

The SS1 request is received (for example, from the 1/0O). The drive starts to ramp down
the motor speed. SAR1 parameter 200. 712 defines the deceleration ramp. The FSO
starts the SAR1 ramp monitoring (parameters SARx.21 and SARXx.22).

Note: If parameter 200.71712 has value 0, the drive (parameter 23.23) defines the ramp.

2 The drive trips on a fault or user stops the drive, modulation of the drive stops. FSO
module activates the STO function and STO indication (parameter STO.21 STO
output).

SAR1 ramp monitoring goes off.

See section Safe torque off (STO) on page 60 for more information on how to configure
the STO function.

Note: If STO is used in cascaded system (see Cascade on page 56), it will not be
activated in the whole system in this case.

Note: SS1 completed indication (SS7.22) is used instead of STO completed indication
(STO.22) in this case

Note: If the SBC is configured in the STO function, also the SBC is activated according
to the configuration (not shown in the figure).

3 The SS1 completed output indication (parameter SS1.22) goes on and the

acknowledgement becomes allowed as soon as the SS1 request has been removed.

SS1 function can be acknowledged when STO.14 delay has elapsed after the drive
modulation is lost.
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Safe stop emergency (SSE)

The SSE function can be configured either with immediate STO or with emergency
ramp.

With immediate STO

The behavior of the SSE with immediate STO is identical to the STO function (see
section Safe torque off (STO) on page 60) except that parameter Restart delay after
STO is not used.

You can configure the SBC function to be activated before, at the same time with, or
after the drive STO function.

With emergency ramp

The behavior of the SSE with emergency ramp is identical to the SS1 function (see
section Safe stop 1 (SS1) on page 67) except that different time and ramp monitoring
parameters are used. The SSE function uses SARO parameters to monitor and/or
define the emergency ramp. Drive ramp parameters cannot be used.

When you use the SBC function with the SSE function, you can configure the SBC
and drive STO combination to be activated at a user-defined speed limit while
ramping down to zero speed. You can also define a delay so that the SBC is activated
first at the user-defined speed limit and the drive STO after the delay.

Note: Always set the parameters related to the SSE function to have the correct trip
limit hit and fault reaction behavior. An internal monitoring of the FSO module can
trigger the SSE function even if you have not defined an external request signal.
These internal monitorings trigger SSE:

*  SMS or SLS function speed limit hits

+ PROFIsafe fault

+  FSO module I/O fault, FSO module overtemperature, FSO module power supply
fault.
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SSE with immediate STO

The operation of the SSE with immediate STO function is described in the time
diagram and table below. For configuration, see section How to configure SSE with
immediate STO on page 2817.

Motor speed
(A) sTO.14
@ com "
_| : ,7’ : SSE request
, : ' Drive STO state
4! . & indication
' L ! SSE state &
— : ‘— indication
"—ii SSE completed
indication

A Time to zero speed (parameter STO. 74): Time from the STO activation to the moment
when the safety function is completed, the SSE completed indication (parameter
SSE.22) goes on and the acknowledgment becomes allowed. You must set this to the
estimated time in which the motor coasts to a stop from the maximum speed.

Step | Description

1 The SSE request is received (for example, from the 1/0). The FSO activates the drive
STO function and starts a counter for time A. SSE active indication SSE output
(SSE.21) and STO output (STO.21) go on.

2 After time A has elapsed, the FSO module defines the motor as stopped and the SSE
completed indication goes on. The acknowledgement becomes allowed as soon as
the SSE request has been removed (step 3).

3 The SSE request is removed.

After the acknowledgement, the SSE and STO functions are deactivated, and the
control is given back to the drive. The indications SSE output (SSE.21), SSE
completed output (SSE.22), and STO output (STO.21) go off.
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SSE with immediate STO, SBC after STO

The operation of the SSE with immediate STO, SBC after STO (positive SBC delay)
is described in the time diagram and table below. For configuration, see section How
to configure SSE with immediate STO, SBC after or before STO on page 282.

Motor speed

(A sBC.12 SBC.13

5 @6

Time

':7 SSE request

I Drive STO state

I_& indication

! SSE state &

i indication

|7 SBC output

' SSE completed

I— indication

A SBC delay (parameter SBC.12): Time from the activation of the drive STO function to the
moment when the FSO activates the SBC function (brake). In this case, the value is
positive and the FSO activates the SBC after the drive STO. If the value is zero, the FSO
activates the SBC and drive STO functions at the same time. Note: It is possible to set
the SBC delay so that the SBC is activated while the motor is still rotating.

B SBC time to zero speed (parameter SBC.13): Time from the SBC activation to the
moment when the safety function is completed and the SSE completed indication
(parameter SSE.22) goes on. The acknowledgment becomes allowed. You must set this
to the estimated time in which the motor brakes to a stop from the maximum speed.
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Step | Description

1 The SSE request is received (for example, from the I/0O). The FSO activates the drive
STO function and starts a counter for time A. SSE active indication SSE output
(SSE.21) and STO output (STO.21) go on.

2 After time A has elapsed, the FSO activates the SBC and starts a counter for time B.

3 After time B has elapsed, the FSO module defines the motor as stopped and the SSE
completed indication goes on. The acknowledgement becomes allowed as soon as the
SSE request has been removed (step 4).
The SSE request is removed.

5 After the acknowledgement, the SSE, STO and SBC functions are deactivated and the

control is given back to the drive, which controls the brake from now on. The indications
SSE output (SSE.21), SSE completed output (SSE.22), and STO output (STO.21) go
off.
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SSE with immediate STO, SBC before STO

The operation of the SSE with immediate STO, SBC before the STO (negative SBC
delay) is described in the time diagram and table below. For configuration, see
section How to configure SSE with immediate STO, SBC after or before STO on
page 282.

The reason to use a negative SBC delay is to have the mechanical brake closed just
before the drive STO circuit is opened.

Motor speed

@ SBC.12
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! : : : Drive STO state
| : & indication
, : ‘ : SSE state &
: l ! l— indication
; SBC output
i—lli SSE completed
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A SBC delay (parameter SBC.12): Time from the activation of the drive STO function to the
moment when the FSO activates the SBC function (brake). In this case, the value is
negative and the FSO activates the SBC before the drive STO. If the value is zero, the
FSO activates the SBC and drive STO functions at the same time.

B  SBC time to zero speed (parameter SBC.13): Time from the SBC activation to the
moment when the safety function is completed and the SSE completed indication
(parameter SSE.22) goes on. The acknowledgment becomes allowed. You must set this
to the estimated time in which the motor brakes to a stop from the maximum speed.

C  Response time (depends on system configuration, see page 426)
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Step

Description

The SSE request is received (for example, from the 1/0). The FSO activates the SBC
function (brake) and starts counters for times A and B. SSE active indication SSE
output (SSE.21) and STO output (STO.21) go on.

After time C has elapsed, the SBC starts to brake the motor.

After time A has elapsed, the FSO activates the drive STO function.

After time B has elapsed, the FSO module defines the motor as stopped and the SSE
completed indication goes on. The acknowledgement becomes allowed as soon as the
SSE request has been removed (step 5).

The SSE request is removed.

After the acknowledgement, the SSE, STO and SBC functions are deactivated and the
control is given back to the drive, which controls the brake from now on. The
indications SSE output (SSE.21), SSE completed output (SSE.22), and STO output
(STO.21) go off.
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SSE with time monitoring

The operation of the SSE with time monitoring is described in the time diagram and
table below. For configuration, see section How to configure SSE with time
monitoring on page 283.
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SSE completed
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A SSE delay for STO (parameter SSE.15): Time after which the FSO activates the STO
function regardless of the motor speed.

B  Zero speed (parameter FSOGEN.51): Speed limit for activating the drive STO function.
The safety function is completed and the SSE completed indication (parameter SSE.22)
goes on. The acknowledgment becomes allowed.

C  Response time (depends on system configuration, see page 426)
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Step

Description

The SSE request is received (for example, from the 1/0). The FSO starts a counter for
time A. SSE active indication SSE output (SSE.21) goes on.

After time C has elapsed, the drive starts to ramp down the motor speed. SARO
parameter 200.102 defines the deceleration ramp.

The motor speed reaches the zero speed limit (B), FSO activates the drive STO

function and STO active indication parameter STO output (STO.21) goes on. The SSE

completed indication goes on and the acknowledgement becomes allowed as soon as

the SSE request has been removed (step 4).

Note: If the SBC is configured in the STO function (see section Safe torque off (STO) on

page 60), also the SBC is activated (not shown in the figure).

+ Ifthe STO SBC delay (parameter SBC.12) is negative, the SBC is activated here and
the drive STO after this delay.

+ Ifthe STO SBC delay is positive or zero, the SBC and drive STO functions are
activated at the same time.

» The SSE completed indication goes on after the delay defined with parameter
SBC.13 has elapsed from the SBC activation.

Note: You can define an extra delay (parameter SSE. 16) before the FSO activates the
drive STO (not shown in the figure).

3b

If the drive has not ramped down fast enough when time A has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 60 for more
information on how to configure the STO function.

The SSE request is removed.

After the acknowledgement, the STO and SSE functions are deactivated. The
indications SSE output (SSE.21), SSE completed output (SSE.22), and STO output
(STO.21) go off.
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SSE with ramp monitoring

The operation of the SSE with ramp monitoring is described in the time diagram and
table below. For configuration, see section How to configure SSE with ramp
monitoring on page 284.

Motor speed

- -> Safe torque off (STO)
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i SSE completed
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B

Zero speed (parameter FSOGEN.57): Speed limit for activating the drive STO function.
The safety function is completed, ramp monitoring is stopped and the SSE completed
indication (parameter SSE.22) goes on. The acknowledgment becomes allowed.

Response time (depends on system configuration, see page 426)

—— Ramp monitoring limits
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Step

Description

The SSE request is received (for example, from the 1/0). SSE active indication SSE
output (SSE.21) goes on.

After time C has elapsed, the drive starts to ramp down the motor speed. SARO
parameter 200.102 defines the deceleration ramp. The FSO starts the SARO ramp
monitoring (parameters SARx.11 and SARXx.12).

2b

If the motor speed hits a ramp monitoring limit, the FSO activates the STO function. See
section Safe torque off (STO) on page 60 for more information on how to configure the
STO function.

The motor speed reaches the zero speed limit (B), the FSO stops the SARO monitoring

and activates the drive STO function, and STO active indication parameter STO output

(STO.21) goes on. The SSE completed indication goes on the acknowledgement

becomes allowed as soon as the SSE request has been removed (step 4).

Note: If the SBC is configured in the STO function (see section Safe torque off (STO)

on page 60), also the SBC is activated (not shown in the figure).

» Ifthe STO SBC delay (parameter SBC.12) is negative, the SBC is activated here and
the drive STO after this delay.

+ If the STO SBC delay is positive or zero, the SBC and drive STO functions are
activated at the same time.

The SSE completed indication goes on after the delay defined with parameter SBC.13

has elapsed from the SBC activation.

Note: You can define an extra delay (parameter SSE. 16) before the FSO activates the

drive STO (not shown in the figure).

The SSE request is removed.

After the acknowledgement, the STO and SSE functions are deactivated and the
control is given back to the drive, which can modulate again. The indications SSE
output (SSE.21), SSE completed output (SSE.22), and STO output (STO.21) go off.
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SSE with speed limit activated SBC
In these examples, the SBC and drive STO functions are activated at a user-defined
speed limit.
With time monitoring

The operation of the SSE with speed limit activated SBC and time monitoring is
described in the time diagram and table below. For configuration, see section How to
configure SSE with speed limit activated SBC on page 285.

Motor speed SSE.15
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A SBC speed (parameter SBC. 15): Speed limit below which the FSO activates SBC
(brake) and drive STO functions while ramping.

B SSE delay for STO (parameter SSE. 15): Time after which the FSO activates the drive
STO function regardless of the motor speed.

C  SBC time to zero (parameter SBC.13): Time from the SBC activation to the moment
when the safety function is completed and the SSE completed indication (parameter
SSE.22) goes on. The acknowledgment becomes allowed. You must set this to the
estimated time in which the motor brakes to a stop from the maximum speed.

D Response time (depends on system configuration, see page 426)
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Step

Description

The SSE request is received (for example, from the 1/0). The FSO starts a counter for
time B. SSE active indication SSE output (SSE.21) goes on.

After time D has elapsed, the drive starts to ramp down the motor speed. SARO
parameter 200.102 defines the deceleration ramp.

The motor speed goes below the SBC speed limit (A), the FSO checks the value of

STO SBC delay (parameter SBC.12) and activates the SBC and drive STO functions:

+ If the STO SBC delay is positive or zero, the SBC and drive STO functions are
activated at the same time (this case is shown in the figure).

» Ifthe STO SBC delay is negative, the SBC is activated here and the drive STO after
this delay (see section SSE with speed limit activated SBC, SBC before STO on
page 96).

+ STO active indication parameter STO output (STO.21) goes on when STO is
activated.

The FSO starts a counter for time C.

Note: You can define an extra delay (parameter SSE. 16) before the FSO activates the

SBC and drive STO functions (not shown in the figure).

3b

If the drive has not ramped down fast enough when time B has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 60 for more
information on how to configure the STO function.

After time C has elapsed, the FSO defines the motor as stopped, the SSE completed
indication goes on and the acknowledgement becomes allowed as soon as the SSE
request has been removed (step 5).

The SSE request is removed.

After the acknowledgement, the SSE, STO and SBC functions are deactivated and the
control is given back to the drive, which is allowed to modulate again. The indications
SSE output (SSE.21), SSE completed output (SSE.22), and STO output (STO.21) go
off.
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With ramp monitoring

The operation of the SSE with speed limit activated SBC and ramp monitoring is
described in the time diagram and table below. For configuration, see section How to
configure SSE with speed limit activated SBC on page 285.

Motor speed
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A SBC speed (parameter SBC. 15): Speed limit below which the FSO activates the SBC
(brake) and drive STO functions while ramping. The safety function is completed, the
ramp monitoring is stopped and the SSE completed indication (parameter SSE.22) goes
on. The acknowledgment becomes allowed.

B SBC time to zero (parameter SBC.13): Time from the SBC activation to the moment
when the safety function is completed and the SSE completed indication (parameter
SSE.22) goes on. The acknowledgment becomes allowed. You must set this to the
estimated time in which the motor brakes to a stop from the maximum speed.

C Response time (depends on system configuration, see page 426)

—— Ramp monitoring limits
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Step

Description

The SSE request is received (for example, from the 1/0). SSE active indication SSE
output (SSE.21) goes on.

After time C has elapsed, the drive starts to ramp down the motor speed. SARO
parameter 200.702 defines the deceleration ramp. The FSO starts the SARO ramp
monitoring (parameters SARx.11 and SARXx.12).

The motor speed goes below the SBC speed limit (A), the FSO stops the SAR1
monitoring. The FSO checks the value of STO SBC delay (parameter SBC.12) and
activates the SBC and drive STO functions:

+ If the STO SBC delay is positive or zero, the SBC and drive STO functions are
activated at the same time (this case is shown in the figure).

+ If the STO SBC delay is negative, the SBC is activated here and the drive STO after
this delay (see section SSE with speed limit activated SBC, SBC before STO on
page 96.)

» STO active indication parameter STO output (STO.21) goes on when STO is
activated.

The FSO starts a counter for time B.

Note: You can define an extra delay (parameter SSE.16) before the FSO activates the

SBC and drive STO functions (not shown in the figure).

3b

If the motor speed hits a ramp monitoring limit, the FSO activates the STO function. See
section Safe torque off (STO) on page 60 for more information on how to configure the
STO function.

After time B has elapsed, the FSO defines the motor as stopped, the SSE completed
indication goes on and the acknowledgement becomes allowed as soon as the SSE
request has been removed (step 5).

The SSE request is removed.

After the acknowledgement, the SSE, STO and SBC functions are deactivated and the
control is given back to the drive, which is allowed to modulate again. The indications
SSE output (SSE.21), SSE completed output (SSE.22), and STO output (STO.21) go
off.
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SSE with speed limit activated SBC, SBC before STO

In these examples, the SBC function is activated at a user-defined speed limit and
drive STO function after a user-defined delay (negative SBC delay). The reason to
use a negative SBC delay (parameter SBC.12) is to have the mechanical brake
closed just before the drive STO circuit is opened.

With time monitoring

The operation of the SSE with speed limit activated SBC, SBC before STO and time
monitoring is described in the time diagram and table below. For configuration, see
section How to configure SSE with speed limit activated SBC, SBC before STO on
page 289.

Motor speed SSE.15
-> Safe torque off (STO)

(©) sBC.12
: (D)sBC.13

Time

SSE request

® @ Gm ® 0
' | I

: | ' Drive STO state
|

"1 &indication
: I SBC output

SSE state &
indication

SSE completed

indication

A SBC speed (parameter SBC. 15): Speed limit below which the FSO activates the SBC
function (brake).

B  SSE delay for STO (parameter SSE. 15): Time after which the FSO activates the STO
function regardless of the motor speed.

C  SBC delay (parameter SBC.12): Time from the activation of the SBC function to the
moment when the FSO activates the drive STO function.

D  SBC time to zero (parameter SBC.13): Time from the SBC activation to the moment
when the safety function is completed and the SSE completed indication (parameter
SSE.22) goes on. The acknowledgment becomes allowed. You must set this to the
estimated time in which the motor brakes to a stop from the maximum speed.

E Response time (depends on system configuration, see page 426)
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Step

Description

The SSE request is received (for example, from the 1/0). The FSO starts a counter for
time B. SSE active indication SSE output (SSE.21) goes on.

After time E has elapsed, the drive starts to ramp down the motor speed. SARO
parameter 200.102 defines the deceleration ramp.

The motor speed goes below the SBC speed limit (A), the FSO activates SBC function.
The FSO starts counters for times C and D.

Note: You can define an extra delay (parameter SSE. 16, not shown in the figure) before
the FSO activates the SBC function. This affects also the STO activation (step 4).

3b

If the drive has not ramped down fast enough when time B has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 60 for more
information on how to configure the STO function.

After time C has elapsed, the FSO activates the drive STO function. STO active
indication parameter STO output (STO.21) goes on when STO is activated.

The SSE request is removed.

After time D has elapsed, the safety function is completed, the SSE completed
indication goes on and the acknowledgement becomes allowed as soon as the SSE
request has been removed (step 5).

After the acknowledgement, the SSE, STO and SBC functions are deactivated and the
control is given back to the drive, which is allowed to modulate again. The indications
SSE output (SSE.21), SSE completed output (SSE.22), and STO output (STO.21) go
off.
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With ramp monitoring

The operation of the SSE with speed limit activated SBC, SBC before STO and ramp
monitoring is described in the time diagram and table below. For configuration, see
section How to configure SSE with speed limit activated SBC, SBC before STO on
page 289.

Motor speed - -> Safe torque off (STO)

.SBC. 12
(©) sBC.13

® @ ROIO ® ©O

Time

SSE request

L Drive STO state
| ! !_& indication

SBC output
— SSE state &
' — indication

|_| SSE completed
indication
SARO
monitoring

]

D

SBC speed (parameter SBC. 15): Speed limit below which the FSO activates the SBC
(brake) while ramping. The SARO ramp monitoring is stopped.

SBC delay (parameter SBC.12): Time from the activation of the SBC function to the
moment when the FSO activates the drive STO function.

SBC time to zero (parameter SBC.13): Time from the SBC activation to the moment
when the safety function is completed and the SSE completed indication (parameter
SSE.22) goes on. The acknowledgment becomes allowed. You must set this to the
estimated time in which the motor brakes to a stop from the maximum speed.

Response time (depends on system configuration, see page 426)

—— Ramp monitoring limits
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Step

Description

The SSE request is received (for example, from the I/0O). SSE active indication SSE
output (SSE.21) goes on.

After time D has elapsed, the drive starts to ramp down the motor speed. SARO
parameter 200.102 defines the deceleration ramp. The FSO starts the SARO ramp
monitoring (parameters SARx.11 and SARXx.12).

The motor speed goes below the SBC speed limit (A), the FSO stops the SARO
monitoring and activates the SBC function.

The FSO starts counters for times B and C.

Note: You can define an extra delay (parameter SSE. 16, not shown in the figure)
before the FSO activates the SBC function. This affects also the STO activation (step
4).

3b

If the motor speed hits a ramp monitoring limit, the FSO activates the STO function. See
section Safe torque off (STO) on page 60 for more information on how to configure
the STO function.

After time B has elapsed, the FSO activates the drive STO function. STO active
indication parameter STO output (STO.21) goes on when STO is activated.

The SSE request is removed.

After time C has elapsed, the FSO defines the motor as stopped, the SSE completed
indication goes on and the acknowledgement becomes allowed as soon as the SSE
request has been removed (step 5).

After the acknowledgement, the SSE, STO and SBC functions are deactivated and the
control is given back to the drive, which is allowed to modulate again. The indications
SSE output (SSE.21), SSE completed output (SSE.22), and STO output (STO.21) go
off.

SSE when drive modulation is lost during deceleration ramp

The behavior of SSE function in a situation where modulation is lost during
deceleration ramp is similar to SS1 function with ramp monitoring, see section SS1
ramp functions when drive modulation is lost on page 80.
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Safely-limited speed (SLS)

The SLS prevents the motor from exceeding user-defined speed limits. The drive
limits the motor speed so that it stays between the SLS speed limits.

If the motor speed is above the user-defined SLS limit when SLS function is
activated, the motor speed is first decelerated to the required speed. You can
configure the SLS function to use either the time monitoring or ramp monitoring
method when the motor speed is decelerated. You can also configure the reaction of
the SLS function in case that the drive modulation is lost during the deceleration
ramp.

Note: All SLS functions can be active at the same time. Motor speed is limited to the
lowest SLS limit. The lowest trip limit will trip the drive.

Time monitoring

When SLS function is activated at a speed higher than SLS limit, motor starts to
decelerate according to deceleration ramp time defined by drive parameters. The
motor speed must reach SLS monitoring limit within monitoring time limit, otherwise
SSE function is activated (see section SLS with time monitoring and speed above
monitored speed on page 103).

Ramp monitoring

When SLS function is activated at a speed higher than SLS limit, motor starts to
decelerate according to deceleration ramp slope defined by SLS SAR1 function. The
motor speed must decelerate within SAR1 minimum and maximum limits, otherwise
STO function is activated (see section SLS with ramp monitoring and speed above
monitored speed on page 105).

If the SLS monitoring must be activated immediately after the SLS request,
regardless of the current speed, time monitoring with a zero time delay (parameter
SLSx.04) must be used instead of ramp monitoring.

When the SLS monitoring is active, the FSO monitors and limits the motor speed, but
if the motor speed still reaches the SLS trip limit, the FSO module activates the SSE
function (see section SLS trip limit hits on page 127).

SLS reaction when modulation is lost during deceleration ramp

If the user requests the SLS function while the motor speed is above SLS limit, SLS
function will trigger a deceleration ramp to bring motor to SLS speed. If the drive
modulation is lost during deceleration due to drive error or power failure and FSO is
using safe speed estimate for safety function purposes, then FSO does not have the
motor speed information anymore and the motor coasts to a stop. When it is critical to
receive a safe indication of this situation, FSO parameters can be set accordingly
(starting from FSO rev. H). User can select, whether, in the case of modulation loss,
STO indication is activated. This lets the user activate, for example, a safe break. The
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user can also set the reaction type and the delay for activating the STO indication
after the modulation loss.

For this procedure to work, at least the auxiliary power (24 V DC) to the control unit
and the FSO module must be on. For more information, see section SLS reaction
when modulation is lost during deceleration ramp, with ramp monitoring on page 107.

SLS with speed below monitored speed

This applies to both time and ramp monitoring.
Motor speed

A

> Time
— 3 ——— SLS request
41: ] 1— SLS monitoring
: 1 . SLS indication
—1 Manual
acknowledgment

A SLS trip limit positive (parameter SLSx. 74, SLSx.23, SLSx.33 or SLSx.43)
B SLS limit positive (parameter 200.23, 200.33, 200.43 or 200.53)
--- SSE coast stop due to SLS trip limit hit
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Step

Description

1

The SLS request is received. The motor speed is below the SLS limit positive (B) and
the FSO starts the SLS monitoring. The SLS active indication (parameter SLSx. 15,
SLSx.24, SLSx.34 or SLSx.44) goes on. The drive limits the motor speed so that it
does not go above the SLS limit positive.

If the motor speed reaches the SLS trip limit positive (A), the FSO activates the SSE
function and the motor coasts to a stop (in this case, the SSE function has been
configured as “Immediate STO” (parameter SSE. 13), see section SLS trip limit hits on
page 127).

The SLS request is removed. The SLS monitoring is still on (acknowledgement method
is manual or from a safety PLC) (parameter SLSx.02, configured as Manual_Safebus).

Note: If automatic acknowledgement is used, the SLS monitoring is also ended.

The SLS function is acknowledged and the FSO stops the SLS monitoring. The SLS
active indication (parameter SLSx.15, SLSx.24, SLSx.34 or SLSx.44) goes off.

Note: If drive modulation is lost when SLS function is activated and the motor speed
is below SLS limit, SLS indication is on and STO is not activated due to loss of drive
modulation.
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SLS with time monitoring and speed above monitored speed

The operation of the SLS function with time monitoring is described in the time
diagram and table below. For configuration, see section How to configure SLSn with
time monitoring on page 291.

Motor speed

A

——— SLS request
L _—— SLS monitoring

. L—— SLSindication

'+ — Manual
— acknowledgment

A SLS trip limit positive (parameter SLSx. 74, SLSx.23, SLSx.33 or SLSx.43)
SLS limit positive (parameter 200.23, 200.33, 200.43 or 200.53)
C  SLS time delay (parameter SLSx.04): Delay for forcing to start SLS monitoring.

oe]
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Step

Description

1

The SLS request is received. The motor speed is above the SLS trip limit positive (A).
The FSO starts the counter for the SLS time delay (C) (parameter SLSx.04).

The drive starts to ramp down the motor speed. The drive (parameter 23.13 or 23.15)
defines the deceleration ramp until the speed reaches the SLS limit positive (B).

The FSO starts the SLS monitoring when the motor speed is in the middle of the SLS
limit and the SLS trip limit (see also section How to configure mute time for monitoring
start on page 320). The SLS active indication (parameter SLSx.15, SLSx.24, SLSx.34
or SLSx.44) goes on.

The motor speed reaches the SLS limit positive (B).

The drive limits the motor speed, but if the motor speed still reaches the SLS trip limit
positive, the FSO activates the SSE function. See section SLS trip limit hits on
page 127.

The FSO starts the SLS monitoring at the latest here, that is, after the SLS time delay
(C) has elapsed.

Note: If the motor speed is above the SLS trip limit after the SLS time delay (C) has
elapsed, the FSO module activates the SSE function. For more information, see
section SLS trip limit hits on page 127.

The SLS request is removed, but the SLS monitoring is still on (acknowledgement
method is manual or from a safety PLC).

Note: If automatic acknowledgement is used, the SLS monitoring is also ended.

The SLS function is acknowledged and FSO stops the SLS monitoring. The SLS active
indication (parameter SLSx.15, SLSx.24, SLSx.34 or SLSx.44) goes off.
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SLS with ramp monitoring and speed above monitored speed

The operation of the SLS function with ramp monitoring is described in the time
diagram and table below. For configuration, see section How to configure SLSn with
ramp monitoring on page 293.

Motor speed

\-\-> Safe torque off (STO)

S~

‘ ‘ : Time
] I ! | : SLS request
! ‘ ‘ SLS state &
—% S indication
‘ SAR1
monitoring

A SLS trip limit positive (parameter SLSx. 714, SLSx.23, SLSx.33 or SLSx.43)
B SLS limit positive (parameter 200.23, 200.33, 200.43 or 200.53)

C Response time (depends on system configuration, see page 426)

—— Ramp monitoring limits (SAR1) or SLS trip limit (A)
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Step

Description

1

The SLS request is received. The motor speed is above the SLS trip limit positive (A).

2

After time C has elapsed, the drive starts to ramp down the motor speed. The SAR1
parameter 200.112 defines the deceleration ramp until the speed reaches the SLS limit
positive (B). The FSO starts the SAR1 ramp monitoring (parameters SARx.21,
SARXx.22).

Note: If parameter 200.712 has value 0, the drive (parameter 23.23) defines the ramp.

The FSO starts the SLS monitoring when the motor speed is in the middle of the SLS
limit and the SLS trip limit (see also section How to configure mute time for monitoring
start on page 320), and stops the SAR1 monitoring. The SLS active indication
(parameter SLSx.15, SLSx.24, SLSx.34 or SLSx.44) goes on.

2b

If the motor speed does not follow the ramp monitoring limits, the FSO activates the
STO function. See section Safe torque off (STO) on page 60 for more information on
how to configure the STO function.

The motor speed reaches the SLS limit positive (B).

The drive limits the motor speed, but if the motor speed still reaches the SLS trip limit
positive, the FSO activates the SSE function. For more information, see section SLS
trip limit hits on page 127.

The SLS request is removed, but the SLS monitoring is still on (acknowledgement
method is manual or from a safety PLC).

Note: If automatic acknowledgement is used, the SLS monitoring is also ended.

The SLS function is acknowledged and the FSO stops the SLS monitoring. The SLS
active indication (parameter SLSx. 15, SLSx.24, SLSx.34 or SLSx.44) goes off.
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SLS reaction when modulation is lost during deceleration ramp,
with ramp monitoring

If SLS function is activated when motor speed is above the SLS trip limit, FSO will
force the drive to decelerate to SLS limit. If the drive stops modulation during this
deceleration ramp, user can pre-select the reaction of the SLS function (parameter
SLSx.05) from the following:

* Modoff delay time

* Monitoring active

* Monitoring active and modoff delay time

* Monitoring and modoff delay time disabled.

SLS reaction if modulation is lost with Modoff delay time

The operation of the SLS function in case the modulation of the drive is lost during the
deceleration ramp with Modoff delay time selected (parameter SLSx.05 is set to
Modoff delay time) is described in the time diagram and table below. For
configuration, see section How to configure SLS function behavior when drive
modulation is lost on page 304.

Motor speed

A

: : : SLS request
SAR1 monitoring
Drive modulation

— I SLSx.06 Modoff
. . . delay time monitoring

STO.14 delay
f STO active
' — SLS indication

SAR1 ramp monitoring

Actual motor speed (coasting after modoff)
SLS trip limit

SLS limit

oo w >
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Step

Description

1

The SLS request is received. The motor speed is above the SLS trip limit positive (A).
The drive starts to ramp down the motor speed. The SAR1 parameter 200.712 defines
the deceleration ramp slope until the speed reaches the SLS limit. The FSO starts the
SAR1 ramp monitoring (parameters SARx.21, SARx.22). SAR1 configuration defines
the target and monitoring limits for the deceleration ramp (SARx.22, 200.112,
SARx.02).

Note: If parameter 200.712 has value 0, the drive (parameter 23.23) defines the ramp.

The drive trips on a fault, there is a drive power loss, or user stops the drive by coast
stop. SAR1 monitoring of the FSO is switched off. SLS Modoff delay time starts
(parameters SLSx.05 & SLSx.06). STO. 14 delay starts.

Note: This reaction is the default for FSO and the delay time is set to 0 ms.

Modulation of the drive has not returned and the SLSx.06 Modoff delay time has run
out, and FSO activates STO function and STO indication (parameter STO.21 STO
output). See section Safe torque off (STO) on page 60 for more information on how to
configure the STO function.

If modulation does not return, and STO. 74 delay has elapsed, SLS indication goes on.




Safety functions 109

SLS reaction if modulation is lost with Modoff delay time - modulation returns
before modoff delay

The operation of the SLS function in case of the modulation of the drive is lost during
the deceleration ramp and the modulation returns before the Modoff delay time has
run out with Modoff delay time selected (parameter SLSx.05 is set to Modoff delay
time) is described in the time diagram and table below.

Motor speed

O

®

» Time

SLS request

: L SAR1 monitoring
L Drive modulation
. SLSx.06 Modoff
[ delay time monitoring
[~ SLS monitoring

——————— SLSindication

SAR1 ramp monitoring

Actual motor speed (coasting after modoff)
SLS trip limit

SLS limit

oo w >
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Step

Description

1

The SLS request is received. The motor speed is above the SLS trip limit positive (A).
The drive starts to ramp down the motor speed. The SAR1 parameter 200.712 defines
the deceleration ramp slope until the speed reaches the SLS limit. The FSO starts the
SAR1 ramp monitoring (parameters SARx.21, SARx.22). SAR1 configuration defines
the target and monitoring limits for the deceleration ramp (SARx.22, 200.112,
SARx.02).

Note: If parameter 200.112 has value 0, the drive (drive parameter 23.23) defines the
ramp.

The drive trips on a fault, there is a drive power loss, or user stops the drive by coast
stop. SAR1 monitoring of the FSO is switched off. SLS Modoff delay time starts
(parameters SLSx.05 & SLSx.06). STO. 14 delay starts.

Modulation of the drive returns. FSO activates SAR1 monitoring again with same
ramps as when the SLS request was set.

The Modoff delay time limit. If the modulation would not return before this time, see
previous case.

The FSO starts the SLS monitoring when the motor speed is in the middle of the SLS
limit and the SLS trip limit (see also section How to configure mute time for monitoring
start on page 320), and stops the SAR1 monitoring. The SLS indication (parameter
SLSx.15, SLSx.24, SLSx.34 or SLSx.44) goes on.
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SLS reaction if modulation is lost with Monitoring active

The operation of the SLS function in case the modulation of the drive is lost during the
deceleration ramp with Monitoring active selected (parameter SLSx.05 is set to
Monitoring active) is described in the time diagram and table below. For configuration,
see section How to configure SLS function behavior when drive modulation is lost on
page 304.

Motor speed
A

SLS request
SAR1 monitoring

Drive modulation
. . STO.14 delay
f : STO active

— SLS indication

A SAR1 ramp monitoring

B Actual motor speed (coasting after modoff)
C  SLS trip limit

D  SLS limit

E

Last valid speed estimate of FSO
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Step

Description

1

The SLS request is received. The motor speed is above the SLS trip limit positive (A).
The drive starts to ramp down the motor speed. The SAR1 parameter 200.712 defines
the deceleration ramp slope until the speed reaches the SLS limit. The FSO starts the
SAR1 ramp monitoring (parameters SARx.21, SARx.22). SAR1 configuration defines
the target and monitoring limits for the deceleration ramp (SARx.22, 200.112,
SARx.02).

Note: If parameter 200.712 has value 0, the drive (drive parameter 23.23) defines the
ramp.

The drive trips on a fault, there is a drive power loss, or user stops the drive by coast
stop. SAR1 monitoring of the FSO is on (parameter SLSx.05 configured as Monitoring
active). As the modulation is lost, FSO's safe speed estimation is stopped and it starts
to use the last speed information that it had before the modulation was lost. With
SLSx.06 Monitor active, SAR1 monitoring stays active also when the modulation is lost
from the drive.

STO.14 delay starts.

Modulation of the drive has not returned and the safe speed estimation with the last
valid speed information hits the SAR1 monitoring and FSO activates STO function and
STO indication (parameter STO.27 STO output). See section Safe torque off (STO) on
page 60 for more information on how to configure the STO function.

If the modulation returns before the last valid speed estimation of FSO hits the SAR1
monitoring limit, the drive will continue the deceleration for as long as the speed stays
within the SAR1 ramp monitoring limits.

SLS indication goes on after STO. 14 delay has elapsed.
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SLS reaction if modulation is lost with Monitoring active and modoff delay time
- modulation returns

The operation of the SLS function in case the modulation of the drive is lost during the
deceleration ramp with Monitoring active and modoff delay time selected (parameter
SLSx.05 is set to Monitoring active and modoff delay time) is described in the time
diagram and table below. For configuration, see section How to configure SLS
function behavior when drive modulation is lost on page 304.

Motor speed
A

SLS request

SAR1 monitoring

SLSx.06 Modoff
delay time monitoring

T T Drive modulation

[————— SLS indication

A SAR1 ramp monitoring

B  Actual motor speed (coasting after modoff)
C  SLS trip limit

D  SLS limit

E

Last valid speed estimate of FSO
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Step

Description

1

The SLS request is received. The motor speed is above the SLS trip limit positive (A).
The drive starts to ramp down the motor speed. The SAR1 parameter 200.712 defines
the deceleration ramp slope until the speed reaches the SLS limit. The FSO starts the
SAR1 ramp monitoring (parameters SARx.21, SARx.22). SAR1 configuration defines
the target and monitoring limits for the deceleration ramp (SARx.22, 200.112,
SARx.02).

Note: If parameter 200.712 has value 0, the drive (drive parameter 23.23) defines the
deceleration time.

The drive trips on a fault, there is a drive power loss, or user stops the drive by coast
stop.

SAR1 monitoring of the FSO is on (parameter SLSx.05 configured as Monitoring active
and modoff delay time).
SLS Modoff delay time starts (parameters SLSx.05 & SLSx.06).

As the modulation is lost, FSO's safe speed estimation is stopped and it starts to use
the last speed information that it had before the modulation was lost.

Modulation of the drive returns before the last valid speed information hits the SAR1
limit and before the modoff delay time has run out.

Deceleration continues as parametrized as long as the speed does not hit the SAR1
limits.

If modulation of the drive has not returned and the SLSx.06 Modoff delay time has run
out or the last valid speed reaches the SAR limit, FSO activates STO function and STO
indication (parameter STO.27 STO output). See section See section Safe torque off
(STO) on page 60 for more information on how to configure the STO function.

The FSO starts the SLS monitoring when the motor speed is in the middle of the SLS
limit and the SLS trip limit (see also section How to configure mute time for monitoring
start on page 320), and stops the SAR1 monitoring. The SLS indication (parameters
SLSx.15, SLSx.24, SLSx.34 or SLSx.44) goes on.
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SLS reaction if modulation is lost with Monitoring and modoff delay time
disabled

The operation of the SLS function in case the modulation of the drive is lost during the
deceleration ramp with Monitoring and modoff delay time disabled selected
(parameter SLSx.05 is set to Monitoring and modoff delay time disabled) is described
in the time diagram and table below. For configuration, see section How to configure
SLS function behavior when drive modulation is lost on page 304.

Motor speed
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SAR1 monitoring
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— SLSindication
STO.14 delay

SAR1 ramp monitoring

Actual motor speed (coasting after modoff)
SLS trip limit

SLS limit
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Step

Description

1

The SLS request is received. The motor speed is above the SLS trip limit positive (A).
The drive starts to ramp down the motor speed. The SAR1 parameter 200.712 defines
the deceleration ramp slope until the speed reaches the SLS limit. The FSO starts the
SAR1 ramp monitoring (parameters SARx.21, SARx.22). SAR1 configuration defines
the target and monitoring limits for the deceleration ramp (SARx.22, 200.112,
SARx.02).

Note: If parameter 200.712 has value 0, the drive (parameter 23.23) defines the ramp.

The drive trips on a fault, there is a drive power loss, or user stops the drive by coast
stop.

SAR1 monitoring of the FSO is switched off (parameter SLSx.05 configured as
Monitoring and modoff delay time are disabled).

SLS Modoff delay time monitoring is not in use.

STO.14 delay starts.

The SLS indication (parameter SLSx.15, SLSx.24, SLSx.34 or SLSx.44) goes on after
STO. 14 has elapsed.

If the drive modulation returns before the STO. 74 delay has run out, the deceleration
continues as parametrized and the SAR1 monitoring is set on again.
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SLS reaction when modulation is lost during deceleration ramp,
with time monitoring

SLS reaction if modulation is lost with Modoff delay time

The operation of the SLS function in case the modulation of the drive is lost during the
deceleration ramp with Modoff delay time selected (parameter SLSx.05 is set to
Modoff delay time) is described in the time diagram and table below. For
configuration, see section How to configure SLS function behavior when drive
modulation is lost on page 304.

Motor speed
A

SLS request
SLSx.04 time
delay monitoring

Drive modulation

SLSx.06 Modoff time
delay monitoring

I : : STO active

STO.14 delay
— SLS indication

B  Actual motor speed (coasting after modoff)
C  SLS trip limit
D  SLSlimit
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Step

Description

1

The SLS request is received. The motor speed is above the SLS trip limit positive (A).
The drive starts to ramp down the motor speed.
The FSO starts the SLS time delay (parameter SLSx.04).

The drive (parameter 23.13 or 23.15) defines the deceleration ramp until the speed
reaches the SLS limit.

2 The drive trips on a fault, there is a drive power loss, or user stops the drive by coast
stop.
SLS Modoff delay time starts (parameters SLSx.05 & SLSx.06).
STO.14 delay starts.

3 Modulation of the drive has not returned, the SLSx.06 Modoff delay time has run out,

and FSO activates STO function and STO indication (parameter STO.21 STO output).
See section Safe torque off (STO) on page 60 for more information on how to configure
the STO function.

SLSx.04 time delay for SLS time monitoring

SLS indication goes on after STO. 14 delay has elapsed.
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SLS reaction if modulation is lost with Modoff delay time - modulation returns
before modoff delay

The operation of the SLS function in case the modulation of the drive is lost during the
deceleration ramp and the modulation returns before the Modoff delay time has run
out with Modoff delay time selected (parameter SLSx.05 is set to Modoff delay time)
is described in the time diagram and table below.

Motor speed
A

- - - - - - > Time
O & 6
‘ SLS request
I . . Drive modulation
! e ! ! SLSx.04 time

delay monitoring

SLSx.06 Modoff time
delay monitoring

I i SLS monitoring
} I SLS indication

B  Actual motor speed (coasting after modoff)
SLS trip limit
D  SLSlimit

(@)
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Step

Description

1

The SLS request is received. The motor speed is above the SLS trip limit positive (A).
The drive starts to ramp down the motor speed.
The FSO starts the counter for the SLS time delay (C) (parameter SLSx.04)

The drive (parameter 23.13 or 23.15) defines the deceleration ramp until the speed
reaches the SLS limit.

2 The drive trips on a fault, there is a drive power loss, or user stops the drive by coast
stop.
SLS Modoff delay time starts (parameters SLSx.05 & SLSx.06).
Modulation of the drive returns before the SLSx.06 Modoff delay time has run out.

4 Modoff delay time limit. If the modulation would not return before this time, see previous

case.

Speed is below the monitoring limit and SLS monitoring is started.

The FSO starts the SLS monitoring at the latest here, that is, after the SLS time delay
has elapsed. The FSO starts the SLS monitoring when the motor speed is in the middle
of the SLS limit and the SLS trip limit (see also section How to configure mute time for
monitoring start on page 320). The SLS indication (parameters SLSx.15, SLSx.24,
SLSx.34 or SLSx.44) goes on.
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SLS reaction if modulation is lost with Monitoring active

The operation of the SLS function in case the modulation of the drive is lost during the
deceleration ramp with Monitoring active selected (parameter SLSx.05 is set to
Monitoring active) is described in the time diagram and table below. For configuration,
see section How to configure SLS function behavior when drive modulation is lost on
page 304.

Motor speed
A

OO ® ® -
! ! ! SLS request
- ‘ ‘ SLSx.04 time
delay monitoring
STO.14 delay

| Drive modulation

[———— STOactive
' —— SLSindication

Actual motor speed (coasting after modoff)
SLS trip limit

SLS limit

Last valid speed estimate of FSO
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Step

Description

1

The SLS request is received. The motor speed is above the SLS trip limit positive (A).
The drive starts to ramp down the motor speed.
The FSO starts the counter for the SLS time delay (C) (parameter SLSx.04).

The drive (parameter 23.13 or 23.15) defines the deceleration ramp until the speed
reaches the SLS limit.

The drive trips on a fault, there is a drive power loss, or user stops the drive by coast
stop.

STO.14 delay starts.

As the modulation is lost, FSO's safe speed estimation is stopped and it starts to use
the last speed information that it had before the modulation was lost.

Modulation of the drive has not returned and the safe speed estimation with the last
valid speed information of the motor speed is above the SLS trip limit after the SLS time
delay has elapsed. FSO module activates the SSE function. SSE function triggers STO
function because the modulation is lost and it cannot activate any deceleration ramp in
this case. For more information, see section SLS trip limit hits on page 127.

If the modulation returns before the last valid speed estimation of FSO has hit the SLS
time delay limit, the drive will continue the deceleration until SLS monitoring or time
monitoring limit is reached. If the motor speed is above the SLS trip limit after the SLS
time delay has elapsed, the FSO module activates the SSE function.

If modulation does not return, SLS indication goes on after STO. 74 delay has elapsed.
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SLS reaction if modulation is lost with Monitoring and modoff delay time
disabled

The operation of the SLS function in case the modulation of the drive is lost during the
deceleration ramp with Monitoring and modoff delay time disabled selected
(parameter SLSx.05 is set to Monitoring and modoff delay time disabled) is described

in the

time diagram and table below. For configuration, see section How to configure

SLS function behavior when drive modulation is lost on page 304.

Motor speed
A

. . »  Time
OO, ®
. . SLS request
‘ ‘ ‘ SLSx.04 time

delay monitoring
Drive modulation

STO.14 delay
—— SLS indication

B  Actual motor speed (coasting after modoff)

C  SLS trip limit

D  SLS limit

Step | Description

1 The SLS request is received. The motor speed is above the SLS trip limit positive (A).
The drive starts to ramp down the motor speed.
The drive (parameter 23.13 or 23.15) defines the deceleration ramp until the speed
reaches the SLS limit.
The FSO starts the counter for the SLS time delay (C) (parameter SLSx.04)

2 The drive trips on a fault, there is a drive power loss, or user stops the drive by coast
stop. Here, STO is not activated due to loss of modulation.
STO.14 delay starts.

3 If modulation does not return, SLS indication goes on after STO. 74 delay has elapsed.




124 Safety functions

SLS reaction if modulation is lost with Monitoring and modoff delay time
disabled - modulation returns

The operation of the SLS function in case the modulation of the drive is lost during the
deceleration ramp with Monitoring and modoff delay time disabled selected
(parameter SLSx.05 is set to Monitoring and modoff delay time disabled) is described
in the time diagram and table below. For configuration, see section How to configure
SLS function behavior when drive modulation is lost on page 304.

Motor speed

A

: - > Time
0 ©O6
ﬁ : : : : SLS request
L . T Drive modulation

SLSx.04 time
delay monitoring

} SLS monitoring
] T SLS indication

B  Actual motor speed (coasting after modoff)
C  SLS trip limit
D  SLSlimit
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Step | Description

1 The SLS request is received. The motor speed is above the SLS trip limit positive (A).
The drive starts to ramp down the motor speed.
The drive (parameter 23.13 or 23.15) defines the deceleration ramp until the speed
reaches the SLS limit.
The FSO starts the counter for the SLS time delay (C) (parameter SLSx.04).

2 The drive trips on a fault, there is a drive power loss, or user stops the drive by coast
stop.
SLS delay time monitoring is switched off (parameter SLSx.04) as Monitoring and
modoff delay time are disabled.
FSO starts to wait until the STO. 74 delay has run out or modulation returns.

3 The drive modulation returns.
Deceleration continues toward SLS limit speed.

4 FSO starts the SLS monitoring when the motor speed is in the middle of the SLS limit
and the SLS trip limit (see also section How to configure mute time for monitoring start
on page 320).
The SLS indication goes on.

5 FSO starts the SLS monitoring at the latest here, that is, after the SLS time delay has

elapsed.

Note: With time-monitored SLS: If modulation is lost during deceleration ramp but it
returns after SLSx.04 delay time has elapsed, with motor speed higher than SLS trip
limit, then SLS limit hit is generated.




126 Safety functions

FSO boot behavior with SLS active
When the safe speed estimate is in use, the following boot behavior exists.

During FSO module boot, the FSO module has no valid speed data and thus a very

high initialization value for motor speed is assumed for internal FSO usage. If an SLS
function or variable SLS function is active during FSO reboot and parameter SLSx.05
is configured so that Modoff delay time or Monitoring active is selected, the FSO will
prevent the drive from restarting until the STO. 714 delay time has elapsed.

: SLS request

M . FSO boot
i SLS ok

. sTO
' STO.14 delay

> Time

© O ©

Step | Description

1 SLS request is active during FSO boot.

2 FSO module is rebooted. STO. 14 delay time counter is started.
3 STO.14 has elapsed, STO acknowledgement is possible, and SLS indication is
activated.

Note: STO acknowledgement is not possible until STO. 74 delay has elapsed. If you try
to acknowledge STO before STO. 14 delay has elapsed, STO. 74 delay time counter will
be restarted.
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SLS trip limit hits

If the motor speed exceeds an SLS trip limit, the FSO activates the SSE function. The
operation of SLS and SSE indications in SLS trip limit hit situations are described in
the diagrams and tables below. For more information on the SSE function, see
section Safe stop emergency (SSE) on page 82.

SSE with immediate STO

This applies when the SSE function has been configured as “Immediate STO”.

Motor speed -> Safe stop emergency (SSE)

©: (D sTo.14

® e 0@ 56 0

— : ' L SLS request
1 — SLS indication
: ' ' SSE state &
| : L indication
SSE completed
indication

SLS trip limit positive (parameter SLSx. 74, SLSx.23, SLSx.33 or SLSx.43)
SLS limit positive (parameter 200.23, 200.33, 200.43 or 200.53)
Response time (depends on system configuration, see page 426)

Time to zero speed (parameter STO. 14)

—— SLS trip limit (A)

o0 w >
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Step

Description

The SLS request is received, the motor speed is below the SLS limit positive (B) and
the FSO starts the SLS monitoring. The SLS indication (parameter SLSx. 15, SLSx. 24,
SLSx.34 or SLSx.44) goes on.

The motor speed goes above the SLS limit positive (B).

The motor speed reaches the SLS trip limit positive (A). The SLS indication goes off.

After time C has elapsed, the FSO activates the SSE function, opens the drive STO
circuit and the motor coasts to a stop.

After time D has elapsed, the motor has stopped and the SLS active indication goes on
(speed is below the SLS limit positive). The SSE completed indication goes on.

Note: If the SBC is configured in the SSE function, parameter SBC.13 is used here
instead of STO.14.

The SLS request is removed. The SLS monitoring is still on (acknowledgement method
is manual or from a safety PLC).

The SLS function is acknowledged and the FSO stops the SLS monitoring. The SSE
function is acknowledged with the same acknowledgement. The indications go off.




SSE
This
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with emergency ramp

applies when the SSE function has been configured as “Emergency ramp” (with

ramp monitoring or time monitoring).

Motor speed

<—>- -> Safe stop emergency (SSE)

- : N ' S SLS request

Time

, . . | SLS indication
[ L

' SSE state &

li indication

SSE completed

indication

o0 w >

SLS trip limit positive (parameter SLSx. 14, SLSx.23, SLSx.33 or SLSx.43)
SLS limit positive (parameter 200.23, 200.33, 200.43 or 200.53)
Response time (depends on system configuration, see page 426)

Zero speed limit (parameter FSOGEN.51): Speed limit to define the motor as stopped.
The safety function is completed and the SSE completed indication (parameter SSE.22)
goes on. The acknowledgment becomes allowed.

SLS trip limit (A)

Step

Description

1

The SLS request is received, the motor speed is below the SLS limit positive (B) and
the FSO starts the SLS monitoring. The SLS indication (parameter SLSx. 15, SLSx.24,
SLSx.34 or SLSx.44) goes on.

The motor speed goes above the SLS limit positive (B).

The motor speed reaches the SLS trip limit positive (A). The SLS active indication goes
off.

After time C has elapsed, the FSO activates the SSE function and the drive starts the
ramp down the motor speed. SARO parameter 200.702 defines the ramp.

The motor speed goes below the SLS limit positive (B) and the SLS active indication
goes on.

The motor speed reaches the zero speed limit (D). The motor has stopped and the
FSO opens the drive STO circuit. The SSE completed indication goes on.
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Step | Description

7 The SLS request is removed. The SLS monitoring is still on (acknowledgement method
is manual or from a safety PLC).

8 The SLS function is acknowledged and the FSO stops the SLS monitoring. The SSE
function is acknowledged with the same acknowledgement. The indications go off.
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Variable Safely-limited speed (SLS)

This safety function requires that FSO communicates with a safety-capable PLC via
PROFIsafe over PROFINET. For more information, see chapter PROFIsafe.

The SLS function prevents the motor from exceeding user-defined speed limits. With
the Variable SLS function, the speed limits are scaled with a safety PLC via
PROFIsafe bus and can be changed on the fly.

If the motor speed reaches the SLS trip limit, the FSO module activates the SSE
function (see section SLS trip limit hits on page 127). If the motor speed reaches a
ramp monitoring limit during deceleration, the FSO module activates the STO
function. With time monitoring, the FSO module starts to monitor motor speed after
SLS time delay has elapsed, and if the speed is above the SLS trip limit, the FSO
activates the SSE function.

The SLS function with fixed limits and the SMS function can be active at the same
time with the Variable SLS function. In this case, the FSO module limits the motor
speed according to the lowest speed limit.

The safety PLC sends the Variable SLS request to the FSO module in a PROFIsafe
message. The message includes a scaling value as a percentage (%). The scaling
value is used to scale the original SLS and trip limits (SLS4 parameters) to new,
scaled values. The FSO module uses these scaled values until a new scaling value is
received from the safety PLC.

The Variable SLS limits cannot be scaled above the SLS4 limits.

In the PROFIsafe message, the bits that are used to configure the Variable SLS
function are:

» Positive_Scaling: defines whether the positive SLS limits are scaled or not.

* Negative_Scaling: defines whether the negative SLS limits are scaled or not.

« Variable_SLS_limit (MSB and LSB): defines the scaling value. For example, if the
value set in Variable_SLS_limit = 5000, the scaling value is 50%.

Note: Do not add a plus or a minus sign (+ / -) in front of the scaling value for the
Variable_SLS_limit. Use a scaling value smaller than 100.

The same scaling value is applied to both the positive and the negative limits. For
more information, see section ABB_PS1 profile F-Output user data on page 150.

For more information on how the FSO module defines the scaled limits, see section
Defining the scaled SLS4 limit and SLS4 trip limits on page 299.

For more information on drive modulation loss during SLS deceleration ramp, see
SLS reaction when modulation is lost during deceleration ramp, with ramp monitoring
on page 107 and SLS reaction when modulation is lost during deceleration ramp, with
time monitoring on page 117.
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Variable SLS with time monitoring

In Variable SLS with time monitoring, the ramp according to which the drive
decelerates the motor to different speeds is monitored using the time monitoring
method. Drive parameters define the deceleration ramp. If the motor speed is

accelerated, drive parameters define the acceleration ramp and it is not monitored.

For configuration, see section How to configure Variable SLS with time monitoring on

page

295.

Motor speed
- © ®

e 00 00 oD O
— ! ! T varSLS request

r varSLS status

& indication

A
B
C

Variable SLS trip limits (parameter SLSx.43 and the scaling values set in the safety PLC)
SLS time delay (parameter SLSx.04): Delay for forcing to start SLS monitoring.
Response time (depends on system configuration, see page 426)

Variable SLS trip limit (A)

Step

Description

1

The Variable SLS request is received from the safety PLC (for example, 70%). The
FSO sends a request to the drive to ramp down the motor speed to the new SLS speed
limit. The FSO start a counter for the SLS time delay (B).

After time C has elapsed, the drive starts to ramp down the motor speed. The drive
(parameter 23.13 or 23.15) defines the deceleration ramp.

The FSO starts the SLS monitoring when the motor speed is in the middle of the new
SLS limit and the SLS trip limit (see also section How to configure mute time for
monitoring start on page 320).

The new motor speed has been reached. The Variable SLS active indication
(parameter SLSx.57) goes on.

The FSO starts the SLS monitoring at the latest here, that is, after the SLS time delay
(B) has elapsed.

Note: If the motor speed is above the SLS trip limit after the SLS time delay (B) has
elapsed, the FSO module activates the SSE function. For more information, see
section SLS with time monitoring and speed above monitored speed on page 103.
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Step

Description

The Variable SLS request is received again from the safety PLC (for example, 50%).
The FSO sends a request to the drive to ramp down the motor speed to the new speed
limit. The FSO starts a counter for the SLS time delay (B).

Note: The FSO continues to monitor the existing Variable SLS limits until the new
speed limit has been reached.

Note: If variable SLS limits are rescaled before previous limits have been reached,
time monitoring delay SLSx.04 starts from the beginning.

After time C has elapsed, the drive starts to ramp down the motor speed. Drive
parameters define the deceleration ramp. The Variable SLS active indication goes off
(see also section How to configure limit hit situations on page 3176).

The FSO starts the SLS monitoring when the motor speed is in the middle of the new
SLS limit and the SLS trip limit (see also section How to configure mute time for
monitoring start on page 320).

The new motor speed has been reached. The SLS active indication goes on.

The FSO starts the SLS monitoring with the new SLS limits at the latest here, that is,
after the SLS time delay (B) has elapsed.

The Variable SLS request is received again from the safety PLC (100%). The FSO
sends a request to the drive to accelerate the motor speed to the new speed limit. The
FSO starts to monitor the motor speed according to the new SLS limits.

10

After time C has elapsed and if the motor speed is lower than the new speed limit, the
drive accelerates the motor speed to the requested speed.

1

The Variable SLS request is removed from the safety PLC (acknowledgement method
is manual or from a safety PLC).

Note: If automatic acknowledgement is used, the Variable SLS monitoring is also
ended.

12

The Variable SLS is acknowledged, the FSO stops the SLS monitoring and the drive
continues with the speed reference set by the user. The Variable SLS indication
(parameter SLSx.517) goes off.

Note: For more information on the modoff functionality in a situation where drive
modulation is lost during SLS deceleration ramp, see chapter SLS reaction when
modulation is lost during deceleration ramp, with ramp monitoring on page 107, and
SLS reaction when modulation is lost during deceleration ramp, with time monitoring
on page 117).
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Variable SLS with ramp monitoring

In Variable SLS with ramp monitoring, the ramp according to which the drive
decelerates the motor to different speeds is monitored using the ramp monitoring
method (SAR1 parameters of the FSO module). Drive or SAR1 parameters define the
deceleration ramp. If the motor speed is accelerated, drive parameters define the
acceleration ramp and it is not monitored.

For configuration, see section How to configure Variable SLS with ramp monitoring
on page 295.

Motor speed
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' ! ! : ' varSLS status
: 4! l—l L & indication
'—| SAR1
'_| monitoring

A Variable SLS trip limits (parameter SLSx.43 and the scaling values set in the safety PLC)
B  Response time (depends on system configuration, see page 426)
—— Ramp monitoring limits or Variable SLS trip limit (A)

Step | Description

1 The Variable SLS request is received from the safety PLC (for example, 70%). The
FSO sends a request to the drive to ramp down the motor speed to the new speed limit.

2-3 | After time B has elapsed, the drive starts to ramp down the motor speed. SAR1
parameter 200.112 defines the deceleration ramp. The FSO starts to monitor the ramp
according to SAR1 parameters (SARx.21, SARx.22).

Note: If parameter 200.712 has value 0, the drive (parameter 23.23) defines the ramp.
Note: If the motor speed does not follow the ramp, the FSO activates the STO function.
The FSO starts the SLS monitoring when the motor speed is in the middle of the new
SLS limit and the SLS trip limit (see also section How to configure mute time for
monitoring start on page 320).

3 The new motor speed has been reached. The Variable SLS active indication
(parameter SLSx.57) goes on.
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Step

Description

The Variable SLS request is received again from the safety PLC (for example, 50%).
The FSO sends a request to the drive to ramp down the motor speed to the new speed
limit.

After time B has elapsed, the drive starts to ramp down the motor speed. SAR1
parameter 200.112 defines the deceleration ramp. The FSO starts to monitor the ramp
with SAR1 parameters (SARx.21, SARx.22). The Variable SLS indication goes off (see
also section How to configure limit hit situations on page 316).

Note: The FSO continues to monitor the existing Variable SLS limits until the new
speed limit has been reached.

The new motor speed has been reached and the FSO starts to monitor the motor
speed according to the new SLS limits. The Variable SLS active indication goes on.

The Variable SLS request is received again from the safety PLC (100%). The FSO
sends a request to the drive. The FSO starts to monitor the motor speed according to
the new SLS limits.

After time B has elapsed and if the motor speed is lower than the new speed limit, the
drive accelerates the motor speed to the requested speed.

The Variable SLS request is removed from the safety PLC (acknowledgement method
is manual or from a safety PLC).

Note: If automatic acknowledgement is used, the Variable SLS monitoring is also
ended.

10

The Variable SLS is acknowledged and the FSO stops the SLS monitoring. The drive
continues with the speed reference set by the user. The Variable SLS indication
(parameter SLSx.57) goes off.
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Safe maximum speed (SMS)

The SMS function is used to protect the machine from too high speeds/frequencies.
You can configure it to be permanently on or off. There are two different versions of
the SMS function:

1. Version 1: If the motor speed reaches the minimum or the maximum SMS trip
limit, the FSO module activates the SSE function.

2. Version 2: The minimum and maximum SMS limits limit the motor speed. This
version of the SMS function is similar to the SLS function except that it can only
be permanently on or off.

The required version of the SMS function is selected with FSO parameters.

You can configure the minimum and maximum SMS and SMS trip limits separately.
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SMS function, version 1

The operation of the SMS function, version 1 is described in the time diagram and
table below. For configuration, see section How to configure SMS, version 1 on
page 302.

Motor speed @

@ '. - -> Safe stop emergency (SSE)

|
LA

Time

Drive STO state

I— & indication
SSE state

& indication

A SMS trip limit positive (parameter SMS. 14)

B  SMS trip limit negative (parameter SMS.13)

C Response time (depends on system configuration, see page 426)

—— SMS trip limits (A and B)

Step | Description

1 The motor speed reaches the SMS trip limit positive (A).

2 After time C has elapsed, the FSO activates the SSE function. In this case, the SSE
function has been configured as “Immediate STO” (parameter SSE.13). This opens
the drive STO circuit immediately and the motor coasts to a stop. The STO and SSE
indications go on.

Note: If SBC is used, it is activated according to SBC configuration settings (see the
note on page 45). See section Safe stop emergency (SSE) on page 82 for more
information on how to configure the SSE function.

3 After the SSE function has been completed, the FSO acknowledges the SSE function

(in this case, automatic acknowledgement is used) and deactivates the SSE and drive
STO functions. The indications go off.
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SMS function, version 2

The operation of the SMS function, version 2 is described in the time diagram and
table below. For configuration, see section How to configure SMS, version 2 on
page 303.

Motor speed

@ _________

Time

SMS trip limit positive (parameter SMS. 14)
SMS trip limit negative (parameter SMS.13)
SMS limit positive (parameter 200.73)

SMS limit negative (parameter 200.72)

—— SMS trip limits (A and B)

o0 w >

The drive limits the motor speed so that it stays between the SMS limit positive and
negative. If the motor speed still hits the SMS trip limit positive or negative, the FSO
module activates the SSE function (see section Safe stop emergency (SSE) on
page 82 for more information on how to configure the SSE function).

If you use the SMS function, version 2 and you need to remove the FSO module from
the drive, do these steps:

1. Re-configure the FSO module so that the SMS function, version 2 is deactivated
(set parameter 200.71 SMS activity and version to Disabled). For more
information, see chapter Configuration.

2. Remove the FSO module from the drive.

This removes the SMS limits from the drive. Unnecessary limits can affect the normal
operation of the drive.
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Prevention of unexpected start-up (POUS)

The POUS function prevents the machine from starting unexpectedly. The POUS
function activates the Safe torque off (STO) function in the drive.

WARNING! The situations in which you can use the POUS function must
always be based on a risk assessment (see IEC 60204-1:2016).

For more information on the STO function in the ACS880 drives, see the drive
hardware manual.

The operation of the POUS function is described in the time diagram and table below.
For configuration, see section Configuring POUS on page 304.

Motor speed

@ POUS.13

Time

POUS request
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POUS active

indication

] POUS completed

indication

A POUS delay for completion (parameter POUS.13): Sets a delay for POUS completed
indication. The POUS completed indication (parameter POUS.22) goes on after this
delay.

Note: POUS function does not activate SBC function, even if SBC is configured into use
together with the STO function.




140 Safety functions

Step

Description

The user stops the motor.

The user activates the POUS function. The FSO activates the drive STO function and
starts a counter for time A. The POUS active indication (parameter POUS.217) and the
STO active indication (parameter STO.217) become active.

Note: If the user activates the POUS function when the motor is running, the FSO
activates the drive STO function, generates a fault (7A97) and the motor coasts to a
stop.

After time A has elapsed, the POUS completed indication becomes active (parameter
POUS.22).

Note: Connect the POUS indication lamp to this indication signal.

The user removes the POUS request. The POUS completed indication is deactivated.
The acknowledgement becomes allowed.

Note: If the user activates the POUS request again before the POUS function has been
acknowledged, the counter for time A is restarted and the POUS completed indication
is activated after this delay.

The user acknowledges the POUS function. The POUS active indication goes off. The
FSO deactivates the drive STO function and the user can restart the motor.

Note: If automatic acknowledgement is used, this happens already when the POUS
request is removed (step 4).

The user starts the motor.
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Priorities between safety functions

When several safety functions are active at the same time, these priorities apply:
1. the STO function overrides the SSE and SS1 functions

2. the SSE function overrides the SS1 function.

The overriding function will also override the indications of the low priority functions,
eg, by switching off the outputs of the safety functions with lower priority.

The POUS function is independent of other safety functions. If you activate the POUS
function when another safety function is active (for example, during a deceleration
ramp), it can disturb the performance of the other safety function. ABB recommends
that you do not activate the POUS function when the motor is running.

Example: The SS1 function uses SAR1 parameters to define the stop ramp. In some
situations (for example, with PROFIsafe-related faults or trip limit hits), the FSO
module activates the Safe stop emergency (SSE) function. When the SSE function
has been configured as “Emergency ramp”, it uses SARO parameters to define the
stop ramp. If the FSO module activates the SSE function while the SS1 function is
active, the SSE function overrides the SS1 function. Therefore, SARO parameters are
used instead of SAR1 parameters to define the stop ramp.

When a safety function overrides another safety function, this does not remove the
request of the overridden safety function. Therefore, the overridden safety function
restarts after the other safety function has been completed and acknowledged.

Dependencies between safety functions

The figure below shows how different safety functions of the FSO module are related
to each other and the drive STO function.

1. Zero speed limit reached: The SS1 and SSE (with emergency ramp) functions
activate the drive STO function (that is, open the drive STO circuit) when the
motor speed reaches the user-defined zero speed limit.

2. Trip limit hit: The SMS and SLS functions activate the SSE function when the
motor speed reaches a user-defined trip limit.

3. Monitoring limit hit: The SS1, SSE (with emergency ramp) and SLS functions
(with ramp monitoring) activate the STO function of the FSO module when the
motor speed reaches a monitoring limit.

The STO, SSE with immediate STO and POUS functions activate the drive STO
function, that is, open the drive STO circuit.

The POUS function activates the drive STO independently of the stopping functions
of the FSO module.
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PROFIsafe

Contents of this chapter

This chapter describes the safety system when the FSO module is connected to a
safety PLC through a fieldbus adapter module using the PROFIsafe profile of
PROFINET. It describes the FSO module states and transitions and the contents of
the PROFIsafe messages. The chapter also includes installation instructions,
configuration instructions for the ABB AC500-S Safety PLC and Siemens SIMATIC
Fail-safe S7 PLC and fault tracing tips.

Introduction

When the drive is controlled from a safety PLC, the reliability of the fieldbus
communication must be secured. This can be done with the PROFIsafe technology.
The PROFIsafe technology includes several safety measures to minimize the effect
of various transmission errors that can occur when messages are transferred in a
complex network.

PROFIsafe is an application layer (protocol) that describes the safety communication
between fail-safe devices. It is an additional layer on top of the standard PROFIBUS
and PROFINET protocols.

There are two versions of the PROFIsafe protocol:

* V1 can only be used with PROFIBUS

* V2 can be used with PROFIBUS and PROFINET.

The FSO module supports PROFIsafe protocol version V2.4 with PROFINET.

The PROFIsafe protocol can be used for safety applications up to SIL 3 according to
IEC 61508 / IEC 62061, or up to PL e, cat. 4 according to EN 1SO 13849-1.
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It is possible to use the shared device feature together with an FPNO-21 module. For
further information, see FPNO-21 PROFINET adapter module user's manual
(3AXD50000158614 [English]).

For more information on PROFIsafe and PROFINET, see www.profibus.com.

System description

Required components

» FSO-12 safety functions module, revision C or later
+ ACSB880 Primary control program: version 2.12 or later

*  FB module: FPNO-21 PROFINET fieldbus adapter module (version 1.00 or later)
or FENA-21 Ethernet adapter module (version 3.05 or later)

« compatible safety PLC system, for example, ABB AC500-S Safety PLC or
Siemens SIMATIC Fail-safe S7 PLC

Tools

» Drive Composer pro: version 1.7 or later

* For ABB PLCs: Automation builder: 1.0 or later (includes PS501 Control Builder
Plus version 2.3.0), safety license PS501-S

» For Siemens PLCs: SIMATIC Step 7 V5.5 + S7 Distributed Safety V5.4 and
SIMATIC Step 7 V 11 (TIA Portal) + Step 7 Safety Advanced V 13



http://www.profibus.com/
http://www.profibus.com/

PROFIsafe 145

System overview

This figure shows an overview of a safety PLC that is connected to the ACS880 drive
via the PROFIsafe communication bus.

Safety PLC
system controller ACS880 drive
(F-Host)

PROFIsafe over PROFINET FB module

FSO-12
(F-Device)

|CRC |Contro| Byte| F-Output data |
»

»

| F-Input data |Status Byte | CRC |

P
<

The FSO safety functions module and the FB module are installed on the ACS880
drive. The safety PLC is connected to the FB module, which communicates with the
FSO module. The safety PLC activates safety functions via the PROFIsafe
communication bus. The user can also activate safety functions from an 1/O device
(for example, an emergency stop button) which is connected to the FSO module.

The PROFIsafe protocol secures the whole path from the location where a safety
signal originates to the location where it is processed and vice versa.

The safety PLC sends PROFIsafe messages (frames) to the FSO module through
the FB module which extracts the frame from the PROFINET communication. The
FSO module reads and interprets the PROFIsafe messages and performs the
required actions. The FSO module sends PROFIsafe messages back to the FB
module which transmits them to the safety PLC.

The term PROFIsafe F-Output data refers to the application-specific user data in the
frames that are transmitted to the FSO module (F-Device) from the safety PLC (F-
Host). The term PROFIsafe F-Input data refers to the application-specific user data in
the frames that are transmitted from the FSO module to the safety PLC. For a
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detailed description of the PROFIsafe message format, see section PROFIsafe
message format on page 148.

F-Parameters are PROFIsafe parameters that all PROFIsafe devices support.
F-Parameters are sent from the F-Host (safety PLC) to the F-Device (FSO module)
when the PROFIsafe connection is created. They contain the PROFIsafe addresses
and the watchdog time for the PROFIsafe connection.

Note: ABB recommends that you use only PROFINET compatible Ethernet switches
and cables in the PROFIsafe communication bus.
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Remote I/O control

You can control the FSO module outputs and read input information also from the
safety PLC. A request to activate or deactivate an output is sent from the safety PLC
(PROFIsafe controller) to the FSO module in a PROFIsafe message. See section
FSO PROFIsafe profiles on page 149.

Only FSO outputs that are not configured for any control use (for example, to control
an indication lamp or a brake) can be activated from the safety PLC. If the safety PLC
tries to activate an FSO output that is configured for control use, the FSO module
rejects the request, activates the SSE function and goes into the Fail-safe mode (see
section FSO module modes and states on page 155). To exit the Fail-safe mode,
reboot the FSO as described in Internal fault on page 404.

FSO module passivation

If the FSO module or the safety PLC detects an error in the fieldbus communication,
the FSO module is passivated. The status of the FSO outputs that are not configured
for any control use (for example, to control an indication lamp or a brake) are set to
“low”. The FSO module activates the SSE function, goes into the Safe state and
generates an event. The user can select the event type (warning, fault or event) with
parameter SBUSGEN.10 STO indication passivation.

After the cause of the passivation has been detected, the SSE function must be
acknowledged before the communication continues. The status of the safety
functions and FSO outputs are set according to the PROFIsafe message that was
received before the passivation.
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PROFIsafe description

PROFIsafe message format

The FSO module supports only the PROFIsafe short frame format. The short frame
supports a maximum of 12 octets of user data. The frame also includes a CRC (3
octets) and one Status/Control Byte octet. Therefore, the maximum frame size of the
message is 16 octets.

Data F-Input / F-Output user data Status / Control Byte | CRC2

Size (octets) Max. 12 1 3

Control Byte and CRC2 bit order

PROFIsafe messages sent from the safety PLC to the FSO module include the
F-Output user data, the Control Byte and CRC2.

This table shows the bit order of the Control Byte and CRC2.
N, is the length of F-Output user data.

Octet | Bit | Name Description
Control Byte
No 7 Reserved The value is ignored.
6 Reserved The value is ignored.
5 Toggle_h Toggle bit
4 Activate_FV Fail-safe values (FV) to be activated
3 Use_TO2 Use F_WD_Time_2 (secondary watchdog).
Not in use. The value is ignored.
2 R_cons_nr Reset Vconsnr_d
1 OA_Req Operator acknowledgement requested
0 iPar_EN Parameter assignment deblocked.
Not in use. The value is ignored.
CRC2
No+1 7 CRC bit 23 Octet 3 (MSB) of 24 bit CRC
CRC bit 16
No+2 |7 CRC bit 15 Octet 2 of 24 bit CRC
CRC bit 8
No+3 |7 CRC bit 7 Octet 1 (LSB) of 24 bit CRC

0 CRCBit0




Status Byte and CRC2 bit order
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PROFIsafe messages sent from the FSO module to the safety PLC include the
F-Input user data, the Status Byte and CRC2.

This table shows the bit order of the Status Byte and CRC2.
N; is the length of F-Input user data.

Octet | Bit | Name

Description

Status Byte

N; 7 Reserved The value is always 0. Must be ignored by the F-Host.
6 cons_nr_R Vconsnr_d has been reset.
5 Toggle_d Toggle bit
4 FV_activated Fail-safe values (FV) activated.
3 WD_timeout Communication fault: Watchdog timeout
2 CE_CRC Communication fault: CRC error
1 Device_Fault Failure exists in the F-Device.
0 iPar_OK F-Device has new iParameter values assigned.
Not in use. The value is always 0.
CRC2
N+1 |7 CRC bit 23 Octet 3 (MSB) of 24 bit CRC
CRC bit 16
N;+2 CRC bit 15 Octet 2 of 24 bit CRC
0 CRC bit 8
Ni+3 |7 CRC bit 7 Octet 1 (LSB) of 24 bit CRC
0 CRC bit 0

FSO PROFlsafe profiles

The content of the F-Input and F-Output user data is configured with FSO specific
PROFIsafe profiles. The FSO-12 module supports the ABB_PS1 profile.

The ABB_PS1 profile provides the functionality to control and monitor the safety
functions, the SLS limits, the safe speed value and the states of the FSO 1/0.
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ABB_PS1 profile F-Output user data

This table shows the bit order of the F-Output data, which is included in the
PROFIsafe message sent to the FSO module from the safety PLC. For all the bits in
the F-Output data, one (1) means active and zero (0) non-active.

Type |Octet | Bit | Name Description
Unsig |0 0 | SLS2_request SLS2 (Safely-limited speed) activation requested by
ned16 the controller.
(used 1 | SLS1_request SLS1 (Safely-limited speed) activation requested by
as the controller.
bits) 9
Reserved Must not be used (must be 0).
Reserved’) Must not be used (must be 0).
SS1_request SS1 (Safe stop 1) activation requested by the
controller.
5 | SSE_request SSE (Safe stop emergency) activation requested by
the controller.
6 | POUS_request POUS (Prevention of unexpected start-up)
activation request by the controller.
7 | STO_request STO (Safe torque off) activation requested by the
controller.
Unsig |1 0 |Reserved”) Must not be used (must be 0).
ned1d6 1 | Reserved” Must not be used (must be 0).
use =
(as 2 |Reserved” Must not be used (must be 0).
bits) 3 |Reserved’ Must not be used (must be 0).
4 |Reserved’) Must not be used (must be 0).
5 |Reserved’ Must not be used (must be 0).
6 | SLS4_request SLS4 (Safely-limited speed) activation requested by
the controller.
7 | SLS3_request SLS3 (Safely-limited speed) activation requested by
the controller.
Unsig |2 0 | Variable_SLS_req | Variable SLS (Safely-limited speed) activation
ned16 uest requested by the controller and the Variable SLS
(used limit is valid.
zi Reserved”) Must not be used (must be 0).
its
) 2 | SF_end_ack Safety function ending acknowledgement = 1,
no acknowledgement = 0.
3 |Reserved” Must not be used (must be 0).
4 |Reserved’ Must not be used (must be 0).
5 |Reserved’ Must not be used (must be 0).
6 |Reserved) Must not be used (must be 0).
7 |Reserved? Must not be used (must be 0).
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Type |Octet | Bit | Name Description
Unsig |3 0 | Safe_output X114 | State of the safe output X114:9 (see section Remote
ned16 9 ctrl I/O control on page 147).1=24V,0=0V.
(used 1 | Safe_output_X114 | State of the safe output X114:8 (see section Remote
Ei 8 ctrl I/0 control on page 147). 1=24V,0=0V.
S
its) 2 | Safe_output_X114 | State of the safe output X114:7 (see section Remote
_7_ctrl I/O control on page 147).1=24V,0=0V.
3 | Safe_output_X113 | State of the safe output X113:9 (see section Remote
9 ctrl I/O control on page 147).1=24V,0=0V.
4 | Safe_output_X113 | State of the safe output X113:8 (see section Remote
_8 ctrl I/O control on page 147).1=24V,0=0V.
5 | Safe_output x113 | State of the safe output X113:7 (see section Remote
_7_ctrl I/O control on page 147).1=24V,0=0V.
6 | Negative_Scaling | Selects whether Variable SLS limit is scaled for
negative direction. 0 = Limit scaled, 1 = Limit not
scaled (100%).
7 | Positive_Scaling Selects whether Variable SLS limit is scaled for
positive direction. 0 = Limit scaled, 1 = Limit not
scaled (100%).
Intege | 4 Variable_SLS_limit | Safely-limited speed relative limit (MSB) [0.01%)]
r16 _MSB
Intege | 5 Variable_SLS_limit | Safely-limited speed relative limit (LSB) [0.01%]
r16 _LSB

“) If the PROFIsafe message includes a safety function request which is not supported or if the
safety function has not been configured, the FSO module activates the SSE function and
generates an FSO configuration fault (see chapter Fault tracing).
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ABB_PS1 profile F-Input user data

This table shows the bit order of the F-Input user data, which is included in the
PROFIsafe message sent from the FSO module to the safety PLC. For all the bits in
the F-Input data, one (1) means active and zero (0) non-active.

Note: In the Fail-safe and Configuration states, all the bits in the PROFIsafe message

are set to “0”. In these cases, you can read the FSO state from:
+ Siemens PLC: bits QBAD and PASS_OUT in the PROFIsafe data block
+ ABB PLC: bit Device_Fault in the PROFIsafe data structure.

See also section FSO module modes and states on page 155.

Type |Octet | Bit | Name Description

Unsig |0 0 | SLS2_active SLS2 (Safely-limited speed) is active. Active

ned16 when the SLS2 function is active and the motor

(used speed is below the SLS2 limit (that is, when the

as SLS2 monitoring is on).

bits) 1 |'SLS1_active SLS1 (Safely-limited speed) is active. Active
when the SLS1 function is active and the motor
speed is below the SLS1 limit (that is, when the
SLS1 monitoring is on).

2 |Reserved” The value is 0. Must be ignored by the F-Host.

3 |Reserved” The value is 0. Must be ignored by the F-Host.

4 | SS1_active SS1 (Safe stop 1) is function active.

5 | SSE_active SSE (Safe stop emergency) function is active.

6 | SBC_active SBC (Safe brake control) function is active.

7 | STO_active STO (Safe torque off) function is active.

Unsig |1 0 |Reserved) The value is 0. Must be ignored by the F-Host.
ned1d6 1 | Reserved? The value is 0. Must be ignored by the F-Host.
use =

(as 2 |Reserved” The value is 0. Must be ignored by the F-Host.
bits) 3 |Reserved’ The value is 0. Must be ignored by the F-Host.

4 | SAR1_active SAR1 (Safe acceleration range) is active.

5 | SARO0_active SARO (Safe acceleration range) is active.

6 | SLS4_active SLS4 (Safely-limited speed) is active. Active
when the SLS4 function is active and the motor
speed is below the SLS4 limit (that is, when the
SLS4 monitoring is on).

7 | SLS3_active SLS3 (Safely-limited speed) is active. Active

when the SLS3 function is active and the motor
speed is below the SLS3 limit (that is, when the
SLS3 monitoring is on).
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Type |Octet | Bit | Name Description
Unsig |2 0 |[Reserved”)
ned16 The value is 0. Must be ignored by the F-Host.
;ussed 1 | SMS_active SMS (Safe maximum speed) function is active.
bits) 2 |Reserved” The value is 0. Must be ignored by the F-Host.
3 |Reserved” The value is 0. Must be ignored by the F-Host.
4 |Reserved’) The value is 0. Must be ignored by the F-Host.
5 |Reserved”) The value is 0. Must be ignored by the F-Host.
6 |Reserved”) The value is 0. Must be ignored by the F-Host.
7 |Reserved? The value is 0. Must be ignored by the F-Host.
Unsig |3 0 |Safe_input_X114_4 | State of the safe input X114:4.
ned16 1 | Safe_input_X114_3 | State of the safe input X114:3.
;“:ed 2 | Safe input X114 2 | State of the safe input X114:2.
bits) 3 | Safe_input_X114_1 | State of the safe input X114:1.
4 | Safe_input_X113_4 | State of the safe input X113:4.
5 | Safe_input_X113_3 | State of the safe input X113:3.
6 | Safe_input_X113_2 | State of the safe input X113:2.
7 | Safe_input_X113_1 | State of the safe input X113:1.
Unsig |4 0 | Variable_SLS_active | Variable SLS (Safely-limited speed) is active.
ned16 Active when the Variable SLS function is active
(used and the motor speed is below the Variable SLS
as limit (that is, when the Variable SLS monitoring is
bits) on).

POUS_active

POUS (Prevention of unexpected start-up)

function is active.

Safe_output_X114_9

State of the safe output X114:9.

Safe_output X114_8

State of the safe output X114:8.

Safe_output X114_7

State of the safe output X114:7.

Safe_output_X113_9

State of the safe output X113:9.

Safe_output_X113_8

State of the safe output X113:8.

N|lo|jla|lbh|lw|N

Safe_output_X113_7

State of the safe output X113:7.
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Type

Octet

Bit

Name

Description

Unsig
ned16
(used
as
bits)

5

SF_end_ack_req

Safety function ending acknowledgement
requested = 1,

no acknowledgement requested = 0.
Acknowledgement can be done via PROFlIsafe.
Note: These values are indicative only and shall
not be used for safety-related decisions about
safety function states (there are other ways to
safely determine the state of a function, for
example, using SS1 to check octet 0 bit 4 and
then octet 5 bit 4: if safe state, then SS1 is
completed).

SF_end_ack_req_lo
cal

Local safety function ending acknowledgement
requested = 1, no acknowledgement requested =
0.

Acknowledgement can only be done locally via
the FSO I/O if SF_end_ack_req is 0.

Note: These values are indicative only and shall
not be used for safety-related decisions about
safety function states (there are other ways to
safely determine the state of a function, for
example, using SS1 to check octet 0 bit 4 and
then octet 5 bit 4: if safe state, then SS1 is
completed).

STO_control_active

The drive STO circuit is open.
Note: The motor may still be rotating.

Speed_value_valid

Is the speed value valid (= 1) or not (= 0).

The speed value is defined in octets 6 and 7.
Note: Octet 2 bit 0 indicates the speed source
and octet 5 bit 3 indicates the validity of the
indicated speed source.

FSO_state

Safe state = 1
Operational state = 0

FSO_mode.0

FSO_mode.1

FSO operating |FSO_mode.1 |FSO_mode.0
mode

Start-up 0
Running 0
1
1

Fail-safe

=|O| =[O

Configuration

Modulating

The drive is modulating = 1

It is not known if the drive is modulating or not = 0
WARNING! The only safe way to make

A sure that a drive is not modulating is to
activate drive STO. Drive STO can be
activated, eg, with FSO STO or POUS

function.
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Type |Octet | Bit | Name Description

Intege | 6 Safe_speed_MSB The current motor speed value from FSO (MSB).
r16

Intege | 7 Safe_speed_LSB The current motor speed value from FSO (LSB).
r16

) The safety PLC must ignore the value of the reserved bits. This ensures the compatibility
with future versions of the PROFIsafe profile where the reserved bits may be used.

Note: The states of all FSO inputs and outputs are shown in the PROFIsafe
message. These states also show the states of SBC outputs and feedback inputs.

FSO module modes and states
When the FSO module is connected to a safety PLC via the PROFlsafe
communications bus, the FSO module can be in the following modes and states:
» Start-up mode
« Configuration mode
+ Fail-safe mode
* RUN states:

e Operational

« Safe (User acknowledgement request)

» Safe (Module passivation)

» Safe (Module passivation & reintegration)

« Safe (Module passivation with a command).

The FSO module modes and states are described in the following two figures and
tables.

The first figure shows the modes, states and transitions during normal operation. The
second figure shows the modes, states and transitions when fatal errors in the FSO
module occur or when cycling power of the FSO module.

Note: If PROFIsafe is not configured, see the FSO states described in section FSO
states on page 54 in chapter Safety functions.

Note: If PROFIsafe is configured, the FSO module stays in the Start-up mode until it
has received valid F-Parameters from the safety PLC.
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State diagrams

Overview of states and transitions in the FSO module during normal operation.

Internal fault Drive composer pro
Power down
Start-up Fail-safe Configuration

erLTN ********************* !
| Safe s

50) afe
| (User 9 — > (Module
| | acknowledgement = e passivation)
| request)
|
: a9
|
: Operational a9
|
|
| Safe
| 5 (Module
| 29 passivation with
| a command)
| Safe
| (Module passivation
| & reintegration)
Lo - - - . = —— — —— _

Note: It is possible to go to the Configuration mode from any other state when the
drive is not modulating. From the Configuration mode, it is possible to go only to the
Start-up mode.
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Overview of states and transitions in the FSO module when fatal errors in the FSO
module occur or when cycling power of the FSO module.

83
Configuration
Start-up  © | Fail-safe
;_RlTN_ A |
| _® |
| Safe Safe |
| (User (Module |
| acknowledgement passivation) | |
| request) |
| |
| |
| |
| Operational |
| |
| |
| |
| Safe Safe |
(Module passivation (Module

| & reintegration) passivation with |
| a command) |
Lo |
——(2)—® Power on/off

- —@ — -® Fatal error
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Description of states

This table describes the FSO module states and how the states are shown in the
PROFIsafe messages. The Status Byte and the profiles are described in detail in
sections Status Byte and CRC?2 bit order on page 149 and FSO PROFIsafe profiles
on page 7149.

The table refers to several variables that are available to the programmer of an
F-Host program (for example, an AC500-S program in CoDeSys):

OA_Req_S This variable indicates that the FSO is in the “Safe (User
acknowledgement request)” state ready for acknowledgement.

FV_Activated_S This variable indicates that the FSO is in the Safe state. Fail-safe
values (“0”) are set to the 1/0 channels.

OA_C This variable indicates that PROFIsafe is running successfully after
PROFIsafe communication error(s) have been solved. The FSO is in
the “Safe (User acknowledgement request)” state and variable
OA_Req_S is set to “1”. Setting OA_C variable to “1” acknowledges
that the PROFIsafe communication errors have been solved and it is
possible to go to the Operational state.

Device_Fault This variable is the Device_Fault bit of the PROFIsafe Status Byte.
When the value is 1, the FSO is in the Fail-safe mode.

State Description

Start-up The FSO module hardware is initialized and internal start-up tests are
executed. After a successful parameterization, the PROFIsafe
communication is expected to be initiated by the PROFIsafe F-Host.

The FSO module remains in this state:

+ if the parameterization failed or is pending

+ if the PROFIsafe communication is pending.
PROFIsafe Status Byte bits in the F-Host for the FSO module:
*+ OA_Req_S=0

» FV_activated_S =1

» Device_Fault=0

ABB_PS1 profile bits in the F-Host for the FSO module:
*+ FSO_mode.1=0

*+ FSO_mode.0 =0

* SF_end_ack_req_local =0

* SF_end_ack_req=0

* FSO_state =1
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State

Description

Operational

PROFIsafe communication is up and running. The safety application is
running without any detected errors.

PROFIsafe Status Byte bits in the F-Host for the FSO module:
* OA Req_S=0

» FV_activated_S =0

* Device_Fault=0

ABB_PS1 profile bits in the F-Host for the FSO module:

* FSO_mode.1 =0

* FSO_mode.0 =1

* SF_end_ack_req_local =0

*+ SF_end_ack_req=0

*+ FSO_state=0
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State Description
Safe PROFIsafe communication is up and running. The FSO application is
(Module running with detected errors.

passivation &
reintegration)

At least one of the active safety functions has encountered an error. For
example, the SLS1 function is active and its speed limits are violated. The
drive is stopped using the configured method. In the end, the drive STO is
activated.

As soon as the STO function has been completed and no errors are
detected, reintegration of the FSO module is possible. It depends on the
FSO configuration from where the reintegration can be done. All tripped
safety functions must be acknowledged to complete the reintegration.
SF_end_ack_req_local is set if any of the safety functions can be
acknowledged locally via FSO inputs.

SF_end_ack_req is set if any of the safety functions can be
acknowledged via PROFIsafe frame bit SF_end_ack. A positive edge
from “0” to “1” is required to acknowledge the module reintegration.

If automatic acknowledgement is configured for the error condition,
neither of the status bits is set. The acknowledgement is done
automatically.

As soon as all errors have been solved and they have been
acknowledged, the Operational state is reached.

PROFIsafe Status Byte bits in the F-Host for the FSO module:
*+ OA_Req_S=0

» FV_activated_S =0

* Device_Fault=0

ABB_PS1 profile bits in the F-Host for the FSO module:

*+ FSO_mode.1=0

* FSO_mode.0 =1

* SF_end_ack_req_local = 1, if it is possible to acknowledge any of the
tripped safety functions locally via the FSO inputs.
SF_end_ack_req_local = 0, otherwise.

+ SF_end_ack_req = 1, if itis possible to acknowledge any of the tripped
safety functions via PROFIsafe.

SF_end_ack_req = 0, otherwise.

+ FSO_state =1
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State

Description

Safe (Module
passivation)

The FSO application is running and there has been an error in the
PROFIsafe communication.

The FSO module and, as a result, all its I/O channels are passivated.
Possible reasons for module passivation are:

1. PROFIsafe communication failure (CRC error)
2. PROFIsafe watchdog timeout exceeded.

The drive is stopped using the configured method. In the end, the drive
STO is activated. The fail-safe value “0” is set to all I/O channels.

If the connection to the PROFIsafe F-Host is possible, the fail-safe value
“0” is transferred to the safety PLC for all /O channels.

If the PROFIsafe communication is broken, the safety application
continuously attempts to establish a communication to the safety PLC.

A state transition to another RUN state is possible only if the detected
error has been solved.

PROFIsafe Status Byte bits in the F-Host for the FSO module
(if communication is possible):

« OA_Req_ S=0

* FV_activated_S =1

* Device_Fault=0

« CE_CRC =1, in case of a communication error,
CE_CRC = 0, otherwise

+ WD_timeout = 1, in case of a watchdog timeout,
WD _timeout = 0, otherwise

ABB_PS1 profile bits in the F-Host for the FSO module:
« FSO_mode.1 =0

* FSO_mode.0 =1

* SF_end_ack_req_local =0

*+ SF_end_ack_req=0

* FSO_state = 1
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State

Description

Safe (Module
passivation with a

PROFIsafe communication is up and running. The FSO application is
running without any detected errors.

command) The FSO module and all its I/O channels are passivated because the
safety application on the safety PLC requested a module passivation
(activate_FV_C = 1 was set).
The drive is stopped using the configured method. In the end, the drive
STO is activated and the FSO module is in the Safe state. The fail-safe
value “0” is set to all I/O channels. The fail-safe value “0” is transferred to
the safety PLC for all I/O channels.
PROFIsafe Status Byte bits in the F-Host for the FSO module:
* OA_Req_S=0
* FV_activated_S =1
* Device_Fault=0
ABB_PS1 profile bits in the F-Host for the FSO module:
* FSO_mode.1 =0
* FSO_mode.0 =1
» SF_end_ack_req_local =0
+ SF_end_ack _req=0
* FSO_state =1
Safe (User PROFIsafe communication is up and running. The FSO application is
acknowledgement | running without any errors but waits for the acknowledgment of a module
request) reintegration (module error has been solved).

The FSO module is in the Safe state. The fail-safe value “0” is still
transferred to the safety PLC for all input channels. All output channels
have a state of “0”. The OA_Req_S bit is reported as “1”.

As soon as the safety application in the safety PLC sets OA_C (positive
edge), the FSO module goes to the Operational state if no further errors
are detected. The OA_C must be “1” until OA_Req_S starts to deliver “0”.

PROFIsafe Status Byte bits in the F-Host for the FSO module:
* OA_Req_S=1

» FV_activated_S =1

* Device_Fault=0

ABB_PS1 profile bits in the F-Host for the FSO module:

*+ FSO_mode.1=0

* FSO_mode.0 =1

* SF_end_ack_req_local =0

* SF_end_ack_req=0

* FSO_state =1
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State Description
Fail-safe The FSO application keeps the system in the Fail-safe mode. PROFIsafe
communication is up and running.
This state is reached if a fatal error (for example, CPU test, RAM test, I/O
channel test etc. failed) takes place.
The drive is stopped using the configured method. In the end, the drive
STO is activated. The fail-safe value “0” is set to all I/O channels. The fail-
safe value “0” is transferred to the safety PLC for all I/O channels.
This state can be left only to the Start-up mode by cycling power of the
FSO module or by giving the reset command via the drive (parameter
96.09 FSO reboot, see the drive firmware manual).
PROFIsafe Status Byte bits in the F-Host for the FSO module:
« OA_Req_ S=0
* FV_activated_S =1
* Device_Fault=1
ABB_PS1 profile bits in the F-Host for the FSO module:
« FSO_mode.1 =1
« FSO_mode.0 =0
* SF_end_ack_req_local =0
« SF_end _ack _ req=0
* FSO_state =1
See also the Note on page 7152.
Configuration The FSO module is in the Safe state. Upon transferring to the

Configuration mode, the FSO answers to one PROFIsafe frame. The fail-
safe value “0” is transferred to the safety PLC for all I/O channels. After
that PROFIsafe communication is not possible. The fail-safe value “0” is
set to all I/O channels.

This state can only be entered from the Fail-safe mode or from any other
state when the drive is not modulating.

This state can be left only to the Start-up mode by cycling power of the
FSO module or by giving the reset command via the drive (parameter
96.09 FSO reboot, see the drive firmware manual).

PROFIsafe Status Byte bits in the F-Host for the FSO module:
* OA_Req_S=0

* FV_activated_S =1

» Device_Fault=0

ABB_PS1 profile bits in the F-Host for the FSO module:
* FSO_mode.1 =1

* FSO_mode.0 =1

* SF_end_ack_req_local =0

* SF_end_ack_req=0

* FSO_state =1

See also the Note on page 7152.
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Transitions between states

This table describes the transitions between the FSO module states. The numbering
of the transitions refer to the transitions shown in the state diagrams on page 756.

command)

ID | From To Description

1 Start-up Safe (Module | The FSO module goes to this state directly after
passivation Start-up during a normal start-up.
with a
command)

2 Operational Start-up The FSO module goes to this state by cycling
power of the FSO module or by giving the reset
command via the drive (parameter 96.09 FSO
reboot, see the drive firmware manual).

3 Start-up Safe (Module | PROFIsafe watchdog time or PROFIsafe

passivation) communication error was detected directly after
Start-up.
4 Safe (Module Start-up The FSO module goes to this state by cycling
passivation) power of the FSO module or by giving the reset
command via the drive (parameter 96.09 FSO
reboot, see the drive firmware manual).

5 Start-up Fail-safe Fatal error(s) (CPU test, RAM test, etc. failed)
detected.

6 Fail-safe Start-up The FSO module goes to the Start-up mode by
cycling power of the FSO module or by giving the
reset command via the drive (parameter 96.09
FSO reboot, see the drive firmware manual).

7 Operational Safe (Module | Execution of at least one safety function
passivation & | encountered a problem. The system reaches the
reintegration) | Safe state. As soon as at least one of the errors

can be acknowledged, it can be done locally, via
PROFlsafe, or automatically depending on the
FSO configuration.
8 Safe (Module Operational All the related errors have been solved and
passivation & acknowledged.
reintegration)

9 Operational Fail-safe Fatal error(s) (CPU test, RAM test, etc. failed)
detected.

10 | Operational Safe (Module | PROFIsafe watchdog time or PROFIsafe

passivation) communication error was detected.

11 | Operational Safe (Module | Command “activate_FV_C = 1" was sent from the
passivation safety PLC.
with a
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ID | From To Description

12 | Safe (Module Fail-safe Fatal error(s) (CPU test, RAM test, etc. failed)
passivation & detected.
reintegration)

13 | Safe (Module Fail-safe Fatal error(s) (CPU test, RAM test, etc. failed)
passivation) detected.

14 | Safe (Module Start-up The FSO module goes to this state by cycling
passivation & power of the FSO module or by giving the reset
reintegration) command via the drive (parameter 96.09 FSO

reboot, see the drive firmware manual).

15 | Start-up Start-up The FSO module goes to this state by cycling
power of the FSO module or by giving the reset
command via the drive (parameter 96.09 FSO
reboot, see the drive firmware manual).

16 | Safe (User Fail-safe Fatal error(s) (CPU test, RAM test, etc. failed)

acknowledgement detected.
request)

17 | Safe (User Start-up The FSO module goes to this state by cycling
acknowledgement power of the FSO module or by giving the reset
request) command via the drive (parameter 96.09 FSO

reboot, see the drive firmware manual).

18 | Safe (Module Safe (Module | PROFIsafe watchdog time or PROFlsafe
passivation with a | passivation) communication error was detected.
command)

19 | Safe (Module Safe (Module | Module error (watchdog time or communication
passivation) passivation error (CRC)) has been solved and command

with a “activate_FV_C = 1" is received.
command)

20 | Safe (User Safe (Module | PROFIsafe watchdog time or PROFlsafe
acknowledgement | passivation) communication error was detected.
request)

21 | Safe (Module Safe (User Module error (watchdog time or communication
passivation) acknowledgem | error (CRC)) has been solved and

ent request) + command “activate_ FV_C =0”
then
» the FSO module sets OA_Req_S = 1.

22 | Safe (User Operational OA_C (positive edge) was set by the PROFIsafe
acknowledgement F-Host for the FSO module.
request)

23 | Safe (User Safe (Module | Command “activate_FV_C = 1" was sent from the

acknowledgement
request)

passivation
with a
command)

PROFIsafe F-Host.
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ID | From To Description

24 | Safe (Module Safe (User Command “activate_FV_C = 0” has been
passivation with a | acknowledgem | received and “OA_Req_S = 1".
command) ent request)

25 | Safe (Module Fail-safe Fatal error(s) (CPU test, RAM test, etc. failed)
passivation with a detected.
command)

26 | Safe (Module Start-up The FSO module goes to this state by cycling
passivation with a power of the FSO module or by giving the reset
command) command via the drive (parameter 96.09 FSO

reboot, see the drive firmware manual).

27 | Safe (Module Operational No module error and “activate_FV_C =0".
passivation with a
command)

28 | Safe (Module Safe (Module | PROFIsafe watchdog or PROFlsafe
passivation & passivation) communication error was detected.
reintegration)

29 | Safe (Module Safe (Module | Command “activate_FV_C = 1" was sent from the
passivation & passivation safety PLC.
reintegration) with a

command)

30 | Safe (User Safe (Module | OA_C (positive edge) was set by the PROFIsafe
acknowledgement | passivation & | F-Host, but there are existing errors in the active
request) reintegration) | safety functions or there are errors that need to be

acknowledged.

31 | Safe (Module Safe (Module | Command “activate_FV_C = 0” was set by the
passivation with a | passivation & | PROFIsafe F-Host but there are existing errors in
command) reintegration) | the active safety functions or there are errors that

need to be acknowledged.

32 | Any state when the | Configuration | Drive Composer pro connects to the FSO module
motor is not and as a result the FSO goes to the Configuration
running sate.

33 | Configuration Start-up From the Configuration mode, it is possible to go

only to the Start-up mode by cycling power of the
FSO module or by giving the reset command via
the drive (parameter 96.09 FSO reboot, see the
drive firmware manual).
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PROFIsafe response time

The safety function response time (SFRT) is the time within which the safety system
must react after an error has occurred in the system.

SFRT is also the maximum time within which the safety system must respond to a
change in the input signals.

According to PROFIsafe System Description, Version November 2010, SFRT for
PROFIsafe devices can be defined as:

SFRT = TWCDT + Longest AT_WD

where

+ TWCDT (total worst-case delay time) is the maximum time for input signal transfer
in the safety system until the output reaction under worst-case conditions (all
components require the maximum time)

+ Longest AT_WD is the longest time difference between the watchdog time for a
given entity and the worst-case delay time.

In safety systems, to define SFRT you must take into account a potential single fault
in one of the components during the signal transfer. It is enough to consider a single
fault only (see PROFIsafe System Description, Version November 2010).

The worst-case delay time (WCDT) and watchdog (WD) values for the FSO and
FENA modules are listed in the table below.

Device WCDT Device WD
FSO 50 ms 50 ms
FPNO-21 3ms -

FENA-21 3ms -

The documentation of the safety PLC defines how you can calculate the processing
time and transmission time of the PROFIsafe connection.

For example, AC500-S Safety User Manual (3ADR025091M0207 [English]) proposes
that SFRT is calculated using the following formula:
SFRT = Device_WD1 + 0.5 x F_WD_Time1 + F_Host_WD + 0.5 x F_WD_Time2
+ Device_WD2 + Longest AT_WD
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where

Device_WD1 is an internal input device watchdog time

F_WD_Time1 is the watchdog time for receipt of the new valid telegram (from the
input device to the safety PLC)

F_Host_WD is the watchdog time of the safety PLC

F_WD_Time2 is the watchdog time for receipt of the new valid telegram (from the
safety PLC to the output)

Device_WD?2 is an internal output device watchdog time.

Instead of WCDT values, the calculation uses watchdog times. See AC500-S Safety
User Manual (3ADR025091M0207 [English]) for details.

For example, when using the ABB AI581-S as the input device, the SM560-S safety
PLC and the FSO module as the output device, SFRT can be calculated as follows:

SFRT = Device_WD1 + 0.5 x F_WD_Time1 + F_Host_ WD + 0.5 x F_WD_Time2
+ Device_WD2 + Longest AT_WD

=765+15+6+45.5+50+45.5=238.5ms

where

Device_ WD1 =76.5 ms
F_WD_Time1 =30 ms
F_Host WD =6 ms

F WD _Time2 =91 ms
Device_WD2 = 50 ms

Longest AT_WD = Max (0.5 x F_WD_Time1; 0.5 x F_WD_Time2) = 45.5 ms
(all other used WCDT values are equal to their corresponding watchdog times).
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PROFIsafe watchdog time

F-Parameter F_WD_Time determines the watchdog time for the PROFIsafe
connection. The minimum watchdog time is composed of four timing sections as
shown in this figure.

Minimum watchdog time

DAT Bus HAT Bus

Time

@ @ ® @

1.

Device acknowledgement time (DAT) is the time it takes for the F-Device (such as
the FSO module) to process an incoming PROFIsafe frame. DAT starts when the
F-Device receives the PROFIsafe frame and ends when the F-Device has
prepared a new PROFIsafe frame using the currently available process values.

Bus time is the time it takes when the PROFIsafe frame is transmitted from the
F-Device (FSO module) to the F-Host (such as the ABB SM560-S safety
controller station) through the "black channel".

Host acknowledgement time (HAT) is the time it takes for the F-Host to process
an incoming PROFIsafe frame.

Another Bus time elapses when the new PROFIsafe frame is transmitted from the
F-Host back to the F-Device.

F_WD_Time assigned to the FSO module must be higher than the minimum
watchdog time. The worst-case delay time of the FSO module also depends on the
safety functions that are used simultaneously and on the PROFIsafe cycle time. The
longest worst-case delay time of the FSO module is 50 ms which is based on its
internal watchdog.
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Calculating the watchdog time

It is not always easy to calculate the worst-case delay time of “black channel”
components. See AC500-S Safety User Manual (3ADR025091M0207 [English]) for a
proposed method of tracing the actual PROFIsafe cycle times in a real system.

You must then set F_WD_Time about 30% higher than the worst-case value in
variable tResponseTimeMS (in the AC500-S safety program) for the given safety
device.

If you use this approach for the FSO module, you can set the PROFIsafe cycle time
and the corresponding watchdog time F_WD_Time as short as possible for the given
system.

If the longest recorded PROFIsafe cycle time (minimum F_WD_Time) is, for example,
40 ms, a suitable value for F_WD_Time is:
F WD _Time =40 ms x 1.3 =52 ms.
If you can calculate F_WD_Time instead, use the values given in the table on
page 167. DAT time for the FSO module is 50 ms and the FENA-21 module adds
3 ms to both Bus times.
For example, if HAT is 6 ms and Bus times are 4 ms until FENA, F_WD_Time is:
F WD_Time=(50ms +(3ms+4ms)+6ms+(4ms+3ms))x1.3=91ms.
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Installation

Installation procedure:

1.

Install the FSO safety functions module to the drive, see chapters Planning for
installation and Installation and the drive hardware manual.
Install the FB module to the drive. See the appropriate manual:

*  FENA-01/-11/-21 Ethernet adapter module user’s manual
(3AUA0000093568 [English]), or

*  FPNO-21 PROFINET adapter module user's manual
(3AXD50000158614 [English]).

Connect the FB module to the safety PLC through a PROFINET network. See the
manual of the module, and the manual of the safety PLC.
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Configuration

Configuring the FB module

You can use either the drive control panel or the Drive Composer pro PC tool to
modify the settings of the FB module.

Note: This section describes only the most important configuration steps. For more
detailed information, see FPNO-21 PROFINET fieldbus adapter module user's
manual (3AXD50000158614 [English]), FENA-01/-11/-21 Ethernet adapter module

user’s manual (3AUA0000093568 [English]) and the drive firmware manual.

Note: Example values in the table below are chosen based on the upcoming example

project.

Parameters for the PROFINET communication

1. Depending on the drive, you can configure the FB module as fieldbus channel A
or B. Enable the communication between the drive and the FB module for the
option slot where the FB module is installed in (parameter 50.07 FBA A enable or

50.31 FBA B enable).

2. Set the FB module parameters that correspond to the selected fieldbus channel.
Parameter groups 51, 52 and 53 include the settings for FBA A and groups 54, 55

and 56 for FBA B.

Groups 52, 53, 55 and 56 configure the contents of the normal PROFINET cyclic
communication by mapping the words in the PROFINET frame to the desired

drive parameters.

Groups 51 and 54 configure the PROFINET connection.

Index Name/Value Description Example
value
50.01 FBAA enable Enables/disables communication between the 1
drive and fieldbus adapter A and specifies the slot
the adapter is installed into.
Option slot 1 Communication between drive and fieldbus
adapter A enabled. The adapter is in slot 1.
50.31 FBA B enable Enables/disables communication between the 0
drive and fieldbus adapter B, and specifies the
slot the adapter is installed into.
Disable Communication between drive and fieldbus
adapter B disabled.
51/54.01 FBA A/B type Shows the type of the connected fieldbus adapter |Ethernet

module A/B.
This parameter is read-only.




PROFIsafe 173

Index Name/Value Description Example
value
51/54.02 FBAA/B PAR2 |[Selects one of the PNIO profiles. 11
(PROTOCOL/
PROFILE)
PNIO ABB Pro |Profile PNIO ABB Pro is selected
51/54.03 FBAA/B PAR2 |Sets the Ethernet communication rate. 0
(COMMRATE)
Auto Ethernet communication rate is negotiated
automatically by the device.
51/54.04...13 IP The user can set the IP configuration for the Static IP
CONFIGURATI |network in these parameters or in the PLC
ON project. 0
51/54.20 Telegram type | Shows the telegram type for the selected I/O 4

communication.
This parameter is read-only.

PPO4 PPO Type 4
51/54.21 Alarm disable Enables/disables the sending of diagnostic 0
messages to the PROFINET network.
Enabled Diagnostic messages are sent.
51/54.27 FBAA/B PAR Validates any changed FB module configuration |1
REFRESH settings and reboots the FB module taking all the

changes to the drive parameters in use. After
refreshing, the value reverts automatically to
Done (0).

Note: This parameter cannot be changed while
the drive is running.

REFRESH Refreshing.

Note: When the FB module is installed to the drive for the first time, you must set the
value of parameter 51/54.02 to one of the PROFINET profiles (value 77 if a drop-
down list is unavailable) and reboot the FB module with parameter 51/54.27. Only
after this, the rest of the parameters in group 51/54 get the correct texts and options.
If required, you must reconnect Drive Composer pro to the drive to get the
parameters show up correctly (select Refresh from the New menu).

See the FB module user’s manual and the drive firmware manual for all necessary
parameter settings and detailed instructions on how to control the drive and motor
using the normal PROFINET cyclic communication.

Configuring the FSO module

Set the FSO module parameters as described in section Configuring the safety
fieldbus communication on page 255.
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Configuring the safety PLC

After the drive has initialized the FB module, you must prepare the safety PLC for
communication with the adapter module. Examples of ABB AC500-S Safety PLC and
Siemens SIMATIC Fail-safe S7 PLC are given below. The examples include the
minimum required steps for starting the PROFINET and PROFIsafe communication
with the FB and FSO modules. For detailed information, see the documentation of
your safety PLC.

The examples apply to all drive types that are compatible with the FB and FSO
modules.

Downloading the GSD file

To configure the controller station, you need a type definition (GSD) file. In
PROFINET IO, the GSD file is written in an XML-based language called GSDML.

Download the FB module GSD file from the ABB Document library
(www.abb.com/drives/documents). The file name format is: GSDML-Vx.x-ABB-
FENA-yyyymmdd.xml or GSDML-Vx.x-ABB-FPNO-yyyymmdd.xml.

+ FPNO GSDML file
+ FENA GSDML file

The GSD file describes the vendor-specific, PROFIdrive-specific and PROFIsafe-
specific features of the adapter module. You can use the vendor-specific features, for
example, in the ABB Drives communication profile. The PROFIdrive profile supports
a set of services described in the PROFIdrive specification.

The actual PROFIsafe messages are processed in the FSO module. The GSD file
and the instructions in this chapter refer to the FB module which is the device that is
connected to PROFINET.

Configuring the ABB AC500-S Safety PLC

This example shows how to configure the communication between the ABB AC500-S
Safety PLC and the FENA-21 adapter module using Automation Builder 2.0.

Before you use the safety configuration and programming tools in Automation
Builder, you must study the AC500-S Safety PLC user manual (AC500-S Safety User
Manual (3ADR025091M0207 [English]). Only qualified persons are allowed to work
with the AC500-S Safety PLC.

You need a password to configure the safety parts of an Automation Builder project.
In all new projects, there is a default user "Owner" with an empty password. This is a
project administrator who can, for example, access the safety controller station. For
detailed information on the passwords and access permissions in Automation Builder,
see the AC500-S Safety PLC user manual.

You can find the complete documentation of ABB PLCs and Automation Builder 2.0
application in www.abb.com/PLC.



http://www.abb.com/drives/documents
https://search.abb.com/library/Download.aspx?DocumentID=9AKK105408A4786&LanguageCode=en&DocumentPartId=&Action=Launch
http://www.abb.com/PLC
http://search.abb.com/library/Download.aspx?DocumentID=9AKK107046A4453&LanguageCode=en&DocumentPartId=&Action=Launch
http://search.abb.com/library/Download.aspx?DocumentID=9AKK105408A4786&LanguageCode=en&DocumentPartId=&Action=Launch
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Before you start, make sure that you have downloaded the FENA GSD file from the
ABB Document library. See section Downloading the GSD file on page 174.

1. Start the ABB Automation Builder application.
2. On the Tools menu, select Device Repository.

3. In the window that opens, click Install... and browse for the GSD file.

& Device Repository lﬂ

Location: System Repository +| [EditLocations...|
(C:\ProgramData\ControlBuilderPlus\Devices_2.3)

Installed device descriptions:

MNarne Vendor  Version ST

#- [ Miscellaneous
+- [ Fieldbusses

+- [ pLcs

Close

L

4. Open or create the PLC project that is used to control the drive.

"
2] New Project [

Categories: Templates:

{1 (General) E'M ]
ACS500 project ACS880 Empty project
project

A project containing one AC500 PLC

Name: F50_example|

Location:  U:\Data - E
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5. After creating the project, the following view is shown. Add the necessary
controller devices to the PLC project.

Devices - 0 X
= FEO_example E]
= PLC_ACS00_V2 {PM583-ETH - TBS21-ETH)
= @1] Application
¥ App
10_Bus
= Interfaces
m COM1_Online_Access (COM1 - Online Access)
m COM2_Online_Access (COM2 - Online Access)
m FBP_Online_Access (FBP - Online Access)
= E Ethernet
@ emiEmy
@ Protocols (Protocols)
= ﬂ Extension_Bus
M siot_1(Tasz4)
B st 2 (Tas24)

Next, add the necessary controller devices to the PLC project. First add the safety
controller to slot 1 (make sure that the physical controller is in the same slot). Right-
click on the slot, select Add object, and pick the SM560-S safety controller from the

list.
Devices v I X
=3 F50_example E]
= PLC_ACS00_V2 (PM583-ETH - TB521-ETH)
= @1] Application
L App
10_Bus
= Interfaces
m COM1_Online_access (COM1 - Online Access)
m COM2_Online_access (COM2 - Online Access)
m FBP_Online_Access (FEP - Online Access)
= a Ethernet
@ emiEmy
@ Protocols (Protocols)
= @ Extension_Bus

M [slot_1(Tas524) Cony L

M siot_z2(Ta5249)

Paste
$ cut
> Delete

Rename

| addobject
Update objects

) AddFolder...

bl

A+ Mikimrt
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Note: When adding the safety controller, a login screen will appear. The default login
information is:

User name: Owner

Password: (empty)

-
Logon

S

.

In order to perform this action, youmust logon as a user which is
member of one of the following groups:

Owner

Please enter your user name and password:

Project/Library: Project: FSO_example

User name: Owner|

Password:

[ ox ][ canca |

Next, in the same way, add the CM579-PNIO PROFINET master to slot 2.
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Devices

=4 FS0_example
= PLC_ACS00_Y2 (PM533-ETH - TR521-ETH)
= @1] Application
&k App
10_Bus
H Interfaces
ﬁ COM1_Online_aAccess {COM1 - Online Access)
m COM2_Online_aAccess (COM2 - Online Access)
m FBP_Online_Access (FBP - Online Access)
= E Ethernet
@ emiEmD
g Protocols {Protocols)
= @ Extension_Bus
=B ACS00_SMS580_S (ACS00 SM560-5)
B4 acsoo_s

M [slot_2 (Ta524) L

Copy
Paste

4 cut

> Delete

Rename

| Addobject |
Update objects

Note: Make sure that the “Enable debug” setting is On for the safety controller
station, if you want to view or debug the PLC program after the download.

Devices

=3 F50_example

= @1] Application
O App
10_Bus
= Interfaces
m COM1_Online_Access (COM1 - Online Access)
H; COM2_Online_Access (COM2 - Online Access)
m FBP_Online_Access (FBP - Online Access)
= a Ethernet
@ emiEm
ﬂ Protocols (Protocols)
= @ Extension_Bus

B4 acsoo_s
= B cMs79_PNIO (CM573-PNIO)

=@ PLC_AC500_v2 (PMS83-ETH - TES21-ETH) -

- B ACSD0_SMS50_S (ACS00 SMS50-5) -

— Controller station

— Safety controller station

— PROFINET controller

B3 enio_Controller (PROFINET-IO-Contraller)  ~<——————

6. Right-click on the PROFINET controller CM579-PNIO-Master and add the FENA

module to the PROFINET 10 network.




F50_example
PLC_ACS00_V2 (PM583-ETH - TBS21-ETH)
= @1] Application

= @ Interfaces
] com1_oniine_Access (COM1 - Online Access)

m COM2_Online_Access (COM2 - Online Access)
1 FEP_Online_Access (FBP - Online Access)

= a Ethernet

- EmiEmy

= @ Extension_Bus

B acsoo_s
=[] CM573_PNIO (CM573-PNIO)

"B [PrIo_Controller (PROF:

Copy
Paste

& cut
X Delete

Rename

| add object

Update objects

™ Add Falder.
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7. Add the desired I/O module, for example, “PPO Type 4” to the first slot of the
FENA module to define cyclic communication between the module and the PLC.

8. Add the PROFIsafe module “PROFIsafe ABB_PS1” to the second slot of the
FENA module to define cyclic communication between the module and the PLC.

Devices

> 1 x

=3 FS0_example
= PLC_ACS00_Y2 (PM583-ETH - TB521-ETH)
= @1] Application
Ok App
10_Bus
= Interfaces
m COM1_Online_aAccess (COM1 - Online Access)
m COM2_Online_access (COM2 - Online Access)
m FBP_Online_Access (FEP - Online Access)
= a Ethernet
@ emiEHD
@ Protocols (Protocols)
= @ Extension_Bus
- B ACS00_SMS60_S (ACS00 SMS60-5)
2 acsoo_s
=B CM573_PNIO (CM573-PNIO)
= w PMIO_Controller (PROFINET-IO-Controller)
=Kl FEna_21 (FENA-21)
Bl PPO_Type_4 (PPO Type 4)

B PROFIsafe_ABB_PS1 (PROFIsafe ABE_PS1) —<——

(=]

110
-

module

PROFIsafe module
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9. Define the PROFINET controller (CM579-PNIO) properties, such as the IP
address and IP address settings for devices:

* Select PNIO_Controller.
* On the PROFINET I/O Controller tab, define the necessary IP addresses.

=T > X 4 PNIO_Controller %
=) Fso_example -
= [T PLC_ACS00_V2 (PMS33ETH - TB521-ETH) PROFINET 10 Controller
Identification
= [E0) applcation
¥ Assign 10-Device name
& App g P-Address 182 . 188 . 0 . 1
Bross 255 . 255 . 255 0
“ @ Interfaces 1/0 mapping list Subnetmask .
E451 COM1_Online_Access (COM? - Oniine Access) Default gateway 0 . 0 . 0 . O
BiZ) CoM2_Oriine_Access (COM2 - Online Access) Stotion name contraller
Bd1 FBP_Cnline_Access (FBP - Online Access)
= £ ethernet )
8 eneEmn Address settings for slaves
Protacels (Protocels
ﬁ. (P ) First P-Address 182 . 188 o 2
=i Extension_Bus
= B AC500_SMS60_S (ACS00 SMS60-5) Last IP-Address 182 . 168 . 0 . 25¢
[EM acsoo_s Subnetmask 255 . 255 . 255 o

= % CM578_PNIO (CM579-PNIO)
= BP0 Conwroller (PROFINETI0 Controler)  ~ef——————————— Default gateway e . 0 . 0 . 0
= Fena_21 (FENA-21)
il PPO_Type_4 (PPO Type 4)
Bl FrOFIsafe_ABE_PS1 (PROFIsafe ABE_PS1)

10. Define the FENA properties:
» Select FENA_21.

« On the PNIO identification tab, define the IP address and Subnet mask, and
type the Station name (in this example, drive1).
Note: Use only lower case letters for the Station name.

Devices. v 3 x = PNIO_Controller Vi) FENA_21 x
= FsO_exampe ~
= [T PLC_ATS00_V2 (PMS83-ETH - TBS21ETH) | General etionName  [MmveL
=1 application
“: nen Options IP Parameter
@ 1051 5 = 1P Address 192 .168 . 0 . 2
< o Interfaces 1/@ mapping lis
Subnet Mask 255 . 255 . 255 . 0
BiZ) CoM1_Oniine_Access (COM1 - Online Access)
PROFINET 10 Device
Bd) coM2_Online_Access (COM2 - Online Access) Default Gateway 0 0 0 0
B4 FoP_Oniine_Access (FBP - Online Access)
P POP Onine Information L
= 2% Ethemet Communication
A emiEmy Send Clock (ms) a - Watchdog (ms) 3
@ Protocols (Protocols)
Reduction Ratio 1 - VLAN D 0
=i Extension Bus g
=B AC500_SMS60_S (AC500 5M560-5) Phase

= =
A0 acsoo_s
= B cms79_PNIO (cM573-PNIO) RT Class RT Class 1 =
=B PNIO_Controller FROFINET-I0-Cantroller)
= §iD [Fena_21 (Fena-21) | <———————————————— | User-Defincd Porameters
Bl FRO_Type 4 PPOType 9)
m PROFIsafe_ABB_PS1 (PROFIsafe ABB_PS1)

i~ Set All Default Values

[omametare Valie Al vtoiee

11. Set the communication parameters (if you have already done this, you can move
on to the next step Create configuration data for safety and non-safety.).

» Right-click on the PLC_AC500_V2 controller and open the communication
settings. Tick Use advanced settings and open the Advanced settings window.
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Communication Settings for 'PLC_AC300_V2' >

IP Address 192 168 . 0 . 10

ze advanced settings Advanced Settings...

0K Cancel

* Inthe advanced settings, create a new local profile with the following

parameters:
Communication Parameters X
Channels
=3 Local Tep/p
- 4 C500 Drafault TCI = I
ance
local 192188010 | e W alug Comment =
LAES00 Default Tl Address 192168.010  IP address or hostname
"I [ Port 1201 Hew ..
Motarola byteorder Yes
Remove
Gateway ...
Update

* Next open the CoDeSys safety program and choose Communication




parameters from the Online drop down menu.

L CoDeSys - AC500_5.AC500PRO [SAFETY MODE]

File Edit Project Insert

Extras  Online Window Help

EI |@|od|%|§|@| Login

“-|2] PLC_PRG [PRG)

* Now create a new profile and fill in the following parameters:

Logout

Download
Run

Stop

Reset

Reset (cold)

Reset (original)

Toggle Breakpoint
Breakpoint Dialog
Step over

Step in

Single Cycle

Write Values

Force Values
Release Force
Write/Force-Dialog
Show Call Stack...
Display Flow Control

Simulation Mode

Communication Parameters...
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Alt+F8
Ctrl+F8

F5
Shift+F8

F10
Fe

Ctrl+F5

Ctrl+F7

F7

Shift+F7
Ctrl+Shift+F7

Send marked text to RemoteControl Master (e.g. as parameter)

Create boot project

Wirte fila 0 DI ™

Communication Parameters

Channels

L4 >

WBE TopdpLevel 24C |

LCancel

Address (Level 1) 0,0,0,0.0  Address
Coupler [Level 2] 0

Channel [Level 2] O [0.149)
Address (Level 2] 0,0,0,0.0  Address
Black size 1430 [128.1430)

Maotorola byteorder Yes

FRemove

Mame | Walug | Comment
Address 132168.010  |IP address or hostname
Part 1200
Receive Timeout 2000
Routing levels 1 [0.2)
Coupler (Level 1] Line 1
Channel [Level 1] O [0.149)

Gateway ...

i i AE

Update

* Next check that your network adapter is in the same subnet. Open the
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Windows network and sharing center and click on the network adapter.

% Unidentified network Access type: No network access
Public network Connections: I@ Local Area Connection 4 I

* Navigate to the IPv4 properties.

1 @ Local Area Connection 4 Status ' l 2 __‘ @ Local Area Connection 4 Properties u
General Networking | Sharing
Connection Connedt using
1Pv4 Connectivity: Mo network access L¥ ASIX AXBB179 USB 3.01o Gigabit Ethemet Adapter

IPvE Connectivity: Mo network access
Media State: Enabled

This connection uses the following items:

S File and Printer Sharing for Microsoft Netwarks -
-&. PROFINET IO protocol (DCP/LLDP)

Duration: 00:02:09
Speed: 100.0 Mbps

& SIMATIC Industrial Ethemet (S0} -
-+ PROFINET 10 RT-Protocal V2.3 ‘

Activity

! Sent —— k” ——  Received l I —I b
[ . q

Packets: 233 | 0 Descrption

Transmission Control Protocol/Intemet Protocol. The default
= = = wide area network protocal that provides communication
I[ '@'Properhes ]I[ @DISEHE ] [ Diagnose ]

across diverse interconnected networks.
i
\

» Finally, set your subnet to the same range as the PLC. Check that the IP
address is not in use on the network.

F B
Internet Protocel Version 4 (TCP/IPv4) Properties &Iﬂ

General

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

() Obtain an IP address automatically

IP address:
Subnet mask: 255 .255.255. 0 i
Default gateway:
L
Obtain DNS server address automatically |
f (@) Use the following DNS server addresses:

Preferred DMS server:

Alternate DNS server:

|| [T validate settings upon exit Il




12. Create configuration data for safety and non-safety.

Devices

-2 x

Devices.

PROFlIsafe
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=2l FEQ_example
= Eﬂ Application
3 App

@ 10_Bus

= @ Interfaces

= 3 Ethernet

= ﬂ Extension_Bus

il et EHD
@ Protocols (Protocals)

=-[T] PLC_ACS00_v2 (PMS83-ETH - TB521-ETH)

m COM1_Online_Access (COM1 - Online Access)
m COM2_Online_Access (COM2 - Online Access)
m FBP_Online_Access (FBP - Online Access)

=B AC500_SMS560_S (ACS00 SM560-5)

-

2l acsoo_s
=B cms79_pND
=B Pno_C

= ¥l FEna

2]

i)

Paste

Rename

Add object
Update objects

) Add Folder...

Edit Object

Compare Objects
Verify Safety Project Integrity

Create Safety Configuration Data

=12 F50_example

=) PLC_ACS500_v2 (PMS83ETH - TB521-ETH)

=2l Application

£ app
10_Bus

=g Interfaces

B com

B com

B Fer_

= a Etherm

3 en

@ Pr

= ﬁ Extension_|

= B acs

Paste
Rename
Add object
Update objects
) Add Folder...
[1 EditObject
Compare Objects
Export

Manage additional files for PLC

10 ag

Create configuration data

=B cMs79_PNIO [CM573 PNIC)
= B PrIO_Controller (PROFINET-I0-Controller)

=

FENA_21 (FENA-21)
Hi) Pro_Type_4 (PPO Type 4)

B PrOFIsafe_ABE_PS1 (PROFIsafe ABE_P

Note: The PROFIsafe source and destination addresses have to be different in order
for the configuration process to work. Also, when creating safety data, some libraries
will have to be created.
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13. Return to the PROFINET controller (CM579-PNIO) properties. On the Assign 1/10

Device Name tab:

» Click Connect to PLC (Login) and select the communication link used
between Automation Builder and the PLC.

* Click Scan to find all PROFINET devices connected to the network.

» In the Configure station name box, select the station name defined for the
module in step 10 (in this example, drive1), and click Assign 1/0 Device

name.

* Inthe IP address and Network mask boxes, type the IP address and subnet
mask defined in step 11, and click Assign IP configuration.

14. Define the I/O module properties:

+ Select the I/O module PPO_Type_4.

* On the General tab, configure the Stop Mode Action and Control-zero mode
functions, and define Fail safe values for the PLC output process data (PZDs).

Devices -~ 3 x
=53 Safety test -
=[] PLC_AC500_v2 (PM533-ETH - TE521-ETH)
=Bl application
G} App
10_Bus
= Interfaces
Bd) comi_oniine_access (COM1 - Orline Access)
Bd) com2_Online_access (COM2 - Online Access)
B4 FBP_Online_Access (FBP - Online Access)
= g% Ethernet
@ emiEmHy
@ Protocels (Protocals)
=fi] Extension_Bus
=B AC500_SMS560_S (ACS00 SM560-5)
{20 acsoo_s
= EJ cMs73_PNIO (CM573-PNIC)
= B PNIO_Controller (PROFINET-ICController)
= ¥ FEna_21 (FENA-21)
—» Bli) rro_Type_a (PO Type 4)

Bd) PROFIsafe_ABB_PS1 (PROFIsafe ASB_PSI)

| cenera

1/0 mapping list

Information

il PPO_Type_4 X

PNIO Module /0 Mapping

Madule Information:

Ident Number 16%00000104

User-Defined Parameters:

de Set All Default Values

Parameters Value
General parameters
Stap Mode Action selection
Contral-zero mode selection
Fail safe Contral Word
Fail safe Reference
Fail safe value of Ref PZD3
Fail safe value of Ref PZD4
Fail safe value of Ref PZD5
Fail safe value of Ref PZD6

Freeze data
Use data

oo oooo

Allowed values

0.2

0.1

0..65535
0..65535
0..65535
0..65535
0..65535
0..65535

* Rename the I/O modules, for example, drive1_PPO4 and drive1_ABB_PS1.

* On the PNIO Module I/0 Mapping tab, type names for the variables that refer
to the drive's signals in the PLC program. (See section ABB_PS1 profile F-

Output user data on page 150.)

Devices > 7 X|| a0 drivel PPO4 x
=) Safety_test =
= (@) PLC_ACS00_v2 (PMSB3-ETH - TB521-€TH)

=[50 Application

General
| 1/0 mapping list

PNIO Module /0 Mapping
= @ Interfaces

B coML_Online_Access (COM1 - Online Access)
B2 cOM2_Oniine_Access (COM2 - Oniine Access)
B4 FBP_Oriine_Access (FBP - Online Access)
= &% Ethernet
@ emiEmy
@ Frotocols (Protocols)
= extension_Bus
= B AC500_5MS50_S (ACS00 SM560-5)
20 acsoo s
=B M579_PNIO (CMSTR-PNIO)
=B PNIO_Controler (PROFINET-10-Controler)
= ¥ Fena_21 (FENA-21)

—» B [crive1_PPO4 (PPO Type 9)

B crive1_ABS_PS1 (PROFIsafe ABB_PS1)

Information

{9 @ | X Clearmappings | ¥

Object Name
drivel_PPO4
drivel_PPO4
drivel_PPO4
drivel_PPO4
drivel_PPO4
drivel_PPO4
drivel_PPO4
drivel_PPO4
drivel_PPO4
drivel_PPO4
drivel_PPO4
drivel_PPO4

Variable
drivelstatus
drivelspeedAct
drivelAtPZD3
drivelATtPZD4
drivelACtPZDS
drivelACtPZD6
drive1Command
drivespeadref
drivelRefPZD3
drivelRefPZD4
drivelRefPZDS
drivelRefPZD6

Channel
Status
Speed Actual
Actual PZD3
Actual PZD4
Actual PZDS
Actual PZD6
Command
Speed Reference
Reference PZD3
Reference PZD4
Reference PZD5.
Reference PZD6.
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15. Define the PROFIsafe module properties:
» Select the PROFIsafe module PROFIsafe_ABB_PS1.

On the F-Parameter tab, modify the PROFIsafe safety parameters.
Three of the listed parameters can be modified for FENA:

Devices. ~ & X || . PROFIsafc_ABB_PS1 x
S8 50 =
B R0 exe F-Parameters for safety device
= [ PLC_ACS00_v2 (PMSB3-ETH - TBS21-ETH) General
= B Applcation Checksum F-Parameter: 30784
L} App /0 mapping list
10_Bus
= -a Interfaces F-Parameter Name Value Symbolic-Value  Description
COM1_Onl A [COM1 - Online At
B |_Oniine_Access (¢ niine Access) S FSIL 2 E] SILL SIL2 SL3
[HJ COM2_Online_Access (COM2 - Oniine Access) F_CRC_Length 0 3-Byte-CRC 3-Byte-CRC
% FBP_Online_access (FBP - Oniine Access) PNIO Madule 10 Mapging F_ParVersion 1 1 1.1
= 54 Ethernet FSource Add 1 1 1.65534
@ emieEmy Information F_Dest_Add [ 00| fioo] h.65534)
@ Protocols (Protocols) FWD_Time 200 200 20065535
= Extersion Bus F_Par CRC 30784 20784 0.65535
=B ACS00_SMS60_S (ACS00 SMS80-5) Device Info GSDML-V231-A... GSDML-V231-A... F-Parameters
540 acsoo s CreatorInfo  SafetyGSDMLCo... SafetyGSDMLCo...

=B CM579_PNIO (CMS79-PNIO)
=B PNIO_Controller (PROFINET-I0-Controler)
=¥ Fena_21 (FENA-21)
Bl PPo_Type_4 (PO Type 4)
] [PROFIsafe_ABB_PSL (PROFIsafe ABB_PS1) |

* F_Source_Add is the address of the safety controller station (in this
example, AC500 SM560-S).

* F_Dest_Add is the address of the FENA module. This is defined by FSO
parameter PROFIsafe. 11, see section Configuring the safety fieldbus
communication on page 255.
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These two define the codename for the PROFIsafe relationship of this
particular FENA module and the safety controller station.

+ F_WD_Time is the PROFIsafe watchdog time. See section Calculating the
watchdog time on page 170 for instructions on how to calculate the correct
watchdog time.

* On the PNIO Module Safety I/O Mapping tab, type names for the variables
that refer to the PROFIsafe message data in the safety PLC program. (See
section ABB_PS1 profile F-Output user data on page 150.)

Devices > 8 X || 5l divel PPO4 ] drivel ABB_PS1 X
T s - Chamnels
= [T PLC_ACS00_v2 (PM583-ETH - TB521-ETH) General

= 1) Applcation Variable Mapping  Channel Type Unit  Descr

£ Aop DT #- & ABB_PS1In0 $  ABBPSLID UNT

10_Bus e Parameter #. § ABB_PS1Ini ® ABE_PSLInl umT

= o Interfaces = ABB_PS1In2 ¢ ABBPSLInZ umT

B COM1_Online_Access (COM!1 - Oniine Access) PNIG Module Ssfety /0 Mspping #® drivet_VarSLS_act $ Variable 5L5 state BOOL

BZ1 CcomM2_Onine_Access (COM2 - Griine Access) % drivel POUS_act s POUSactive BoGL

B Fep_orline_Access (FEP - Online Access) PNIO Module [/O Mapping # drivel out x114.9 ® safe output x1149 BOOL

= & Ethernet #® drivel_out x114 8 ® Safe output x1148 BOOL

@ emiEmy Information # drivel_out_x114_7 P Safe output x1147 BOOL

@ Protocols (Protocols) % drivel_out_x113.9 » Safe output x113 9 BOOL

=@ extension_sus ® drivel out x113.8 ¢ safeoutputx113s 0oL

= B AC500_SM560_S (AC500 SM560-5) # drivel_out x113_7 ® Safe output x113 7 BOOL

=0 acsoo_s # drivel_SF_EndAc ® SF end ack req BOOL

= EJ CM573_PNIO (CM573-PNIO) # drivel SF_Endac... # SF end ack reqlocal BOOL

PNIO_Controller (PROFINET-10-Controller) % drivel STO_act ® STO control active BOOL

=) FEMA_21 (FENA-21) ® drivet_SpeedValu. ® Speed value valid BOOL

B crive1_PPo4 (PPO Type 4) #® drivet_FSO_state » FSO state BOOL

) crive1_AB8_PS1 (PROFTsafe ABB_PS1) ® drivel FSO_moden ¢ Fsomoden 8oL

% drivel FSO_model ® FSO model BOOL

® drivel_Modulating ¢ Modiating BoOL

“p drivel PS_Safe_Speed ® ABB_PS1 In Safe Speed INT
*- @ ABB_PS1_OUtD ¢ ABBPSLOUD U
+ & ABE_PS1_Outl ¢ ABEPSLOULL U
" drivel PS_VarSLSLim P ABB_PS10ut VarSLSLimit  INT

16. Create the configuration data for the controller station:
* Right-click on the Application and select Create Configuration Data.

17. Create the safety configuration data for the controller station:
* Right-click on the AC500_S and select Create Safety Configuration Data.
18. Download the safety and “non-safety” PLC programs. This is done through
Codesys, by double clicking on "Application". Then in Codesys, open Online drop

down menu and choose Login. Same is done to the safety program by double
clicking on "AC500_S".

Note: The non-safety program may be empty, but the safety program must contain a
watchdog in order for PROFIsafe to run.
19. Create a program that controls the drive:
* Double-click the Application. This opens the PLC program in the CoDeSys
programming tool.
20. Create a safety program that controls the FSO via PROFIsafe:

* Double-click the AC500_S. This opens the safety PLC program in the
CoDeSys programming tool.

Note: If you do not have an existing safety program, you must at least implement
watchdog toggling.
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WARNING! Do not use this safety program in real safety applications. This
safety program is shown only as an example and can only be used for trial
purposes.

r
ﬁ CoDeSys - AC500_S.AC500PRO [SAFETY MODE] - [PLC_PRG (PRG-ST)]
bEiIe Edit Project Insert Extras Online Window Help -|&|x

| EEe-iSSam 4 5B 5B Eme

{3PoUs 0003 SF_WDOG: SF_WDOG_TIME_SET;
(CIPROFIsate END_VAR
000

000!
<[] b

»

4[]

000" Toggle Watcndog )

SF_WDOG(
EN:=TRUE,
WDOG:=5,
RESET:=FALSE,
DONE=>,
ACT_TIME=>,
MAX_TIME==);

(* Automatic operator acknowledge for PROFIsafe *)

drive1_ABB_PS1.0A_C = TRUE;
ELSE

drive1_ABB_PS1.0A_C = FALSE;
END_IF

(* Automatic acknowledge for FSO %)
IF drive1_SF_end_ack_req =TRUE THEN
drive1_SF_end_ack = TRUE;
ELSE
drive1_SF_end_ack := FALSE;
END_IF

man Files\C.
ommon Files\C.

Goo0ga

LIBCALLBAC ™
»

12\LibranSysLi

[ |Lin: 4. Cal. 31 [ONLNE [0V [READ

€ ——

Note: This example program also keeps the SLS3 function active all the time.
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21.

22.

23

25.

For the “non-safety” program:
* In the Project menu, select Build.
* Inthe Online menu, select Login.

Note: If there are communication problems at this point, select Communication
parameters... from the Online menu.

Note: To make sure that the program is downloaded to the PLC (even when no
changes have been made), select Clean all from the Project menu.

* In the window that opens, click Yes. This downloads the program to the PLC.

* Inthe Online menu, select Create boot project. This saves the program
permanently to the PLC.

* In the Online menu, select Logout.

Repeat step 21 for the safety program.

. Switch the power of both PLCs off and on.
24.

For the “non-safety” program:

* In the Online menu, select Login.

In the Online menu of the “non-safety program”, select Run. This starts both
programs.

Online | Window Help

Login Alt+F8
Logout Ctrl+F8
Download

Run F5
Stop Shift+F8
Reset

Reset (cold)

Reset (original)

Toggle Breakpoint F9
EBreakpoint Dialog

Step over F10
Step in F8
Single Cycle Ctrl+F5
Write Values Ctrl+F7
Force Values F7
Release Force Shift+F7
Write/Force-Dialog Ctrl+Shift+F7

Show Call Stack...
Display Flow Control

Simulation Mode
Communication Parameters...
Sourcecode download

Send marked text to RemoteControl Master (e.g. as parameter)

Create boot project
Write file to PLC
Read file from PLC

Show file information
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It is possible to monitor the contents of the PROFIsafe message. For example:

1.

Check the variable values in the Current Value column on the PNIO Module I1/0

Mapping tab.

488 FSO_example.project - Control Builder Plus

Fle Edt View Project Tools Window Help

e E& LS}
Devices -8 x
=3 FsO_example =
= Giff) ACS00_PMS83_ETH [ACS00_CBP_]
&0 Acs00

) cPU_parameters (CPU parameters)
@ 10_Bus (/0-Bus)
@ Interfaces (Interfaces)
2 CcoM1_Onine_Access (COM1 - Online Access)
2 coM2_onine_Access (COM2 - Online Access)
2 FBP_Online_Access (FBP - Online Access)
=@ Communication_modules (Communication modules)
= SF% onboard_Ethernet
@ 1P_Settings (IP Settings)
=4 ACS00_SMS60_S (ACS00 SMS60-5)
B0 Acs00_s
= ©ifl cMs79_PNID
=@ CMS579_Master (CM579-PNIO-Master)
= ok Fena_21
2 drive1_PPO4 (PPO Type 4)
(0 drivel_ABB_PS1 (PROFIsafe ABB_PS1)
£ TA524_Slot3 (Dummy module)
£ TAS24_Slot4 (Dummy module)

(@ drive1_ABB_PS1

PNIO parameters | F-Parameter | PNIO Module Safety 1/ Mapping || PNIC Module /O Mapping | Information|

Channels
Variable Mapping  Channel Address Current Value
.- @ drivel_PS1_In1 +  ABBPSIIND %IW2.6
% drivel_PS1_In2 +  ABBPSIIn %IW2.7
= @ drive1_Ps1_In3 +  ABBPSII2 %IW2.8
@ drivel_VarsLs_ac. +  Variable SLS active %IX2.16.0
@ drive1_POUS_acti. +  POUSadive %IX2.16.1
@ drivel_out x114_9 +  Safeoutputx1149 %IX2.16.2
@ drivel_out x114_8 »  Safeoutputx1148 %IX2.16.3
@ drivel_out x114_7 +  Safeoutputx1147 %IX2.16.4
@ drivel_out x113_9 +  Safeoutputx1139 %IX2.16.5
@ drivel_out x113_8 +  Safeoutputx1138 %IX2.16.6
@ drivel_out x113_7 +  Safeoutputx1137 %IX2.16.7
# drivel_SF_end_a. +  SFendackreq %IX2.17.0
# drivel_SF_end_a. +  SFend ack req local %IX2.17.1
@ drivel_STO_contr. +  STO control active %IX2.17.2
@ drive1_Speed_valid +  Speed value valid %IX2.17.3
@ drivel_FSO_state +  FSOstate %IX2.17.4
@ drivel_FSO_mode0 +  FS0modeo %IX2.17.5
@ drivel_FSO_mode1 +  FSOmodel %IX2.17.6
# drivel_Modulating +  Modulating %IX2.17.7
* drivel_PS_Safe_Speed » ABB_PS1 In Safe Speed %IW2.9
-0 PROFIsafe F Message trailer %IB2.20
. @ drivel_PS1_outl +  ABB_PSIOUE %QW26  UNT 0
@ drivel_PS1_out2 +  ABB_PSIOULL %QW27  UNT 0
"% drivel_PS_var_SLS_. * ABB_PS1 Out VarSLSLimit %QW2.8  INT 0
-0 PROFIsafe F Message trailer %QB2.18
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Configuring the Siemens SIMATIC Fail-safe S7 PLC

This example shows how to configure the communication between the Siemens
SIMATIC Fail-safe S7 PLC and the FENA-21 adapter module using SIMATIC
Manager Step 7 (version V5.5+SP2) and S7 Distributed Safety Programming (version
V5.4+SP5).

For detailed configuration instructions, see the documentation of the safety PLC
(S7 Distributed Safety - configuring and programming, Programming and Operating
Manual, 07/2013, ASE00109537-05).

Before you start, make sure that you have downloaded the FENA GSD file from the
ABB Document library. See section Downloading the GSD file on page 174.

1. Start SIMATIC Manager and open/create a SIMATIC project.

2. Add the necessary objects to the project.
In this example, a SIMATIC 300 Station and an Industrial Ethernet object have
been added.

.‘-‘; SIMATIC Manager - F50_example
File Edit Insert PLC View Options Window Help

O = | 8? D ||k < No Fiter > ~| % | E
% F50_example -- C\Program Files (x36)"\Siemens'StepT\s7 proj\FS0_sxam EI@
" [ SMATIC30001] BB HMPI(T) BYE themet(1)

3. Open the hardware configuration of the project.




PROFIsafe 193

4. Select the controller station and rail from the catalog and drag them to the project.
This example project uses a CPU 319F-3 controller station (V2.8) that is installed

in a RACK-300 Rail.

% HW Config - [SIMATIC 200(1) (Configuratien) -- FSO_example] [l e
- &%

O Ststion Edit Inset PLC View Options Window Help
D=8 §la s & |0 %8 (w2
a Bix|

Ethemet(1): PROFINET-O-System (100)
Suchen #t| ey

Profie  [Standard |

71 CPU 3162 DF -
7 CPU 3172
#-{Z] CPU 317-2 PN/DP
{13 CPU 317F-2
5] CPU 317F-2 PN/DP
7 CPU 3182
#1 CPU 3193 PN/DP
51 CPU 319F-3PN/DP
- 6E57 316:3FL00.04B0
| s
E Ve
- (8 var
T ves
(0 BES7 318.3FL01-04B0
=2 CRU 614
- F-300
&S| o C1 Gty
Slt Modue | Qrder number Firmware | MP! address | | address | @ address | Camm | 4
0 Ps300
2 ([l CPu 319F-3 PN/DP E? F16-9FL00-0AB0_|v2.8 -8 RACK-300
vl e = VT L -2 Ral
o e 3 -0 SM-300
o yn SIMATIC 400
(88 CIMATIC PF Racad Cankesl 3004400

£t & [EEST 318-3FL00-04B0 . Ey
ok memory 1400KB : 0.01ms/1000 instiuctions; =

CPU 319F-3 PN/DP

« m

.

¥ 2

4 [PROFINET connection: 57 commurication
T | |foadable FBs/FCs]: PROFINET I0-Controller: L

Chg

Press Fl to get Help

5. When you install the controller station to the rail, select Industrial Ethernet as the
subnet for the controller station.

Properties - Ethernet interface PN-IO (RO,’SZ!)‘ [

General  Parameters I

If @ subnet is selected,
the next available addresses are suggested

IP address 152.168.0.1 Gateway
% Do not use router
Subnet mask 255 265 256.0

" Use router
Address:

Subnet
— not networked — New:

Ethemet(1)
Properties..
Delete

Cancel Help

6. Install the FENA GSD file:
* In the Options menu, select Install GSD Files.
* Browse for the GSD file that you downloaded from the ABB Document library.

¢ Click Install.
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Note: In some versions of the SIMATIC environment, you have to close the whole
SIMATIC program and open it again to make the new GSD file visible in the object
catalogue.

EETEE .

Install GSD Files: [ from the directory |

F:* Browsze .. |

File | Felease |\-"ersi0n | Languages |

TGEDMLAD. 3-ADE-FE M- 20 40027 sl (37772014 12-00-00 A0 2.3 English, English

Instal Show Log Select all Dezelect Al

Close

7. Click and drag the FENA object from the device catalog to the Ethernet (1):
PROFINET-IO-System.
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8. Click and drag the desired 1/0 object, for example PPO Type 4, to the first slot of

the FENA module to define cyclic standard communication between the module
and the PLC.

Click and drag the PROFIsafe object PROFIsafe ABB_PS1 to the second slot of
the FENA module to define cyclic safety communication between the module and
the PLC.

% Hw Config - [SIMATIC 300(L) (Configuration) -- FSO_example] =N R ===
B Station Edit Inset PLC View Options Window Help NEE
DS &8 RS sin &n || 22| B8 | w2
- ol x
Ethemet(1): PROFINET-I0-System (100) HE)
T ~ | Sucher: ke
=0 UR Profils  [Standard |
1 - B PROFIEUS DP P
2 E CPU 319F 3 PN/DP 28 BROFIELS-PA
X7 MPLDP =32 PROFINET IO
X2 DOF = Additional Field Devices
23 EED [ =10 Diives
X3et FPod 7 3 2 ABE FENA,
2 @ FENAD
4 E-g@ FENATT L
5 E-C PPO Types I
5 @ PPOTyped
7 [ PPOTyped
8 - [@ PPOTypeE
- o [§ PPOType?
L [
a 3 | B(2] PROFIsafe Telegrams
/ N PROFlsafs 4BB_PS1
¢ B0 Standard Telegrams
=] 0 Fena — © [0 Standard Telegram 1
Shot Module Order number | adger={ D addr... | Dia.. | C | : [ standard Telegram 2
& |G FEad A EITEEA A B FEMAZT
A7 eace e 0 Gatenay
el W 8 =L Hu 2
1 PPO Type 4 256,267 |256...267 (BB Oy %,
2 PROFlsafe ABE_PS1 R ] PROFI3afe ABB_PS1 2
GSDMLY2 3:488-FENA-201 40327kl
Press FL to get Help. Chg

10. Double-click FENA to open the Properties window.
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11. On the General tab, type the Device name for the adapter module (in this
example, drive1).

General | Identfication I

Short description: FENA
PROFINET 10 module FENA

Order No./ fimware:
Famity:

6438177287445 / V301
ABB FENA

Device name: drive 1

This is the IP address that will
GSD file: GSDMLVZ 3-ABB-FENA-20140327 be assigned to the FENA
adapter module.

Ghenge Reease Number. | To modify the IP address, click

the Ethernet button.

—Node in PROFINET 10 System

The IO controller assigns the

Device number: 1 PF{OFIN?Sys{em (100)
I ﬂ I IP address.

IP address: 192.168.0.2

v Assign IP address via |0 controller

Comment:

oK |

Note: Do not change the IP address assigned here. Use the same IP address for the
FENA adapter module also in other tools (eg, the Drive Composer pro PC tool) which
you use to connect to the drive.

12. Click OK.

13. In the hardware configuration, double-click the I/O object (PPO Type 4) in Slot 1
to open the Properties window.
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14. Type a name for the 1/O object (in this example, PROFIsafe ABB_PS1).

,

General | Addresses | PROFisafe |

Short description:

Hardware revision level:

Software revision level:

PROFlsafe ABB_PS1

PROFlsafe ABB_PS1

V1.0
V3.m

Name:

15. On the Parameters tab, configure the Stop mode and Control-zero mode
functions, and define Fail safe values for the PLC output process data (PZDs).

r B
Properties - PPO Type 4 - (R-/S1. [

General I Addresses  Parameters I |dentification I

Yalue
EE3

1=y General parameters
[#] Stop Mode Action selection Freeze data

[£] Control-zero mode selection Use data
[Z] Fail safe Control Word 0
[£] Fail safe Reference

[#] Fail safe value of Ref PZD3
[#] Fail safe value of Ref PZD4
[#] Fail safe value of Ref PZD5
[£] Fail safe value of Ref PZD6

oo oo o
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16. Assign the device name (defined in step 11) to the adapter module:

In the hardware configuration, click FENA.
In the PLC menu, select Ethernet, and select Assign Device Name.
Click the Update button.

Click the available device with the correct MAC address to which the device
name will be assigned.

Click Assign name. This assigns the name to the FENA module.
Click Close.

Device name: Id[ive1 ;l Device I.&BB FEMA,

Available devices:

IP address | MAC address | Device twpe | Device name Assigh hame |

i 0. ABBFEN&  drivel

Mode flashing test

Dwration [zeconds): I 3 - I

Flazhing on I Flazhing aff |

[ Show only devices of the same type [ Dizplay only devices without names

Update | Export... I

LCloze |




PROFlsafe 199

17. Check F-Parameters for the controller:

* In the hardware configuration, double-click the controller station (for example,
CPU 319F-3).

« Select the F Parameters tab.

* When prompted, give the password for the Safety Program. See the
documentation of the SIMATIC system for details.

* Make the necessary changes and click OK.

Properties - CPU 319F-3 PN/DP - (_ =5

Cycle/Clock Memory I Retentive Memary I Intermupts I Time-of-Day Intemupts I Cyclic Intemupts

General I Startup I Synchronous Cycle Intemupts
Diagnostics/Clock I Protection I Communication
Parameter Walue
(=24 Parameter

[Z] Safety mode can be deactivated

L@ Basze for PROFlsafe addresses 2000

[Z] fram [DB) 2184
[Z] upta [DE) 2730
F function blocks
[Z] fram [FE) 1092
[Z] upta[FB) 1364

Cren |t
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18. Set F-Parameters of the FENA module:
* In the hardware configuration, double-click PROFIsafe ABB_PS1 to open the
Properties window.
* On the PROFIsafe tab, modify the F_Dest_Add and F_WD_Time values as
needed.
* F_Source_Add is the address of the safety controller station. You can
modify this in the host F Parameters tab.
+ F_Dest_Add is the address of the FENA module. This is defined by FSO
parameter PROFIsafe.11, see section Configuring the safety fieldbus

communication on page 255.
These two define the codename for the PROFIsafe relationship of this
particular FENA module and the safety controller station.

+ F_WD_Time is the PROFIsafe watchdog time. See section Calculating the
watchdog time on page 170 for instructions on how to calculate the correct

watchdog time.

Properties - PROFIsafe ABB_PS1 - (R-/52) i ‘ =5

General | Addresses PROFIsa{e]

Parameter name Walue Hex Change value...

F_SIL SIL3
F_CRC_Length 3-Byte-CRC
F_Par_‘ersion 1
F_Source_Add 2000

Add 4 4
200
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19. If necessary, you can give proper symbol names to the cyclic data:
» Right-click the 1/0 object (PPO Type 4) in Slot 1 and select Edit Symbols...

* Add names for the symbols.

* Repeat the same for the PROFIsafe object (PROFIsafe ABB_PS1) in Slot 2.

- ™
R |0 | M | C |cCC| Address Symbol Data typ | Comment o
33 r \rC (rC |C [T | 4.0 drivel_VarSLS_active BOOL
34 r\r (- |C (- |z 4.1 drivel_POUS_active BOOL
35 ririririr [z a2 drivel_Out_x114_9 BOOL
r r | |[C | |I 4.3 drivel_Out x114 8§ BOOL =
37 r r |[C |[C |[C |I 4.4 drivel_Out_x114_7 BOOL =
® rr iririr | 4s drivel_Out_x113_9 BOOL
33 r r | |[C | |I 4.6 drivel_Out x113_§ BOOL
40 riciririr [z a7 drivel_Out_x113_7 BOOL
4 r\r (- |C (- |z 5.0 drivel_End_ack _req BOOL
42 r\r (- |C (- |z 5.1 drivel_End_ack_req_loc BOOL -
| m 3
AddtoSymbols | Delete Symbol Soting: | =]
¥ Display Columns B, 0, M. C, CC
The spmbols are updated with 'OK' or ‘Apply’
Ok | Apply | Close | Help
4]

Note: In PROFINET communication, the bits of each octet are sent the most
significant bit first. Therefore, the bits of every octet in the PROFINET message
are in reversed order compared to the bits shown in the figure. For example, the
first bit that is sent in the PROFINET message is the 7th bit of the first octet (1 0.7).
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20. Check the protection of the controller station:

» In the hardware configuration, double-click the controller station (for example,
CPU 319F-3).

» Select Protection tab.

» Select 1: Access protect. for F CPU.

* Check Can be bypassed with password.
» Enter the password twice to the edit boxes.
+ Check CPU contains safety program.

F ™
Properties - CPU 319F-3 PN/DP - (m;sa— 5

Cycle/Clock Memory I Retentive Memory I Intermupts I Time-of-Day Intemupts | Cyclic Intermupts

General | Startup I Synchronous Cycle Intemupts
Diagnostics/Clock Protection I Communication I F Parameters I Web
r Protection level

¥ Can be bypassed with password
2 Write-protection
3 Read/write-protection
Password:

Beenter password:

I

¥ CPU contains safety program

e ||

21. Save, compile and download the hardware configuration to the PLC.

The PLC is now ready for communication with the FENA adapter module.
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Configuring the communication when there is no safety program

If there is no safety program in the project, these instructions can help you to get the
communication working.

WARNING! Do not use this safety program in real safety applications. This
Y ' \ safety program is only an example which you can use only for trial purposes to
get the system up and running.

1. In SIMATIC Manager, right-click on the Blocks folder of the S7 Program of the
project.
2. Select Insert New Object, and add the following blocks to the program:
» Organization Block OB35 to call the safety program cyclically.
* Function Block FB1 using F-FBD language.
* Function FC1 using F-CALL language.

.'-; SIMATIC Manager - F50_example EIE
File Edit Insert PLC View Options Window Help
O |8 b B g 2 %s |t < No Fiter » - | ER@E B™BT
@ FS0_example -- C:\Program Files (x86)\Siemens\Step\s7proj\FSO_exam EI@
-9 F50_example Spstem data 3 081 o} 0B35 o FET
E-E SIMATIC 30001) FE1032 g3 FB1092 & FB1054 £FC01
E--- CPU 219F-3 PN/DP DB2184 &3 DB2155
E-{z7 57 Program
~{@] Sources
& EE™
Cut Ctrl+X
Copy Cirl+C
Paste Ctrl+V
Delete Del
Insert Mew Object 3 Organization Block
PLC 3 Function Block
Rewires Function
Compare Blocks... Wil
Data Type

Reference Data 3

Check Block Consistency... LR TR

Print 2
Rename F2
Object Properties... Alt+Return
Special Object Properties H

3. Double-click on the FC1 block.
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4. Set DB1 as the I-DB for the F-program block and FB1 as the F-program block.

5. Click OK and close the dialog windows.

Define New F-Runtime Group @

F-CALL block: FC1 -

E-program block: FE1 -

|-DB for F-program block: DE1
bl aw. cycle time of the F-untime inmas: 200
DB for F-runtime group communication; - ‘

Cancel ‘ Help ‘

L

6. In SIMATIC manager, double-click on OB35.
7. Add call to FC1 by dragging the FC1 block from the FC blocks folder.

8. Save the block and close the editor.

[#% LAD/STL/FBD - [OB35 -- "CYC_INTS" -- FSO_example\SIMATIC 300(L)\CPU 319F-3 PN/DP\..\OB35] =lE =
1 File Edit Inset PLC Debug View Options Window Help NER
D&& " S i || | 2 6 mm| & x?
=l Contents Of: 'Environment)Interface'
&-{ Interface [Naue -
-] New network B TEMP & TR
{28 FB blocks = 0

&3 FC blacks

(& SFB blocks
1528 SFC blocks 0835 : "Cyclic Interrupt"

Al Multiple instances

Comment :
W Libraries

Comment: ‘

’73 ‘ CALL FC 1

MiFrogam.. [B=Calsr.. |, .

2 'srock_rc
) !

[4]»IMF T Emor 2:Info 3: Crosseferences 4: Address irfo. 5. Modify 6: Diagnostics

Press FL o get Help. 2 [offline [Abs <52 [Nw1 Ln2 fInsert

9. In SIMATIC manager, double-click on FB1.

10. Add acknowledgement for reintegration by assigning the value of ACK_REQ to
ACK_REI in DB2185.




11. Save the block and close the editor.
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%}, LAD/STL/FED - [FBL -- FSO_example\SIMATIC 300(1)\CPU 319F-3 PN/DP]
File Edit Inset PLC Debug View Options Window Help

fo)le =

N EE

DEEd & & & | o | O 6 Om e k?
2l Contents Of: 'Environment)Interface’

54 Interface [Name
9 New network LagIN & [In
{] Bit logic {4k oUT & our
{1 Comparator LG IN_OUT @ §_our
{2d Converter L. J8 STAT & g STAT
DB call L@ TEMP @ TEMP
&) Jumps
1) Integer function
Mave -
8 Program control FB1l : FSC simple safety program
Status bits Comments ‘
{2 Word logic
(€8 FB blacks
{28 FCblocks NN 1-nCRNOWLEDGEMENT FOR REINTEGRATION
Jll Muttiple instances
W Libraries PROFIsafe automatic reintergration.

DB2185.D8X

"FO0000_
drivel
. AS3_PS1”.
drivel_ ACE REI
ASB_PS1". =
ACK_REQ —|

Network 2: SL53 control

Force SLS3 active all the time. Feeding a value and negation of the same value
to Exclusive Or evaluates always to TRUE.

Press FL to get Help.

XOR
1.7
"drivel
SLS3_
active" — Q1.7
"drivel_
11.7 SLS3_
"drivel zequest”
i SLS3_ -
active" =}
" BPogem . [ECa. |, .
x|
|
[A[» M 1 Emor 2 Info 3: Crossteferences 4: Address info 6: Disgnostics
2 [offline Insert

Note: This example program also keeps the SLS3 function active all the time.

12. In SIMATIC Manager, select Edit safety program from the Options menu.

13. Select Compile.

14. Select Download. If prompted, accept the inclusion of standard blocks.

15. Switch the controller station to run mode.
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Monitoring the PROFIsafe message

It is possible to monitor the contents of the PROFIsafe message. For example:

1. In HW Configuration, select Monitor/Modify for the PROFIsafe telegram in Slot 2

of the FENA module.

Cloze

d| Monitar/Madify - drivel_ ABB_PS1 - (R-/52) ==
Ornline via azsigned CPU services
Path: |F5 0_exarnplehSIMATIC 30001 \NCPU 319F-3 PHN/DP
Symbaol Display format| Status value | Modify value &

33| "drivel_VarSLS_active"  BOOL :

34| "drivel_POUS_active" BOOL

35| "drivel_Out_x114_9" BOOL

36| "drivel_Out_x114_8" BOOL £
37| "drivel_Out_x114 7" BOOL

38| "drivel_Out_x113_9" BOOL

38| "drivel_Out_x113_8" BOOL

40| "drivel_Out_x113_7" BOOL

41| "drivel_End_ack_req" BOOL -
4 I F

¥ Row Mot Effective | |pdate Force Symbal with F5

Run conditionally Run immediately

i G Status Walue [

[ Modify 2 Modity Value [ 140 Display

&%  Trigger...

; > RUNNING

Help
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Configuring Siemens S$7-1200 PLC with TIA14

This example can be done with FENA-21 or FPNO-21 adapter modules.

1. Open TIA14 and create a new project.

Create a new project X

Project name: | ACSB80 FENA-21 PROFlsafe |

Path: | 80_Profinet_TlA_Portal_Profisafelvid SP1 Prnject|___|

Version: |V14 SF1 |'|
Author: | FILAJAR |
Comment: i
v

Create ‘ | Cancel
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2. Select your CPU from the list.

Add new device

Device name:

[PLC1 |
~ [ Controllers Z Device:
w [l S5IMATIC 57-1200
~ @ cPu

-

[ cPU 1211C ACIDCIRIY

Controllers
] P_u CPU1211C DC/DCIDC
= et
] CPU 1211C DC/DCIRI
I'_i. v CPU 1212FC DODCRLY
» Uil CPU 1212C ACIDCRly
» I"_!. CPU 1212C DOIDOIDC
» [78 CPU 1212C DAIDCIRlY Article no.: | 6E57 212-1HF40-0XBO |
s Dl )
Hil » [l CPU 1214C ACIDCIRly Version: [vaz I~
] I’"_u CPU1214C DC/IDCIDC
— » [ cPU 1214C DO/DCIRlY = Description:
g » r:uCPU121 5C ACIDCIRly Wiork memory 100 KB; 24VDC power supply with
r= Do DI8 x 24VDC SINKISOURCE, can be used for safety
' I'_i. CPU1215C DDIDCIIDC applications, supports PROFIsafe, central and
» Ll CPU 1215C DCIDCRly distributed F4/0, 5-level protection concept; DQ6
PCsystems » "_I‘.cpu-]zﬁc poipoiDe xrelayand A2 on board; 6 high-speed counters
= rap— and 4 pulse outputs on board; signal beard
» W CPU1212FC DEDCIDC expands on-board 1/0; up to 3 communication
e o xp p
~ [l CPU 1212FC DCIDCIRly modules for serial communication; up to 2
! ] signal modules for /0 expansion; 0.04 msi1000
a = g instructions; PROFINET interface for
Dl EHIAAREEERERES programming, HM and PLC-to-PLC
Drives » [ cPu 1214FC DCIDCIRly communication; firmware 4.2
b I"_[. CPU 1215FC DOIDCIDC
» [l CPU 1215FCDCDCIRY [
» [l Unspecified CPU 1200
» [ CPU SIPLUS
» [l SIMATIC 57-1500
v [ cinsame o7 200
<] Il
[« Open device view oK 1 | Cancel

3. Install the FENA-21 GSDML file.

1% Siemens - C:\User\Onsite\2017\2017 Expertdays fieldbus training\AC5880_Profinet_

Project Edit View Insert Online Opticns [Tools Window Help

3F (% B saveproject Sh M 5| ) T Sertings

Support packages
= IManage general station description files (G5D)
Devices 9= g i . P (GsD)
Start Automation License Ma er

ﬂ Show reference text

Ll Global libraries »

~ 7] ACSE80 FEMA-21 PROFIsafe
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4. Add FENA-21 to the device configuration by dragging it from the hardware
catalog.

W Siemens - C:\Usen\Ol

isafelV14 SP1 ProjectiACS880 FENA-21 PROFIsafe\ACS880 FENA-21 PROFIsafe

inet_TIA_Portal

€2017\2017 Expertdays fieldbus training\ACS880

Project Edit \View Insert Online Options Tools Window Help Totally Integrated Automation
Cf Bl sovepojet & ¥ 2 X Dz 5 MG ER F coonline F Gooffine 7 MMM 2 1] " PORTAL
880 A-21 PROFlsafe » Devices & netwo

Devices |& Topology view [ Network view  [[f Device view || Options (=]
% 7% tewwork| £ Connections v 2 [ Bl
9 .. |v|catalog H
Wi AsSEBD FENA-21 PROFIsafe - \EI :
I Add new device s
g Devices & necworks PLet rier Profie B
~ [ PLC_1 [CPU 1212FC DC/DCIRLY] CRUT212rC » [l controllers =
. T » [ F L]
5 » [ FC systems ol
® Safety Administration » [ Drives & starters °
» [ Program blocks » [ Network components. 5
» [ Technology objects. » [ Detecting & Monitoring 3
» G Extemal source files » [ Distributed 1i0 g
» [@ PLCtags » [ Power supply and distribution 9
» [ PLC data types » [g Field devices =
» [ Watch and force tables ~ [ Other field devices “Z
» [ig Online backups + [l Additions| Ethernet devices =
» [ Traces. [ ~ [l PROFINETIO 3
» [3§, Device proxy data ~ [ Drives L
i Frogram info - ~[mAe8 (H]
& FLCalarm textlists [- ~ (1§ ABB FENA =
» [i§ Local modules W Fenao ]
= [k Ungrouped devices W Fenan 2

» [g§ Commen data I]W
» [5]) Decumentation settings » [ 488 Drives [

b [@ | anousnes & resources » [ SIEMENS AG

5. Open the FENA-21 device view and add (by dragging and dropping) the desired
PPO and PS telegrams to slot 1 and 2. In this example, we use PPO7 and PS2
(Additional info in manuals).

Device overview

¥ .. Module Rack clot | address | ™ | Catalog
~ FENA 0 0 [Search=
Ltz oo o 0x [ Filter Frofile: | sl
FPO Type 7_1 0 1 .
» L Head module
0 2 vrj] Module
~ [ FFO Types
Il PrO Type 3
Il FrO Type 4
Il FFO Type &
Il FFo Type 7

- p_u PROFlzafe Telegrams
|l FROFIsafe ABE_PS1

1] PROHsafeﬁajn

v [ standard Tele§rams
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6. Network view shows E-stop icon on the FENA device to indicate that device has
safety 1/0.

ACS880 FENA-21 PROFIsafe » Devices & networks

“:_5 Topology view ||5ﬂ1, Network view ‘mf Device view |

Fr Network 13 Connmections [l connecrion o %_j @ s = J—III‘]

PLC_1 FENA ]
CPU 1212FC FENA-21 E}'
FENA

Not assigned E

7. Assign FENA-21 to PROFINET controller.

PLC_1 FEMA B e
CPU 1212FC FENA-21 @}" e
) FENA

Mot assigneg &

I Accign to new [0 controller I

Dizconnect from 10

Highlight 1O syster

Show catalog  Ctrl+shift+C

Select 10 controller %

Name

r oK 1 | Cancel |

» Network configuration is updated.

PLC_1
CPU 1212FC

FENA
FEMA-21

PLC_1 )

s eein PLC_1 PROFINET I0-Syste. . gapamas
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» |/O addressing is assigned automatically to FENA. This can be seen in Device
view (highlighted with a red box in the image below).

ACS880 FENA-21 PROFIsafe » Ungrouped devices » FENA [FENA-21]

& Topology view [ Network view _[[lif Device view ||

dt [FenATFEnA21] [ = & [4)@[H @t = | [ Device overview
-
2l ¥ - Module Rack  Slot laddress  Qaddress Type Article no.
- Fena o o FEnAZ1 c438177287452
» Interface 0 0 X1 FENA
, PR Type 71 o 7 .91 i3 |rroTpe7
PROFlsafe ABB_PS2_1 o 2 1.14  1.10  |PROFisate ABB_PS2
—d
—
-

8. Select PLC from network view and Properties will show on the bottom of the

screen. In PLC properties, enable F-capability (safety and PROFIsafe) under the
Fail-safe submenu.

4 Properties

|| General [ 10tags [ Systemconstants [ Texts
» General i

- pes Fail-safe

Factivation

F-activation
F-parameters

» PROFINETinterface [X1]
» DIBIDQ & Fcapability activated
M2 X

» High speed counters (HSC) Disable F-activation

» Pulse generators (PTO/PWM)

startup F-parameters
Cycle
Communication load

Low limit for F-

System and clock memory sddresses: 1|

addresses: (98 |
Time of day Central Fource address
Protection & Security

Default Fmonitering time for
Configuration contral e I e

Web server
High limit for F-

Wulilingual support

Connection resources

Overview of addresses

9. In the F-parameters submenu, define the maximum allowed safety program

execution interval. If this value is exceeded, PROFIsafe goes to safe state
(watchdog).

JGeneraI " 10 tags " System constants " Texts |

b General Kl . o
~ Failsafe -parameters

F-activation

F-parameters Default F-monitoring time for
 PROFINET interface [X1] F-O of this interface: |‘ISD ms
General

Ethernet addresses
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10. In Ethernet addresses submenu, set the PLC IP address.

J General ” 10 tags

|| System constants || Texts |

» General

~ Failsafe
F-activation
F-parameters

w PROFINET interface [X1]
General
F-parameters
Ethernet add|
Time synchronization

Operating mode

» Advanced options
Web server access
Hardware identifier

Ethemet addresses

Interface networked with

Subnet: | PNIE_1

IP protocol

() SetIPaddress in the project
IPaddress: | 192 . 168 . 11 .10
Subnetmask: | 255 . 255 . 255 . O

11. In Advanced options, set PLC minimum cycle time for I/O and PROFINET
communication (PROFINET cycle time).

[ Properties |71} Info_1)| % Diagnostics |

Fparameters

~ PROFINETinterface [X1]
General
F-parameters
Ethemet addresses
Time synchronization
Operating mode

-

Interface options

>

>

>

|| General [ 10tags [ Systemconstants [ Texts |
» General > > |0 communication
~ Failsafe

F-activation

[ send clock: [1.000 ms [~ 1]l

Damain sewings

Real time options

Bandwidth

Calculated bandwidth for cyclic

Port [X1 P1]

10 data: |0.008 ms | [0.752 %

(max 0.500 ms}

12. For testing purposes, you can disable the PLC password. Remember to enable
the PLC password after you have done the validation.

J General " 10 tags H System constants H Texts ‘
¥ General M i .
~ Failsafe Protection & Security.

Factivation
F-parameters
~ PROFINETinterface [X1]
General
F-parameters
Ethernet addresses
Time synchronization
Operating mode
~ Advanced options
Interface options.
» Real time settings
» Port [X1 F1]
Web server access
Hardware identifier
» DIBIDQ &
A2
» High speed counters (HSC)
b Pulse generators (PTOIPW)
Startup
Cycle
Communication lead
System snd clock memary
» Web server
Multilingual support
Time of day
,
Configuration contral
Connection resources

Overview of addresses

Access level

Select the access level for the PLC.

Access level Access Access per...
HMI Read Write Fail-safe | Password
@ Full sccess incl. fail-safe (no protection) v v v v =]
() Full access (no protection) v v v
(O Read sccess v v
() HM access L4

(O) No sccess (complete protection)

Full access incl. failsafe (no protection):
A Fortal users and HM applications will have access to all standard and failsafe functions.
Ne password is required.

Connection mechanisms

[ Permit access with PUTIGET communication from remote partner
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13. In FENA properties, set the FENA-21 IP address and PROFINET device name.
The device name will be used as identification. After successful identification,

PLC will assign IP address to FENA.
Note: FB module parameters (51.04 onwards) should be static 0.0.0.0 in the drive.

[d Properties  |*i} Info_() | %/ Diagnostics

|| General [ I0tags [ Systemconstants [ Texts |
~ General I Ethemet

Catalog information eme
~ PROFINETinterface [X1] Interface networked with

General

Subnet: | PNIE_1

Ethemnet addresses
~ Advanced options

Interface options

¥ Real time settings

9 IP protocol
» Port1[X1F1]
b Port2[x1F2] (@ SetIPaddress in the project

Herdware identifier
Identification & Meintenance IPaddress: | 192 . 168 . 11_.2
Subnetmask: | 255 . 255 . 255 . 0

Hardware identifier
Use router

Router address

() IP address is set directly at the device

PROFINET

[] Generate PROFINET device name automatically

PROFINET device name: |FENA21-drive |
Converted name: |fena2idrive |

Device number: |1
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14. Configure FENA ABB PS PROFIsafe settings:
* F_Source Add = PLC PROFlsafe address
+ F_Dest_Add = FSO PROFIsafe address

+ F_WD_Time = Maximum allowed PROFIsafe message cycle time. In this
example, we use 200 ms.

ACS880 FENA-21 PROFIsafe » Ungrouped devices » FENA [FENA-21]

F_CRC_|
Hardware identifier
F_Far_Version:

F_Source_Add:
F_Dest_Add:

F_Par_CRC_WithoutAddresses:

F40 DE-number:

FI0 DE-name:

[ Topology view | Network view | Device view ||
i [ewrewen 0] 0 B (g0 @t [ Device overviow: |
¥ - |Module Rock |Slot Iad..
¥ FENA o o
> Interface o ox1
‘é@?‘ PPO Type 7_1 0 1 68...
PROFlsafe ABB_PS2_1 C 0 2 L
—
-
[
- Fi
[ Properties | %i}Info_&)| & Diagnostics
|| General [ 10tags [ Systemconstants [ Texts
~ General I —
Catalog information sate
PROFlsafe
Inputs FsiL: sz I+]
10 addresses - ‘ ‘

F_WD_Time: [200 ms
F_Par CRC: [19724

8300

Il

[ Manus assignment of F-menitoring time

[7] F+io DB manual number assignment

30002

| Foo001_FROFIsafeABE_PS2_1
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15. Add OB86 (Rack or station failure) program block to prevent PLC from stopping
on |/O error.

e\201712017 Expertdays fieldbus training\ACS880_Profinet_TIA_Portal

Project Edit View Insert Online Options Tools Window Help
MEE R F coonline ¥ cooffine fz [

Cf ] saveprojecr 3 X = T2 X 9 (¥
e oe il

Devices

Add new block

~ ] ACSB80 FENA-21 FROFlsafe MName:
[Tttt [Rack or station failure ]
g Devices & networks
~ [[§ PLC_1 [CPU 1212FC DUDG/RLY] & Program cycle Language:
I Device configuration % 4 Startup .
Number:
% Online & diagnostics B & Time delay interrupt
@) Sofety Administration Organization & Cyclic imenmupt
~ |- Program blocks & Hardware interrupt
i Add new block | & Time error interrupt
2 Main [0B1] & Diagnostic error interrupt
20 FOB_RTG1 [08123] #; & Full or plug of modules Descripton:

- Main_Safety_RTG1 [FB1
| Safety f Fe11 Arackfailure OB is called, for example, ifa

@ Nain_safery RTG1_DB [DB1] Function block & Time ofday rack or a station in the distributed 110 fails..
» [ System blocks & status
» [ Technology objects — & Update
» External source files '_ 3 Profile
~ [ PLCtags FC & MClinterpolator
%5 Showall tags & MCSenvo
B Add newtag table (A & MCFresero
4 Default tag table [39] — & MC-FostSere
» [ PLC data gypes
» [ Watch and force tables
» [ Online backups
=
b & Traces Data block
» [G} Device proxydata

more...
> | Additional information

» [ Local modules
@ s newansopen

» [ Distributed 110
» 2 tnarmunad devicac

6. Add new Function block “ABB_Drive”.
- @ e 1 w2127 DD -~ o1 T ——————.

[If pevice cenfiguration

—_

Name:
[ ABB_Drive

) Online & disgnestics
@ safety Administration -

Program blocks d

Language: FED [+]
Number . [

Organization () Manusal
block

& Main [0B1]

4 Rack or station failure [0B86]
2% FOB_RTG1 [0B123]

o Main_Safety RTG1 [FB1] (@ Automatic

@ Main_Safery RTG1_DE [DB1] e [ Create Fblock o
» [ System blocks

4

Description:

B

[ Technology ohjects ~

=
External source files q Function blocks are code blocks that store their values permanentlyin instance data blocks,
(& FLCtags Function block so that they remain svailable after the block has been executed.

“

g Show all tags

B Add new tag tble

5% Default tag table [40]
[ PLC data types F
5 Wetch and force tsbles
[ Online backups

#

Function

s
[ Traces

[, Device proxydata

8% Program info E

PLC alarm text lists

» [ Local medules Data block

» [ Distributed 10 T
» [ ungrouped devices
» (g Common data

B

b [ Languages & resources

> | Additional information
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17. Add variables to ABB_Drive FB.

96 0208 =D (== == 0 Gel &

Name Data type Default value Retain Accessiblef_ Writa_ | Visiblein . Setpaint
1 4@~ Input
2 as Drive PPO HWADDRFB  HW_SUBMODULE 0 Non-retain =] =] =]
3 @ v Output
4 = cAdd news
5 <@~ InOut
5 = cAdd news
7 4 v staetic
8 a@= PZD read errar Word Non-retain =] =] =] 0
9 @m FZD write error Word Nen-retain =) =] =] 0
10 4@ = ~ PPOOUT Struct Non-retain =] =] =]
ia = FZD OUT_1 Word Nen-retain =) =] =] O
2@ = PZD OUT 2 Word Non-retain =] =] =] 0
3@ = FZD OUT_3 Word Nen-retain =) =] =] 0
M@ = PZD OUT 4 Word Non-retain =] =] =] 0
5@ = FZD OUT_S Word Nen-retain =) =] =] 0
6@ = PZD OUT_6 Word Non-retain =] =] =] 0
7@ = FZD OUT_7 Word Nen-retain =) =] =] 0
@ = PZD OUT 8 Word Non-retain =] =] =] 0
9@ = FZD OUT_9 Word Nen-retain =) =] =] 0
0@ = PZD OUT_10 Word Non-retain =] =] =] 0
21 = FZD OUT_11 Word Nen-retain =) =] =] 0
2@ = PZD OUT 12 Word Non-retain =] =] =] 0
23 = oAdd news
24 g0 = ~ PPOIN Struct Non-retain =] =] =]
5@ = FZD IN_1 Word Nen-retain =) =] =] O
%@ = PZD IN_2 Word Non-retain =] =] =] 0
27 @ = FZD IN_3 Word Nen-retain =) =] =] 0
B@ = PZD IN_4 Word Non-retain =] =] =] 0
20@ = FZD IN_S Word Nen-retain =) =] =] 0
so@ = PZD IN_6 Word Non-retain =] =] =] 0
i@ = FZD IN_7 Word Nen-retain =) =] =] 0
s2l@ = PIDINSB Non-ret.. [~ =] ] ] ]
3@ = FZD IN_9 Nen-retain =) =] =] 0
MA@ = PZD IN_10 Non-retain =] =] =] 0
5@ = PZD IN_11 Nen-retain =) =] =] 0
6@ = PZD IN_12 Non-retain =] =] =] 0

18. Add ABB_Drive FB to OB1. Assign new instance Data Block for ABB_Drive FB.
When using multiple drives, create one DB for each drive.

Call'options %
Data block
Name | ABE_Drive1_DB [~
Number
Single O ool

instance

@ Automatic

Ifyou call the function block as a single instance, the function
block saves its data in its own instance data block.

maore...

r oK 1 | Cancel
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19. Select the corresponding FENA PPO address for the drive HW input.

¥  Network 1:
Comment
%DB2
"ABE_Drivel_DBE"
WB2
“ABB_Drive”
ENO —
=) “FENA~Head™ Hw_SubModule Rl
¥ =l "FENA~Interface” Hw_Interface
\El "FENA~Interface~Fort_1" Hw_Interface
@ “FEMA~Interface~Fort_2" Hw_Interface
M=l “FENA~PPO_Type_7_1" Hw_SubModule
\El “FEMNA~PROFIsafe_ABB_PSZ™1" Hw_SubModule
M=l “FEMA~Proxy” Hw_SubMedule
¥ Network 1:
Commen
%DB2
"ABE_Drive1_DE"
B2
“ABB_Drive™
--—EN
277
"FENA-PPO_ Drive PPO
Type_7_1" — HWADDR FB ENO —

The value can be verified from the HW configuration, in the FENA PPO type
properties, under the Hardware Identifier tab.

ACS880 FENA-21 PROFIsafe » Ungrouped devices » FENA [FENA-21]

217

‘EgTopologyview Hﬁﬁh Network view "ﬁTDeviceview L

110 addresses

Hardware identifier e e

d [Femalrenaztl  [¢] B (Gl [E @ = Device overview
~
— ¢ - |module Rack |slot 1ad...
¥ FENA ] ]
¥ Intzrface 0 0X1
45\?‘ PPO Type 7_1 ] 1 68....
PROFisafe ABB_PS2_1 0 2 1...
— 3
-
»
L FENA
‘gPereﬂies ||:i-‘.lnfo U"E Diagnostics
J General || 10 tags || System constants H Texts
» General N
Hard: identifier
Inputs
Medule parameters Hardware identifier
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20.In ABB_Drive FB, add blocks DPRD_DAT and DPWR_DAT.

& »=1 4 =0 = A=

* Block title: ™. ..

Comment

B Network 1:

Comment

=N QUTF—

+ .4 Network 1: Read and write cyclic data from drive

Comment

DPRD_DAT
RET_WAL <P
== EN RECORD SEE
<I77= LADDR ENO —
DPWR_DAT
== EN
<> LADDR RET_VAL <17
<77 RECORD END —

21. Insert values to blocks.
w*  Metwork 1: Read and write PPO message data

Comment

DPRD_DAT
..— EN RET_VAL #"FZD read error”
#"Drive PPO RECORD — #"FFO IN®
HW ADDR FE” LADDR END —
DPWR_DAT

== EN

#"Drive PPO
HW ADDR FE" LADDR RET_VAL — &#"PZD write error”

#"PPO OUT RECORD ENO —




Later the PPO message data can be found in ABB_Drive1_DB.
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Project  Edit

_F (Y saveproject & X

View Insert Online

Options
X Dz T ME B R § coonline ¥ Gooffline

Tools  Window  Help

e MR x

ACS880 FENA-21 PROFIsafe » PLC_1 [CPU 1212FC DUDURLY] » Program blocks » ABB_Drivel_DB [DB2]

¥ ] ACS880 FENA-21 PROFisafe
B Add new device
gy Devices & networks
~ [ PLC_1 [CPU 1212FC DUDTRLY]
¥ Device configuration
%] Online & diagnostics
@ Safety Administration
- [l Frogram blocks
& Add new block
4 Moin [081]
4 Rack or station failure [OB86]
4 ABB_Drive [FB2]

|8 BB _Drive1_DB [DB2]

20 FOB_RTG1 [0B123]
& Main_Safety_RTG1 [FB1]
@ Main_safety_RTG1_DE [DB1]
» [ System blocks
» [ Technology objects
» [ Extemnal source files
~ [ PLCtags
%5 Showall tags
[ Add new tag table
24 Default tag table [40]
g FLC data nypes
Watch and force wbles

» [ Online backups
» [5 Traces

» [iiil Device proxydata

Program info
PLC alarm text lists
» [ Local modules
» [ Distributed 110
» [, Ungrouped devices
(4% Common data

FFLRE T

ABB_Drive1_DB
Name

* Input

Output
Inout

4

Static
FZD read error

PZD write error
~ FFOOUT

= PZDOUTI
s PZDOUT2
= PZDOUT3
= PFZDOUT4
= PZDOUTS
s PZDOUTSE
= PZDOUT7
= PFZDOUTSE
FZDOUT 9
s PZDOUT10
= PZDOUT 1
= FZDOUTI2
- PPOIN

= PZDIN1

= PZDIN2

= FZDIN3

= PZDIN4

= PZDINS

= PZDING

= FZDINT7

= PZDINB

= PZDINS

= PZDIN_10

= PZDINLTT

= PZDINZ

N - T - T

Keep actual values o

Drive PPO HW ADDR FB

o

snapshot

Data type startvalue Retain

HW_SUBMODULE 0

Copy snapshots to start values

Accessible f... Writa...

€ & Loadswrvaluesa

Visiblein ... setpoint

22.In PLC Safety Administration, configure F-runtime group cycle time, warn and
maximum cycle time limits. If maximum limit is exceeded, PLC will go to safe

state.

Devices

ACS880 FENA-21 PROFIsafe » PLC_1 [CPU 1212F

C/RLY] » Safety Admi

+ ] ACSBS0 FENA-Z1 FROFisafe
& Add new device
iy Devices & networks
~ [[§ PLC_1 [CPU 1212FC DC/DCRLY]
Y Device configuration
% online & diagnostics

@ safetyAdministration

~ gl Frogram blocks
& Add new block
4 Main [0B1]
4 Rack or station failure [0B86]
& ABB_Drive [FB2]
@ A88_Drive1_n8 [DB2]
& FOB_RTG1 [0B123]
L Main_Safety RTG1 [FB1]
@ Main_Safety RTG1_DE [0B1]
» i System blocks
» [ Technology objects
External source files
[ FiCtags
25 showalltags.
& Add newtag table
24 Defaulttag wble [40]
PLC data types
Watch and force tables

l

[ Online backups

[ Traces

General
= Fruntime group

Fruntime group 1 [RTG1]
Fblocks
Fcompliant PLC data types
Access protection
Web server Fadmins
settings

Add F-runtime group,

An F-untime group consists of an F-OB (cycle OB or cyclic internupt OB) that calls a main safety block (FB or FC).
Additional userspecific safety functions must then be called from this main safety block. More...

dd new Fruntime group

F-runtime group 1 [RTG1]

Fail-safe organization block

Main safety block

"

Nome [FoB Rt | —2U5 . [Neinseey mretiretl =)
Eventclass T

Number [123  [§]
Cycle time N
Phase shift 108

Prionity | & : Main_Safety_RTG1_DB [DB1] :

F-runtime group parameters
Warn cycle time of the Fruntime group
Meximum cycle time of the Fruntime group
DB for F-runtime group communication

Fruntime group information DB

Delete Fruntime group

110 ms
120 ms
T -]
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23. Create tag table for ABB_PS2 safety functions. See bit descriptions from FSO
PROFIsafe profiles (Chapter 6). See correct I/0 addresses from HW

configuration.
Device overview
W - Module Rack
¥ FENA o
b Interface V]
PPO Type 7_1 o
PROFIsafe ABE_PS2_1 o

Devices

Slot
o
0x1
1

2

|l address | Q address | Type
FENA-21
FENA
68..91 6487 FPO Type 7
1.14 1..10 FROFIsafe ABB_FS2

ACS880 FENA-21 PROFIsafe » PLC_1 [CPU 1212FC DUDURLY] » PLY

e
£t

7 r:ﬁ PLCtags
%5 show all tags
B Add new tag table
% Default tag table [40]
g Drive ABB PS2[105]
[z PLC data types
|2 Watch and force tables
(i online backups

e
5 Traces

»
»
»
»
»

[§, Device proxy data

Program info

E] PLCalarm text lists
[ Local modules
[ Distributed 110

YT

Drive1 ABB P52
MHame Data type Address
- Drive1_SLS2_active Bool %I1.0
- Drive1_SLS1_active Bool %I1.1
< Drive1_Tag_3 Bool %I1.2
- Drive1_Tag_4 Bool %I1.3
- Drive1_551_active Bool %I1.4
< Drive1_SSE_active Bool %I1.5
- Drive1_SBC_active Bool %I1.6
- Drive1_STO_active Bool %I1.7
< Drive1_Tag_9 Bool %I2.0
- Drive1_Tag_10 Bool %I2.1
- Drivel_Tag_11 Bool %I2.2
< Drive1_Tag_12 Bool %l2.3
- Drive1_SAR1_active Bool %24

24. Save and download project to PLC.

Project Edit VWiew Insert Online

Project tree

Devices

Options

& X == x oo Gfm]

Tools

380_Profinet_TIA_P

Window Help

It [ & coonline i@

A
oy

1]

¥ 7] ACSB80 FENA-21 PROFIsafe
K Add new device
Eg'h Devices & networks

Wil e L, ERE D 8!
Main_Safety_RTG1
’7 Name Data ty
& ==1 [ 4 - 4= -]

=~ h PLC_1 [CPU 1212FC DC/DCIRLY]

w RBlock title:
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25. Scan for accessible devices (start search). Note that a firewall can block traffic.

nded download to device [%

Configured access nodes of "PLC_1"

Device Device type Slot Type Address Subnet
PLC 1 CPU1212FCDC.. 1X1 PNIIE 192.168.11.10 PHNAE_1

Type of the PGIPC interface: PIIE ﬂ

PGIFCinterface:  [Wl Belkin FSDS055 Gigabit USE 2.0 Network Ada..| v | &

Connection to interfacelsubnet: | PHIIE_1 ‘v| @
| @
Select target device: Show all compatible devices ‘vl
Device Device type Interface type Address Target device
PLETZ CPU1212FCDC... PNIE 192.168.11.10 RPLESZ
= = FNIIE Access address =

["| Flash LED

Online status information: [T pisplay only errar messages
1 Found accessible device abbdrive-6 [192.168.11.6]

€ scancompleted. 1 compatible devices of 4 accessible devices found.

9 Retrieving device information... E

Scan and information retrieval completed. [+]

‘ Load | ‘ Cancel |

26. In device configuration, right-click FENA icon and select Assign device name.

PLC_1
CPU 1212FC

FENA
FENA-21

»

[If pevice configuration

Write 10-Device name to Micro Memory Card
J==== Startdevice tool .

Ctrl+X
Crrl+C
Crrl+v

Del

Disconnect from DF master system [ 10 system
(¥ Highlight DF master system /10 system

& Go to topalogy view

Compile d
Download to device »
& Goonline Crrlek
o~ fiine Ctrl+1
%/ Online & diagnostics Cul+D

i

EF fasign device neme |\

Show catalog CrrlsShift+C

[d] Properties Alt+Enter

[ Export module labeling strips...
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27. Select update list and identify the correct FENA-based on MAC ID label. Click

Assign name.

Note: The MAC ID can be found on the cover of the FB module.

Assign PROFINET device name.

Configured PROFINET device
FROFINET device name: | fena21-drive [+
Device type: | FENA21 ‘
Online access
Type of the PGIFC interface: ﬁ_PNl‘IE |‘|
PGIPCinterface: (Wl Belkin FSDS055 Gigabit USB 2.0 Network Ada... = | €[]
F? Device filter
[¥) Only show devices of the same fype
[] Onlyshow devices with bad parameter settings
[] only show devices without names
Accessible devices in the network:
IP address MAC address Device FROFINET device name Status
0.0.00 00-1C01-0198-61 FEMNA-21 = I No device name assigned
[] Flash LED
[<] 1 [[2]
[ Update list | ASE?I’] name |
Online status information:
(i} Search completed. 1 of 4 devices were found.
[<] i [[2]

The PLC will assign a name and IP address to the selected FENA and drive

parameter group 51 values will update accordingly.
- 51. FBA A settings

1 FBAAtype Ethernet Nolnit
2 Protocol/Profile PNIO ABB Pro  MNoUnit
3 Commrate Auto Nolnit
4 IP configuration Temp IP NoUnit
5 IP address 1 192 Nolnit
G IP address 2 168 Nolnit
T IP address 3 11 NoUnit
g IP address 4 2 NoUnit
9 Subnet CIDR 24 NoUnit
10 GW address 1 192 NoUnit
11 GW address 2 168 NoUnit
12 GW address 3 11 NolUnit
13 GW address 4 2 Nolnit
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Fault tracing

Reading diagnostic messages
You can read the PROFIsafe diagnostics messages from:
1. the Event logger of the Drive Composer pro PC tool,
2. the Event log of the ACS-AP-x assistant control panel and

3. the error buffers of the PLC system. In this case, make sure that drive parameter
51.21 is set to Enabled (see the drive firmware manual).

ABB AC500-S

In the ABB AC500-S system, you can read PROFINET diagnostics messages from
Control Builder Plus or with a separate PNIO_DEV_DIAG function block in the “non-
safety” PLC program.

To read the alarm data of the last active alarm from Control Builder Plus:
1. Select FENA_21.

2. On the Diagnostics for Profinet slave tab, select Refresh to read diagnostics
messages.
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SIMATIC Manager

To read diagnostics messages:

1. In the PLC menu, select Diagnostic/Setting.

2. Select Hardware diagnostics.

3. In the window that opens, select the FENA module of your system.

4. Click the Module Information button.

Bath: IFSD_exampIe\SIMATIC 300(1sCPU 319F-3 PN/DP

CPU/Faulty Modules

Module Addr. DP PH R 5 Module |nformation. .. I
: R

a0 device E 8186 - 10ar1)

Open Station OMWLIME .. |
Update |

¥ Display Quick View during hardware diagnostics

Cloze | Help |
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5. To read the diagnostic messages, select the 1/0 Device Diagnostics tab.

Path: IFSO_mpIe\SlM.F\.TIC J00(TMCPU 313F-3 Operating mode of the CPU: (8 STOP
Status: s34 Emor

General O Device Diagnostics

10 controller: PN-IO

il anufacturer's description - Device [0

Hexc. Format... |
Standard diagnostics:

Channel-specific diagnostics:

Slot Channel ... | Emor

Mismatch of safety destination address (F_Dest_Add)

Help on selected diagnostic row: Dizplay |

Cose |  Update | Pt | Help
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6. To check the Device number of the FENA module, select the General tab.

Device Number: 1

Plart designation:

F§ Module Information - FENA EI = @
Path:  [PS_test\SIMATIC 300(1\CPU 319F-3 PN/D  Operating mode of the CPU: & STOP
Status: #Z¢ Emor
Metwork Connection ] Statistics ] |dentification I
General IO Device Diagnostics ] Communication Diagnostics ] Interface ]
Description: FENA System Idertification: PROFINET IO
Name: FEMA.PROFINET-IO-SYSTEM
Version: Order Mo/ Description Component Version
6438177287452 Hardware 1
Firmware V3ns
10 system: 100 Address: 18185

Location designation:
Status: Faulty module {diagnostic intemmupt detected) and not available (/0 access emor »
External emor
Close | Update | Print... | Help

Diagnostic messages related to F-Parameters

The diagnostics messages in this table are caused by problems in the
F-Parameter processing that takes place only when the controller station sends the

F-Parameters to FB module. This happens nor

mally only when the controller station

starts up the PROFINET communication with the FB module.

Value Description Notes
(hex)
64 Mismatch of safety destination F_Dest_Add did not match the value
(0x0040) |address (F_Dest_Add). configured in the safety parameters
(PROFIsafe.11 PROFIsafe F_Dest_Add).
65 Safety destination address is not valid | F_Dest_Add of 0 or FFFFh is not allowed.
(0x0041) | (F_Dest_Add). Avalid F_Dest_Add is within range
1...65534.
66 Safety source address is not valid F_Source_Add of 0 or FFFFh is not
(0x0042) | (F_Source_Add). allowed.
Avalid F_Source_Add is within range
1...65534.
67 Safety watchdog time value is 0 ms Watchdog time 0 ms is not allowed.
(0x0043) | (F_WD_Time). Avalid F_WD_Time is within range
1...65535.
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Value Description Notes

(hex)

68 Parameter "F_SIL" exceeds SIL from | F_SIL defined for this device at F-Host is

(0x0044) specific device application. not correct. This device supports only
F_SIL=3.

69 Parameter "F_CRC_Length" does not | F-Parameter checksum length different

(0x0045) | match the generated values. from 3 octets. This device supports only
three (3) octet CRC2.

70 Parameter "F_Par_Version" set Version of F-Parameter defined for this

(0x0046) | incorrectly. device at F-Host is not correct. This device
supports only V2.

71 CRC1 Fault Checksum CRC1 calculated over the

(0x0047) F-Parameters does not match the
checksum value in the F-Parameters.

72 Device-specific diagnosis information | Unsupported PROFINET submodule

(0x0048) identification number received from the
controller station upon PROFINET
connection, or general error in the F-
Parameters.

Typical communication errors

This table lists some typical error situations in the PROFINET and PROFIsafe
communication.

Fault

Cause

What to do

You cannot start
the PROFINET

The FB module station name

Check the station names in both

communication.

saved in the FB module does not
match the station name of the FB
module in the PLC configuration.

places.

The FB module IP address saved
in the FB module does not match
the IP address of the FB module in
the PLC configuration.

Check the IP settings in both places.

The FB module is not configured
for the PROFINET
communication.

Check drive parameter 51.01 or
54.01. See the FB module user’s
manual for details.
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Fault

Cause

What to do

You cannot start
the PROFIsafe
communication.

The drive safety parameters are
not set correctly.

In the ACS880 drives, check the
values of parameters 200.222 Safety
bus type and 200.223 Safety fieldbus
adapter slot. See section How to
configure the safety communication
with PROFIsafe on page 255 for
details.

The PROFIsafe destination
address of the FB module does
not match the station name of the
FB module in the PLC
configuration.

In the ACS880 drives, check the
value of parameter PROFIsafe. 11
PROFIsafe F_Dest_Add. See section
How to configure the safety
communication with PROFIsafe on
page 255 for details.

PROFIsafe

communication
watchdog time
exceeds often.

The watchdog time is too short.

Calculate a new watchdog time. See
section Calculating the watchdog
time on page 170.

All errors solved
but you still cannot
start the
PROFIsafe
communication.

After you have modified the
configuration of the safety
devices, you may have to reboot
the whole system before the
changes take effect.

Reboot the safety PLC.

If this does not help, reboot also the

FSO module, the FB module and the

drive.

To reboot the FSO module:

+ switch the power off and on, or

+ use drive parameter FSO reboot
(parameter 96.09, see the drive
firmware manual).

To reboot the FB module:

» switch the power off and on, or

» use drive parameter FBA A/B PAR
REFRESH (parameter
51.27/54.27, see the drive
firmware manual).

To reboot the drive:

» switch the power off and on, or
 use drive parameter Control board
boot (parameter 96.08, see the

drive firmware manual).
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Planning for installation

Contents of this chapter

This chapter gives instructions and references to instructions in other manuals for
planning the safety system installation, as well as the requirements for installation in
the applicable safety standards.

Requirements for designers and installers

» Designers and installers must be trained to understand the requirements and
principles of designing and installing safety-related systems.

+ Designers and maintainers must be trained to understand the causes and
consequences of Common Cause Failures (CCF). See the checklist for the
appropriate standard in section Checklists on page 247.

Mechanical installation

Installation site

The subsystem elements must always be likely to operate within the range of
temperature, humidity, corrosion, dust, vibration, etc. for which they are specified,
without the use of external environmental control (see section Ambient conditions on
page 416).

The FSO module must only be used in an environment where no conductive dust or
contaminants are present. One way to ensure proper protection against
contamination is to use the FSO module in at least an IP54 enclosure. For further
information on environmental limits, see chapter Planning the mechanical installation
in the drive hardware manual.
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WARNING! If you operate the drive system with a safety module in
environmental conditions that are outside of the specified ranges for the safety
module, this can cause that a safety function is lost.

Electrical installation

General requirements

Electrical installation of the safety system must be performed according to the
practices outlined in chapter Planning the electrical installation in the drive hardware
manual.

Chapter Installation checklists provides additional advice for the planning.

All wiring must be well protected, routed and clamped where practicable.

When installing cabling it must be assured that there is no pulling or pinching on the
cables.

Connections

Inputs and outputs

To design the safety system architecture and select components to be used, it is
essential to read and understand the different architecture options (for example single
channel / redundancy).

Single inputs can be connected to any terminal X113:1...4 or X114:1...4.

Redundant inputs must be connected so that one input is connected to X113:n, and
the other is connected to X114:n (n= 1...4; the same for both inputs).

Use diagnostic pulse TP1 (X113:10) for the X113 inputs and TP2 (X114:10) for the
X114 inputs.

24V TP2 X114:10 Diagnostic pulse 2

I
TP1 X113:10 Diagnostic pulse 1
@]
-
D1 X113:n,n=1...4 Digital input 1
DI2 X114:n,n=1...4 Digital input 2

oV
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Note: You can use calculation software to assist in selecting the appropriate
architecture that will meet the safety integrity requirements for a particular application.
Use, for example, ABB’s Functional safety design tool, see Functional safety design
tool user’s manual (3AXD10000102417 [English]).

STO cable and data cable between FSO module and drive
For the specifications, see STO cable and data cable between FSO module and drive
on page 415.

Power supply connection/cables
The system must be protected against over-voltage and over-current.

The length of the cabling between the FSO and its power supply must be
three meters or shorter, or a sufficiently low interference level must be otherwise
guaranteed.

Note: The 24 V DC power supply should be equipped with a supply disconnecting
device to enable an easy start-up of the FSO module.

Note: The FSO module power input (X112) is protected against over-voltage, under-
voltage and over-current, and it has a reverse polarity protection. FSO module enters
Fail-safe mode if any of these protections trip. The module enters Fail-safe mode also
if output voltages of the internal power supply are outside specified limits due to
supply input over-voltage.

Note: If you de-energize the FSO module, you cannot operate the drive.

Ensuring the EMC compatibility
The system must only be used in the EMC environment it is designed for, or
necessary mitigations must be applied.

Selecting control cables

All control cables must be shielded. Use double-shielded twisted pair cable for low
voltage digital signals (control cables to on-field devices). An alternative solution is to
use single-shielded twisted multi-pair cable.

See section Control connection data on page 414 and chapter Planning the electrical
installation in the drive hardware manual.

Routing the cables
See chapter Planning the electrical installation in the drive hardware manual. Obey
especially these rules:

*  When using redundant signaling, take care to avoid common cause failures in the
cables. This can be done by routing the two channels through two well-apart
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routes, or by protecting the cabling appropriately, for example by using double-
shielded cables.

Never mix 24V-level signals with non-ELV-signals or power feeds in the same
cable.

Safety Related Electronic Control System (SRECS) signal cables for the
individual channels must be routed separately from the other channels at all
positions or sufficiently shielded.

SRECS signal and electrical energy power cables must be separated at all
positions or sufficiently shielded.

Cross-connection between the channels of the subsystem must be prevented.
Signal paths must be physically separated (for example, separation in wiring).

Standard function and wiring examples

Passive switch

Examples:

Limit switch
Emergency stop button

[ X113 X114 Physical separation of the
| T I ———— different channels or appropriate
TP 10|(eA]__ ||eF - 1 cable protection (eg. double-

| o g N | shielding)
| || -

: of®
| 6] |
| GND 5110

41 | || |

|

o 3 - |
| 11 o] i — — — — Channel separation
| - | - ~ | Diagnostic pulses
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Relay / contactor output with feedback

Examples:
+ Brake control
» Door/gate unlock

| X113 X114 |
| —1 = [—1
TP 10 . l
| [ I\
4 (PRI |
DO 8
N C e +1-
| | —
oo 3 H
s T
1 C
| — I
T Diagnostic pulses
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Safe brake control (SBC)

In this figure normal and safe brake controls are connected in series. Both are
independent and redundant 2-channel solutions.

The safe brake control needs a feedback from the brake system. The SBC feedback
can be from a relay/contactor or from the mechanical brake itself.

Note: If also the drive can control the brake, the feedback must not be from the
mechanical brake.

DO e—m—m7—m

\l—-—

a
GND o—mn--—
[ X113 X114 I
| —1 " [
TP 10 ® .
| 9|1l ] !
DO 8
| idcy@l|iC 1Y
| &nD gg.\ C
: a0~ 0 —
3
I 7Y
1 ®
| — I

Hm

T Diagnostic pulses
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Active sensors / input signals from solid state devices

Examples:
+ PLC 24V DCPNP
+ Light curtain OSSD

X113
TP 10|[]
9 —
DO 8 ||
7 —
6
GND u
4 —
3
DI 5|
1]le

X114

Physical separation of the different channels
or appropriate cable protection (eg. double-
shielding)

Diagnostic pulses from an
active sensor must not be
overlapping.

ol T T Tl [T T 1]

— — — — Channel separation

Outputs to solid state devices

Example:
+ PLC 24V DCNPN

X113
TP 10| ]
9_
DO 8|
_ 7|e
6
GND ¢ |
4_
3
DI 5|
1L

X114

,,,,, NPN

Physical separation of the different channels
or appropriate cable protection (eg. double-
shielding)

CH1 24V DC

inputs

— — — — Channel separation

1 Diagnostic pulses
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Cascade

Example:

X114 X113

@i

E-stop
button

=)

Sacl

AWN =

o o
@
P4
O

|}
(@]

(OO [ [ T]
oo o~

=
—
o

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Physical separation of the different
channels or appropriate cable protection
(eg. double-shielding)

— — — — Channel separation

Diagnostic pulses

Common |
GND ~

X113

oA~ WN =

© o~
[w)
(]

ST T T TI1e0T] X
3

=y
o
—
T

X113

DI

BWN =

o o
Q@
P4
o]

© o~
@)
(]

[CeT T T 1T 1eT ] X
:

=
o
—
T

Common _|_
GND ~

Module 1
(cascade
master)

Module 2

Module 3
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Installation

Contents of this chapter

This chapter gives examples of how to connect the FSO module to the ACS880 drive.

WARNING! Connect the FSO module to a 24 V DC power supply. If you

connect it to a power supply with a higher voltage (for example, 115 V or
230 V), it will cause damage to the module. If this occurs, the module must be
replaced.
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Unpacking

If you have ordered the FSO module option separately, it is delivered in its own
package. The package contains:

» the FSO module (1)

+ connector plugs and attachment screws (2)

* 2 x FSO data cable, 220 mm and 85 mm (3) 2 x STO cable, 220 mm and 400 mm
4)
» connector for the power supply wires (5)

* mounting plate for ZCU-14 (6). The default mounting plate for ZCU-12 is attached
to the module.

+ user's manual (not shown in the figure).

Examining the delivery

Make sure that all parts are in the package and that there are no signs of damage.

Notify the shipper immediately if you find damaged parts. Do not use damaged parts,
they must be replaced.
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Make sure that the FSO module is of the correct type. Refer to Type designation label
on page 35.

Mechanical installation

If you have ordered the FSO module option with the drive, it is delivered with the FSO
already installed and the FSO data cable connected. In this case, continue with
Electrical installation on page 241.

If you have ordered the FSO module option separately, it is delivered in its own
package and you must install it to the drive control unit.

Do not install the FSO module on a FEA-03 F-series extension adapter.

If necessary, remove the default mounting plate from the FSO module and replace it
with the other mounting plate in the package.

You can install the FSO module:

+ onto the control unit

« adjacent to the control unit.

If you do not install the module directly onto the control unit, make sure that the

module is correctly grounded. For the requirements of the STO cable and data cable,
refer to STO cable and data cable between FSO module and drive on page 415.

Installing the module onto a BCU control unit

Install the FSO mechanically onto the control unit as described in the drive or inverter
unit hardware manual and BCU-02/12/22 control units hardware manual /
(3AUA0000113605 [English]). For the tightening torques, refer to Tightening torques

on page 415.
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Installing the module onto a ZCU control unit

Install the FSO mechanically onto the control unit as described in the drive hardware
manual. For the tightening torques, refer to Tightening torques on page 415.

Examples are shown below:




Installation 241

Electrical installation

Terminals

The connections are shown in the figure below.

X110:
DATA | Data connection to the drive

control unit
A Eﬁﬁﬁﬂ Eﬁﬂ H X111

X111 4] 3] 2| 1|s10 (X112 zI 1 | POWER 1 STO|STO 24 V
g ST+ e 2 |STO|STO ground
3 | STO| STO1LO drive internal signal
[=] =)
G >:< S@%qgt%s module B 4 | STO|STO2LO drive internal signal

X112:
1 |POWER|24 V
2 |POWER|OV

X113:

1 | DI Channel 1 digital input 1
DI Channel 1 digital input 2
DI Channel 1 digital input 3
DI Channel 1 digital input 4
GND | Signal ground

GND | Signal ground

DO | Channel 1 digital output 1
DO | Channel 1 digital output 2
DO | Channel 1 digital output 3
0| TP | Channel 1 test pulse out

114:
DI Channel 2 digital input 1
DI Channel 2 digital input 2
DI Channel 2 digital input 3
DI Channel 2 digital input 4
GND| Signal ground

GND| Signal ground

DO | Channel 2 digital output 1
DO | Channel 2 digital output 2
DO | Channel 2 digital output 3
0| TP | Channel 2 test pulse out

S O(o|N|O|O||W|IN

x

A | Electronics grounding screw

B | Enclosure grounding screw, at any of the
mounting points, depending on the
installation type

S| O[O N|O|O|R(WN|—

Note: The signal grounds (X113:5, X113:6, X114:5, X114:6) are not suitable for
grounding the cable shields.




242 Installation

Connection procedure

WARNING! Obey the safety instructions. See chapter Safety instructions on
page 13. If you ignore them, injury or death can occur.

1. Stop the drive and do the steps in section Electrical safety precautions on page 14
before you start the work.

2. Make sure that the FSO electronics grounding screw is correctly tightened. See
section Tightening torques on page 415.

3. Make sure that the enclosure grounding screw is correctly tightened. Use T10
head. See section Tightening torques on page 415.

X111 S DIHIISTO® X111 e R
FS0O-12 ABB

Safety functions module

POWER
RUN
STATUS / FAULT

N N N ) X110-E4T4

Safety functions module

© POWER

® RUN

@® STATUS/FAULT
® STO

@ FB

GND
-8
5 0
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4. Make sure that the FSO data cable (terminal X110) is connected to the drive. Use
only the cable delivered with the module.

© POWER
© RUN

© STATUS/FAULT
© sio

=
5
=
&
)
=
2
g
o
®

© RUN
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5. Connect the supplied four-wire cable to the FSO terminal X111. Connect the other
end of the cable to the drive STO connection (XSTO connector). ABB
recommends to use the cable delivered with the FSO module. For a user-defined
cable, see section STO cable and data cable between FSO module and drive on
page 415.

6. Connect the digital inputs, digital outputs, diagnostic pulses and signal ground at
the FSO terminals X113 and X114 according to the application requirements.
» Use a tightening torque of 0.24 Nm (2.1 Ibf-in).
» Use proper cable strain relief.
* Use only the I/O terminal blocks attached to the FSO module.

» Make sure that the ground terminal maximum current is not exceeded. See
Control connection data on page 414.

¢ FSO-12
X|  Safety functions module.
© POWER
® RUN
@ STATUS/FAULT
R R R R R RR R

BT Rt x110HEAA
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7. Connect the power supply wires to the FSO terminal X112. Use a tightening
torque of 0.24 Nm (2.1 Ibf-in) for the FSO terminals. Use proper cable strain relief.
See also section Power supply connection/cables on page 231.

o000 0 X0

Va® ©.Le
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Installation checklists

Contents of this chapter

This chapter contains a checklist for checking the mechanical and electrical
installation of the FSO module and refers to common cause failure checklists in
standards.

Checklists

Check the mechanical and electrical installation of the FSO module before start-up.
Go through the checklists below together with another person. Read chapter Safety
instructions before you work on the safety system.

WARNING! Obey the safety instructions. See chapter Safety instructions on
page 13. If you ignore them, injury or death can occur.

Stop the drive and do the steps in section Electrical safety precautions on page 714
before you start the work.
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Check

MECHANICAL INSTALLATION (See chapter Planning for installation and section Installation:
Unpacking.)

O The ambient operating conditions are within the allowed range.

[0 Drives with separate inverter and supply units: Make sure that you have installed the
FSO module in the inverter unit.

[0 The FSO module is attached properly and the grounding screw is correctly tightened.
[0 FSO data cable and STO cable are correctly installed and connected.
[0 Packing materials and tools have been removed from the installation area.

ELECTRICAL INSTALLATION (See chapter Planning for installation and section Installation:
Electrical installation.)

O ifa PELV power supply is used, its ground has to be in the same potential as the drive
ground.

Appropriate supply (input power) fuses are installed.

Data cable between the drive and the FSO module is routed separately from high power
cables (drive supply and motor cabling).

1/0O wiring is appropriately clamped, marked, tightened and protected.

24V DC power supply is properly connected and secured with strain relief, and the
polarity of the supply voltage connection is correct.

o Ogo oOag

Make sure that the FSO electronics grounding screw is correctly tightened.




Configuration 249

Configuration

Contents of this chapter

This chapter describes the password usage, outlines the configuration process and
gives examples of how to configure the FSO module to implement each safety
function as described in chapter Safety functions.

Competence

The person who configures the safety functions in the FSO module must be a
competent person as required by IEC 61508-1 clause 6. In this context, the person
must have adequate expertise and knowledge of functional safety, the safety
functions as well as the configuration of the FSO module. ABB has training courses
available on the FSO module.

Password

You need a password to be able to upload the parameters from the FSO and
download the modified parameters from your PC to the FSO and the drive.

The password is set to “12345678” at the factory. The password must contain 4...8
digits. When you change it, do not forget the new password; otherwise you have to do
a factory reset to the FSO which clears the configuration and resets the parameters
to the factory defaults. The password is reset to the default “12345678”.
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Configuring the FSO module

Overview - safety system configuring process

The diagram and table below explain the main phases of the safety system
configuring process.

FSO
configuring
P — = = —

L — —

1. Risk assessment
{
2. Safety requirements
_______ *, _
3. Planning the configuration of the FSO
{
4. Design of the safety functions
{
5. Commissioning of the FSO

{

6. Validation of the functional safety system

{

7. Validation test report
8. Modification

{

9. Decommissioning
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No.

Phase

N

Risk assessment & Safety requirements

+ analysis and evaluating of the risks

» need for risk reduction

» required PL or SIL level

» speed limits and distances for safety functions.

Planning of the configuration of the FSO

How to do the safety configuration in a safe way, including configuration,
commissioning, validation and verification.

Design of the safety functions

Selected safety functions and related parameter settings must be based on
the risk assessment and the safety requirements of the application. For
example:

« safely limited speed (SLS) trip limits
» settings of I/O’s

» selection of the stopping function

« diagnostics and fault reaction, etc.

Commissioning of the FSO

» configuring and fine tuning of the safety parameters of the FSO module
» commissioning of the PROFIsafe connection to the safety PLC

« electrical installation, etc.

Validation of the functional safety system

Validation of the safety functions which are used in the safety system: They
operate as required in the application, and the safety requirements (SRS)
arising from the risk assessment are fulfilled.

If any of the safety functions does not pass the validation tests, it is
necessary to return to the design phase, and modify the safety function so
that it fulfills the safety requirements from the risk assessment. After the
modification, the validation test(s) must be repeated and passed.

See chapter Verification and validation.

Validation test report
Validation must be properly documented and stored.
See section Validation test reports on page 369.

Modification
After the modifications, the validation tests must be repeated and passed.

Decommissioning
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FSO configuring procedure

The FSO parameters are set with the Drive Composer pro PC tool. The names of the
FSO parameters and parameter settings are shown in the manual as they appear on
the screen when using the tool. See Drive Composer PC tool user's manual
(3AUA0000094606 [English]) for instructions on using the tool.

You must always check all parameter values to make sure that they are suitable for
your application. The pre-set values in a delivered FSO module or factory default
values are not valid for any safety application as such.

Note: Configuration is only possible when the drive is not modulating or the FSO is in
the Safe state.

Note: FSO-12 and FSO-21 have different firmware versions, and thus their safety
configuration files are not compatible.

Note: After you initially start up the FSO and also after you later modify any
application parameters or the configuration, you must check the safety of the entire
system by doing a verification according to the system safety verification plan and by
doing a validation of the correct operation of the safety application. See chapter
Verification and validation.

1. Plan the configuration (parameter values) according to the safety requirements of
the system, installation, wiring, etc. These requirements should be based on the
risk assessment of the application. The configuration should take into account
also the electrical design documents of the system.

2. Set the parameter values for the FSO module using the Drive Composer pro PC
tool.

a. Power up the drive and make sure that the motor is not running.

b. Connect your PC to the drive, start the Drive Composer pro PC tool and select
Safety settings.
c. Open the parameters for setting:

 First configuration: Upload the parameters from the FSO to the PC tool
(button Read settings from drive). A password is required.
Make a backup copy of the pre-set safety file (button Save to file).

+ Existing configuration: Open the configuration file (button Load from file).

Note: When you upload parameters from the FSO module to the PC tool, the FSO
goes into the Configuration mode and indicates a fault (7A8B). You can exit the
Configuration mode by rebooting the FSO module (for rebooting instructions, see
FSO recovery on page 404) or by downloading the parameters to the FSO (steps
2.e - f below).
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d. Set the parameter values.

* General parameters: Check at least that the motor parameters are correct

» Safety fieldbus communication (if used): Set up the communication
between the safety PLC and FSO module.

» Safety functions: You must at least check and set the parameters related
to the STO and SSE functions, regardless of what you use the FSO for or
which safety functions you use. The FSO can activate the STO and SSE
functions in internal fault situations. The STO and SSE functions are
essential for the FSO to be able to make the system safe.

* 1/O: Check that the I/O parameters are set according to the installation
(wiring) plan. Set diagnostic pulsing for I/Os when necessary. Check
possible safety relays and cascade connections.

Note: Make sure that the diagnostic pulsing settings are compatible with
all devices in the system (for example, switches, light curtains and PLCs).

e. After configuring all necessary functions, do these two steps:

» Download the configuration to the FSO (button Download to FSO and
validate). A password is required.

« Save the configuration to your PC (button Save safety file).

f.  After downloading, the FSO and the tool validate the configuration, and the
tool asks you to confirm the validation.

g. Change the password to protect the settings (button Change password). A
password is required.
Note: The motor must be stopped when you change the password.

3. Validate safety functions, print the report from the configuration, including all the
values of the parameters and CRC. Sign and store the report according to your
safety management plan. Note: You can use the safety configuration report in the
Drive Composer pro PC tool for this purpose.

Note: Make sure you saved the safety file after validation for later use. The safety file
is not included in the drive backup process.

Note: If you want to clear the configuration and start again from the factory setup, do
a factory reset. See section Factory reset on page 410.
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Configuring general settings

How to configure general settings

To configure the general settings, set the FSO parameters listed below to appropriate
values using the Drive Composer pro PC tool. See parameter group FSOGEN on
page 180.

Example: The figure below shows an example I/O set-up:

» After power-up, the acknowledgement can only be performed manually
(FSOGEN.41 Power-up acknowledgement = Manual).

» Acknowledgement button is connected to input X114:4
(FSOGEN.42 Acknowledgement button input = DI X114:4).

* FSOGEN.22 Motor nominal frequency = 50.00 Hz. Use the same value with the
drive parameter 99.08. Motor nominal frequency, and the value on the motor type
designation label.

* FSOGEN.21 Motor nominal speed = 1500.0 rom. Set this parameter to the motor
synchronous speed, not the nominal speed. The nominal speed is shown on the
motor type designation label. For the synchronous speed, refer to the table in
section Safe speed estimate on page 39.

* FSOGEN.51 Zero speed without encoder = 90.0 rpm. Stopping functions are
considered to be completed at this speed. Use suitable (low enough) value
according to application.

» External requests ending in the drive STO are reported to the drive as events
(FSOGEN.61 STO indication ext request = Event).

« Safety function limit hits are reported as faults
(FSOGEN.62 STO indication safety limit = Faul).

» No output connected for the completion of stop functions (STO, SSE, SS1)
(FSOGEN. 11 Stop completed output = None).

FSOGEN.42 FSOGEN.41
= DI X114:4 = Manual
FSOGEN.22 FSOGEN.61| r — A
=50.00 Hz = Event —| Drive |
FooeraT FsoGen.62 | | S?/:?::n '
=1500.0 rpm -

P =Fault| -+ — 4
FSOGEN.51
=90.0 rpm FSOGEN.11

= None
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Configuring the safety fieldbus communication

How to configure the safety communication with PROFIsafe

To configure the safety fieldbus communication between the FSO module and a
safety PLC, set the FSO parameters shown in the figure below to appropriate values
using the Drive Composer pro PC tool. See parameter groups Safety on page 324,
SBUSGEN on page 356 and PROFIsafe on page 357.

In addition, you must install the FB module to the drive and set up the safety
communication network between the modules as described in chapter PROFIsafe.

Example:

PROFIsafe communication activated

(SBUSGEN. 01 SBUS activity and version = Version 1 and

200.222 Safety bus type = PROFIsafe)

Speed scaling: 1500 rpm

(SBUSGEN. 06 Safety fieldbus speed scaling = 1500 rpm)

the FSO module generates a fault message if the module is passivated due to
safety fieldbus problems

(SBUSGEN.10 STO indication passivation = Fault)

the FB module is connected to option slot 1

(200.223 Safety fieldbus adapter slot = FBA A and 50.01 FBA A enable = 1)
PROFIsafe profile ABB_PS1 in use

(PROFIsafe. 12 PROFIsafe telegram type = 0x221)

IP address of the FB module: 1
(PROFiIsafe.11 PROFIsafe F_Dest _Add = 1)

SBUSGEN. 01 = Version 1
SBUSGEN. 06 = 1500 rpm
SBUSGEN.10 = Fault

ACS880 drive
50.01=1
200.222 = PROFlsafe FB 200.22
Safety PLC module =OFOBA,;3
PROFlIsafe. 12 = 0x221

PROFIsafe.11
=1

FSO
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Configuring 1/O

How to configure 1/O

To configure the I/O, set the FSO parameters shown in the figure below to
appropriate values using the Drive Composer pro PC tool. See parameter group
SAFEIO on page 3517.

The location of the input and output terminals on the FSO module is shown in section
Layout on page 34.

Inputs

Inputs can be configured into use with different safety functions. It is possible to
select either single or redundant inputs in use. For example, if a single input X113:1 is
supposed to activate the STO function, user must configure this input in use in the
STO configuration view.

There are input A and input B for the safety functions. User can use them either for
cascading, or for connecting two different and independent activation switches for the
same function.

It is possible to set diagnostic pulses for the inputs. User must set the pulse length
and period, and also define the inputs which use the pulses.

Outputs

Outputs can be configured into use for different safety functions (Safety function
indications on page 52), a safety relay, the SBC function, and a cascade loop. User
can select the output type (single or redundant output), and set the logic state for
each digital output. The logic state of output can be configured to be active low or
active high.

For some of the safety functions, output A and output B are available. This enables
the use of cascaded functions, and the function specific indications.

It is possible to set diagnostic pulses for the outputs. User must set the pulse length
and period, and also define the outputs which use the pulses.

Note: Make sure that the 1/0 configuration for safety functions is set up according to
the circuit diagrams.

Safety relay output

The safety relay output is used to the control of the safety relay. This output is
redundant and has a feedback input.

1/O redundancy

Redundant input or output is configured by selecting 1/0 pair to safety function I/O
parameter. For example, redundant input for STO function: DI X113:1 & X114:1 must
be configured either to STO input A or input B.
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Example: The figure below shows an example I/O set-up:
« Allinputs use diagnostic pulses with 1 ms width and 30 s period.
» One redundant cascaded connection from input 1 to output 7

» One safety relay (always redundant) connected to output 8 with feedback
connected to input 3

« All outputs, except X114:9, have active low logic state and diagnostic pulsing on.
Pulse width 1 ms and period 59 s.

» Output X114:9 has active high logic state and diagnostics pulses are not used.

Cascade A =
X113:1 & X114:1 ->
X113:4 —_[PTXT13:7 diag X113:7 & X114:7 DO X113:7 logic
’ " T |pulse on/off =0On state= Active low
- Cascade B = None . —T1X113:7
X113:2— L | [DI X713:2 diag DO X113:7 diag
’ pulse on/off = On pulse on/off = On |
. DI X113:3 dia
X113:3— | oulse on/off =90n ‘DO diagnostic pulse| |DO X113:8 logic |
- length =1 ms state = Active low
. DI X7113:4 dia; ———1—X113:8
X113:4— pulse on/off =gon DO diagnostic pulse] DO X113:8 diag ‘ T
| | lperiod = 59000 ms ulse on/off = On | O
| DO X113:9 logic
N | state = Active low |, | X113:9 U
P DO X113:9 diag | T
| Safety relay 1 pulse on/off = On
U output = DO X113:8| | P
T | & X114:8 | U
. DI X114:1 diag - 7
X114:1 __ Safety relay 1 DO X114:7 logic |
S | lpulse on/off =On | Mfeedback = | | lstate = Active low O
DI X174:2 diag | DI X113:4 = B :
X114:2—| DO—‘X114. 7 diag
"I lpulse on/off = On | lse on/off = On | S
1143 DIX774:3 diag | saretyremyz 1
: ___+pulse on/off = On [ output = None | DO X774-8 logic |
4|1 | [PTXTT4:7 diag Safety relay 2 state = Active low | w114
X114:4 _L|pulse on/off=On ‘ r‘feedback =None || , pOoX7748dag | 1| X148
L | | pulse on/off = On |
DO X114:9 logic
g T one P | lstate=Active high| , | | .. .
fagnostic pulse | -[pox 774’%}7’_"&’9 ff |
period = 30000 ms N pulse on/off = O .

X113:10 X114:10
TP Diagnostic (test) pulses

Note: The safety relay inputs and outputs must be configured so that in the Safe state
the circuit is disconnected (0 V).
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How to configure a cascaded system

This example shows how to configure the cascaded system (Cascade A) as shown in
section Cascade on page 56. The SSE function is used as an example (Safety
function 1 in the figure on page 56). In this configuration example, Cascade B is not
configured (parameter SAFEIO.13 Cascade B = None).

1.

Define one of the FSO modules as the master and the other FSO modules are
followers in Cascade A:
* In the master FSO: SAFEIO.11 M/F mode for cascade =

A = master, B = master (only Cascade A is configured in this example).

* In the follower FSOs: SAFEIO. 11 M/F mode for cascade =
A = follower, B = follower (only Cascade A is configured in this example).

Connect a digital input to the corresponding digital output in the cascaded system
(single cascade X113:2 -> X113:8):

* SAFEIO.12 Cascade A = X113:2 -> X113:8.

Set the digital inputs and outputs of the SSE function as defined for the cascaded

system:

» The SSE function is activated from a redundant digital input in the master FSO
(SSE.11 SSE input A = DI X113:1&X114:1)

» The SSE function is cascaded back to the master FSO with a single digital
input and output
(SSE.12 SSE input B = DI X113:2, SSE.21 SSE output = DO X113:8)

» The SSE function is cascaded with a single digital input and output in the
follower FSOs (SSE. 12 SSE input B = DI X113:2, SSE.21 SSE output =
DO X113:8).
Note: Do not use the completed output of the safety function as the cascaded
output (parameter (SSE.22 SSE completed output = None, or you can use this
output for the safety function indication).

Set the acknowledgement method in the master FSO modules (in this example,
Manual is used):
* STO.02 STO acknowledgement = Manual

Set the digital input for the acknowledgement button in the master FSO module:

*  FSOGEN.42 Acknowledgement button input = DI X114:2.

Set the acknowledgement method in the follower FSO modules (must be
Automatic in the follower FSOs).
» STO.02 STO acknowledgement = Automatic

Set the other parameters related to the SSE function as defined in section
Configuring SSE on page 281.




Configuration 259

Parameter settings in the master FSO

Index Name/Value | Description
SAFEIO.11 M/F mode |Sets the master/follower mode of the FSO module for both
for cascade |cascade connections A and B separately. In this example, only
cascade connection A is used.
A =master, |This module is the master on cascade connection A.
B = master
SAFEIO.12 Cascade A |Sets the cascade connection A for the FSO module. For each FSO
module in cascade A, the digital input connected to the safety
function is also internally connected to the corresponding digital
output of the module (digital input -> digital output).
X113:2 -> Single cascade X113:2 -> X113:8
X113:8
SAFEIO.13 Cascade B |Sets the cascade connection B for the FSO module.
None Not cascaded
STO.02 STO Sets the acknowledgement method used in the STO, SSE and
acknotwledg $S1 functions.
emen See section Acknowledgement methods on page 48 for more
information on different acknowledgement methods.
Manual The FSO module reads the external STO acknowledgement signal
through the digital input defined by parameter FSOGEN.42
Acknowledgement button input.
SSE.11 SSE input A |Sets the digital input that is connected to the primary input of the
SSE function.
In this example, this parameter sets the digital input that is used for
the activation of the SSE function in the master FSO.
DI X113:1 & |Redundant input X113:1 & X114:1
X114:1
SSE.12 SSE input B |Sets the digital input that is connected to the secondary input of the
SSE function.
In this example, this parameter sets the digital input that is used in
the cascade loop (Cascade A) to cascade the SSE function back to
the master FSO.
DI113:2 Single input X113:2
SSE.21 SSE output |Sets the digital output that indicates the activity of the SSE
function. Active from the SSE request until the function has been
acknowledged.
In this example, this parameter sets the digital output that is used
in the cascade loop (Cascade A) to cascade the SSE function to
the follower FSOs.
DO X113:8 |[Single output X113:8
SSE.22 SSE Sets the digital output that indicates the completion of the SSE
completed  |fynction.
output . . s
In this example, output X113:7 is connected to the indication lamp.
DO X113:7 |Single output X113:7
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Index Name/Value |Description
FSOGEN.42 Acknowledg |Sets the digital input that is connected to the button for
ement acknowledgement operations.

button input

DI X114:2  |Single input X114:2




Configuration 261

Parameter settings in the follower FSOs

Index Name/Value |Description
SAFEIO.11 M/F mode for | Sets the master/follower mode of the FSO module for both
cascade cascade connection A and B separately. In this example, only
cascade connection A is used.
A = follower, |This module is a follower on cascade connection A.
B = follower
SAFEIO.12 Cascade A |Sets the cascade connection A for the FSO module. For each
FSO module in cascade A, the digital input connected to the
safety function is also internally connected to the corresponding
digital output of the module (digital input -> digital output).
X113:2 -> Single cascade X113:2 -> X113:8
X113:8
ST0.02 STO Sets the acknowledgement method used in the STO, SSE and
acknowledge | SS1 functions.
ment
Automatic The FSO module generates the STO acknowledgement signal
automatically after the STO, SSE or SS1 request has been
removed and the stop function is completed (output defined by
parameter FSOGEN. 11 Stop completed output is active).
SSE.11 SSE input A |Sets the digital input that is connected to the primary input of the
SSE function.
In this example, the activation of the SSE function in the follower
FSOs comes from the master FSO through the cascade loop
(Cascade A), and this parameter must be set to None.
None No input connected
SSE.12 SSE input B |Sets the digital input that is connected to the secondary input of
the SSE function.
In this example, this parameter sets the digital input that is used
in the cascade loop (Cascade A) to cascade the SSE function to
the follower FSOs.
DI X113:2 Single input X113:2
SSE.21 SSE output |Sets the digital output that indicates the activity of the SSE
function. Active from the SSE request until the function has been
acknowledged.
In this example, this parameter sets the digital output that is used
in the cascade loop (Cascade A) to cascade the SSE function to
the follower FSOs.
DO X113:8 |Single output X113:8
SSE.22 SSE Sets the digital output that indicates the completion of the SSE
completed  |function.
output
None No output connected
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How to configure safety relays

If you want to control a safety relay or contactor with the FSO module, define the use
of the related I/0 with these parameters. See also section Relay / contactor output

with feedback on page 233.

Index Name/Value Description

SAFEIO.21  Safety relay 1 Sets the digital output connected to the safety relay 1.
output
DO X113:8 & Redundant output X113:8 & X114:8
X114:8

SAFEIO.22  Safety relay 1 Sets the digital feedback input of safety relay 1.
feedback
DI X113:4 Single input X113:4

SAFEIO.23  Safety relay 1 Sets the type of the feedback signal for safety relay 1.
feedback type
Mechanically Feedback of the safety relay is NC (inverted state compared
linked NC with the relay).
contacts

SAFEIO.24  Safety relay 2 Sets the digital output for safety relay 2.
output
None No output connected

SAFEIO.25 Safety relay 2 Sets the digital feedback input of safety relay 2.
feedback
None No input connected

SAFEIO.26  Safety relay 2 Sets the type of the feedback signal for safety relay 2.
feedback type
Mechanically Feedback of the safety relay is NC (inverted state compared
linked NC with the relay).
contacts

Do not configure a safety function activation to a safety relay feedback. In addition,
you have to connect the safety relay to the desired safety function. Set the same
digital output as you set for the safety relay as the output of the desired safety
function. In this example, safety relay 1 is connected to the SBC function.

Index Name/Value Description
SBC.21 SBC output Sets the digital output that is connected to the SBC output
(brake relays).
DO X113:8 & Redundant output X113:8 & X114:8

X114:8
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Configuring SBC

When you use the SBC function (brake) with other safety functions of the FSO
module, it is always combined with the drive STO function. That is, the SBC function
is activated before, at the same time with or after the drive STO function.

You can configure the SBC in the STO, SSE and SS1 functions:

 If you configure the SBC in the STO function, this also takes it into use in the SSE
with immediate STO function.

+ If you configure the SBC in the SS1 function, this also takes it into use in the SSE
with emergency ramp function.

WARNING! If SBC function is in use, automatic acknowledgement will

A automatically release the safe brake immediately when the STO request is
removed. Prevent unexpected start-up in the case of using SBC together with
automatic acknowledgement.

SBC at zero speed limits

When you configure the SBC function in the STO function, the SBC is activated also
when the drive STO is activated at the zero speed in the SSE and SS1 functions.
Depending on how the SBC is configured, the SBC is activated before or at the same
time with the drive STO function. See section Safe torque off (STO) on page 60.

SBC at trip limit hits

The FSO module activates the SSE function after trip limit hits in the SLS and SMS
functions. You can configure the SSE function either with immediate STO (stop
category 0) or with emergency ramp (stop category 1), see section Safe stop
emergency (SSE) on page 82. If you want that the SBC is activated at trip limit hits,
you have to configure the SBC function in the correct SSE function.

Note: Make sure that you dimension the brake correctly for these situations.
SBC at monitoring limit hits

The FSO module activates the STO function after time or ramp monitoring limit hits in
the SS1, SSE with emergency ramp and SLS functions. If you want that the SBC is
activated at monitoring limit hits, you have to configure the SBC function in the STO
function.

Brake failure situations

To make sure that the system is set to safe state also if the brake fails to operate, set
parameter STO. 74 to a suitable value. If the safety function is not completed before
this time has elapsed, the system is set to the safe state.

Define also the FSO module reaction to a missing brake feedback signal (parameter
SBC.22 SBC feedback action).
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FSO internal fault situations

The FSO module activates STO and SBC if configured into use in internal fault
situations.
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How to configure the SBC in the STO function
Use these parameters to configure the SBC:

1. Set the how the brake is used with parameter SBC.11 STO SBC usage:
* None: the SBC is not used
» Delayed brake (the value can be positive, zero or negative)

2. Set the correct delay with parameter SBC.12 STO SBC delay:

» Ifthe value is zero (0 ms), the FSO activates the SBC and drive STO functions
at the same time.

» It the value is positive, the FSO activates the SBC after the drive STO.
See section How fo configure SBC after STO on page 268.

» If the value is negative, the FSO activates the SBC before the drive STO.
See section How to configure SBC before STO on page 269.

See also section How to configure mute time for SBC speed limit detection on page
320.
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How to configure the SBC in the SS1 function
Use these parameters to configure the SBC:

1. Set the correct SBC speed limit with parameter SBC.15 SSE/SS1 SBC speed:

» If the value is zero (0 rom) the SBC is not used in the SS1 and SSE with
emergency ramp functions.

» If the value is positive (the corresponding negative value is used in the
opposite direction), the FSO activates the SBC and drive STO functions at the
same time when the speed limit is reached. See section How to configure SS1
with speed limit activated SBC on page273.

2. You can also set a negative delay with parameter SBC.72 STO SBC delay:

» Ifthe value is negative, the FSO activates the SBC at the speed limit (set with
parameter SBC.15 SSE/SS1 SBC speed) and the drive STO after this delay.
See section How to configure SS1 with speed limit activated SBC, SBC before
STO on page 277.

» If the value is zero (0 ms) or positive, the FSO activates the SBC and drive
STO functions at the same time when the speed limit is reached.

Note: If parameter SBC.11 STO SBC usage is Delayed brake, the same
parameter SBC.712 STO SBC delay is used also in the STO and SSE with
immediate STO functions (see section How to configure the SBC in the STO
function on page 265). In the SS1 (and SSE with emergency ramp) function, this
parameter is relevant always when parameter SBC.15 SSE/SS1 SBC speed is
not zero.

Monitoring limit hits in the SS1 function

When you configure the SBC in the SS1 (and SSE with emergency ramp) function,
this does not take the SBC into use in the STO function. Therefore, the SBC is not
activated in limit hit situations if parameter SBC.11 STO SBC usage is None. For limit
hit situations, you have to configure the SBC also in the STO function. See section
How to configure the SBC in the STO function on page 265.

See also section How to configure mute time for SBC speed limit detection on page
320.
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Configuring STO

To configure the STO function, set the FSO parameters listed below to appropriate
values using the Drive Composer pro PC tool. See parameter groups STO on
page 329 and SBC on page 333.

For more information on the STO and SBC functions, see page 617.

Note: Always set the parameters related to the STO function to have the correct
monitoring limit hit and fault reaction behavior.

How to configure STO

Example: The figure below shows an example of a simple STO function set-up:

* redundant emergency stop button connected to input
(STO.11 STO input A = DI X113:1 & X114:1)

» automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

+ estimated time in which the motor coasts to a stop from the maximum speed is
1500 ms (STO. 14 Time to zero speed with STO and modoff = 15600 ms)

+ the fly-start feature is in use, that is, you can restart the drive before the motor has
stopped (STO. 13 Restart delay after STO = 1000 ms)

* no output connected
* no brake (SBC.11 STO SBC usage = None).

ST0O.02 = Automatic

Inputs Outputs
Speed
STO.14 = 1500 ms
STO.11 _L : . L ST0.21
=DI X113:1 & X114:1 . STO.13=1000 ms . = None
<> '
STO.12 L 1 ST0.22
= None = None

Time

STO activated

SBC.11 = None




268 Configuration

How to configure SBC after STO
For more information on the SBC after STO function, see page 63.
Example: The figure below shows an example of the SBC after the STO function set-
up:

» STO delayed brake with positive delay 900 ms
(SBC.11 STO SBC usage = Delayed brake, SBC.72 STO SBC delay = 900 ms)

* redundant emergency stop button connected to input
(STO.11 STO input A = DI X113:1 & X114:1)

» automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

+ estimated time in which the motor brakes to a stop from the maximum speed:
400 ms (SBC.13 SBC time to zero speed = 400 ms)

+ the fly-start feature is not in use, that is, you cannot start the motor before it has
stopped (STO. 13 Restart delay after STO = 1300 ms)

» brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On),
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

+ STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

« feedback from the brake is connected to digital input X113:2
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

» feedback input type NC (inverted state compared with the brake relay)
(Safety relay 1 feedback type = Mechanically linked NC contacts).

ST0.02 = Automatic

Inputs Outputs
SPeed o5 12=900 ms SBC.13 = 400 ms
. — ST70.21
STO.11 — | " ST0.13=1300 ms ' =
= DI X113:1 & X114:1 ; : > None
‘ _| sT70.22
STO. 12—+ = None
= None
SAFEIO.22 - L SBC.21
= DI X113:2 =DO X113:7
_ & X114:7
Time
_| SAFEIO.21
STO activated SBC activated =DO X113:7
& X114:7

SBC.11 = Delayed brake

SBC.22 = STO
SAFEIO.23 = Mechanically linked NC contacts
SAFEIO.53, SAFEIO.56 = On
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How to configure SBC before STO
For more information on the SBC before STO function, see page 65.

Example: The figure below shows an example of the SBC before the STO set-up:

» STO delayed brake with negative delay -500 ms
(SBC.11 STO SBC usage = Delayed brake, SBC.12 STO SBC delay = -500 ms)

* redundant emergency stop button connected to input
(STO.11 STO input A = DI X113:1 & X114:1)

» automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

+ estimated time in which the motor brakes to a stop from the maximum speed:
1200 ms (SBC.13 SBC time to zero speed = 1200 ms)

» brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On),
SAFEIOQ.21 Safety relay 1 output = DO X113:7 & X114:7)

+ STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

» brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

» feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

STO.02 = Automatic

Inputs Outputs
Speed  opc 12 = 500 ms
~— > 4 8T10.21
STO.11 - "~ SBC.13 = 1200 ms = None
=DI X113:1 & X114:1 ‘ :
1 ST70.22
STO.12 _L_ = None
= None
SAFEIO.22 | -+ SBC.21
=DI X113:2 7i = DO X113:7 &
Ime 1 x114:7
SAFEIO.21
SBC activated STO activated T =DO X113:7
& X114:7

SBC.11 = Delayed brake

SBC.22 =STO
SAFEIO.23 = Mechanically linked NC contacts
SAFEIO.53, SAFEIO.56 = On
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Configuring SS1

To configure the SS1 function, set the FSO parameters listed below to appropriate
values using the Drive Composer pro PC tool. See parameter group SS7 on
page 340.

For more information on the SS1 function, see page 67.

How to configure SS1 with time monitoring (SS1-t)

Example: The figure below shows an example of an SS1-t set-up:

SS1 function activated (SS71.01 SS1 activity and version = Version 1)

SAR1 emergency ramp (200.112 SAR1 ramp time to zero, always with the SS1
function - see section Configuring SAR on page 290)

SS1 with time monitored ramp (SS7.13 SS1 type = SS1-t)

delay for STO activation after SS1 request: 2000 ms
(SS1.14 SS1-t delay for STO = 2000 ms)

automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

redundant emergency stop button connected to input
(SS1.11 SS1 input A = DI X113:1 & X114:1)

single output connected (SS71.27 SS1 output = DO X114:9)

zero speed limit where SS1 function is completed and drive STO activated is
90 rpm (FSOGEN.51 Zero speed without encoder = 90 rpm)

delay for activating STO after the zero speed limit has been reached: 0 ms
(SS1.15 SS1-r ramp zero speed delay for STO = 0 ms)

speed limit activated brake not in use
(SBC.15 SSE/SS1 SBC speed = 0 rpm).

See also section Configuring mute times on page 315.
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SS1.01 = Version 1
STO.02 = Automatic

SS1.13=8S1-t
Inputs Outputs
Speed
$581.114 _ SS1.14=2000 ms — 581.21
=DI X113:1 & X114:1 ' ' = DO X114:9
SS1.12+4 ! i —+SS1.22
= None ' ! = None
FSOGEN.51 | $S1.15=0ms
=90 rpm e e el
SBC.15 : Time
=0rpm *
S$S1 activated STO activated
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How to configure $SS1 with ramp monitoring (SS1-r)

Example: The figure below shows an example of the SS1-r function set-up:

SS1 function activated (SS71.01 SS1 activity and version = Version 1)

SAR1 emergency ramp (200.112 SAR1 ramp time to zero, always with the SS1
function - see section Configuring SAR on page 290)

SS1 with monitored ramp (SS71.13 SS1 type = SS1-r). See also section How to
configure SARn on page 290.

automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

redundant emergency stop button connected to input
(SS1.11 SS1input A = DI X113:1 & X114:1)

single output connected (SS71.27 SS1 output = DO X114:9)

zero speed limit where SS1 function is completed and drive STO activated is
90 rpm (FSOGEN.51 Zero speed without encoder = 90 rpm)

delay for activating STO after the zero speed limit has been reached: 0 ms
(SS1.15 SS1-r ramp zero speed delay for STO = 0 ms)

speed limit activated brake not in use
(SBC.15 SSE/SS1 SBC speed = 0 rpm).

See also section Configuring mute times on page 315.

S§S1.01 = Version 1
ST0.02 = Automatic

Inputs SS1.13=8S1-r Outputs
Speed
SS1.11 4 —-SS1.21
=DI X113:1 & X114:1 SARx.22 = DO X114:9
1. SS1.22
SS1.12 —+ SAR1 target 200.112 = None
= None
FSOGEN.51 1 : 1S81.15=0ms
=90 rpm R e e
SBC.15 Time
=0 rpm
S$81 activated STO activated

Remember to configure SAR1!
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How to configure SS1 with speed limit activated SBC

Note: If you configure the SS1 with speed limit activated SBC function, this activates
the same function in the SSE function (see section How to configure SSE with speed
limit activated SBC on page 285). This does not activate the SBC in the STO
function. If necessary, configure the SBC also in the STO function (see section
Configuring STO on page 267). See also the note on page 45.

Example 1: The figure below shows an example of the SS1-t function with speed
limit activated SBC set-up:

» 881 function activated (SS71.07 SS1 activity and version = Version 1)

+ SS1 with time monitored ramp (SS71.13 SS1 type = SS1-t)

+ SAR1 emergency ramp (200.112 SAR1 ramp time to zero, always with the SS1
function - see section Configuring SAR on page 290)

» delay for STO activation after SS1 request: 2000 ms
(SS1.14 SS1-t delay for STO = 2000 ms)

» automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

» redundant emergency stop button connected to input
(SS1.11 SS1input A = DI X113:1 & X114:1)

» single output connected (SS1.27 SS1 output = DO X114:9)

* brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On),
SAFEIOQ.21 Safety relay 1 output = DO X113:7 & X114:7)

» speed limit activated brake in use, speed below which the brake and STO are
activated: 180.0 rpm (SBC.15 SSE/SS1 SBC speed = 180 rpm)

 delay for activating STO after brake is zero (STO and SBC are activated at the
same time) (SBC.12 STO SBC delay = 0 ms)

+ delay for activating the brake and STO after the SBC speed limit has been
reached: 0 ms (SS1.15 SS1-r ramp zero speed delay for STO = 0 ms)

» delay for defining the safety function as completed, that is, an estimated time in
which the motor brakes to a stop from the maximum speed: 1200 ms (SBC.13
SBC time to zero speed = 1200 ms)

+ STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

» brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

» feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

» See also section Configuring mute times on page 315.
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SS1.01 = Version 1
STO.02 = Automatic
S$S1.13 = SS1-t
Inputs Outputs
Speed
SS1.11 4 SS1.14 =2000 ms 1
= DI X113:1 & X114:1 : 5%162)1(114,9
SS1.12+ : '
= None S‘BC 13= 1200 -+—SS1.22
.13 = ms =
SAFEIO.22 - ' <> None
= DI X113:2 1551.15=0 ms L sgc.21
SBC.15 —=————-—- =DO X113:7 &
=180 rpm i X114:7
Time| saFE|0.21
T =DO0O X113:7
S$81 activated SBC and STO activated & X114:7
SBC.22=STO
Remember to SAFEIO.23 = Mechanically linked NC contacts
configure SAR1! SAFEI0.53, SAFEIO.56 = On
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Example 2: The figure below shows an example of the SS1-r function with speed
limit activated SBC set-up:

SS1 function activated (SS71.01 SS1 activity and version = Version 1)

SAR1 emergency ramp (200.112 SAR1 ramp time to zero, always with the SS1
function - see section Configuring SAR on page 290)

SS1 with monitored ramp (SS71.13 SS1 type = SS1-r). See also section How to
configure SARn on page 290.

automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

redundant emergency stop button connected to input
(SS1.11 SS1input A = DI X113:1 & X114:1)

single output connected (SS71.21 SS1 output = DO X114:9)

brake connected to redundant output, diagnostic pulses activated

(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On),
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

speed limit activated brake in use, speed limit below which the brake and STO are
activated: 180.0 rpm (SBC.15 SSE/SS1 SBC speed = 180 rpm)

delay for activating STO after brake is zero (STO and SBC are activated at the
same time) (SBC.12 STO SBC delay = 0 ms)

delay for activating the brake and STO after the SBC speed limit has been
reached: 0 ms (SS1.15 SS1-r ramp zero speed delay for STO = 0 ms)

delay for defining the safety function as completed, that is, an estimated time in
which the motor brakes to a stop from the maximum speed: 1200 ms (SBC.13
SBC time to zero speed = 1200 ms)

STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

See also section Configuring mute times on page 315.
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SS1.01 = Version 1
STO.02 = Automatic
Inputs SS1.13=881-r Outputs
Speed
SS1.11 =4
— . . -— S§§81.21
=DI X113:1 & X114:1 = DO X114:9
SS1.12—+
= None ~ SBC.13=1200ms T fi’-ﬁz
SAFEI0.22 4 < > - rone
= DI X113:2 : 'SS71.15=0ms — SBC.21
SBC.15| F= == == ==XC"{ """~~~ "- =DO X113:7 &
=180 rpm ' . X114:7
Time | sarei0.21
_ ) ~T=DO X113:7
S$81 activated SBC and STO activated & X114:7
SBC.22=STO
Remember to SAFEIO.23 = Mechanically linked NC contacts
configure SAR1! SAFEIO.53, SAFEIO.56 = On
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How to configure SS1 with speed limit activated SBC, SBC before
STO

Note: If you configure the SS1 with speed limit activated SBC, SBC before STO
function, this activates the same function in the SSE function (see section How to
configure SSE with speed limit activated SBC on page 285). This does not activate
the SBC in the STO function. If necessary, configure the SBC also in the STO
function (see section Configuring STO on page 267). See also the note on page 45.

Example 1: The figure below shows an example of the SS1-t function with speed
limit activated SBC, SBC before STO set-up:

» SS1 function activated (SS71.01 SS1 activity and version = Version 1)

» SS1 with time monitored ramp (SS71.13 SS1 type = SS1-t)

+ SAR1 emergency ramp (200.112 SAR1 ramp time to zero, always with the SS1
function - see section Configuring SAR on page 290)

+ delay for STO activation after SS1 request: 2000 ms
(SS1.14 SS1-t delay for STO = 2000 ms)

» automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

» redundant emergency stop button connected to input
(SS1.11 SS1input A = DI X113:1 & X114:1)

+ single output connected (SS1.27 SS1 output = DO X114:9)

* brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On),
SAFEIQ.21 Safety relay 1 output = DO X113:7 & X114:7)

» speed limit activated brake in use, speed below which the brake and STO are
activated: 180.0 rpm (SBC.15 SSE/SS1 SBC speed = 180 rpm)

+ delay for activating STO after brake: -300 ms (only a negative delay is possible,
the SBC is activated before STO) (SBC.12 STO SBC delay = -300 ms)

Note: The same SBC delay is used in the STO and SS1/SSE functions.

» delay for activating the brake after the SBC speed limit has been reached: 0 ms
(SS1.156 SS1-r ramp zero speed delay for STO = 0 ms, not shown in the figure)

» delay to define the safety function as completed, that is, estimated time in which
the motor brakes to a stop from the maximum speed: 1200 ms (SBC. 13 SBC time
to zero speed = 1200 ms)

+ STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

» brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

» feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

+ See also section Configuring mute times on page 315.
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SS1.01 = Version 1
STO.02 = Automatic
S$S1.13 = SS1-t
Inputs Outputs
SS1.11 | Speed
_ ) L S$S1.14 = 2000 ms
= DI X113:1 & X114:1 . . L ss121
SSt1.12_| ' SBG.13 = 1200 ms =DO X114:9
= None PN
SAFEIO.22 SBC.12'=-300 ms T332
=DIX113:2T <>
SBC.15 b e e m e e e e N o mmmmm - o
=180 rpm ' N\ ! — SBC.21
! Coo = DO X113:7 &
i A N X114:7
Time
A SAFEIO.21
$81 activated SBC|activated = DO X113:7
& X114:7
STO activated
SBC.22=STO
Remember to SAFEIO.23 = Mechanically linked NC contacts
configure SAR1! SAFEIO.53, SAFEIO.56 = On
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Example 2: The figure below shows an example of the SS1-r function with speed
limit activated SBC, SBC before STO set-up:

« 881 function activated (SS71.01 SS1 activity and version = Version 1)

* SAR1 emergency ramp (200.112 SAR1 ramp time to zero, always with the SS1
function - see section Configuring SAR on page 290)

» SS1 with monitored ramp (SS71.13 SS1 type = SS7-r). See also section How to
configure SARn on page 290.

» automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

* redundant emergency stop button connected to input
(SS1.11 SS1input A = DI X113:1 & X114:1)

» single output connected (SS71.21 SS1 output = DO X114:9)

» brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On,
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

» speed limit activated brake in use, speed limit below which the brake is activated:
180.0 rpm (SBC.15 SSE/SS1 SBC speed = 180 rpm)

» delay for activating STO after brake: -300 ms (only a negative delay is possible,
the SBC is activated before STO) (SBC.12 STO SBC delay = -300 ms)

Note: The same SBC delay is used in the STO and SS1/SSE functions.

« delay for activating the brake after the SBC speed limit has been reached: 0 ms
(SS1.15 SS1-r ramp zero speed delay for STO = 0 ms, not shown in the figure)

« delay to define the safety function as completed, that is, estimated time in which
the motor brakes to a stop from the maximum speed: 1200 ms (SBC. 13 SBC time
to zero speed = 1200 ms)

» STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

» brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

» feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

« See also section Configuring mute times on page 315.
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S§S1.01 = Version 1
STO.02 = Automatic

Inputs SS1.13=881-r Outputs
Speed
SS1.11— SBC.13 = 1200 ms 4
= DI X113:1 & X114:1 Pttty S 14
SS1.12 SBC.12 = -300 ms
= None “> T SS1.22
SAFEIO.22 4+ ' =None
= DI X113:2 15=
>S1.15=0ms - sBc.21
SBC.15 = DO X113:7 &
=180 rpm X114:7
Time
_| SAFEIO.21
SS1 activated SBC|activated =DO X113:7
& X114:7
STO activated

Remember to
configure SAR1!

SBC.22 = STO

SAFEIO.23 = Mechanically linked NC contacts

SAFEIO.53, SAFEIO.56 = On

Related safety functions

The SS1 function uses SAR1 ramp parameters. See section Configuring SAR on

page 290.

The FSO module activates the STO function if the motor speed hits a monitoring limit
(time or ramp monitoring). See section Configuring STO on page 267.
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Configuring SSE

To configure the SSE function, set the FSO parameters listed below to appropriate
values using the Drive Composer pro PC tool. See parameter groups SSE on
page 337 and SBC on page 333.

For more information on the SSE function, see page 82.

Note: Always set the parameters related to the SSE function to have the correct trip
limit hit and fault reaction behavior. For example, the FSO module activates the SSE
function if an 1/O failure occurs.

How to configure SSE with immediate STO
Example: The figure below shows an example of the SSE function with immediate
STO set-up:

+ drive STO is activated immediately after the SSE request
(SSE. 13 SSE function = Immediate STO)

» automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

* redundant emergency stop button connected to input
(SSE.11 SSE input A = DI X113:1 & X114:1)

* no outputs connected

» delay for restarting the drive: 1500 ms. This is the estimated time in which the
motor coasts to a stop from the maximum speed.
(STO.14 Time to zero speed with STO and modoff = 1500 ms)

* no brake (SBC.11 STO SBC usage = None).

ST0O.02 = Automatic
SSE.13 = Immediate STO

Inputs Outputs
Speed
STO.14 =1500 ms
SSE. 11 — . ' —SSE.21
= DI X113:1 & X114:1 ! ! = None
SSE. 12 — 4 SSE.22
= None = None

Time

SSE activated
SBC.11 = None
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How to configure SSE with immediate STO, SBC after or before STO
The configuration is identical to the SBC after or before STO functions with these
differences:

« parameter STO.13 Restart delay after STO is not used

» SSE input parameters (SSE. 11 SSE input A and SSE.12 SSE input B) are used
instead of STO input parameters

» SSE output parameters (SSE.21 SSE output and SSE.22 SSE completed output)
are used instead of STO output parameters.

See sections How to configure SBC after STO on page 268 and How to configure
SBC before STO on page 269.

For more information on the SSE with immediate STO and SBC after STO function,
see page 84.

For more information on the SSE with immediate STO and SBC before STO function,
see page 86.
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How to configure SSE with time monitoring

For more information on the SSE function with time monitoring, see page 88.

Example: The figure below shows an example of the SSE function with time
monitoring set-up:

SARO emergency ramp (200.102 SARO ramp time to zero, always with the SSE
function - see section Configuring SAR on page 290)

SSE with time monitored ramp (SSE. 13 SSE function = Emergency ramp,
SSE. 14 SSE monitoring method = Time)

delay for STO activation after SSE request: 2000 ms
(SSE.15 SSE delay for STO = 2000 ms)

automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

redundant emergency stop button connected to input
(SSE.11 SSE input A = DI X113:1 & X114:1)

single output connected (SSE.21 SSE output = DO X113:9)

zero speed limit where SSE function is completed and drive STO activated is
90 rpm (FSOGEN.51 Zero speed without encoder = 90 rpm)

delay for activating the drive STO after the speed limit has been reached: 0 ms
(SSE.16 SSE ramp zero speed delay for STO = 0 ms)

speed limit activated brake not in use
(SBC.15 SSE/SS1 SBC speed = 0 rpm)

See also section Configuring mute times on page 315.

STO.02 = Automatic
SSE.13 = Emergency ramp
SSE.14 = Time
Inputs Outputs
SSE.11 4+~ 4 SSE.21
= DI X113:1 & X114:1 =DO X113:9
Speed
SSE.15=2000 =4
SSE.12 4 ms S3E.22
= None
= None
FSOGEN.51 : SSE.16=0ms
=90 rpm Al Nl )
SBC.15 Time
=0 rpm
SSE activated STO activated
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How to configure SSE with ramp monitoring

For more information on the SSE function with ramp monitoring, see page 90.

Example: The figure below shows an example of the SSE function with ramp
monitoring set-up:

SARO emergency ramp (200.7102 SARO ramp time to zero, always with the SSE
function - see section Configuring SAR on page 290)

SSE with emergency ramp (SSE. 13 SSE function = Emergency ramp)

SSE with monitored ramp (SSE. 14 SSE monitoring method = Ramp). See also
section Configuring SAR on page 290.

redundant emergency stop button connected to input
(SSE.11 SSE input A = DI X113:1 & X114:1)

single output connected (SSE.21 SSE output = DO X113:9)

zero speed limit where SSE function is completed and drive STO activated is
90 rpm (FSOGEN.51 Zero speed without encoder = 90 rpm)

delay for activating the drive STO after the zero speed limit has been reached:
0 ms (SSE.16 SSE ramp zero speed delay for STO = 0 ms)

speed limit activated brake not in use
(SBC.15 SSE/SS1 SBC speed = 0 rpm).

See also section Configuring mute times on page 315.

STO.02 = Automatic
SSE. 13 = Emergency ramp

SSE.14 = Ramp
Inputs Outputs
SSE. 11 — -+ SSE.21
=DI X113:1 & X114:1 Speed =DO X113:9
-— SSE.22
SSE. 12—+
= None SARx.22 = None
SAR1 target 200.112
FSOGEN.51 | SARx.21 | SSE.16= 0 ms
=90 rpm r=——=~—=—=-=--- N~ """
SBC.15 Time
=0 rpm ﬁ
SSE activated STO activated

Remember to configure SARO0!
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How to configure SSE with speed limit activated SBC

Note: If you configure the SSE with speed limit activated SBC function, this activates
the same function in the SS1 function (see section How to configure SS1 with speed
limit activated SBC on page 273). This does not activate the SBC in the STO
function. If necessary, configure the SBC also in the STO function (see section
Configuring STO on page 267). See also the note on page 45.

Example 1: The figure below shows an example of the SSE with emergency ramp
function with speed limit activated SBC set-up with time monitoring:
» SSE with emergency ramp (SSE. 13 SSE function = Emergency ramp)

* SARO emergency ramp (200.102 SARO ramp time to zero, always with the SSE
function, see also section Configuring SAR on page 290)

+ time monitored ramp (SSE. 14 SSE monitoring method = Time)

+ delay for STO activation after SSE request: 2000 ms
(SSE.15 SSE delay for STO = 2000 ms)

* redundant emergency stop button connected to input
(SSE.11 SSE input A = DI X113:1 & X114:1)

» single output connected (SSE.21 SSE output = DO X113:9)

» brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On,
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

+ speed limit activated brake in use, speed below which the brake and STO are
activated 240.0 rpm (SBC.15 SSE/SS1 SBC speed = 240 rpm)

» delay for activating STO after brake is zero (STO and SBC are activated at the
same time) (SBC.12 STO SBC delay = 0 ms)

 delay for activating the brake and drive STO after the speed limit has been
reached 0 ms (SSE.16 SSE ramp zero speed delay for STO = 0 ms)

» STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

» brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

» feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

» See also section Configuring mute times on page 315.
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STO.02 = Automatic
SSE. 13 = Emergency ramp
SSE.14 = Time
Inputs Outputs
SSE. 11—+ - SSE.21
=DI X113:1 & X114:1 | Speed =DO X113:9
SSE.15=2000 ms
SSE.12 —+ — SSE.22
= None = None
SAFEIO.22 —+ SBC.21
=DI X113:2 T =DO X113:7
SBC.15 & X114:7
= 240 rpm _| SAFEIO.21
_ "T=DO X113:7
Time | ¢ x114:7
SSE activated SBC and STO activated
SBC.22=STO
Remember to SAFEIO.23 = Mechanically linked NC contacts
configure SARO! SAFEIO.53, SAFEIO.56 = On
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Example 2: The figure below shows an example of the SSE with emergency ramp
function with speed limit activated SBC set-up with ramp monitoring:

SSE with emergency ramp (SSE. 13 SSE function = Emergency ramp)

SARO emergency ramp (200.102 SARO ramp time to zero, always with the SSE
function - see section Configuring SAR on page 290)

SARO monitored ramp (SSE. 14 SSE monitoring method = Ramp, see also
section Configuring SAR on page 290)

redundant emergency stop button connected to input
(SSE.11 SSE input A = DI X113:1 & X114:1)

single output connected (SSE.21 SSE output = DO X113:9)

brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On,
SAFEIOQ.21 Safety relay 1 output = DO X113:7 & X114:7)

speed limit activated brake in use, speed below which the brake and STO are
activated 240.0 rpm (SBC.15 SSE/SS1 SBC speed = 240 rpm)

delay for activating STO after brake is zero (STO and SBC are activated at the
same time) (SBC.712 STO SBC delay = 0 ms)

delay for activating the brake and drive STO after the speed limit has been
reached 0 ms (SSE.16 SSE ramp zero speed delay for STO = 0 ms)

STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

See also section Configuring mute times on page 315.
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STO.02 = Automatic
SSE.13 = Emergency ramp

SSE.14 = Ramp
Inputs Outputs
SSE. 11—+ — SSE.21
=DI X113:1 & X114:1 Speed =DO X113:9
SSE. 12 _L ' — SSE.22
= None = None
SAFEIO.22 —+ SBC.21
= DI X113:2 - =DO X113:7
+ SSE.16 =0 ms & X114:7
e B EEL R R-------- SAFEIO.21
= P ; - T =DOX113:7
* Time| g X114:7
SSE activated SBC and STO activated

Remember to configure SARO!

SBC.22 = STO
SAFEIO.23 = Mechanically linked NC contacts
SAFEIO.53, SAFEIO.56 = On
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How to configure SSE with speed limit activated SBC, SBC before
STO

The configuration of the SSE with speed limit activated SBC, SBC before STO is
identical to the configuration of the same SS1 function with these differences:

» SSE input parameters (SSE. 11 SSE input A and SSE.12 SSE input B) are used
instead of SS1 input parameters

» SSE output parameters (SSE.21 SSE output and SSE.22 SSE completed output)
are used instead of SS1 output parameters.

» type of the SSE function must be set: SSE with emergency ramp (SSE.13 SSE
function = Emergency ramp)

*  SARO0 emergency ramp and monitoring limits are used instead of SAR1
parameters (see section Configuring SAR on page 290).

+ monitoring method is set with parameter (SSE. 74 SSE monitoring method = Time
or Ramp)

» delay for STO activation after SSE request is set with parameter SSE. 15 SSE
delay for STO

« delay for activating the brake after the speed limit has been reached is set with
parameter SSE.16 SSE ramp zero speed delay for STO.

Note: If you configure the SSE with speed limit activated SBC function, this activates
the same function in the SS1 function (see section How to configure SS1 with speed
limit activated SBC, SBC before STO on page 277). This does not activate the SBC
in the STO function. If necessary, configure the SBC also in the STO function (see
section Configuring STO on page 267). See also the note on page 45.

For more information on the SSE with speed limit activated SBC, SBC before STO
SBC function, see page 96.
Related safety functions

The SSE function uses SARO ramp parameters. See section Configuring SAR on
page 290.

The FSO module activates the STO function if the motor speed hits a monitoring limit
(SSE with time or ramp monitoring). See section Configuring STO on page 267.
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Configuring SAR

How to configure SARn

To configure the SARn (n =0...1), set the FSO parameters listed below to appropriate
values using the Drive Composer pro PC tool. See parameter groups Safety on
page 324 and SARx on page 350. See also section Ramp monitoring on page 51.

Example: The figure below shows an example of a SAR1 monitoring set-up:

SAR1

ramp time from Scaling speed to zero: 1000 ms
(200.112 SAR1 ramp time to zero = 1000 ms)

Scaling speed: 1500 rpm (200.202 SAR speed scaling = 1500 rpm)

initial range for monitoring: 100 ms (SARx.02 SAR initial allowed range = 100 ms)
minimum allowed ramp time: 500 ms

(SARx.21 SAR1 min ramp time to zero = 500 ms)

maximum allowed ramp time: 1000 ms

(SARx.12 SAR1 max ramp time to zero = 1500 ms).

SAR1 Speed

200.202
=1500 rpm

Time

SARX.21 =500 ms SARX.22 = 1500 ms

SARx.02 =100 ms 200.112 = 1000 ms

Note: If you use SAR1 in several safety functions at the same time, tune it according
to the function which requires the tightest monitoring range.
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Configuring SLS

To configure the SLSn (n = 1...4), set the FSO parameters listed below to appropriate
values using the Drive Composer pro PC tool. See parameter groups Safety on
page 324 and SLSx on page 342.

For more information on the SLS function, see page 700.

Depending on the application, set the negative and positive SLS and SLS trip limits
separately.

How to configure SLSn with time monitoring
Example: The figure below shows an example of the SLS1 function with time
monitoring set-up:
» SLS1 function activated (200.21 SLS1 activity and version = Version 1)

» time monitored deceleration ramp
(SLSx.03 SLS activation monitoring method = Time)

+ deceleration ramp according to drive parameters (always with time monitoring)
» SLS activation delay: 2000 ms (SLSx.04 SLS time delay = 2000 ms)
» automatic acknowledgement (SLSx.02 SLS acknowledgement = Automatic)

» redundant SLS activation button connected to input
(SLSx.11 SLS1 input A = DI X113:2 & X114:2)
» single output connected (SLSx.15 SLS1 output A = DO X114:7)
» positive limits: SLS 1200.0 rpm, trip limit 1320.0 rpm
(200.23 SLS1 limit positive = 1200 rpm,
SLSx.14 SLS1 trip limit positive = 1320 rpm).
* negative limits: SLS -900.0 rpm, trip limit -1020.0 rpm
(200.22 SLS1 limit negative = -900 rpm,
SLSx.13 SLS1 trip limit negative = -1020 rpm).

« See also section Configuring mute times on page 315.

Note: The difference between the SLS limit and the corresponding SLS trip limit must
be at least 0.1 rpm.

Note: If you also use the SMS function, the SLS trip limits positive and negative must
be below the speed defined by parameter SMS trip limit positive and above the speed
defined by parameter SMS trip limit negative, respectively.
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SLS1

Speed

SLSx.04 = 2000 ms

SLSx.14 = 1320 rpm

200.23 = 1200 rpm

Time

SLS
activated

SLS SLS
monitoring monitoring
started started

(typical) (latest)

200.22 =-900 rpm

SLSx.13 =-1020 rpm

200.21 = Version 1
SLSx.02 = Automatic
SLSx.03 = Time

Inputs

SLSx.11
=DI X113:2 &
X114:2

SLSx.12
= None

Outputs

SLSx.15
=DO X114:7

SLSx.16
= None
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How to configure SLSn with ramp monitoring

Example: The figure below shows an example of the SLS2 function with ramp
monitoring set-up:

SLS2 function activated (200.317 SLS2 activity and version = Version 1)

monitored deceleration ramp
(SLSx.03 SLS activation monitoring method = Ramp)

deceleration ramp and monitoring limits according SAR1 parameters (see section
Configuring SAR on page 290)

automatic acknowledgement (SLSx.02 SLS acknowledgement = Automatic)

redundant SLS activation button connected to input

(SLSx.21 SLS2 input = DI X113:2 & X114:2)

single output connected (SLSx.24 SLS2 output = DO X114:7)
positive limits: SLS 1200.0 rpm, trip limit 1320.0 rpm

(200.33 SLS2 limit positive = 1200 rpm,

SLSx.23 SLS2 trip limit positive = 1320 rpm).

negative limits: SLS -900.0 rpm, trip limit -1020.0 rpm
(200.32 SLS2 limit negative = -900 rpm,

SLSx.22 SLS2 trip limit negative = -1020 rpm).

See also section Configuring mute times on page 315.

Note: The difference between the SLS limit and the corresponding SLS trip limit must
be at least 0.1 rpm.

Note: If you also use the SMS function, the SLS trip limits positive and negative must
be below the speed defined by parameter SMS trip limit positive and above the speed
defined by parameter SMS trip limit negative, respectively.
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SLS2 200.31 = Version 1
SLSx.02 = Automatic
SLSx.03 = Ramp

Input Output
Speed
SLSx.24
SLSx.24 — .
=DI X113:2 & = DO X114:7

X114:2

SLSx.23 =1320 rpm
200.33 £ 1200 rpm

Time
T SLS monitoring started
SLS activated
-------------------------- 200.32=-900 rpm

SLSx.22=-1020 rpm

Remember to configure SAR1!

Related safety functions

The SLS1...4 functions use SAR1 parameters to monitor and/or define the
deceleration ramp (SLS with ramp monitoring). See section Configuring SAR on
page 290.

The FSO module activates the STO function if the motor speed hits a ramp
monitoring limit during the deceleration ramp (SLS with ramp monitoring). See
section Configuring STO on page 267.

The FSO module activates the SSE function if the motor speed hits a trip limit. See
section Configuring SSE on page 281.
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Configuring Variable SLS

This safety function requires that a safety PLC is connected to the FSO module via
the PROFIsafe communication bus. For more information, see chapter PROFI/safe
and section Configuring the safety fieldbus communication on page 255.

To configure the Variable SLS function, set the FSO parameters listed below to
appropriate values using the Drive Composer pro PC tool. See parameter groups
Safety on page 324 and SLSx on page 342.

The Variable SLS function uses the SLS4 limits of the FSO module. Depending on
the application, set the negative and positive SLS and trip limits separately.

Note: If possible, reserve SLS4 function only for variable SLS use.

The FSO module scales the SLS4 trip limit so that the difference between the new
limits does not become too small. For more information, see section Defining the
scaled SLS4 limit and SLS4 trip limits on page 299.

Note: If SLS4 limits or trip limits are changed, it affects the Variable SLS limits and trip
limits.

For more information on the Variable SLS function, see page 137.

How to configure Variable SLS with time monitoring
Example: The figure below shows an example of the Variable SLS function with time
monitoring set-up:
+ Variable SLS function activated
(200.61 SLS variable activity and version = Version 1)
» automatic acknowledgement (SLSx.02 SLS acknowledgement = Automatic)
» time monitored deceleration ramp
(SLSx.03 SLS activation monitoring method = Time)
+ deceleration and acceleration ramps according to drive parameters
+ SLS activation delay: 2000 ms (SLSx.04 SLS time delay = 2000 ms)
+ single output connected (SLSx.57 Variable SLS output = DO X114:7)

* positive limits: SLS 1200.0 rpm, trip limit 1320.0 rpm
(200.53 SLS4 limit positive = 1200 rpm,
SLSx.43 SLS4 trip limit positive = 1320 rpm).
* negative limits: SLS -100.0 rpm, trip limit: -150.0 rpm
(FSOGEN.51 Zero speed without encoder, not shown in the figure)
(200.52 SLS4 limit negative = -100 rpm,
SLSx.42 SLS4 trip limit negative = -150 rpm).

« See also section Configuring mute times on page 315.

Note: The difference between the SLS limit and the corresponding SLS trip limit must
be at least 0.1 rpm.
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These values are defined in the safety program:
» only positive limits are scaled: Positive_Scaling = 0, Negative_Scaling = 1

+ scaling values from the safety PLC: 70%, 50%, 100%
(value set in Variable_SLS_limit = 7000, 5000, 10000).

200.61 = Version 1
SLSx.02 = Automatic

SLSx.03 = Time Output
Speed SLSx.04 = 2000 ms
H — SLSx.51
=DO X113:7

SLSx.43 =1320 rpm
200.53 = 1200 rpm

‘ T Time

varSLS activated, New scaling values from PLC:
70% scaling 50%, 100%
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How to configure Variable SLS with ramp monitoring

Example: The figure below shows an example of the Variable SLS function with ramp
monitoring set-up:

Variable SLS function activated
(200.61 SLS variable activity and version = Version 1)

automatic acknowledgement (SLSx.02 SLS acknowledgement = Automatic)

monitored deceleration ramp
(SLSx.03 SLS activation monitoring method = Ramp)

deceleration ramp and ramp monitoring limits according to SAR1 parameters,
acceleration ramp according to drive parameters

single output connected (SLSx.57 Variable SLS output = DO X114:7)
positive limits: SLS 1200.0 rpm, trip limit 1320.0 rpm

(200.53 SLS4 limit positive = 1200 rpm,

SLSx.43 SLS4 trip limit positive = 1320 rpm).

negative limits: SLS -100.0 rpm, trip limit: -150.0 rpm

(FSOGEN.51 Zero speed without encoder, not shown in the figure)
(200.52 SLS4 limit negative = -100 rpm,

SLSx.42 SLS4 trip limit negative = -150 rpm).

See also section Configuring mute times on page 315.

Note: The difference between the SLS limit and the corresponding SLS trip limit must
be at least 0.1 rpm.
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These values are defined in the safety program:
» only positive limits are scaled: Positive_Scaling = 0, Negative_Scaling = 1

+ scaling values from the safety PLC: 70%, 50%, 100%
(value set in Variable_SLS_limit = 7000, 5000, 10000).

200.61 = Version 1
SLSx.02 = Automatic

SLSx.03 = Ramp Output

- SLSx.51
=DO X113:7

SLSx.43 =1320 rpm
200.53 = 1200 rpm

f \\ T\ Time
varSLS activated, New scaling values from PLC:
70% scaling 50%, 100%

Remember to configure SAR1!

See also section SLS reaction when modulation is lost during deceleration ramp, with
ramp monitoring on page 107.
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Defining the scaled SLS4 limit and SLS4 trip limits

Because the same scaling percentage is used to scale both the original SLS4 limit
and SLS4 trip limit, this affects the difference between new, scaled SLS4 limit and
SLS4 trip limits. The FSO scales the SLS4 trip limit so that the difference between the
new limits does not become too small.

The FSO module first scales the original SLS4 and SLS4 trip limits with the given
percentage. If necessary, the new, scaled SLS4 trip limit is the adjusted according to
these rules when safe speed estimate is used:

« If the difference between original SLS4 and SLS4 trip limits < 25 rpm:
the difference between the scaled limits is the same as the original difference.
See Example 1 below.

« If the difference between original SLS4 and SLS4 trip limits > 25 rpm:
the difference between the limits is at least 25 rpm. See Example 2 below.

* Regardless of the original difference between the limits, the scaled SLS4 trip limit
must always be at least the zero speed value (parameter FSOGEN.57).
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Example 1:

» Original SLS4 limit 100 rpm

+ Original SLS4 trip limit 102 rpm

» Zero speed value 12 rpm

In this case, the difference between original SLS4 and SLS4 trip limits is smaller than

25 rpm. Trip limit is scaled to at least 2 rpm higher than the SLS4 limit. When the
scaling value is 10% or less, trip limit is determined by the zero speed value.

Speed
A
®

\

100 50 10 0
Scaling value (%)

A Scaled SLS4 trip limit

B Scaled SLS4 limit

C Zero speed value FSOGEN.51

D The difference between scaled SLS4 limit and trip limit (2 rpm)

E  Minimum value for scaled SLS4 trip limit determined by the zero speed value (12 rpm)
Example 2:

+ Original SLS4 limit 100 rpm

» Original SLS4 trip limit 150 rpm

» Zero speed value 12 rpm

In this case, the difference between original SLS4 and SLS4 trip limits is greater than

25 rpm. SLS4 limit and trip limit are scaled down normally from 100% to 50%. When
the scaling value is 50%, the difference between the limits is 25 rpm and it stays
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constant even if the scaling value is decreased further. Zero speed value is less than
the 25 rpm and has no effect to the trip limit scaling.

Speed

®

O ___>

100 75

-

Scaling value (%)

Scaled SLS4 trip limit

Scaled SLS4 limit

Zero speed value FSOGEN.51

The difference between SLS4 limits is 50 rpm when the scaling value is 100%

mooO w >

The difference between the scaled SLS4 limits is 25 rpm if the scaling value is 50% or
less

Related safety functions

The Variable SLS function uses SAR1 parameters to monitor and/or define the
deceleration ramp (Variable SLS with ramp monitoring). See section Configuring SAR
on page 290.

The FSO module activates the STO function if the motor speed hits a ramp
monitoring limit during the deceleration ramp (Variable SLS with ramp monitoring).
See section Configuring STO on page 267.

The FSO module activates the SSE function if the motor speed hits a trip limit. See
section Configuring SSE on page 281.
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Configuring SMS

To configure the SMS, set the FSO parameters listed below to appropriate values

using the Drive Composer pro PC tool. See parameter groups SMS on page 350 and
Safety on page 324.

There are two different versions of the SMS function. Select the required version with
parameter 200.71 SMS activity and version.

For more information on the SMS function, see page 136.

How to configure SMS, version 1

Example: The figure below shows an example of the SMS, version 1 set-up:

» SMS function version 1 activated (200.71 SMS activity and version = Version 1)
+ positive limit 1800.0 rpm (SMS. 14 SMS trip limit positive = 1800 rpm)

* negative limit -1200.0 rpm (SMS. 13 SMS trip limit negative = -1200 rpm)

» SSE function configured as immediate STO
(SSE.13 SSE function = Immediate STO).

« See also section Configuring mute times on page 315.

200.71 = Version 1

Speed

A

SMS.14 = 1800 rpm

Time

SMS.13 =-1200 rpm

SSE activated
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How to configure SMS, version 2

Example: The figure below shows an example of the SMS, version 2 set-up:

SMS function version 2 activated (200.71 SMS activity and version = Version 2)
SMS limit positive (200.73 SMS limit positive = 1750)

SMS limit negative (200.72 SMS limit negative = -1150)

SMS trip limit positive 1800.0 rpm (SMS.14 SMS trip limit positive = 1800 rpm)
SMS trip limit negative -1200.0 rpm (SMS. 13 SMS trip limit negative = -1200 rpm)

SSE function configured as immediate STO
(SSE. 13 SSE function = Immediate STO).

See also section Configuring mute times on page 315.

Note: If you also use an SLS function, the SMS positive and negative trip limits must
be more than the speed defined by the corresponding SLS positive trip limit and less
than the speed defined by the corresponding SLS negative trip limit, respectively.

200.71 = Version 2

Speed

SMS.14 = 1800 rpm
200.73 = 1750 rpm

Time
200.72 = -1150 rpm
SMS.13 =-1200 rpm

SSE activated

Related safety functions

The FSO module activates the SSE function if the motor speed hits an SMS trip limit.
See section Configuring SSE on page 281.
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Configuring POUS

How to configure POUS

To configure the POUS function, set the FSO parameters listed below to appropriate
values using the Drive Composer pro PC tool. See parameter group POUS on
page 335.

For more information on the POUS function, see page 7139.

Example: The figure below shows an example of the POUS function set-up:
+ POUS function activated (POUS.01 POUS activity and version = Version 1)
» automatic acknowledgement (POUS.02 POUS acknowledgement = Automatic)

* redundant POUS switch connected to inputs X113:1 and DIX114:1
(POUS. 11 POUS input = DI X113:1 & X114:1)

» delay for POUS complete indication: 0 (POUS. 13 POUS delay for completion = 0
ms)

+ POUS completed output (for example, an indication lamp) connected to single
output: X114:9 (POUS.22 POUS completed output = DO X114:9).

POUS.01 = Version 1
POUS.02 = Automatic

Input Outputs
Speed
POUS.11 — ——— POUS.21
=DI X113:1 & = None
X114:1
-— POUS.22
=DO X114:9

POUS.13=0ms
Time

POUS activated

How to configure SLS function behavior when drive
modaulation is lost

When it is critical for the process that the drive must be able to indicate safely if the
drive modulation is lost during SLS deceleration, user must configure this behavior
separately for the SLS function. Once the configuration for the modoff behavior is
made, it is the same for SLS 1...SLS 4 functions and for variable SLS function.
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To configure SLS functions into use (SLS1...SLS4 or variable SLS), see chapters
Configuring SLS on page 291 and Configuring Variable SLS on page 295. The
following parametrization is relevant for a situation where drive modulation is lost
during SLS deceleration ramp and SLS function is activated when motor speed is
higher than SLS limit speed.

For more information on the modoff reaction related to SLS function, see SLS
reaction when modulation is lost during deceleration ramp, with ramp monitoring on
page 707 and SLS reaction when modulation is lost during deceleration ramp, with
time monitoring on page 117.

How to configure SLSn with time monitoring if drive modulation is
lost during SLS deceleration ramp

Example 1: The figure below shows an example of the modoff situation with SLS
function with time monitoring when "Modoff delay time" (parameter SLSx.05) is
selected:

« Basic parametrization of the SLS function made according to chapter Configuring
SLS on page 291.

* Modoff delay time monitoring is active when drive modulation is lost (SLSx.05
SLS ramp modoff reaction = Modoff delay time)

* Modoff delay time (SLSx.06 SLS ramp modoff delay time = 200 ms)

Relevant parameters for this configuration:

» Deceleration time (drive parameter 23.13 Deceleration time 1)

+ SLS activation delay: 2000 ms (SLSx.04 SLS time delay = 2000 ms)
* STO.14 Time to zero speed with STO and modoff: 2500 ms.
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Motor speed SLSx.06 SLSx.04

A

N

| . . STO active
; ; ; Drive modulation
‘ : : : : SLS request
‘ SLSx.06 Modoff time
delay monitoring

SLSx.04 time
delay monitoring

[~ SLSindication
STO.14 delay

. SLS request is activated (SLSx.71 SLS1 input A = DI X113:2 & X114:2). SLS time

delay monitoring is started (SLSx.04 SLS time delay = 2000 ms). Deceleration to
SLS limit speed is started (23.13 Deceleration time 1).

Modulation is lost. Motor starts to coast to a stop. SLS time monitoring limit is kept
active also when modulation is lost (SLSx.04 SLS time delay = 2000 ms). Modoff
delay time starts to run (SLSx.06 SLS ramp modoff delay time = 200 ms).

Modulation of the drive has not returned before the SLS ramp modoff delay time
has elapsed (SLSx.06 SLS ramp modoff delay time = 200 ms). FSO activates
SSE function (SSE. 13 SSE function) as the modulation is lost. SSE function
triggers STO function regardless of the configuration of the SSE function. STO
indication goes on (STO.21 STO output = DO X113:7).

SLS time monitoring limit (SLSx.04 SLS time delay = 2000 ms).

STO.14 delay starts when drive modulation is lost. If modulation does not return,
SLS indication goes on after STO. 14 delay has elapsed.

Example 2: The figure below shows an example of the modoff situation with SLS
function with time monitoring when "Monitoring active" (parameter SLSx.05) is
selected:

Basic parametrization of the SLS function made according to chapter Configuring
SLS on page 291.

Monitoring active when drive modulation is lost (SLSx.05 SLS ramp modoff
reaction = Monitoring active)
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Relevant parameters for this configuration:

» Deceleration time (drive parameter 23.13 Deceleration time 1)

+ SLS activation delay: 2000 ms (SLSx.04 SLS time delay = 2000 ms)
+ STO.14 Time to zero speed with STO and modoff: 2500 ms.

Motor speed
A

SLSx.04

o @ ® ©®
‘ ) [~ STO active
: [~ SLSindication

‘ ‘ Drive modulation
1 X X X SLS request
‘ ‘ ‘ ‘ SLSx.04 time

delay monitoring

STO.14 delay

1. SLS request is activated (SLSx.71 SLS1 input A = DI X113:2 & X114:2). SLS time
delay monitoring is started (SLSx.04 SLS time delay = 2000 ms). Deceleration to
SLS limit speed is started (drive parameter 23.13 Deceleration time 1).

2. Modulation is lost. Motor starts to coast to a stop. FSO stores last valid safe
speed estimation value. SLS time monitoring limit is kept active also when
modulation is lost (SLSx.04 SLS time delay = 2000 ms).

3. Last valid speed estimation value is higher than SLS trip limit speed when SLS
time monitoring limit has elapsed (SLSx.04 SLS time delay = 2000 ms). STO
indication goes on (STO.21 STO output = DO X113:7); see chapter How to
configure STO on page 267.

4. STO.14 delay starts when drive modulation is lost. If modulation does not return,
SLS indication goes on after STO. 14 delay has elapsed.

When drive modulation is lost, last valid speed estimate is stored to FSO module until
modulation comes back or monitoring limit is reached. Time monitoring is kept active
also when modulation is lost during SLS deceleration ramp. The time monitoring
begins when SLS is requested. A time monitoring hit due to lost modulation is
generated when SLS time delay has elapsed. SLS hit is indicated and STO is
activated. Drive restart is not possible until STO. 14 delay has elapsed.
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Example 3: The figure below shows an example of the SLS function with time

monitoring when "Monitoring active and modoff delay time" (parameter SLSx.05) is
selected:

+ Basic parametrization of the SLS function made according to chapter Configuring
SLS on page 291.

* Monitoring and modoff delay time are active when drive modulation is lost
(SLSx.05 SLS ramp modoff reaction = Monitoring active and modoff delay time)

» Modoff delay time (SLSx.06 SLS ramp modoff delay time = 300 ms)
Relevant parameters for this configuration:

» Deceleration time (drive parameter 23.13 Deceleration time 1)

+ SLS activation delay: 2000 ms (SLSx.04 SLS time delay = 2000 ms)
* STO.14 Time to zero speed with STO and modoff: 2500 ms.

Motor speed

A

SLSx.06 SLSx.04

OO00 © O

[

SLS indication

‘ — 1 1 Drive modulation

SLS request

SLSx.04 time
delay monitoring
SLSx.06 time
delay monitoring




Configuration 309

1. SLS request is activated (SLSx.77 SLST input A = DI X113:2 & X114:2). SLS time
delay monitoring is started (SLSx.04 SLS time delay = 2000 ms). Deceleration to
SLS limit speed is started (23.13 Deceleration time 1).

2. Modulation is lost. Motor starts to coast to a stop. SLS time monitoring limit is kept
active also when modulation is lost (SLSx.04 SLS time delay = 2000 ms). Modoff
delay time starts to run (SLSx.06 SLS ramp modoff delay time = 300 ms).

3. Modulation of the drive returns before the SLS ramp modoff delay time has
elapsed (SLSx.06 SLS ramp modoff delay time = 300 ms). Drive continues to
decelerate according to drive parameter in step 2.

4. SLS ramp modoff delay time limit (SLSx.06 SLS ramp modoff delay time = 300
ms).

5. The speed of the drive reaches the SLS speed limit (200.23 SLS1 limit positive =
1200 rpm). SLS monitoring is activated and SLS indication goes on (SLSx.15
SLS1 output A = DO X114:7).

6. The SLSx.04 time monitoring limit. SLS indication is activated at the latest.

Time monitoring is kept active also when modulation is lost during SLS deceleration

ramp and SLSx.06 SLS ramp modoff delay time is set shorter than SLSx.04 SLS time
delay. FSO indicates SLS hit and STO is activated when SLSx.06 has elapsed. Drive
restart is possible until SLSx.06 has elapsed.

Example 4: The figure below shows an example of the SLS function with time
monitoring when "Monitoring and modoff delay time disabled" (parameter SLSx.05) is
selected:

» Basic parametrization of the SLS function made according to chapter Configuring
SLS on page 291.

* Monitoring and modoff delay time are disabled when drive modulation is lost
(SLSx.05 SLS ramp modoff reaction = Monitoring and modoff delay time disabled)

Relevant parameters for this configuration:

» Deceleration time (drive parameter 23.13 Deceleration time 1)

» SLS activation delay: 2000 ms (SLSx.04 SLS time delay = 2000 ms)

» STO.14 Time to zero speed with STO and modoff: 2500 ms.
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Motor speed

A

' "

' Y
Ky
.

STO.14

CloN 5

[~ SLS indication
: Drive modulation
‘ 1 ; SLS request

SLSx.04 time
delay monitoring

STO.14 delay

1. SLS request is activated (SLSx.77 SLS1 input A = DI X113:2 & X114:2). SLS time
delay monitoring is started (SLSx.04 SLS time delay = 2000 ms). Deceleration to
SLS limit speed is started (23.13 Deceleration time 1).

2. Modulation is lost. Motor starts to coast to a stop. SLS time monitoring limit is
disabled when modulation is lost (SLSx.04 SLS time delay = 2000 ms). Time to
zero speed with STO and modoff starts to run (STO. 74 Time to zero speed with
STO and modoff = 2500 ms).

3. Modulation of the drive does not return. After STO. 74 has elapsed, SLS indication
goes on (SLSx.15 SLS1 output A = DO X114:7).

The time monitoring of the SLS function is disabled when modulation of the drive is
lost during SLS deceleration ramp. When the drive stops modulation, FSO disables
the time monitoring of the SLS function and starts to wait that the motor will coast to
zero speed (STO.14 Time to zero speed with STO and modoff). When STO.14 has
elapsed, SLS indication goes on. STO. 14 delay should be parametrized so that when
this time has elapsed, the motor speed is 0.
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How to configure SLSn with ramp monitoring if drive modulation is
lost during SLS deceleration ramp

Example 1: The figure below shows an example of the modoff situation with SLS
function with ramp monitoring when "Modoff delay time" (parameter SLSx.05) is
selected:

+ Basic parametrization of the SLS function made according to chapter Configuring
SLS on page 291.

» Modoff delay time monitoring is active when drive modulation is lost (SLSx.05
SLS ramp modoff reaction = Modoff delay time)

» Modoff delay time (SLSx.06 SLS ramp modoff delay time = 200 ms)

Relevant parameters for this configuration:
» Scaling speed: 1500 rpm (200.202 SAR speed scaling = 1500 rpm)
» Deceleration time and ramp monitoring according to SAR1 parameters

ramp time from Scaling speed to zero: 1000 ms (200.112 SAR1 ramp time to
zero = 1000 ms)

initial range for monitoring: 100 ms (SARx.02 SAR initial allowed range = 100
ms)

minimum allowed ramp time: 500 ms (SARx.21 SAR1 min ramp time to zero =
500 ms)

maximum allowed ramp time: 1000 ms (SARx.22 SAR1 max ramp time to
zero = 1500 ms).

+ STO.14 Time to zero speed with STO and modoff: 2500 ms.

Motor speed

SLSx.06

1200.202 (™)

N
®

Drive modulation

SLS request

SAR1 monitoring

SLSx.06 Modoff
delay time monitoring

f 1 STO active
‘ SLS indication
STO.14 delay
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1. SLS request is activated (SLSx. 71 SLS1 input A = DI X113:2 & X114:2). SLS
ramp monitoring is activated (SAR1). Parameter 200.202 SAR speed scaling (=
1500 rpm) is used as a reference point in ramp time calculations. Deceleration
towards the SLS limit speed is started according to SAR1 parameters:

* ramp time from Scaling speed to zero: 1000 ms (200.112 SAR1 ramp time to
zero = 1000 ms)

+ initial range for monitoring: 100 ms (SARx.02 SAR initial allowed range = 100
ms)

* minimum allowed ramp time: 500 ms (SARx.21 SAR1 min ramp time to zero =
500 ms)

* maximum allowed ramp time: 1000 ms (SARx.22 SAR1 max ramp time to
zero = 1500 ms).

2. Modulation is lost. Motor starts to coast to a stop. SLS ramp monitoring is
disabled. Modoff delay time starts to run (SLSx.06 SLS ramp modoff delay time =
200 ms).

3. Modulation of the drive has not returned before the SLS ramp modoff delay time
has elapsed (SLSx.06 SLS ramp modoff delay time = 200 ms). FSO activates
STO function. STO indication goes on (STO.21 STO output = DO X113:7).

4. STO.14 delay starts when drive modulation is lost. If modulation does not return,
SLS indication goes on after STO. 14 delay has elapsed.

When drive modulation is lost, last valid speed estimate is shown to FSO module until
modulation comes back or monitoring limit is reached. SAR1 monitoring is disabled
when modulation is lost during SLS deceleration ramp.

Example 2: The figure below shows an example of the modoff situation with SLS
function with ramp monitoring when "Monitoring active" (parameter SLSx.05) is
selected:

» Basic parametrization of the SLS function made according to chapter Configuring
SLS on page 291.

» Monitoring active when drive modulation is lost (SLSx.05 SLS ramp modoff
reaction = Monitoring active)
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Relevant parameters for this configuration:
» Scaling speed: 1500 rpm (200.202 SAR speed scaling = 1500 rpm)
» Deceleration time and ramp monitoring according to SAR1 parameters

* ramp time from Scaling speed to zero: 1000 ms (200.112 SAR1 ramp time to
zero = 1000 ms)

+ initial range for monitoring: 100 ms (SARx.02 SAR initial allowed range = 100
ms)

* minimum allowed ramp time: 500 ms (SARx.21 SAR1 min ramp time to zero =
500 ms)

* maximum allowed ramp time: 1000 ms (SARx.22 SAR1 max ramp time to
zero = 1500 ms).

+ STO.14 Time to zero speed with STO and modoff: 2500 ms.

Motor speed

%200.202:

[ : STO active
. SLS indication

Drive modulation

‘ 1 1 I SLS request
‘ ] ] ] SAR1 monitoring
— ‘ ‘ STO.14 delay

1. SLS request is activated (SLSx. 11 SLS1 input A = DI X113:2 & X114:2). SLS
ramp monitoring is activated (SAR1). Parameter 200.202 SAR speed scaling
(= 1500 rpm) is used as a reference point in ramp time calculations. Deceleration
towards the SLS limit speed is started according to SAR1 parameters.

» ramp time from Scaling speed to zero: 1000 ms (200.7112 SAR1 ramp time to zero
= 1000 ms)

* initial range for monitoring: 100 ms (SARx.02 SAR initial allowed range = 100 ms)

* minimum allowed ramp time: 500 ms (SARx.21 SAR1 min ramp time to zero =
500 ms)

+ maximum allowed ramp time: 1000 ms (SARx.22 SAR1 max ramp time to zero =
1500 ms).
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2. Modulation is lost. Motor starts to coast to a stop. FSO stores last valid safe
speed estimation value. SLS ramp monitoring limit (SAR1) is kept active also
when modulation is lost.

3. Modulation of the drive has not returned. If SLSx.05 is set to Monitoring active,
SAR1 monitoring limit hit is generated based on the last valid speed estimate of
FSO.

4. STO.14 delay starts when drive modulation is lost. If modulation does not return,
SLS indication goes on after STO. 14 delay has elapsed.

When drive modulation is lost, last valid speed estimate is stored to FSO module until
modulation comes back or monitoring limit is reached. Ramp monitoring is kept active
also when modulation is lost during SLS deceleration ramp. The ramp monitoring is
activated when SLS is requested.

Note: It is also possible to use fixed delay time until tripping fault without time/ramp
monitoring by setting SLSx.05 to Modoff delay time and by setting a suitable delay
until tripping fault with SLSx.06. With value 0, the tripping fault is generated
immediately.

Note: SLSx.05 and SLSx.06 are used only with speed estimate and only with
SLS1...SLS4 and Variable SLS functions in a situation where drive modulation is lost
during deceleration to SLS speed.
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Configuring mute times

WARNING! The mute time increases the response time of the safety system.
This must be considered in the design of the safety system.

To minimize the effects of small transient variations in the speed measurement data,
you can fine-tune the operation of the safety functions with mute time parameters. For
the description of this feature, see Mute time feature on page 58.

How to determine values for mute time parameters

The suitable values for mute times can be determined by monitoring FSO speed
signals (200.01 FSO speed ch1, 200.02 FSO speed ch2) with the Drive Composer
pro tool. If possible, all transient situations within the whole speed range of the
application should be monitored. Based on the results, the mute times should be set
as short as possible. After the mute time parameters have been correctly set, safety
functions can be validated. You can check the motor speed for motor control from the
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following parameters: 1.1, 1.2, and 90.1. See drive firmware manual for more
information.

P | [Name ‘ Pen | Visitle ‘ Mask ‘ Y-scae | Min | Max | i
{3H1}Par 1.2 Mior speed estmaied (rpm) ¥ FFFFFFFS 4 500 35,00
{3H1}Par 1.10 Motor orque (%) W FFFFFFFF ~ 50 10,0
{3H1}Par 200.1 FSO speed chi (rpm) 7 FFFFFFFF V 500 3500
{3H1}Par 200.2 FSO speed ch2 (rpm) ¥ FFFFFFFf 2 -5.00 35,00

Data File Viewer (test_dcpmon)
¥

I Disable polling

Active signal  ——

o @imPar 12wt |
% %

Search |<||>

e

| scaex [15 s [167.18 169.67 17217 7487

A Motor torque
B FSO speed signals
C Motor speed estimate of the drive

How to configure limit hit situations
Example 1: SMS trip limit hit

This example covers trip limit situations of SMS function with synchronous machines.

This example is valid when SMS-specific mute time is disabled (parameter
FSOGEN.39).

» parameter FSOGEN.39 Enable SMS mute time = Disabled
» parameter FSOGEN.31 Transient mute time = 100 ms.
Note: When a synchronous machine is started, there is a possibility of short (< 100

ms) error spikes in safe speed estimate which can cause an unnecessary trip if the
mute time is set too short. If the motor is rotated only in positive direction and
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negative SMS trip limit is set close to zero speed, there is an increased possibility that
the error spike could cause an unnecessary trip.

Speed FSOGEN.31
<~

\

\

\

N
~N

~

Time

|
|
|
|
|
| |
| |
| |
| |
| |
T T
| |
| |
| |
| |
| |
| |
| |
| |

& O

- - - Actual speed

—— Safe speed estimate
—— SMS trip limits

1 Error spike caused by the starting of the synchronous motor, spike duration 50 ms.
FSOGEN.31 is set longer that the error spike and the SSE is not activated.

2 Safe speed estimate exceeds the SMS trip limit
3 FSOGEN.31 Transient mute time has elapsed. SSE is activated.

This example also applies to:

 trip limit hits in the SLS1...4 and Variable SLS functions when the SLSx mute
times are disabled with parameter FSOGEN. 38.

Example 2: SLS safe speed estimate trip limit hit situation

Note: This example is for more complex systems which cannot be properly
configured with general transient mute time.

This example covers safe speed estimate trip limit situations with acceleration of an
induction motor. It is possible that safe speed estimate goes above the SLS trip limit
for limited time when an induction machine is accelerated with high load inertia. In
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this example, SLS1 function is used. Function-specific mute time is set long enough
to prevent the limit hit during acceleration.

» parameter FSOGEN.38 Enable SLSx mute times = Enabled
» parameter SLSx.17 Mute time for SLS1 = 1200 ms (function-specific)

Speed SLSx.17
>
| |
/] ‘
| |
| |
| |
| !
| |
| —_——_———_—_—_—_—_—_—_————— -
| s
| / |
T

O |

s |

7 | |

/4 | |

/ | |

7 | |

Ve I |

/ | |
@ ® Time

- - - Actual speed

—— Safe speed estimate

—— SLS1 trip limit positive SLSx.14
1 Amount of slip in safe speed estimate during acceleration
2 Safe speed estimate exceeds the SLS trip limit

3 Safe speed estimate returns below SLS trip limit before the mute time for SLS1 has
elapsed. SSE is not activated and drive continues normal operation.

This example also applies to:
+ Trip limit hits in the SLS2...4 and Variable SLS functions when the SLSx mute
times are enabled with parameter FSOGEN.38 Enable SLSx mute times

 Trip limit hit in the SMS function when the SMS mute time (SMS.17) is enabled
with parameter FSOGEN.39 Enable SMS mute time.
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How to configure mute time for zero speed detection

Example 1: Zero speed limit is reached with the SS1 function (or SSE with
emergency ramp), the SBC is not used.

» parameter FSOGEN.31 Transient mute time = 20 ms.

Speed

FSOGEN.31 =20 ms

FSOGEN.51
=00MPM F—— - —— e - g mm - - == -

Time

Zero speed Mute time elapsed, STO activated
limit reached

Example 2: Zero speed limit is reached with the SS1 function (or SSE with
emergency ramp), a negative SBC delay (parameter SBC.72 STO SBC delay) is
configured in the STO function:

» parameter FSOGEN.31 Transient mute time = 20 ms.

Speed

FSOGEN.31 =20 ms

' SBC.12=-15ms

FSOGEN.51
=90r§pM F—=— - - - - — - - - g5 —— - - = - — -

Time

Zero speed Mute time|elapsed, SBC activated
limit reached
SBC delay elapsed, STO activated

Note: If the SBC delay (parameter SBC.712 STO SBC delay) is positive or zero
(0 ms), the SBC and STO functions are activated at the same time.
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How to configure mute time for SBC speed limit detection

Example: SBC speed limit (parameter SBC. 15) is reached with the SS1 function (or
SSE with emergency ramp), a negative SBC delay (parameter SBC.12
STO SBC delay) is configured with the SS1 function:

» parameter FSOGEN.31 Transient mute time = 20 ms.

Speed
FSOGEN.31 =20 ms
<>
\SBC.12=-15ms
<>

SBC.15
=90 rpm

Time

SBC speed Muti time|elapsed, SBC activated
limit reached
SBC delay elapsed, STO activated

Note: If the SBC delay (parameter SBC.12 STO SBC delay) is positive or zero
(0 ms), the SBC and STO functions are activated at the same time.

How to configure mute time for monitoring start

Example: The start of SLS monitoring in the SLS1 function
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In this example, SLS1 function is requested from a higher speed than the SLS trip
limit.
» parameter FSOGEN.31 Transient mute time = 20 ms.

Speed

FSOGEN.31 =20 ms

| <>

_\ SLSx.14 = 1320 rpm
|
|

200.23 = 1200 rpm

@ @ @ Time

SLS1 request

I
I
|
| SLS1 indication
1

1 SLS request activated
2 Safe speed in the middle of SLS and SLS trip limits
3 SLS monitoring started. SLS indication activates (SLSx.15, SLSx.16).
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Parameters

Contents of this chapter

This chapter describes the parameters and the status and control words of the FSO
module.

FSO-12 parameters

The following table lists the FSO-12 parameters: The parameter row shows the
parameter index, name, description and factory default value. The subsequent rows
show the parameter value range or names, descriptions and numerical values of the
selectable named alternatives. You can view and modify these parameters in the
Safety settings window of the Drive Composer pro PC tool.

Note: The factory default values shown in the table can be different from the pre-set
parameter values in a delivered FSO (ordered with a plus code, eg, +Q973). For
more information, see section Factory reset on page 410.

Note: ABB recommends that you set drive parameter 37.22 STO indication run/stop
to value 3, 4 or 5. This setting prevents the drive from making a fault every time the
FSO opens the drive STO circuit. You can configure the FSO module so that it
generates the necessary faults to the drive event system.

For additional information on drive parameters and their settings, see the drive
firmware manual.
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Index Name/Value Description Factory
default
Safety General drive safety parameters
200.11 FS module type Module type indicator of the FSO module FSO-12
200.12 FS hardware FSO module hardware version indicator Shows the
version current HW
version
200.13 FS firmware version |FSO module firmware version indicator Shows the
current FW
version
200.21 SLS1 activity and Activates or deactivates the SLS1 function |Disabled
version and shows the version of the SLS1 function.
Disabled Deactivates the SLS1 function.
Version 1 Activates version 1 of the SLS1 function.
200.22 SLS1 limit negative |Sets the SLS1 negative speed limit for the [0.0 rpm
drive
-35880.0 ...0.0 rpm [Speed
200.23 SLS1 limit positive  |Sets the SLS1 positive speed limit for the 0.0 rpm
drive
0.0...35880.0 rpm  |Speed
200.31 SLS2 activity and Activates or deactivates the SLS2 function |Disabled
version and shows the version of the SLS2 function.
Disabled Deactivates the SLS2 function.
Version 1 Activates version 1 of the SLS2 function.
200.32 SLS2 limit negative |Sets the SLS2 negative speed limit for the [0.0 rpm
drive.
-35880.0 ...0.0 rpm |Speed
200.33 SLS2 limit positive |Sets the SLS2 positive speed limit for the 0.0 rpm
drive.
0.0...35880.0 rpm  |Speed
200.41 SLS3 activity and Activates or deactivates the SLS3 function |Disabled
version and shows the version of the SLS3 function.
Disabled Deactivates the SLS3 function.
Version 1 Activates version 1 of the SLS3 function.
200.42 SLS3 limit negative |Sets the SLS3 negative speed limit for the [0.0 rpm
drive.
-35880.0 ...0.0 rpm |Speed
200.43 SLS3 limit positive |Sets the SLS3 positive speed limit for the 0.0 rpm
drive
0.0...35880.0 rpm  |Speed
200.51 SLS4 activity and Activates or deactivates the SLS4 function |Disabled

version

and shows the version of the SLS4 function.

Disabled

Deactivates the SLS4 function.
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Index Name/Value Description Factory
default
Version 1 Activates version 1 of the SLS4 function.
200.52 SLS4 limit negative |Sets the SLS4 negative speed limit for the |0.0 rpm
drive.
Note: Variable SLS uses this limit as scaled.
See Defining the scaled SLS4 limit and
SLS4 trip limits on page 299.
-35880.0 ...0.0 rpm |Speed
200.53 SLS4 limit positive |Sets the SLS4 positive speed limit for the 0.0 rpm
drive.
Note: Variable SLS uses this limit as scaled.
See Defining the scaled SLS4 limit and
SLS4 trip limits on page 299.
0.0...35880.0 rpm | Speed
200.61 SLS variable activity | Activates or deactivates the Variable SLS Disabled
and version function and shows the version of the
Variable SLS function.
Note: This function can be activated only
when the safety fieldbus is installed.
Disabled Deactivates the Variable SLS function.
Version 1 Activates version 1 of the Variable SLS
function.
200.71 SMS activity and Activates or deactivates the SMS function  |Disabled

version

and shows the version of the SMS function.

Disabled Deactivates the SMS function.

Version 1 Activates version 1 of the SMS function. See
section SMS function, version 1 on
page 137.

Version 2 Activates version 2 of the SMS function. See

section SMS function, version 2 on
page 138.

200.72 SMS limit negative |Sets the negative speed limit for the SMS 0.0 rpm
function.
Note: This parameter is used only in version
2 of the SMS function.
-35880.0 ...0.0 rpm |Speed
200.73 SMS limit positive | Sets the positive speed limit for the SMS 0.0 rpm
function.
Note: This parameter is used only in version
2 of the SMS function.
0.0...35880.0 rpm | Speed
200.101 SARO version Shows the version of the SARO function. Version 1

Version 1

Version 1.
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Index Name/Value Description Factory
default
200.102 SARO ramp time to |Sets the target time for the SARO ramp 1ms
zero (used in the SSE function).

Target time = Time in which the drive
decelerates the motor from speed 200.202
SAR speed scaling to zero.

1...1,800,000 ms Time

200.111 SAR1 version Shows the version of the SAR1 function. Version 1
Version 1 Version 1.

200.112 SAR1 ramp time to |Sets the target time for the SAR1 ramp 1ms
zero (used in the SS1 and SLS functions).

Target time = Time in which the drive
decelerates the motor from speed 200.202
SAR speed scaling to zero.

Note: With value 0 ms, the drive (parameter
23.23 Emergency stop time) defines the safe
stop ramp. The FSO module monitors the
actual ramp using SAR1 parameters (ramp
monitoring) or parameter SS1.14 SS1-t
delay for STO (time monitoring).

0...1,800,000 ms Time.

200.201 Drive general Shows the version of the drive general Version 1
settings version safety settings (includes parameters
200.202, 200.222, 200.223 and 200.254).
Version 1 Version 1.

200.202 SAR speed scaling |Sets a speed value that the FSO module 1500 rpm
uses as a reference point in ramp time
calculations.

See section Ramp monitoring on page 51.

0...35880 rpm Speed

200.222 Safety bus type Sets the type of the safety fieldbus (if used). | Not used

Note: To activate the safety fieldbus, you
must also set parameter SBUSGEN. 01
SBUS activity and version to value Version

1.
Not used The safety fieldbus is not used.
PROFIsafe PROFIsafe
200.223 Safety fieldbus Sets the slot in which the safety fieldbus FBA A
adapter slot adapter is installed.

Note: The slots on the drive control board
are defined by drive parameters 50.071 (FBA
A) and 50.31 (FBA B). See the drive
firmware manual.

FBAA The safety fieldbus adapter is in slot FBAA.

FBAB The safety fieldbus adapter is in slot FBA B.
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Index Name/Value Description Factory
default
200.254 CRC of the Shows the FSO configuration checksum. 0
configuration
0...65535 Checksum
FSOGEN General FSO parameters
FSOGEN.01 FSO general Shows the version of the FSO general Version 1
settings version parameter group (includes parameter
groups FSOGEN and SAFEIO and
parameters SLSx.02, SLSx.03, SLSx.04,
SARXx.02).
Version 1 Version 1.
FSOGEN.11 Stop completed Sets the digital output that indicates the None
output completion of any stop function. Active when
the FSO module has completed the STO,
SSE or SS1 function.
None No input connected
DO X113:7 & X114:7 |Redundant output X113:7 & X114:7
DO X113:8 & X114:8 | Redundant output X113:8 & X114:8
DO X113:9 & X114:9 |Redundant output X113:9 & X114:9
DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
FSOGEN.21 Motor nominal Sets the synchronous motor speed. 100.0 rpm
speed
1.0 ...35880.0 rpm |Speed
FSOGEN.22 Motor nominal Sets the nominal motor frequency. 1.00 Hz
frequency
1.00...598.00 Hz Frequency
FSOGEN.31 Transient mute time |Sets the mute time for the safe speed 0ms

functions. The FSO module waits for the
transient mute time before it acts after a
ramp monitoring or trip limit hit, or after the
zero speed limit is reached.

0...1000 ms

Time
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Index

Name/Value

FSOGEN.38 Enable SLSx mute

times

Description

Enables SLS-specific mute times which are
used in SLS limit hit situations.

These mute times can be set with
parameters SLSx.17, SLSx.27, SLSx.37,
SLSx.47 and SLSx.57.

When this parameter is disabled,
FSOGEN.31 is used in limit hit situations.

Factory
default

Disabled

Disabled

Deactivates SLSx mute times

Enabled

Activates SLSx mute times

FSOGEN.39 Enable SMS mute

time

Enables SMS-specific mute time, which is
used in limit hit situations and can be set
with parameter SMS.17.

When this parameter is disabled,
FSOGEN.31 is used in limit hit situations.

Disabled

Disabled

Deactivates SMS mute time

Enabled

Activates SMS mute time

FSOGEN.41 Power-up

acknowledgement

Sets the power-up acknowledgement
method.

Note: If a safety function request is active
when the FSO module is rebooted, the
request must be removed before the power-
up acknowledgement is accepted.

Manual

Manual

The FSO module reads an external
acknowledgement signal through the digital
input defined by parameter FSOGEN.42
Acknowledgement button input.

Automatic

The FSO module generates the
acknowledgement signal automatically after
the power-up.

Safebus

The FSO module expects an external
acknowledgement signal from the safety
fieldbus after the power-up.

Manual_Safebus

The FSO module expects an external
acknowledgement signal either from a digital
input or from the safety fieldbus after the
power-up.

FSOGEN.42 Acknowledgement

button input

Sets the digital input that is connected to the
button for acknowledgement operations.

None

None No input connected
DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1
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Index Name/Value Description Factory
default
DI X114:2 Single input X114:2
DI X114:3 Single input X114:3
DI X114:4 Single input X114:4
FSOGEN.51 Zero speed without |Sets the zero speed limit for ramp stop 0.0 rpm
encoder safety functions. Used to define when the
safety function is completed and can be
acknowledged.
Note: This is the absolute value. The same
value is used in both positive and negative
directions.
Note: You cannot set trip limits below this
value.
0.0...600.0 rpm Speed
FSOGEN.61 STO indication ext |Sets the type of the event that the FSO Fault
request module generates and sends to the drive
after external requests that end to a
successful activation of the drive STO
function (STO, SSE or SS1).
Note: When the FSO module triggers the
STO function in fault situations, it always
generates a fault.
None No event generated
Fault Fault generated
Warning Warning generated
Event Pure event generated
FSOGEN.62 STO indication Sets the type of the event that the FSO Fault
safety limit module generates for limit hits in the SLS1,
..., SLS4 and SMS functions and for limit
hits during ramp and time monitoring of
safety ramps SARO and SAR1.
Note: When the FSO module triggers the
STO function in fault situations, it always
generates a fault.
None No event generated
Fault Fault generated
Warning Warning generated
Event Pure event generated
FSOGEN. CRC of the whole Shows the FSO configuration checksum. 0
254 configuration
0...65535 Checksum
STO Parameters for the STO function
STO.01 STO version Shows the version of the STO function. Version 1

Version 1

Version 1.
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Index

Name/Value

§TO.02 STO

acknowledgement

Description

Sets the acknowledgement method used in
the STO, SSE and SS1 functions.

See section Acknowledgement methods on
page 48 for more information on different
acknowledgement methods.

Factory
default

Manual

Manual

The FSO module reads the external STO
acknowledgement signal through the digital
input defined by parameter FSOGEN.42
Acknowledgement button input. The FSO
module accepts the acknowledgement after
the STO, SSE or SS1 request has been
removed and the stop function is completed
(output defined by parameter FSOGEN. 11
STO completed output is active).

Automatic

The FSO module generates the STO
acknowledgement signal automatically after
the STO, SSE or SS1 request has been
removed and the stop function is completed
(output defined by parameter FSOGEN. 11
STO completed output is active).

Safebus

The FSO module expects an external STO
acknowledgement signal from the safety
fieldbus after the STO, SSE or SS1 request
has been removed and the stop function is
completed (output defined by parameter
FSOGEN.11 STO completed output is
active).

Manual_Safebus

The FSO module expects an external STO
acknowledgement signal either from a digital
input or from the safety fieldbus after the
STO, SSE or SS1 request has been
removed and the stop function is completed
(output defined by parameter FSOGEN. 11
STO completed output is active).

STO.11 STO inputA

Sets the digital input that is connected to the
primary input of the STO function.

DIX113:1 &
X114:1

None

No input connected

DI X113:1 & X114:1

Redundant input X113:1 & X114:1

DI X113:2 & X114:2

Redundant input X113:2 & X114:2

DI X113:3 & X114:3

Redundant input X113:3 & X114:3

DI X113:4 & X114:4

Redundant input X113:4 & X114:4

DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4




Parameters 331

Index Name/Value Description Factory
default

DI X114:1 Single input X114:1

DI X114:2 Single input X114:2

DI X114:3 Single input X114:3

DI X114:4 Single input X114:4

STO.12 STO input B Sets the digital input that is connected to the | None

secondary input of the STO function. The
secondary input is mostly used for the
cascade connection.
See parameters SAFEIO.12 Cascade A and
SAFEIO.13 Cascade B.

None No input connected

DI X113:1 & X114:1 |Redundant input X113:1 & X114:1

DI X113:2 & X114:2 |Redundant input X113:2 & X114:2

DI X113:3 & X114:3 |Redundant input X113:3 & X114:3

DI X113:4 & X114:4 |Redundant input X113:4 & X114:4

DI X113:1 Single input X113:1

DI X113:2 Single input X113:2

DI X113:3 Single input X113:3

DI X113:4 Single input X113:4

DI X114:1 Single input X114:1

DI X114:2 Single input X114:2

DI X114:3 Single input X114:3

DI X114:4 Single input X114:4

STO.13 Restart delay after |Sets the time after which the 3,600,000
STO acknowledgement of the FSO module and |ms

restart of the drive are allowed after the FSO
has activated the STO function and opened
the drive STO circuit. With this parameter,
you can allow a restart of the drive before
the motor has stopped (fly-start).

This parameter is relevant only when an
external request activates the STO function.
If you do not want to use the fly-start feature,
set this parameter to the same value as
parameter STO. 14 Time to zero speed with
STO and modoff.

0...3,600,000 ms

Time
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Index

Name/Value

STO.14 Time to zero speed
with STO and
modoff

Description

Sets the time that is needed to coast the
motor to a standstill from maximum process
speed. If this time is not known, it can be
measured with Drive Composer pro PC tool
when an encoder is used for motor control
(otherwise you have to make sure that the
motor shaft has stopped rotating by other
means, eg, visually.).

Acknowledgement is allowed after coast
stop in the STO, SSE and SS1 functions
(when SBC is not used).

If SBC is used, see parameter SBC.13 SBC
time to zero speed.

If an external request activates the STO
function, this parameter sets the time after
which the function is completed and the STO
completed indication goes on. In this case,
parameter STO. 13 Restart delay after STO
defines the time after which the
acknowledgement is allowed.

If the drive STO is activated or modulation
stopped while a monitoring safety function is
indicating “unsafe”, after this time
acknowledgement is allowed. For example,
if the drive modulation is lost during SLS
deceleration ramp, SLS OK will be indicated
after this time has elapsed. See section SLS
trip limit hits on page 127.

Factory
default

3,600,000
ms

0...3,600,000 ms

Time

STO.21 STO output

Sets the digital output that indicates the
status of the STO function in the drive.
Active when the STO circuit in the drive is
open.

Note: In a cascade connection, this
indicates the activity of the STO function of
the FSO module.

None

None

No output connected

DO X113:7 & X114:7

Redundant output X113:7 & X114:7

DO X113:8 & X114:8

Redundant output X113:8 & X114:8

DO X113:9 & X114:9

Redundant output X113:9 & X114:9

DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
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Index Name/Value Description Factory
default
DO X114:9 Single output X114:9
STO.22 STO completed Sets the digital output that indicates the None
output completion of the STO function. See the
diagrams in section Safe torque off (STO) on
page 60.
None No output connected
DO X113:7 & X114:7 |Redundant output X113:7 & X114:7
DO X113:8 & X114:8 | Redundant output X113:8 & X114:8
DO X113:9 & X114:9 |Redundant output X113:9 & X114:9
DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
SBC Parameters for the SBC function
SBC.01 SBC version Shows the version of the SBC function. Version 1
Version 1 Version 1.
SBC.11 STO SBC usage Sets how the mechanical brake (SBC) is Delayed
used together with the STO function. brake

Note: This parameter is used also in the
SSE function when it is configured as
Immediate STO (parameter SSE.13 SSE
function = Immediate STO).

None

No brake

Delayed brake

Time controlled brake. Parameter SBC.12
STO SBC delay defines the delay.
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Index

Name/Value

SBC.12 STO SBC delay

Description

Sets the time when the SBC function will be
activated in relation to the activation of the
STO function. A negative value means that
the FSO module activates the SBC before
the drive STO function.

If the value is 0 ms, the FSO activates the
drive STO and SBC functions at the same
time.

STO function and SSE with immediate STO:
This parameter is valid if parameter SBC. 11
STO SBC usage has value Delayed brake.
SSE with emergency ramp and SS1
function: This parameter is valid if parameter
SBC.15 SSE/SS1 SBC speed is not zero.
Only a negative value and zero are used. If
the value is positive, it is regarded as zero.
Note: You must include the mechanical
brake delays in this value.

Factory
default

3,600,000
ms

-5000...
3,600,000 ms

Time

SBC.13 SBC time to zero
speed

Sets the estimated time from the SBC
activation to the moment when the safety
function is completed and the STO
completed indication (parameter STO.22)
goes on (ie, motor has stopped and the
system can be set to a safe state).

Must be configured to the estimated time in
which the external brake decelerates the
motor to a stop from the maximum speed.
The total delay from the moment the FSO
module has activated the drive STO function
until the system is in safe state becomes:
STO SBC delay (SBC.12) + SBC time to
zero speed (SBC.13).

Note: If the value of SBC time to zero speed
(SBC.13) is less than 800 ms (the feedback
delay), the total delay becomes:

STO SBC delay (SBC.12) + 800 ms.

3,600,000
ms

0...3,600,000 ms

Time

SBC.15 SSE/SS1 SBC
speed

Sets the speed below which the FSO
module activates the brake (SBC) while
ramping in the SSE and SS1 functions. If the
value is 0.0 rpm, this feature is not in use.
Note: This is the absolute value. The same
value is used in both positive and negative
directions.

0.0 rpm
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Index Name/Value Description Factory
default
0.0...1000.0 rpm Speed
SBC.21 SBC output Sets the digital output that is connected to | None
the SBC output (brake relays).
None No output connected
DO X113:7 & X114:7 |Redundant output X113:7 & X114:7
DO X113:8 & X114:8|Redundant output X113:8 & X114:8
DO X113:9 & X114:9|Redundant output X113:9 & X114:9
SBC.22 SBC feedback Sets the action that the FSO module takes |No STO
action when there is a problem with the SBC
feedback.
STO The FSO module goes into the Fail-safe
mode and activates the drive STO function.
No STO The FSO module sends a warning to the
drive.
POUS Parameters for the POUS function
POUS.01 POUS activity and |Activates or deactivates the POUS function |Disabled
version and shows the version of the POUS
function.
Disabled Deactivates the POUS function.
Version 1 Activates version 1 of the POUS function.
POUS.02 POUS Sets the POUS acknowledgement method. |Manual
acknowledgement
Manual The FSO module reads the POUS
acknowledgement signal through the digital
input defined by parameter FSOGEN.42
Acknowledgement button input. The FSO
module accepts the acknowledgement after
the POUS request has been removed.
Automatic The FSO module generates the POUS
acknowledgement signal automatically after
the POUS request has been removed.
Safebus The FSO module expects an external POUS
acknowledgement signal from the safety
fieldbus after the POUS request has been
removed.
Manual_Safebus The FSO module expects an external POUS
acknowledgement signal either from a digital
input or from the safety fieldbus after the
POUS request have been removed.
POUS.11 POUS input Sets the digital input that is connected to the | None

POUS input.

None

No input connected

DI X113:1 & X114:1

Redundant input X113:1 & X114:1
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Index Name/Value Description Factory
default
DI X113:2 & X114:2 |Redundant input X113:2 & X114:2
DI X113:3 & X114:3 |Redundant input X113:3 & X114:3
DI X113:4 & X114:4 |Redundant input X113:4 & X114:4
DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1
DI X114:2 Single input X114:2
DI X114:3 Single input X114:3
DI X114:4 Single input X114:4
POUS.13 POUS delay for Sets the delay for the activation of the POUS |0 ms
completion complete indication after the POUS request.
0...3,600,000 ms Time
POUS.21 POUS output Sets the digital output that indicates the None
activity of the POUS function. Active from
the POUS request until the function has
been acknowledged.
None No output connected
DO X113:7 & X114:7 |Redundant output X113:7 & X114:7
DO X113:8 & X114:8|Redundant output X113:8 & X114:8
DO X113:9 & X114:9|Redundant output X113:9 & X114:9
DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
POUS.22 POUS completed Set the digital output that indicates the None

output

completion of the POUS function. Active
after the time defined by parameter
POUS. 13 POUS delay for completion has
elapsed from the POUS request until the
POUS request has been removed.

Note: Connect the POUS indication lamp to
this output.

None

No output connected

DO X113:7 & X114:7

Redundant output X113:7 & X114:7

DO X113:8 & X114:8

Redundant output X113:8 & X114:8

DO X113:9 & X114:9

Redundant output X113:9 & X114:9

DO X113:7

Single output X113:7

DO X113:8

Single output X113:8
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Index Name/Value Description Factory
default
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
SSE Parameters for the SSE function

SSE.O1 SSE version Shows the version of the SSE function. Version 1
Version 1 Version 1.

SSE.11 SSE inputA Sets the digital input that is connected to the |None

primary input of the SSE function.

None No input connected
DI X113:1 & X114:1 |Redundant input X113:1 & X114:1
DI X113:2 & X114:2 |Redundant input X113:2 & X114:2
DI X113:3 & X114:3 |Redundant input X113:3 & X114:3
DI X113:4 & X114:4 |Redundant input X113:4 & X114:4
DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1
DI X114:2 Single input X114:2
DI X114:3 Single input X114:3
DI X114:4 Single input X114:4

SSE.12 SSE input B Sets the digital input that is connected to the | None

secondary input of the SSE function. The
secondary input is mostly used for the
cascade connection.

See parameters SAFEIO.12 Cascade A and
SAFEIO.13 Cascade B.

None

No input connected

DI X113:1 & X114:1

Redundant input X113:1 & X114:1

DI X113:2 & X114:2

Redundant input X113:2 & X114:2

DI X113:3 & X114:3

Redundant input X113:3 & X114:3

DI X113:4 & X114:4

Redundant input X113:4 & X114:4

DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1
DI X114:2 Single input X114:2
DI X114:3 Single input X114:3
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Index Name/Value Description Factory
default
DI X114:4 Single input X114:4
SSE.13 SSE function Sets the type of the SSE function. Emergency
ramp
Immediate STO The FSO module activates the drive STO
immediately after the SSE request.
Emergency ramp The FSO module activates the drive STO
after an emergency ramp.
SSE.14 SSE monitoring Sets the method used for the SSE Ramp
method emergency ramp monitoring. This parameter
is relevant only if parameter SSE.13 SSE
function is set to Emergency ramp.
Ramp Ramp monitoring. SARO parameters define
the emergency ramp and monitoring limits.
See parameters 200.102, SARx.11,
SARx.12 and SARx.02.
Time Time monitoring. Parameter 200.102 SARO
ramp time to zero defines the emergency
ramp and it is monitored with parameter
SSE.15 SSE delay for STO.
SSE.15 SSE delay for STO |Sets the delay for STO activation after the |3,600,000
SSE request. ms

This parameter is relevant only if parameter
SSE. 13 SSE function is set to Emergency
ramp, time monitoring is used (SSE. 14 SSE
monitoring method = Time) and the motor
speed does not follow the ramp.

0...3,600,000 ms

Time
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Index Name/Value Description Factory
default
SSE.16 SSE ramp zero Sets an extra delay time for the drive STO |30,000 ms
speed delay for STO|(and SBC, if used) activation at the zero
speed limit in the SSE with emergency ramp
function.
With this parameter, the FSO module delays
the STO activation so that the drive is able to
reach the shaft zero speed before the FSO
module activates the drive STO function.
The delay counter starts when the motor
speed reaches the zero speed limit
(parameter FSOGEN.57). After this delay
has elapsed, the FSO module activates the
drive STO function. You can use this
parameter when the motor rotates a heavy
load (high inertia).
Note: The FSO module activates the drive
STO immediately if the drive stops
modulating before this delay has passed
(that is, the motor actual speed reaches
0 rpm).
0...30,000 ms Time
SSE.21 SSE output Sets the digital output that indicates the None
activity of the SSE function. Active from the
SSE request until the function has been
acknowledged.
None No output connected
DO X113:7 & X114:7 |Redundant output X113:7 & X114:7
DO X113:8 & X114:8|Redundant output X113:8 & X114:8
DO X113:9 & X114:9|Redundant output X113:9 & X114:9
DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
SSE.22 SSE completed Sets the digital output that indicates the None
output completion of the SSE function. See the
diagrams in section Safe stop emergency
(SSE) on page 82.
None No output connected

DO X113:7 & X114:7

Redundant output X113:7 & X114:7

DO X113:8 & X114:8

Redundant output X113:8 & X114:8

DO X113:9 & X114:9

Redundant output X113:9 & X114:9

DO X113:7

Single output X113:7
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Index Name/Value Description Factory
default
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
SS1 Parameters for the SS1 function

S81.01 SS1 activity and Activates or deactivates the SS1 function Disabled
version and shows the version of the SS1 function.
Disabled Deactivates the SS1 function.
Version 1 Activates version 1 of the SS1 function.

SS1.11 SS1inputA Sets the digital input that is connected to the | None

primary input of the SS1 function.

None No input connected
DI X113:1 & X114:1 |Redundant input X113:1 & X114:1
DI X113:2 & X114:2 |Redundant input X113:2 & X114:2
DI X113:3 & X114:3 |Redundant input X113:3 & X114:3
DI X113:4 & X114:4 |Redundant input X113:4 & X114:4
DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1
DI X114:2 Single input X114:2
DI X114:3 Single input X114:3
DI X114:4 Single input X114:4

SS1.12 SS1input B Sets the digital input that is connected to the | None

secondary input of the SS1 function. The
secondary input is mostly used for the
cascade connection.

See parameters SAFEIO.12 Cascade A and
SAFEIO.13 Cascade B.

None

No input connected

DI X113:1 & X114:1

Redundant input X113:1 & X114:1

DI X113:2 & X114:2

Redundant input X113:2 & X114:2

DI X113:3 & X114:3

Redundant input X113:3 & X114:3

DI X113:4 & X114:4

Redundant input X113:4 & X114:4

DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1




Parameters 341

Index Name/Value Description Factory
default
DI X114:2 Single input X114:2
DI X114:3 Single input X114:3
DI X114:4 Single input X114:4
SS1.13 SS1 type Sets the SS1 type, that is, the method used |SS7-r

for the SS1 monitoring.

SS1-r Ramp monitoring. SAR1 parameters define
the stop ramp and the monitoring limits.
See parameters 200.112, SARx.21,
SARXx.22 and SARx.02.

SS1-t Time monitoring. SAR1 parameter 200.112
define the stop ramp and it is monitored with
parameter SS1.14 SS1-t delay for STO.

SS1.14 SS1-t delay for STO |Sets the time monitoring limit for SS1-t 3,600,000
function. See parameter SS71.13 SS71 type. |ms

FSO will activate STO function if the zero
speed limit is not reached within this target
time.

Note: This parameter is relevant only if time
monitoring is used.

0...3,600,000 ms Time

SS1.15 SS1-r ramp zero Sets an extra delay time for the drive STO |0 ms
speed delay for STO|(and SBC, if used) activation at the zero
speed limit in the SS1 function.
The FSO module uses a speed estimation,
which may differ, due to motor slip, from the
actual shaft speed of the motor). With this
parameter, the FSO module delays the STO
activation so that the drive is able to reach
the shaft zero speed before the FSO module
activates the STO function.
The delay counter starts when the motor
speed reaches the zero speed limit
(parameter FSOGEN.57). After this delay
has elapsed, the FSO module activates the
drive STO function. You can use this
parameter when the motor rotates a heavy
load (high inertia).
Note: The FSO module activates the drive
STO immediately if the drive stops
modulating before the delay has passed
(that is, the motor actual speed reaches
0 rpm).

0...120,000 ms Time
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Index Name/Value Description Factory
default
SS1.21 SS1 output Sets the digital output that indicates the None
activity of the SS1 function. Active from the
SS1 request until the function has been
acknowledged.
None No output connected
DO X113:7 & X114:7 |Redundant output X113:7 & X114:7
DO X113:8 & X114:8 |Redundant output X113:8 & X114:8
DO X113:9 & X114:9 |Redundant output X113:9 & X114:9
DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
SS1.22 SS1 completed Sets the digital output that indicates the None

output completion of the SS1 function. See the
diagrams in section Safe stop 1 (SS1) on
page 67.

None No output connected

DO X113:7 & X114:7

Redundant output X113:7 & X114:7

DO X113:8 & X114:8

Redundant output X113:8 & X114:8

DO X113:9 & X114:9

Redundant output X113:9 & X114:9

DO X113:7 Single output X113:7

DO X113:8 Single output X113:8

DO X113:9 Single output X113:9

DO X114:7 Single output X114:7

DO X114:8 Single output X114:8

DO X114:9 Single output X114:9

SLSx Parameters for the SLS1...4 functions
SLSx.02 SLS Sets the acknowledgement method used in |Manual

acknowledgement  |the SL.S1...4 functions.

Manual The FSO module reads the external SLS

acknowledgement signal through the digital
input defined by parameter FSOGEN.42
Acknowledgement button input. The FSO
module accepts the acknowledgement after
the SLS request has been removed and the
SLS limit has been achieved (that is, SLS
monitoring is on).
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Index Name/Value Description Factory
default
Automatic The FSO module generates the SLS
acknowledgement signal automatically after
the SLS request has been removed and the
SLS limit has been achieved (that is, SLS
monitoring is on).

Safebus The FSO module expects an external SLS
acknowledgement signal from the safety
fieldbus. The FSO module accepts the
acknowledgement after the SLS request has
been removed and the SLS limit has been
achieved (that is, SLS monitoring is on).

Manual_Safebus The FSO module expects an external SLS
acknowledgement signal either from a digital
input or from the safety fieldbus. The FSO
module accepts the acknowledgement after
the SLS request has been removed and the
SLS limit has been achieved (that is, SLS
monitoring is on).

SLSx.03 SLS activation Sets the monitoring method that is used in  |Ramp
monitoring method | S| S activation.

Ramp Ramp monitoring. SAR1 parameters define
the deceleration ramp and monitoring limits.
See parameters 200.112, SARx.21,
SARx.22 and SARx.02.

Time Time monitoring. The drive (parameter 23.13
or 23.15) defines the deceleration ramp and
it is monitored with parameter SLSx.04 SLS
time delay.

SLSx.04 SLS time delay Sets the latest activation time for SLS 0ms
monitoring after an SLS request.

This parameter is relevant only if time
monitoring is used.

See parameter SLSx.03 SLS activation
monitoring method.

Note: With time monitoring, when
Monitoring active and Modoff delay time are
selected, SLSx.04 and SLSx.06 time must
be set shorter than STO. 14, otherwise STO
is not activated due to limit hit when drive
modulation is lost with SLS function.

Note: If the value of this parameter is set to
0 ms, SLS monitoring will be started
immediately regardless of the motor speed.

0...4,000,000 ms Time
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Index Name/Value Description Factory
default
SLSx.05 SLS ramp modoff Selects the fault reaction in case the drive | Modoff
reaction modulation is lost during the SLS delay time
deceleration ramp, when SLS is activated
from speed which is higher than SLS limit
speed.
Modoff delay time  |If drive modulation is lost during the SLS
deceleration ramp and the modulation does
not return within SLSx.06 time, FSO
activates STO.
Note: If speed is below SLS limit (eg,
200.22), modoff is ignored.
Monitoring active If drive modulation is lost during the SLS
deceleration ramp, SLS ramp or time
monitoring (SLSx.03) is kept on. Limit hit is
generated based on the last valid speed
estimate information of FSO.
Monitoring active Both Modoff delay time and Monitoring
and Modoff delay  |active values are in use: FSO generates the
time hit based on whichever condition is met first
and activates the STO.
Monitoring and If drive modulation is lost during the SLS
modoff delay time  |deceleration ramp, FSO does not activate
are disabled e
STO. SLS indication (eg, SLSx.15) goes on
after STO. 74 time has elapsed.
SLSx.06 SLS ramp modoff Time to trip when modulation is lost. 0ms
delay time Note: This time must be set shorter than
STO.14, otherwise STO is not activated due
to limit hit when drive modulation is lost with
SLS function.
0...3,600,000 ms Time
SLSx.11 SLS1 inputA Sets the primary digital input for the SLS1 None

function.

None

No input connected

DI X113:1 & X114:1

Redundant input X113:1 & X114:1

DI X113:2 & X114:2

Redundant input X113:2 & X114:2

DI X113:3 & X114:3

Redundant input X113:3 & X114:3

DI X113:4 & X114:4

Redundant input X113:4 & X114:4

DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1
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Index Name/Value Description Factory
default
DI X114:2 Single input X114:2
DI X114:3 Single input X114:3
DI X114:4 Single input X114:4
SLSx.12 SLS1 input B Sets the secondary digital input for the SLS1 | None

function. The secondary input is mostly used
for cascade connection (only SLS1 can be
cascaded).

See parameters SAFEIO.12 Cascade A and
SAFEIO.13 Cascade B.

None No input connected

DI X113:1 & X114:1 |Redundant input X113:1 & X114:1

DI X113:2 & X114:2 |Redundant input X113:2 & X114:2

DI X113:3 & X114:3 |Redundant input X113:3 & X114:3

DI X113:4 & X114:4 |Redundant input X113:4 & X114:4

DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1
DI X114:2 Single input X114:2
DI X114:3 Single input X114:3
DI X114:4 Single input X114:4
SLSx.13 SLS1 trip limit Sets the SLS1 negative speed limit that trips |0.0 rpm
negative the drive.
-35880.0 ...0.0 rpm |Speed
SLSx.14 SLS1 trip limit Sets the SLS1 positive speed limit that trips |0.0 rpm
positive the drive.
0.0...35880.0 rpm | Speed
SLSx.15 SLS1 output A Sets the primary digital output for the SLS1 |None

function. Active when SLS1 function is active
and the motor speed is below the SLS1 limit
(that is, when the SLS1 monitoring is on).

None No output connected

DO X113:7 & X114:7 |Redundant output X113:7 & X114:7

DO X113:8 & X114:8 | Redundant output X113:8 & X114:8

DO X113:9 & X114:9 |Redundant output X113:9 & X114:9

DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8

DO X114:9 Single output X114:9
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Index Name/Value Description Factory
default
SLSx.16 SLS1 output B Sets the secondary digital output for the None
SLS1 function. Active when SLS1 function is
active and the motor speed is below the
SLS1 limit (that is, when the SLS1
monitoring is on).
The secondary output is mostly used for
cascade connection.
See parameters SAFEIO.12 Cascade A and
SAFEIO.13 Cascade B.
None No output connected
DO X113:7 & X114:7 |Redundant output X113:7 & X114:7
DO X113:8 & X114:8 |Redundant output X113:8 & X114:8
DO X113:9 & X114:9 |Redundant output X113:9 & X114:9
DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
SLSx.17 Mute time for SLS1 |Sets the SLS1 specific mute time for limit hit |0 ms
situations.
0...10000 ms
SLSx.21 SLS2 input Sets the digital input for the SLS2 function. |None
None No input connected
DI X113:1 & X114:1 |Redundant input X113:1 & X114:1
DI X113:2 & X114:2 |Redundant input X113:2 & X114:2
DI X113:3 & X114:3 |Redundant input X113:3 & X114:3
DI X113:4 & X114:4 |Redundant input X113:4 & X114:4
DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1
DI X114:2 Single input X114:2
DI X114:3 Single input X114:3
DI X114:4 Single input X114:4
SLSx.22 SLS2 trip limit Sets the SLS2 negative speed limit that trips [0.0 rpm
negative the drive.
-35880.0 ...0.0 rpm |Speed
SLSx.23 SLS2 trip limit Sets the SLS2 positive speed limit that trips |0.0 rpm
positive the drive.
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Index Name/Value Description Factory
default
0.0...35880.0 rpm | Speed
SLSx.24 SLS2 output Sets the digital output for SLS2 function. None
Active when SLS2 function is active and the
motor speed is below the SLS2 limit (that is,
when the SLS2 monitoring is on).
None No output connected
DO X113:7 & X114:7 |Redundant output X113:7 & X114:7
DO X113:8 & X114:8 | Redundant output X113:8 & X114:8
DO X113:9 & X114:9 |Redundant output X113:9 & X114:9
DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
SLSx.27 Mute time for SLS2 |Sets the SLS2 specific mute time for limit hit |0 ms
situations.
0...10000 ms
SLSx.31 SLS3 input Sets the digital input for the SLS3 function. |None
None No input connected
DI X113:1 & X114:1 |Redundant input X113:1 & X114:1
DI X113:2 & X114:2 |Redundant input X113:2 & X114:2
DI X113:3 & X114:3 |Redundant input X113:3 & X114:3
DI X113:4 & X114:4 |Redundant input X113:4 & X114:4
DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1
DI X114:2 Single input X114:2
DI X114:3 Single input X114:3
DI X114:4 Single input X114:4
SLSx.32 SLS3 trip limit SLS3 negative speed limit that trips the 0.0 rpm
negative drive.
-35880.0 ...0.0 rpm |Speed
SLSx.33 SLS3 trip limit Sets the SLS3 positive speed limit that trips |0.0 rpm

positive

the drive.

0.0...35880.0 rpm

Speed
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Index Name/Value Description Factory
default
SLSx.34 SLS3 output Sets the digital output for the SLS3 function. | None
Active when SLS3 function is active and the
motor speed is below the SLS3 limit (that is,
when the SLS3 monitoring is on).
None No output connected
DO X113:7 & X114:7 |Redundant output X113:7 & X114:7
DO X113:8 & X114:8 |Redundant output X113:8 & X114:8
DO X113:9 & X114:9 |Redundant output X113:9 & X114:9
DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
SLSx.37 Mute time for SLS3 |Sets the SLS3 specific mute time for limit hit |0 ms
situations.
0...10000 ms
SLSx.41 SLS4 input Sets the digital input for the SLS4 function. |None
None No input connected
DI X113:1 & X114:1 |Redundant input X113:1 & X114:1
DI X113:2 & X114:2 |Redundant input X113:2 & X114:2
DI X113:3 & X114:3 |Redundant input X113:3 & X114:3
DI X113:4 & X114:4 |Redundant input X113:4 & X114:4
DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1
DI X114:2 Single input X114:2
DI X114:3 Single input X114:3
DI X114:4 Single input X114:4
SLSx.42 SLS4 trip limit Sets the SLS4 negative speed limit that trips [0.0 rpm

negative

the drive.

Note: Variable SLS uses this limit as scaled.
See Defining the scaled SLS4 limit and
SLS4 trip limits on page 299.

-35880.0...0.0 rpm

Speed
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Index Name/Value Description Factory
default
SLSx.43 SLS4 trip limit Sets the SLS4 positive speed limit that trips [0.0 rpm
positive the drive.
Note: Variable SLS uses this limit as scaled.
See Defining the scaled SLS4 limit and
SLS4 trip limits on page 299.
0.0...35880.0 rpm | Speed
SLSx.44 SLS4 output Sets the digital output for the SLS4 function. | None

Active when SLS4 function is active and the
motor speed is below the SLS4 limit (that is,
when the SLS4 monitoring is on).

None

No output connected

DO X113:7 & X114:7

Redundant output X113:7 & X114:7

DO X113:8 & X114:8

Redundant output X113:8 & X114:8

DO X113:9 & X114:9

Redundant output X113:9 & X114:9

DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9

SLSx.47 Mute time for SLS4

Sets the SLS4 specific mute time for limit hit
situations.

0ms

0...10000 ms
SLSx.51 Variable SLS output |Sets the digital output for the Variable SLS |None
function. Active when Variable SLS function
is active and the motor speed is below the
Variable SLS limit (that is, when the Variable
SLS monitoring is on).
None No output connected
DO X113:7 & X114:7 |Redundant output X113:7 & X114:7
DO X113:8 & X114:8|Redundant output X113:8 & X114:8
DO X113:9 & X114:9|Redundant output X113:9 & X114:9
DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
SLSx.57 Mute time for Sets the variable SLS specific mute time for |0 ms

variable SLS

limit hit situations.
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Name/Value Description Factory
default
0...10000 ms
SMS Parameters for the SMS function
SMS.13 SMS trip limit Sets the negative speed limit that trips the 0.0 rpm
negative drive for the SMS function.
-35880.0 ...0.0 rpm [Speed
SMS.14 SMS trip limit Sets the positive speed limit that trips the 0.0 rpm
positive drive for the SMS function.
0.0...35880.0 rpm |Speed
SMS.17 Mute time for SMS |Sets the SMS specific mute time for limit hit |0 ms
situations.
0...5000 ms
SARX Parameters for SARx ramps
SARx.02 SAR initial allowed |Sets the initial allowed range for the SARx |0 ms
range ramp. This parameter moves the location of
the maximum monitoring ramp forward on
the time axis, when monitoring is started.
The slope of the ramp stays the same as
defined with parameters 200.202 and
SARx.12 (SARO) or SARx.22 (SAR1).
For more information, see section Ramp
monitoring on page 517.
0...60,000 ms Time
SARx.11 SARO min ramp Sets the minimum ramp time for the SARO |0 ms
time to zero ramp monitoring.
0...1,799,999 ms Time.
Note: With value 0 ms, the ramp is not
monitored
SARx.12 SARO max ramp Sets the maximum ramp time for the SARO |1 ms
time to zero ramp monitoring.
1...3,600,000 ms Time
SARx.21 SAR1 minramp time |Sets the minimum ramp time for the SAR1 |0 ms
to zero ramp monitoring.
0...1,799,999 ms Time
Note: With value 0 ms, the ramp is not
monitored
SARx.22 SAR1 max ramp Sets the maximum ramp time for the SAR1 |1 ms

time to zero

ramp monitoring.

1...3,600,000 ms

Time
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Index Name/Value Description Factory
default
SAFEIO Parameters for FSO inputs and outputs
SAFEIO.11 M/F mode for Sets the master/follower mode of the FSO | A =follower,
cascade module for both cascade connections A and | B = follower
B separately.
A = follower, The module is a follower on cascade
B = follower connection A and a follower on cascade
connection B.
A = master, The module is the master on cascade
B = follower connection A and a follower on cascade
connection B.
A = follower, The module is a follower on cascade
B = master connection A and the master on cascade
connection B.
A = master, The module is the master on cascade
B = master connection A and the master on cascade
connection B.
SAFEIO.12 Cascade A Sets the cascade connection A for the FSO |None
module. For each FSO module in cascade
A, the digital input connected to the safety
function is also internally connected to the
corresponding digital output of the FSO
module (digital input -> digital output). This
resembles a master/follower connection.
See section Cascade on page 56.
None Not cascaded
X113:1 & X114:1 -> |Redundant cascade X113:1 & X114:1 ->
XM37 & XNM4T7T  1X113:7 & X114:7
X113:2 & X114:2 -> |Redundant cascade X113:2 & X114:2 ->
X113:8 & X114:8 X113:8 & X114:8
X113:3 & X114:3 -> |Redundant cascade X113:3 & X114:3 ->
XM3Y & X149 1X113:9 & X114:9
X113:1 -> X113:7 Single cascade X113:1 -> X113:7
X113:2 -> X113:8 Single cascade X113:2 -> X113:8
X113:3 -> X113:9 Single cascade X113:3 -> X113:9
X114:1 -> X114:7 Single cascade X114:1 -> X114:7
X114:2 -> X114:8 Single cascade X114:2 -> X114:8
X114:3 -> X114:9 Single cascade X114:3 -> X114:9
SAFEIO.13 Cascade B Sets the cascade connection B for the FSO |None

module. For each FSO module in cascade
B, the digital input connected to the safety
function is also internally connected to the
corresponding digital output of the FSO
module (digital input -> digital output).
See section Cascade on page 56.
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Index Name/Value Description Factory
default

None Not cascaded

X113:1 & X114:1 -> |Redundant cascade X113:1 & X114:1 ->

XM3T7&XNM4AT  1X113:7 & X114:7

X113:2 & X114:2 -> |Redundant cascade X113:2 & X114:2 ->

X113:8& X114:8  1X113:8 & X114:8

X113:3 & X114:3 -> |Redundant cascade X113:3 & X114:3 ->

X113:9 & X114:9 X113:9 & X114:9

X113:1 -> X113:7 Single cascade X113:1 -> X113:7

X113:2 -> X113:8 Single cascade X113:2 -> X113:8

X113:3 -> X113:9 Single cascade X113:3 -> X113:9

X114:1 -> X114:7 Single cascade X114:1 -> X114:7

X114:2 -> X114:8 Single cascade X114:2 -> X114:8

X114:3 -> X114:9 Single cascade X114:3 -> X114:9

SAFEIO.21 Safety relay 1 output|Sets the digital output connected to the None

safety relay 1.
To connect the safety relay to a certain
safety function, you must set the same
digital outputs in the output parameter for
that safety function. For example, if you set
parameter SBC.21 SBC output to the same
value as you set for the safety relay output,
the safety relay is active when the SBC
function is active.
Note: The output must always be redundant.
Otherwise the feedback signal of the safety
relay is not used (see parameter SAFEIO.22
Safety relay 1 feedback).

None No output connected

DO X113:7 & X114:7 |Redundant output X113:7 & X114:7

DO X113:8 & X114:8|Redundant output X113:8 & X114:8

DO X113:9 & X114:9|Redundant output X113:9 & X114:9

SAFEIO.22 Safety relay 1 Sets the digital feedback input of safety None

feedback relay 1.
Parameter SAFEIO.23 Safety relay 1
feedback type sets the type of the feedback
input.

None No input connected

DI X113:1 Single input X113:1

DI X113:2 Single input X113:2

DI X113:3 Single input X113:3

DI X113:4 Single input X113:4

DI X114:1 Single input X114:1

DI X114:2 Single input X114:2
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Index Name/Value Description Factory
default

DI X114:3 Single input X114:3

DI X114:4 Single input X114:4

SAFEIO.23 Safety relay 1

Sets the type of the feedback signal for

Mechanicall

feedback type safety relay 1. y linked NC
Note: FSO reads the feedback signal in contacts
every state change situation, ie, when STO
is activated. The feedback delay is 800 ms
for both feedback types, that is, a feedback
signal from the safety relay must be received
within 800 ms.

Mechanically linked |Feedback of the safety relay is NC (inverted

NC contacts state compared with the relay).

Mechanically linked |Feedback of the safety relay is NO (same

NO contacts state compared with the relay).

SAFEIO.24 Safety relay 2 output | Sets the digital output for safety relay 2. None

See also parameter SAFEIO.21 Safety relay
1 output.

Note: The output must always be redundant.
Otherwise the feedback signal of the safety
relay is not used (see SAFEIO.25 Safety
relay 2 feedback).

None

No output connected

DO X113:7 & X114:7

Redundant output X113:7 & X114:7

DO X113:8 & X114:8

Redundant output X113:8 & X114:8

DO X113:9 & X114:9

Redundant output X113:9 & X114:9

SAFEIO.25 Safety relay 2

Sets the digital feedback input of safety

None

feedback relay 2.
Parameter SAFEIO.26 Safety relay 2
feedback type sets the type of the feedback
input.

None No input connected

DI X113:1 Single input X113:1

DI X113:2 Single input X113:2

DI X113:3 Single input X113:3

DI X113:4 Single input X113:4

DI X114:1 Single input X114:1

DI X114:2 Single input X114:2

DI X114:3 Single input X114:3

DI X114:4 Single input X114:4
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Index Name/Value Description Factory
default
SAFEIO.26 Safety relay 2 Sets the type of the feedback signal for Mechanicall
feedback type safety relay 2. y linked NC
Note: The feedback delay is 800 ms for both |contacts
feedback types, that is, a feedback signal
from the safety relay must be received within
800 ms.
Mechanically linked |Feedback of the safety relay is NC (inverted
NC contacts state compared with the relay).
Mechanically linked |Feedback of the safety relay is NO (same
NO contacts state compared with the relay).
SAFEIO.31 DI diagnostic pulse |Sets the length of the diagnostic pulse for 1ms
length digital inputs.
0.5ms Length of the diagnostic pulse is 0.5 ms.
1ms Length of the diagnostic pulse is 1 ms.
2ms Length of the diagnostic pulse is 2 ms.
SAFEIO.32 DI diagnostic pulse |Sets the time during which the FSO module | 10,000 ms
period must receive at least one whole diagnostic
pulse.
50...59,000 ms Time
SAFEIO.33 DI X113:1 diag pulse |Sets the diagnostic pulse of digital input On
on/off X113:1 on or off.
Off Diagnostic pulse off
On Diagnostic pulse on
SAFEIO.34 DI X113:2 diag pulse |Sets the diagnostic pulse of digital input On
on/off X113:2 on or off.
Off Diagnostic pulse off
On Diagnostic pulse on
SAFEIO.35 DI X113:3 diag pulse |Sets the diagnostic pulse of digital input On
on/off X113:3 on or off.
Off Diagnostic pulse off
On Diagnostic pulse on
SAFEIO.36 DI X113:4 diag pulse |Sets the diagnostic pulse of digital input On
on/oft X113:4 on or off
Off Diagnostic pulse off
On Diagnostic pulse on
SAFEIO.37 DI X114:1 diag pulse |Sets the diagnostic pulse of digital input On
on/off X114:1 on or off.
Off Diagnostic pulse off
On Diagnostic pulse on
SAFEIO.38 DI X114:2 diag pulse |Sets the diagnostic pulse of digital input On

on/off

X114:2 on or off.

Off

Diagnostic pulse off

On

Diagnostic pulse on




Parameters 355

Index Name/Value Description Factory
default
SAFEIO.39 DI X114:3 diag pulse |Sets the diagnostic pulse of digital input On
on/off X114:3 on or off
Off Diagnostic pulse off
On Diagnostic pulse on
SAFEIO.40 DI X114:4 diag pulse |Sets the diagnostic pulse of digital input On
on/off X114:4 on or off
Off Diagnostic pulse off
On Diagnostic pulse on
SAFEIO.51 DO diagnostic pulse |Sets the length of the diagnostic pulse for 1ms
length digital outputs.
0.5ms Length of the diagnostic pulse is 0.5 ms.
1ms Length of the diagnostic pulse is 1 ms.
2ms Length of the diagnostic pulse is 2 ms.
SAFEIO.52 DO diagnostic pulse |Sets the time during which the FSO module |10,000 ms
period must receive at least one whole diagnostic
pulse.
50...59,000 ms Time
SAFEIO.53 DO X113:7 diag Sets the diagnostic pulse of digital output On
pulse on/off X113:7 on or off.
Off Diagnostic pulse off
On Diagnostic pulse on
SAFEIO.54 DO X113:8 diag Sets the diagnostic pulse of digital output On
pulse on/off X113:8 on or off.
Off Diagnostic pulse off
On Diagnostic pulse on
SAFEIO.55 DO X113:9 diag Sets the diagnostic pulse of digital output On
pulse on/off X113:9 on or off.
Off Diagnostic pulse off
On Diagnostic pulse on
SAFEIO.56 DO X114:7 diag Sets the diagnostic pulse of digital output On
pulse on/off X114:7 on or off.
Off Diagnostic pulse off
On Diagnostic pulse on
SAFEIO.57 DO X114:8 diag Sets the diagnostic pulse of digital output On
pulse on/off X114:8 on or off.
Off Diagnostic pulse off
On Diagnostic pulse on
SAFEIO.58 DO X114:9 diag Sets the diagnostic pulse of digital output On
pulse on/off X114:9 on or off.
Off Diagnostic pulse off
On Diagnostic pulse on
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Index Name/Value Description Factory
default
SAFEIO.71 DO X113:7 logic Sets the logic state of digital output X113:7. |Active low
state
Active low Active state of the output is low voltage.
Active high Active state of the output is high voltage.
SAFEIO.72 DO X113:8 logic Sets the logic state of digital output X113:8. |Active low
state
Active low Active state of the output is low voltage.
Active high Active state of the output is high voltage.
SAFEIO.73 DO X113:9 logic Sets the logic state of digital output X113:9. |Active low
state
Active low Active state of the output is low voltage.
Active high Active state of the output is high voltage.
SAFEIO.74 DO X114:7 logic Sets the logic state of digital output X114:7. |Active low
state
Active low Active state of the output is low voltage.
Active high Active state of the output is high voltage.
SAFEIO.75 DO X114:8 logic Sets the logic state of digital output X114:8. |Active low
state
Active low Active state of the output is low voltage.
Active high Active state of the output is high voltage.
SAFEIO.76 DO X114:9 logic Sets the logic state of digital output X114:9. |Active low
state
Active low Active state of the output is low voltage.
Active high Active state of the output is high voltage.
SBUSGEN General parameters for safety fieldbusses
SBUSGEN. SBUS activity and  |Activates or deactivates the safety fieldbus. |Disabled
01 version
Disabled Deactivates the safety fieldbus.
Version 1 Activates version 1 of the safety fieldbus.
SBUSGEN. Safety fieldbus Sets the rpm value that corresponds to 1500.0 rpm
06 speed scaling 20000 for safety fieldbus communication.
0.10...30000.0
SBUSGEN.10 STO indication Sets the type of the event that the FSO Fault

passivation module generates when the FSO module is
passivated due to safety fieldbus problems.

None No event generated

Fault Fault generated

Warning Warning generated

Event Pure event generated
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Index Name/Value Description Factory
default
PROFIsafe Parameters for PROFIsafe
PROFIsafe.11 PROFIsafe Sets the PROFIsafe destination address for |1
F_Dest_Add FSO which is used in the safety

communication network.

Note: This address must be the same as is
set in the F-Parameters for the PROFIsafe
module properties (F_Dest_Add). For more
information, see section Configuring the
safety PLC on page 174.

1...65534
PROFIsafe. PROFIsafetelegram |Shows the PROFIsafe telegram type. 0x221
12 type
0x221 PROFIsafe telegram 0x221 (545).

Corresponds to profile ABB_PS1 in the GSD
file. See section Downloading the GSD file
on page 174.
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Status and control words

This table lists the FSO module and drive status and control words. You can view
these in the ACS880 parameter tab of Drive Composer pro.

WARNING! This data is purely informative. Do not use it for any functional

safety purposes.

Index Name/Value
Safety

Description

200.01 FSO speed ch1

Shows the motor speed estimate 1 of the FSO module. The
FSO module reads the value from the drive via communication
channel 1.

0.00 ... rpm

Speed
FbEQ16: 1 = 1 rpm; FbEq32: 100 = 1 rpm

200.02 FSO speed ch2

Shows the motor speed estimate 2 of the FSO module. The
FSO module reads the source data from the drive via
communication channel 2 and calculates the speed estimate 2
using the data.

0.00 ... rpm

Speed
FbEQ16: 1 =1 rpm; FbEq32: 100 = 1 rpm

200.03 FSO DI status

Shows the states of the FSO digital inputs.

Bit |[Name Values

0 Input X113:1 0=0ff,1=0n
1 Input X113:2 0=0ff,1=0n
2 Input X113:3 0=0ff,1=0n
3 Input X113:4 0=0ff,1=0n
4 Input X114:1 0=0ff,1=0n
5 Input X114:2 0=0ff,1=0n
6 Input X114:3 0=0ff,1=0n
7 Input X114:4 0=0ff,1=0n
8-15 |Reserved
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200.04 FSO DO status

Description

Shows the states of the FSO digital outputs.
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200.05 FSO control word 1

200.06 FSO control word 2

Bit [Name Values

0 Output X113:7 0 =0Off, 1=0n
1 Output X113:8 0 =0Off, 1=0n
2 Output X113:9 0 =0Off, 1=0n
4 Output X114:7 0 =0ff, 1 =0n
5 Output X114:8 0 =Off, 1=0n
6 Output X114:9 0 =0Off, 1=0n
7-15 |Reserved

Shows the states of the FSO commands.

Bit |Name Values

0 STO request 0=0ff,1=0n
1 SSE request 0=0ff,1=0n
2 SS1 request 0=0ff,1=0n
3 Reserved

4 SARO request 0=0ff,1=0n
5 SAR1 request 0=0ff,1=0n
6 Reserved

7 Reserved

8 Reserved

9 Reserved

10 |SLS1 request 0=0ff,1=0n
11 |SLS2 request 0=0ff,1=0n
12 |SLS3 request 0=0ff,1=0n
13 |SLS4 request 0=0ff,1=0n
14 |Reserved

15 |Reserved

Shows the states of the FSO commands.

Bit |[Name Values

0 Reserved

1 CRC request 0=0ff,1=0n
2 FSO brake 0=0ff,1=0n
3 Variable SLS request 0=0ff,1=0n
4 SS1 modoff allowed 0=0ff,1=0n
5 SSE modoff allowed 0=0ff,1=0n
6

Reserved
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Index Name/Value Description
200.07 FSO status word 1 |Shows the FSO status word 1.
Bit |Name Values
0 FSO mode bit 1 0 = Undefined
1 FSO mode bit 2 1 = Start-up mode
2 |FSO mode bit 3 2 = Running mode

3 = Fail-safe mode
4 = Configuration mode

3 FSO state bit 1 0 = Safe state
1 = Operational state

4  |FSO state bit 2

5 |FSO STO active 0=0ff,1=0n
6 |Brake state 0 =Off, 1=0n
7 POUS monitoring 0 =0Off,1=0n
8 |SSE monitoring 0=0ff,1=0n
9 [SS1 monitoring 0=0ff,1=0n
10 [Reserved

11 |SARO monitoring 0 =0Off,1=0n
12 [SAR1 monitoring 0 =0ff,1=0n

13 |Reserved

14 |Reserved

15 |Reserved
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200.08 FSO status word 2

Description
Shows the FSO status word 2.
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s
-

Name

Values

Reserved

SLS1 monitoring

0 =0ff,1=0n

SLS2 monitoring

0=0ff,1=0n

SLS3 monitoring

0 =0ff,1=0n

SLS4 monitoring

0=0ff,1=0n

Reserved

Reserved

Reserved

(N[~ |lW|IN|[~|O

Reserved

©

Reserved

-
o

Reserved

N
N

Reserved

-
N

SMS monitoring

0 =0ff,1=0n

-
w

Reserved

N
D

var SLS monitoring

0=0ff,1=0n

-
[¢;]

Reserved
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Index Name/Value
200.09 Drive status word 1

Description

Shows the drive status word 1.

Bit |Name Description |Values
0 Drive status bit 1 0 = Disabled
1 |Drive status bit 2 1= Readyon
2 |Drive status bit 3 2= Readyrun
3 |Drive status bit 4 3 = Starting
4 = Readyref
5 = Stopping
6 = Faulted
4 Reserved
5 Reserved
6 |Modulation Drive 0=0ff,1=0n
modulation on
or off.
7 STO circuit 1 State of drive |0 = Off, 1 =0n
STO circuit 1.
8 STO circuit 2 State of drive |0 = Off, 1 =0On
STO circuit 2.
9 SS1 active State onthe |0 =Off, 1=0n
10 |Reserved drive side
11 | SARO active 0=0ff, 1=0n
12 |SAR1 active 0=0ff,1=0n
13 |[Reserved
14 |Reserved
15 |Reserved
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200.10 Drive status word 2

Description

Shows the drive status word 2.
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Bit Name Description Values
0 Reserved
1 SLS1 active State on the 0 =Off, 1=0n
2 SLS2 active drive side 0=0ff,1=0n
3 SLS3 active 0 =0ff,1=0n
4 SLS4 active 0 =0Off, 1=0n
5 Reserved
6 Reserved
7 Reserved
8 Drive brake state State of the 0 =Off, 1=0n
drive
operational
brake.
9 STO 1 diag The drive has |0, 1
10 |STO 2 diag noticed an 0,1
STO diagnos-
tic pulse on cir-
cuit 1 or 2.
11-15 |Reserved
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Start-up

Contents of this chapter

This chapter describes the general precautions to be taken before starting up the
safety system for the first time.

Safety considerations

The start-up must be done by a qualified electrical professional who has appropriate
knowledge on functional, machine and process safety. The safety instructions must
be followed during the start-up. See the drive and the safety component specific
safety instructions in the individual product manuals.

WARNING! Until all the safety functionality is validated, the system must not
be considered safe.

Note: The safety of the machine users must be ensured in each phase of the
application life cycle (for example, commissioning, start-up, maintenance, etc.).
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Checks

Before starting the system for the first time, make sure that

» the installation has been checked, according to the individual product checklists
(drive, safety component) and the checklists provided in this document (see
chapter Installation checklists).

» all necessary configuration steps have been completed

» all tools are cleared from the installation area to prevent short circuits and
projectiles

+ starting the system does not cause any danger

+ all safety functions which are configured into use, are validated according to
chapter Verification and validation on page 367.




Verification and validation 367

13

Verification and validation

Contents of this chapter

This chapter describes verification and validation of the implemented safety
functionality.

Verification and validation produce documented proof of the compliance of the
implementation with specified safety requirements.

Further information can be found in Technical guide No. 10 - Functional safety
(3AUA0000048753 [English]).

Verifying the achieved SIL/PL level

Verification of the functional safety system demonstrates and ensures that the
implemented safety system meets the requirements specified for the system in the
safety requirements specification phase.

The most convenient way to verify the required SIL/PL level reached with the
implemented system is to use a specific safety calculator software.

Purpose of the validation testing

The purpose of the validation testing is to verify that the safety functions which are
used in the safety system, operate as required in the application, and that the safety
requirements specification (SRS) arising from the risk assessment is fulfilled. By
testing, the plausibility of the safety functions is ensured against the SRS
requirements. All situations relevant to the application according to the risk
assessment must be tested. For example, possible configuration errors of the safety
functions should be found by the validation testing.
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Preconditions for validation testing

Validation testing is done for the entire and complete safety system. It is
recommended to do all the verification and validation tests so that the real load of the
application is connected to the motor. The whole safety system (for example,
emergency stop buttons, light curtains, etc.) must be installed, set-up, and the drives
commissioned and ready to use before the safety system can be tested. All safety
functions in use must be tested with each of the drive, and/or as a whole section of
drives (span of control of safety function).

Validation procedure

General

It is always the responsibility of the machine builder/designer/integrator to ensure that
the operation of all the required safety functions has been appropriately verified and
validated.

It is necessary to validate first the general settings of the FSO module before the
validation of the safety functions.

Always configure and validate the STO and SSE functions. An internal monitoring of
the FSO module can trigger the STO or SSE function even if you have not defined an
external request signal for them.

WARNING! The system must not be considered safe until the safety

functionality, which is necessary for safe use of the application based on the
risk assessment, is validated. Validation of each safety function must be performed
before the application is taken into the use.

The validation tests using the start-up checklists later in this section must be
performed:

+ atinitial configuration of the safety function

+ after any changes related to the safety function (wiring, components, settings,
etc.)

« after any maintenance work related to the safety function.
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The validation test must include at least the following steps:

* preparing a validation test plan

+ testing all commissioned functions for proper operation in the final complete
safety system

+ testing all used inputs for proper operation, also for the input redundancy. See
also Validation of redundant inputs on page 371.

+ testing all used outputs for proper operation

« documenting all validation tests performed

+ testing person signing and archiving the validation test report for further
reference.

Validation test reports

You must store the signed acceptance test reports in the logbook of the machine. The

report must include, as required by the referred standards:

» description of the safety application (including a figure)

* adescription and revisions of safety components that are used in the safety
application

» alist of all safety functions that are used in the safety application

» allist of all safety related parameters and their values (the drive STO has no
safety-related parameters, but listing the non-safety related parameter 37.22
STO indication run/stop and its setting is recommended)

» documentation of start-up activities, references to failure reports and resolution
of failures

» the test results for each safety function, all safety parameter values including the
CRC value of the safety configuration (parameter 200.254), date of the tests and
confirmation by the test personnel.

You must store any new acceptance test reports performed due to changes or
maintenance in the logbook of the machine.

Competence

The validation test of the safety function must be carried out by a competent person
with expertise and knowledge of the safety function as well as functional safety, as
required by IEC 61508-1 clause 6. The test procedures and report must be
documented and signed by this person.

Tools

You need the Drive Composer pro PC tool to perform the validation procedures.
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Validation of the PROFIsafe connection

Follow the steps below to validate the PROFIsafe connection:

1.

10.

1.

Make sure that the PROFIsafe communication is enabled in FSO parameter
200.222 Safety bus type.

Make sure that the fieldbus module (FENA-21 or FPNO-21) is configured into use
in the drive. See ACS880 primary control program firmware manual and
FENA-01/-11/-21 Ethernet adapter module user's manual (3AUA0000093568
[English]) or FPNO-21 PROFINET fieldbus adapter module user's manual
(BAXD50000158614 [English]).

Make sure that correct option slot is configured for PROFIsafe. The value of FSO
module parameter 200.223 Safety fieldbus adapter slot must correspond to the
FBA channel of the fieldbus interface (FBA A or FBA B).

Make sure that the fieldbus module is configured correctly in drive parameter
group 51 or 54 (depends on which FBA channel [FBA A or FBA B] is used). See
the appropriate fieldbus module manual for details. Most importantly:

» parameter 51.02/54.02 Protocol/Profile must be set to configure one of the
PROFINET profiles,

» parameter 51.21 or 54.21 must be set to Enabled (0) to enable sending of the
PROFIsafe diagnosis messages.

Make sure that the PROFIsafe watchdog time for the fieldbus module that is
configured in the controller station is calculated as specified in section Calculating
the watchdog time on page 170.

Make sure that the PROFIsafe address (F_Dest_Add) of the FSO module is
unique in the network and the same value is set in FSO parameter PROFI/safe. 11
PROFIsafe F_Dest_Add and in the safety controller station.

Make sure that the PROFIsafe address (F_Source_Add) of the safety PLC is
unique in the network.

Make sure that the PROFIsafe speed scaling value in FSO parameter SBUSGEN.
06 Safety fieldbus speed scaling is calculated as specified in section Configuring
the safety fieldbus communication on page 255.

Make sure that the safety controller station is commissioned according to its
instructions. Make sure that the correct GSD-file is in use, for example, a correct
PS profile is in use.

Make sure that the communication between controller and PROFINET/
PROFIsafe devices is established properly.

Verify by activating some suitable safety function in each of the FSOs modules in
PROFIsafe network, that the safety function is activated in correct drive.
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12. Verify by disconnecting the PROFINET cable from the fieldbus adapter that
correct FSO module is passivated and SSE function is activated.

13. Make sure that the drive event log does not contain any unexpected entries. See
chapter Fault tracing for details.

14. Make sure that the diagnostic messages at the safety controller station (PLC) do
not contain any unexpected entries.
Validation of safety functions

Once the system is fully configured and wired for the safety functions, and the initial
checks have been done, you must do the following functional test procedure for each
safety function:

1. Run the system to the operational state, and make sure that the drive and FSO
module are ready for the safety function validation. There are no active faults in
the drive or FSO module.

2. Make sure that the acknowledgement method has been configured as required in
the risk assessment of the application (manual or automatic acknowledgement).

3. Activate the safety function, for example through PROFIsafe or by an activating
safety switch.

4. Verify that the desired functionality takes place, and the system behaves safely
according the requirements of the risk assessment.

5. Document the test results to the validation test report.

6. Sign and file the validation test report.

Validation of redundant inputs

If safety function is configured to use redundant inputs, the diagnostic function of
each redundant input must be verified.

This is an validation example with the SS1 function. Inputs X113:1 and X114:1 are set
for the SS1 input. Validation procedure:

1. Remove one channel from the FSO input 1 for SS1 function (for example, input
X113:1).

Make sure that the FSO module activates the SS1 function (FSO SS1 request).
Make sure that the warning of redundant inputs (A7D0) appears.

Connect the disconnected input channel back to the FSO input 1 for SS1.
Verify that it is not possible to acknowledge the SS1 function.

Request SS1 function by activating both input channels.

N o o bk e D

Make sure that the warning of the redundant inputs (A7D0) disappears.
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8. Deactivate SS1 function.
9. Acknowledge the function.

Repeat this procedure for all redundant input(s), and with all safety functions that use
the inputs.

Validation of safety 1/O’s

The safety 1/0 configuration (SAFEIO.xx parameters) and functionality including the
test pulsing must be verified according to the application requirements. If safety relay
outputs and their feedbacks are used in the application, the related diagnostic
functions must also be verified.

Validation of the general settings

Make sure that the general settings of the safety functions are configured correctly
according to your design. For a configuration example, see section Configuring
general settings on page 254. Check the values of these parameters:

* FSOGEN.41 Power-up acknowledgement

* FSOGEN.42 Acknowledgement button input
* FSOGEN.22 Motor nominal frequency

* FSOGEN.21 Motor nominal speed

» FSOGEN.51 Zero speed without encoder

* FSOGEN.61 STO indication ext request

+ FSOGEN.62 STO indication safety limit

*» FSOGEN.11 Stop completed output.
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Validation of the STO function

WARNING! Configure and validate the STO function independently and before
other safety functions.

General validation principles:

The STO function is the basic safety function. It must always be configured and
validated before (and independent of) other safety functions. This is essential
because the internal diagnostics of the FSO module can trigger the STO function
even if no external request signal has been defined for the function.

The STO function must always be tested with a separate request signal. The
signal is connected to a suitable FSO module input, and the input is configured to
be the interface for the STO request.

If the stop by coast time from the maximum process speed to zero speed is not
known, it must be measured, and parameter STO. 14 Time to zero speed with
STO and modoff set accordingly.

If an encoder is not used, it must be ensured by other means (for example, by a
visual check) that the motor shaft stops within the STO. 74 delay time and that the
STO function cannot be acknowledged before the motor shaft has stopped. The
only exception to this is when STO.13 Restart delay after STO has been set
shorter than STO. 14 delay time. In that case, the fly-start of the motor is possible.

To validate the STO function:

1.

Make sure that the input for the STO function is configured according to the wiring
diagram.

Make sure that the output to indicate the drive STO state (STO.27 STO output) is
configured correctly according to your design.

Make sure that the STO function is configured correctly according to your design.
For a configuration example, see chapter Configuring STO on page 267. Check
these settings:

Activation:

*+ STO.11 STO input A

* STO.12 STO input B

* Note: Activation can also come from the PROFIsafe.
Acknowledgement:

« STO.02 STO acknowledgement

*»  FSOGEN.42 Acknowledgement button input if manual acknowledgement is
used.

Functionality:
» STO.13 Restart delay after STO (if fly-start is used)
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10.

+ STO.14 Time to zero speed with STO and modoff. (This is the estimated time
in which the motor coasts to a stop from the maximum process speed.)

Indication:

« STO.21 STO output

+ STO.22 STO completed output

» FSOGEN.11 Stop completed output

If you made any changes, download and validate the configuration with the Drive
Composer pro PC tool.

Make sure that you can run and stop the motor freely.

Activate the STO function. For example, by pressing an emergency stop button,
which is wired to an FSO input for the STO function request.

Remove the STO function request.
Make sure that the drive STO is activated immediately after the STO request.
Make sure that STO output (STO.27) shows the state of the drive STO correctly.

a) If manual acknowledgement (or safebus acknowledgement) is in use: Verify by
trying to acknowledge the function, that it is not possible before the motor speed
is low enough:

With safe speed estimation:

» Acknowledgement is not possible before coast time defined by parameter
STO.14 Time to zero speed with STO and modoff

« Iffly startis allowed, acknowledgement is not possible before the time defined
by parameter STO.13 Restart delay after STO has elapsed.

« Iffly startis allowed, acknowledgement is not possible before the time defined
by parameter STO.13 Restart delay after STO has elapsed.

b) If automatic acknowledgement is in use: Verify that STO function is not

acknowledged before the motor is in safe state. See the conditions above.
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Validation of the SBC function
SBC function always uses the drive STO.

Drive STO is always activated immediately in the following cases/situations:
* FSO STO function

» SSE, when it is configured to be immediate STO

+ SSE ramp or SS1 function is completed.

Validation of the delayed brake function

1. Check the wiring between the FSO module and safe brake, and make sure that
they are done correctly according to the design.

2. Make sure that the SBC function is configured correctly according to your design.
For a configuration example, see section How to configure the SBC in the STO
function on page 265. Check these settings:

Functionality:
 SBC.11 STO SBC usage = Delayed brake
* SBC.12 STO SBC delay
» SBC.13 SBC time to zero speed
» SBC.21 SBC output
« SBC.22 SBC feedback action
*  SAFEIO.22 Safety relay 1 feedback
* SAFEIO.23 Safety relay 1 feedback type.
3. Check that the drive STO and the SBC are activated correctly based on your
application needs.

a) When positive STO SBC delay (SBC.12) is used: Check that the drive STO is
activated first and the SBC after the delay has elapsed.

b) When SBC.12 STO SBC delay is 0 ms, Check that the drive STO is activated
at the same time as the SBC.

c) When negative STO SBC delay (SBC.12) is used: Check that the SBC is
activated first and the drive STO after the delay has elapsed.

4. Make sure that the required failure reaction (SBC.22) takes place if there is no
SBC feedback signal (SAFEIO.22). For example, disconnect the SBC feedback
cable to verify.

Validation of the speed limit activated SBC

This feature is possible with:
» the safe speed estimate with the SS1 or SSE ramp
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Procedure:

1. Check the wiring between the FSO module and safe brake, and make sure that
they are done correctly according to the design.

2. Make sure that the SBC function is configured correctly according to your design.
For a configuration example, see chapter How to configure the SBC in the STO
function on page 265. Check these settings:

Functionality:
+ SBC.12 STO SBC delay
» SBC.13 SBC time to zero speed
+ SBC.15 SSE/SS1 SBC speed > 0 rom
+ SBC.21 SBC output
« SBC.22 SBC feedback action
*  SAFEIO.22 Safety relay 1 feedback
*  SAFEIO.23 Safety relay 1 feedback type.
3. Check that the drive STO and the SBC are activated correctly based on your
application needs.
4. Check that the brake is activated at the correct speed.

a) When SBC.12 STO SBC delay is 0 ms or greater, check that the SBC and drive
STO is activated at the same time at the speed limit.

b) When a negative SBC.12 STO SBC delay is used: Check that the SBC is
activated at the speed limit, and the drive STO after the delay has elapsed. This
parameter is only relevant for the SS1 or SSE ramp.

5. Make sure that the required failure reaction (SBC.22) takes place if there is no
SBC feedback signal (SAFEIO.22). For example, disconnect the SBC feedback
cable to verify.
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Validation of the SSE function

Always configure and validate the SSE function. Test the SSE function always with a
separate function request, for example by activating it via a suitable input configured
for the SSE.

Internal diagnostics of the FSO module, trip limit hit cases and PROFIsafe
passivation will trigger the SSE function even if you have not defined an external
request signal for the SSE. For example, the FSO module activates the SSE function
if an SLS trip limit hit occurs. The SSE function must be configured as SSE with STO,
SSE with ramp stop, or SSE with time monitoring, based on the risk assessment of
the application. The configuration must also cover the worst-case situation in case
any of the issues above triggers the SSE function, or in case any stopping function
with the SSE triggers the SSE.

Validation of the SSE with immediate STO function with safe speed estimation

1. Make sure that the input for the SSE function is configured according to the wiring
diagram.

2. Make sure that the SSE function is configured correctly according to your design.
For a configuration example, see chapter How to configure SSE with immediate
STO on page 2817). Check these settings:

Activation:

 SSE.11 SSE input A

» SSE.12 SSE input B.

* Note: Activation can also come from the PROFIsafe.
Acknowledgement:

*  STO.02 STO acknowledgement

«  FSOGEN.42 Acknowledgement button input if manual acknowledgement is
used.

Functionality:
» SSE.13 SSE function = Immediate STO

* STO.14 Time to zero speed with STO and modoff. (STO.14 is the time in
which the motor coasts to a stop from the maximum speed.)

Indication:

« SSE.21 SSE output

» SSE.22 SSE completed output

« FSOGEN.11 Stop completed output.

3. If you made any changes, download and validate the configuration with the Drive
Composer pro PC tool.

4. Make sure that you can run and stop the motor freely. Start the drive.
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5. Activate the SSE function. For example, press the emergency stop button, which

is wired to the FSO input for the SSE function.
Make sure that the drive STO is activated immediately after the SSE request.
Remove the SSE function user request.

a) If manual acknowledgement (or safebus acknowledgement) is in use: Verify by
trying to acknowledge the function, that it is not possible before the motor is in
safe state.

b) If automatic acknowledgement is in use: Make sure that the function is not
acknowledged and that the delays are correctly configured by verifying that the
drive cannot be restarted before the motor is in safe state.

Validation of the SSE with emergency ramp function

1.

Make sure that the input for the SSE function is configured according to the wiring
diagram.

Make sure that the SSE function and SARO setting or time monitoring limit is
configured correctly according to your design. For a configuration example see
section How to configure SSE with time monitoring on page 283 or How to
configure SSE with ramp monitoring on page 284. Check these settings:

Activation:

+ SSE.11 SSE input A

» SSE.12 SSE input B.

» Note: activation can also come from the PROFlIsafe
Acknowledgement:

+ STO.02 STO acknowledgement

*  FSOGEN.42 Acknowledgement button input if manual acknowledgement is
used.

Functionality:
« SSE.13 SSE function = Emergency ramp
* 200.202 SAR speed scaling
* 200.201 SARO ramp time to zero
+ SSE.16 SSE ramp zero speed delay for STO, if used
» With safe speed estimation: FSOGEN.51 Zero speed without encoder
+ a) With ramp monitoring:
- SSE. 14 SSE monitoring method = Ramp
- SARx.02 SAR initial allowed range
- SARx.11 SARO max ramp time to zero

- SARx.12 SARO max ramp time to zero.
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OR
b) With time monitoring:
- SSE. 14 SSE monitoring method = Time
- SSE.15 SSE delay for STO.

Indication:

» SSE.21 SSE output

» SSE.21 SSE completed output

« FSOGEN.11 Stop completed output.

If you made any changes, download and validate the configuration with the Drive
Composer pro PC tool.

Make sure that you can run and stop the motor freely. Start the drive and
accelerate the motor to the maximum speed of the application.

Activate the SSE function. For example, press the emergency stop button which
is wired to FSO module input for the SSE function.

Remove the SSE function user request.

a) If manual acknowledgement (or safebus acknowledgement) is in use: Verify by
trying to acknowledge the function, that it is not possible before the motor speed
is low enough:

»  With safe speed estimation: FSOGEN.51 Zero speed without encoder

b) If automatic acknowledgement is in use: Verify that the function is not
acknowledged before the motor is in safe state, see the conditions above.

Make sure that the motor speed decelerates as expected and the FSO does not
trip to the monitoring limit (ramp or time).

Start the drive and accelerate the motor to the maximum speed of the application.

Activate the SSE function. For example, press the emergency stop button which
is wired to the FSO module input for the SSE function.

Remove the SSE function user request.

. Activate the coast stop of the drive.

You can, for example, cause an external fault trip in the drive. For more
information, see the drive firmware manual (Group 31 Fault functions).

Make sure that the FSO trips the drive, and activates the STO function according
to the application requirements.

Make sure that the acknowledgement of the STO function is not possible before
the motor is in safe state
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Validation of the SS1 function

1. Make sure that the input for the SS1 function is configured according to the wiring
diagram.

2. Make sure that the SS1 function, and SAR1 setting or time monitoring limit is
configured correctly according to your design. For a configuration example, see
chapter How to configure SS1 with time monitoring (SS1-t) on page 270, or How
to configure SS1 with ramp monitoring (SS1-r) on page 272. Check these
settings:

Activation:

+ SS1.11 SS1input A

+ SS1.12 SS1input B.

* Note: activation can also come from the PROFIsafe
Acknowledgement:

+ STO.02 STO acknowledgement

*  FSOGEN.42 Acknowledgement button input if manual acknowledgement is
used.

Functionality:
+ SS1.01 SS1 activity and version = Version 1
» SS81.15 SS1-r ramp zero speed delay for STO (if used)
* 200.202 SAR speed scaling
* 200.112 SAR1 ramp time to zero
« drive parameter 23.23 emergency stop time, if 200.112 =0 ms
» if with safe speed estimation:FSOGEN.51 Zero speed without encoder
+ a) If ramp monitoring is in use:
- SS1.13 SS1 type = SS1-r
- SARx.02 SAR initial allowed range
- SARx.21 SAR1 min ramp time to zero

- SARx.22 SAR1 max ramp time to zero
OR
b) If time monitoring is in use:
- SS1.13 SS1 type = SS1-t
- SS1.14 SS1-t delay for STO.
Indication:
» S§81.21 SS1 output
 S§81.22 SS1 completed output
* FSOGEN.11 Stop completed output.
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3. If you made any changes, download and validate the configuration with the Drive
Composer pro PC tool.

Note: SAR1 is common with the SS1, SLSfunctions. Any changes to the SAR1
values will have impact on these functions.

4. Make sure that you can run and stop the motor freely. Start the drive and
accelerate to the maximum speed of the application.

5. Activate the SS1 function. For example, press an emergency stop button which is
wired to FSO module input for the SS1 function.

6. Remove the SS1 function user request.

7. a) If manual acknowledgement (or safebus acknowledgement) is in use: Try to
acknowledge the function and verify, that it is not possible before the motor is in
safe state (the motor speed is not dangerously high for the application):

« With safe speed estimation: Safety zero speed limit for FSOGEN.51 Zero
speed without encoder
OR

b) If automatic acknowledgement is in use: Verify that the function is not
acknowledged before the motor speed is low enough. See the conditions above.

8. Make sure that the motor speed decelerates as it is designed, and the FSO
module does not trip to the monitoring limit (ramp or time).

9. After the motor is in safe state and the function is acknlowledged, start the drive
again and accelerate to the maximum speed of the application.

10. Activate the SS1 function. For example, by pressing the emergency stop button
which is wired to FSO module input for the SS1 function.

11. Remove the SS1 function user request.

12. Activate the coast stop.
You can, for example, cause an external fault trip in the drive. For more
information, see the drive firmware manual (Group 37 Fault functions).

13. Make sure that the FSO module trips the drive and activates the STO function
according to the application requirements.

14. Make sure that the acknowledgement of the STO function is not possible before
the motor is in safe state.
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Validation of the SLS functions

Note: STO and SSE validation test must always be done before SLS or any other
validation tests.

Follow these steps to validate all SLS functions (SLS1...4) that are used in the
application. SLS1 is used as an example later in this section.

Note: If SLS4 limits are changed, this will have an impact on varSLS function also,
which means that both of these functions must be validated.

1.

Make sure that the input for the SLS1 function is wired and configured according
to the wiring diagram.

Make sure that the SLS1 function is configured according to your design. For a
configuration example, see section Configuring SLS on page 291. Check these
settings:

Activation:

* 200.21 SLS1 activity and version
e SLSx.11 SLS1 input A

+ SLSx.12 SLS1 input B (only for SLS1).
Functionality for the SLS function:

* 200.22 SLS1 limit negative

* 200.23 SLS1 limit positive

* SLSx.13 SLST1 trip limit negative
*  SLSx.14 SLS1 trip limit positive.
Acknowledgement:

*  SLSx.02 SLS acknowledgement

*  FSOGEN.42 Acknowledgement button input if manual acknowledgement is
used.

Functionality:
a) with ramp monitoring:

*  SLSx.03 SLS activation monitoring method = Ramp
* 200.202 SAR speed scaling

* 200.112 SAR1 ramp time to zero

*  SARx.02 SAR initial allowed range

*  SARx.21 SAR1 min ramp time to zero

*  SARx.22 SAR1 max ramp time to zero

« drive parameter 23.23 emergency stop time, If 200.112 SAR1 ramp time to
zero =0 ms.

OR
b) with time monitoring:
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*  SLSx.03 SLS activation monitoring method = Time

» drive parameter 23.13 deceleration time 1 (or 23.15 deceleration time 2)
*  SLSx.04 SLS time delay.

Indication:

e SLSx.15 SLS1 output A

*  SLSx.16 SLS1 output B (only available for SLS1).

Test the SLS function as it is used in the application. Pay attention to the testing of the
relevant fault situations for the application, for example, tripping fault in the drive, etc.

3.

Start the drive and accelerate it to a suitable speed. Activate the SLS function with
an FSO module input, or via the safety bus.

If you activate the function at a speed higher than the SLS limit (200.23 or
200.22), make sure that the deceleration ramp operates as required and no
tripping fault occurs during the deceleration.

Make sure that SLS function limits the motor speed to the required limit. Give a
speed reference higher than the SLS limit. Make sure that the drive does not
follow speed references that are higher than the SLS limit.

Make sure that the SLS indication output (SLSx. 15 or SLSx.16) indicates safe
speed when motor speed is within SLS limits.

Deactivate the SLS function. Make sure that the SLS indication (SLSx.15 or
SLSx.16) goes off, and the drive runs the motor according to the given user
reference (outside the SLS speed limits).

Note: If the SLS function can be activated at a higher motor speed than the SLS limit
(200.23 or 200.22), validate the correct operation as follows:

7. Activate SLS function at a motor speed above the SLS limit (200.23 or 200.22).
8.
9

Activate the coast stop of the drive.

. Make sure that the FSO module reacts according to your application

requirements. For example, it trips the drive with the STO.

10. Make sure that the following events occur only after the motor is in safe state:

» the SLS indication (SLSx.15) goes on, if it is configured.

» Acknowledgement of the stopping function (SSE or STO) is possible in case a
stopping function was triggered earlier. See step 9.
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Validation of the variable SLS function

Note: STO and SSE validation and PROFIsafe interface validation must always be
done before SLS or any other validation tests.

Follow these steps to validate the variable SLS function:

1.

Make sure that the input for the variable SLS function is configured in use in the
safety PLC project.

Make sure that the variable SLS function is configured in the FSO module
according to your design. For a configuration example, see section Configuring
Variable SLS on page 295. Check these settings:

Activation:

* 200.61 SLS variable activity and version
Functionality for the SLS function

* 200.52 SLS4 limit negative

* 200.53 SLS4 limit positive

*  SLSx.42 SLS4 trip limit negative

o SLSx.43 SLS4 trip limit positive
Acknowledgement:

*  SLSx.02 SLS acknowledgement

*+  FSOGEN.42 Acknowledgement button input if manual acknowledgement is
used.

Functionality for the deceleration ramp:

a) with ramp monitoring:

*  SLSx.03 SLS activation monitoring method = Ramp

* 200.202 SAR speed scaling

* 200.112 SAR1 ramp time to zero

*  SARx.02 SAR initial allowed range

»  SARx.21 SAR1 min ramp time to zero

*  SARx.22 SAR1 max ramp time to zero

» drive parameter 23.23 emergency stop time, If 200.112 = 0 ms.
OR

b) with time monitoring:

* SLSx.03 SLS activation monitoring method = Time

» drive parameter 23.13 deceleration time 1 (or 23.15 deceleration time 2)
* SLSx.04 SLS time delay

Indication:

» SLSx.51 Variable SLS output
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3. Check from the safety PLC project that variable SLS scaling is set correctly.
Octet 3 for enabling the scaling:
* bit 6 negative scaling
» bit 7 positive scaling
Octets 4 and 5 for the variable SLS speed scaling value.
Test the variable SLS function as used in the application. Pay attention to the testing

of the relevant fault situations for the application, for example the tripping fault in the
drive, etc:

4. Start the drive with suitable speed reference. Activate the variable SLS function
via the safety bus.

5. Make sure that the variable SLS function limits the motor speed to the required
variable SLS limit by the application. Try to give a speed reference higher than the
limit. Make sure that the drive does not follow speed references higher that the
scaled SLS limit.

6. Make sure that SLSx.57 Variable SLS output indicates safe speed when motor
speed is within the limits.

7. Scale down the variable SLS limit by various test scaling values.

8. Make sure that the deceleration ramp operates as required and no tripping fault
occurs during the deceleration and that the reference SLS4 limits (100% scaling)
are set according to the application requirements.

9. Make sure that SLSx.51 Variable SLS output indicates safe speed when motor
speed is within the scaled variable SLS limits.

10. Deactivate variable SLS function. Make sure that the variable SLS indication goes
off, and the drive runs the motor according to the given user reference.

Note: If the variable SLS function can be activated at a higher speed than the
variable SLS limit, validate the correct operation as follows:

11. Activate the variable SLS function at a motor speed above the variable SLS limit
(or scale down the variable SLS limit).

12. Activate the coast stop of the drive.

13. Make sure that the FSO module reacts according to your application
requirements, for example, it trips the drive with the STO.

14. Make sure that the following events occur only after the motor is in safe state:
» SLSindication (SLSx.57) goes on, if it is configured.

» Acknowledgement of the stopping function (SSE or STO) is possible in case a
stopping function was triggered earlier. See step 13.
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Validation of the SMS functions

WARNING! If the SMS validation is to be performed with the machinery
coupled to the motor, make sure that the machinery is able to withstand the
fast speed changes and the set maximum speed.

Validation of the SMS functions, version 1

1. Make sure that the SMS function is configured correctly according to your design.
For a configuration example, see section How to configure SMS, version 1 on
page 302. Check these settings:

Activation:

* 200.71 SMS activity and version.
Functionality:

*  SMS.13 SMS trip limit negative

*  SMS.13 SMS trip limit positive.

If possible, test the SMS trip limit in practice:
2. Make sure that you can run and stop the motor freely.

3. Start the drive and accelerate to a speed higher than SMS. 14 SMS trip limit
positive.

4. Makes sure that the FSO module detects the over speed and activates the SSE
function.

5. Make sure that the SSE is configured according to the application safety
requirements.

6. Make sure that the acknowledgement of the SSE function is only possible when
the motor is in safe state.

Validation of the SMS function, version 2

1. Make sure that the SMS function is configured correctly according to your design.
For a configuration example, see section How to configure SMS, version 2 on
page 303. Check these settings:

Activation:

* 200.71 SMS activity and version
Functionality:

* 200.72 SMS limit negative

* 200.73 SMS limit positive

*  SMS.13 SMS trip limit negative
»  SMS.14 SMS trip limit positive
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. Make sure that you can ran and stop the motor freely.

. Start the drive and accelerate to a speed higher than the SMS limit
positive (200.73).

. Make sure that SMS function limits the motor speed to the required limit by the
application. Try to give a speed reference higher than the limit. Make sure that the
drive does not follow speed reference if it is higher than the SMS limit. Repeat the
test for both SMS limits (if in use in the application).

. Make sure that also SMS trip limits (200.72, 200.73) are set according to the
application requirements. This procedure does not test the trip limits.




388 Verification and validation
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Validation of the POUS function
Make sure that the input and output(s) for the POUS function are configured
according to the wiring diagram.

Make sure that the POUS function is configured correctly according to your
design. For a configuration example, see section Configuring POUS on page 304.
Check these settings:

Activation:

*« POUS.01 POUS activity and version

* POUS.11 POUS input

* Note: activation can also come from the PROFIsafe.
Acknowledgement:

+  POUS.02 POUS acknowledgement

*  FSOGEN.42 Acknowledgement button input if the manual acknowledgement
is used.

Functionality:

* POUS.13 POUS delay for completion.
Indication:

« POUS.21 POUS output

*  POUS.22 POUS completed output.
Make sure that the motor is stopped.
Activate the POUS function.

Make sure that you cannot start the drive.

Make sure that POUS output (POUS.21) activates immediately when POUS
function is requested according to the system design.

. Make sure that the POUS indication lamp goes on according to the system
design. The delay is defined by parameter POUS delay for completion
(POUS.13).

Make sure that you cannot start the drive.

. Deactivate the POUS function request and give acknowledgement signal if the
manual acknowledgement is used.

. Make sure that the POUS output (POUS.217) and indication lamp goes off.

. Start the drive and make sure that the motor runs normally.




Verification and validation 389

Validation of the cascaded safety function

Without a PROFIsafe communication bus, you can cascade only safety functions
which have a primary and a secondary digital input: STO, SS1, SSE, SLS1. Repeat
the cascading validation procedure to all cascaded safety functions in your
application.

This example shows how to validate the SSE function in a cascaded system
(Cascade A) as shown in section Cascade on page 56.

1. Make sure that the cascaded safety function(s) are configured according to the
wiring diagram.

2. Make sure that the cascaded safety functions are configured correctly according
to your design. For a configuration example see chapter How to configure a
cascaded system on page 258. Check these settings:

Master FSO:

*  SAFEIO.11 M/F mode for cascade
 SAFEIO.12 Cascade A

* STO.02 STO acknowledgement = automatic
*» SSE.11 SSE input A

 SSE.12 SSE input B

» SSE.21 SSE output

*»  FSOGEN.42 Acknowledgement button input

Follower FSO modules (check the settings in each follower FSO module in the
cascade chain):

*  SAFEIO.11 M/F mode for cascade

* STO.02 STO acknowledgement = Automatic
e SSE.11 SSE input A or SSE.12 SSE input B
« SSE.21 SSE output

3. Activate cascaded safety function from the master FSO module.
4. Check that the correct safety function is activated in the whole cascaded chain.

5. Check that all cascaded safety functions are operating correctly according to the
design in each of the cascaded FSO module.

6. Deactivate cascaded safety functions from the master FSO, and acknowledge the
safety function by using manual acknowledgement if in use.

7. Check that the follower FSO modules are acknowledged.

Repeat this procedure for the Cascade B chain if in use.
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Proof test intervals during operation

Proof tests are intended to ensure that the safety integrity of a safety system is
maintained continuously and does not deteriorate over time. Proof tests are often
required for mechanical brakes, for example. Proof tests are used mainly for parts of
the system that cannot be automatically diagnosed.

The proof test interval is the interval between two proof tests. When the proof test
interval has elapsed, the safety system has to be tested and restored to an "as new
condition". The proof test must also be part of the regular maintenance plan.

For some of the components (electronics), the proof test interval is the same as the
expected life time of the system.

A specific safety calculator software can assist in determining the requirements for
the proof tests.

Residual risks

The safety functions are used to reduce the recognized hazardous conditions. In
spite of this, it is not always possible to eliminate all potential hazards. Therefore the
warnings for the residual risks must be given to the operators.
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Contents of this chapter

This chapter describes the status LEDs and provides generic diagnostics and
troubleshooting tips for the FSO module related faults generated by the drive. It
contains a list of the warning and fault messages with possible causes and corrective
actions. The causes of most warnings and faults can be identified and corrected
using the information in this chapter. If not, contact an ABB service representative.

Warnings and faults are listed in separate tables. Each table is sorted by warning/fault

code.

Status LEDs

The status LEDs are situated on the front of the FSO module. The table below
describes the status LED indications.

LED LED off LED on and steady LED flashing
POWER No power Green | Power to the - -
FSO is on.

RUN FSOis in the Green |FSO s in the Green |FSOisin the
Fail-safe mode Operational or Configuration or
and Safe state Safe state. Start-up mode.
(STO
activated).

STATUS/FAULT | The drive isin | Green | A safety function | Green |Request for a safety
normal is active. function has ended
operation, but it has not been
without active acknowledged.
safetyfunctions o TFSOisinthe  |Red |FSO s in the
and no faults. A . ;

Fail-safe mode. Configuration mode
(RUN LED is also
blinking).
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LED LED off LED on and steady LED flashing

STO The drive STO | Green | The drive STO - -
circuit is closed circuit is open.
and the drive is
in operation.

FB Safety Green [FSOisreadyto |Green |Safety
communication start safety communication to the
to the fieldbus communication fieldbus is running.
has stopped. to the fieldbus.

Event types

The FSO module generates three types of events to the drive:

« Pure events, which are just informative data

« Warnings, which are shown to the user

» Faults, which stop the drive and are shown to the user.

Warnings do not need to be reset; they stop showing when the cause of the warning
ceases. Warnings will not trip the drive and the drive will continue to run the motor.

Faults cause the drive to trip and the motor to stop. For information on how to recover
from a fault, see section FSO recovery on page 404.

The user can select the event type (warning, fault or event) for certain function
requests, limit hits and special events:

+ Parameter FSOGEN.61 STO indication ext request defines the event type for the
STO, SS1 and SSE function external requests. The same parameter also defines
the event type that the FSO module generates when the function is completed.

+ Parameter FSOGEN.62 STO indication safety limit defines the event type for the
limit hits of:

e SLS1, ..., SLS4, Variable SLS and SMS functions
* ramp monitoring and time monitoring of the safety ramps SARO and SAR1.

+ Parameter SBUSGEN. 10 STO indication passivation defines the event type for
the FSO module passivation due to safety fieldbus problems.

Event code decoding with Drive Composer pro PC tool

Check the reason for the event from the event log of the Drive Composer PC tool by
keeping the mouse over the AUX-code. For additional information, see the table
below.
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Code | Name Cause What to do
(hex)
Faults
7A81 | TUCSO fault FSO subsystem fault Contact your local ABB
representative.
7A8B | FSO general fault | FSO module is in the See the warning log for more
Configuration mode. information on the actual cause.
FSO module also
generates this fault after
certain malfunctions
which the FSO module
indicates by warnings.
First the FSO module
generates a warning
indication which allows
the drive to control the
system to a safe state.
After this the drive trips.
7A90 |FSO stop FSO module has -
completed completed the STO, SS1
or SSE function.
7A91 | FSO safe speed FSO module detected an | Check the separate code related to
limit SLS or SMS speed trip SLS and SMS functions.
limit violation. See section User-selectable events
for limit hits and special events on
page 401.
7A92 | FSO out of eme Motor speed was not Make sure that the drive can
ramp inside the ramp window decelerate the load using the ramp
during the SSE function. | time (200.102 SARO ramp time to
zero).
7A93 | FSO ramp Drive coasted the motor | Check that the FSO module speed
coasted to stop instead of using limit for stopping the ramp
the ramp. deceleration is not excessive
(FSOGEN.51 Zero speed without
encoder).
7A94 | FSO out of safe Motor speed was not Make sure that the drive can
ramp inside the ramp window decelerate the load using the ramp
during the SS1 function. |time (200.112 SAR1 ramp time to
zero).
7A97 | FSO premature FSO received an external | It is recommended to activate the
POUS POUS request while the | POUS function only when the drive is
drive was still modulating. | stopped.
7A98 | FSO undefined FSO new version, Contact your local ABB
fault undefined fault in the dive | representative.
event system.

3)

2) 3)
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Code | Name Cause What to do
(hex)
7A99 | FSO passivated FSO module was Check the fieldbus connection and

passivated due to safety
fieldbus problems.

fieldbus controller for passivation
cause.

Warnings
A7D0 | FSO general Warning from the FSO See the tips in the Drive Composer
warnings module, for example: PC tool.
» acknowledgement
button not operated
correctly
* 1/O redundancy fault
A7D1 | FSO internal fault | Internal fault in the FSO Reboot the FSO module. If the

module

problem still exits, replace the FSO
module. Contact your local ABB
representative.

A7D2 | FSO |0 fault Problems in the 1/0 Check the FSO I/O cabling.
cabling or safety relays
A7D3 | FSO STO fault Problems in the STO Check the FSO STO cabling.
cabling or inside the drive
A7D4 | FSO STO request | FSO module received an |-
external STO request.
A7D5 | FSO Fault in Check all connections.
communication FSO communication
fault
A7D6 | FSO safety Fault in FSO safety Check all connections.
fieldbus fault fieldbus communication
A7D7 | FSO configuration | Faultin FSO configuration | Check the FSO module parameter
fault settings using Drive Composer pro.
A7D9 | FSO encoderless | Speed estimates differtoo |+ Check the behavior of the driven
fault much. load compared with the drive
control parameter settings.

» Check that the drive is suitable for
the drive train and the motor.

» Adapt control parameters if gear
play or torsional rigidity causes
problems.

A7DA | FSO temperature | FSO module temperature |+ Check ambient conditions. Reboot

fault

is too high.

the FSO module (switch the power

off and on or use drive parameter
96.09 FSO reboot, see the drive
firmware manual).

» Make sure that cooling is sufficient.

Contact your local ABB
representative.

5)

3)

5) 3)

4)3)

4)

4)3)

4)3)

4)

4)

4)
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Code | Name Cause What to do

(hex)

A7DB | FSO undefined FSO new version, Contact your local ABB

warning undefined warning in the | representative.
drive event system.

AA90 | FSO stop FSO module has -

completed completed the STO, SS1
or SSE function.
AA91 | FSO safe speed FSO module detected an | Check the separate code related to
limit SLS or SMS speed trip SLS and SMS functions.
limit violation. See section User-selectable events
for limit hits and special events on
page 401.
AA92 | FSO out of eme Motor speed was not Make sure that the drive can
ramp inside the ramp window decelerate the load using the ramp
during the SSE function. | time (200.102 SARO ramp time to
zero).
AA93 | FSO ramp Drive coasted the motor | Check that the FSO module zero
coasted to stop instead of using speed limit for the deceleration ramp
the ramp. is not excessive (FSOGEN.51 Zero
speed without encoder).

AA94 | FSO out of safe Motor speed was not Make sure that the drive can

ramp inside the ramp window decelerate the load using the ramp
during the SS1 function. |time (200.112 SAR1 ramp time to
zero).

AA97 | FSO POUS FSO module received an |-

request external POUS request
and activated POUS.

AA99 | FSO passivated FSO module was Check the fieldbus connection and
passivated due to safety | fieldbus controller for passivation
fieldbus problems. cause.

AAA1 | FSO STO request | FSO module received an |-
external STO request.

AAA2 | FSO SSE request | FSO module received an |-
external SSE request.

AAA3 | FSO SS1 request | FSO module received an | -
external SS1 request.

AAA4 | FSO SLS1 hit FSO module detected an | Investigate the reason for trip from

SLS1 speed trip limit
violation.

the application point of view. If
application is OK, then make sure
that SLS is configured properly.
Make sure that SLS trip limits are
defined properly.

Check that mute time values are
defined properly (FSOGEN.31 or
SLSx.17 if enabled).

1)

2)

2)
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Code
(hex)

Name

Cause

What to do

AAA5

FSO SLS2 hit

FSO module detected an
SLS2 speed trip limit
violation.

Investigate the reason for trip from
the application point of view. If
application is OK, then make sure
that SLS is configured properly.
Make sure that SLS trip limits are
defined properly.

Check that mute time values are
defined properly (FSOGEN.31 or
SLSx.27 if enabled).

AAAG

FSO SLS3 hit

FSO module detected an
SLS3 speed trip limit
violation.

Investigate the reason for trip from
the application point of view. If
application is OK, then make sure
that SLS is configured properly.
Make sure that SLS trip limits are
defined properly.

Check that mute time values are
defined properly (FSOGEN.31 or
SLSx.37 if enabled).

AAA7

FSO SLS4 hit

FSO module detected an
SLS4 speed trip limit
violation.

Investigate the reason for trip from
the application point of view. If
application is OK, then make sure
that SLS is configured properly.
Make sure that SLS trip limits are
defined properly.

Check that mute time values are
defined properly (FSOGEN.31 or
SLSx.47 if enabled.

AAAS8

FSO SMS hit

FSO module detected an
SMS speed trip limit
violation.

Investigate the reason for trip from
the application point of view. If
application is OK, then make sure
that SMS is configured properly.
Make sure that SMS trip limits are
defined properly.

Check that mute time values are
defined properly (FSOGEN.31 or
SMS. 17 if enabled).

AAA9Q

FSO SARO hit

FSO module detected an
SARO limit violation.

Make sure that the drive can
decelerate the load using the ramp
time (200.102 SARO ramp time to
zero).

FSO SART hit

FSO module detected an
SAR1 limit violation.

Make sure that the drive can
decelerate the load using the ramp
time (200.112 SAR1 ramp time to
zero).

2)6)

2)6)

2)6)

2) 6)

2)

2)
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Code | Name Cause What to do

(hex)

AAB2 | FSO ramp time hit | FSO module detected a Make sure that the drive can
violation of a time decelerate the load within the time
monitored ramp. defined for ramp time monitoring.

» Check the drive ramp time settings.
» Check that the drive can in fact
accomplish the deceleration along
the ramp defined.
Make sure that the limit for ramp time
monitoring of the FSO module
exceeds the actual drive ramp time.
The parameter varies depending on
the safety function. For the SS1
function itis SS1.74 SS1-t delay for
STO.

AAB3 | FSO zero spd hit | Drive speed rushed Check the drive.
during zero speed delay
(SSE.16 SSE ramp zero
speed delay for STO or
S§S81.15 SS1-r ramp zero
speed delay for STO).

AAB4 | FSO speed sync | FSO module detected a | Restart the drive and FSO module.

fail difference between the
two monitored motor
speed values (200.01
FSO speed ch1 and
200.02 FSO speed ch2).

AAB5 | FSO varSLS hit FSO module detected a Investigate the reason for trip from
Variable SLS speed trip the application point of view. If
limit violation. application is OK, then make sure

that Variable SLS is configured
properly.
Make sure that Variable SLS trip
limits are defined properly.
Check that mute time values are
defined properly (FSOGEN.31 or
SLSx.57 if enabled).
AAB6 | FSO safebus FSO module was Check the fieldbus connection and
passivation passivated due to fieldbus controller for passivation
communication problems. | cause.
Events
B790 | FSO general FSO module generated See the tips in the Drive Composer
event an event other than a fault | PC tool.
or a warning.

2)

5)

3)
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SLS1 speed trip limit
violation.

Code | Name Cause What to do

(hex)

B792 | FSO undefined FSO new version, Contact your local ABB

event undefined event in the representative.
drive event system.

BA90 | FSO stop FSO module has -

completed completed the STO, SS1
or SSE function.
BA91 | FSO safe speed FSO module detected an | Check the separate code related to
limit SLS or SMS speed trip SLS and SMS functions.
limit violation. See section User-selectable events
for limit hits and special events on
page 401.
BA92 | FSO out of eme Motor speed was not Make sure that the drive can
ramp inside the ramp window decelerate the load using the ramp
during the SSE function. |time (200.102 SARO ramp time to
zero).
BA93 | FSO ramp Drive coasted the motor | Check that the FSO module zero
coasted to stop instead of using speed limit for the deceleration ramp
the ramp. is not excessive (FSOGEN.51 Zero
speed without encoder).

BA94 | FSO out of safe Motor speed was not Make sure that the drive can

ramp inside the ramp window decelerate the load using the ramp
during the SS1 function. | time (200.112 SAR1 ramp time to
zero).

BA99 | FSO passivated FSO module was Check the fieldbus connection and
passivated due to safety | fieldbus controller for passivation
fieldbus problems. cause.

BAA1 | FSO STO request | FSO module received an |-
external STO request.

BAA2 | FSO SSE request | FSO module received an |-
external SSE request.

BAA3 | FSO SS1 request | FSO module received an |-
external SS1 request.

BAA4 | FSO SLS1 hit FSO module detected an | Investigate the reason for trip from

the application point of view. If
application is OK, then make sure
that SLS is configured properly.
Make sure that SLS trip limits are
defined properly.

Check that transient mute time values
are defined properly (FSOGEN.31 or
SLSx.17 if enabled).

2)3)

2)

2)

2)

5)
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Code
(hex)

Name

Cause

What to do

BAAS

FSO SLS2 hit

FSO module detected an
SLS2 speed trip limit
violation.

Investigate the reason for trip from
the application point of view. If
application is OK, then make sure
that SLS is configured properly.
Make sure that SLS trip limits are
defined properly.

Check that transient mute time values
are defined properly (FSOGEN.31 or
SLSx.27 if enabled).

BAAG6

FSO SLS3 hit

FSO module detected an
SLS3 speed trip limit
violation.

Investigate the reason for trip from
the application point of view. If
application is OK, then make sure
that SLS is configured properly.
Make sure that SLS trip limits are
defined properly.

Check that transient mute time values
are defined properly (FSOGEN.31 or
SLSx.37 if enabled).

BAA7

FSO SLS4 hit

FSO module detected an
SLS4 speed trip limit
violation.

Investigate the reason for trip from
the application point of view. If
application is OK, then make sure
that SLS is configured properly.
Make sure that SLS trip limits are
defined properly.

Check that transient mute time values
are defined properly (FSOGEN.31 or
SLSx.47 if enabled).

BAA8

FSO SMS hit

FSO module detected an
SMS speed trip limit
violation.

Investigate the reason for trip from
the application point of view. If
application is OK, then make sure
that SMS is configured properly.
Make sure that SMS trip limits are
defined properly.

Check that transient mute time values
are defined properly (FSOGEN.31 or
SMS. 17 if enabled).

BAA9

FSO SARO hit

FSO module detected an
SARO limit violation.

Make sure that the drive can
decelerate the load using the ramp
time (200.102 SARO ramp time to
zero).

BAAA

FSO SART hit

FSO module detected an
SAR1 limit violation.

Make sure that the drive can
decelerate the load using the ramp
time (200.112 SAR1 ramp time to
zero).

2)6)

2) 6)

2)



400 Fault tracing

Code | Name Cause What to do

(hex)

BAB2 | FSO ramp time hit | FSO module detected a Make sure that the drive can
violation of a time decelerate the load within the time
monitored ramp. defined for ramp time monitoring.

» Check the drive ramp time settings.
» Check that the drive can in fact
accomplish the deceleration along
the ramp defined.
Make sure that the limit for ramp time
monitoring of the FSO module
exceeds the actual drive ramp time.
The parameter varies depending on
the safety function. For the SS1
function itis SS1.14 SS1-t delay for
STO.

BAB3 | FSO zero spd hit | Drive speed rushed Check the drive.
during zero speed delay
(SSE.16 SSE ramp zero
speed delay for STO or
SS1.15 SS1-r ramp zero
speed delay for STO).

BAB4 | FSO speed sync | FSO module detected a | Restart the drive and FSO module.

fail difference between the
two monitored motor
speed values (200.01
FSO speed ch1 and
200.02 FSO speed ch2).

BAB5 | FSO varSLS hit FSO module detected a Investigate the reason for trip from
Variable SLS speed trip the application point of view. If
limit violation. application is OK, then make sure

that Variable SLS is configured
properly.
Make sure that Variable SLS trip
limits are defined properly.
Check that transient mute time values
are defined properly (FSOGEN.31 or
SLSx.57 if enabled).
BABG6 | FSO safebus FSO module was Check the fieldbus connection and
passivation passivated due to fieldbus controller for passivation
communication problems. | cause.

1)

This is a user-selectable event for a function request. See parameter FSOGEN.61 STO indication ext

request and section User-selectable events for function requests on page 401.

2)

This is a user-selectable event for a limit hit or a special event. See parameter FSOGEN.62 STO indication

safety limit and section User-selectable events for limit hits and special events on page 401.
3) For more information, see the tips in the Drive Composer PC tool.

4)

This warning indicates a fault actually. However, the FSO module generates a warning indication first to
allow the drive to control the system to a safe state. When the system is in the safe state, the drive trips. Fault

2)

2)

2)

2)6)

5)
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5)
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This is a user-selectable event for a safety fieldbus failure. See parameter SBUSGEN. 10 STO indication

passivation and section User-selectable events for safety fieldbus failures on page 403.

6)

See section Configuring mute times on page 315.

User-selectable events for function requests

The table below lists the user-selectable events related to function requests.

Function/ Events depending on
Incident the event type selection (parameter FSOGEN.61)
Fault Warning Event
STO function
STO request AAAT1FSO STO request | AAA1 FSO STO request| BAA1 FSO STO request
(warning)”
STO 7A90 FSO stop AA90 FSO stop BA90 FSO stop
completed completed completed completed

SS1 function

SS1 request

AAA3 FSO SS1 request
(warning)”

AAA3 FSO SS1 request

BAA3 FSO SS1 request

SS1 completed | 7A90 FSO stop AA90 FSO stop BA90 FSO stop
completed completed completed

SSE function

SSE request AAA2 FSO SSE request | AAA2 FSO SSE request| BAA2 FSO SSE request
(warning)"

SSE 7A90 FSO stop AA90 FSO stop BA90 FSO stop

completed completed completed completed

R you select Fault for parameter FSOGEN.61 STO indication ext request, the FSO module generates a
warning at the function request, and a fault trip only after the function is completed. The fault trip is delayed
because the drive must be able to control the system to the Safe state first.

Note: If you select None for parameter FSOGEN.61 STO indication ext request, the FSO module generates
no event when it receives a function request or detects that the function is completed.

User-selectable events for limit hits and special events

The table below lists user-selectable events related to limit hits and special events.

Limit/Incident

the event type selection (parameter FSOGEN.62)

Events depending on

Fault

Warning

Event

SLS1

SLS1 limit hit

AAA4 FSO SLS1 hit
(warning)"

AAA4 FSO SLS1 hit

BAA4 FSO SLS1 hit

System at safe
state

7A91 FSO safe speed
limit

AA91 FSO safe speed
limit

BA91 FSO safe speed
limit
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Limit/Incident

Events depending on

the event type selection (parameter FSOGEN.62)

Fault

Warning

Event

SLS2

SLS2 limit hit

AAA5 FSO SLS2 hit
(warning)”

AAAS5 FSO SLS2 hit

BAAS FSO SLS2 hit

System at safe
state

7A91 FSO safe speed
limit

AA91 FSO safe speed
limit

BA91 FSO safe speed
limit

SLS3

SLS2 limit hit

AAA6 FSO SLS3 hit
(warning)V

AAA6 FSO SLS3 hit

BAAG6 FSO SLS3 hit

System at safe
state

7A91 FSO safe speed
limit

AA91 FSO safe speed
limit

BA91 FSO safe speed
limit

SLS4

SLS4 limit hit

AAA7 FSO SLS4 hit
(warning)”

AAA7 FSO SLS4 hit

BAA7 FSO SLS4 hit

System at safe
state

7A91 FSO safe speed
limit

AA91 FSO safe speed
limit

BA91 FSO safe speed
limit

Variable SLS

varSLS limit hit

AABS5 FSO varSLS hit
(warning)”

AABS5 FSO varSLS hit

BABS5 FSO varSLS hit

System at safe
state

7A91 FSO safe speed
limit

AA91 FSO safe speed
limit

BA91 FSO safe speed
limit

SMS

SMS limit hit

AAA8 FSO SMS hit
(warning)”

AAA8 FSO SMS hit

BAA8 FSO SMS hit

System at safe
state

7A91 FSO safe speed
limit

AA91 FSO safe speed
limit

BA91 FSO safe speed
limit

SARO

SARO limit hit

AAA9 FSO SARO hit
(warning)”

AAA9 FSO SARO hit

BAA9 FSO SARO hit

System at safe | 7A92 FSO out of eme AA92 FSO out of eme | BA92 FSO out of eme
state ramp ramp ramp

SAR1

SAR1 limit hit | AAAA FSO SART hit AAAA FSO SART hit BAAA FSO SART1 hit

(warning)”

System at safe
state

7A92 FSO out of eme
ramp

AA92 FSO out of eme
ramp

BA92 FSO out of eme
ramp
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Limit/Incident

the event type selection (parameter FSOGEN.62)

Events depending on

Fault

Warning

Event

Ramp time hit

Ramp time hit

AAB2 FSO ramp time
hit (warning)”

AAB2 FSO ramp time
hit

BAB2 FSO ramp time hit

System at safe
state

7A92 FSO out of eme
ramp

AA92 FSO out of eme
ramp

BA92 FSO out of eme
ramp

Zero speed hit

Zero speed hit

AAB3 FSO zero spd hit
(warning)")

AAB3 FSO zero spd hit

BAB3 FSO zero spd hit

System at safe
state

7A92 FSO out of eme
ramp

AA92 FSO out of eme
ramp

BA92 FSO out of eme
ramp

Speed values not in synchrony

Speeds not in
sync.

AAB4 FSO speed sync
fail (warning)”

AAB4 FSO speed sync
fail

BAB4 FSO speed sync
fail

System at safe
state

7A90 FSO stop
completed

AA90 FSO stop
completed

BA90 FSO stop
completed

") If you select Fault for parameter FSOGEN.62 STO indication safety limit, the FSO module generates a
warning at the limit hit, and a fault only after the system is at the Safe state.

Note: If you select None for parameter FSOGEN.62 STO indication safety limit, the FSO module generates
no event when it detects a limit hit.

User-selectable events for safety fieldbus failures

The table below lists user-selectable events related to safety fieldbus failures.

Incident

the event type selection (parameter SBUSGEN.10)

Events depending on

state

Fault Warning Event
Problem in the | AAB6 FSO safebus AAB6 FSO safebus BAB6 FSO safebus
safety fieldbus | passivation (warning)” passivation passivation
communication
System at safe | 7A99 FSO passivated | AA99 FSO passivated | BA99 FSO passivated

e you select Fault for parameter SBUSGEN.10 STO indication passivation, the FSO module generates a

warning at the passivation, and a fault only after the system is at the Safe state.

Note: If you select None for parameter SBUSGEN. 10 STO indication passivation, the FSO module generates
no event when it detects a failure in the safety fieldbus communication.
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Auxiliary codes

Faults, warnings and events have 32-bit auxiliary codes, which help in finding the
problem. See the tips in the Drive Composer PC tool for more information on the
auxiliary codes.

FSO recovery

External fault

An external fault in a safety circuit can lead either to safe state or fail-safe state
activation in FSO module. Safe state means STO activation with software indication
according to Faults, warnings and events table on page 393. Resetting the drive is
needed before resuming normal operation.

With fail-safe state, STO is activated and a relevant fault code is shown, and in this
case, drive reset and FSO reboot are required before resuming normal operation.

If FSO enters the fail-safe state because of external fault that can be repaired,
resuming to normal operation can take place after FSO reboot. The steps for
recovering from the fault situation are as follows:

1. Check the reason for the event from the Drive Composer event log.

2. Repair the cause of the fault. See the instructions in section Faults, warnings and
events on page 393.

3. Reboot the FSO with one of the methods below:
» Disconnect the X112 connector and reconnect it (power off and on), or

* Use the Reboot FSO button in the Drive Composer pro PC tool (Safety
settings), or

* Use the drive parameter 96.09 FSO reboot (with Drive Composer or control
panel).

Note: The FSO accepts a 'soft boot' if it is in Fail-safe mode and the motor is stopped.

If necessary, also reset the fault in the drive using the control panel (by pressing the
Reset button) or the Drive Composer pro PC tool, or through the fieldbus.

If FSO is not recovering from the fault, contact your local ABB representative.

Internal fault
If there is an internal fault in FSO module that leads to a permanent defect, the
module must be replaced. The FSO module is not repairable.
Reporting problems and failures

If you detect a failure in the safety module or safety function that prevents FSO fault
recovery, contact your local ABB representative. Provide the support package file of
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your configuration and the safety file of the FSO module. For more information, see
the Drive Composer pro PC tool manual.
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Maintenance

Contents of this chapter

This chapter contains maintenance information related to the FSO module:

» instructions for component replacement in the safety circuit (for example,
replacement of the FSO module, control unit, memory unit, power unit, or FB
module)

* how to reset the FSO module to factory settings

* how to recover the FSO module from fail-safe mode

» information about updates to the safety system

» information about proof tests.

WARNING! Obey the instructions in chapter Safety instructions. If you ignore
them, injury or death, or damage to the equipment can occur.

Planning

All maintenance and repair actions on a safety critical system must be planned,
performed and documented accordingly.

Tools

You need the Drive Composer pro PC tool to perform the maintenance procedures.
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Component replacement in the safety circuit

WARNING! During maintenance and repair, if the FSO module is removed, the
functional safety of the machinery must be ensured by other means.

Note: If the FSO module fails to operate, you have to replace it with a new one. The
module is not repairable. Remember to make a backup of the safety configuration file
during the first commissioning and after the successfully performed validation tests
for the safety functions.

Note: When the FSO module is in the Fail-safe mode, it can be recovered by a
reboot. See section FSO recovery on page 404 for rebooting instructions.

Before component replacement

WARNING! Read and obey the instructions in chapter Safety instructions. If
A you ignore them, injury or death, or damage to the equipment can occur.

1. Stop the driven machinery and prevent an unexpected start-up.

2. Upload the FSO parameters from the FSO to the Drive Composer pro PC tool and
save the safety file. If this is not possible, use a backup from a previous
commissioning.

3. Disconnect the supply with the supply disconnecting device. For instructions on
how to do this safely, see the drive hardware manual.

Replacing the FSO module

WARNING: Do not bypass the FSO module, or the safety functions of the FSO
module under any circumstances.

—_

Disconnect 10 wiring, data cable and STO cable and remove the FSO module.
Mark clearly on the FSO module that it is decommissioned.

Install the new FSO module and wiring according to chapter Installation.

0N

Download the FSO parameters from the Drive Composer pro PC tool to the FSO
according to chapter Configuration on page 249.

5. If you are updating the module from revision G (or earlier) to revision H (or later),
there are new parameters that you must set. See SLSx.05 and SLSx.06 on page
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344. If you download an old configuration, the new parameters will get the default
values. It is recommended to download, upload, and check the parameters.

Update the revision and the serial number of the new FSO module to the logbook
of the driven machine.

Reinstalling the FSO module to another drive

. Install the FSO module and wiring to the new drive according to chapter

Installation on page 237.
Restore the drive parameter backup if available.

Download the correct safety configuration file to the spare part FSO module.

Replacing the control unit of the drive

. Replace the control unit.

Install the FSO module and connect data and STO cables to the control unit.
Connect FSO 10 connectors and power supply connector.

Restore the drive configuration:
» install the previously used memory unit to the new control unit, or

» install a new memory unit, read the configuration from FSO and restore it to
the control unit with Drive Composer pro.

Do the start-up and validation procedures. See section Start-up and validation test
on page 410.

Replacing the memory unit or updating the firmware of the drive
Backup the drive parameter settings, if possible.

Download the drive firmware to the memory unit.

Restore drive parameter backup, if available.

Reboot the FSO module.

Reset the drive.

Upload and download the FSO configuration file if the drive firmware is updated
from an older version than 2.60.

Replacing a power unit, or its circuit boards or wirings

. Replace the relevant part or power unit.

Do the start-up and validation procedures. See section Start-up and validation test
on page 410.
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Replacing the FB module in PROFIsafe network

1. Replace the FB module according to the instructions in FPNO-21 PROFINET
fieldbus adapter module user's manual (3AXD50000158614 [English]), or
FENA-01/-11/-21 Ethernet adapter module user's manual (3AUA0000093568
[English]).

2. Assign the device name for the FB module from the safety PLC (see section
Configuring the ABB AC500-S Safety PLC on page 174 or section Configuring the
Siemens SIMATIC Fail-safe S7 PLC on page 192.

3. Update the revision and the serial number of the new FB module to the logbook of
the driven machine.

Start-up and validation test
1. Do the start-up procedure according to chapter Start-up.

2. Do the validation procedure for each safety function according to chapter
Verification and validation.

Factory reset

Do a factory reset if
+ you forget the password
» you want to do the configuration again from scratch.

Note: The factory reset clears the configuration and takes the factory default
values back in use. These factory default values are not the same as the pre-set
values in a delivered FSO (ordered with a plus code). The factory default values
are invalid for restart. The FSO needs a full reconfiguration before it can be
restarted. You can also use the safety file that was saved at the first start-up
(see page 252).

1. Make sure that the motor is stopped.

2. Lift the Factory reset label on the right side of the I/O terminals. Push the button
underneath with, for example, a pen until the LEDs start to flash (approximately
5 seconds). This returns the factory settings (parameters, including the password)
to the FSO.

HEOANRENAD
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3. Reconfigure the safety functions with the Drive Composer pro PC tool. To be able
to restart the drive, make sure that at least these parameters are set to suitable
values according to your application:

Parameter Name Factory default Pre-set value
index value (with option
+Q973)
FSOGEN.21 | Motor nominal speed 100.0 rpm 1500.0 rpm
FSOGEN.22 | Motor nominal frequency 1Hz 50 Hz
FSOGEN.41 | Power-up acknowledgement Manual Automatic
ST0.02 STO acknowledgement Manual Automatic
STO.13 Restart delay after STO 3,600,000 ms 2000 ms
STO.14 Time to zero speed with STO and | 3,600,000 ms 2000 ms
modoff
SBC.11 STO SBC usage Delayed brake None
SLSx.02 SLS acknowledgement Manual Automatic

4. Set a new password with the tool.

Drive control board boot

If you reboot the drive control board (for example, by cycling the power or with
parameter 96.08 Control board boot), the FSO module goes into the Fail-safe mode.
To exit the Fail-safe mode:

» switch the FSO module power off and then switch it back on, or

* reboot the FSO module with drive parameter 96.09 FSO reboot, or

» click the Reboot FSO button in Drive Composer pro.

Note: The STO function must be completed before you can reboot the FSO module

with parameter 96.09 FSO reboot or with the Reboot FSO button. See section Safe
torque off (STO) on page 60.

Updates

After any changes in the safety application or the safety system configuration, you
must perform the acceptance tests to verify that the safety functionality is maintained.
See chapter Verification and validation.

Proof tests

Periodic proof testing of the safety system may be required in order to maintain the
claimed SIL / PL level of the system, to ensure that the safety integrity of a safety
system is maintained continuously and does not deteriorate over time.
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If proof testing is required, it must be taken into consideration in the safety
calculations, maintenance manuals, user documentation, and it must be done
periodically.

In high demand mode of operation, the maximum proof test interval for the FSO
module is 20 years. In low demand mode of operation, the maximum proof test
interval for FSO is 20, 5 or 2 years. You must select the proof test interval according
to the application where the modules are used. See section Safety data on page 418.

Proof testing of the FSO module can be done by following the instructions in section
Validation of safety functions on page 371. Areboot of the FSO module is necessary
for the proof test.

Decommissioning

WARNING! Obey the instructions in chapter Safety instructions. If you ignore
them, injury or death, or damage to the equipment can occur.

When you decommission the FSO module, make sure that the safety of the machine
is maintained until the decommissioning is complete. Mark clearly on the module that
it is decommissioned.

If you use the SMS function, version 2, obey the instructions in section SMS function,
version 2 on page 138.
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Technical data

Contents of this chapter

This chapter contains the technical specifications of the FSO-12 module.

Electrical data

Supply voltage

+24 + 3V DC (SELV/PELV)

Current consumption

Maximum 1000 mA (external power supply)

Inputs

4 redundant or 8 single, or combinations of redundant and
single, 24 V DC NPN

Maximum time delay between redundant input channels: 300 ms
Maximum test pulse tolerance: 2 ms

Outputs

3 redundant or 6 single, or combinations of redundant and
single, 24 V DC PNP

EMC

Complies with EMC standards EN 61800-3:2004 and
IEC 61000-6-7:2014. Max. STO cable length: see STO cable
and data cable between FSO module and drive on page 415.

PROFIsafe and related network devices

All network devices used in conjunction with this device shall meet the requirements
of IEC 61010-1 or IEC 61131-2.
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Control connection data

Logic levels

“0"<5V,“1">15V

Digital input impedance

4 kohm

Digital output capability

in use

150 mA @ 20 V each, 700 mA @ 20 V total when all outputs are

Max. cable length
between digital

input/output and external

device

250 m (820 ft)

Max. current through

signal ground terminals

(X113:5, X113:5, X114:5,
X114:6)

1000 mA

Terminal and cable entry data for the control cables

Conductor size Tightening
. . torque
Solid or stranded Stranded, ferrule Stranded, ferrule with
without plastic sleeve plastic sleeve
Min/Max Min/Max Min/Max Min/Max Min/Max Min/Max
mm? AWG mm? AWG mm? AWG N'm | Ibfin
0.14/1.5 26/16 0.25/1.5 23/16 0.25/0.5 23/21 0.24 | 21
Conductor size, two conductors with the same cross section Tightening
torque
Solid Stranded Stranded, ferrules | Stranded, TWIN qu
without plastic ferrules with
sleeve plastic sleeve
Min/Max | Min/Max | Min/Max | Min/Max | Min/Max | Min/Max| Min/Max | Min/Max
mm? AWG mm? AWG mm? | AWG mm?2 | AWG | N'm|Ibfin
0.08/0.5| 28/21 |0.08/0.75| 28/19 |0.25/0.34| 23/22 | 0.5/0.5 | 21/21 [ 0.24| 2.1
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STO cable and data cable between FSO module and drive

STO cable

ABB recommends to use the cable included in the delivery.

User-defined cable:

* Maximum length: 1 m (3.28 ft)

» Use the connectors of the original STO cable. Tightening
torque is 0.24 N-m (2.1 Ibf-in).

» See pin order in section Terminals on page 241.

« Installation must comply with good installation practices
(routing, shielding, supporting, strain relief).

Data cable

Use only the data cable included in the delivery.

Tightening torques

Image No. Description Torque
1. | Grounding screw, FSO module 1.2 N'm (10.6 Ibf-in)
electronics
- Screws that attach mounting 0.96 N-m (8.5 Ibf-in)
plate to FSO module, 4 pcs. On
the back.

3. | Screws that ground the mounting | 1.2 N-m (10.6 Ibf-in)
plate to drive (metal to metal).

OR

Screws that attach the mounting | 0.79 N-m (7.0 Ibf-in)
plate to drive (metal to plastic).

Size and weight

mm in kg b
Length 100 3.94 - -
Width 60 2.36 - -
Depth (with wiring) 50 1.97 - -
Weight - - 0.230 0.507
Cooling

| Cooling method

Dry clean air (natural convection)
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Compatible motor types

Induction motor (IM), Permanent magnet motor (PM),
Synchronous reluctance motor (SynRM)

Motor type

FSO can be used in Direct Torque Control (DTC) or scalar
mode.

Motor control mode

Speed estimation

Speed range Allowed range depends on the used motor.
Maximum range: (-35880...+35880 rpm)/(number of motor pole

pairs).

Accuracy The speed estimation error is + motor slip.
There can also be estimation ripples at the zero speed region
(below 2 Hz / 3% of the nominal speed). For more information,

see section Safe speed estimate on page 39.

Operational frequency Drive output up to 598 Hz

Ambient conditions

Operation
installed for
stationary use

Storage
in the protective
package

Transportation
in the protective
package

0...1000 m -
(0...3300 ft) above
sea level, no derating
required
1000...2000 m
(3300...6600 ft)
above sea level, air
outside the module
derated to
-15...+49 °C
(+5...+120 °F)
2000...4000 m
(6600...13200 ft)
above sea level, air
outside the module
derated to
-15...+40 °C
(+5...+104 °F)

Altitude

-40...+70 °C
(-40...+158 °F)

-40...+70 °C
(-40...+158 °F)

-15...+70 °C
(+5...+158 °F)

Air temperature
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Operation Storage Transportation
installed for in the protective in the protective
stationary use package package
Relative humidity 5...95%, no condensation allowed. If corrosive gases are present,
the maximum allowed humidity is 60%.
Contamination levels No contaminants, conductive dust or corrosive dust allowed.
IEC 60721-3-x Use at least IP54 enclosure in an environment where conductive
dust or corrosive dust exists.
Chemical gases Class 3C2 Class 1C2 Class 2C2
Solid particles Class 3S2. No Class 1S3 Class 252
conductive dust
allowed.
Vibration Frequency range:
IEC 60068-2-6, 2...9 Hz: Constant deflection = 7 mm
Test Fc (2007-12) 9...200 Hz: Constant acceleration = 20 m/s?
Shock IEC 60068-2-27 | Peak acceleration 50 m/s2. Pulse duration 30 ms, 3 pulses in each
Test Ea (2008-02) direction with STO and SS1 functions activated.
Atmospheric pressure 70 ... 106 kPa (0.7 ... 1.05 atmospheres)

For the environmental limits for the drive, refer to the hardware manual of your drive.

Safety functions

Stopping functions

STO Safe torque off

SBC Safe brake control

SS1 Safe stop 1

SSE Safe stop emergency

Speed-related functions

SLS Safely-limited speed

Variable SLS Variable Safely-limited speed

SMS Safe maximum speed

SAR Safe acceleration range - SAR is used only for deceleration with SS1, SSE

and SLS and Variable SLS functions.

Other

POUS Prevention of unexpected start-up
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Safety data

General

To determine the SIL/PL capability of the whole safety function where the FSO is
included, the failure rates (PFD,,4/PFH) of all components implementing the safety
function (see the figure below) must be added.

FSO
r— — 1
Switch .
Drive
input _ Bl Digital sTO s%
device input output
[
Speed _ N " Additional '
measure- | Logic Digital | actuator,
ment output ¥ 4 eg. relayor |
[ cascaded |
r— =2 r——a L _FSO_
| Input | | safety | PROF!I-
| devices |_ - _| PLC |_ 1 SAFE
L — — 1 L — — 1

*  FSO module with its subsystems. The FSO acts as the logic part in the safety
function. The safety data for the safety function where FSO and drive are used is
composed of the safety data of the subsystems. Safety data for different
subsystems is shown in section Basic safety data on page 420.

+ Digital inputs and outputs. Subsystems for the digital inputs and outputs of the
FSO. Can be used as single or dual channel and with or without diagnostic
pulses.

+ Speed measurement subsystem is a mix of two different safety data as the
speed estimation is calculated independently by the FSO and the drive. In the
safety data tables, these two safety data are already combined in the safety data
of this subsystem. This subsystem can be used together with the following safety
functions: STO (with or without SBC), SS1, SSE, SLS, varSLS, SMS.

Note: POUS does not use any speed measurement subsystem.

» PROFIlsafe is a subsystem for the reliability of PROFIsafe connection. This
subsystem is used in case the PROFIsafe connection is in use in the application
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through FENA-21 or FPNO-21 module. FSO module takes care of the reliability
and safety of this connection.

* Logic subsystem is included in each safety function implemented with the FSO.

+ STO output from the FSO to the Drive STO. STO is a critical subsystem for all
safety functions. Therefore it shall be included in safety calculations of those
functions.

» Drive STO is the actuator for the STO of the drive. For the safety data, see the
drive hardware manual.

Note: All safety functions have the capability to activate STO. This means that
STO subsystems (STO output and Drive STO) are always part of the safety
function's calculations even though it might not be activated in normal use.

+ Sensors, input devices, encoders, PLCs, and possible additional actuators.
See section FSO safety calculations guide (without PROFIsafe) on page 421. For
the safety data, see the manufacturer's documentation.

» SLS function uses the Speed measurement subsystem.

After calculating the total PFDavg/PFH for the safety function, it must be verified that
the PFDavg/PFH of the safety function fulfills the requirement for the targeted SIL/PL.

For additional information on safety calculations, see standards EN ISO 13849-1,
EN/IEC 62061, IEC 61508, IEC 61511, or ABB Drives Technical guide No. 10,
Functional safety (3AUA0000048753 [English]).
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Basic safety data

The FSO-12 module is a type B safety component as defined in IEC 61508-2.The
FSO-12 data related to safety standards IEC 61508, EN/IEC 61800-5-2,

EN ISO 13849-1, IEC 61511, and EN/IEC 62061 is listed below for the different
subsystems within the FSO module.

The maximum useful mission time (T,,,) for the FSO module is 20 years. After 20
years, the module must be replaced.

The given safety data is applicable with these proof test intervals:

» T1 =20 years (high demand and continuous mode of operation)

« T1=2,5, or 20 years (low demand mode of operation).

Make sure that the proof test is performed within this time (see also section Proof
tests on page 411).

EN/IEC 61508 EN ISO 13849-1 EN/IEC 62061

siL \ upto 3 PL uptoe sIiL 3

3AXD10001287182 C

1-ch. DI, 2-ch. DI, 1-ch. DI, 2-ch. DI, Logic PROFI-
pulses pulses no pulses | no pulses safel)
SIL 3 3 2 3 3 3
PL d e c e e e
PFH (1/h) 1.1E-10 5.5E-12 1.1E-08 2.9E-11 1.1E-11 1.0E-09
(T1=20a)
PFD,yqg 5.8E-08 5.9E-08 5.7E-06 6.7E-07 9.9E-08 8.8E-06
(T1=2a)
PFD,yqg 1.4E-07 1.5E-07 1.4E-05 1.7E-06 2.5E-07 2.2E-05
(T1=5a)
PFD,yqg 5.8E-07 5.9E-07 5.8E-05 6.7E-06 9.9E-07 8.8E-05
(T1=20a)
MTTFp (a) 10747 10431 10628 10738 11290 114155
HFT 0 1 0 1 1 -
Cat. 2 3 1 3 3 4
SFF (%) 99.7 99.7 73.5 98.6 99.0 99.0
DC (%) 99.0 99.0 1.4 94.6 96.7 99.0

3AXD10001287182 C

1) We assume conservatively that PFH = Ad = 1, FIT = 1e-9 1/h,
MTTFp = 1/Ad = 1/(1e-9 1/h) = 1€9 h = 114155 a. Based on the BGIA Report 2/2008e: Functional Safety of
Machine Controls — Application of EN ISO 13849, ch. 6.2.17.
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1-ch. DO, | 2-ch.DO, 1-ch. DO, | 2-ch.DO, STO Speed
pulses pulses no pulses | no pulses output estimate,
worst case
values
SIL 3 3 1 3 3 3
PL d e c e e e
PFH (1/h) 6.3E-10 1.7E-10 4.9E-09 2.2E-10 1.8E-11 1.0E-08
(T1=20a)
PFD,yq 3.8E-07 1.5E-06 2.3E-06 2.4E-06 1.6E-07 1.4E-04
(T1=2a)
PFD,yq 9.6E-07 3.7E-06 5.7E-06 5.9E-06 3.9E-07 2.7E-04
(T1=5a)
PFD,yq 3.8E-06 1.5E-05 2.3E-05 2.4E-05 1.6E-06 5.0E-04
(T1=20a)
MTTF4 (a) 2412 2406 2412 2412 321699 164
HFT 0 1 0 1 1 0
Cat. 2 3 1 3 3 3
SFF (%) 99.5 97.5 96.2 96.6 99.4 99.0
DC (%) 98.7 92.9 89.6 90.7 99.0 99.0

3AXD10001287182 C

FSO safety calculations guide (without PROFIsafe)

STO, SS1-t, SSE-t and SSE with immediate STO

Block diagram for single channel solution:

@

— @

— ®

FSO Digital input

FSO Logic

FSO STO output

FSO Digital output (optional)

a| bl W|IN| =

Drive STO
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Block diagram for dual channel solution:

oo e e e

1 FSO Digital input

2 FSO Logic

3 FSO STO output

4 FSO Digital output (optional)
5 Drive STO

STO and other stopping functions with FSO include FSO subsystems Digital input,
Logic, possible Digital output and STO output, and Drive STO. In the figure above,
safety function is implemented with 1-channel and non-pulsed signals. Figure 2
shows a 2-channel solution. Signals may be either pulsed or non-pulsed. However, all
choices have an effect on safety values. Block diagrams are equal to SS1-t, SSE-t
and SSE with immediate STO functions. Same approach for the logic subsystems
applies in all safety functions below.

Note: ABB's safety data component libraries do not contain any subsystems for
external (non-ABB) components.

Note: All safety functions in FSO can be activated either through safety 10s or
through PROFIsafe. In case PROFIsafe is used, safety I0s are optional.

Encoderless SLS or SS1-r

Ol NOR= NON = NON = MO N0

,,,,,,,

FSO encoderless speed measurement

FSO Digital input

FSO Logic

FSO STO output

FSO Digital output (optional)
Drive STO

| Ol | W[N] -

Safely-limited speed (SLS) without encoder includes the following subsystems: FSO
encoderless speed measurement, FSO Digital input, FSO Logic, FSO STO output,
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FSO digital output (optional), and Drive STO. Block diagram is equal to SS1-r
function.

POUS

Ol HON= NONSNORNO

,,,,,,,

FSO Digital input

FSO Logic

FSO STO output

FSO Digital output (optional)
Drive STO

gl | W| N =

Prevention of unexpected start-up (POUS) includes the following subsystems: FSO
Digital input, FSO Logic, FSO STO output, FSO Digital output (optional), and Drive
STO.

SMS without encoder

Ol N ON ORI

FSO encoderless speed measurement
FSO Logic

FSO STO output

Drive STO

Al W|IN| =~

Safe maximum speed (SMS) includes the following subsystems: FSO encoderless
speed measurement, FSO Logic, FSO STO output, and Drive STO.
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SBC
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O, ®

®

FSO Logic

FSO STO output

FSO Digital output

Contactor 1

ol | W[N] =~

Contactor 2

Drive STO

Safe brake control (SBC) includes the following subsystems: FSO Logic, FSO STO
output, FSO Digital output, Contactor 1 and 2 (can be provided by ABB), and Drive

STO.

Note: SBC is used together with other safety functions, and a triggering subsystem
must be included in the calculation.

FSO safety calculations guide (with PROFIsafe)
Safety functions can also be implemented with PROFIsafe over PROFINET

connectivity. FSO has own subsystem for PROFIsafe communication which is used
together with other FSO internal subsystems.

—————————

®

,,,,,,

®

®

,,,,,,

®

Input

PLC Logic

Output

PROFIsafe

FSO Digital input (optional)

FSO Logic

| N[O B~ WIN|

FSO STO output

FSO Digital output (optional)
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| 9 | Drive STO

PROFlIsafe can replace digital inputs and/or digital outputs of the FSO. For example,
it is possible to use PROFIsafe input and FSO output in the same configuration.

Itis also possible to read and activate FSO 1/O’s through the PROFIsafe connection.
In this case, the safety block diagram must contain either the FSO input or the FSO
output subsystem.

It is also possible that customer's PLC uses safe position information to operate a
safety function. In this case, FSE-31 subsystem should be added in the calculation.

Relevant failure modes
The following failure modes related to the outputs of the FSO-12 have been
considered in the design:
+ STO output
* PROFIsafe
+ Digital outputs.

The relevant dangerous failure mode due to internal random hardware failure of FSO-
12 are that these outputs are not activated on command.

The probabilities of the dangerous undetected failures of the safety functions are
given in the basic safety table.

FSO-12 implements several diagnostics to detect internal random hardware failures.
The diagnostics cycle time for each of the channels is 10 hours or less. The
diagnostics of each channel is separate and independent of the other channel.

The relevant failure mode of the diagnostics is that, due to a random hardware fault in
the diagnostic system, the fault reaction is not performed while a detectable fault in
the safety function is present.
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Response times

Safety function response time

Maximum response time of the FB module (FPNO or
FENA), FSO and drive combination is 100 ms.

Note: Mute time usage increases the response time.

FS0O-12 response time

« from an FSO input to an FSO digital
output activation

Maximum 35 ms

Cascade response time

« from FSO's STO activation to the
cascade output activation

« from the cascade input to the
cascade output activation

Maximum 35 ms

Maximum 35 ms

If the STO is cascaded, safety function response
time for the cascaded units is (n-1) x 35 ms + 100
ms, where n is the number of cascaded FSO
modules.

PROFIsafe
» Worst-case delay time (WCDT)

* Device acknowledgement time (DAT)

54 ms (FSO and FB module combination)
54 ms

Example 1 - Response times

STO request from

1/0 or PROFlsafe

' 54 ms
PROFIsafe T
STO ack. (WCDT) ,
' 35 ms !
DO activation 7 :
. i L 100 ms
Removal of T " |
torque (Drive) . '. . ;
: : : Time
0ms 35 54 100 ms
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Example 2 - Response times for cascading

STO request from
1/0 or PROFlsafe

(Drive 1) ' 35 ms
DO activation for ! 7T

cascading

Removal of 100 ms

torque (Drive 1) :

STO request

through cascading '

(Drive 2) : \

DO activation for : . 70ms
cascading : .

(Drive 2) ' ' ' '
Removal of ; :

torque (Drive 2)

STO request from
through cascading
(Drive 3)

DO activation for
cascading

(Drive 3) ' ' ‘
Removal of
torque (Drive 3)

70 ms

170 ms

Up to six drives

Time
0ms 35 70 100 135 170 ms
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Ordering information

Ordering codes for related kits:

FSO-12 kit 3AXD50000016771
FSO-21 kit 3AXD50000023987
FSE-31 kit 3AXD50000023272
FENA-21 3AUA0000089109

FPNO-21 3AXD50000192779

Option codes (plus codes) when ordered together with drive:

FSO-12 +Q973
FSO-21 +Q972
FSE-31 kit +L521

FENA-21 +K475

FPNO-21 +K492
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Related standards and directives

Referenced standards are listed in the table below.

Standard

Name

EN 60204-1:2018
IEC 60204-1:2016

Safety of machinery — Electrical equipment of machines — Part 1:
General requirements

IEC 61508 Parts 1-3,
Ed. 2.0:2010

Functional safety of electrical/electronic/programmable electronic
safety-related systems

IEC 61800-5-2:2016
EN 61800-5-2:2007

Adjustable speed electrical power drive systems — Part 5-2: Safety
requirements — Functional

IEC 62061:2021

EN 62061:2005
+AC:2010+A1:2013+
A2:2015

Safety of machinery — Functional safety of safety-related electrical,
electronic and programmable electronic control systems

EN ISO 12100:2010

Safety of machinery — General principles for design — Risk
assessment and risk reduction

EN ISO 13849-1:2015

Safety of machinery — Safety-related parts of control systems —
Part 1: General principles for design.

EN ISO 13849-2:2012

Safety of machinery — Safety-related parts of control systems —
Part 2: Validation

IEC 61800-3:2004
+A1:2011

Adjustable Speed Electrical Power Drive Systems - Part 3: EMC
requirements and specific test methods

IEC 61000-6-7:2014

Electromagnetic compatibility (EMC) - Part 6-7: Generic standards -
Immunity requirements for equipment intended to perform functions
in a safety-related system (functional safety) in industrial locations

IEC 60533:2015

Electrical and electronic installations in ships - Electromagnetic
compatibility (EMC) - Ships with a metallic hull

EN ISO 13850:2015

Safety of machinery - Emergency stop function - Principles for
design

ISO 14118:2017

Safety of machinery - Prevention of unexpected start-up

2006/42/EC

European Machinery Directive

PROFlsafe System Description — Safety Technology and
Application. Version November 2010. Order Number 4.342.

PROFIsafe - Profile for Safety Technology on PROFIBUS DP and
PROFINET IO, V2.4

Other

Sector-specific C-type standards
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Dimension drawings

The dimension drawings of the FSO-12 module with two different bottom plates for
different drive control unit types are shown below. The dimensions are given in
millimeters and [inches].
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Further information

Product and service inquiries

Address any inquiries about the product to your local ABB representative,
quoting the type designation and serial number of the unit in question. A
listing of ABB sales, support and service contacts can be found by navigating to
abb.com/searchchannels.

Product training

For information on ABB product training, navigate to
new.abb.com/service/training.

Providing feedback on ABB Drives manuals

Your comments on our manuals are welcome. Navigate to
new.abb.com/drives/manuals-feedback-form.

Document library on the Internet

You can find manuals and other product documents in PDF format on the
Internet at abb.com/drives/documents.


http://www.abb.com/searchchannels
http://www.new.abb.com/service/training
http://www.new.abb.com/drives/manuals-feedback-form
http://www.abb.com/drives/documents
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