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Safety

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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Safety in installation and maintenance

These instructions are for all who install or connect an option module to a drive or
inverter and need to open its front cover or door to do the work.

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

» If you are not a qualified electrician, do not do installation or maintenance work.

» Disconnect the drive or inverter from all possible power sources. After you have
disconnected the drive or inverter, always wait for 5 minutes to let the
intermediate circuit capacitors discharge before you continue.

» Disconnect all dangerous voltages connected to other control signal connectors in
reach. For example, it is possible that 230 V AC is connected from outside to a
relay output of the drive or inverter.

* Always use a multimeter to make sure that there are no parts under voltage in
reach. The impedance of the multimeter must be at least 1 Mohm.
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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
FSO-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 G.
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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 37.

Drives and option modules

» ACSB880 series
» ACSB880 primary control program: version 2.12 or later
* FENA-21 Ethernet adapter module: version 3.05 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 (3ADR025091M0202 [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.

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 55
« Safe brake control (SBC), see page 42

» Safe stop 1 (SS1), see page 671

» Safely-limited speed (SLS), see page 92

» Variable Safely-limited speed (SLS), with PROFIsafe only, see page 101.
Additional safety functions (not specified in EN/IEC 61800-5-2):

« Safe stop emergency (SSE), see page 74

» Safe maximum speed (SMS), see page 706

» Prevention of unexpected start-up (POUS), see page 109.

Note: The FSO-12 module does not support an encoder in safety applications.
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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 and guides on page 2).

Contents

Chapter Safety (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.

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

Chapter Overview (page 35) 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 45) describes how the safety functions of the FSO
module operate.

Chapter PROFIsafe (page 113) describes the safety system when the FSO module is
connected to a safety PLC through the FENA Ethernet 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 as well as fault tracing tips.
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Chapter Planning for installation (page 177) 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 185) gives examples of how to connect the FSO module to
the ACS880.

Chapter Installation checklists (page 793) 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 195) 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 253) lists the FSO parameters.

Chapter Start-up (page 2917) describes the general precautions to be taken before
starting up the safety system for the first time.

Chapter Verification and validation (page 293) describes verification and validation
procedures of the implemented safety functions.

Chapter Fault tracing (page 315) describes the status LEDs and provides generic
diagnostics and troubleshooting tips for FSO related faults generated by the drive.

Chapter Maintenance (page 327) 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 FENA Ethernet adapter module, FSO factory
reset, safety system update and decommissioning as well as proof tests.

Chapter Technical data (page 335) 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 347) shows the dimension drawings of the FSO
module.
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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

« ENJ/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])
» Safety and functional safety; A general guide (1SFC001008B0201 [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 346.

Terms and abbreviations

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

Term / Description
Abbreviation

Acknowledgement | Acknowledges an event when the FSO module is in use. See section
Acknowledgement methods on page 46. See also term Reset on

page 22.
AWG American wire gauge
B1og Number of cycles until 10% of the components fail dangerously (for

pneumatic and electromechanical components). (EN ISO 13849-1)

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 PROFlsafe, 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)
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Term /
Abbreviation

Description

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 in which parameter/process data objects are sent

communication cyclically at pre-defined 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 in systems where the motor speed does not decrease when the
motor control is stopped.

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.

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 PROFIsafe, 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).
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Term / Description
Abbreviation
F-Output PROFIsafe frame user data from that is sent from the F-Host (PLC) to

the F-Device (FSO).

F-Parameter

Parameter that belongs to the F-Parameters (see below).

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.

FB Fieldbus

FBA Fieldbus adapter

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

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

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

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)

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

1/0 Input/output

Life time The period of time for which a device is designed to remain within it's
specifications

LSB Least significant byte

MAC address

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

MSB Most significant byte

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

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.
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Term / Description

Abbreviation

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

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 (PI) community.

Proof test

Test that can detect faults and degradation in a Safety related electronic
control system (SRECS) and its subsystems so that, if necessary, the
SRECS and its subsystems can be restored to an "as new" condition or
as close as practical to this condition.

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
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Term /
Abbreviation

Description

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 51.

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 22.

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 22.

Safety module

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

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 the SS1 and SLS
functions.

SBC

Safe brake control

SC

Systematic capability (IEC 61508)

Scaling speed

A user-defined reference value the FSO module uses as a reference
point in ramp time calculations. See parameter 200.202 SAR speed
scaling on page 256.

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)

SILCL SIL claim limit. Maximum SIL that can be claimed for a safety function or
subsystem (EN 62061)

SLS Safely-limited speed
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Term / Description

Abbreviation

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

SRECS Safety related electrical control system (see page 23).

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 111.

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.

T1 Proof test interval (IEC 61508). T1 is a parameter used to define the
probabilistic failure rate (PFH or PFDy,4) 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 stated cannot be regarded as a guarantee or warranty. See
also section Proof tests on page 333.

Telegram Message

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
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Term / Description

Abbreviation

ZCU-xx Drive control unit type (xx = version number)

Zero speed Speed below the value given with parameter FSOGEN.51 Zero speed

without encoder on page 259.
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Certificates

TUV Nord certificate for the FSO-12 and ACS880 drive series is attached below.
Check the validity of the certificate with a specific drive variant from the ABB library.

TUV NORD

Certificate

No. SEBS-A.164608/12 V1.0
TUV NORD Systems GmbH & Co. KG hereby certifies

ABB Oy

Hiomotie 13
00381 Helsinki
Finland

that the safety functions module

FSO-12
as a plug-in module for the ABB industrial drive ACS880 series

is capable for safety related applications up to SIL 3, SiLc. 3 and PL e and meets the
requirements listed in the following standards:

+|IEC 61508 part 1, part 2, part 3: 2010

*|EC 61800-5-2: 2007

+ISO 13849 part 1: 2006, part 2: 2012

«IEC 62061: 2005 + A1: 2012
Beneath the integrated “Safe Torque Off (STO)" function within the industrial drive ACS880 series
{sea certificate No. SLA-0055/10), the additional safety functions “(variable) Safely Limited Speed
(SLs)", “Safe Maximum Speed (SMS)", “Safe Stop Emergency (SSE)”, “Safe Stop 1 (§51)",

“Prevention Of Unexpected Start-up (POUS)"” and “Safe Brake Control (SBC)” can be realized with
the plug-in safety functions module FSO-12.

The whole assembly can be used in safety applications up to SIL 3 according to IEC 61511.

The released versions of the certified FS0-12 with ACS880 drive types are given in the “tracking-list
for released versions of the FS0-12". This list is an add-on to this certificate.

The certification is based on the report No.
SEBS-A.164608/12TB in the valid version.

This certificate entitles the holder to use the pictured
Safety Approved mark.

Expiry date: 2019-10-16
Reference No.: 8108918626

| Fso-2
Augsburg, 2014-10-16 | 1EC 61608 5IL 3

- 1 IEC G1800-5-2 SIL 3 |
g ?;_v i 150 13848 PL o i

¥ |"£
! . SEBS-A -.mcm;,/
Bianca Pfuff .

TUV NORD Systoms GmbH & Co. KG, Branch South, Halderstr, 27, 86150 Augsburg, Germany

IEC 620618ILe, 3/
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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 Technology Oy
Valimopolku 4 A, 00380 Helsinki, FINLAND

the Certificate No: Z20141 for the PROFIsafe device:

Model Name: FSO-12
Order Number: 3AXD50000012090

Revision: SW:V2.60.250; HW: 1
Application CRC:  Channel A: 0xAA970345
Channel B: 0x4BD907A6

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

[ PROFIsafe_V2 functionality on PROFINET 10

Test Report Number: PS083-1
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 March 020, 2018 the certificate is valid for life.

Board of PROFIBUS Nutzerorganisation e. V.

{Official in Charge) gz/_\

(Karsten Schneider)

£ % It j,;,uﬂu_

(K.-P. Lindner}




28 Introduction to the manual




Safety information and considerations 29

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.

Meeting the requirements of the Machinery Directive

In order to fulfill the requirements of the Machine directive, the requirements in the
applicable standards must be met and the FSO module must be used according to all
instructions provided in this manual.

Implementing safety functions requires following a process, which is introduced for
example in Functional safety; Technical guide No. 10 (3AUA0000048753 [English]).
The process includes a risk assessment, and residual risks, as well as any

foreseeable misuse, must be documented in the user instructions of the machinery.
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Responsibilities

It is the responsibility of the machine builder / OEM / system integrator to make sure
that the essential health and safety requirements specified in the Machinery Directive
are met.

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 considerations

Note: After you initially start up the FSO module 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.

Response times

Safety function response time and FSO response times are specified in section
Response times on page 344.

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.

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 1I/O or a safety fieldbus failure occurs, the FSO module activates the SSE
function (or the STO function, if an STO request is connected to the I/O). In other
internal failure situations, the FSO module activates the STO function. Depending on
parameter settings, the SSE function can be similar to the STO function (when
configured as “Immediate STO”, for more information see section Configuring SSE on
page 224).
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/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
1l
1 u

Eiﬂ 2 9,

TP1 Diagnostic pulse 1

DI1 Digital input 1 1. Failure is detected

Di2 Digital input 2 2. Failure is detected upon
ov 1—21 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 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.

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.

Acknowledgement

Safety functions have four acknowledgement methods for entering the Operational
state (during the first start-up or after a safety function request is removed):

Manual (recommended): The user must first acknowledge the FSO locally from
the FSO I/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 start-up is complete. 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 I/O or from a safety PLC.
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The acknowledgement method can be selected separately for the start-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 46.

WARNING! If the FSO module is used in the automatic start mode, make sure
that the system is designed so that this does not cause unacceptable risk.

Encoderless mode

The FSO-12 module uses the drive output frequency measurement to estimate the
motor speed instead of measuring the motor speed with an encoder. You must take
this into consideration when designing safety functions, that is, whether this type of
speed estimation is suitable for the application. For example, you cannot use the
encoderless mode in very low speeds (below 2 Hz).

Note: Observe restrictions for use. Perform at least the Standstill Identification run
(preferably the Normal Identification run).

In the encoderless mode,

» the motor must decelerate when the power is switched off — for example, in a
crane application, the hanging load would potentially cause an accelerating
motion, thus the encoderless mode, and thereby the FSO-12 module, cannot be
used for these types of applications.

» the drive cannot be used in generator mode (torque limit) operation where an
external force is rotating the motor faster than the drive controls the motor.

» depending on the load, the frequency estimation of an encoderless drive may not
be equal to the actual induction motor speed.

WARNING! Do not use the encoderless mode in applications in which the

external load of the application can rotate the motor driven shaft (active load).
In this case, you must use an encoder and an FSO module which supports it to
measure and monitor the shaft speed.

Speed estimation

The FSO module monitors the frequency with which the drive rotates the magnetic
field in the motor. The FSO module has no way of detecting the actual speed with
which the motor shaft rotates.

Note: “Speed” is used in this manual instead of “frequency”.

Note: You must take into account in the system design that the FSO speed
estimation and the actual motor speed differ by the motor slip, which is dependent on
the load of the motor among other things.
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Note: The motor speed references in the drive refer to the mechanical axle speed but
the monitoring limits set in the FSO safety functions refer to the electrical frequencies
present in modulation. These two differ by the slip, which is dependent on the
operating point of the motor. You must take this into account when you define
monitoring limits for safety functions. Otherwise it is possible that unnecessary
monitoring limit hits occur.

Note: The FSO module and the drive motor control system calculate a speed
estimation independently from each other. This is why the two estimations can differ
slightly.

Characteristics

The allowed speed range depends on the used motor.

-30000...+30000 rpm
Number of motor pole pairs

Max. speed range =

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. Therefore maintenance work on
electrical parts of the drive or the motor can only be carried out after isolating the
drive system from the main supply, from rotating permanent magnet motors and from
rotating motors equipped with sine filters; asserting the STO is not sufficient.
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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 the ACS880 multidrives and high power ACS880-07/17/37 single drives, there are
separate inverter, supply and brake units. The FSO module is connected to the
inverter unit. 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.
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System description

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, the FENA-21 module, switches and buttons.

PROFIsafe over PROFINET

Safety PLC
system master

(%)

Safe stopping -

—

Safety function requests

Prevention of unexpected
start-up

Emergency stop 3

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
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 shuts down the drive 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 FENA-21 fieldbus adapter 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.
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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.

Each new revision of the FSO-12 module supports all 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.

Each safety function and parameter group has a separate version parameter. With
these parameters, the user selects the desired versions according to the drive
firmware and FSO-12 module combination at the start-up. Only the versions that both
the used ACS880 drive firmware and the FSO-12 module support are shown in the
Drive composer pro PC tool.

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

@

X111] 4] 3] 2| 1]sT0 (X114 2
FSO-12 ABB

Safety functions module

O POWER
ORIN ®
O STATUS / FAULT
0 sT0

O FB

X110| oATA

No

Description

24 V DC input connection

2 | Safe torque off (STO) connection

3 | 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 for drives

with other control units may vary.

FSO grounding screw, grounds the electronics

FSO status LEDs, see section Status LEDs on page 315.

Input / output status LEDs, one for each I/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 /0 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 188.

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 OY FS0-12 SN:A4320026 CODE:3AXD50000012080

0RO A

3AXD50000012080A4320025WS  RoHS
O] ®

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

I
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Operational characteristics

The FSO module monitors that the drive operates within the configured operating
limits, 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 33.

Prevention of unexpected start-up is also handled by the FSO module.

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 checks the authorization with a password before it is possible to edit
the FSO parameters. The user sends parameters from the tool to the drive, and after
the tool has displayed the CRC values of the parameters, the user must validate the
feedback values.

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 57).

You must reboot the FSO module after the drive has recovered from a power failure,
normally 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 accepts this 'soft boot' only if it is in
the Fail-safe mode and the motor is stopped.
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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 111.

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 56.

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 62 and
»  SS1 with ramp monitoring (SS1-r) on page 64.

Safe stop emergency (SSE)

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).
Only the parameters are different from the parameters in the STO and SS1 functions.
See sections

» SSE with immediate STO on page 75,
» SSE with time monitoring on page 80 and
» SSE with ramp monitoring on page 82.
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Safe brake control (SBC)

This safety function provides a safe output for controlling external (mechanical)
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.

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 57,

» SBC before STO on page 59,

» SSE with immediate STO, SBC after STO on page 76 and

» SSE with immediate STO, SBC before STO on page 78.

Note: When you use the SBC function together with the STO function, 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 74). Make sure that
you dimension the brake correctly for these situations.

S$S81 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 66 and

» SSE with speed limit activated SBC on page 84.

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 66 and

» SSE with speed limit activated SBC, SBC before STO on page 88.
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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 92.

Variable Safely-limited speed (SLS)

This safety function prevents the motor from exceeding user-defined speed limits.
With the Variable SLS function, the speed limits can be changed on the fly. The speed
limits are controlled from a safety PLC via the PROFIsafe communication bus. See
section Variable Safely-limited speed (SLS) on page 101 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
minimum or maximum SMS 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 107 and

» SMS function, version 2 on page 108.

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 109.




44 Overview




Safety functions

Safety functions 45

Contents of this chapter

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

The FSO-12 module supports these safety functions:

Safety function Stop category Information Page

Safe torque off (STO) Stop category 0 |STO: standard drive feature 55

Safe stop 1 (SS1) Stop category 1 |With time (SS1-t) or ramp 61
monitoring (SS1-r)

Safe stop emergency (SSE) |Stop category 0 |With immediate STO or 74

or1 emergency ramp

Safe brake control (SBC) With STO, SSE and SS1 42
functions

Safely-limited speed (SLS) With time or ramp monitoring | 92

Variable Safely-limited Only with PROFIsafe 101

speed (SLS)

Safe maximum speed (SMS) Function permanently on/off | 706
Two different versions
Version 1 107
Version 2 108

Prevention of unexpected 109

start-up (POUS)
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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 111).

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 standby (negative) state and
0 V is the positive (request) state.

Button pressed Button release allowed

Time

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.

Acknowledgement methods

You can configure the acknowledgement method separately for the start-up, STO
(SSE and SS1 always end in drive STO), SLS and POUS safety functions.

The acknowledgement method can be manual or automatic, from a safety PLC via
the PROFIsafe communication bus, or either manual or from a safety PLC.

» Automatic: The FSO module acknowledges the start-up and/or safety functions
automatically when this has 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 PROFIsafe
profiles include the acknowledgement bits (see section FSO PROFIsafe profiles
on page 718).

* Manual: You must connect an acknowledgement button to the FSO module. The
user must push the button to acknowledge the start-up and/or safety functions.
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You 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.

Button pressed Button release allowed

Time

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 (A7D0) 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 cannot be performed if
» a safety function request is active

« STO: delay defined by parameter STO. 13 Restart delay after STO has not
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 55.

» SSE, SS1: safety function is not completed
» SLS, Variable SLS: the monitoring has not 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 /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 111) 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.
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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

@T

v ; ! Ramp monitoring started

ID | Description

A | Ramp minimum time from the Scaling speed to zero. Configured for each SARn ramp,
n =0...1 separately.
For example for SARO: parameter SARx.11 SARO min ramp time to zero.

B | Target time for the ramp down from the Scaling speed to zero. Configured for each SARn
ramp, n = 0...1 separately.
For example for SARO: parameter 200.102 SARO ramp time to zero.

C | Ramp maximum 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.

D [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. Common for all ramps SARn, n=0...1.

E | 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.

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.
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Function indications

The logic state of output indication signals can be configured to be active low or
active high.

STO, S81, SSE, POUS

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 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).
Note: When the SBC is activated before the drive STO, the drive STO is indicated
after a delay (parameter SBC.12 STO SBC delay).

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

* Ramp monitoring (SARO and SAR1, see section Configuring SAR on page 233) 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 indication starts when the motor speed is in the monitored 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).
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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 57) 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.

« 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 315.

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)

i

\ |

\ Operational |
i ration - Safe

| (STO inactive) |

\ |

\ |

(STO, POUS active) [ * (STO active)

Acknowledgement
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At power-up, the FSO goes into the Start-up mode; it performs start-up checks and,
according to the configuration, enters the Operational state either automatically or
after an acknowledgement request from the FSO 1/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,

» switches the power off and on (through the Power down state),

» reboots the FSO with the Boot FSO button in the Drive composer pro PC tool, or

* reboots the FSO with drive parameter 96.09 FSO reboot (see the drive firmware
manual).

If there is an internal fault, the FSO enters the Fail-safe mode. The FSO exits the Fail-

safe mode into the Start-up mode when the user either:

» switches the power off and on (through the Power down state),

* reboots the FSO with the Boot FSO button in the Drive composer pro PC tool, or

» reboots the FSO with drive parameter 96.09 FSO reboot (see the drive firmware
manual).

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 124 in chapter PROFIsafe.

Cascade

It is possible to cascade up to six FSO modules into a daisy-chain type network
(resembles somewhat an I/O 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.

For detailed configuration instructions, see section How to configure a cascaded
system on page 203.
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This figure shows an example cascade configuration. Two different safety functions
are cascaded in the same cascaded system.

Acknowledgement
Automatic acknowledgement

Emergency stop ? / \

w&m%‘l
FSO FSO FSO
T st Master Follower Follower
X114:1] |In Out [X113:7 In Out In Out
Safety Safety Safety
- function 1 : function 1 _ function 1 -
X113.4:| In Out [X113:2] In out X113.2:| n out E(113.8
[X113:8 [X113:8
X113:4] [In Out In Out In Out
Safety Safety Safety
x773:3]| function 2 [X113:3] function 2 x113:3]| function 2 |x773g
% In Out Ex:|11339 In Out E}@ In Out [’;

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. When Emergency stop
(Safety function 1) is activated in the master FSO module (from redundant digital
input X113:1&X114:1), it is also activated in the follower FSO modules. Safety
function 2 is cascaded with single input X113:3 and single output X113:9.

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

You must configure all follower FSO modules to use the automatic acknowledgement
method. The master FSO module can have an acknowledgement button (manual
acknowledgement). The acknowledgement starts always from the master.

You can configure one or two safety functions in the same cascaded system. If the
whole cascaded system must trip after reaching a limit of any safety function, you
must have the SSE function in the cascaded system.

If an FSO module activates the STO function (after a limit hit, an STO request from
the I/O 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.
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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.

Note: For the encoderless mode, you have to set parameters STO.714 and SBC.13 so
that the motor has enough time to stop from full speed when modulation is stopped.
(excluding applications where fly-start is possible and the free rotation of the motor
axle does not cause any harm to the surroundings).

Note: If the SSE is cascaded, STO activation also activates the SSE cascade
indication signal (output). See sections Safe stop emergency (SSE) on page 74 and
Cascade on page 53.

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.
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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

210.

Motor speed

' Drive STO state
!— & indication

] STO completed

indication

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
STO.22) goes on. You must set this to the estimated time in which the motor coasts to a
stop from the maximum speed.

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

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.

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.

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

The STO request is removed.

After the acknowledgement, the STO function is deactivated and the indications 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 211.

Motor speed

(A) sBC.12 (B)SBC.13

. (©)sT0.13

! Drive STO state
: L &indication

Iﬁ SBC output

STO completed

'—\— 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/O). The FSO activates the drive
STO and starts counters for times A and C.

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
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 212.

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

®
(2]
[os]
O
-
w

. Drive STO state

!— & indication
[ SBCoutput
’—i— STO completed

indication

1

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 344)
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Step

Description

The STO request is received (for example, from the 1/0O). The FSO activates the SBC
function (brake) and starts counters for times A and B.

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 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$S1 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 213.

Motor speed

(A) s51.14

- -> Safe torque off (STO)

Time

SS1 request

' Drive STO state
| &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 SS17.22)
goes on.

C  Response time (depends on system configuration, see page 344)
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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.

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

Note: If parameter 200.7112 has value 0, the drive (parameter 23.23) defines the ramp.

The motor speed goes below the zero speed limit (B) and the FSO activates the drive

STO function. The SS1 completed indication 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 55), also the SBC is activated (not shown in the figure).

+ If the 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 function (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 55 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 go off.
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S$S1 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 215.

Motor speed

- -> Safe torque off (STO)

Time

1 ! | : SS1 request

! Drive STO state
| &indication
: SS1 state &

|— indication

i : SS1 completed
| indication
\ SAR1

monitoring

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. The acknowledgment becomes allowed.

Response time (depends on system configuration, see page 344)

—— Ramp monitoring limits
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Step

Description

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

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 200.112 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 55 for more information on how to configure
the STO function.

The motor speed goes below the zero speed limit (B), the FSO stops the SAR1

monitoring and activates the drive STO function. The SS1 completed indication 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 55), 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 function (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
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 to configure SS1
with speed limit activated SBC on page 216.

Motor speed SS1.14

-> Safe torque off (STO)

Time

@ ®®
! ,j—SS1 request
] : Drive STO state

[_ & indication
SBC output

: ' SS1 state &
— ' (S indication

i—i—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-tdelay for STO (parameter SS17.74): 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
SS1.21) 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 344)
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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.

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:

» Ifthe 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 SS1 with speed limit activated SBC, SBC before STO on
page 70).

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 55 for more
information on how to configure the STO function.

Atfter time C has elapsed, the FSO defines the motor as stopped, the SS1 completed
indication 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
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 to configure SS1
with speed limit activated SBC on page 216.

Motor speed

- -> Safe torque off (STO)

1 X ‘ Drive STO state
[ : L &indication

| ' [ SBC output

' SS1 state &

' [— 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
SS1.21) 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 344)
—— Ramp monitoring limits
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Step

Description

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

Atfter time C 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 SARXx.22).

Note: If parameter 200.7112 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).

» If the 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 70.)

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 55 for more information on how to configure the
STO function.

After time B has elapsed, the FSO defines the motor as stopped, the SS1 completed
indication 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
go off.
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S$S1 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 220.

Motor speed SS1.14

-> Safe torque off (STO)

Time

Do® & 00
| .

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-t delay for STO (parameter SS1.74): 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
S§81.21) 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 344)
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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.

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 200.7112 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 SS1.715, 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 55 for more
information on how to configure the STO function.

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

The SS1 request is removed.

Atfter time D has elapsed, the FSO defines the motor as stopped, the SS1 completed
indication 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
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 220.

Motor speed
- -> Safe torque off (STO)

(B)SBC.12
(© sBC.13

00 ®o®  © 00 _
Lo | } : 1 request

: ! Drive STO state
L : !_& indication

Time

SBC output
— SS1 state &
] X ! !—indication
] ! 1 SS1 completed
j j 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
SS1.21) 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 344)
—— Ramp monitoring limits
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Step

Description

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

Atfter time D 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 SARXx.22).

Note: If parameter 200.7112 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 SS1.715, 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 55 for more information on how to configure the
STO function.

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

The SS1 request is removed.

After time C has elapsed, the FSO defines the motor as stopped, the SS1 completed
indication 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
go off.
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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 55) 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 SAROQ 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.
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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 224.

Motor speed
(A) sTO.14
& PSR
— ! ,7 SSE request
1 I ' Drive STO state
J‘ ! & indication
: : : SSE state &
— 1 ‘— indication
i—i— 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

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.

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).

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 goes 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 225.

Motor speed

(A sBC.12 (B) sBc.13

Time

I‘ '7 SSE request
! : Drive STO state
| &indication
! SSE state &
: L indication
! [~ SBCoutput

SSE completed
’—\— 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 1/0). The FSO activates the drive
STO function and starts a counter for time A.

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.

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
goes 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 225.

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

Time

,]7 SSE request
: Drive STO state
& indication

. | ‘ SSE state &

; , . indication

j SBC output

1 SSE completed

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
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 344)
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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.

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 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 226.

Motor speed

@ SSE.15

- -> Safe torque off (STO)

Time

SSE request

& ® & ® @6
\

Drive STO state
| &indication

: SSE state &
I indication

i SSE completed

indication

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.517): 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 344)
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Step

Description

The SSE request is received (for example, from the I/O). The FSO starts a counter for
time A.

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 goes below the zero speed limit (B) and the FSO activates the drive

STO function. 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 55), 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 function (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 55 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 go off.




82 Safety functions

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 227.

Motor speed

- -> Safe torque off (STO)

Time

SSE request

3 | Drive STO state
‘ | &indication

SSE state &

I— indication

i SSE completed
| indication

SARO

monitoring

B

Zero speed (parameter FSOGEN.51): 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 344)

—— Ramp monitoring limits
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Step

Description

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

Atfter 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.71 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 55 for more information on how to configure the
STO function.

The motor speed goes below the zero speed limit (B), the FSO stops the SARO

monitoring and activates the drive STO function. 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 55), 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 function (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 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 228.

Motor speed . SSE.15

-> Safe torque off (STO)

Time

D @ ® @ 6®
,:—SSE request

: Drive STO state
} - L &indication
\ ‘ SBC output

] ‘ SSE state &
— ! I— indication

'—"— SSE completed

indication

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 344)
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Step

Description

The SSE request is received (for example, from the I/O). The FSO starts a counter for
time B.

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:

» Ifthe 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 88).

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 55 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
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 228.

Motor speed

Time

,7 SSE request
! Drive STO state
L &indication

; : | : ' SBC output
: : ; : ' SSE state &
— ' ] ' — indication
] [ 1 SSEcompleted
[ indication
SARO

monitoring

'
'
'
'
'
'

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 344)
—— Ramp monitoring limits
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Step

Description

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

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 SARx.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).

» 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 88.)

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 55 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
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 232.

Motor speed ‘ SSE 15

-> Safe torque off (STO)
SBC.12

<>

Time

| | — SSE request

' L Drive STO state
L &indication

! |— 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 344)
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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.

After time E has elapsed, the drive starts to ramp down the motor speed. SARO
parameter 200.702 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 55 for more
information on how to configure the STO function.

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

The SSE request is removed.

Atfter 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
go off.




90 Safety functions

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 232.

Motor speed - -> Safe torque off (STO)

SBC.12
@330.13

Time

| : SSE request

‘ } Lo L Drive STO state
! C : !_&indication

[ SBCoutput
— SSE state &

' [— indication

! 1 SSE completed
! ' indication
- | | SARO

monitoring

A SBC speed (parameter SBC. 15): Speed limit below which the FSO activates the SBC
(brake) while ramping. The SARO 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 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 344)
—— Ramp monitoring limits
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Step

Description

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

Atfter 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 SARx.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 55 for more information on how to configure the
STO function.

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

The SSE request is removed.

Atfter 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
go off.
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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/below the user-defined SLS limit positive/negative when
the 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.

Time monitoring

If the motor speed does not reach the desired SLS speed limit within a given time
(SLS time delay), the FSO starts to monitor the motor speed. If the motor speed is
above/below the SLS trip limit positive/negative, the FSO activates the SSE function
(see section SLS with time monitoring and speed above monitored speed on

page 94).

Ramp monitoring

Ramp monitoring limits are given with five SAR parameters, which define a “window”
within which the motor speed must stay during deceleration (see section Ramp
monitoring on page 49). If the motor speed reaches a ramp monitoring limit, the FSO
module activates the STO function (see section SLS with ramp monitoring and speed
above monitored speed on page 96).

Note: 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 drive limits the motor speed, but if the motor
speed still reaches the positive or negative SLS trip limit, the FSO module activates
the SSE function (see section SLS trip limit hits on page 98).
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SLS with speed below monitored speed

This applies to both time and ramp monitoring.

Motor speed

- -> Safe stop emergency (SSE)

Time

] ,7 SLS request

_ L indication

SLS state &

A
B

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)

—— 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 drive limits the motor speed so that it does not go

above the SLS limit positive.

If the motor speed goes above 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”, see section SLS trip limit hits on page 98).

The SLS request is removed. 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
indication (parameter SLSx. 15, SLSx.24, SLSx.34 or SLSx.44) goes off.
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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 234.

Motor speed

SLSx.04
S

- -> Safe stop emergency (SSE)

Time

ili SLS request

SLS state &
[I— indication

SLS trip limit positive (parameter SLSx. 714, SLSx.23, SLSx.33 or SLSx.43)
SLS time delay (parameter SLSx.04): Delay for forcing to start SLS monitoring.
SLS limit positive (parameter 200.23, 200.33, 200.43 or 200.53)

Response time (depends on system configuration, see page 344)

—— SLS trip limit (A)

o0 w >
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Step

Description

The SLS request is received. The motor speed is above the SLS limit positive (C). The
FSO starts to monitor the SLS time delay (B).

After time D has elapsed, 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 (C).

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 fine-tune when monitoring is started
on page 252). The SLS indication (parameter SLSx.15, SLSx.24, SLSx.34 or SLSx.44)
goes on.

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

The drive limits the motor speed, but if the motor speed still goes above the SLS trip
limit positive, the FSO activates the SSE function. See section SLS trip limit hits on
page 98.

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 trip limit hits on page 98.

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
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 236.

Motor speed

Time

| T SLS request

SLS state &
indication

SAR1
monitoring

A SLS trip limit positive (parameter SLSx. 14, 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 344)

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

Description

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

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,
SARX.22).

Note: If parameter 200.112 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 fine-tune when monitoring is started
on page 252), and stops the SAR1 monitoring. The SLS 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 55 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 goes above the SLS trip
limit positive, the FSO activates the SSE function. For more information, see section
SLS trip limit hits on page 98.

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
indication (parameter SLSx. 15, SLSx.24, SLSx.34 or SLSx.44) goes off.
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SLS trip limit hits

If the motor speed goes above/below 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 74.

SSE with immediate STO

This applies when the SSE function has been configured as “Immediate STO”.

Motor speed

- -> Safe stop emergency (SSE)

Time

| 1 e — SLS request
_,‘—| l ,—1 SLS indication
' ' SSE state &
| : indication
SSE completed
indication

SLS trip limit positive (parameter SLSx. 714, 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 344)

o0 w >

Time to zero speed (parameter STO.14)
—— SLS trip limit (A)
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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 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.
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SSE with emergency ramp

This applies when the SSE function has been configured as “Emergency ramp” (with
ramp monitoring or time monitoring).

Motor speed

<—>- -> Safe stop emergency (SSE)

Time

©
— SLS request

| SLS indication
' SSE state &

indication
SSE completed

indication

o0 w >

SLS trip limit positive (parameter SLSx. 714, 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 344)

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 indication goes off.

Atfter 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 indication goes on.

The motor speed goes below the zero speed limit (D). The motor has stopped and the
FSO opens the drive STO circuit. The SSE completed indication goes on.

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.
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Variable Safely-limited speed (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 PROF/safe.

The SLS function prevents the motor from exceeding user-defined speed limits. With
the Variable SLS function, the speed limits can be changed on the fly. The speed
limits are controlled from a safety PLC via the PROFIsafe communication bus.

If the motor speed reaches the positive or negative SLS trip limit, the FSO module
activates the SSE function (see section SLS trip limit hits on page 98). If the motor
speed reaches a ramp monitoring limit during deceleration, the FSO module activates
the STO function. If the motor speed reaches a time monitoring limit during
deceleration, the FSO module starts to monitor the speed and if it is above/below the
SLS trip limit positive/negative, the FSO activates the SSE function.

Also a “non-variable” SLS function and the SMS function can be active at the same
time with the Variable SLS function. In this case, the FSO module monitors all limits
and 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 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%.

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 119.

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 242.
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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 238.

Motor speed
. © ®

— : ; - Time
e B® OO EEM @ @
— : Lo — varSLS request
: o ‘ varSLS statu
—_— L S &ai;dicazzaar: )

A Variable SLS trip limits (parameter SLSx.43 and the scaling values set in the safety PLC)
B  SLS time delay (parameter SLSx.04): Delay for forcing to start SLS monitoring.

C  Response time (depends on system configuration, see page 344)

—— 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).

2 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 fine-tune when monitoring is
started on page 252).

3 The new motor speed has been reached. The Variable SLS indication (parameter
SLSx.57) goes on.

4 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 94.
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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.

After time C has elapsed, the drive starts to ramp down the motor speed. Drive
parameters define the deceleration ramp. The Variable SLS indication goes off (see
also section How to fine-tune limit hit situations on page 248).

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 fine-tune when monitoring is
started on page 252).

The new motor speed has been reached. The SLS 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 when the motor
speed is in the middle of the SLS limit and SLS trip limit.

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.57) goes off.
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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 238.

Motor speed

: : - Time
O ©® @ O ©
- . 1 Lo [~ varSLS request
‘ ' - : varSLS status
——J F—I L & indication
1 f SAR1
o 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 344)
—— 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 200.112 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 fine-tune when monitoring is
started on page 252).

3 The new motor speed has been reached. The Variable SLS indication (parameter
SLSx.51) 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 fine-tune limit hit situations on page 248).

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 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 SMS function is selected with an FSO parameter at the start-up.

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 245.

Motor speed @

‘, - -> Safe stop emergency (SSE)

Time

Drive STO state
I— & indication

SSE state

& indication

SMS trip limit positive (parameter SMS.74)

SMS trip limit negative (parameter SMS.13)

Response time (depends on system configuration, see page 344)
—— SMS trip limits (A and B)

O w >

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 also activated (see the note on page 42). See section Safe

stop emergency (SSE) on page 74 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 246.

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 stills hits the SMS trip limit positive or negative, the FSO
module activates the SSE function (see section Safe stop emergency (SSE) on
page 74 for more information on how to configure the SSE function).

Note: If you use the SMS function, version 2 and you have 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 247.

Motor speed

\ (A)POUS.13

: < /

| : | Time
@ @6 ®

® ®
|
|

POUS request

: Drive STO state

! 17 & indication

: ‘ POUS active
indication

] POUS completed

indication

A POUS delay for completion (parameter POUS. 13): An additional security delay. The
POUS completed indication (parameter POUS.22) goes on after this delay.
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Step | Description

1 The user stops the motor.

2 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.27) and the
STO output indication (parameter STO.27) 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.

3 After time A has elapsed, the POUS completed indication becomes active (parameter
POUS.22).
Note: Connect the POUS indication lamp to this indication signal.

4 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.

5 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).

6 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 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. We recommend
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, in internal fault situations or due to another safety function),
the FSO module can activate 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 is independent of other safety 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 the FENA Ethernet 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 version V2.4 with PROFINET.

The PROFIsafe protocol can be used for safety applications up to SIL 3 according to
IEC 61508 / IEC 62061, Category 4 according to EN 954-1 or PL e according to
ISO 13849-1.

For more information on PROFIsafe and PROFINET, see www.profibus.com/.



http://www.profibus.com/
http://www.profibus.com/
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System description

Required components

* FSO0-12 safety functions module, revision C or later
» ACS880 Primary control program: version 2.12 or later
« 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

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 FENA-21

FSO-12

| CRC | Control Byte | F-Output data | :
- (F-Device)

»

\ F-Input data \Status Byte \ CRC \

P
<
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The FSO safety functions module and the FENA-21 Ethernet adapter module are
installed on the ACS880 drive. The safety PLC is connected to the FENA 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 FENA 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 FENA
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
detailed description of the PROFIsafe message format, see section PROFIsafe
message format on page 117.

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: We recommend 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 118.

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 124). To exit the Fail-safe mode,
remove the power from the FSO or reboot the FSO with drive parameter 96.09 FSO
reboot.

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
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Status Byte and CRC2 bit order

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
Ni+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 PROFIsafe profiles

The content of the F-Input and F-Output user data is configured with FSO specific
PROFiIsafe 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.

Octet | Bit | Name Description
0 0 |SLS2_request SLS2 (Safely-limited speed) activation requested by the
controller.
1 | SLS1_request SLS1 (Safely-limited speed) activation requested by the
controller.
2 |Reserved’) Must not be used (must be 0).
3 |Reserved’ Must not be used (must be 0).
4 | 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.
1 0 |Reserved’ Must not be used (must be 0).
1 | Reserved? Must not be used (must be 0).
2 |Reserved” Must not be used (must be 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 |SLS4 request SLS4 (Safely-limited speed) activation requested by the
controller.
7 | SLS3_request SLS3 (Safely-limited speed) activation requested by the
controller.
2 0 | Variable_SLS_req | Variable SLS (Safely-limited speed) activation requested by
uest the controller and the Variable SLS limit is valid.
Reserved’) Must not be used (must be 0).
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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Octet | Bit | Name

Description

3 0 | Safe_output X114

9 ctrl

State of the safe output X114:9 (see section Remote I/O
control on page 116).1=24V,0=0V.

_8 ctrl

1 | Safe_output_X114

State of the safe output X114:8 (see section Remote I/O
control on page 116).1=24V,0=0V.

_7_ctrl

2 | Safe_output X114

State of the safe output X114:7 (see section Remote I/O
control on page 116).1=24V,0=0V.

9 ctrl

3 | Safe_output X113

State of the safe output X113:9 (see section Remote I/O
control on page 116). 1=24V,0=0 V.

_8 ctrl

4 | Safe_output_X113

State of the safe output X113:8 (see section Remote I/O
control on page 116). 1=24V,0=0 V.

_7_ctrl

5 | Safe_output x113

State of the safe output X113:7 (see section Remote I/O
control on page 116). 1=24V,0=0 V.

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%).

4 Variable_SLS_limit | Safely-limited speed relative limit (MSB) [0.01%]
_MSB

5 Variable_SLS_limit | Safely-limited speed relative limit (LSB) [0.01%]
_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 124.

Octet | Bit | Name Description
0 0 |[SLS2_active SLS2 (Safely-limited speed) is active. Active when the
SLS2 function is active and the motor speed is below the
SLS1 limit (that is, when the SLS2 monitoring is on).
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.
1 0 |Reserved’ The value is 0. Must be ignored by the F-Host.
1 | Reserved? The value is 0. Must be ignored by the F-Host.
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 | SAR1_active SAR1 (Safe acceleration range) is active.
5 | SARO_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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Octet | Bit | Name Description
2 0 |Reserved’ The value is 0. Must be ignored by the F-Host.
1 | SMS_active SMS (Safe maximum speed) function is active.
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.
3 0 |Safe_input_X114_4 | State of the safe input X114:4.
1 | Safe_input_X114_3 | State of the safe input X114:3.
2 | Safe_input_X114_2 | State of the safe input X114:2.
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.

4 0 |Variable_SLS_active | Variable SLS (Safely-limited speed) is active. Active when
the Variable SLS function is active and the motor speed is
below the Variable SLS limit (that is, when the Variable
SLS monitoring is on).

1 | POUS_active POUS (Prevention of unexpected start-up) function is
active.
2 | Safe_output_X114_9 | State of the safe output X114:9.
3 | Safe_output_X114_8 | State of the safe output X114:8.
4 | Safe_output_X114_7 | State of the safe output X114:7.
5 | Safe_output_X113_9 | State of the safe output X113:9.
6 | Safe_output X113_8 | State of the safe output X113:8.
7 | Safe_output_X113_7 | State of the safe output X113:7.
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Octet

Bit

Name

Description

SF_end_ack_req

Safety function ending acknowledgement requested = 1,
no acknowledgement requested = 0.
Acknowledgement can be done via PROFIsafe.

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
1/0 if SF_end_ack_reqis 0.

2 | STO_control_active | The drive STO circuit is open.
Note: The motor may still be rotating.
3 | Speed_value_valid |Is the speed value valid (= 1) or not (= 0).
The speed value is defined in octets 6 and 7.
4 | FSO_state Safe state = 1
Operational state = 0
FSO_mode.0
FSO_mode.1 FSO operating mode |FSO_mode.1 [FSO_mode.0
Start-up 0 0
Running 0 1
Fail-safe 1 0
Configuration 1 1
7 | Modulating The drive is modulating = 1

The drive is not modulating = 0

Safe_speed_MSB

The current motor speed value from FSO (LSB).

Safe_speed_LSB

The current motor speed value from FSO (MSB).

) 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.
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FSO module modes and states
When the FSO module is connected to a safety PLC via the PROFIsafe
communications bus, the FSO module can be in the following modes and states:
» Start-up mode
» Configuration mode
» Fail-safe mode
* RUN states:

*  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 517 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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Overview of states and transitions in the FSO module during normal operation.

Internal fault Drive composer pro
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Start-up Fail-safe Configuration
‘“RLT N 7‘
| Safe |
50 Safe
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‘ a command) ‘
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| (Module passivation ‘
| & reintegration) ‘
.- - - . = = - - - __ . o _

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.
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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 CRC2 bit order on page 118 and FSO PROFIsafe profiles
on page 118.

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 Reqg_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 it is 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 I/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 1/0 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 121.
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/0 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 721.
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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 125.

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 PROFlIsafe

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
PROFIsafe, 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 PROFlsafe

passivation) communication error was detected.

11 | Operational Safe (Module | Command “activate_FV_C = 1" was sent from the
passivation safety PLC.
with a

command)
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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 PROFIsafe
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 PROFIsafe
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

entrequest) |. 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 | passivation PROFIsafe F-Host.
request) with a

command)
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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 PROFIsafe
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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PROFlsafe 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
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 (3ADR025091M0202 [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
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_WD2 is an internal output device watchdog time.
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Instead of WCDT values, the calculation uses watchdog times. See AC500-S Safety
User Manual (3ADR025091M0202 [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 =76.5ms
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.

2. 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".

3. Host acknowledgement time (HAT) is the time it takes for the F-Host to process
an incoming PROFIsafe frame.

4. 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 (3ADR025091M0202 [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 136. 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.

2.

Install the FSO safety functions module to the drive, see chapters Planning for
installation and Installation and the drive hardware manual.

Install the FENA-21 Ethernet adapter module to the drive. See
FENA-01/-11/-21 Ethernet adapter module user’s manual (SAUA0000093568
[English]).

Connect the FENA-21 adapter module to the safety PLC through a PROFINET
network. See FENA-01/-11/-21 Ethernet adapter module user’s manual
(3AUA0000093568 [English]) and the user’s manual of the safety PLC.
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Configuring the FENA adapter module

You can use either the drive control panel or the Drive composer pro PC tool to
modify the settings of the FENA adapter module.

Note: This section describes only the most important configuration steps. For more
detailed information, see FENA-01/-11/-21 Ethernet adapter module user’s manual
(3AUA0000093568 [English]) and the drive firmware manual.

Parameters for the PROFINET communication

1. Depending on the drive, you can configure the FENA module as fieldbus channel
A or B. Enable the communication between the drive and the FENA module for
the option slot in which the FENA module is installed into (parameter 50.07 FBA A
enable or 50.31 FBA B enable).

2. Set the FENA 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 FBA A enable Enables/disables communication between the
drive and fieldbus adapter A and specifies the slot
the adapter is installed into.
Option slot 1 Communication between drive and fieldbus 1
adapter A enabled. The adapter is in slot 1.
50.31 FBA B enable Enables/disables communication between the
drive and fieldbus adapter B, and specifies the
slot the adapter is installed into.
Disable Communication between drive and fieldbus 0
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.
51/54.02 FBA A/B PAR2 |Selects one of the PNIO profiles.
(PROTOCOL/
PROFILE)
PNIO ABB Pro |Profile PNIO ABB Pro is selected 11
51/54.03 FBA A/B PAR2 |Sets the Ethernet communication rate.

(COMMRATE)
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Index Name/Value Description Example
value
Auto Ethernet communication rate is negotiated 0
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 1/0

communication.
This parameter is read-only.

PPO4 PPO Type 4 4
51/54.21 Alarm disable Enables/disables the sending of diagnostic
messages to the PROFINET network.
Enabled Diagnostic messages are sent. 0
51/54.27 FBA A/B PAR Validates any changed FENA module
REFRESH configuration settings and reboots the FENA

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. 1

Note: When the FENA 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 11 if a drop-
down list is unavailable) and reboot the FENA 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 FENA 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 200.

Configuring the safety PLC

After the drive has initialized the FENA adapter 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 FENA and FSO modules. For detailed information, see the
documentation of your safety PLC.
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The examples apply to all drive types that are compatible with the FENA 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 FENA GSD file from the ABB Document library
(www.abb.com/drives/documents). The file name format is: GSDML-Vx.x-ABB-
FENA-yyyymmdd.xml.

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 FENA adapter 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 PS501 Control Builder Plus
(software version 2.3.0).

Before you use the safety configuration and programming tools in PS501 Control
Builder Plus, you must study the AC500-S Safety PLC user manual (AC500-S Safety
User Manual (3ADR025091M0202 [English]). Only qualified persons are allowed to
work with the AC500-S Safety PLC.

You need a password to configure the safety parts of a Control Builder Plus project. In
all new PS501 Control Builder Plus 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 Control Builder Plus, see the AC500-S Safety PLC user manual.

You can find the complete documentation of ABB PLCs and the PS501 Control
Builder Plus application in www.abb.com/PLC.

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 143.



http://www.abb.com/PLC
http://www.abb.com/drives/documents
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1. Start the ABB Control 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

Location: lSysbem Repasitory

)

| Edit Locatlons...|

{C:\ProgramData\ControlBuilderPlus\Devices_2.3)

Installed device descriptions:

Name Vendor  Version
# [ Miscellaneous

+ [ Fieldbusses

+ [ pLcs

Install...

Close

LS

4. Open or create the PLC project that is used to control the drive.

_"| Mew Project

LCategories: Templates:

{3 {General) EI’A/.’

ACS500 project ACS880 Empty project
project

A praoject containing one AC500 PLC

Mame: F50_example|

Location:  U:\Data

et
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5. Add the necessary controller devices to the PLC project.
In the project below, these controller stations have been added:
» controller station AC500 PM583-ETH,
« safety controller station AC500 SM560-S and
»  PROFINET controller CM579-PNIO.

Mt FSO_example. project - Contral Builder Pus

Bl Edt Wew Project Onine Toos  Wirdow  Help

H=M £ 8% |
| Devices - 3 X
= F0_enanpie |E|
- fléj}ff‘;’;fﬁfﬂ*=-'ﬂ“°='°“5‘33'-‘"'3' ~¢——— Controller station

[F U _paramaters (CPU paramatard)
3 10_muws (10 -Fus)
= g3 Interfaces (Interfaces)
£ COMI_Drbre _Access [COMI - Criine Access)
£ COMZ_Drire_Access [COMZ - Crine Access)
£ [ FBF_Onire_Acnzss [FEF - Onine Access)
= [l Communication_mackies [Communication madsies)
= 2% Orboard_Ethermet [Onbasrd Ethernet)

rgs {IP Setbngs)

o s pem o) <f—————— Safety controller station

= f] eMsTe_PNI {oMsTaeNHIO)
 Co s (ureminamie)  <————— PROFINET controller

€ TAS34_Sobd {Dummy moci)

£ TAE34 Sobd {Dummy macds]

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.

6. Right-click on the PROFINET controller CM579-PNIO-Master and add the FENA
module to the PROFINET IO network.
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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.

AR FSO_examplaproject - Control Builder Plus

Fe Edit Vew Project Tools Window Hep

Hedl LR
=G PO exanmpe =
= il ACS00_PMSE3 ETH (AC500 PMEE3-ETH)
=i ACS00

T CPU_parameters (CPU parameters)
i 10_Bus (J0-Bus)
= & Interfaces (Interfaces)
L8 COML_Onine_access (COML - Online Acoess)
£ COMZ_Onine_Access (COM2 - Online Acoess)
L6 FBP_Onine_Access (FBP - Onine Access)
Communication_moduies (Communicaton modues)
28 onboard_Ethermet (Onboard Ethernet)
i 1P_Settings (IP Settings)
T ACSON_SM560_S (ACSON SM560-5)
Bl arsoo_s
=-if] CMS79_PHIO (CM579-PAIO)
=@ CM579_Master (CMS79-PHIC-Master)
= }3 FENA_21 (FENA-21)
2l PPor_Type_4 (PPO Type 4} - I/O module
£l PROFisafe_ABE P51 (PROFafe a2E_rs1) @ PROFIsafe module
L TAS24_Sloid {Dummy module)
TAS24_Shot4 (Dummy module)

|
=]

9. Download the safety and “non-safety” PLC programs.
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10. Define the PROFINET controller (CM579-PNIO) properties, such as the IP
address and |IP address settings for devices:

+ Select CM579_Master.

* On the PROFINET Master tab, define the necessary IP addresses.
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Ml P50 enample.progect - Corrol Bullder Pius
| B Edr Vew proper Tosk Widow Hep
[nsa s M
| Devoss v 8 %] oMS70_Master
g i | [ PROFNET Moster | pssign B0-Dwiice name
=5 ACS00_PHSES_ETH [NCS00 PHSS3-ETH) 7
81 Acsao Identfcaton
T CPU_parameters (CFU parometrs]
3 x0_Bus (L0-Bus) 1P-#dioress 192 . 168
= g Wnterfoces (Wnterfaces) I I
© COM2_Onine_Access (COML - Onine Access) et e—
1 COMZ_Onine_Arness (COM3 - Onne Access) Defauit gateney T, 0
(S FP_onine_ccess (FEP - crine Avcess) P i
= @ Communicron_modues (Commurication modes)
= £ onboan_Exhemst (onboand Ethemer)
@ F_settngs (IP Settings) Address settngs for shves
= (] ACSO0_SHSE0_S [ACSO) SHS60-5)
i#] Acs00_s First IP-Adidress 182 . 168
= (I CHET9_PHIC [CMETS-200) Last P Ardcbres 192 . 168
— = 0 CMETS_ Master [CMETS-PHID-Master) n: =
it Subnetmak /S . E
= 4 FEnA_21 FEmA-21) R
3 PRO_Type 4 (PR0 Type 4) st gatensy L.
0 pecrlsate ABR_PS1 (PROFkale ABG_PS1)
TAS24_Siord (Dummmy mocule)
TAS24_Sord (Dummy modkie)

11. 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.

A8 F50_example.project - Control Buider Plus.

Be EOC Vew Project Took Window Heg
P E S %K A

‘Devices:
= A FS0 arampe
= il ACSOD_PMSE3_ETH (ACS00 PMSS3-ETH)
Wl acson
() £U_parmmeters (CPU parameters)
{H 10_Bus (Lo-Bus)
" e Interfaces (nferfaces)

-3 COM1_Onine_Access {COML - Onine Access)
1 COMZ_Onine_Access [COM2 - Orfine Access)
- FEP_Onne_Ancess (FBF - Onine Access)
=@ Communication_modules (Communication modules)
= B Onboard_Ethermet (Oniboard ELhemet)
fil I°_Settngs {IF Sewings)
= Cf ACSO0_SMSE0_S (ACS00 SMSE0-S)
E0 ACs00_5
= £H CMSFO_PMID (CMS73-PNIOY
= CMS79_Master [CM579-PHICH-Marster)
P - b|rena zn (renaan)

(0 FRO_Type_d (FRO Type d)

-1 PROFEafe_ABE. PS1 [PROFEafe ABB_PS1)
TASZ4_Sio3 (Durmemy modie)
TA524_Sioe (Durmy module)

4 FENA_21 |

PHIC parameters | PHIC Hentfication | PROFIMET skve | Information

Ientfiaton
1Paduress 192 . 168 . 0 .
Subnet mask | 255 . 255 . 255 .
Defoult Gotews 0 . 0 . 0 .
Station name drivel

5
o
“.

MAC address  00:D0:00:00: 0500




148 PROFlsafe

12. Return to the PROFINET controller (CM579-PNIO) properties. On the Assign I/O
Device Name tab:

» Click Connect to PLC (Login) and select the communication link used
between Control 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.

PROFINET Master | Assign I0-Device name |

Disconnect from PLC

Device name  Devicetype 1P address MAC address VendorId DeviceId Devicerole  Network mask  Gateway address
FENA 192.168.02  00-1C-01-00-4168 26 3 1 2552552550  192.168.0.2
b T r

Configure I0-Device name : drivel -

Assign I0-Device name | l Start LED signal |

Selected I0-Device type : FENA

MAC address of selected I0-Device :  |00-1C-01-00-41-68

IP address : 192.188.0.2 -

l Assign IP configuration l l Factory reset
Network mask : 255,255,255.0
Gateway address : 192,168.0.2
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13. Define the I/O module properties:
» Select the I/O module PPO_Type_4.
+ On the PNIO parameters tab, configure the Stop Mode Action and Control-

zero mode functions, and define Fail safe values for the PLC output process
data (PZDs).

8 F50_sampleproject - Cantrol Budder Flus
| Be B® \ew Broject Took Windew Hep

=ioiEl | Peo_Type 4
B e PHO0 paramesers. | pha Modkde 1 lspping | nformeton
= il ACE00_PMSE3_ETH (ACS00 PMSS3-ETH)
Bl acsoo Mocude nfarmatian:
[ CPU_parameters [CFU parameters)
B i Wderk number 16200000104
= o oo (Interfaces) S e 1
[} COML_Onine_Acress {COML - Orlne Aocess)
51 COM2_Cnine_fcress (COM2 - Cnine Ancess) e
(51 FEF_Onine_Acress (FBF - Online Arcess)
=§ a ks @ 5ee al cefadt volues
“ B criboand_Exherne [Oribaerd Exhenes)
B 1 settrge [ Settngs) Parameters Value Datstype  8yteoffest  Betoffsst  Bit length
" TE ACH00_SMSED_S [ACS00 SHSED-5) St
[ StopMade Adtion stkection Fremmdota  Integerd o
ol i P RS Contrakzern mode selectian Use data Integers 1
< B CH579_Maste (CH7S-PHIC-Master) Faf sfe Contral Word o Unsredls 2
= 49 Fena,_21 grena2) Fat sfe Refrence o Unsredls 4
10 e Type 4 PO TR ) I Fai mfevaleof RefP2ZDT 0 Unsredls &
T m—— Fal sofe vakeafRefFED4 0 Unsredls &
TAS24, 55003 (Curmemy ki) Faf s woheofRefFZDs 0 Unsredls 10
A S Ik sl Fal sofe vake of RefFZDE. © Unsredls 12

* 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 119.)

Al F50_mvample project® - Contral Buider Plus

| Be B Wew Fropect Jook Windoew Hep

BO 1 R T l, a

L e . - T4 E o drivel_PPod

) exange

) ACS00_FMSHA_ETH [ACS00 PHSS3-ETH) :‘:‘P‘;':"""‘ RO MdISHD Mappnd |iiaeten

lllm Variable Mapping  Channes Address Type Unit Descrption

5 CPU_perametess (R parameters] * onelsEns s Sths w20 T

| Sz:u—;“‘;;"?n:im‘ * orherspestar o et Aua wIWz1  UINT

& okl 4 GhvelATRIDd + h@slezDd wiw22 e

£ 0oM1 Anire, Acces (CTML - ke Accers) * rnElAdETDY . Atz FZDA =a[W23  UINT

£ oom2_Onire Access (COHZ - Onine Accers) ¥ crweiAdPIDS ¢ AchmlFZDS WIWZ4  UINT

Y3 FER_Onine_acciss l\‘BP-(mlﬂ.eAct?S&] ) W OriR IACPTDG r At PZDR WIW25  UINT

=d Ic‘?mncaﬁm_modules [Commricanon modies) ‘e Eveicommand . G wOWZ4  WINT

S Sl ST el el “* drieisposdhef + Speed Reforene wOWL1 N

_ W Tseigs [ setings) % detelRefFZDd ¢+ Refmmes FIDY WOWLZ  UINT

T e sk "* GheIREPIDS ¢ Referere P2 sOWZI  UINT

_ __“-":5‘:’5:“;;0 e, "» e REIDS s Refiens P05 WOWZA  UINT

R, * dveiRelFIDE »  RefmeoFIDs WOWLS  UINT

= @ CM579_Master (CHS73-PADC-Master]
= ¥ FENA_21 [FENA-21}
—— P el PR RO Type ) |
4 arivel_ABS_PS1 (PROFisae ABB_PS1)
TASZ4_siot3 (Dumrmy module]
TASZ4_Shotd {Dumnry moduie}
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14. 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:

* 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 200.

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 139 for instructions on how to calculate the correct
watchdog time.

* On the PNIO Module Safety /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 119.)

M P30 emampe. projpect - Conrgd Builder Fius
B Edr Vew Brogor Tosk Window Hep
e - B N e Ry
 Dencus. = B o drivel ABB_PS1
= 3 Escr avampls T | il parameters | F-Farmetr | P Modue Satety LT MIpCe | PRIG Mok 10 Meoging | nformann
=[ ACSOO_PHSES_ETH (ACS00 PHSSHETH)
chmnes
B A0 Vasiable Mapging  Channe Tyme Unit Destrintion
) OR_parerretoss (G pormcters) " GeveL_pSi_ing ABE_PS1 N0 T
| *J)G'E'z'“’-?a"’) ; & dinel PSI_In2 ap8_Ps1 In1 Nt
oh_h_clffrm [rterfaces) ) = arivel_PS1_In3 AB&_F51 In2 UINT
i Pl Oines Aot (0N - Onins o) # drivel_varsLs ac... vanabie 5L5 actve BOOL
] COMZ_Onine_Acosss (COM3 - Onlre Acoes) * drives_POUS_act POAIS active BOOL
S PHC GRMNCC (RO o ey ¥ drivel_Out_x1l Safe cutput 1149 BOOL
= Comynunican. modules icommt ation mackieS) ¥ drvel_ut v Safe cuteut w1148 Bo0L
* €5 antoar_Eihemet onboard Etnemes) ' Safeoutput 1147 BOOL
@ P_Settngs (IF Settings) " Safeoutput x1139 BOOL
1 ACSIN_SHSEO_S [ACS00 SHI60-5) i SRATLiNE S
4 ncsoo_s " Safe cutput €113 7 BOOL
| .C“‘SP‘:'_;‘"K' {CMETI-PNE) » 1 SF erd sk reg BOOL
=@ CMST3_Master ([CHET2-PIO-Haster) i e ¥ o ko ioak R
=+ FEMA_ZL FENA-21) * drivel_STO_ontr. ' ST control active BOUL
3 drwvel_pRO4 (PRO Type4) ¥ drivel_Speed wald Speed vakie vabd s00L
e i T 2 . i e
TR524_Siot3 (Dumy mocke) = et R
TaSRA_Saond (Duminy meoduie) ® driver_FSo_modl P50 moset BOOL
# drivel_Moculating Modulsting Bo00L
 orhvel_PS_Safle_Speed 4B PSLInSalespess INT
* @ drivel_PSI_Dutl ABE_PS1 Cutl INT
W drivel_PS1_ut2 ABA_PSL a1 AINT
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15. Create the configuration data for the controller station:
* Right-click on the AC500 and select Create Configuration Data.

16. Create the safety configuration data for the controller station:
* Right-click on the AC500_S and select Create Safety Configuration Data.

17. Create a program that controls the drive:
+ Double-click the AC500. This opens the PLC program in the CoDeSys
programming tool.
18. 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.

% CoDeSys - ACS0D_SACS00PRO [SAFETY MODE] - [PLC_PRG (PRG-ST] =
W File Edit Project Insert Exvas Online Window Help [-[=]x

H| EfiaT SR & 5| & BEmeH
1 |o00d vk

| [EPous [0004  5F_WDOG: SF_WDOG_TIME_SET,
- (CAPROFale

‘8

B DONE==
ACT_TiHE=>
8 el TIME=>];

B¢~ Autornatic eparator scknawledge for PROFIsae =)

Keep SLE3 Frive
IS drived_SLE1 request

Gn: 14, Cal: 71 [GRLNE [0 [FEA]

Note: This example program also keeps the SLS3 function active all the time.




19. For the “non-safety” program:
* In the Project menu, select Build.
* In the Online menu, select Login.
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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.

20. Repeat step 19 for the safety program.

21. Switch the power of both PLCs off and on.

22. For the “non-safety” program:
* In the Online menu, select Login.

23. In the Online menu of the “non-safety program”, select Run. This starts both

programs.

Online | Window Help

Login

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

Alt+F8

Chrl+F8

F5

Shift+F8

Fg

F10

Fé

Ctrl+F5

Ctrl+F7

F7

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 infermation




154 PROFlsafe

Monitoring the PROFIsafe message
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 I/O
Mapping tab.

8PS0 mearmple project - Control Bulider Pl
| e EF vew Project Took e
| B A& T
D= = & % @ dowel_sBD_PS1
= 3 S0 exampk 1 : ;
D P Mok Sty 0 gy 105 e U3 g famaton
el Mappeg  Chavel adress Type Cumeen value
5 cPu_peremetars (P parameters) v dives_PiIny +  mEE_PSIInD SIWLE  UNT o
a 10 Bus (1B} % drvel_PSI_In2 v Amm_P51 Ind INT
@ IReracus (Intertanss) = @ duves_PSi_ind +  ABOPSLI T
= ML_OM{CWJ e e * drivel _VirSL5_nc. Variable SL5 adiee BOOL
ST CuML_Ondee:_Acress [COME - Cine ACCess) ® el POCIE arti_. = BV mcther ol
& F=R_Onine_tcress (FAF - Onike Acces) * orheel_oue 51145 . Safe output w134 3 BOOL
IR OO IR AN TR (EC R A MUY ®oonel DEs114E . SEeouputxii B o0l
= O ontoard_themet . * orivel Dok 31147 ’ Safe output k114 7 BOOL
Fﬁ‘mﬁﬂgfﬂwﬂ b ool 0138 . Sefeoutpuixizid B0l
. et bognel Oeal113E . Saleoutpurkiig E0aL
{ r}-‘: ";:::;"w *oonel_OM113T . Saleouputaanl 7 0L
o ! * drvel_SFend_a_ . = end ack raq EOOL
S iy paie {75 A0 St *# drivel_SF_end_a o S end skieg el BOOL
"Ml ® riveL_STO_ontr_ ¢ STOmmade 00t
B el red (o Bowe ) | el Speed i ¢ Soeedeuewil fo0L
) et _ARB_PS3 [PRCFTSlE ARB_PS1) | # orivel_Fs0_ge ) F50 a0 BooL
TRS24_50t3 (Cammy Ak * drivel_FS0_po s FSOmoge B0L
TAS24._Soté [Dunmy medule) * drivel _F50_model * FS0model BOOL
* drbenl_Modusting ’ Modusting SDZATT BOOL
™ drives_PS_Sale_Speed . REE_PS1 In Safe Speed SalW2.9 WT
8 PROFT=e F Mosmage trober “alBz 20
@ divel PS1_cwin » BER_PS1 Cutth SRCpNTE INT -]
* @ drivel_PS1_Cuk? . BEE_PS1 Cutl WOWIET UINT O
e drive1_PS_ver S5 . BEE_PS1 Ot VarSLSLImT WA MT 0
L] PROFIsSe F Message troter SEL1E
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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 7143.

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 - FSO_example
File Edit Inset PLC View Options Window Help

D& &F 05| S[EEE <MNo Fiter » - | %8
% FSO_example -- C:\Program Files (x86)\Siemens\StepT'\s7proj\FSO_sxam EI@
-8 nple [ SIMATIC 300(1] SR MPI(T) S8 themet(1)

3. Open the hardware configuration of the project.
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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.

%rmmﬁmﬂcmw—ﬁom
W Seion Ede Juet BIC Wiew Options indow Help
O@FS8 B g Ge dd @D 8w

Edvemet {1y PROFINET--System (100

-0 TP 7F-2 P DR
w0 RUTNE2

- CRU T 33FVE
SH23 TR 3 3F-3 PN P

| E-Z] EST TISIRL00A0

i = ;
i v
= » i -0 FEST 183010880

u CPUETS
et R

L__I FW-300
#1120 Bakwicg =
skt T vodke .. | ek rwarbee: Fimmven. .} WP ekiors | exkboee | 6 e | Cammck. | EHEY N3

i 1 FaE
7 ([ CFUl 193 PNFDF [GES7 TS O0GART [vEd |7
o (]

EHED RACK-3M
z [ . b
7

A g+ SM-30
FE

i

= ns (@ ST A
P Pt

3
i

T S ST R Raood Coeded 08T =
ST L . E
memcip 14008 E: 0.0 Tms! 1000 ingne tions:
- RRDITET saveeubo 1 msibngn -
I5 etk FEFCal; PRCFINET Covmaler

Press FL to get Help.

Chg =

When you install the controller station to the rail, select Industrial Ethernet as the
subnet for the controller station.

operis e e =

Gereral | Paameter I

It = subnet  selected,
the net available addesess are suggested

1P addreze: [182.162.0.1 e
& [Oonotuserouer
Subned mag: |52z
' Lise uter
Aidresa:

Subnet:

— 1ol netwarked — Taw |
Eherelit) —

Popenies |
Dalete

oK ! Caresl I Help I

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.

EECE .

Install GSD Files: [om the directory |

IF:\ Browse ... |

I File: | Felease | ‘Yersion | Lanq'tiages |
IGSDMLY2 3-ABB-FENA-20140327 el 03/27/2014 1220000 AWM V23 Englizh, English

Inatall Show Log Select Al Deselect Al

Claze

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 I/O 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.

9. 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.
B} HW Config - [SIMATIC 300(1) (Configuration) -- FSO_example] ol ==
Bl Station Edit Insert PLC View QOptions Window Help NEE
D58 §E sin al |1 23 25 | w2
- Blxl

Ethemet(1): PROFINET-I0-System {100)

Suchen: it

Press F1 to get Help.

=0 UR () FENA Frofle [Standard =l
! = =0 PROFIBUS DF A
] B CPU 319r-3 PN/DP 20 FROFIBUS-FA
X1 MPLDP &-4% PROFINET ID
= g 22 Additional Field Devices
X £ = =] Drives
s Aol | -0 ABE FENA,
3 g FENA
4 g FENATT L
5 | B PPO Types 1
§ [ PPOTuRe3
7 o
8 - [ PPOTuRes
-l [
‘ i | B0 PROFIsshs Telerams
T PR DFlsafe ABE_PS1
i B Standard Telegrams
1) FEMA
= - [ Standad Telegram 1
Slot Module Order number | ade~~T0 add.. | Dia.. | G ‘ [ Standard Telegram 2
7 | AEAR AT b [P7EE & FEN&21
pv s G5 -] Gateway
Priadll B L7 [ERE L i
T PP Typs 4 OEE_oh7 |2 267 (%68 Oy )
2 FROFlsafe ABE_PS1 0.1 0.3 PROFIssfe ABB_PS1 :
DML 2ABD-FENA-201 40327 arl
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).

Properties - FENA

General | identfication |

Short description: FENA

PROFINET IO module FENA

Order Mo/ fimware:
Family:

6438177287445 / V3.01
ABB FENA

Device name: drive 1

GSD file:

Change Release Number |

GSDML-V2 3-ABB-FENA-20140327 xml

pd

~ Nods in PROFINET IO System -

Device number:

i

192.163.0.2

IP address:

¥ Assign IP address via 10 controller

/
|PF{0F|N¢5ystem (100)

This is the IP address that will
be assigned to the FENA
adapter module.

To modify the IP address, click
the Ethernet button.

The 10 controller assigns the
IP address.

Comment:

0K |

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 1/0 object (PPO Type 4) in Slot 1

to open the Properties window.
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14. Type a name for the I/O object (in this example, PROFIsafe ABB_PS1).

'_.Pm_pefﬁe's— PROFIsafe ABB_PS1 - (R-/

General | Addresses | PROFlsafe |

Short description: PROFlsafe ABB_PS1
|PROFlsafe ABB_PS1

Hardware revision level: vin
Software revision level: V3.01

Name: FROFlsafe ABB P51

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).

F B

General I Addresses Parameters | Identification I

Yalue
=8
£} General parameters
[Z] Stop Mede Action selection Freeze data
(2] Control-zero mode selection Use data
[Z] Fail safe Control Word 0

[Z] Fail safe Reference

[£] Fail safe value of Ref PZD3
[£] Fail safe value of Ref PZD4
[£] Fail safe value of Ref PZD5
[Z] 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: Idrive1 LI Device IABB FEN&

Awvailable devices:

|P* addrezs | MAL address | Device t_l,lpel Device name | Agzign name |

g 00-1C-01-0... ABB FEMA  diivel

Made flashing test

Duration [seconds): I 3 - I

Flazhing on I Flazhing off I

[~ Show only devices of the same type [ Display only devices without names

Update | Export... |

Cloge |
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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 PROFlsafe. 11, see section Configuring the safety fieldbus
communication on page 200.

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 139 for instructions on how to calculate the correct
watchdog time.

Properties - PROFIsafe ABB_PS1 - (R-/52) ‘ ‘_ =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_sdd 2000

dd 4 4
F_wD_Time 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 B
R [0 | M | C |CC| Address Symbol Data typ | Comment =
3 r |- (- |-\ |z 4.0 drivel_WarSL5_active BOOL
34 r |\C ([ |C [T |§ 4.1 drivel_POUS_active BOOL
5 rr (rrir [z 42 drivel_Out_x114_9 BOOL
3 r |\C |[C [C |C |1 4.3 drivel_OQut_x114_8 BOOL ,5
7 rririric T a4 drivel_Out_x114_7 BOOL =
£ r |\C |[C [ |C (1 4.5 drivel_Out x113 9 BOOL
3 ririririr [z a4 drivel_Out_x113_8 BOOL
o riririric |z a7 drivel_Out_x113_7 BOOL
41 r |- (- |-\ |x 5.0 drivel_End_ack_req BOOL
42 r |\r (r | [ |T 5.1 drivel_End_ack_req_loc BOOL -
a | m r
Add to Symbols | Delate Symbol Serting: I LI
[V Display Columns R, 0, M, C, CC
The symbals are updated with '0OK" or “Apply
ok | Apply | Close Help |
=

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.

' B

Cycle/Clock Memory I Retentive Memony I Intermupts I Time-of-Day Intemupts I Cyclic Intemupts
General I Startup | Synchronous Cycle Intemupts
Diagnostics/Clock Protection I Communication I F Parameters | Web

r Protection level

[V Can be bypassed with password
= 2: Write-protection

" 3: Read/write-protection

Pazsword:

I

Beenter password:

I

=2 CPU containg safety program

Crce ||

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
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.

.‘-,a SIMATIC Manager - F5O_example EIE
File Edit Inset PLC View Options Window Help
|Dw |82 | & a2 | |[@ %00} < No Fiter > - RaE B8t
£ FSO_example -- C:\Program Files 6@6)\Siemens\StepT\s7proj\FSO_exam =l =
=B FS0_example S ystem data o081 o085 R
B SIMATIC 30001) FB1032 £ FE1093 &2 FE1094 &
= CPL 219F-3 PMN/DP DB2184 £+ DB2185
[=-{z8] 57 Program

~{p] Sources

@™
Cut Ctrl+X
Copy Ctrl+C
Paste Ctrl+V
Delete Del
Insert New Object 3 Organization Block
PLC 3 Function Block
REEE. Function
Compare Blocks... BEERHE:
Reference Data 2 DataType
Check Block Consistency... .r .VEIIEHETEME
Print |
Rename F2
Ohbject Properties... Alt+Return
Special Object Properties v

3. Double-click on the FC1 block.
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Set DB1 as the I-DB for the F-program block and FB1 as the F-program block.

Click OK and close the dialog windows.

-
Define New F-Runtime Group

E5)

e

F-CALL block:

F-program black:

1-0B for F-program block:

taw. cycle time of the F-untime in ma:

DB for Fumtinne group communication;

Cancel |

In SIMATIC manager, double-click on OB35.

Add call to FC1 by dragging the FC1 block from the FC blocks folder.

Save the block and close the editor.

[, LADVSTL /FRD: - [OR3S - "CVE_INTS" - FSO_samplsiSMMATIC J00[L)\CPL 31353 PN/DM, . \0835] P W
O Fle Edit Inset PLC Debug Wiew Options Window Help |=]=] =
DESE S & Rl oo oo Bgar | OE s
: =3 | Contencs Of: ‘EnvizonmensiIncarfsce’
L ;-@ Interface AlbE
{5 Mew nebwor: m & TEMD 9 | TERP
e FB blocks = -
[-H FC blocks
3 SFB blocks =
15429 SFC blocks CB35 : "Cyclic Intecrupt" i |
i Ml Multiple mstences Fo
&} Libraries
icteocl: LIRStSTY
Comment: ‘
% ©
|
= 13
11§ D T 3 O = - - R 3. Cromzreferencen T 4. Address info. J SiModiy & 6 Degooshes
Press FL Lo get Help. " 2 [offine CAbs=52 [NwlLlnZ  |insert

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.
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11. Save the block and close the editor.

[ LADASTLAFRD - [FBY — F50 xarmple\ SBASTIC I000LACPL 1063 PRVDIR]
- File Edit Inset PLC Debug View Ontions Windaw Help
DE:-H(S & e oo od|alBee | OE| e |
= — Comcenta Of: Frvironmenc) Interface’
= & Insecface [Hame
-4 Mew nebwork = 1N D
Bit logic - ouT @ ouT
(] Camparator & TH_0TT & i _ouT
Bi-feg Canverter & STAT W STAT
(i 0 call £ TEME @ TEMD
=-I5 Jurmps
Integer function
Mave
{4 Pragram cartral FBl : P30 simple safety progrem |
Status bits P
Wiard Ingic
- FE blocks
-8 FC blacks AR | 1=ACTNOWLEDGEMENT TOR REINTEGRATION
M Multiple instances I - - - -
=B Librens | T A |
N
"EODO0D_
T drivel
E a_ RBE_PS1~.
drivel ACE FEI
REB_P3L",
ACE_REQ —
Hetwork 2: SLs3 control
Force SLE3 sctive =ll the time. Fesdiag s value snd negstion'of the same value
Exclusive Of evaluates always to TRUIE.
OR
"drigel
£y SL83_
mcciwe™
Brogan [ECdan, [ .
4
[AIAIeImy TEme b Zwe 3 Crcas relerencas 1 & Fddmes i, J SWedly b & Dagesica  h
Prazs L te get Halp. D |affine Bbs <52 Inzare |

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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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.

ﬂ Monitor/Modify - drivel _ ABB_PS1 - (R-/52)

Oniline via assigned CPU services

[l

Path: |FSD_exampIe\SIMATIE 300[1MCPU 319F-3 PNJDP
Symbol Display farmat| 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

4 111}

¥ Row Mot Effective | |Jpdate Force Symbol with F5

Fun conditionally
[ Modify

€% Trigger...
Cloge

Run immediately

G Status Walue [
3 Modify Value [ 1/0 Dizplay

<> RUNNING

m

Help

-
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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. Inthe 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.

Path: IFS 0_exampleXSIMATIC 30001 WEPU 315F-3 PN/DP

CPU/Faulty Modules

M odule Addr. DFP PH R S Madule Infarmation... I
- i

a0 device E 8136 - 10001)

Open Station OMLIME... |
Update |

v Display Quick View during hardware diagnostics

Close | Help |
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5. To read the diagnostic messages, select the I/O Device Diagnostics tab.

Path: [FSO_example\SIMATIC 300(1\CPU 319F-3  Operating mode of the CPU: @ STOP
Status: #24 Emor

General 10 Device Diagnostics

10 controller: PN-ID

M anufacturer's descripion - Device |D:

Hex. Format... |
Standard diagnostics:

Channelspecific diagnostics:
Slot Channel ... | Emor

Mismatch of safety destination address (F_Dest_Add)

Help on selected diagnostic row: Dizplay |

Cose |  Update |  pant.. | Help
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6. To check the Device number of the FENA module, select the General tab.

1

Device Number:

Flant designation:
Location designation:

B Module Information - FENA =l = ==
Path:  |P5_test\SIMATIC 300(1\CPU 318F-3PN/D  Operating mode of the CPU: (¥ STOP
Status: #Z4 Emor
Network Connection ] Statistics ] Identification ]
General 10 Device Diagnostics ] Communication Diagnostics ] Interface ]
Description: FENA System |dentification: FROFINET 10
Name: FENA.PROFINET-IO-SYSTEM
Version: Order No./ Description Component Version
6438177287452 Hardware 1
--- Firmware Vins
10 system: 100 Address: | 8185

Status: Faulty module (diagnostic intermupt detected) and not available {1/0 access emor -«
Extemnal emor
Close | Update | Prirt ... | 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 FENA. This happens normally only when the controller station starts
up the PROFINET communication with the FENA 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 PROFlsafe F_Dest_Add).
65 Safety destination address is not valid | F_Dest_Add of 0 or FFFFh is not allowed.
(0x0041) |(F_Dest_Add). A valid 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.
A valid 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). A valid 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 FENA station name saved in
the PROFINET the FENA does not match the
communication. station name of the FENA in the

PLC configuration.

Check the station names in both
places.

The FENA IP address saved in the
FENA does not match the IP
address of the FENA in the PLC
configuration.

Check the IP settings in both places.

The FENA is not configured for the
PROFINET communication.

Check drive parameter 51.01 or
54.01. See the FENA 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 200 for
details.

The PROFIsafe destination
address of the FENA does not
match the station name of the
FENA 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 200 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 139.

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
of the whole system before the
changes take effect.

Reboot the safety PLC.

If this does not help, reboot also the

FSO module, the FENA 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 FENA 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 Common cause failure (CCF) checklists on
page 194.

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 337).

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 connection X113:1...4 or X114:1...4, and they
can use either one of the diagnostic pulses X113:10 and X114:10.

Redundant inputs must be connected so that one input is connected to X113:n and
uses diagnostic pulse X113:10, and the other is connected to X114:n and uses
diagnostic pulse X114:10 (n= 1...4; the same for both inputs).

24V TP2 X114:10 Diagnostic pulse 2

TP1 X113:10 Diagnostic pulse 1

o

11
]

DI1 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]).

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.

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

For the control cables to on-field devices, it is recommended that shielded cabling is
used. Double-shielded cable is the best alternative for low-voltage digital signals but
single-shielded twisted multi-pair cable is also usable.

See section Control connection data on page 335 and chapter Planning the electrical
installation in the drive hardware manual.
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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
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
| N S ———— different channels or appropriate
TP 10{|e4]__||e = | cable protection (eg. double-

| o g H | shielding)
| [

- o
| 611 |
| GND 5071110

41 | | |

|

o M- |
| 1] — i — — — — Channel separation
| Nl Diagnostic pulses
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Relay / contactor output with feedback
Examples:

» Brake control

» Door/gate unlock

| X113 X114 I
| —1 = [
TP 10 o ‘
| 9 (1|~ | 3
DO 8
| i c@ic 11
| enp NI
: i —
3
| DI 2] ] -'L.{.-
1 ®
| — =] I
1 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

S

GND o¢—

| X113 X114 U

| __

| P 190: [ —

| o 8 J-FA-
| enD gz\_ C y

| |0 —

: DI % [ IR A
| = T

H(m

1 Diagnostic pulses
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Active sensors / input signals from solid state devices

Examples:
« PLC 24V DCPNP
» Light curtain OSSD

Physical separation of the different channels
or appropriate cable protection (eg. double-
| X113 X114 shielding)
| — — — Diagnostic pulses from an
TP 10 ;
| ol — I active sensor must not be
Do sl — overlapping.
| 7 | 1Nl |-
— — |}— |
| 64 | 1
| GND 51| | i
| g 1 1 | | GND
— — |
| DI 2 ] H }
| L8[ 15
— — — — Channel separation

Outputs to solid state devices

Example:
« PLC 24V DCNPN

Physical separation of the different channels
or appropriate cable protection (eg. double-

| X113 X114 shielding)

S T B

| o |1l I CH1 24V DC

Do 8| || 1 -1 NPN

| 7 et ol —— inputs

| eND SIH I +

: g (] GND

| DI 2 : :

| 1L — = — — — — Channel separation

U Diagnostic pulses
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Cascade
Example:
X114 X113 | Module 1
P, ,, e, S E | (cascade
| 2l e master)
‘ ol ([1|2 o |
‘ — ol 83 |
@ HH
! =l |H|S ono |
E-stop ! ACK ! == 113 |
button 3 button i ] s o |
| ! QO 8 9
1 . Tl [=mr=Telfic 7 !
———————————————————————————————— e A= |
! 11 Common |
| 4 GND =
Physical separation of the different i i X114 X113 | Module 2
channels or appropriate cable protection 3 ! — = |
(eg. double-shielding) ! i — E ; |
! “TETN DI
| ad |® | 3 |
i I |
| || L || 5
T | - Imls e I
| L L1 7
! 1| |[]l8 Do |
| —TTr®|| _J® 9 |
! ! =~ |L][10 TP |
i | l Common |
01 GND ~
3 i X114 X113 | Module 3
HHR= E I
| | — 2
i 5 \_ 3 DI |
i - — |
| 5
3 || GND |
! || L7
| —— |8 DO |
ol 9 [
L] |Cdjto_7P |
— — — — Channel separation Comg;\?s -l—

Diagnostic pulses
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Installation

Contents of this chapter
This chapter gives examples of how to connect the FSO module to the ACS880.

WARNING! The supply voltage for the FSO module is 24 V DC. If the FSO
module is supplied with a higher voltage, for example 230 V or 115V, itis
damaged and must be replaced.

WARNING! To connect the FSO module to the drive, use only wire kits /
delivered by ABB.
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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)

* FSO data cable (3)

» STO cable (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).

Checking the delivery

Check that all parts are in the package and that there are no signs of damage. Notify
the shipper immediately if you find damaged components. Do not use damaged parts;
they must be replaced.

Check that the FSO module is of the correct type, see section Type designation label
on page 39.
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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, so you can go directly to section
Electrical installation on page 188.

If you have ordered the FSO module option separately, it is delivered in its own
package. Install the FSO mechanically on the drive as described in chapter Electrical
installation in the drive hardware manual.

Note: Do not install the FSO module on the 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.

Depending on the type of the drive, the location of the module may be for example
one of the following:
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Electrical installation

Terminals

The connections are shown in the figure below.

X110:

DATA | Data connection to the drive

@ﬂ control unit
s EEEEEH H X111:

Xt el ol 2L 1] 1 |STO|STO 24V
4] 3] 2 810 !JJZ 2II|POWR
g : -t 2em 2 |STO|STO ground
ABB 3 |STO|STO1LO drive internal signal
[=] =)
Q & Eﬁqui]‘%s module I 4 | STO|STO2LO drive internal signal

X112:

1 |POWER|24V

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

=S O(ON|O||H|WIN

0| TP | Channel 1 test pulse out

x

114:

DI Channel 2 digital input 1

DI Channel 2 digital input 2

DI Channel 2 digital input 3

A | Electronics grounding screw

DI Channel 2 digital input 4

B | Enclosure grounding screw, at one of the GND| Signal ground

mounting points, depending on the drive GND| Signal ground

type DO | Channel 2 digital output 1

DO | Channel 2 digital output 2

DO | Channel 2 digital output 3

=2 O(O|N|O|O| D |WIN| =

0| TP |Channel 2 test pulse out

Note: The signal grounds (X113:5, X113:6, X114:5, X114:6) are not suitable for
grounding the cable shields.
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Connection procedure
To connect the FSO module to the drive:
1. Make sure that the FSO electronics grounding screw is properly tightened.

2. Make sure that the FSO enclosure grounding screw is properly tightened.

| EEEEEY e

- FSO-12

Saluty functons madule

& POWER
RLIN
STATUS / FAULT

| FSO-12

M Sabaly Wnchions modisa

P POWER

® RUN

® STATUSY FAULT
AARRAREERL,
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4. Connect the supplied four-wire cable to the FSO terminal X111 and plug the other
end of the cable to the drive STO connection. Use the tightening torque of
0.24 Nm (2.1 Ibf-in) for the FSO terminals.

5. Connect the digital inputs, digital outputs, diagnostic pulses and ground at the
FSO terminals X113 and X114 according to the application. Use the tightening
torque of 0.24 Nm (2.1 Ibf-in).
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6. Connect the power supply wires to the FSO terminal X112. Use the tightening
torque of 0.24 Nm (2.1 Ibf-in) for the FSO terminals.
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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
before you work on the safety system.
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General checklist

Check

MECHANICAL INSTALLATION (See chapter Planning for installation and section Installation:
Unpacking.)

O
O

O
O

The ambient operating conditions are within the allowed range.

Drives with separate inverter and supply units: Make sure that you have installed the
FSO module in the inverter unit.

The FSO module is fastened properly.

Transportation stops and packing material have been removed from the installation area,

ELECTRICAL INSTALLATION (See chapter Planning for installation and section Installation:
Electrical installation.)

O

O OO 0

The drive and the FSO module are properly grounded to the same potential.

If a 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.

Signal wiring between the drive and the FSO module is routed separately from the power
supply wiring and high power cables (drive supply and motor cabling).

Signal wiring is appropriately clamped, marked and protected.

Common cause failure (CCF) checklists

Check measures against common cause failures (CCF). There is one checklist in
EN ISO 13849-1 and another in EN/IEC 62061. The checklists are useful for both the
planning of the installation and the actual installation.
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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. We recommend our training
courses 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

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: 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.

To configure the FSO, do the steps shown in the diagram below:

Configuration

1 Plan configuration

2 Configure

3 Print, sign and file the configuration report




1.

Configuration 197

Plan the configuration (parameter values) according to the safety system,
installation, wiring, etc.

Set the parameter values in 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 start-up: Upload the parameters from the FSO to the PC tool (button
Upload from FSO). A password is required.
Make a backup copy of the pre-set safety file (button Save safety file).

Existing configuration: Open the configuration file (button Open safety
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 (by switching the power off and
on, with the Boot FSO button or with drive parameter 96.09 FSO reboot) or by
downloading the parameters to the FSO (steps 2.e - g below).

d. Set the parameter values.

General parameters: Start from the 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.

1/O: Check that the 1/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).

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.
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e. After configuring all necessary functions, do these two steps:
» Save the configuration to your PC (button Save safety file).

» Download the configuration to the FSO (button Download to FSO and
validate). A password is required.

f. After downloading, the FSO and the tool validate the configuration, and the
tool asks you to confirm the validation.

g. The tool then automatically takes the changes in use.

h. 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. Atfter validation, print the report from the configuration, including all the values of
the parameters and CRC. Sign and file the report according to your safety
management plan. Note: You can use the safety 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 242.
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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 1/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.
* FSOGEN.21 Motor nominal speed = 1360.0 rom.
* FSOGEN.51 Zero speed without encoder = 90.0 rpm.

« 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 = Fault).

* 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 — 1
=50.00 Hz = Event | Drive |
Lo Sach-21 FSOGEN.62 S?/\S:;
=1360.0 rpm -

P =Faut| - — -
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 254,
SBUSGEN on page 285 and PROFIsafe on page 285.

In addition, you must install the FENA-21 fieldbus adapter 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 = Faulf)
» the FENA 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
(PROFlsafe. 12 PROFlsafe telegram type = 0x221)
* |P address of the FENA module: 1
(PROFlsafe. 11 PROFlsafe F_Dest _Add = 1)

SBUSGEN. 01 = Version 1
SBUSGEN. 06 = 1500 rpm
SBUSGEN.10 = Fault

ACS880 drive
50.01=1
200.222 = PROFlsafe
Safety PLC FENA | | 20022
PROFIsafe. 12 = 0x221

PROFIsafe. 11
=1

FSO
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Configuring I/0

How to configure 1/0

To configure the 1/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 201.

The location of the input and output terminals on the FSO module is shown in section
Layout on page 27.

Inputs

Set the length and period of the diagnostic pulse for the digital inputs. Select for each
input whether the diagnostic pulse is on or off.

Outputs

Set the logic state for each digital output. Set the length and period of the diagnostic
pulse for the digital outputs. Select for each output whether the diagnostic pulse is on
or off.
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Example: The figure below shows an example 1/O set-up:
» All inputs 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 ->
X113:1 —J_[DIXT13:7 diag X113:7 & X114:7 DO X113:7 logic
: " T |pulse on/off = On — state= Active low
S Cascade B = None - —r1X113:7
X113:2— | P ;2 diag DO X113:7 diag
’ lpulse on/off = On pulse on/off = On |
X113:3 DI X113:3 diag _
2771 |pulse on/off = On ‘DO d/agnost/cpulse‘ ‘DO X113:8 logic |
| DIXTI37da length =1 ms state = Active low .
. : ——+1-X113:8
X113:4— pulse on/off :gon DO diagnostic pulse] DO X113:8 diag —I—
| | lperiod = 59000 ms lpulse on/off = On | O
I DO X113:9 logic
N | state = Active low I X113:9 U
P DO X113:9 diag | T
| Safety relay 1 pulse on/off = On
U output = DO X113:8| I P
T | & X114:8 U
X114:1 __ Safety relay 1 I DO X114:7 logic |
S | lpulse on/foff=0On_ | Mfeedback = state = Active low +T
X114:2 DIX114:2 diag | IDrx113:4 [ DO XTIZ7dag | T <147
“ [ TT lpulse on/off = On | lpulse on/off = gn | S
X143 DIXT74:3 diag | Garetyremyz 1!
3= pulse on/off = On [ output = None | + [POXT74:8logic |
4| 1| [PTXT7%:7 diag Safely relay 2 ‘ state = Active low| | " | o ..
X114:4 ‘pulse on/off = On ‘ r‘feedback =None || . [pOXx7778 diag I X114:8
L | | pulse on/off = On |
DO X114:9 logic
DT diagnostic pulse —
length= 1 ms [ state= Act|ve‘h|h | | %114:9
Tagnosic pule | puise oniorr= 01| |
period = 30000 ms L F
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 SSE function in a cascaded system
(Cascade A) as shown in section Cascade on page 53.

1.

Define one of the FSO modules as the master and the other FSO modules are
followers:

* In the master FSO: SAFEIO.11 M/F mode for cascade =
A = master, B = master.

* Inthe follower FSOs: SAFEIO. 11 M/F mode for cascade =
A = follower, B = follower.
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 acknowledgement method in the master FSO modules (Manual):
+ STO.02 STO acknowledgement = Manual

Set the acknowledgement method in the follower FSO modules (Automatic).
+ STO.02 STO acknowledgement = Automatic

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 with a single connection 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).

Set the digital input for the acknowledgement button in the master FSO module:
*+  FSOGEN.42 Acknowledgement button input = DI X113:4.

Set the other parameters related to the SSE function as defined in section
Configuring SSE on page 224.
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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 and B.
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
nggr?tW/Edg SS1 functions.
See section Acknowledgement methods on page 46 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.
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.
None No input connected
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.
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
FSOGEN.42 Acknowledg |Sets the digital input that is connected to the button for
ement acknowledgement operations.
button input
DI X113:4  |Single input X113:4
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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 and B.
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
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
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 STO completed output is active).
SSE.11 SSE input A |Sets the digital input that is connected to the primary input of the
SSE function.
None No input connected
SSE.12 SSE input B |Sets the digital input that is connected to the secondary input of
the SSE function.
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.
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/O with these parameters. See also section Relay / contactor output

with feedback on page 181.

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

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.

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 55.

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 74. 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.
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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.712 STO SBC delay:

» Ifthe value is zero (0 rpm), 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 to configure SBC after STO on page 211.

» If the value is negative, the FSO activates the SBC before the drive STO.
See section How to configure SBC before STO on page 212.

See also section How to fine-tune when SBC speed limits are detected on page 251.
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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 rpom) the SBC is not used in the SS1 and SSE with
emergency ramp functions.

» If the value 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 fo configure SS1 with
speed limit activated SBC on page216.

2. You can also set a negative delay with parameter SBC.12 STO SBC delay:

+ If the 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 220.

» 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.12 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 208). 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 208.

See also section How to fine-tune when SBC speed limits are detected on page 251.
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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 260 and SBC on page 263.

For more information on the STO and SBC functions, see page 56.

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 = 1500 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).

STO.02 = Automatic

Inputs Outputs
Speed
STO.14 = 1500 ms
STO.11 _L ) . ST0.21
=DI X113:1 & X114:1 .+ STO.13=1000 ms = None
<>
STO.12 L - STO.22
= None = None

Time

STO activated

SBC.11 = None
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How to configure SBC after STO
For more information on the SBC after STO function, see page 57.
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.12 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 in not 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)

» 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).

STO.02 = Automatic
Inputs Outputs
SPeed opc 122900 ms SBC.13=400 ms
: — STO.21
STO.11 — | "ST0.13 = 1300 ms = None
=DI X113:1 & X114:1 ! ; N
! - STO.22
STO.12—+ = None
= None
SAFEIO.22 - L SBC.21
=DI X113:2 =DO X113:7
) & X114:7
Time
STO activated SBC activated
SBC.11 = Delayed brake
SBC.22 =STO
Check also the SAFEIO.23 = Mechanically linked NC contacts
feedback input! 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 59.

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)

» 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  spc 12= 500 ms
RN - ST0.21
STO.11 - ' SBC.13=1200 ms = None
= DI X113:1 & X114:1 ; '
4_ST0.22
STO.12 | = None
= None

SAFEIO.22 - SBC.21

=DI X113:2 =DO X113:7 &

Time | x114:7

SBC activated  STO activated

SBC.11 = Delayed brake
Check also the SBC.22=ST0
feedback input! 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 270.

For more information on the SS1 function, see page 617.

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 (always with the SS1 function)

» SS1 with time monitored ramp (SS7.13 SS1 type = SS1-f)

» security delay for activating the drive STO: 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 (SS171.27 SS1 output = DO X114.9)

» zero speed limit for activating the drive STO: 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 ms).

» See also section Fine-tuning the configuration on page 248.
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S§S1.01 = Version 1
STO.02 = Automatic

Inputs S81.13= 851+ Outputs
Speed
SS1.11 4 . SS1.14 = 2000 ms 5571 21
= DI X113:1 & X114:1 ' : = DO X114:9
SS1.12+ L —SS1.22
= None ! = None
FSOGEN.51 SS1.15=0ms
=90rpM | =l e e = N\ m === - ]
SBC.15 Time
=0rpm *
S$81 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 SS17 activity and version = Version 1)
» SAR1 emergency ramp (always with the SS1 function)

» SS1 with monitored ramp (SS1.13 SS1 type = SS1-r). See also section How to
configure SARn on page 233.

» 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 (SS71.21 SS1 output = DO X114:9)

» zero speed limit for activating the drive STO: 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 ms).

» See also section Fine-tuning the configuration on page 248.

SS1.01 = Version 1
STO.02 = Automatic
Inputs SS81.13=8S1-r Outputs
Speed SS1.21
SS1.11 —+ .
= DI X113:1 & X114:1 = DO X114:9
L. S8S1.22
S§S81.12 —+ = None
= None
FSOGEN.51 'SS1.15=0ms
=90rpM | = mm e m e e N A=~ - = = = -
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 228). 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 210). See also the note on page 42.

Example 1: The figure below shows an example of the SS1-t function with speed
limit activated SBC set-up:

» SS1 function activated (SS71.07 SS1 activity and version = Version 1)

» SS1 with time monitored ramp (SS7.13 SS1 type = SS1-t)

* SAR1 emergency ramp (always with the SS1 function)

» security delay for activating the drive STO: 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)

* brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On)

» 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.712 STO SBC delay = 0 ms)

« delay for activating the brake and STO after the SBC speed limit has been
reached: 0 ms (SS1.15 SS71-r 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 Fine-tuning the configuration on page 248.
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Inputs

SS1.01 = Version 1
STO.02 = Automatic
SS81.13=SS1-t

Outputs

SS1.11 =+
=DI X113:1 & X114:1
SS1.12—+
= None

SAFEIO.22 4
= DI X113:2

SBC.15 -
=180 rpm

S§S1.14 = 2000 ms

S§S51.15=0ms

S$81 activated

SBC and STO activated

Time

— SS1.21
= DO X114:9

—SS1.22
= None

—- SBC.21
=DO X113:7 &
X114:7

Remember to
configure SAR1!

SBC.22=STO

SAFEIO.23 = Mechanically linked NC contacts

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 set-up:

» SS1 function activated (SS71.01 SS1 activity and version = Version 1)
»  SAR1 emergency ramp (always with the SS1 function)

» SS1 with monitored ramp (SS71.13 SS1 type = SS1-r). See also section How fo
configure SARn on page 233.

» 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 (SS171.27 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)

» 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 SS71-r 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 Fine-tuning the configuration on page 248.
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SS1.01 = Version 1
STO.02 = Automatic
SS1.13 =SS1-r

Inputs Outputs
Speed
SS1.11 =
- . . : -— SS1.21
=DI X113:1 & X114:1 : = DO X114:9
SS1.12+ \
= None : —S8S1.22
SAFEIO.22 - 1 = None
= DI X113:2 : 'SS1.15=0 ms L sBc 21
SBC.15| F======~= \" " """ """ =DO X113:7 &
=180 rpm ! X114:7
Time
S$S1 activated SBC and STO activated

SBC.22 = STO
SAFEIO.23 = Mechanically linked NC contacts
Remember to
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 228). 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 210). See also the note on page 42.

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-f)
SAR1 emergency ramp (always with the SS1 function)

security delay for activating the drive STO: 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)

brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On)

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.712 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 Fine-tuning the configuration on page 248.
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SS1.01 = Version 1
STO.02 = Automatic
Inputs SS1.13 =851+ Outputs
SS1.11 | Speed
_ . = SS1.14 = 2000 ms
= DI X113:1 & X114:1 ‘ ‘ L 557121
SS1.12_| : SBGC.13 = 1200 ms =DO X114:9
= None .
SAFEIO.22 SBC.12:=-300 ms TS f\:oﬁg
=DIX113:2T <«
B e N IR
‘ N\ ‘ =DO X113:7 &
1 A N X114:7
+ Time
S$81 activated SBCTactivated
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:

» SS1 function activated (SS71.01 SS1 activity and version = Version 1)
»  SAR1 emergency ramp (always with the SS1 function)

» SS1 with monitored ramp (SS71.13 SS1 type = SS1-r). See also section How fo
configure SARn on page 233.

» 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 (SS171.27 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)

» 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 Fine-tuning the configuration on page 248.
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Inputs

SS1.01 = Version 1
STO.02 = Automatic
SS1.13 =SS1-r

Outputs

SS1.11 +
= DI X113:1 & X114:1

SS1.12—+
= None

SAFEIO.22
= DI X113:2

SBC.15
=180 rpm

SBC.13 =1200 ms
<>

SBC.12=-300 ms
<>

S$S1 activated SBCTactivated
STO activated

Time

— S8S1.21
=DO X114:9

—SS1.22
= None

—- SBC.21
=DO X113:7 &
X114:7

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 233.

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 210.
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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 267 and SBC on page 263.

For more information on the SSE function, see page 74.

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).

STO.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 — 1 _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 211 and How to configure
SBC before STO on page 212.

For more information on the SSE with immediate STO and SBC after STO function,
see page 76.

For more information on the SSE with immediate STO and SBC before STO function,
see page 78.
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How to configure SSE with time monitoring

For more information on the SSE function with time monitoring, see page 80.

Example: The figure below shows an example of the SSE function with time
monitoring set-up:

SARO emergency ramp (always with the SSE function)

SSE with time monitored ramp (SSE. 13 SSE function = Emergency ramp,
SSE.14 SSE monitoring method = Time)

security delay for activating the drive STO: 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.27 SSE output = DO X113:9)

zero speed limit for activating the drive STO: 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 Fine-tuning the configuration on page 248.

STO.02 = Automatic
SSE.13 = Emergency ramp

SSE.14 = Time
Inputs Outputs
SSE.11 - 4 SSE.21
=DI X113:1 & X114:1 = DO X113:9
Speed
SSE.15=2000 4
SSE.12 ms §f\15-22
= None
= None
FSOGEN.51 ! SSE.16=0ms
=90 rpm e N Ti
SBC.15 Ime
=0rpm
SSE activated STO activated




Configuration 227

How to configure SSE with ramp monitoring
For more information on the SSE function with ramp monitoring, see page 82.
Example: The figure below shows an example of the SSE function with ramp
monitoring set-up:
» SARO emergency ramp (always with the SSE function)
» 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 233.

» 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 for activating the drive STO: 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 Fine-tuning the configuration on page 248.

ST0.02 = Automatic
SSE. 13 = Emergency ramp

SSE.14 = Ramp
Inputs Outputs
SSE. 11 — — SSE.21
=DIX113:1 &X114:1 | gpoeqg = DO X113:9
SSE.12+ T fff'”
= None = None
FSOGEN.51 ' SSE.16=0ms

=90 rpm r=— - --- N~ """

SBC.15 ‘ Time

=0rpm L

SSE activated STO activated

Remember to configure SARO!
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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 216). 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 210). See also the note on page 42.

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 (always with the SSE function, see also section
Configuring SAR on page 233)

» time monitored ramp (SSE. 14 SSE monitoring method = Time)

» security delay for activating the drive STO: 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)

» 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 Fine-tuning the configuration on page 248.
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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 —+
= DI X113:2 - SBC.21
=DO X113:7
SBC.15 & X114:7
=240 rpm
Time
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 (always with the SSE function)

SARO monitored ramp (SSE. 14 SSE monitoring method = Ramp, see also
section Configuring SAR on page 233)

redundant emergency stop button connected to input
(SSE.11 SSE input A = DI X113:1 & X114:1)

single output connected (SSE.27 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)

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 Fine-tuning the configuration on page 248.
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STO.02 = Automatic
SSE. 13 = Emergency ramp

SSE.14 = Ramp
Inputs Outputs
SSE. 11, -1 SSE.21
=DI X113:1 & X114:1 | Speed = DO X113:9
SSE.12 L 1 - SSE.22
= None ! = None
: - sBC.21
| | SSE.16=0ms = DO X113:7
SBC.15| L oo __-_2 o e e e m - - & X114:7
=240 rpm ]
‘ Time

}

SSE activated SBC and STO activated

SBC.22 =STO
SAFEIO.22 = DI X113:2

SAFEIO.23 = Mechanically linked NC contacts
Remember to configure SARO! 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 233).

* monitoring method is set with parameter (SSE. 14 SSE monitoring method = Time
or Ramp)

» security delay for activating the drive STO 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 220). 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 210). See also the note on page 42.

For more information on the SSE with speed limit activated SBC, SBC before STO
SBC function, see page 88.
Related safety functions

The SSE function uses SARO ramp parameters. See section Configuring SAR on
page 233.

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 210.
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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 254 and SARx on page 279. See also section Ramp monitoring on page 49.

Example: The figure below shows an example of a SARO monitoring set-up:

SARO

ramp time from Scaling speed to zero: 1000 ms
(200.102 SARO 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.11 SARO min ramp time to zero = 500 ms)

maximum allowed ramp time: 1000 ms
(SARx.12 SARO max ramp time to zero = 1500 ms).

SARO Speed

200.202
=1500 rpm

Time

SARx.11 =500 ms SARx.12 = 1500 ms

SARx.02 =100 ms 200.102 = 1000 ms
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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 254 and SLSx on page 272.

For more information on the SLS function, see page 92.

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 SLST 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 Fine-tuning the configuration on page 248.

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 200.21 = Version 1
SLSx.02 = Automatic
Inputs SLSx.03 = Time Outputs
-+ SLSx.15
Speed
LSkt pee =DO X114:7
A1 — SLSx.04 = 2000 ms
= DI X113:2 & x - SLSx.16
X114:2 = None
SLSx.12 —+ SLSx.14|= 1320 rpm
= None 200.23= 1200 rpm

Time

T SLS monitoring started

SLS activated
......................... 200.22|=-900 rpm

SLSx.13|=-1020 rpm
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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 (200.37 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 233)

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 Fine-tuning the configuration on page 248.

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 233.

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 210.

The FSO module activates the SSE function if the motor speed hits a trip limit. See
section Configuring SSE on page 224.
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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 200.

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 254 and SLSx on page 272.

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.

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 242.

For more information on the Variable SLS function, see page 707.

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
(200.43 SLS4 limit positive = 1200 rpm,

SLSx.43 SLS4 trip limit positive = 1320 rpm).

* negative limits: SLS 0 rpm, trip limit: -Zero speed limit
(FSOGEN.51 Zero speed without encoder, not shown in the figure)
(200.42 SLS4 limit negative = 0 rpm,

SLSx.42 SLS4 trip limit negative = -90 rpm).

» See also section Fine-tuning the configuration on page 248.

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
‘éﬁ - SLSx.51
=DO X113:7

SLSx.43 = 1320 rpm
200.43 = 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.51 Variable SLS output = DO X114:7)

positive limits: SLS 1200.0 rpm, trip limit 1320.0 rpm

(200.43 SLS4 limit positive = 1200 rpm,

SLSx.43 SLS4 trip limit positive = 1320 rpm).

negative limits: SLS 0 rpm, trip limit: -Zero speed limit
(FSOGEN.51 Zero speed without encoder, not shown in the figure)
(200.42 SLS4 limit negative = 0 rpm,

SLSx.42 SLS4 trip limit negative = -90 rpm).

See also section Fine-tuning the configuration on page 248.

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

Z SLSx.43 = 1320 rpm
! \ x 200.43 = 1200 rpm
f \ \ Time

varSLS activated, New scaling values from PLC:
70% scaling 50%, 100%

Remember to configure SAR1!
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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:
» If the difference between original SLS4 and SLS4 trip limits < 25 rpm
-> the difference between the scaled limits must be at least 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 must be at least 25 rpm. See Example 2
below.
* The scaled SLS4 trip limit must always be at least the zero speed value
(parameter FSOGEN.51).
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Example 1: The original SLS4 and SLS4 trip limits are: 100 and 110 rpm. The scaling
value is 10%. The zero speed value is 10 rpm.

original SLS4 limit - original SLS4 trip limit = 10 rpm. This is smaller than 25 rpm,
so 10 rpm becomes the “limiting difference”.

Scaling by 10%: SLS4 limit -> 10 rpm, SLS4 trip limit -> 11 rpm (difference 1 rpm).
Difference 10 rpm: SLS4 limit = 10 rpm, SLS4 trip limit -> 20 rpm

In this case, the scaled SLS4 and SLS4 trip limits become 10 and 20 rpm,

respectively. The difference between the scaled SLS4 and SLS4 trip limits is
10 rpm, and the scaled SLS4 trip limit is above the zero speed value (10 rpm).

Speed
SLS4 trip limit |
Difference 10 rpm (< 25 rpm)
SLS4 limit |
20 Scaled SLS4 trip
pm JA/ 10 rom L
100mMmM + = === === =- Scaled SLS4 limit
Time

Example 2: The original SLS4 and SLS4 trip limits are: 1000 and 1100 rpm. The
scaling value is 0%. The zero speed value is 20 rpm.

original SLS4 limit - original SLS4 trip limit = 100 rpm. This is greater than 25 rpm,
s0 25 rpm becomes the “limiting difference”.

Scaling by 0%: SLS4 limit -> 0 rpm, SLS4 trip limit -> 0 rpm (difference 0 rpm)
Difference 25 rpm: SLS4 limit = 0 rpm, SLS4 trip limit -> 25 rpm

In this case, the scaled SLS4 and SLS4 trip limits become 0 and 25 rpm,

respectively. The difference between the scaled SLS4 and SLS4 trip limits is
25 rpm, and the scaled SLS4 trip limit is above the zero speed value (20 rpm).

Speed
SLS4 trip limit | -
Difference 100 rom (> 25 rpm)
SLS4 limit |
25 rpm Scaled SLS4 trip limit
20pm  m == == e m - A - m—m ——— - — - L )
Scaled SLS4 limit —> Time
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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 233.

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 210.

The FSO module activates the SSE function if the motor speed hits a trip limit. See
section Configuring SSE on page 224.
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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 278 and
Safety on page 254.

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 706.

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 e = 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 Fine-tuning the configuration on page 248.

200.71 = Version 1

Speed

A SMS.14 = 1800 rpm

AN

A

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 Fine-tuning the configuration on page 248.
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 224.
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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 265.

For more information on the POUS function, see page 109.

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)

» An additional security delay: 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

}

POUS activated

Time
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Fine-tuning the configuration

To minimize the effect of small transient variations in the speed measurement data,
you can fine-tune the operation of the safety functions with a “mute time” (parameter
FSOGEN.31 Transient mute time).

How to fine-tune limit hit situations

Example: SMS trip limit hit.
» parameter FSOGEN.31 Transient mute time = 20 ms.

Speed FSOGEN.31 =20 ms

/\ SMS.14 = 1800 rpm
‘ ‘ \\ Time

SMS.13 =-1200 rpm

Limit hit
Mute time elapsed, SSE activated

This applies also to:

 trip limit hits in the SLS1...4 and Variable SLS functions

* ramp monitoring limit hits in the SS1, SSE and SLS functions

» Variable SLS indication when the motor speed is decelerated to a new SLS limit.
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How to fine-tune when zero speed limits are detected

Example 1: Zero speed limit in reached in the SS1 function (and SSE with
emergency ramp), the SBC is not used.

» parameter FSOGEN.31 Transient mute time = 20 ms.

Speed

FSOGEN.31 =20 ms

FSOGEN.51 '
=90PM F = = = = m m m e e e e - m - - = -

Time

Zero speed T
limit reached

Mute time elapsed, STO activated
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Example 2: Zero speed limit in reached in the SS1 function (and SSE with
emergency ramp), a negative SBC delay (parameter SBC.12 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
=90rpM - = === = - - — g -5 — - - — — -

Time

Zero speed
limit reached

Mute time|elapsed, SBC activated
SBC delay elapsed, STO activated

Note: If the SBC delay (parameter SBC.72 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 fine-tune when SBC speed limits are detected

Example: SBC speed limit (parameter SBC.15) is reached in the SS1 function (and
SSE with emergency ramp), a negative SBC delay (parameter SBC.72 STO SBC
delay) is configured in 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
limit reached

Mute time|elapsed, SBC activated
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.
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How to fine-tune when monitoring is started

Example: The start of SLS monitoring in the SLS1 function.
» parameter FSOGEN.31 Transient mute time = 20 ms.

Note: The SLS indication goes on after this delay.

SLS1 Speed

FSOGEN.31=20ms

. SLSx.14 = 1320 rpm
............. . 200.23 = 1200 rpm

Time

T SLS monitoring started

Motor speed in the middle
of SLS and SLS trip limits
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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 332.

Note: We recommend that you set drive parameter 31.22 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 parameters and their settings, see the drive firmware
manual.
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Index Name/Value Description Factory
default
Safety General drive safety parameters
200.21 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 functi