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Safety instructions

Contents of this chapter

The chapter contains the warning symbols used in this manual and the safety
instructions which you must obey when you install or connect an option module

to a drive or inverter. If you ignore the safety instructions, injury, death or

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

Use of warnings

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

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

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

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

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

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

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

1. Prepare for the work.
« Make sure that you have a work order.
- Do an on-site risk assessment or job hazard analysis.
- Make sure that you have the correct tools available.
- Make sure that the workers are qualified.
« Select the correct personal protective equipment (PPE).
« Stop the drive and motor(s).
2. Clearly identify the work location and equipment.
3. Disconnect all possible voltage sources. Make sure that connection is not
possible. Lock out and tag out.

« ACS880 drives with a DC/DC-converter unit or DC feeder unit: Open the
disconnecting device of the energy storage connected to the unit. Then
open the DC switch-disconnector of the unit.

« Open the main disconnecting device of the drive.

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

« Open the main isolating device of the drive.

- Disconnect all dangerous external voltages from the control circuits.

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

4. Protect other energized parts in the work location against contact and take
special precautions when close to bare conductors.

5. Measure that the installation is de-energized. Use a high-quality voltage
tester. If the measurement requires that you remove shrouding or other
cabinet structures, obey the local laws and regulations applicable to live
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electrical work. This includes, but is not limited to, electric shock and arc
protection.

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

- ACS880 drives:

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

« Make sure that the voltage between the output power terminals of
the drive (T1/U, T2/V, T3/W) and the grounding (PE) busbar is zero.
Important! Repeat the measurement with the DC voltage setting of
the voltage tester. Measure between each phase and ground. There is
arisk of dangerous DC voltage charging due to leakage capacitances
of the motor circuit. This voltage can remain charged for a long time
after the drive power-off. The measurement discharges the voltage.

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

« DCS880 drives:

« Make sure that the voltage between drive input phases U1, V1 and W1
and the frame is zero.

« Make sure that the voltage between terminals C+ and D- and the
frame is zero.

6. Install temporary grounding as required by the local regulations.

7. Ask for a permit to work from the person that is responsible for the electrical
installation work.

AN
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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 that is necessary
for using the FSO-21 safety functions module and 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. If you open the FSO module, the safety
classification becomes invalid and the warranty ceases to be in effect.

Applicability

This manual is applicable to the FSO-21 safety functions module, revision J.
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Compatible products

Check the compatibility of the earlier versions with your local ABB
representative. Refer also to section FSO module version handling on page 40.

ACS880 drives and option modules

« ACS880 series without “No FSO support” sticker

- ACS880 primary control program (AINLX) version 2.21 or later,
or
ACS880 primary control program (YINLX) version 1.30 or later.

« FSE-31 pulse encoder interface module: revision D or later

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

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

Note: The FSO-21 module is compatible with UCU-22, -23, and -24 control units

that have a UCON-22 control board, revision K or later. The control board
revision is shown on a sticker on the control unit.

Note: If you want to use the possibility to switch the motor speed feedback
between encoder and estimate, these components and software versions are
required:

- FSE-31 module, revision F or later

« ACS880 primary control program (AINLX) version 2.51 or later,
or
ACS880 primary control program (YINLX) version 1.30 or later.

Refer to section Motor speed feedback on page 47.

Application control programs (for drives with BCU or ZCU control unit only)
FSO-21 behavior is independent from application control program, thus all
application control programs are supported by FSO-21. Example applications:

« Machinery control program v2.40 or later

« Crane control program v2.1 or later

- Tower crane control program v1.0 or later

«  Winch control program v1.0 or later

«  Winder control program v1.10 or later

- PCP/ESP control program (+N5200) v1.1 or later

« PCP/ESP control program SynRM v1.1.1.0 or later

« Spinning control program v1.0 or later

« Rod pump control program v1.0 or later
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ACS880 drives manufactured before December 2024

This section is a safety notice applicable to drives with ACS880 primary control
program (AINLX), version 3.46 or earlier. It is not applicable to drives with
ACS880 primary control program (YINLX).

There is a potential safety problem in drives with an FSO-21 module and ACS880
primary control program (AINLX), version 3.46 or earlier. With this combination,
drive parameter 99.16 Motor phase order has a possible effect on the safety
behavior of the motor.

If parameter 99.16 is changed after the safety validation, the motor direction of
rotation and the monitoring limits are changed.

Example:

The initial settings are:

« SLS limit positive = 5000 rpm

« SLS limit negative = -100 rpm

Then, one year later, parameter 99.16 is changed from UVW to UWV. In this case,
request for 4000 rpm forward will cause a speed of 4000 rpm backward
without SLS limit violation. The effect of parameter 99.16 is useful during the

commissioning phase, but changing this parameter after the safety validation
can cause a potential risk.

This safety notice is applicable when these conditions are met:
1. Safe speed estimate is in use.

2. One of these safety functions is in use:
« SLS (Safely-limited speed)
« SMS (Safe maximum speed)
« SSM (Safe speed monitoring)
« Variable SLS over PROFlIsafe
« Safe speed information over PROFlsafe.
3. Speed limits are monitored with asymmetrical limits, for example:
« SLS limit positive = 5000 rpm
« SLS limit negative = -100 rpm.

Note: Potential risk can also occur when safety encoder feedback is used and
switching to open loop control is permitted.
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To minimize the potential risk caused by drive parameter 99.16, use option A or
option B given below.

Option A: Update the drive firmware to version 3.47 or later. After the firmware
update, the start-up and safety validation procedures must be done according
to the instructions in this manual.

Option B: Lock parameter 99.16 with a dedicated delta loading package as
follows:

1. Download the delta loading package into the drive. The delta package is
specific to the application firmware (for example, the Crane control program
has a dedicated delta package).

2. Make sure that parameter 99.16 is locked.

3. Make sure that the motor turns in the correct direction. For example,
request 100 rpm to make sure that the direction is correct.

4. Make sure that the rotation direction agrees with the limits that the FSO
module is monitoring.

To remove the effects of the delta package, the drive firmware must be
reloaded.

Contact your local ABB representative for the software packages or for more
information.

DCS880 drives and option modules

- DCS880 drive modules

. DCS880 firmware, version 2.07 or later

« FSE-31 pulse encoder interface module: revision D or later

« FENA-21 Ethernet adapter module: version 3.11 or later

« FPNO-21 PROFINET fieldbus adapter module: version 1.00 or later
Note that there are fundamental differences how a DCS880 drive operates
when compared to an ACS880 drive. This leads to the following limitations:
« Theresponse time for STO is 500 ms in DCS880 drives.

- Asecondary switching device (for example, an AC breaker, medium voltage
breaker, or DC breaker) must be installed to disconnect the drive from the
power grid or from the motor in the rare case of an internal STO failure. For
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more information, refer to Supplement for functional safety DCS880 Size
H1...H8 (3ADWO000452R [English]).

It is not possible to use safe speed estimate with a DCS880 converter. Thus,
the FSO-21 module cannot switch to safe speed estimate in case of an
encoder failure but activates the STO function instead.

Because it is not possible to use safe speed estimate, speed-dependent
safety functions are not available without a safety encoder (for details, refer
to section Safety encoders on page 46). It is recommended to always use an
FSE-31 module and safety encoder together with the FSO-21 module.

Sections in this manual which describe the safe speed estimate or sections
which refer to drive modulating are not applicable to DCS880.

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, refer to AC500-S Safety
User Manual (3ADR025091M0212 [English])

Siemens SIMATIC Fail-safe S7 PLC

Tools

Drive Composer pro PC tool: version 1.8 or later

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

2 WARNING! ACS880 drives and control units that have the label “No FSO

support” are not compatible with FSO-21 module. Do not use this
combination.



https://search.abb.com/library/Download.aspx?DocumentID=3ADR025091M0212&LanguageCode=en&DocumentPartId=&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3ADR025091M0212&LanguageCode=en&DocumentPartId=&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3ADW000452R&LanguageCode=en&DocumentPartId=&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3ADW000452R&LanguageCode=en&DocumentPartId=&Action=LaunchDirect
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Supported safety functions

This manual provides instructions for creating the following safety functions

(according to EN/IEC 61800-5-2) for the ACS880/DCS880 drives:

. Safe torque off (STO) - standard feature in the ACS880/DCS880 drives, see
page 72

- Safe brake control (SBC), see page 53

- Safestop 1(SS1), see page 84

. Safely-limited speed (SLS), see page 143

- Variable Safely-limited speed (SLS), with PROFIsafe only, see page 166.

- Safe speed monitor (SSM), see page 175.

. Safe direction (SDI), see page 179.

Additional safety functions (not specified in EN/IEC 61800-5-2):
- Safe stop emergency (SSE), see page 110

- Safe maximum speed (SMS), see page 171

« Prevention of unexpected start-up (POUS), see page 173.

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 gives information on how to install the FSO safety functions
module and configure and commission the supported safety functions. It also
gives information on how to meet and maintain safety life cycle requirements of
the FSO module to ensure required safety performance and specified safety
integrity.

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

Contents

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

Chapter Introduction to the manual (this chapter, page 17) states exclusion of
liability and describes the applicability, compatible products, supported safety
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functions, target audience and purpose of the manual. It also lists the 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 33) contains general
safety considerations and information to be taken into account when applying
the FSO safety functions.

Chapter Overview (page 37) 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 57) describes how the safety functions of the
FSO module operate.

Chapter PROFIsafe (page 187) describes the safety system when the FSO
module is connected to a safety PLC through a fieldbus (FB) module using the
PROFIsafe profile of PROFINET. It describes the FSO module states and
transitions and the contents of the PROFIsafe messages. The chapter also
includes installation instructions, configuration instructions for the ABB AC500-
S Safety PLC and Siemens SIMATIC Fail-safe S7 PLC as well as fault tracing tips.

Chapter Planning for installation (page 281) 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 291) gives examples of how to connect the FSO
module to the ACS880/DCS880.

Chapter Installation checklists (page 301) 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 303) 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 389) lists the FSO parameters.

Chapter Start-up (page 449) describes the general precautions to be taken
before starting up the safety system for the first time.

Chapter Verification and validation (page 451) describes verification and
validation procedures of the implemented safety functions.

Chapter Fault tracing (page 481) describes the status LEDs and provides
generic diagnostics, troubleshooting and fault recovery tips for FSO-related
faults.

Chapter Maintenance (page 501) explains the replacement of the FSO and FSE
modules 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
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is installed. It also gives instructions for the replacement of the FB module, FSO
factory reset, safety system update and decommissioning as well as proof
tests.

Chapter Technical data (page 511) 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 533) shows the dimension drawings of the
FSO module.

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

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

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

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

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

- PROFIsafe System Description — Technology and Application. Version April
2016. Order Number 4.342.

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

« Functional safety; Technical guide No. 10 (3AUA0000048753 [English])
« firmware and hardware manuals of the drive.

For a complete list of related standards and directives, refer to section Related
standards and directives on page 531.

Terms and abbreviations

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

Term / Description
Abbreviation

Acknowledgement | Deactivates the active safety functions which have been completed
and are without active function request. Refer to section
Acknowledgement methods on page 58. See also term Reset on
page 28.

AWG American wire gauge
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Term /
Abbreviation

Description

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

Black channel

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

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

Common cause
failure (CCF)

Failure that is the result of one or more events, causing concurrent
failures of two or more separate channels in a multiple channel
subsystem, leading to failure of a safety function.

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 predefined intervals

DAT Device acknowledgement time

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

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

DI Digital input

DO Digital output

E-stop Emergency stop

ELV Extra-low voltage

EMC Electromagnetic compatibility

External active
load

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

Factory reset

See Reset

Fail-safe mode

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




26 Introduction to the manual

Term / Description

Abbreviation

FbEq16 16-bit fieldbus equivalent: The scaling between the value shown on
the panel and the integer used in communication when a 16-bit
value is selected for transmission to an external system.

FbEQq32 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).

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

to the F-Device (FSO).

F-Parameters

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

FBA Fieldbus adapter parameter (drive parameter group 50)

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

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

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

FPNO-21 PROFINET fieldbus adapter module

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

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

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

the use of safety encoders

Functional safety

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

Generator mode

Drive is taking energy from the controlled application

GND Ground

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

HAT Host acknowledgement time

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

HFT Hardware fault tolerance (IEC 61508)
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Term / Description

Abbreviation

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

HTL High-threshold logic

IGBT Insulated gate bipolar transistor

Internal fault

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

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

1/0 Input/output
LSB Least significant byte
MAC address Media access control address. A unique identifier of a network

node in an communication network.

Mission time

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

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

MSB Most significant byte

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

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

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

N/A Not applicable

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

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

OEM Original equipment manufacturer

PCB Printed circuit board

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

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

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

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

PLC Programmable logic controller

POUS Prevention of unexpected start-up

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

systems (Safety
related), PDS(SR)

safety-related applications
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Term /
Abbreviation

Description

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

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

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

Proof test Periodic test performed to detect dangerous hidden failures in a
safety-related system so that, if necessary, a repair can restore the
system to an “as new” condition or as close as practical to this
condition. (IEC 61508, IEC 62061)

Protective Measure intended to achieve risk reduction

measure

PZD Process data (Prozessdaten)

Reasonably Use of a machine in a way not intended by the designer, but which

foreseeable may result from readily predictable human behavior

misuse

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 29.

Risk Combination of the probability of occurrence of harm and the
severity of that harm
Safe state STO activated. The STO circuit in the drive is open.

Note: When the drive STO is activated in the POUS function, the
FSO is in the Operational state. See also section FSO states on
page 65.

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 28.

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)




Introduction to the manual 29

Term /
Abbreviation

Description

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 28.

Safety module

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

Safety system

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

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

SBC Safe brake control

SC Systematic capability (IEC 61508)

SCS Safety-related control system. Part of the control system of a

machine which implements a safety function by one or more
subsystems.

Scaling speed

A user-defined value that the FSO module uses as a speed
reference point in ramp time calculations. See parameter 200.202
SAR speed scaling on page 393.

SDI Safe direction

SELV Safety extra-low voltage

SFF Safe failure fraction (%) (IEC 61508)

SFRT Safety function response time (see page 29)

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

SLS Safely-limited speed

SMS Safe maximum speed

SS1 Safe stop 1

SS1-r Safe stop 1 ramp monitored

SS1-t Safe stop 1 time controlled

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

SSM Safe speed monitor

Status word

16-bit word from device to controller with bit-coded status
messages.
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Term /
Abbreviation

Description

STO

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

e 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 185.

Stop category

There are three categories of stop functions:

- stop category O: 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.

Ty Proof test interval. Defines the probabilistic failure rate (PFH or
PFD,,g) for the safety function or subsystem. Performing a proof
test at a maximum interval of Ty is required to keep the SIL
capability valid. The same interval must be followed to keep the PL
capability (EN 1SO 13849) valid. Note that any T; values given
cannot be regarded as a guarantee or warranty. See also section
Proof tests on page 509.

Tm See Mission time.

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

TWCDT Total worst-case delay time

ucu Type of control unit

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

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

WCDT Worst-case delay time

wD Watchdog

ZCU Type of control unit




Introduction to the manual 31

Term /
Abbreviation

Description

Zero speed Speed limit where a ramp stop safety function is considered to be
completed and drive STO is activated. The acknowledgement of the
safety function becomes possible when this speed is reached.
Zero speed limit is specified with parameter FSOGEN.51 Zero
speed without encoder, or when an encoder is used, with
parameter FSOGEN.52 Zero speed with encoder.

Ay Dangerous failure rate

Adu Dangerous failure rate, undetected failures

As Safe failure rate

Certificates

TUV Nord certificate for the FSO-21 and ACS880/DCS880 drive series can be
found in ABB Library. Check the validity of the certificate with a specific drive
variant from the ABB Library.
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The PROFIsafe certificate for the FSO-21 module is shown below.

Pl &§

PROFIBUS - PROFINET

Certificate

PROFIBUS Nutzerorganisation e.V. grants to

ABB Oy
Hiomotie 13, 00380 Helsinki, Finland

the Certificate No: Z20147 for the PROFIsafe Module:

Model Name: FSO-21

Order-Number:  3AXD50000012090

Revision: SW:V4.3.0; HW: 1

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

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

4 PROFIsafe V2 functionality on PROFINET IO

Test Report Number: PS087-3
Authorized Test Laboratory: SIEMENS AG, Fuirth, Germany

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

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

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

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

104)

|2

e v
(Official in Charge) (Karsten Schneider)
o oo f
Ov m‘, A,
PROFisafe

(Dr. Jorg Hahniche)
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Safety information and
considerations

Contents of this chapter

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

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

VAN

WARNING! Make sure that the functional safety of the machine is
maintained in situations where the safety option does not provide
protection, for example, during commissioning, system maintenance,
fault tracing, or decommissioning.

Use of safety functions

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

Implementing safety functions to make safe applications requires a systematic
approach/process, where risk assessment is the basis of all safety
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requirements. These processes are described in global ISO and IEC machinery
safety and functional safety standards (eg, ISO 12100, 13849-1, IEC 62061).
These are also introduced in Functional safety; Technical guide No. 10
(3AUA0000048753 [English]).

Before you take into use a system where the FSO and its safety functions are
used, you must verify and validate the correct operation of the safety
application according to the system safety verification plan. Refer to chapter
Verification and validation.

Meeting the requirements of the Machinery Directive

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

Responsibilities

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

Intentional misuse

Use the FSO and FSE modules according to the instructions given in the
applicable user’s manuals. ABB is not responsible for any damage caused by the
misuse of the modules.

The FSO and FSE modules are not designed to protect a machine against
intentional misuse or sabotage.

Safety-related parts

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

Limitations of Safe torque off (STO) function

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

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

Proof testing

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

The FSO module itself does not require periodic proof testing.

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

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

Safety separation

The FSO module and safety functions including the drive Safe torque off (STO)
are safety relevant and separated from drive non-safety logic. 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

A of the main and auxiliary circuits from the drive. Do not do maintenance
work on the electrical parts of the drive or the motor before you isolate
the drive system from the main supply, from rotating permanent magnet
motors, from rotating motors equipped with sine filters and from all
dangerous external voltages.

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

ACS880 drives with separate inverter and supply units

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

Contents of this chapter

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

Intended use of the FSO module

FSO-21 is a safety option module for ABB ACS880/DCS880 drives, which adds
safety functionality, including support for PROFIsafe communication with a
safety PLC through an FB module. FSO-21 also supports the use of a safety
encoder together with the FSE-31 module.

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

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

The FSO module can be used in applications where EN ISO 13850 is used. This
standard gives the requirements for the emergency stop function of the
machine (that can be implemented with FSO functions STO, SS1 and SSE). It is
necessary to know the Priorities between safety functions, see page 185.

The FSO module can be used with applications that comply with standard

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

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

The figure below shows a safety system example that has these components:
« FSO-21 safety functions module

. ACS880-01drive

- safety PLC

« FB module

« FSE module

- switches and buttons.

- PROFIsafe over PROFINET

Safety PLC
system controller

(2% )

Safe stopping —_————————

Gate opening

Safety function requests ‘4._2’—
Prevention of unexpected r -
start-up iy ————————

Key switch

Emergency stop i

Stop button

------ Channel separation

The FSO safety functions module is an option for the AC5880/DCS880 drives.
The Safe torque off (STO) function is a standard feature on the
ACS880/DCS880 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 stops the drive modulation using the Safe torque off (STO) function.

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

If a pulse encoder is used in the safety system, it is connected to the FSE-31
module, which communicates with the drive and the FSO-21 module.

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

FSO module version handling

To ensure backward and forward compatibility with the ACS880/DCS880
drives, the FSO-21 module has a version handling system. Both the FSO module
and the ACS880/DCS880 drive firmware must support the used safety
functions.

You can always replace the FSO-21 module with a newer revision and use the
same configuration file with the new revision. If you replace an FSO-12 module
with an FSO-21 module, you must reconfigure the FSO module and safety
functions. Each time you make any changes in the safety system, you must do
the validation test for each safety function using the checklists given in chapter
Verification and validation.

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

Each new revision of the FSO-21 module supports all or most functions of
previous FSO-21 module revisions and it can be used together with previous
ACS880/DCS880 drive firmware versions. In addition, previous FSO-21 module
revisions can be used together with new ACS880/DCS880 drive firmware
versions. In this case, the drive supports only the functions of the previous FSO-
21 module revision. For more information on product compatibility, refer to
section Compatible products on page 18.

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

Safe torque off (STO) connection

Data connection

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

4b | side. The screw attached at 4b also grounds the enclosure of the FSO. Mounting
points vary by installation and/or control unit type.

5 | FSO grounding screw. Grounds the electronics.

6 | FSO status LEDs. Refer to section Status LEDs on page 481.

7

Input / output status LEDs, one for each I/O connector. The LEDs are in two rows
above the corresponding two rows of 1/0 connectors. The LED is lit if the state of
the corresponding I/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

- 4redundant 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.

- 3redundant 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 |/Os for external safety devices, for example
buttons, gates and indicators.

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

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

Connection details are given in section Terminals on page 295.

Type designation label

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

® ® ®
ABB OY FSO-21 SN:B5230002 CODE:3AXD50000013190

000 0 OO

001319085230002
(D ()

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

ABB MRP code of the FSO module

Combined ABB MRP code, serial number and manufacturing location

(SN

RoOHS mark
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Operational characteristics

The FSO module monitors that the drive operates within the configured safety
limits when safety functions are active. If the limits are exceeded, FSO activates
a safe stopping in the drive within the response time. The safe stopping
function activates the drive STO function 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 35.

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

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

If the FSO module detects an internal fault during its diagnostics tests, it goes
into the Fail-safe mode and must be rebooted. For the FSO modes, refer to
section FSO modes on page 65. For instructions on how to reboot the FSO
module, refer to section FSO recovery on page 498.

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

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

You must reboot the FSO module after the drive has recovered from a power
failure or after the control unit is rebooted. For instructions on how to reboot
the FSO module, refer to section FSO recovery on page 498.

Response times

Safety function response time and FSO response times are specified in section
Response times on page 529.

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

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

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

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

If an FSO redundant 1/0 failure occurs, FSO module activates (or keeps active)
the safety function that has been configured to the 1/0. For all other I/0 or
safety fieldbus failures, the FSO module activates the SSE function. Also, the
overtemperature fault of the FSO module activates the SSE function (for more
information, see section Configuring SSE on page 344). In other internal failure
situations, the FSO module activates the STO function.

1/0
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

TP1 Diagnostic pulse 1

DIl Digitalinput 1 1. Failure is detected

DI2 Digital input 2 2. Failure is detected upon
input activation when

ov

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

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

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

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

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

Acknowledgement

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

- Manual (recommended): The user must first acknowledge the FSO locally
from the FSO 1/0 to allow the drive to restart.

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

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

« Manual or from a safety PLC: The FSO module expects an external
acknowledgement signal either from the FSO I/0 or from a safety PLC.

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

For more information, see section Acknowledgement methods on page 58. For
fault recovery, see chapter FSO recovery on page 498.

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

Safety pulse encoders are connected to the FSE-31 pulse encoder interface
module. The safety pulse encoder delivers pulses to the FSE-31 module which
delivers safe speed, direction and position information to the FSO-21 module.
The safety encoders supported by the FSE module must fulfill these
requirements:

- It must have differential outputs (two quadrature-signals and one rotation
mark signal, each in its normal and complement format).

- It must have sufficient auto-diagnostics and mitigations against
environmental variations for the intended PL and/or SIL.

- It must indicate its faults either by setting its outputs to the hi-Z state
(“floating” the outputs) or by setting its complement outputs to identical
states.

Note: It can be useful for the argumentation of the validity of the above that the
encoder is approved for safety applications. When the FSE-31 module and a
safety encoder are used in a safety function with a SIL/PL requirement, the
safety encoder must be SIL/PL classified. The user must make sure that the
SIL/PL capability of the safety encoder and the complete safety function meets
the required SIL/PL.

With ACS880, two safety functions, SDI and STO with speed limit activated SBC,
require a safety encoder. With DCS880, the safe speed estimate cannot be used,
and it is recommended to always use an FSE-31 module with a safe encoder
together with the FSO-21 module. The table below shows the requirements in
detail.

Safety function ACS880 DCS880

Can be used with|Can only be used| Canbeused |Canonlybe used
safe speed with a safety |without encoder| with a safety

estimate or with encoder encoder

a safety encoder

STO (with or X x2)
without SBC)

SS1

3)

SSE X

SLS

varSLS

SMS

X X [X | X | X [X

SSM

SDI

X [ X [ X [ X [ X |[X

ISTO with speed
limit activated
SBC

pous? - - - -
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D pOUS does not use motor speed data.
2) with or without time-controlled SBC.
3) Only immediate STO (with or without time-controlled SBC).

Note: The encoder used must be approved for safety applications.

Safe position

With the FSO-21 module, FSE-31 module, safety encoder and PROFINET adapter
(FENA-21 or FPNO-21 module), it is possible to utilize safe position data via a
safety PLC. To use the safe position data, a PROFIsafe connection and the PS2-
profile are needed. See section FSO PROFIsafe profiles on page 192.

Note: With an HTL encoder, the position data can be lost with power loss, if
there is a failure in any of the devices in the safety chain, or the bit
Speed_Pos_value_valid of the PROFIsafe profile indicates invalidity. Rezeroing is
needed to verify the position.

Motor speed feedback

The FSO module must have motor speed feedback to perform safety functions.
The motor speed feedback can be a measured speed from a safety encoder, or a
safe speed estimate. With FSO-12 module only safe speed estimate is available.
FSO-21 module supports both safe speed estimate and measured speed from
an HTL safety encoder via the FSE-31 encoder interface module. Depending on
the motor speed feedback method, safety functions operate slightly differently
(for example, when the indications turn on and off) due to inaccuracy in safe
speed estimate. The feedback type also has an effect on how the safety
functions are configured. Refer to chapter Safety functions for more
information on the difference between the measured speed feedback (encoder)
and safe speed estimate.

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

Safe speed estimate
Note: Safe speed estimate cannot be used with a DCS880 drive.

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

Using safe speed estimate with an induction (asynchronous) motor: The FSO
module does not estimate or compensate for motor slip. If parameter
FSOGEN.21 is set to the motor nominal speed, this assumes that there is always
a nominal slip/load at the motor. Depending on the application, a nominal
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slip/load is not always present. With FSOGEN.21 set to the nominal speed, a
lower than nominal slip/load can cause the motor speed to be higher than the

safe speed estimate. Thus, it is recommended that you set parameter

FSOGEN.21 to the motor synchronous speed, not nominal speed. This will
generate a safe speed estimate which is more accurate with lighter loads, but
the accuracy decreases when more load/slip is present. The motor synchronous
speed depends on the frequency and number of poles (or pole pair number).
Refer to the table that follows.

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

O

&

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

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

The FSO module has two safe speed estimation data channels. Speed in channel
one is received from the drive (200.01 FSO speed ch1l), and speed in channel two
is calculated by FSO module (200.02 FSO speed ch2). FSO compares these two
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speed data sources. If the difference between the values is too large, the FSO
module goes into the Fail-safe mode.

The motor information for the FSO module must be set according to the motor
type designation label. Refer to section Configuring general settings on page
308.

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

Restrictions for the use of safe speed estimate

As the safe speed estimation is based on the drive electrical output frequency,
there are characteristics which must be taken into account:

1.

Safe speed estimate is available when the drive is modulating. If the motor
shaft speed information must be safely available when the drive is not
modulating, use a safety encoder together with the FSO-21 and FSE-31
modules for measuring the motor shaft speed.

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

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

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

The drive and motor shall be dimensioned considering the application (for
example, inertia, operating environment, etc). The dimensioning shall be




50 Overview

such that all functions can be performed without exceeding the specified
operating limits of the drive and motor.

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

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

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

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

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

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

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

SLS speed limit = Motor maximum permitted speed + expected motor slip +
margin.

It is highly recommended to perform the best possible identification run that
can be performed in the typical motor operating conditions (for example, shafts
connected to motors, nominal temperature). This makes it possible to create
the most accurate motor model for the speed estimation. If the Normal ID run is
not possible, do the Reduced or Standstill identification run. For more
information, refer to ACS880 primary control program (AINLX) firmware manual
(3AUA0000085967 [English]), or ACS880 primary control program (YINLX)
firmware manual (3AXD50001000998 [English]).

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



https://search.abb.com/library/Download.aspx?DocumentID=3AUA0000085967&LanguageCode=en&DocumentPartId=2&Action=LaunchDirect
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It is not allowed to use the safe speed estimation with an external active load
that can accelerate the motor shaft. For example, in a hoist drive, the hanging
load would potentially cause an accelerating motion because of the gravity,
thus the safe speed estimate cannot be used for these types of applications.

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

WARNING! In an encoder fault situation, with an external active load, the
FSO module is not permitted to switch the feedback from encoder to safe
speed estimate (see parameter S_ENCGEN.11).

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

Motor speed

Time

--- Actual speed
—— Safe speed estimate

—— SLS trip limits

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

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

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

Mute time feature

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

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

With safe speed estimate, there are two options to implement the mute time
feature in the FSO. By default, general mute time parameter FSOGEN.31 is used
for all speed functions. Starting from FSO rev. J, it is also possible to enable
function-specific mute times for limit hit situations with parameters
FSOGEN.38 and FSOGEN.39. With safety encoder feedback, the general mute
time parameter FSOGEN.31 is always used. For more information, refer to
section Mute time feature on page 70.

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, refer to section Dependencies between safety functions on
page 185.

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). Refer to
section STO function on page 73.
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The FSO module activates the STO function and the motor stops, if:

- the motor speed reaches the SARO, SAR1, or time monitoring (ie, SS1-t)
limits, or

« the FSO detects an internal failure, or
« an encoder fault with FSE-31 occurs.

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). Refer to sections

« SS1 with time monitoring (SS1-t) on page 85
« SS1with ramp monitoring (SS1-r) on page 89.

Safe stop emergency (SSE)

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

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

« SSE with immediate STO on page 110,
- SSE with time monitoring on page 120
« SSE with ramp monitoring on page 124.

SSE is also activated in certain FSO fault reaction situations, refer to Safe stop
emergency (SSE) on page 110.

Safe brake control (SBC)

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

Note: With an internal fault, the STO and SBC are activated simultaneously.
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STO function and SSE with immediate STO

In these safety functions, you can configure the SBC function to be activated
before, at the same time with, or after the drive STO function. Refer to sections
- SBC after STO on page 76,

« SBC before STO on page 80,

- SSE with immediate STO, SBC after STO on page 112

« SSE with immediate STO, SBC before STO on page 116.

When you use an encoder, you can also configure the SBC function to be

activated at a user-defined speed limit with STO and SSE functions when drive
is coasted with STO immediately. Refer to sections

- STO with speed limit activated SBC on page 83
« SSE with immediate STO, with speed limit activated SBC on page 127.

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

Note: The FSO module activates the SSE function after trip limit hits in the SLS
and SMS functions. As a result, this activates the drive STO and SBC functions
(for more information, refer to section Safe stop emergency (SSE) on page 110).
Make sure that you dimension the brake correctly for these situations.

SS1 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. Refer
to sections

« SS1with speed limit activated SBC on page 93

« SSE with speed limit activated SBC on page 127.

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. Refer to sections

« SS1with speed limit activated SBC, SBC before STO on page 93

- SSE with speed limit activated SBC, SBC before STO on page 135.

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. Refer to section Safely-
limited speed (SLS) on page 143.

Variable Safely-limited speed (SLS)

This safety function prevents the motor from exceeding user-defined speed
limits. With the variable SLS function, it is possible to scale down the SLS limits
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with a safety PLC via PROFIsafe communication. Refer to section Variable
Safely-limited speed (SLS) on page 166 and chapter PROFIsafe.

Safe maximum speed (SMS)

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

« SMS function, version 1 on page 172
« SMS function, version 2 on page 173.

Prevention of unexpected start-up (POUS)

This safety function prevents the machine from starting accidentally. The POUS
function activates the drive STO function. Refer to section Prevention of
unexpected start-up (POUS) on page 173.

Safe speed monitoring (SSM)

This safety function provides a safe output signal to indicate whether the
motor speed is between user-defined limits. Refer to section Safe speed
monitor (SSM) on page 175.

Safe direction (SDI)

This safety function monitors that the motor rotates into the correct direction.
If the motor rotates into the forbidden direction more than the user-defined SDI
tolerance limit allows, the FSO module activates the SSE function and the motor
stops. This safety function requires that you use an encoder in the safety
application. Refer to section Safe direction (SDI) on page 179.

Safe acceleration range (SAR)

This safety function provides safe deceleration ramp monitoring for other
safety functions. FSO module has two different SAR functions, SARO and SARL1.

SARO and SAR1 functions behave in the same way but they can be configured to
work differently, based on the application needs. SARO parameters are used
with the SSE function. SAR1 parameters are used with the SS1, SLS, varSLS, and
SDI functions. For more information, refer to section Configuring SAR on page
354.
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Contents of this chapter

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

The FSO-21 module supports these safety functions:

Safety function Stop category Information Page
Safe torque off (STO) Stop category O |STO: standard drive feature 72
Safe stop 1 (SS1) Stop category 1 |With time (SS1-t) or ramp 84
monitoring (SS1-r)
Safe stop emergency (SSE) Stop category O |With immediate STO or 110
orl emergency ramp with time or
ramp monitoring
Safe brake control (SBC) With STO, SSE and SS1 53
functions
Safely-limited speed (SLS) With time or ramp monitoring |143
Variable Safely-limited speed Only with PROFIsafe 166
(SLS)
Safe maximum speed (SMS) Function permanently on/off |171
Two different versions
Version 1 172
Version 2 173
Prevention of unexpected 173
start-up (POUS)
Safe speed monitor (SSM) 175
Safe direction (SDI) With time or ramp monitoring 179

Only with an encoder
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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 185).

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

Button pressed Button release permitted

o
¥
. .

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.

The safety function is activated when the request signal lasts at least 20 ms.

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

Note: With one input it is possible to activate up to two separate safety
functions. A request activates both functions simultaneously. For the execution
order, see section Priorities between safety functions (page 184).

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

Acknowledgement methods

You can configure the acknowledgement method separately for the power-up,
STO (SSE and SS1 always end in drive STO), SLS, SDI and POUS safety functions.
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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 power-up process and/or
safety functions automatically when these have completed successfully and
the safety function request has been removed.

« From a safety PLC: The FSO module expects an external acknowledgement
signal from a safety PLC via the PROFIsafe communication bus. The
PROFIsafe profiles include the acknowledgement bits (see section FSO
PROFIsafe profiles on page 192).

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

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 Vin the
input is the standby (negative) state and 0 V is the positive (acknowledge)
state.

Button pressed Button release permitted

o1
T

o—L —

Time

03s 30s

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 ... 3.0 s.

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

Too long interruptions (signal low longer than 3.0 s) on the signal are ignored and a
warning message (A7DO0) is generated to the drive. If there is something to
acknowledge, it is ignored and the user must press the acknowledgement button
again.
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Acknowledgement is possible, if:
- Asafety function request is not active.

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

Note: If an SSE or SS1 request is received while the STO function is active,
the STO function must be completed before acknowledgement is permitted.
For more information, refer to section Safe torque off (STO) on page 72.

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

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

When manual or acknowledgement from a safety PLC is used, the FSO module
waits for an external acknowledgement signal (from the FSO 1/0O 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 184) 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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DC magnetization and drive start modes

The correct operation of safety functions that limit or monitor motor speed (for
example, SLS, SMS, SSM) requires that the ID run is done prior to operation.

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

1.

5.
6.

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

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

Motor pre-heating is enabled with parameter 21.14 Pre-heating input source,
OR

Continuous magnetization is enabled with parameter 21.12 Continuous
Magnetization command = Magnetization active (1), OR

Auto-phasing is enabled, OR

Fly-start is on.

This restriction is relevant only when FSO module is used with the safe speed
estimate, not when it is used with the encoder.

For more information, refer to the firmware manual of the drive.
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Ramp monitoring

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

Defining the ramp monitoring Ramp monitoring using the
Speed Speed
Motor

® Limit hit
! ! ! Ramp monitoring started
< @ ' : * Lower monitoring limit is always 30 rpm
' ' below actual speed.Starting point of the

upper monitoring limit is based on

ID | Description

A | Minimum deceleration 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 deceleration 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 | Maximum deceleration time from the Scaling speed to zero. Configured for each
SARn ramp, n = 0...1 separately.

For example for SARO: parameter SARx.12 SARO max ramp time to zero.

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, that is, at time of D, the maximum
limit is the value of the motor speed, that was in use when the monitoring started.
Common for all ramps SARn, n = 0...1.

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
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event type (warning, fault or event) with parameter FSOGEN.62 STO indication
safety limit.

Safety function indications
Safety functions have the following indications:

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

- Digital output indication, see Parameters on page 389

- Status bit indication, see FSO PROFIsafe profiles on page 192 and Status and
control words on page 442.

Request indication

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

Note: For the POUS function, the request indication is always a warning if
activated when the drive is not modulating, and the indication is a fault, when
the drive is modulating, see FSO premature POUS on page 485.

FSO digital output indication

FSO digital outputs can be configured for indication or for controlling, eg,
safety door locking/unlocking. Digital output indications for the safety
functions are explained in connection with the safety function descriptions in
chapter Safety functions, in Configuring I/O on page 315, and in Parameters for
FSO inputs and outputs on page 434.

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

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

See also chapter PROFIsafe for Remote I/O control on page 190.

Status bit indication

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

Note: Status and control words (see Status and control words on page 442) are
not safety-related indications, and they can be used for monitoring purposes
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only. They are not allowed to be used as safe status and control indications in
PROFIsafe/safety systems.

STO, SS1, SSE, POUS functions

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

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

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

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

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

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

« Ramp monitoring (SARO and SAR1, see section Configuring SAR on page 354)
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

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

« SSMindication goes on when the motor speed is in the user-defined range.
The FSO module switches off the indication when the monitored speed
exceeds the configured limit.

SDI

« SDI active state is indicated when the motor rotates in the correct direction.
The FSO module switches off the indication when the function is
acknowledged or the rotation direction changes to the forbidden direction
(this also causes the SDI to trip, that is, the FSO module activates the SSE
function).

For further information on indication and output parameters, see chapter
Parameters on page 389, and FSO PROFIsafe profiles on page 192.

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 65) depending on the status of safety functions and the
safety fieldbus communication. Indicated with a green RUN LED.

« Fail-safe: There is a failure in the FSO. The drive STO is active. Indicated with
a red STATUS/FAULT LED. You have to reboot the FSO to exit the Fail-safe
mode. See section Transitions between FSO modes and states on page 67.

« 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 481.

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.
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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.
- Power down: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.
FSE module or encoder failure situation can also cause the Fail-safe
transition. See parameter S_ENCGEN.11.

Internal fault Drive Composer pro
Power down
(STO active)
Start-up Fail-safe Configuration
(STO active) < (STO active) (STO active)
Power '
~@——OFF / ON
Download new
configuration
r-—~+——— - 7 7 7 7 7 'RUN"
| Y |
| . |
| Opera'ltlone'll — — - »[cafe |
(STO inactive) cknowledgemen (STO active)
e - _ _ _ ] - |
| | (POUS > STO active) |
| |
. - - - — — —— _|
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At power-up, the FSO goes into the Start-up mode. During the power-up
process, FSO is in Safe state (STO active). It performs start-up checks and,
according to the configuration, enters the Operational state either
automatically or after an acknowledgement request from the FSO 1/0 or from a
safety PLC.

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

« downloads the new configuration to the FSO, or

- reboots the module (for rebooting instructions, see chapter FSO recovery on
page 498).

If there is an internal fault, the FSO enters the Fail-safe mode. To identify and
recover from the cause of the fault, see section FSO recovery on page 498.

The FSO exits the Fail-safe mode into the Start-up mode when the user reboots
the module (for rebooting instructions, see chapter FSO recovery on page 498).

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 206 in chapter PROFIsafe.

Cascade

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

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

If you want to a cascade safety function which has only one digital input (SLS2,
SLS3, SLS4, SSM1, SSM2, SSM3, SSM4), you must have a PROFIsafe
communication bus and configure the safety function request from a safety
PLC.

For detailed configuration instructions, see section How to configure a
cascaded system on page 318.
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This figure shows an example cascade configuration. Two different safety
functions are cascaded in the same cascaded system. Safety function 1is
cascaded in one cascade loop (Cascade A) and safety function 2 in another
(Cascade B).

Acknowledgement
button Indication lamp Automatic

Emergency ® acknowledgement
stop

Cascade A
0,,?,‘*‘354/0‘
(e} |
= . f— e — -7

FSO FSO FSO '
Master Follower Follower |
In Out In Out In Out
Safety [X1137 | Safety Safety i
function 1 function 1 function 1
. : X113:8
In Out] [xii3e | In Out X132 | In Out X
[x113:8 [X113:8 '
— = — 1 — =4
— = — == - — |- —{ = — - = -
In Out In Out In Out '
Safety Safety Safety |
<i133 Ifunct1ono.2 XI33 IfunctlonoZ X33 Ifunctlonoz <iEe ]
n U i3 n S e n ut |

POUS switch

The inputs and outputs of the FSO module are defined as pairs. In this example,
single input X113:2 is cascaded with single output X113:8 in Cascade A. When
Emergency stop (Safety function 1 = SSE) is activated in the master FSO module
(from a redundant digital input X113:1 & X114:1), it is also activated in the
follower FSO modules via digital master FSO outputs. Safety function 2 is
cascaded with single input X113:3 and single output X113:9 (Cascade B). When
POUS (Safety function 2 = POUS) is activated in the master FSO module (from a
single digital input X113:4), it is also activated in the follower FSO modules.
Feedback from the last FSO in cascaded chain is wired back to master FSO.

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

You can configure a separate safety function indication both in the master and
the follower FSO modules. Use the completed output of the cascaded safety
function for the indication - in this example, output X113:7 is used to indicate
SSE completed.
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You must configure all follower FSO modules to use the automatic
acknowledgement method. The master FSO module can use any
acknowledgement method. The acknowledgement always starts from the
master FSO module.

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

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

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

Mute time feature

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

Mute time feature with the safe speed estimation

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

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

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

e SLSx.17 Mute time for SLS1

e SLSx.27 Mute time for SLS2

o SLSx.37 Mute time for SLS3

e SLSx.47 Mute time for SLS4

« SLSx.57 Mute time for variable SLS

The function-specific mute time for SMS is activated with a separate parameter
FSOGEN.39 Enable SMS mute time. After the parameter FSOGEN.39 has been

activated, the mute time parameter SMS.17 Mute time for SMS is used in limit
hit situations for the SMS function.

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

Mute time feature with the safety encoder

When there are spurious transients in encoder speed data, you can use the
transient mute time in the safety functions. The transient mute time can be set
to cover the transient situation with the parameters:

« FSOGEN.31 Transient mute time for safety function limit hits
« FSOGEN.32 Zero speed delay time for zero speed
« FSOGEN.33 Monitoring start delay for monitoring start.

When the safety encoder is used, function-specific mute times have no effect
even if they are enabled.

If the switching from encoder to safe speed estimate is allowed by parameter
S_ENCGEN.11 FSE diagnostic failure reaction, you must also configure the mute
times related to safe speed estimate. See section Configuring the FSO for FSE
or encoder failure situations.
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Mute times in monitoring start, limit hit and zero speed situations

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

Speed

BN
+___:X_,_4__

O ———d—t—————

A SLS trip limit
B SLSlimit
C FSOGEN.51 Zero speed without encoder or FSOGEN.52 Zero speed with encoder
1 SLS function is requested from higher speed than the SLS limit.
2 Monitoring start situation
3 Limit hit situation
4 Zero speed situation
Monitoring start  |Limit hit (E) Zero speed delay
delay (D) time (F)
Without encoder FSOGEN.31 FSOGEN.31 FSOGEN.31
Function-specific mute
times disabled
\Without encoder FSOGEN.31 Function-specific [FSOGEN.31
Function-specific mute mute times
times enabled
\With encoder FSOGEN.33 FSOGEN.31 FSOGEN.32

Note: SS1 and SSE functions always use FSOGEN.31 for limit hit situations.

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
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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. When you use an encoder, you can also
configure the SBC function to be activated at a user-defined speed limit.

This section describes the different versions of the STO function separately
without and with an encoder.

For more information on the STO function in the ACS880/DCS880 drives, refer
to the applicable drive hardware manual.

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

Note: If the SSE is cascaded, STO activation also activates the SSE cascade
indication signal (output). See sections Safe stop emergency (SSE) on page 110
and Cascade on page 68.

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

e SARO, SAR1 or SSE/SS1 limit hit

« FSO module fail safe state.

STO function

The operation of the STO function when the SBC is not used is described in the
time diagrams and tables below. For configuration, see section How to
configure STO on page 326.
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Without an encoder

Motor speed

(A) sT0.14

(B) sT0.13

: Drive STO state|

!7 & indication
i STO

completed

Time to zero speed (parameter STO.14): 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 acknowledgement 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 I/0). The FSO activates the
drive STO function and starts counters for times A and B. STO active indication
parameter STO output (STO.21) goes on.

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. The indications
STO output (STO.21) and STO completed output (STO.22) go off.
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an encoder

Motor speed

(B) st0.13

Time

@ ® »®

—— STO request

. ! Drive STO state
: !— & indication
|

STO
completed

Zero speed with encoder (parameter FSOGEN.52): Speed limit at which the motor
has stopped, the safety function is completed and the STO completed indication
(parameter STO.22) goes on.

Restart delay after STO (parameter STO.13): Time from the STO activation to the
moment when the acknowledgement 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 a counter for time B. STO active indication
parameter STO output (STO.21) goes on.

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

Note: The acknowledgement becomes allowed already at the zero speed limit (A)
if it is reached before time B has elapsed.

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.

The motor speed reaches the zero speed limit (A), 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 is deactivated. The indications STO output
(STO.21) and STO completed output (STO.22) go off.
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SBC after STO

The operation of the SBC after the STO function (positive SBC delay) is
described in the time diagrams and tables below. For configuration, see section
How to configure SBC after STO on page 328.

Without an encoder

Motor speed

(A)sBC.12 SBC.13
(© st013

®
n
_

» o
' ! ,7 STO request
! : ' Drive STO
! : [ states&
[ ! ,7 SBC output

STO

’—I— completed

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.

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.

Restart delay after STO (parameter STO.13): Time from the STO activation to the
moment when the acknowledgement 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 and starts counters for times A and C. STO active indication parameter
STO output (STO.21) goes on.
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Step

Description

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.

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




78 Safety functions

With

an encoder

Motor speed

(B)SBC.12
(©)sT013

[:— STO request
' Drive STO
state &

| [ SBCoutput
: ' STO
|

completed

Zero speed with encoder (parameter FSOGEN.52): Speed limit at which the motor
has stopped, the safety function is completed and STO completed indication
(parameter STO.22) goes on.

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.

Restart delay after STO (parameter STO.13): Time from the STO activation to the
moment when the acknowledgement 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 B and C. STO active indication
parameter STO output (STO.21) goes on.

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

After time B has elapsed, the FSO activates the SBC function (brake).

Note: If zero speed limit A is reached before time B has elapsed, the FSO activates
the SBC function immediately when the motor has stopped.

The motor speed reaches the zero speed limit (A), the FSO module defines the
motor as stopped and the STO completed indication goes on.
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Step | Description
5 The STO request is removed.
6 After the acknowledgement, the STO and SBC are deactivated, and the control is

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

The operation of the SBC before the STO function (negative SBC delay) is
described in the time diagrams and tables below. For configuration, see section
How to configure SBC before STO on page 330.

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

Without an encoder

Motor speed

@ SBC.12

Time

,7 STO request
' Drive STO

! l— state &
! [ SBCoutput
i—i_ STO

completed

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 acknowledgement 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 529)

Step | Description

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

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

3 After time A has elapsed, the FSO activates the drive STO.
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Step | Description

4 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).

5 The STO request is removed.

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

Motor speed

SBC.12

— STO request

. ' Drive STO

' [7 state &

! — SBC output
f ' STO

[

completed

Zero speed with encoder (parameter FSOGEN.52): Speed limit at which the motor
has stopped, the safety function is completed and the STO completed indication
(parameter STO.22) goes on. The acknowledgement becomes allowed.

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.

Response time (depends on system configuration, see page 529)

Step

Description

The STO request is received (for example, from the 1/0). The FSO activates the
SBC function (brake) and starts a counter for time B. STO active indication
parameter STO output (STO.21) goes on.

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

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

The motor speed reaches the zero speed limit (A), the FSO module defines the
motor as stopped and the STO completed indication goes on. The
acknowledgement becomes allowed as soon as the STO request has been
removed (step 5).

The STO request is removed.

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

This safety function requires that you use an encoder in the safety application.

The operation of the STO with speed limit activated SBC is described in the time
diagram and table below. For configuration, see section How to configure STO
with speed limit activated SBC on page 332.

Motor speed

(© st013

©) @@ ®®
’E—STO request

Drive STO

state &

| ' SBC output
|

STO
completed

STO SBC speed (parameter SBC.14): Speed limit at which the FSO activates the SBC
function (brake).

Zero speed with encoder (parameter FSOGEN.52): Speed limit at which the motor
has stopped, the safety function is completed and the STO completed indication
(parameter STO.22) goes on. The acknowledgement becomes allowed.

Restart delay after STO (parameter STO.13): Time from the STO activation to the
moment when the acknowledgement 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. STO active indication parameter STO output (STO.21) goes
on.

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

The motor speed goes below the SBC speed limit (A) and the FSO activates the
SBC function (brake).
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Step | Description

4 The motor speed reaches the zero speed limit (B), the FSO module defines the
motor as stopped and the STO completed indication goes on. The
acknowledgement becomes allowed despite of value C as soon as the STO
request has been removed (step 5).

5 The STO request is removed.

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

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.

This section describes the different versions of the SS1 function separately
without and with an encoder.
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SS1 with time monitoring (SS1-t)

The operation of the SS1 with time monitoring (SS1-t) is described in the time
diagrams and tables below. For configuration, see section How to configure SS1
with time monitoring (SS1-t) on page 335.

With a safe speed estimate

Motor speed @ 5S51.14

- -> Safe torque off (STO)

Time

SS1request

Drive STO state
|  andindication

' SS1state and

indication

\ SS1 completed

indication

A SS1-t delay for STO (parameter SS1.14): Time after which the FSO activates the STO
function regardless of the motor speed.

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

C  Response time (depends on system configuration, see page 529)

Step | Description

1 The SS1 request is received (for example, from the I/O). The FSO starts a counter
for time A. SS1 active indication parameter SS1 output (551.21) goes on.

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

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

Description

3

The motor speed reaches the zero speed limit (B), FSO activates the drive STO
function and STO active indication parameter STO output (STO.21) goes on. The
SS1 completed output indication (parameter SS1.22) goes on and the
acknowledgement becomes allowed as soon as the SS1 request has been removed
(step 4).

Note: If the SBC is configured in the STO function (see section Safe torque off
(STO) on page 72), 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 SS1.15) before the FSO activates

the drive STO (and SBC, if used) (not shown in the figure).

3b

If the drive has not decelerated fast enough when time A has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 72 for more
information on how to configure the STO function.

The SS1request is removed.

After the acknowledgement, the STO and SS1 functions are deactivated. The
indications SS1 output (SS1.21), SS1 completed output (S51.22), and STO output
(STO.21) go off.
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With an encoder

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

9®
"7 SS1request
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Time

Drive STO state
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SS1 completed
indication

A SS1-t delay for STO (parameter SS1.14): Time after which the FSO activates the STO
function regardless of the motor speed.

B Zero speed with encoder (parameter FSOGEN.52): Speed limit for activating the
drive STO function. The safety function is completed and the SS1 completed
indication (parameter SS1.22) goes on. The acknowledgement becomes allowed.

C  Response time (depends on system configuration, see page 529)

Step | Description

1 The SS1 request is received (for example from the 1/0). The FSO starts a counter
for time A. SS1 state indication parameter SS1 output (551.21) goes on.

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

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

Description

3

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

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

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

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

(step 4).

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

(STO) on page 72), 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.

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

the drive STO (and SBC, if used) (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 72 for more
information on how to configure the STO function.

The SS1 request is removed.

After the acknowledgement, the STO and SS1 functions are deactivated. The
indications SS1 output (S51.21), SS1 completed output (SS1.22), and STO output
(STO.21) go off.
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SS1 with ramp monitoring (SS1-r)

The operation of the SS1 with ramp monitoring (SS1-r) is described in the time
diagrams and tables below. For configuration, see section How to configure SS1
with ramp monitoring (SS1-r) on page 336.

With a safe speed estimate

Motor speed

- -> Safe torque off (STO)

Time

SS1request

Drive STO state and

indication

SS1 state and

indication

| SS1 completed

indication

SAR1 monitoring

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

B  Response time (depends on system configuration, see page 529)
—— Ramp monitoring limits

Step | Description

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

2 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 O, the drive (parameter 23.23) defines the
ramp.

2b If the motor speed hits a ramp monitoring limit, the FSO activates the STO
function. Refer to section Safe torque off (STO) on page 72 for more information
on how to configure the STO function.
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Step

Description

3

The motor speed reaches the zero speed limit (B), FSO stops the SAR1 monitoring
and activates the drive STO function, and STO active indication parameter STO
output (STO.21) goes on. The SS1 completed output indication (parameter SS1.22)
goes on and the acknowledgement becomes allowed as soon as the SS1 request
has been removed (step 4).

Note: If the SBC is configured in the STO function (see section Safe torque off
(STO) on page 72), 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 SS1.15) before the FSO activates

the drive STO (and SBC, if used) (not shown in the figure).

The SS1 request is removed.

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

Motor speed

- -> Safe torque off (STO)

Time

[ : SS1request

Drive STO state and

indication
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SS1 completed
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[ ; indication

B

Zero speed with encoder (parameter FSOGEN.52): Speed limit for activating the
drive STO function. The safety function is completed, ramp monitoring is stopped
and the SS1 completed indication (parameter SS1.22) goes on. The
acknowledgement becomes allowed.

Response time (depends on system configuration, see page 529)

Ramp monitoring limits

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 O, 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 72 for more information on
how to configure the STO function.




92 Safety functions

Step

Description

3

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

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

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

goes on and the acknowledgement becomes allowed as soon as the SS1 request

has been removed (step 4).

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

(STO) on page 72), 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.

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

the drive STO (and SBC, if used) (not shown in the figure).

The SS1 request is removed.

After the acknowledgement, the STO and SS1 functions are deactivated and the
control is given back to the drive, which is allowed to modulate again. The
indications SS1 output (SS1.21), SS1 completed output (SS1.22), and STO output
(STO.21) go off.
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SS1 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 diagrams and tables below. For configuration, see section How to
configure SS1 with speed limit activated SBC on page 337.

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

B SS1-t delay for STO (parameter SS1.14): Time after which the FSO activates the STO
function regardless of the motor speed.

C SBC time to zero (parameter SBC.13): Time from the SBC activation to the moment
when the safety function is completed and the SS1 completed indication
(parameter SS1.22) goes on. The acknowledgement 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 529)
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Step

Description

The SS1 request is received (for example, from the I/0). The FSO starts a counter
for time B. SS1 state indication parameter SS1 output (S51.21) goes on.

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

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

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

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

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

- 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 100).

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

The FSO starts a counter for time C.

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

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

3b

If the drive has not ramped down fast enough when time B has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 72 for more
information on how to configure the STO function.

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

The SS1request is removed.

After the acknowledgement, the SS1, STO and SBC functions are deactivated and
the control is given back to the drive, which is allowed to modulate again. The
indications SS1 output (SS1.21), SS1 completed output (SS1.22), and STO output
(STO.21) go off.
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With an encoder
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A SBC speed (parameter SBC.15): Speed limit below which the FSO activates the SBC
(brake) and drive STO functions while ramping.

B Zero speed with encoder (parameter FSOGEN.52): Speed limit to define the motor
as stopped. The safety function is completed and the SS1 completed indication
(parameter SS1.22) goes on. The acknowledgement becomes allowed.

C SS1-t delay for STO (parameter SS1.14): Time after which the FSO activates the STO
function regardless of the motor speed.

D  Response time (depends on system configuration, see page 529)

Step | Description

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

2 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 200.112 has value O, the drive (parameter 23.23) defines the
ramp.




96 Safety functions

Step

Description

3

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

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

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

- 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 100).

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

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 C has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 72 for more
information on how to configure the STO function.

The motor speed reaches the zero speed limit (B), the FSO defines the motor as
stopped, the SS1 completed output indication (parameter SS1.22) goes on and the
acknowledgement becomes allowed as soon as the SS1 request has been
removed (step 5).

The SS1 request is removed.

After the acknowledgement, the SS1, STO and SBC functions are deactivated, and
the control is given back to the drive, which is allowed to modulate again. The
indications SS1 output (SS1.21), SS1 completed output (S51.22), and STO output
(STO.21) go off.
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ramp monitoring (SS1-r)

The operation of the SS1-r function with speed limit activated SBC is described
in the time diagrams and tables below. For configuration, see section How to
configure SS1 with speed limit activated SBC on page 337.

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

B SBC time to zero (parameter SBC.13): Time from the SBC activation to the moment
when the safety function is completed and the SS1 completed indication
(parameter SS1.22) goes on. The acknowledgement 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 529)

—— Ramp monitoring limits

Step | Description

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

Description

2

After 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 SARx.22).

Note: If parameter 200.112 has value O, 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 100.)

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

The FSO starts a counter for time B.

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

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

3b

If the motor speed hits a ramp monitoring limit, the FSO activates the STO
function. See section Safe torque off (STO) on page 72 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 output indication (parameter SS1.22) goes on and the
acknowledgement becomes allowed as soon as the SS1 request has been
removed (step 5).

The SS1request is removed.

After the acknowledgement, the SS1, STO and SBC functions are deactivated and
the control is given back to the drive, which is allowed to modulate again. The
indications SS1 output (SS1.21), SS1 completed output (S51.22), and STO output
(STO.21) go off.
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With an encoder
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A SBC speed (parameter SBC.15): Speed limit below which FSO activates the SBC
(brake) and drive STO functions while ramping.

B Zero speed with encoder (parameter FSOGEN.52): Speed limit to define the motor
as stopped. The safety function is completed, the ramp monitoring is stopped and
the SS1 completed indication (parameter SS1.22) goes on. The acknowledgement
becomes allowed.

C Response time (depends on system configuration, see page 529)

—— Ramp monitoring limits

Step | Description

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

2 After time B has elapsed, the drive starts to ramp down the motor speed. SAR1L
parameter 200.112 defines the deceleration ramp. The FSO starts the SARL ramp
monitoring (parameters SARx.21 and SARx.22).

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

Description

3

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

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

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

- 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 100).

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

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. Refer to section Safe torque off (STO) on page 72 for more information
on how to configure the STO function.

The motor speed reaches the zero speed limit (B), the FSO defines the motor as
stopped, the SS1 completed output indication (parameter SS1.22) goes on and the
acknowledgement becomes allowed as soon as the SS1 request has been
removed (step 5). The FSO stops the SAR1 monitoring.

The SS1 request is removed.

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

SS1 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 diagrams and tables below. For configuration, see
section How to configure SS1 with speed limit activated SBC, SBC before STO
on page 340.
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With a safe speed estimate
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A SBC speed (parameter SBC.15): Speed limit below which the FSO activates the SBC
(brake).

B SS1-t delay for STO (parameter SS1.14): Time after which the FSO activates the STO
function regardless of the motor speed.

Cc 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 SS1.22) goes on. The acknowledgement 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 529)

Step | Description

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

2 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 200.112 has value O, the drive (parameter 23.23) defines the
ramp.
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Step

Description

3

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 SS1.15, 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 72 for more
information on how to configure the STO function.

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

5 The SS1request is removed.

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

7 After the acknowledgement, the SS1, STO and SBC functions are deactivated and

the control is given back to the drive, which is allowed to modulate again. The
indications SS1 output (S51.21), SS1 completed output (SS1.22), and STO output
(STO.21) go off.
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With an encoder
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A SBC speed (parameter SBC.15): Speed limit below which the FSO activates the SBC
(brake).

B Zero speed with encoder (parameter FSOGEN.52): Speed limit to define the motor
as stopped. The safety function is completed and the SS1 completed indication
(parameter SS1.22) goes on. The acknowledgement becomes allowed.

C SS1-t delay for STO (parameter SS1.14): Time after which the FSO activates the STO
function regardless of the motor speed.

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

E Response time (depends on system configuration, see page 529)

Step | Description

1 The SS1 request is received (for example, from the I/O). The FSO starts a counter

for time C. SS1 state indication parameter SS1 output (551.21) goes on.

2 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 200.112 has value O, the drive (parameter 23.23) defines the
ramp.

3 The motor speed goes below the SBC speed limit (A), the FSO activates SBC

function. The FSO starts a counter for time D.

Note: You can define an extra delay (parameter SS1.15, not shown in the figure)
before the FSO activates the SBC function. This affects also the STO activation
(step 4).
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Step | Description

3b If the drive has not ramped down fast enough when time C has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 72 for more
information on how to configure the STO function.

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

5 The motor speed reaches the zero speed limit (B), the FSO defines the motor as

stopped, the SS1 completed output indication (parameter SS1.22) goes on and the
acknowledgement becomes allowed as soon as the SS1 request has been
removed (step 6).

The SS1request is removed.

After the acknowledgement, the SS1, STO and SBC functions are deactivated and
the control is given back to the drive, which is allowed to modulate again. The
indications SS1 output (S51.21), SS1 completed output (SS1.22), and STO output
(STO.21) go off.

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 diagrams and tables below. For configuration, see
section How to configure SS1 with speed limit activated SBC, SBC before STO
on page 340.
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With a safe speed estimate
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A SBC speed (parameter SBC.15): Speed limit below which the FSO activates the SBC
function (brake) while ramping. The SAR1 ramp monitoring is stopped.

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

C SBC time to zero (parameter SBC.13): Time from the SBC activation to the moment
when the safety function is completed and the SS1 completed indication
(parameter SS1.22) goes on. The acknowledgement 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 529)

—— Ramp monitoring limits

Step | Description

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

2 After 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 SARL ramp
monitoring (parameters SARx.21 and SARx.22).

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

Description

3

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 SS1.15, 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 72 for more information on
how to configure the STO function.

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

The SS1request is removed.

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

After the acknowledgement, the SS1, STO and SBC functions are deactivated and
the control is given back to the drive, which is allowed to modulate again. The
indications SS1 output (SS1.21), SS1 completed output (SS1.22), and STO output
(STO.21) go off.
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With an encoder
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A SBC speed (parameter SBC.15): Speed limit below which FSO activates the SBC
function (brake) while ramping.

B Zero speed with encoder (parameter FSOGEN.52): Speed limit to define the motor
as stopped. The safety function is completed, the SAR1 ramp monitoring is
stopped and the SS1 completed indication (parameter SS1.22) goes on. The
acknowledgement becomes allowed.

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  Response time (depends on system configuration, see page 529)
—— Ramp monitoring limits

Step | Description

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

2 After 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 SARL ramp
monitoring (parameters SARx.21 and SARx.22).

Note: If parameter 200.112 has value O, the drive (parameter 23.23) defines the
ramp.
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Step | Description

3 The motor speed goes below the SBC speed limit (A). The FSO activates the SBC
function.

The FSO starts a counter for time C.

Note: You can define an extra delay (parameter SS1.15, 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 72 for more information on
how to configure the STO function.

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

5 The motor speed reaches the zero speed limit (B), the FSO defines the motor as
stopped and stops the SAR1 monitoring. The SS1 completed output indication
(parameter SS1.22) goes on and the acknowledgement becomes allowed as soon
as the SS1request has been removed (step 6).

6 The SS1request is removed.

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

SS1 ramp functions when drive modulation is lost

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

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

With safe speed estimation

With both SS1-r and SS1-t, STO function is activated right away when the
modulation is lost but the SS1 indications are operational. STO cascading is not
activated in this case. The completed indication of the STO function is not
indicated (STO.22), instead the SS1 completed indication (551.22) is activated.
Otherwise STO function (and SBC, if in use) behaves as configured.

With safety encoder

The loss of modulation does not have an effect on the behavior of these
functions when they are used a with safety encoder. See the behavior in section
SS1 with ramp monitoring (SS1-r) on page 89 or SS1 with time monitoring (SS1-
t) on page 85.
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With a safe speed estimate
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Step

Description

1

The SS1 request is received (for example, from the I/0). 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 O, the drive (parameter 23.23) defines the
ramp.

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

SAR1 ramp monitoring goes off.

See section Safe torque off (STO) on page 72 for more information on how to
configure the STO function.

Note: If STO is used in cascaded system (see Cascade on page 68), it will not be
activated in the whole system in this case.

Note: SS1 completed indication (S51.22) is used instead of STO completed
indication (STO.22) in this case

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

The SS1 completed output indication (parameter SS1.22) goes on and the
acknowledgement becomes allowed as soon as the SS1 request has been
removed.

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

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

With immediate STO

The behavior of the SSE with immediate STO is identical to the STO function
(see section Safe torque off (STO) on page 72) 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. When you use an encoder, you can also
configure the SBC function to be activated at a user-defined speed limit.

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 84) except that different time and ramp
monitoring parameters are used. The SSE function uses SARO parameters to
monitor and/or define the emergency ramp. Drive ramp parameters cannot be
used.

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

This section describes the different versions of the SSE function separately
without and with an encoder.

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

e SMS or SLS function speed limit hits

« SDI safety function position limit hit

« PROFIsafe fault

e FSO module I/0 fault, FSO module overtemperature, FSO module power
supply fault.

SSE with immediate STO

The operation of the SSE with immediate STO function is described in the time
diagrams and tables below. For configuration, see section How to configure
SSE with immediate STO on page 345.
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Without an encoder
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Time to zero speed (parameter STO.14): 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 acknowledgement 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. SSE active indication SSE
output (SSE.21) and STO output (STO.21) go on.

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 SSE output (SSE.21), SSE
completed output (SSE.22), and STO output (STO.21) go off.




112 Safety functions

With an encoder
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A Zero speed with encoder (parameter FSOGEN.52): Speed limit at which the motor
has stopped, the safety function is completed and the SSE completed indication
(parameter SSE.22) goes on. The acknowledgement becomes allowed.

Step | Description

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

2 The motor speed reaches the zero speed limit (A), the FSO defines the motor as
stopped and the SSE completed indication goes on. The acknowledgement
becomes allowed as soon as the SSE request has been removed (step 3).

3 The SSE request is removed.

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

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 diagrams and tables below. For configuration,
see section How to configure SSE with immediate STO, SBC after or before STO
on page 346.
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Without an encoder

Motor speed

NP

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

Time

® & @
,:7 SSE request

Drive STO

I_ state &

: ! SSE state &

I— indication

l‘; SBC output

SSE

'—l— completed

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.

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 acknowledgement becomes allowed. You must
set this to the estimated time in which the motor brakes 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. SSE active indication SSE
output (SSE.21) and STO output (STO.21) go on.

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

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.
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Step

Description

5

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

(STO.21) go off.
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With an encoder

(B) sBC.12

Motor speed

,—% SSE request

Drive STO

! : state &
' ! SSE state &

L

| indication

SBC output
' SSE
completed

|

A Zero speed with encoder (parameter FSOGEN.52): Speed limit at which the motor
has stopped, the SSE completed indication (parameter SSE.22) goes on and the
acknowledgement becomes allowed.

B  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 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.

Step | Description

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

2 After time B has elapsed, the FSO activates the SBC function (brake).

Note: If speed limit A is reached before time B has elapsed, the FSO activates the
SBC immediately when the motor has stopped.

3 The motor speed reaches the zero speed limit (A), 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).

4 The SSE request is removed.

5 After the acknowledgement, the SSE, STO and SBC functions are deactivated and
the control is given back to the drive, which controls the brake from now on. The

indications SSE output (SSE.21), SSE completed output (SSE.22), and STO output
(STO.21) go off.
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SSE with immediate STO, SBC before STO

The operation of the SSE with immediate STO, SBC before the STO (negative
SBC delay) is described in the time diagrams and tables below. For
configuration, see section How to configure SSE with immediate STO, SBC after
or before STO on page 346.

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

Without an encoder

Motor speed

@ SBC.12

. SBC.13

Time

,:7 SSE request
: Drive STO
state &

SSE state &

e  ® ® 00
|
|

! l— indication

! SBC output
\ ' SSE
1

completed

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 acknowledgement 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 529)

Step | Description

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

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

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

4 After time B has elapsed, the FSO module defines the motor as stopped and the

SSE completed indication goes on. The acknowledgement becomes allowed as
soon as the SSE request has been removed (step 5).

The SSE request is removed.

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

an encoder

Motor speed

SBC.12

,:7 SSE request
: Drive STO

state &

' SSE state &

[—indication

SBC output
' SSE
L completed

Zero speed with encoder (parameter FSOGEN.52): Speed limit at which the motor
has stopped, the safety function is completed and the SSE completed indication
(parameter SSE.22) goes on. The acknowledgement becomes allowed.

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.

Response time (depends on system configuration, see page 529)

Step

Description

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

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

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

The motor speed reaches the zero speed limit (A), the FSO module defines the
motor as stopped and the SSE completed indication goes on. The
acknowledgement becomes allowed as soon as the SSE request has been
removed (step 5).

The SSE request is removed.

After the acknowledgement, the SSE, STO and SBC functions are deactivated,
and the control is given back to the drive, which controls the brake from now on.
The indications SSE output (SSE.21), SSE completed output (SSE.22), and STO
output (STO.21) go off.
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SSE with immediate STO, with speed limit activated SBC
This safety function requires that you use an encoder in the safety application.

The operation of the SSE with immediate STO with speed limit activated SBC is
described in the time diagram and table below. For configuration, see section
How to configure STO with speed limit activated SBC on page 332.

Motor speed

*C? ; : Q,D@i SSE request
i L : Drive STO
— C state &
' X ' . SSE state &
! : . indication
| : ,7 SBC output
' ' SSE
| completed

A STO SBC speed (parameter SBC.14): Speed limit at which the FSO activates the SBC
function (brake).

B Zero speed with encoder (parameter FSOGEN.52): Speed limit at which the motor
has stopped, the safety function is completed and the SSE completed indication
(parameter SSE.22) goes on. The acknowledgement becomes allowed.

Step | Description

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

2 The motor speed goes below the SBC speed limit (A) and the FSO activates the
SBC function (brake).
3 The motor speed reaches the zero speed limit (B), 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).

4 The SSE request is removed.
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Step

Description

5

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

SSE with time monitoring

The operation of the SSE with time monitoring is described in the time
diagrams and tables below. For configuration, see section How to configure
SSE with time monitoring on page 347.

With

a safe speed estimate

Motor speed @ SSE.15

- -> Safe torque off (STO)

Time

SSE request

Drive STO state &

___ indication

| SSE state &

[ indication

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

C  Response time (depends on system configuration, see page 529)

Ste | Description

p

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

for time A. SSE active indication SSE output (SSE.21) goes on.
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Ste

Description

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

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

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

SSE completed indication goes on and the acknowledgement becomes allowed as

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

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

(STO) on page 72), 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 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 (and SBC, if used) (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 72 for more
information on how to configure the STO function.

The SSE request is removed.

After the acknowledgement, the STO and SSE functions are deactivated. The
indications SSE output (SSE.21), SSE completed output (SSE.22), and STO output
(STO.21) go off.
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With an encoder

Motor speed @ SSE.15

-> Safe torque off (STO)

Time

’7: SSE request

! Drive STO state
& indication

: \ SSE state &

indication

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 with encoder (parameter FSOGEN.52): Speed limit for activating the
drive STO function. The safety function is completed and the SSE completed
indication (parameter SSE.22) goes on. The acknowledgement becomes allowed.

C  Response time (depends on system configuration, see page 529)

Ste | Description

p

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

2 After time C has elapsed, the drive starts to ramp down the motor speed. SARO

parameter 200.102 defines the deceleration ramp.
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Ste

Description

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

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

SSE completed indication goes on and the acknowledgement becomes allowed as

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

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

(STO) on page 72), 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.

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

the drive STO (and SBC, if used) (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 72 for more
information on how to configure the STO function.

The SSE request is removed.

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

The operation of the SSE with ramp monitoring is described in the time
diagrams and tables below. For configuration, see section How to configure
SSE with ramp monitoring on page 348.

With

a safe speed estimate

Motor speed

- -> Safe torque off (STO)

Time

| : SSE request

Drive STO state &
[— indication

! SSE state &
indication

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 acknowledgement
becomes allowed.

Response time (depends on system configuration, see page 529)

Ramp monitoring limits

Step

Description

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

After time C has elapsed, the drive starts to ramp down the motor speed. SARO
parameter 200.102 defines the deceleration ramp. The FSO starts the SARO ramp
monitoring (parameters SARx.11 and SARx.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 72 for more information on
how to configure the STO function.
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Step | Description

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

monitoring and activates the drive STO function, and STO active indication

parameter STO output (STO.21) goes on. The SSE completed indication goes on

the acknowledgement becomes allowed as soon as the SSE request has been

removed (step 4).

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

(STO) on page 72), 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 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 (and SBC, if used) (not shown in the figure).

4 The SSE request is removed.

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

Motor speed

- -> Safe torque off (STO)

Time

w : ‘ ‘ SSE request
: | Drive STO state
& indication

SSE state &

indication

! SSE completed
| indication
‘ SARO

monitoring

A Zero speed with encoder (parameter FSOGEN.52): 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
acknowledgement becomes allowed.

B Response time (depends on system configuration, see page 529)

—— Ramp monitoring limits

Step | Description

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

2 After time B 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).

2b If the motor speed hits a ramp monitoring limit, the FSO activates the STO
function. See section Safe torque off (STO) on page 72 for more information on
how to configure the STO function.
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Step

Description

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

monitoring and activates the drive STO function, and STO active indication

parameter STO output (STO.21) goes on. The SSE completed indication goes on

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 72), 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.

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

the drive (and SBC, if used) (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 is allowed to modulate again. The
indications SSE output (SSE.21), SSE completed output (SSE.22), and STO output
(STO.21) go off.

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 diagrams and tables below. For configuration, see section
How to configure SSE with speed limit activated SBC on page 349.
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With a safe speed estimate

Motor speed . SSE.15

-> Safe torque off (STO)

Time
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: ,— SSE request
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' SBC output
. SSE state &

! !7indication

completed

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 acknowledgement 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 529)

Step | Description

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

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

Description

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

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

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

- 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 135).

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

The FSO starts a counter for time C.

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

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

3b

If the drive has not ramped down fast enough when time B has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 72 for more
information on how to configure the STO function.

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

The SSE request is removed.

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

With an encoder

Motor speed @ SSE.15

-> Safe torque off (STO)

@@ Time
,7 SSE request
' Drive STO
state &
]— SBC output
' SSE state &
X !—indication
| SSE
completed

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

B Zero speed with encoder (parameter FSOGEN.52): Speed limit to define the motor
as stopped. The safety function is completed and the SSE completed indication
(parameter SSE.22) goes on. The acknowledgement becomes allowed.

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

D Response time (depends on system configuration, see page 529)

Step | Description

1 The SSE request is received (for example, from the I/0). The FSO starts a counter

for time C. SSE active indication SSE output (SSE.21) goes on.

2 After time D has elapsed, the drive starts to ramp down the motor speed. SARO

parameter 200.102 defines the deceleration ramp.
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Step

Description

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

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

« 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 135).

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

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 C has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 72 for more
information on how to configure the STO function.

The motor speed reaches the zero speed limit (B), the FSO defines the motor as
stopped, the SSE completed indication goes on and the acknowledgement
becomes allowed as soon as the SSE request has been removed (step 5).

The SSE request is removed.

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

With ramp monitoring

The operation of the SSE with speed limit activated SBC and ramp monitoring is
described in the time diagrams and tables below. For configuration, see section
How to configure SSE with speed limit activated SBC on page 349.
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With a safe speed estimate
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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 acknowledgement becomes allowed.

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 acknowledgement becomes allowed. You must
set this to the estimated time in which the motor brakes to a stop from the
maximum speed.

Response time (depends on system configuration, see page 529)

Ramp monitoring limits

Step

Description

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

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

Description

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

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

« If the STO SBC delay is negative, the SBC is activated here and the drive STO
after this delay (see section SSE with speed limit activated SBC, SBC before STO
on page 135.)

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

The FSO starts a counter for time B.

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

3b

If the motor speed hits a ramp monitoring limit, the FSO activates the STO
function. See section Safe torque off (STO) on page 72 for more information on
how to configure the STO function.

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

The SSE request is removed.

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

Motor speed

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

B Zero speed with encoder (parameter FSOGEN.52): Speed limit to define the motor
as stopped. The safety function is completed, the ramp monitoring is stopped and
the SSE completed indication (parameter SSE.22) goes on. The acknowledgement
becomes allowed.

C Response time (depends on system configuration, see page 529)

—— Ramp monitoring limits

Step | Description

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

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

Description

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

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

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

- 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 135).

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

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

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

The SSE request is removed.

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

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 diagrams and tables below. For
configuration, see section How to configure SSE with speed limit activated SBC,
SBC before STO on page 353.
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With a safe speed estimate

Motor speed ‘ SSEA5

-> Safe torque off (STO)
(© sBc.12

Time

SSE request

: Drive STO

! state &

! —— SBC output

. ' SSE state &

' indication

',_|' SSE
completed

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 acknowledgement 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 529)

Step | Description

1 The SSE request is received (for example, from the I/0). The FSO starts a counter

for time B. SSE active indication SSE output (SSE.21) goes on.

2 After time E has elapsed, the drive starts to ramp down the motor speed. SARO

parameter 200.102 defines the deceleration ramp.
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Step

Description

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

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

The SSE request is removed.

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

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

Motor speed @ SSE.15

- -> Safe torque off (STO)

o0 e
,7 SSE request
1 Drive STO
| state&
' SBC output
I SSE state &
L indication
SSE
completed

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

B Zero speed with encoder (parameter FSOGEN.52): Speed limit to define the motor
as stopped. The safety function is completed and the SSE completed indication
(parameter SSE.22) goes on. The acknowledgement becomes allowed.

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

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

E Response time (depends on system configuration, see page 529)

Step | Description

1 The SSE request is received (for example, from the I/0). The FSO starts a counter

for time C. SSE active indication SSE output (SSE.21) goes on.

2 After time E has elapsed, the drive starts to ramp down the motor speed. SARO

parameter 200.102 defines the deceleration ramp.

3 The motor speed goes below the SBC speed limit (A), the FSO activates SBC

function. The FSO starts counters for time D (parameter SBC.12).

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).
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Step | Description

3b If the drive has not ramped down fast enough when time C has elapsed, the FSO
activates the STO function. See section Safe torque off (STO) on page 72 for more
information on how to configure the STO function.

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

5 The motor speed reaches the zero speed limit (B), the SSE completed indication
goes on and the acknowledgement becomes allowed as soon as the SSE request
has been removed (step 6).

The SSE request is removed.

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

With ramp monitoring

The operation of the SSE with speed limit activated SBC, SBC before STO and
ramp monitoring is described in the time diagrams and tables below. For
configuration, see section How to configure SSE with speed limit activated SBC,
SBC before STO on page 353.
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With

a safe speed estimate

Motor speed - -> Safe torque off (STO)

SBC.12
@ SBC.13

Time

SSE request

: Drive STO
| L state&

SBC output

N S

SSE state &
indication

|—| SSE

' completed
| SARO
monitoring

]

D

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

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

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

Response time (depends on system configuration, see page 529)
Ramp monitoring limits

Step

Description

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

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

Description

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

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

The SSE request is removed.

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

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

Motor speed - -> Safe torque off (STO)

©SBC.12
<>
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i ! completed
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A SBC speed (parameter SBC.15): Speed limit below which FSO activates the SBC
function (brake) while ramping.

B Zero speed with encoder (parameter FSOGEN.52): Speed limit to define the motor
as stopped. The safety function is completed, the SARO ramp monitoring is
stopped and the SSE completed indication (parameter SSE.22) goes on. The
acknowledgement becomes allowed.

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 Response time (depends on system configuration, see page 529)

—— Ramp monitoring limits

Step | Description

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

output (SSE.21) goes on.

2 After time D has elapsed, the drive starts to ramp down the motor speed. SARO

parameter 200.102 defines the deceleration ramp. The FSO starts the SARO ramp
monitoring (parameters SARx.11 and SARx.12).
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Step | Description

3 The motor speed goes below the SBC speed limit (A). The FSO activates the SBC
function.

The FSO starts a counter for time 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 72 for more information on
how to configure the STO function.

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

5 The motor speed reaches the zero speed limit (B), the FSO defines the motor as
stopped and stops the SARO monitoring. The SSE completed indication goes on
and the acknowledgement becomes allowed as soon as the SSE request has been
removed (step 6).

6 The SSE request is removed.

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

SSE when drive modulation is lost during deceleration ramp

The behavior of SSE function in a situation where modulation is lost during
deceleration ramp is similar to SS1 function with ramp monitoring, see section
SS1 ramp functions when drive modulation is lost on page 108.

Safely-limited speed (SLS)

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

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

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

Time monitoring

When SLS function is activated at a speed higher than SLS limit, motor starts to
decelerate according to deceleration ramp time defined by drive parameters.
The motor speed must reach SLS monitoring limit within monitoring time limit,
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otherwise SSE function is activated (see section SLS with time monitoring and
speed above monitored speed on page 146).

Ramp monitoring

When SLS function is activated at a speed higher than SLS limit, motor starts to
decelerate according to deceleration ramp slope defined by SLS SAR1 function.
The motor speed must decelerate within SAR1 minimum and maximum limits,
otherwise STO function is activated (see section SLS with ramp monitoring and
speed above monitored speed on page 147).

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

When the SLS monitoring is active, the FSO monitors and limits the motor
speed, but if the motor speed still reaches the SLS trip limit, the FSO module
activates the SSE function (see section SLS trip limit hits on page 162).

SLS reaction when modulation is lost during deceleration ramp

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

For this procedure to work, at least the auxiliary power (24 V DC) to the control
unit and the FSO module must be on. For more information, see section SLS
reaction when modulation is lost during deceleration ramp, with ramp
monitoring on page 148.
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SLS with speed below monitored speed

This applies to both time and ramp monitoring.
Motor speed

A

——— SLS request

:1— SLS monitoring

. : SLS indication

I Manual
acknowledgment

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)
--- SSE coast stop due to SLS trip limit hit

Step | Description

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

2 If the motor speed reaches the SLS trip limit positive (A), the FSO activates the
SSE function and the motor coasts to a stop (in this case, the SSE function has
been configured as “Immediate STO” (parameter SSE.13), see section SLS trip
limit hits on page 162).

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

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

4 The SLS function is acknowledged and the FSO stops the SLS monitoring. The
SLS active indication (parameter SLSx.15, SLSx.24, SLSx.34 or SLSx.44) goes off.
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Note: If drive modulation is lost when SLS function is activated and the motor
speed is below SLS limit, SLS indication is on and STO is not activated due to
loss of drive modulation.

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 356.

Motor speed
A

——— SLS request
L SLS monitoring

. L—— SLSindication

'+ — Manual
M acknowledgment

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)
C  SLS time delay (parameter SLSx.04): Delay for forcing to start SLS monitoring.

(o]

Step | Description

1 The SLS request is received. The motor speed is above the SLS trip limit positive
(A). The FSO starts the counter for the SLS time delay (C) (parameter SLSx.04).
2 The drive starts to ramp down the motor speed. The drive (parameter 23.13 or

23.15) defines the deceleration ramp until the speed reaches the SLS limit positive
(B).

The FSO starts the SLS monitoring when the motor speed is in the middle of the
SLS limit and the SLS trip limit (see also section How to configure mute time for
monitoring start on page 388). The SLS active indication (parameter SLSx.15,
SLSx.24, SLSx.34 or SLSx.44) goes on.

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

3-6 The drive limits the motor speed, but if the motor speed still reaches the SLS trip
limit positive, the FSO activates the SSE function. See section SLS trip limit hits
on page 162.
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Step | Description

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

Note: If the motor speed is above the SLS trip limit after the SLS time delay (C)
has elapsed, the FSO module activates the SSE function. For more information,
see section SLS trip limit hits on page 162.

5 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.

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

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 358.

Motor speed
- -> Safe torque off (STO)

' Time

: ! | : 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 529)

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

Step | Description

1 The SLS request is received. The motor speed is above the SLS trip limit positive

(A).
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Step

Description

2

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

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

The FSO starts the SLS monitoring when the motor speed is in the middle of the
SLS limit and the SLS trip limit (see also section How to configure mute time for
monitoring start on page 388), and stops the SAR1 monitoring. The SLS active
indication (parameter SLSx.15, SLSx.24, SLSx.34 or SLSx.44) goes on.

2b

If the motor speed does not follow the ramp monitoring limits, the FSO activates
the STO function. See section Safe torque off (STO) on page 72 for more
information on how to configure the STO function.

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

The drive limits the motor speed, but if the motor speed still reaches the SLS trip
limit positive, the FSO activates the SSE function. For more information, see
section SLS trip limit hits on page 162.

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

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

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

SLS reaction when modulation is lost during deceleration ramp,
with ramp monitoring

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

« Modoff delay time

« Monitoring active

« Monitoring active and modoff delay time

« Monitoring and modoff delay time disabled.

SLS reaction if modulation is lost with Modoff delay time

The operation of the SLS function in case the modulation of the drive is lost
during the deceleration ramp with Modoff delay time selected (parameter
SLSx.05 is set to Modoff delay time) is described in the time diagram and table
below. For configuration, see section How to configure SLS function behavior
when drive modulation is lost on page 369.
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Mot

or speed
A

> Time

: : : SLS request
! f . . SAR1 monitoring
. . Drive modulation

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

STO.14 delay
‘ ‘ ; STO active
! — SLS indication

A SAR1 ramp monitoring

B Actual motor speed (coasting after modoff)

C  SLStrip limit

D  SLSIlimit

Step | Description

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

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

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

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

3 Modulation of the drive has not returned and the SLSx.06 Modoff delay time has
run out, and FSO activates STO function and STO indication (parameter STO.21
STO output). See section Safe torque off (STO) on page 72 for more information
on how to configure the STO function.

4 If modulation does not return, and STO.14 delay has elapsed, SLS indication goes

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

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

Motor speed

Ol |

» Time

: — : SLS request

— SAR1 monitoring
T Drive modulation

L ! SLSx.06 Modoff
T delay time monitoring

: [ SLS monitoring
‘ L ————— SLS indication

A SAR1ramp monitoring

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

D  SLSlimit

Step | Description

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

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

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

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

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

5 The FSO starts the SLS monitoring when the motor speed is in the middle of the
SLS limit and the SLS trip limit (see also section How to configure mute time for
monitoring start on page 388), and stops the SAR1 monitoring. The SLS
indication (parameter SLSx.15, SLSx.24, SLSx.34 or SLSx.44) goes on.

SLS reaction if modulation is lost with Monitoring active

The operation of the SLS function in case the modulation of the drive is lost
during the deceleration ramp with Monitoring active selected (parameter
SLSx.05 is set to Monitoring active) is described in the time diagram and table
below. For configuration, see section How to configure SLS function behavior
when drive modulation is lost on page 369.

Motor speed
A

> Time

SLS request
g . SAR1 monitoring
‘ ‘ ‘ ‘ Drive modulation
e : j STO.14 delay
I : STO active

}7 SLS indication

A SAR1ramp monitoring

B Actual motor speed (coasting after modoff)
C  SLStrip limit

D SLS limit

E

Last valid speed estimate of FSO
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Step

Description

1

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

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

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

STO.14 delay starts.

Modulation of the drive has not returned and the safe speed estimation with the
last valid speed information hits the SARL monitoring and FSO activates STO
function and STO indication (parameter STO.21 STO output). See section Safe
torque off (STO) on page 72 for more information on how to configure the STO
function.

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

4

SLS indication goes on after STO.14 delay has elapsed.

SLS reaction if modulation is lost with Monitoring active and modoff delay
time - modulation returns

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

Mot

or speed

A

> Time

— SLS request

SAR1 monitoring

, [ . SLSx.06 Modoff
. o ' delay time monitoring

T T Drive modulation

[————— SLS indication

A SAR1 ramp monitoring

B Actual motor speed (coasting after modoff)

C  SLStrip limit

D SLS limit

E Last valid speed estimate of FSO

Step | Description

1 The SLS request is received. The motor speed is above the SLS trip limit positive
(A). The drive starts to ramp down the motor speed. The SAR1 parameter 200.112
defines the deceleration ramp slope until the speed reaches the SLS limit. The
FSO starts the SAR1 ramp monitoring (parameters SARx.21, SARx.22). SAR1
configuration defines the target and monitoring limits for the deceleration ramp
(SARx.22,200.112, SARX.02).
Note: If parameter 200.112 has value O, the drive (parameter 23.23) defines the
deceleration time.

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

coast stop.

SAR1 monitoring of the FSO is on (parameter SLSx.05 configured as Monitoring
active and modoff delay time).

SLS Modoff delay time starts (parameters SLSx.05 & SLSx.06).

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

Description

3

Modulation of the drive returns before the last valid speed information hits the
SARL1 limit and before the modoff delay time has run out.

Deceleration continues as parametrized as long as the speed does not hit the
SARL1 limits.

If modulation of the drive has not returned and the SLSx.06 Modoff delay time
has run out or the last valid speed reaches the SAR limit, FSO activates STO
function and STO indication (parameter STO.21 STO output). See section See
section Safe torque off (STO) on page 72 for more information on how to
configure the STO function.

The FSO starts the SLS monitoring when the motor speed is in the middle of the
SLS limit and the SLS trip limit (see also section How to configure mute time for
monitoring start on page 388), and stops the SAR1 monitoring. The SLS
indication (parameters SLSx.15, SLSx.24, SLSx.34 or SLSx.44) goes on.

SLS reaction if modulation is lost with Monitoring and modoff delay time
disabled

The operation of the SLS function in case the modulation of the drive is lost
during the deceleration ramp with Monitoring and modoff delay time disabled
selected (parameter SLSx.05 is set to Monitoring and modoff delay time
disabled) is described in the time diagram and table below. For configuration,
see section How to configure SLS function behavior when drive modulation is
lost on page 369.
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SLS limit

Step

Description

1

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

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

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

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

SLS Modoff delay time monitoring is not in use.
STO.14 delay starts.

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

If the drive modulation returns before the STO.14 delay has run out, the
deceleration continues as parametrized and the SAR1 monitoring is set on
again.

SLS reaction when modulation is lost during deceleration ramp,
with time monitoring

SLS reaction if modulation is lost with Modoff delay time

The operation of the SLS function in case the modulation of the drive is lost
during the deceleration ramp with Modoff delay time selected (parameter
SLSx.05 is set to Modoff delay time) is described in the time diagram and table
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below. For configuration, see section How to configure SLS function behavior
when drive modulation is lost on page 369.

Motor speed
A

> Time

SLS request

SLSx.04 time
delay monitoring

Drive modulation

' . ' ' ' SLSx.06 Modoff time
delay monitoring

L ‘ —— STO active
STO.14 delay
. , ! ' — SLS indication

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

Step | Description

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

The drive starts to ramp down the motor speed.

The FSO starts the SLS time delay (parameter SLSx.04).

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

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

SLS Modoff delay time starts (parameters SLSx.05 & SLSx.06).
STO.14 delay starts.

3 Modulation of the drive has not returned, the SLSx.06 Modoff delay time has run
out, and FSO activates STO function and STO indication (parameter STO.21 STO
output). See section Safe torque off (STO) on page 72 for more information on
how to configure the STO function.

SLSx.04 time delay for SLS time monitoring

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

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

Motor speed
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‘ SLS request

. I . . Drive modulation

! ! e ! ! SLSx.04 time

delay monitoring

SLSx.06 Modoff time
delay monitoring

‘ ‘ L ] w SLS monitoring
L } ; SLS indication

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

Step | Description

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

The drive starts to ramp down the motor speed.

The FSO starts the counter for the SLS time delay (C) (parameter SLSx.04)

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

2 The drive trips on a fault, there is a drive power loss, or user stops the drive by
coast stop.
SLS Modoff delay time starts (parameters SLSx.05 & SLSx.06).
3 Modulation of the drive returns before the SLSx.06 Modoff delay time has run out.
4 Modoff delay time limit. If the modulation would not return before this time, see

previous case.

5 Speed is below the monitoring limit and SLS monitoring is started.
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Step | Description

6 The FSO starts the SLS monitoring at the latest here, that is, after the SLS time

the middle of the SLS limit and the SLS trip limit (see also section How to
configure mute time for monitoring start on page 388). The SLS indication
(parameters SLSx.15, SLSx.24, SLSx.34 or SLSx.44) goes on.

delay has elapsed. The FSO starts the SLS monitoring when the motor speed is in

SLS reaction if modulation is lost with Monitoring active

The operation of the SLS function in case the modulation of the drive is lost
during the deceleration ramp with Monitoring active selected (parameter

SLSx.05 is set to Monitoring active) is described in the time diagram and table

below. For configuration, see section How to configure SLS function behavior
when drive modulation is lost on page 369.
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Step | Description

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

The drive starts to ramp down the motor speed.

The FSO starts the counter for the SLS time delay (C) (parameter SLSx.04).

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

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

STO.14 delay starts.

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

3 Modulation of the drive has not returned and the safe speed estimation with the
last valid speed information of the motor speed is above the SLS trip limit after
the SLS time delay has elapsed. FSO module activates the SSE function. SSE
function triggers STO function because the modulation is lost and it cannot
activate any deceleration ramp in this case. For more information, see section
SLS trip limit hits on page 162.

If the modulation returns before the last valid speed estimation of FSO has hit the
SLS time delay limit, the drive will continue the deceleration until SLS monitoring
or time monitoring limit is reached. If the motor speed is above the SLS trip limit
after the SLS time delay has elapsed, the FSO module activates the SSE function.

4 If modulation does not return, SLS indication goes on after STO.14 delay has
elapsed.

SLS reaction if modulation is lost with Monitoring and modoff delay time
disabled

The operation of the SLS function in case the modulation of the drive is lost
during the deceleration ramp with Monitoring and modoff delay time disabled
selected (parameter SLSx.05 is set to Monitoring and modoff delay time
disabled) is described in the time diagram and table below. For configuration,
see section How to configure SLS function behavior when drive modulation is
lost on page 369.
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Motor speed

A

. . »  Time
)6 ®
: : SLS request
‘ : ‘ SLSx.04 time

delay monitoring
Drive modulation

STO.14 delay
L — SLS indication

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

Step | Description

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

The drive starts to ramp down the motor speed.

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

The FSO starts the counter for the SLS time delay (C) (parameter SLSx.04)

2 The drive trips on a fault, there is a drive power loss, or user stops the drive by
coast stop. Here, STO is not activated due to loss of modulation.

STO.14 delay starts.

3 If modulation does not return, SLS indication goes on after STO.14 delay has
elapsed.

SLS reaction if modulation is lost with Monitoring and modoff delay time
disabled - modulation returns

The operation of the SLS function in case the modulation of the drive is lost
during the deceleration ramp with Monitoring and modoff delay time disabled
selected (parameter SLSx.05 is set to Monitoring and modoff delay time
disabled) is described in the time diagram and table below. For configuration,
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see section How to configure SLS function behavior when drive modulation is
lost on page 369.

Motor speed

A

0 ®06 -
‘ SLS request
. . Drive modulation
' ' ! ' SLSx.04 time

delay monitoring
I ‘ SLS monitoring

L — SLS indication

B Actual motor speed (coasting after modoff)
SLS trip limit
D  SLSIlimit
Step | Description
1 The SLS request is received. The motor speed is above the SLS trip limit positive
(A).
The drive starts to ramp down the motor speed.
The drive (parameter 23.13 or 23.15) defines the deceleration ramp until the speed
reaches the SLS limit.
The FSO starts the counter for the SLS time delay (C) (parameter SLSx.04).
2 The drive trips on a fault, there is a drive power loss, or user stops the drive by
coast stop.
SLS delay time monitoring is switched off (parameter SLSx.04) as Monitoring and
modoff delay time are disabled.
FSO starts to wait until the STO.14 delay has run out or modulation returns.
3 The drive modulation returns.
Deceleration continues toward SLS limit speed.
4 FSO starts the SLS monitoring when the motor speed is in the middle of the SLS

limit and the SLS trip limit (see also section How to configure mute time for
monitoring start on page 388).

The SLS indication goes on.
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Step | Description

5 FSO starts the SLS monitoring at the latest here, that is, after the SLS time delay
has elapsed.

Note: With time-monitored SLS: If modulation is lost during deceleration ramp
but it returns after SLSx.04 delay time has elapsed, with motor speed higher
than SLS trip limit, then SLS limit hit is generated.

FSO boot behavior with SLS active
When the safe speed estimate is in use, the following boot behavior exists.

During FSO module boot, the FSO module has no valid speed data and thus a
very high initialization value for motor speed is assumed for internal FSO usage.
If an SLS function or variable SLS function is active during FSO reboot and
parameter SLSx.05 is configured so that Modoff delay time or Monitoring active
is selected, the FSO will prevent the drive from restarting until the STO.14 delay

time has elapsed.

: SLS request

M . FSO boot
i SLS ok

. STO
' STO.14 delay

> Time

© O ©

Step | Description

1 SLS request is active during FSO boot.

2 FSO module is rebooted. STO.14 delay time counter is started.

3 STO.14 has elapsed, STO acknowledgement is possible, and SLS indication is
activated.

Note: STO acknowledgement is not possible until STO.14 delay has elapsed. If you
try to acknowledge STO before STO.14 delay has elapsed, STO.14 delay time
counter will be restarted.

SLS trip limit hits

If the motor speed exceeds an SLS trip limit, the FSO activates the SSE function.
The operation of SLS and SSE indications in SLS trip limit hit situations are
described in the diagrams and tables below. For more information on the SSE
function, see section Safe stop emergency (SSE) on page 110.
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SSE with immediate STO, with a safe speed estimate

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

Motor speed

- -> Safe stop emergency (SSE)

© () sTo.14

Time

© e @6 ®E @
| '_,7 SLS request

[—| SLS indication

' ' SSE state &
| : I indication

' SSE

completed

o n w >

SLS trip limit positive (parameter SLSx.14, SLSx.23, SLSx.33 or SLSx.43)
SLS limit positive (parameter 200.23, 200.33, 200.43 or 200.53)
Response time (depends on system configuration, see page 529)

Time to zero speed (parameter STO.14)

SLS trip limit (A)

Step

Description

The SLS request is received, the motor speed is below the SLS limit positive (B)
and the FSO starts the SLS monitoring. The SLS indication (parameter SLSx.15,
SLSx.24, SLSx.34 or SLSx.44) goes on.

The motor speed goes above the SLS limit positive (B).

The motor speed reaches the SLS trip limit positive (A). The SLS indication goes
off.

After time C has elapsed, the FSO activates the SSE function, opens the drive STO
circuit and the motor coasts to a stop.

After time D has elapsed, the motor has stopped and the SLS active indication
goes on (speed is below the SLS limit positive). The SSE completed indication
goes on.

Note: If the SBC is configured in the SSE function, parameter SBC.13 is used here
instead of STO.14.

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




164

Safety functions

Step | Description

7

The SLS function is acknowledged and the FSO stops the SLS monitoring. The
SSE function is acknowledged with the same acknowledgement. The indications
go off.

SSE with immediate STO, with an encoder

This

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

and an encoder is used.

Motor speed

<—>- -> Safe stop emergency (SSE)

Time

— S — SLS request

' ! SLS indication

, SSE state &
| ' [ indication

— N

completed

o nNn w >

SLS trip limit positive (parameter SLSx.14, SLSx.23, SLSx.33 or SLSx.43)
SLS limit positive (parameter 200.23, 200.33, 200.43 or 200.53)
Response time (depends on system configuration, see page 529)

Zero speed limit (parameter FSOGEN.52): Speed limit to define the motor as
stopped. The safety function is completed and the SSE completed indication
(parameter SSE.22) goes on. The acknowledgement becomes allowed.

SLS trip limit (A)

Step

Description

1

The SLS request is received, the motor speed is below the SLS limit positive (B)
and the FSO starts the SLS monitoring. The SLS indication (parameter SLSx.15,
SLSx.24, SLSx.34 or SLSx.44) goes on.

The motor speed goes above the SLS limit positive (B).

The motor speed reaches the SLS trip limit positive (A). The SLS active indication
goes off.

After time C, the FSO activates the SSE function, opens the drive STO circuit and
the motor coasts to a stop.

The motor speed goes below the SLS limit positive (B). The SLS indication goes
on.
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Step | Description

6 The motor speed reaches the zero speed limit (D). The motor has stopped and
the SSE completed indication goes on.

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

8 The SLS function is acknowledged and the FSO stops the SLS monitoring. The
SSE function is acknowledged with the same acknowledgement. The indications
go off.

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

\ ' ,—07 SLS request
m . : SLS indication

] SSE state &
li indication
SSE
completed

SLS trip limit positive (parameter SLSx.14, SLSx.23, SLSx.33 or SLSx.43)
SLS limit positive (parameter 200.23, 200.33, 200.43 or 200.53)
Response time (depends on system configuration, see page 529)

Zero speed limit (parameter FSOGEN.51 or FSOGEN.52): Speed limit to define the
motor as stopped. The safety function is completed and the SSE completed
indication (parameter SSE.22) goes on. The acknowledgement becomes allowed.

—— SLS trip limit (A)

o nNn w >

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.

2 The motor speed goes above the SLS limit positive (B).
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Step | Description

3 The motor speed reaches the SLS trip limit positive (A). The SLS active indication
goes off.

4 After time C has elapsed, the FSO activates the SSE function and the drive starts
the ramp down the motor speed. SARO parameter 200.102 defines the ramp.

5 The motor speed goes below the SLS limit positive (B) and the SLS active
indication goes on.

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

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

8 The SLS function is acknowledged and the FSO stops the SLS monitoring. The
SSE function is acknowledged with the same acknowledgement. The indications
go off.

Variable Safely-limited speed (SLS)

This safety function requires that FSO communicates with a safety-capable PLC
via PROFIsafe over PROFINET. For more information, see chapter PROFIsafe.

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

If the motor speed reaches the SLS trip limit, the FSO module activates the SSE
function (see section SLS trip limit hits on page 162). If the motor speed reaches
a ramp monitoring limit during deceleration, the FSO module activates the STO
function. With time monitoring, the FSO module starts to monitor motor speed
after SLS time delay has elapsed, and if the speed is above the SLS trip limit, the
FSO activates the SSE function.

The SLS function with fixed limits and the SMS function can be active at the
same time with the Variable SLS function. In this case, the FSO module limits
the motor speed according to the lowest speed limit.

The safety PLC sends the Variable SLS request to the FSO module in a
PROFIsafe message. The message includes a scaling value as a percentage (%).
The scaling value is used to scale the original SLS and trip limits (SLS4
parameters) to new, scaled values. The FSO module uses these scaled values
until a new scaling value is received from the safety PLC.

The Variable SLS limits cannot be scaled above the SLS4 limits.
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In the PROFIsafe message, the bits that are used to configure the Variable SLS
function are:

« Positive_Scaling: defines whether the positive SLS limits are scaled or not.

- Negative_Scaling: defines whether the negative SLS limits are scaled or not.

« Variable_SLS_limit (MSB and LSB): defines the scaling value. For example, if
the value set in Variable_SLS_limit = 5000, the scaling value is 50%.

Note: Do not add a plus or a minus sign (+ / -) in front of the scaling value for
the Variable_SLS_limit. Use a scaling value smaller than 100.

The same scaling value is applied to both the positive and the negative limits.
For more information, see section ABB_PS1 profile F-Output user data on
page 193.

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 362.

For more information on drive modulation loss during SLS deceleration ramp,
see SLS reaction when modulation is lost during deceleration ramp, with ramp
monitoring on page 148 and SLS reaction when modulation is lost during
deceleration ramp, with time monitoring on page 155.

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.
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For configuration, see section How to configure Variable SLS with time
monitoring on page 360.

Motor speed
-

'
'
'
'
'
'

Do @® 600 O O
*‘ | ,—‘7 varSLS request

Time

: varSLS status
] L [

& indication

B
C

Variable SLS trip limits (parameter SLSx.43 and the scaling values set in the safety
PLC)

SLS time delay (parameter SLSx.04): Delay for forcing to start SLS monitoring.
Response time (depends on system configuration, see page 529)
Variable SLS trip limit (A)

Step

Description

1

The Variable SLS request is received from the safety PLC (for example, 70%). The
FSO sends a request to the drive to ramp down the motor speed to the new SLS
speed limit. The FSO start a counter for the SLS time delay (B).

After time C has elapsed, the drive starts to ramp down the motor speed. The
drive (parameter 23.13 or 23.15) defines the deceleration ramp.

The FSO starts the SLS monitoring when the motor speed is in the middle of the
new SLS limit and the SLS trip limit (see also section How to configure mute time
for monitoring start on page 388).

The new motor speed has been reached. The Variable SLS active indication
(parameter SLSx.51) goes on.

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

Note: If the motor speed is above the SLS trip limit after the SLS time delay (B)
has elapsed, the FSO module activates the SSE function. For more information,
see section SLS with time monitoring and speed above monitored speed on
page 146.
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Step | Description

5 The Variable SLS request is received again from the safety PLC (for example,
50%). The FSO sends a request to the drive to ramp down the motor speed to the
new speed limit. The FSO starts a counter for the SLS time delay (B).

Note: The FSO continues to monitor the existing Variable SLS limits until the new
speed limit has been reached.

Note: If variable SLS limits are rescaled before previous limits have been reached,
time monitoring delay SLSx.04 starts from the beginning.

6 After time C has elapsed, the drive starts to ramp down the motor speed. Drive
parameters define the deceleration ramp. The Variable SLS active indication goes
off (see also section How to configure limit hit situations on page 383).

The FSO starts the SLS monitoring when the motor speed is in the middle of the
new SLS limit and the SLS trip limit (see also section How to configure mute time
for monitoring start on page 388).

The new motor speed has been reached. The SLS active indication goes on.

8 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.
9 The Variable SLS request is received again from the safety PLC (100%). The FSO

sends a request to the drive to accelerate the motor speed to the new speed
limit. The FSO starts to monitor the motor speed according to the new SLS limits.

10 After time C has elapsed and if the motor speed is lower than the new speed
limit, the drive accelerates the motor speed to the requested speed.

11 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.51) goes off.

Note: For more information on the modoff functionality in a situation where
drive modulation is lost during SLS deceleration ramp, see chapter SLS reaction
when modulation is lost during deceleration ramp, with ramp monitoring on
page 148, and SLS reaction when modulation is lost during deceleration ramp,
with time monitoring on page 155).

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.
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For configuration, see section How to configure Variable SLS with ramp
monitoring on page 359.
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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 529)

—— 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 O, the drive (parameter 23.23) defines the
ramp.

Note: If the motor speed does not follow the ramp, the FSO activates the STO
function.

The FSO starts the SLS monitoring when the motor speed is in the middle of the
new SLS limit and the SLS trip limit (see also section How to configure mute time
for monitoring start on page 388).

3 The new motor speed has been reached. The Variable SLS active indication
(parameter SLSx.51) goes on.

4 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.
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Step

Description

After time B has elapsed, the drive starts to ramp down the motor speed. SAR1
parameter 200.112 defines the deceleration ramp. The FSO starts to monitor the
ramp with SAR1 parameters (SARx.21, SARx.22). The Variable SLS indication goes
off (see also section How to configure limit hit situations on page 383).

Note: The FSO continues to monitor the existing Variable SLS limits until the new
speed limit has been reached.

The new motor speed has been reached and the FSO starts to monitor the motor
speed according to the new SLS limits. The Variable SLS active indication goes on.

The Variable SLS request is received again from the safety PLC (100%). The FSO
sends a request to the drive. The FSO starts to monitor the motor speed
according to the new SLS limits.

After time B has elapsed and if the motor speed is lower than the new speed limit,
the drive accelerates the motor speed to the requested speed.

The Variable SLS request is removed from the safety PLC (acknowledgement
method is manual or from a safety PLC).

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

10

The Variable SLS is acknowledged and the FSO stops the SLS monitoring. The
drive continues with the speed reference set by the user. The Variable SLS
indication (parameter SLSx.51) goes off.

Safe maximum speed (SMS)

The SMS function is used to protect the machine from too high
speeds/frequencies. You can configure it to be permanently on or off. There are
two different versions of the SMS function:

1. Version 1: If the motor speed reaches the minimum or the maximum SMS
trip limit, the FSO module activates the SSE function.

2. Version 2: The minimum and maximum SMS limits limit the motor speed.
This version of the SMS function is similar to the SLS function except that it
can only be permanently on or off.

The required version of the SMS function is selected with FSO parameters.

You can configure the minimum and maximum SMS limits 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 367.

Motor speed
©
@ , - -> Safe stop emergency (SSE)
V¥

Time

,—l_ Drive STO state
; & indication

SSE state

& indication

A SMS trip limit positive (parameter SMS.14)

B SMS trip limit negative (parameter SMS.13)

C Response time (depends on system configuration, see page 529)
—— SMS trip limits (A and B)

Step | Description

1 The motor speed reaches the SMS trip limit positive (A).

2 After time C has elapsed, the FSO activates the SSE function. In this case, the
SSE function has been configured as “Immediate STO” (parameter SSE.13). This
opens the drive STO circuit immediately and the motor coasts to a stop. The STO
and SSE indications go on.

Note: If SBC is used, it is activated according to SBC configuration settings (see
the note on page 54). See section Safe stop emergency (SSE) on page 110 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 367.

Motor speed

@ _________

Time

SMS trip limit positive (parameter SMS.14)
SMS trip limit negative (parameter SMS.13)
SMS limit positive (parameter 200.73)

o N w >

SMS limit negative (parameter 200.72)
—— SMS trip limits (A and B)

The drive limits the motor speed so that it stays between the SMS limit positive
and negative. If the motor speed still hits the SMS trip limit positive or negative,
the FSO module activates the SSE function (see section Safe stop emergency
(SSE) on page 110 for more information on how to configure the SSE function).

If you use the SMS function, version 2 and you need to remove the FSO module
from the drive, do these steps:

1. Reconfigure 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.

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.
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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/DCS880 drives, see
the corresponding 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 368.

Motor speed

@ POUS.13 /
® ©®

@ ® @
| |
| é
|' z

POUS request

: Drive STO state

17 & indication
' POUS active

indication

] POUS

completed

A POUS delay for completion (parameter POUS.13): Sets a delay for POUS completed
indication. The POUS completed indication (parameter POUS.22) goes on after this
delay.

Note: POUS function does not activate SBC function, even if SBC is configured into
use together with the STO function.

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.21)
and the STO active indication (parameter STO.21) 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.
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Step | Description

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.

Safe speed monitor (SSM)

The SSM function provides a safe output signal to indicate whether the motor
speed is between user-defined limits. There are four separate SSM functions
(SSML1...SSM4) with separate monitoring limits and indications. Several SSM
functions can be active at the same time.

You can configure the SSM function to be permanently on or off, or to be
activated externally from the FSO module 1/0 or from a safety PLC.

You can use the SSM function with a safety encoder or with a safe speed
estimate. With an encoder, the FSO module is always aware of the exact motor
speed. Without an encoder, the speed information is valid only when the drive is
modulating (see section SSM with a safe speed estimate on page 177).

Note: If there is a fault in the speed data and the SSM function is the only active
safety function, this does not trip the drive. This only removes the SSM
indication and generates a warning to the drive.
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The operation of the SSM function is described in the time diagrams and tables
below. The SSM1 function is used as an example. For configuration, see section

Confi

guring SSM on page 378.

Motor speed

SSM1 request

I—,m SSM1 state &
indication

A SSML1 limit positive (parameter SSMx.13)

B  SSML1 limit negative (parameter SSMx.12)

==« SSM limits (A and B)

Step | Description

1 The SSM1 request is received (for example, from the |/0O) and the FSO starts the
SSM1 monitoring. The motor speed is between the SSM1 limit positive (A) and
SSML1 limit positive (B). The SSM1 indication goes on.

2 The motor speed goes above the SSM1 limit positive (A), the SSM1 indication
goes off.

3 The motor speed goes below the SSM1 limit positive (A), the SSM1 indication
goes on.

4 The motor speed goes below the SSM1 limit negative (B), the SSM1 indication
goes off.

5 The motor speed goes above the SSM1 limit negative (B), the SSM1 indication
goes on.

6 The SSM1 request is removed and the FSO stops the SSM1 monitoring. The SSM1
indication goes off.




Safety functions 177

SSM with a safe speed estimate

This section describes situations when an encoder is not used and the drive
stops modulating when the SSM monitoring is on.

Case

A: This applies when the drive stops modulating after the SSM monitoring

limit has been reached.

®

Motor speed @ STO.14

P Tt Time
® @ 6 @
e e e e e e e — -
J Ii SSM1 request
: \ SSM1 state &
_, indication

SSML1 limit positive (parameter SSMx.13)

B SSML1 limit negative (parameter SSMx.12)

Time to zero speed (parameter STO.14): When the drive stops modulating, SSM1
indication goes on after this delay.

= = SSM limits (A and B)

Step | Description

1 The SSML1 request is received (for example, from the 1/0) and the FSO starts the
SSM1 monitoring. The motor speed is between the SSM1 limit positive (A) and
SSM1 limit positive (B). The SSM1 indication goes on.

2 The drive stops modulating and the FSO starts a counter for time C. The motor
speed starts to decelerate. While the drive is not modulating, the state of the FSO
outputs is based on the latest speed information from modulation.

3a The drive starts to modulate again and the FSO receives the actual motor speed
again. The motor speed is between the SSM1 limit positive (A) and SSM1 limit
positive (B), and the SSM1 indication stays on.

3b Time C has elapsed, but the drive is still not modulating. The FSO assumes that
the motor has stopped. The motor speed is still between the SSM1 limit positive
(A) and SSML1 limit positive (B), and the SSM1 indication stays on.

4 SSM1 request is removed and the FSO stops the SSM1 monitoring. The SSM1
indication goes off.
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Case

B: This applies when the drive stops modulating before the SSM

monitoring limit has been reached.

®

Motor speed

(©) sto14

. Time

| SSM1 request

, SSM1 state &
indication

‘ SSM1 state &
\— indication

vy}

SSML1 limit positive (parameter SSMx.13)
SSML1 limit negative (parameter SSMx.12)

Time to zero speed (parameter STO.14): When the drive stops modulating, SSM1
indication goes on after this delay.

SSM limits (A and B)

Step

Description

1

The SSM1 request is received (for example, from the |/0) and the FSO starts the
SSM1 monitoring. The motor speed is not between the SSM1 limit positive (A) and
SSML1 limit positive (B). The SSM1 indication is off.

The drive stops modulating and the FSO starts a counter for time C. The motor
speed starts to decelerate. While the drive is not modulating, the state of the FSO
outputs is based on the latest speed information from modulation.

3a

The drive starts to modulate again and the FSO receives the actual motor speed
again. The motor speed is between the SSM1 limit positive (A) and SSM1 limit
positive (B), and the SSM1 indication goes on.

3b

Time C has elapsed, but the drive is still not modulating. The FSO assumes that
the motor has stopped.

The SSM1 request is removed and the FSO stops the SSM1 monitoring. The SSM1
indication goes off.
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Safe direction (SDI)
This safety function requires that you use an encoder in the safety application.

The SDI function monitors that the motor rotates into the correct direction.
There are separate functions to monitor the positive and negative directions.
You can activate them separately.

The SDI functions can be configured to be always on or off, or to be activated
externally from the FSO module 1/0 or from a safety PLC.

When the SDI function is active, the drive limits the speed reference so that the
user cannot set it to the forbidden direction. If the motor rotates into the
forbidden direction more than the user-defined SDI tolerance limit allows, the
FSO module activates the SSE function and the motor stops.

If the motor does not rotate in the correct direction when the SDI function is
activated, the motor speed is first decelerated to zero speed. You can configure
the SDI function to use either the time monitoring or ramp monitoring method
when the motor speed is decelerated. After the user has given a new speed
reference, the motor starts to rotate to the correct direction.

SDI with correct rotation direction

This applies when the motor rotates into the correct direction when the SDI
function is activated. The SDI positive function is used as an example.

Note: This diagram shows the position of the motor shaft (not the motor
speed).

Motor

'@

Time

SDI request

SDI state &
indication

A SDI tolerance limit degree (parameter SDI.14): The motor shaft cannot move to the
forbidden direction more than defined with this parameter.

— SDI monitoring limit
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Step | Description

1 The SDI positive request is received (for example, from the 1/0) and the FSO
starts the SDI monitoring. The SDI active indication goes on. The motor rotates to
the correct direction (in this case, positive).

2 The motor stops.
The motor starts to rotate again (into the positive direction).
The rotation direction of the motor changes to the forbidden (negative)
direction. The FSO locks the SDI tolerance limit degree (A) into its current
position.

5 The motor stops before the SDI tolerance limit (A) is reached.

The motor starts to rotate again (into the positive direction).

The motor continues to rotate to the correct direction and the SDI tolerance limit
degree (A) is update to its original value.

SDI with time monitoring

This applies when the motor rotates into the forbidden direction when the SDI
function is activated and the time monitoring method is used. The SDI positive
function is used as an example.

Motor speed

@ SDI.12

-> Safe stop emergency (SSE)

SDI request
,7

) SDI state &

indication

SSE state &

indication

SDI delay (parameter SDI.12): Delay for forcing to start the SDI monitoring.

Zero speed with encoder (parameter FSOGEN.52): Speed limit to define the motor
as stopped. The safety function is completed and the SSE completed indication
(parameter SSE.22) goes on. The STO acknowledgement becomes allowed.
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Step

Description

The SDI positive request is received (for example, from the I/0). The motor
rotates into the forbidden direction (in this case, negative). The drive starts to
decelerate the motor speed to zero speed. The drive (parameter 23.13 or 23.15)
defines the deceleration ramp. The FSO module starts a counter for time A. The
SDI active indication is off.

The motor speed reaches zero and the motor stops. The FSO starts the SDI
monitoring according to the SDI tolerance limit degree (not shown in this figure,
see section SDI with correct rotation direction on page 179). The SDI active
indication goes on.

2b

The FSO starts the SDI monitoring at the latest here, that is, after the SDI delay
(A) has elapsed.

Note: If the rotation direction of the motor is not correct after the SDI delay (A)
has elapsed, the FSO module activates the SDI monitoring. If the motor rotates to
the forbidden direction more that the SDI tolerance limit degree (parameter
SDI.14, not shown in this figure) allows, 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 SDI trip limit hits on page 183.

The user gives a new speed reference. The motor starts to rotate into the correct
(positive) direction.

3b

Zero speed limit (B) reached. If the SSE function was activated at 2b, the STO
acknowledgement becomes allowed and the FSO starts the SDI monitoring.

The SDI request is removed and the FSO stops the SDI monitoring. The SDI
function is acknowledged (automatic SDI acknowledgement) and the SDI active
indication goes off.




182 Safety functions

SDI with ramp monitoring

This applies when the motor rotates into the forbidden direction when the SDI
is activated and the ramp monitoring method is used. The SDI positive function
is used as an example.

Motor speed

> Safe 'torque off (STO)

i [ SDIrequest
' SDI state &

indication

SAR1
monitoring

STO state &

indication

A Zero speed with encoder (parameter FSOGEN.52): Speed limit to define the motor
as stopped. The safety function is completed and the STO completed indication
(parameter STO.22) goes on. The STO acknowledgement becomes allowed.

—— Ramp monitoring limits

Step | Description

1 The SDI positive request is received (for example, from the 1/0). The motor
rotates into the forbidden direction (in this case, negative). The drive starts to
decelerate the motor speed to zero speed. SAR1 parameter 200.112 defines the
deceleration ramp. The FSO module starts the ramp monitoring (SAR1
parameters SARx.21, SARx.22). The SDI active indication is off.

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

2 The motor speed reaches zero and the motor stops. The FSO stops the ramp
monitoring and starts the SDI monitoring according to the SDI tolerance limit
degree (not shown in this figure, see section SDI with correct rotation direction
on page 179). The SDI active indication goes on.
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Step | Description

2b If the deceleration of the motor does not follow the ramp monitoring limits, the
FSO module activates the STO function and the motor coasts to a stop. The STO
indication goes on (parameter STO.21). See section Safe torque off (STO) on
page 72 for more information on how to configure the STO function.

3 The user gives a new speed reference. The motor starts to rotate into the correct
(positive) direction.

3b Zero speed limit (A) reached. If the STO function was activated at 2b, the STO
acknowledgement becomes allowed and the FSO starts the SDI monitoring.

4 The SDI request is removed and the FSO stops the SDI monitoring. The SDI

function is acknowledged (automatic SDI acknowledgement) and the SDI active
indication goes off.

SDI trip limit hits

This applies to SDI trip limit hit situations, that is, when the motor rotates too
much to the forbidden direction while the SDI monitoring is on. The SDI positive
function is used as an example.

Note: This diagram shows the position of the motor shaft (not the motor
speed).

Motor

- -> Safe stop emergency (SSE)

®
:/$

. Time
—| ! | SDI request
; L SDI state &
J |_| indication
]_| SSE state &
indication
A SDI tolerance limit degree (parameter SDI.14): The motor shaft cannot move to the
forbidden direction more than defined with this parameter.
— SDI monitoring limit
Step | Description
1 The SDI positive request is received (for example, from the I/0) and the FSO

starts the SDI monitoring. The SDI active indication goes on. The motor rotates to
the correct direction (in this case, positive).
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Step | Description

2 The motor stops.
3 The motor starts to rotate again (into the positive direction).
4 The rotation direction of the motor changes to the forbidden (negative)

direction. The FSO locks the SDI tolerance limit (A) into its current position.

5 The SDI tolerance limit (A) is reached. The FSO stops the SDI monitoring and
activates the SSE function and the motor coasts to a stop. The SDI indication
goes off. The SSE indication goes on. Refer to section Safe stop emergency (SSE)
on page 110 for more information on how to configure the SSE function.

6 The motor has stopped. The SSE function is completed and the FSO starts the
SDI monitoring. The SDI active indication goes on and the SSE indication goes off.
When the motor starts to rotate again (into the correct direction), the SDI
monitoring continues with the original SDI tolerance limit (A).

Priorities between safety functions

When several safety functions are active at the same time, these priorities
apply:

1. the STO function overrides the SSE and SS1 functions

2. the SSE function overrides the SS1 function.

The overriding function will also override the indications of the low priority
functions, eg, by switching off the outputs of the safety functions with lower
priority.

The POUS function is independent of other safety functions. If you activate the
POUS function when another safety function is active (for example, during a
deceleration ramp), it can disturb the performance of the other safety function.
ABB recommends that you do not activate the POUS function when the motor is
running.

Example: The SS1 function uses SAR1 parameters to define the stop ramp. In
some situations (for example, with PROFIsafe-related faults or trip limit hits),
the FSO module activates the Safe stop emergency (SSE) function. When the
SSE function has been configured as “Emergency ramp”, it uses SARO
parameters to define the stop ramp. If the FSO module activates the SSE
function while the SS1 function is active, the SSE function overrides the SS1
function. Therefore, SARO parameters are used instead of SAR1 parameters to
define the stop ramp.

When a safety function overrides another safety function, this does not remove
the request of the overridden safety function. Therefore, the overridden safety
function restarts after the other safety function has been completed and
acknowledged.
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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. The SDI function activates the
SSE function when motor rotation reaches the user-defined SDI tolerance
limit.

3. Monitoring limit hit: The SS1, SSE (with emergency ramp), SLS and SDI
functions (with ramp monitoring) activate the STO function of the FSO
module when the motor speed reaches a monitoring limit.

The STO, SSE with immediate STO and POUS functions activate the drive STO
function, that is, open the drive STO circuit.

The POUS function activates the drive STO independently of the stopping
functions of the FSO module.
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PROFlsafe

Contents of this chapter

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

Introduction

When the drive is controlled from a safety PLC, the reliability of the fieldbus
communication must be secured. This can be done with the PROFIsafe
technology. The PROFIsafe technology includes several safety measures to
minimize the effect of various transmission errors that can occur when
messages are transferred in a complex network.

PROFIsafe is an application layer (protocol) that describes the safety
communication between fail-safe devices. It is an additional layer on top of the
standard PROFIBUS and PROFINET protocols.

There are two versions of the PROFIsafe protocol:

« V1can only be used with PROFIBUS

« V2 can be used with PROFIBUS and PROFINET.

The FSO module supports PROFIsafe protocol version V2.4 with PROFINET.

The PROFIsafe protocol can be used for safety applications up to SIL 3
according to IEC 61508 / IEC 62061, or up to PL e, cat. 4 according to EN
1ISO 13849-1.
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It is possible to use the shared device feature together with an FPNO-21 module.
For more information, refer to FPNO-21 PROFINET adapter module user's
manual (3AXD50000158614 [English]).

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

System description

Required components

. FSO-21 safety functions module
- ACS880 drives:

« ACS880 primary control program (AINLX) version 2.21 or later,
or

« ACS880 primary control program (YINLX) version 1.30 or later
. DCS880 drives: DCS880 Firmware version 2.07 or later.

« FB module: FPNO-21 PROFINET fieldbus adapter module (version 1.00 or
later) or FENA-21 Ethernet adapter module (version 3.05 or later)

- compatible safety PLC system, for example, ABB AC500-S Safety PLC or
Siemens SIMATIC Fail-safe S7 PLC

Tools

« Drive Composer pro PC tool: version 1.8 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



https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000158614&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000158614&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
http://www.profibus.com/
http://www.profibus.com/
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System overview

This figure shows an overview of a safety PLC that is connected to the ACS880
drive via the PROFIsafe communication bus.

Safety PLC
system controller ACS880 drive
(F-Host)

PROFIsafe over PROFINET FB module
| CRC | Control Byte | F-Output data | FSO-21
» (F-Device)

»

| F-Input data |Status Byte | CRC |

P
<

The FSO-21 safety functions module and the FB module are installed on the
ACS880 drive. The safety PLC is connected to the FB module, which
communicates with the FSO module. The safety PLC activates safety functions
via the PROFIsafe communication bus. The user can also activate safety
functions from an 1/0 device (for example, an emergency stop button) which is
connected to the FSO module.

The PROFIsafe protocol secures the whole path from the location where a
safety signal originates to the location where it is processed and vice versa.

The safety PLC sends PROFIsafe messages (frames) to the FSO module through
the FB module which extracts the frame from the PROFINET communication.
The FSO module reads and interprets the PROFIsafe messages and performs
the required actions. The FSO module sends PROFIsafe messages back to the
FB module which transmits them to the safety PLC.

The term PROFIsafe F-Output data refers to the application-specific user data

in the frames that are transmitted to the FSO module (F-Device) from the safety
PLC (F-Host). The term PROFIsafe F-Input data refers to the application-specific
user data in the frames that are transmitted from the FSO module to the safety
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PLC. For a detailed description of the PROFIsafe message format, see section
PROFIsafe message format on page 190.

F-Parameters are PROFIsafe parameters that all PROFIsafe devices support.
F-Parameters are sent from the F-Host (safety PLC) to the F-Device (FSO
module) when the PROFIsafe connection is created. They contain the PROFIsafe
addresses and the watchdog time for the PROFIsafe connection.

Note: ABB recommends that you use only PROFINET compatible Ethernet
switches and cables in the PROFIsafe communication bus.

Remote 1/0 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 192.

Only FSO outputs that are not configured for 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 206). To
exit the Fail-safe mode, reboot the FSO as described in section FSO recovery on
page 498.

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 is found, 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.

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
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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 CRC2
Byte
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 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 CRC Bit O

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.
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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 O.
CRC2
N;+1 |7 CRC bit 23 Octet 3 (MSB) of 24 bit CRC
0] CRC bit 16
N;+2 |7 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 PROFIsafe profiles. The FSO-21 module supports the ABB_PS1 and
ABB_PS2 profiles.

The ABB_PSL1 profile provides the functionality to control and monitor the safety
functions, the SLS limits, the safe speed value and the states of the FSO I/0. In
addition to the functionality in the ABB_PSL1 profile, the ABB_PS2 profile
includes the safe position data. The ABB_PS2 profile requires that an encoder is
used in the safety system.
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ABB_PS1 profile F-Output user data

This table shows the bit order of the F-Output data, which is included in the
PROFIsafe message sent to the FSO module from the safety PLC. For all the bits
in the F-Output data, one (1) means active and zero (0) non-active.

Type |Octet |Bit | Name Description
Unsig | O 0 |[SLS2_request SLS2 (Safely-limited speed) activation requested
nedl by the controller.
6 1 | SLS1_request SLS1 (Safely-limited speed) activation requested
(used by the controller.
as =
bits) Reserved”) Must not be used (must be 0).
3 |Reserved” Must not be used (must be 0).
SS1_request SS1 (Safe stop 1) activation requested by the
controller.
5 |SSE_request SSE (Safe stop emergency) activation requested
by the controller.
6 | POUS_request POUS (Prevention of unexpected start-up)
activation request by the controller.
7 | STO_request STO (Safe torque off) activation requested by
the controller.
Unsig |1 0 |SDI_N_ activate SDI_N (Safe direction) activation requested by
nedl the controller.
6 1 | SDI_P_activate SDI_P (Safe direction) activation requested by
(used the controller.
as =
bits) 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.
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Type |Octet | Bit | Name Description
Unsig |2 0 |Variable_SLS_req | Variable SLS (Safely-limited speed) activation
nedl uest requested by the controller and the Variable SLS
6 limit is valid.
(used 1 |Reserved” Must not be used (must be 0).
as
bits) 2 | SF_end_ack Safety function ending acknowledgement =1,
no acknowledgement = 0.
3 |Reserved” Must not be used (must be 0).
SSM4_activate SSM4 (Safe speed monitor) activation requested
by the controller.
5 |SSM3_activate SSM3 (Safe speed monitor) activation requested
by the controller.
6 |SSM2_activate SSM2 (Safe speed monitor) activation requested
by the controller.
7 | SSM1_activate SSM1 (Safe speed monitor) activation requested
by the controller.
Unsig |3 0 |Safe_output_X11 |State of the safe output X114:9 (see section
nedl 4_9 ctrl Remote I/O control on page 190).1=24V,0=0
6 V.
(used 1 |Safe_output_X11 |State of the safe output X114:8 (see section
as 4_8 _ctrl Remote I/0O control on page 190).1=24V,0=0
bits) V.
2 | Safe_output_X11 | State of the safe output X114:7 (see section
4_7_ctrl Remote I/O control on page 190).1=24V,0=0
V.
3 | Safe_output_X11 |State of the safe output X113:9 (see section
3_9_ctrl Remote I/O control on page 190).1=24V,0=0
V.
4 | Safe_output_X11 | State of the safe output X113:8 (see section
3_8_ctrl Remote I/O control on page 190).1=24V,0=0
V.
5 |Safe_output_x113 | State of the safe output X113:7 (see section
_T_ctrl Remote I/O control on page 190).1=24V,0=0
V.
6 | Negative_Scaling | Selects whether Variable SLS limit is scaled for
negative direction. O = Limit scaled, 1 = Limit not
scaled (100%).
7 | Positive_Scaling | Selects whether Variable SLS limit is scaled for
positive direction. O = Limit scaled, 1 = Limit not
scaled (100%).
Integ |4 Variable_SLS_limi | Safely-limited speed relative limit (MSB) [0.01%]
erl6 t_MSB
Integ |5 Variable_SLS_limi | Safely-limited speed relative limit (LSB) [0.01%]
erl6 t_LSB
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| Type | Octet | Bit | Name Description

") |f 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).

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 206.

Type |Octet |Bit | Name Description

Unsig | O 0 |[SLS2_active SLS2 (Safely-limited speed) is active. Active
nedl when the SLS2 function is active and the motor
6 speed is below the SLS2 limit (that is, when the
(used SLS2 monitoring is on).

as 1 | SLS1_active SLS1 (Safely-limited speed) is active. Active
bits) 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.
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Type |Octet | Bit | Name Description

Unsig |1 0 |Reserved” The value is 0. Must be ignored by the F-Host.
(r;edl 1 |Reserved? The value is 0. Must be ignored by the F-Host.
(used 2 |Reserved” The value is 0. Must be ignored by the F-Host.
as 3 Reserved”) The value is 0. Must be ignored by the F-Host.
bits) 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).

Unsig |2 0 |Speed_feedback_ty | Active speed feedback

nedl pe O=Estimate is active

6 1=Encoder is active

(used .

as Note: This value should only be used for octet

bits) 5 bit 3 Speed_Pos_value_valid interpretation,
that is, to determine if the position value is
valid or not (octet 8 and 9).

1 SMS_active SMS (Safe maximum speed) function is active.

2 | SSM4_active SSM4 (Safe speed monitor) function is active
and the motor speed is within the SSM4 limits.

3 | SSM3_active SSM3 (Safe speed monitor) function is active
and the motor speed is within the SSM3 limits.

4 | SSM2_active SSM2 (Safe speed monitor) function is active
and the motor speed is within the SSM2 limits.

5 | SSM1_active SSM1 (Safe speed monitor) function is active
and the motor speed is within the SSM1 limits.

6 |SDI_N_active SDI_N (Safe direction) is active.

7 | SDI_P_active SDI_P (Safe direction) is active.

Unsig |3 0 |Safe_input_X114_4 | State of the safe input X114:4.
gedl 1 |Safe_input_X114_3 |State of the safe input X114:3.
(used 2 |Safe_input_X114_2 | State of the safe input X114:2.
as 3 | Safe_input_X114_1 | State of the safe input X114:1.
bits) 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.
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Type |Octet |Bit | Name Description
Unsig | 4 0 |Variable_SLS_activ |Variable SLS (Safely-limited speed) is active.
nedl e Active when the Variable SLS function is active
6 and the motor speed is below the Variable SLS
(used limit (that is, when the Variable SLS
as monitoring is on).
bits) 1 |POUS_active POUS (Prevention of unexpected start-up)
function is active.
2 | Safe_output_X114_ | State of the safe output X114:9.
9
3 | Safe_output_X114_ | State of the safe output X114:8.
8
4 | Safe_output_X114_ | State of the safe output X114:7.
7
5 |Safe_output_X113_ | State of the safe output X113:9.
9
6 |Safe_output_X113_ | State of the safe output X113:8.
8
7 | Safe_output_X113_ | State of the safe output X113:7.

7
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Type

Octet

Bit

Name

Description

Unsig
nedl
6
(used
as
bits)

5

SF_end_ack_req

Safety function ending acknowledgement
requested =1,

no acknowledgement requested = 0.
Acknowledgement can be done via PROFIsafe.
Note: These values are indicative only and shall
not be used for safety-related decisions about
safety function states (there are other ways to
safely determine the state of a function, for
example, using SS1 to check octet 0 bit 4 and
then octet 5 bit 4: if safe state, then SSl1is
completed).

SF_end_ack_reqg_lo
cal

Local safety function ending
acknowledgement

requested =1, no acknowledgement requested
=0.

Acknowledgement can only be done locally via
the FSO I/0 if SF_end_ack_req s O.

Note: These values are indicative only and shall
not be used for safety-related decisions about
safety function states (there are other ways to
safely determine the state of a function, for
example, using SS1 to check octet O bit 4 and
then octet 5 bit 4: if safe state, then SS1is
completed).

STO_control_active

The drive STO circuit is open.
Note: The motor may still be rotating.

Speed_value_valid

Is the speed value valid (= 1) or not (= 0).

The speed value is defined in octets 6 and 7.
Note: Octet 2 bit O indicates the speed source
and octet 5 bit 3 indicates the validity of the
indicated speed source.

FSO_state

Safe state =1
Operational state = 0

FSO_mode.0

FSO_mode.1

FSO operating FSO_mode.1 |FSO_mode.0
mode

Start-up 0 (o}
Running 0 1
Fail-safe 1 0
Configuration 1 1
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Type |Octet |Bit | Name Description
7 | Modulating The drive is modulating = 1
It is not known if the drive is modulating or not
=0
WARNING! The only safe way to make
Q sure that a drive is not modulating is to
activate drive STO. Drive STO can be
activated, eg, with FSO STO or POUS
function.
Integ |6 Safe_speed_MSB The current motor speed value from FSO
erl6 (MSB).
Integ |7 Safe_speed_LSB The current motor speed value from FSO
erl6 (LSB).

) 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.

ABB_PS2 profile F-Output user data

This table shows the bit order of the F-Output data, which is included in the
PROFIsafe message sent to the FSO module from the safety PLC. For all the bits
in the F-Output data, one (1) means active and zero (0) non-active.

Type |Octet |Bit | Name Description
Unsig | O 0 |[SLS2_request SLS2 (Safely-limited speed) activation requested
nedl by the controller.
6 1 | SLS1_request SLS1 (Safely-limited speed) activation requested
(used by the controller.
as =
bits) Reserved”) Must not be used (must be 0).
3 |Reserved” Must not be used (must be 0).
SS1_request SS1 (Safe stop 1) activation requested by the
controller.
5 |SSE_request SSE (Safe stop emergency) activation requested
by the controller.
6 |POUS_request POUS (Prevention of unexpected start-up)
activation request by the controller.
7 | STO_request STO (Safe torque off) activation requested by

the controller.
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Type |Octet | Bit | Name Description
Unsig |1 O |SDI_N_activate |SDI_N (Safe direction) activation requested by
nedl the controller.
6 1 | SDI_P_activate SDI_P (Safe direction) activation requested by
(used the controller.
as 7
bits) 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.
Unsig |2 0 |Variable_SLS_req | Variable SLS (Safely-limited speed) activation
nedl uest requested by the controller and Variable SLS
6 limit is valid.
(used 1 |Reserved? Must not be used (must be 0).
as
bits) 2 | SF_end_ack Safety function ending acknowledgement =1,
no acknowledgement = 0.
3 |Reserved” Must not be used (must be 0).
SSM4_activate SSM4 (Safe speed monitor) activation requested
by the controller.
5 |SSM3_activate SSM3 (Safe speed monitor) activation requested
by the controller.
6 |SSM2_activate SSM2 (Safe speed monitor) activation requested
by the controller.
7 | SSM1_activate SSM1 (Safe speed monitor) activation requested

by the controller.
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Type |Octet |Bit | Name Description
Unsig |3 0 |[Safe_output_X11 |State of the safe output X114:9 (see section
nedl 4 9 ctrl Remote I/O control on page 190).1=24V,0=0
6 V.
(used 1 |Safe_output_X11 |State of the safe output X114:8 (see section
as 4_8_ctrl Remote I/O control on page 190).1=24V,0=0
bits) V.
2 | Safe_output_X11 |State of the safe output X114:7 (see section
4 7 _ctrl Remote I/O control on page 190).1=24V,0=0
V.
3 | Safe_output_X11 |State of the safe output X113:9 (see section
3_9_ctrl Remote I/0O control on page 190).1=24V,0=0
V.
4 | Safe_output_X11 | State of the safe output X113:8 (see section
3_8_ctrl Remote I/O control on page 190).1=24V,0=0
V.
5 |Safe_output_x113 | State of the safe output X113:7 (see section
_7_ctrl Remote I/0O control on page 190).1=24V,0=0
V.
6 | Negative_Scaling | Selects whether Variable SLS limit is scaled for
negative direction. O = Limit scaled, 1 = Limit not
scaled (100%).
7 | Positive_Scaling | Selects whether Variable SLS limit is scaled for
positive direction. O = Limit scaled, 1 = Limit not
scaled (100%).
Integ |4 Variable_SLS_limi | Safely-limited speed relative limit (MSB) [0.01%]
erl6 t _MSB
Integ |5 Variable_SLS_limi | Safely-limited speed relative limit (LSB) [0.01%]
erl6 t_LSB

") |f 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 (refer to chapter Fault tracing).

ABB_PS2 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.
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Refer also to section FSO module modes and states on page 206.

Type |Octet | Bit | Name Description

Unsig | O 0 |SLS2_active SLS2 (Safely-limited speed) is active. Active

nedl when the SLS2 function is active and the motor

6 speed is below the SLS2 limit (that is, when the

(used SLS2 monitoring is on).

as 1 | SLS1_active SLS1 (Safely-limited speed) is active. Active

bits) 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) function is active.

5 | SSE_active SSE (Safe stop emergency) function is active.

6 |SBC_active SBC (Safe brake control) function is active.

7 | STO_active STO (Safe torque off) function is active.

Unsig |1 0 |Reserved? The value is 0. Must be ignored by the F-Host.
gedl 1 |Reserved? The value is 0. Must be ignored by the F-Host.
(used 2 |Reserved” The value is 0. Must be ignored by the F-Host.
as 3 |Reserved” The value is 0. Must be ignored by the F-Host.
bits) 4 | SAR1_active SARI (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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Type |Octet |Bit | Name Description
Unsig |2 0 |Speed_feedback_ty | Active speed feedback
ned1 pe O=Estimate is active
6 1=Encoder is active
(used .
as Note: This value should only be used for octet
bits) 5 bit 3 Speed_Pos_value_valid interpretation,
that is, to determine if the position value is
valid or not (octet 8 and 9).
1 | SMS_active SMS (Safe maximum speed) function is active.
2 | SSM4_active SSM4 (Safe speed monitor) function is active
and the motor speed is within the SSM4 limits.
3 | SSM3_active SSM3 (Safe speed monitor) function is active
and the motor speed is within the SSM3 limits.
4 | SSM2_active SSM2 (Safe speed monitor) function is active
and the motor speed is within the SSM2 limits.
5 |SSM1_active SSM1 (Safe speed monitor) function is active
and the motor speed is within the SSM1 limits.
6 | SDI_N_active SDI_N (Safe direction) is active.
7 | SDI_P_active SDI_P (Safe direction) is active.
Unsig |3 0 |Safe_input_X114_4 | State of the safe input X114:4.
gedl 1 |Safe_input_X114_3 | State of the safe input X114:3.
(used 2 | Safe_input_X114_2 |State of the safe input X114:2.
as 3 | Safe_input_X114_1 | State of the safe input X114:1.
bits) 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.
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7

Type |Octet | Bit | Name Description
Unsig | 4 0 |Variable_SLS_activ | Variable SLS (Safely-limited speed) is active.
nedl e Active when the Variable SLS function is active
6 and the motor speed is below the Variable SLS
(used limit (that is, when the Variable SLS monitoring
as is on).
bits) 1 | POUS_active POUS (Prevention of unexpected start-up)
function is active.
2 | Safe_output_X114_ | State of the safe output X114:9.
9
3 |Safe_output_X114_ | State of the safe output X114:8.
8
4 | Safe_output_X114_ | State of the safe output X114:7.
7
5 |Safe_output_X113_ | State of the safe output X113:9.
9
6 |Safe_output_X113_ | State of the safe output X113:8.
8
7 | Safe_output_X113_ | State of the safe output X113:7.
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Type

Octet

Bit

Name

Description

Unsig
nedl

(used
as
bits)

SF_end_ack_req

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

Note: These values are indicative only and shall
not be used for safety-related decisions about
safety function states (there are other ways to
safely determine the state of a function, for
example, using SS1 to check octet 0 bit 4 and
then octet 5 bit 4: if safe state, then SS1is
completed).

SF_end_ack_req_lo
cal

Local safety function ending
acknowledgement

requested =1, no acknowledgement requested
= 0. Acknowledgement can only be done
locally via the FSO I/0 if SF_end_ack_req is O.
Note: These values are indicative only and shall
not be used for safety-related decisions about
safety function states (there are other ways to
safely determine the state of a function, for
example, using SS1 to check octet 0 bit 4 and
then octet 5 bit 4: if safe state, then SS1is
completed).

STO_control_active

The drive STO circuit is open. The motor may
still be running.

Speed_Pos_value_v
alid

Are the speed and position values valid (= 1) or
not (= 0). The speed value is defined in octets 6
and 7. The position value is defined in octets 8
and 9.

Note: In case octet 2 bit O
Speed_feedback_type value is Estimate (= 0),
then Position status is invalid as it requires
safety encoder to be valid.

FSO_state

Safe state =1
Operational state = 0

FSO_mode.0

FSO_mode.1

FSO operating FSO_mode.l |FSO_mode.0
mode

Start-up 0 0
Running 0 1
Fail-safe 1 0
Configuration 1 1
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Type |Octet | Bit | Name Description
7 | Modulating The drive is modulating = 1
It is not known if the drive is modulating or not
=0

WARNING! The only safe way to make
A sure that a drive is not modulating is to

activate drive STO. Drive STO can be

activated, eg, with FSO STO or POUS

function.
Integ |6 Safe_speed_MSB The current motor speed value from the FSO
erl6 (MSB).
Integ |7 Safe_speed_LSB The current motor speed value from the FSO
erl6 (LSB).
Integ |8 Safe_position_MSB | Safe position value (MSB).
erl6
Integ |9 Safe_position_LSB | Safe position value (LSB).
erl6

D 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 show also the states of SBC outputs and feedback
inputs.

FSO module modes and states
When the FSO module is connected to a safety PLC via the 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.
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Note: If PROFIsafe is not configured, see the FSO states described in section
FSO states on page 65 in chapter Safety functions.

Note: If PROFIsafe is configured, the FSO module stays in the Start-up mode
until it has received valid F-Parameters from the safety PLC.
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State diagrams

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

Internal fault Drive composer
Power down
Start-up Fail-safe Configuration
'RUN = e B
|
| Safe
53 Safe
| | user 29 — »> (Module
| acknowledgement - 1 passivation)
request)
|
|
| a9
|
|
| Operational a9
|
|
|
| Safe
| (Module
| @ @ passivation with a
| command)
| Safe
| (Module passivation & @
reintegration)
|
. - - = e N

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.




Overview of states and transitions in the FSO module when fatal errors in the
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FSO module occur or when cycling power of the FSO module.

-

'/RUN

Safe

(User
acknowledgement
request)

Operational

1

Start-up C | Fail-safe

3

Configuration

Safe
(Module
passivation)

Safe
(Module passivation &
reintegration)

Safe

(Module
passivation with a
command)

—@—» Power on/off

- —(® — > Fatalerror

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
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sections Status Byte and CRC2 bit order on page 191 and FSO PROFIsafe
profiles on page 192.

The table refers to several variables that are available to the programmer of an
F-Host program (for example, an AC500-S program in CoDeSys):

OA_Req_S This variable indicates that the FSO is in the “Safe (User
acknowledgement request)” state ready for acknowledgement.

FV_Activated_S This variable indicates that the FSO is in the Safe state. Fail-safe
values (“0”) are set to the I/0O 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_Sis 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 or ABB_PS2 profile bits in the F-Host for the FSO module:
« FSO_mode.l1=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 or ABB_PS2 profile bits in the F-Host for the FSO module:
« FSO_mode.l1=0

« FSO_mode.0=1

« SF_end_ack_req_local =0

« SF_end_ack_req=0

« FSO_state=0
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passivation &
reintegration)

State Description
Safe PROFIsafe communication is up and running. The FSO application is
(Module running with detected errors.

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 or ABB_PS2 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/0O 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 or ABB_PS2 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 command)

PROFIsafe communication is up and running. The FSO application is
running without any detected errors.

The FSO module and all its I/O channels are passivated because the
safety application on the safety PLC requested a module passivation
(activate_FV_C =1 was set).

The drive is stopped using the configured method. In the end, the
drive STO is activated and the FSO module is in the Safe state. The
fail-safe value “0” is set to all I/O channels. The fail-safe value “0” is
transferred to the safety PLC for all I/O channels.

PROFIsafe Status Byte bits in the F-Host for the FSO module:

« OA_Req_S=0

« FV_activated_S=1

« Device_Fault=0

ABB_PS1 or ABB_PS2 profile bits in the F-Host for the FSO module:
« FSO_mode.l1=0

« FSO_mode.0=1

« SF_end_ack_req_local=0

« SF_end_ack_req=0

« FSO_state=1

Safe (User
acknowledgemen
t request)

PROFIsafe communication is up and running. The FSO application is
running without any errors but waits for the acknowledgement of a
modaule 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,
1/0 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 /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 or ABB_PS2 profile bits in the F-Host for the FSO module:
« FSO_mode.l1=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 195.

Configuration

The FSO module is in the Safe state. Upon transferring to the
Configuration mode, the FSO answers to one PROFIsafe frame. The
fail-safe value “0” is transferred to the safety PLC for all I/O channels.
After that PROFIsafe communication is not possible. The fail-safe
value “0” is set to all I/O channels.

This state can only be entered from the Fail-safe mode or from any
other state when the drive is not modulating.

This state can be left only to the Start-up mode by cycling power of
the FSO module or by giving the reset command via the drive
(parameter 96.09 FSO reboot, see the drive firmware manual).

PROFIsafe Status Byte bits in the F-Host for the FSO module:
« OA_Req_S=0

. FV_activated_S=1

« Device_Fault=0

ABB_PS1 profile bits in the F-Host for the FSO module:
« FSO_mode.l=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 195.
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Transitions between states

This table describes the transitions between the FSO module states. The
numbering of the transitions refer to the transitions shown in the state

diagrams on page 208.

ID | From To Description

1 Start-up Safe (Module | The FSO module goes to this state directly
passivation after 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, refer to the drive firmware
manual).

3 Start-up Safe (Module | PROFIsafe watchdog time or PROFIsafe
passivation) communication error was detected directly

after Start-up.

4 Safe (Module Start-up The FSO module goes to this state by cycling

passivation) power of the FSO module or by giving the
reset command via the drive (parameter 96.09
FSO reboot, see the drive firmware manual).

5 Start-up Fail-safe Fatal error(s) (CPU test, RAM test, etc. failed)
detected.

6 Fail-safe Start-up The FSO module goes to the Start-up mode by
cycling power of the FSO module or by giving
the reset command via the drive (parameter
96.09 FSO reboot, refer to the drive firmware
manual).

7 Operational Safe (Module | Execution of at least one safety function
passivation & | encountered a problem. The system reaches
reintegration) | the 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 PROFIsafe

passivation)

communication error was detected.
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ID | From To Description

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

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
reintegration) reset command via the drive (parameter 96.09

FSO reboot, refer to 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, refer to the drive firmware
manual).

16 | Safe (User Fail-safe Fatal error(s) (CPU test, RAM test, etc. failed)
acknowledgemen detected.

t request)

17 | Safe (User Start-up The FSO module goes to this state by cycling
acknowledgemen power of the FSO module or by giving the
t request) reset command via the drive (parameter 96.09

FSO reboot, refer to 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
passivation) passivation communication error (CRC)) has been solved

with a and command “activate_FV_C = 1" is received.
command)

20 | Safe (User Safe (Module | PROFIsafe watchdog time or PROFIsafe
acknowledgemen | passivation) communication error was detected.

t request)
21 | Safe (Module Safe (User Module error (watchdog time or

passivation)

acknowledge
ment request)

communication error (CRC)) has been solved
and

« command “activate_FV_C = 0”
then
« the FSO module sets OA_Req_S = 1.
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ID | From To Description

22 | Safe (User Operational OA_C (positive edge) was set by the PROFIsafe
acknowledgemen F-Host for the FSO module.

t request)

23 | Safe (User Safe (Module | Command “activate_FV_C = 1" was sent from
acknowledgemen | passivation the PROFIsafe F-Host.
t request) with a

command)

24 | Safe (Module Safe (User Command “activate_FV_C = 0” has been
passivationwitha | acknowledge | received and “OA_Req_S =1".
command) ment request)

25 | Safe (Module Fail-safe Fatal error(s) (CPU test, RAM test, etc. failed)
passivation witha detected.
command)

26 | Safe (Module Start-up The FSO module goes to this state by cycling
passivation witha power of the FSO module or by giving the
command) reset command via the drive (parameter 96.09

FSO reboot, refer to the drive firmware
manual).

27 | Safe (Module Operational No module error and “activate_FV_C = 0".
passivation witha
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
passivation & passivation the safety PLC.
reintegration) with a

command)

30 | Safe (User Safe (Module | OA_C (positive edge) was set by the PROFIsafe
acknowledgemen | passivation & | F-Host, but there are existing errors in the
t request) reintegration) | active 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
command) reintegration) | in the active safety functions or there are

errors that need to be acknowledged.

32 | Any state when Configuration | Drive Composer pro connects to the FSO
the motor is not module and as a result the FSO goes to the
running Configuration sate.

33 | Configuration Start-up From the Configuration mode, it is possible to

go only to the Start-up mode by cycling power
of the FSO module or by giving the reset
command via the drive (parameter 96.09 FSO
reboot, see the drive firmware manual).
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PROFIsafe response time

The safety function response time (SFRT) is the time within which the safety
system must react after an error has occurred in the system.

SFRT is also the maximum time within which the safety system must respond to
a change in the input signals.

According to PROFIsafe System Description, Version April 2016, 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 April
2016).

The worst-case delay time (WCDT) and watchdog (WD) values for the FSO and
FENA modules are listed in the table below.

Device WCDT Device WD
FSO 50 ms 50 ms
FPNO-21 3ms -

FENA-21 3ms -

The documentation of the safety PLC defines how you can calculate the
processing time and transmission time of the PROFIsafe connection.

For example, AC500-S Safety User Manual (3ADR025091M0212 [English])
proposes that SFRT is calculated using the following formula:

SFRT = Device_WD1 + 0.5 x F WD_Timel + F_Host_ WD + 0.5 x F_WD_Time2 +
Device_WD2 + Longest AT_WD



https://search.abb.com/library/Download.aspx?DocumentID=3ADR025091M0212&LanguageCode=en&DocumentPartId=&Action=LaunchDirect
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where
- Device_WD1 is an internal input device watchdog time

- F_WD_Timel is the watchdog time for receipt of the new valid telegram
(from the input device to the safety PLC)

« F_Host_WD is the watchdog time of the safety PLC

- F_WD_Time2 is the watchdog time for receipt of the new valid telegram
(from the safety PLC to the output)

« Device_WD?2 is an internal output device watchdog time.

Instead of WCDT values, the calculation uses watchdog times. Refer to AC500-S
Safety User Manual (3ADR025091M0212 [English]) for details.

For example, when using the ABB Al581-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_Timel + F_Host_WD + 0.5 x F_WD_Time2 +
Device_WD2 + Longest AT_WD

=765+15+6+455+50+455=238.5ms

where

« Device_WD1=76.5ms
« F_WD_Timel=30ms
« F_Host_ WD =6 ms

« F_WD_Time2=91ms
- Device_WD2 =50 ms

« Longest AT_WD = Max (0.5 x F WD_Timel; 0.5 x F_ WD_Time2) = 45.5 ms
(all other used WCDT values are equal to their corresponding watchdog
times).



https://search.abb.com/library/Download.aspx?DocumentID=3ADR025091M0212&LanguageCode=en&DocumentPartId=&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3ADR025091M0212&LanguageCode=en&DocumentPartId=&Action=LaunchDirect
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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 s 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.

Calculating the watchdog time

It is not always easy to calculate the worst-case delay time of “black channel”
components. Refer to AC500-S Safety User Manual (3ADR025091M0212
[English]) for a proposed method of tracing the actual PROFIsafe cycle times in
areal system.



https://search.abb.com/library/Download.aspx?DocumentID=3ADR025091M0212&LanguageCode=en&DocumentPartId=&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3ADR025091M0212&LanguageCode=en&DocumentPartId=&Action=LaunchDirect

222 PROFIsafe

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 x1.3 =52 ms.
If you can calculate F_WD_Time instead, use the values given in the table on
page 219. 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.

Installation
Installation procedure:

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

2. Install the FB module to the drive. Refer to the applicable manual:

«  FENA-01/-11/-21 Ethernet adapter module user’s manual
(3AUA0000093568 [English]), or

«  FPNO-21 PROFINET adapter module user's manual
(3AXD50000158614 [English]).

3. Connect the FB module to the safety PLC through a PROFINET network.
Refer to the manual of the FB module, and the manual of the safety PLC.

Configuration

Configuring the FB module

You can use the drive control panel or the Drive Composer pro PC tool to change
the settings of the FB module.

Note: This section describes only the most important configuration steps. For
more detailed information, see FPNO-21 PROFINET adapter module user's
manual (3AXD50000158614 [English]), FENA-01/-11/-21 Ethernet adapter
module user’s manual (3AUA0000093568 [English]) and the drive firmware
manual.



https://search.abb.com/library/Download.aspx?DocumentID=3AUA0000093568&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AUA0000093568&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000158614&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000158614&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000158614&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000158614&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AUA0000093568&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AUA0000093568&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
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Note: Example values in the table below are chosen based on the upcoming
example project.

Parameters for the PROFINET communication

1. Depending on the drive, you can configure the FB module as fieldbus channel
A or B. Enable the communication between the drive and the FB module for
the option slot where the FB module is installed in (parameter 50.01 FBA A
enable or 50.31 FBA B enable).

2. Set the FB module parameters that correspond to the selected fieldbus
channel. Parameter groups 51, 52 and 53 include the settings for FBA A and
groups 54, 55 and 56 for FBA B.

Groups 52, 53, 55 and 56 configure the contents of the normal PROFINET
cyclic communication by mapping the words in the PROFINET frame to the
desired drive parameters.

Groups 51 and 54 configure the PROFINET connection.

Index Name/Value Description Example
value
50.01 FBA A enable Enables/disables communication between 1
the drive and fieldbus adapter A and specifies
the slot the adapter is installed into.
Option slot 1 Communication between drive and fieldbus
adapter A enabled. The adapterisin slot 1.
50.31 FBA B enable Enables/disables communication between 0
the drive and fieldbus adapter B, and specifies
the slot the adapter is installed into.
Disable Communication between drive and fieldbus
adapter B disabled.
51/54.01 FBAA/Btype |Shows the type of the connected fieldbus Etherne
adapter module A/B. t
This parameter is read-only.
51/54.02 FBA A/B PAR2 | Selects one of the PNIO profiles. 11
(PROTOCOL/
PROFILE)
PNIO ABB Pro | Profile PNIO ABB Pro is selected
51/54.03 FBA A/B PAR2 | Sets the Ethernet communication rate. 0
(COMMRATE)
Auto Ethernet communication rate is negotiated
automatically by the device.
51/54.04...1 IP The user can set the IP configuration for the | Static IP
3 CONFIGURATI | network in these parameters or in the PLC
ON project.
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Index Name/Value Description Example
value
51/54.20 Telegram type | Shows the telegram type for the selected I/O |4

communication.
This parameter is read-only.

PPO4 PPO Type 4
51/54.21 Alarm disable | Enables/disables the sending of diagnostic 0
messages to the PROFINET network.
Enabled Diagnostic messages are sent.
51/54.27 FBA A/B PAR Validates any changed FB module 1
REFRESH configuration settings and reboots the FB

modaule taking all the changes to the drive
parameters in use. After refreshing, the value
reverts automatically to Done (0).

Note: This parameter cannot be changed
while the drive is running.

REFRESH Refreshing.

Note: When the FB module is installed to the drive for the first time, you must
set the value of parameter 51/54.02 to one of the PROFINET profiles (value 11 if
a drop-down list is unavailable) and reboot the FB module with parameter
51/54.27. Only after this, the rest of the parameters in group 51/54 get the
correct texts and options. If required, you must reconnect Drive Composer pro
to the drive to get the parameters show up correctly (select Refresh from the
New menu).

See the FB module user’s manual and the drive firmware manual for all
necessary parameter settings and detailed instructions on how to control the
drive and motor using the normal PROFINET cyclic communication.

Configuring the FSO module

Set the FSO module parameters as described in section Configuring the safety
fieldbus communication on page 314.

Configuring the safety PLC

After the drive has initialized the FB module, you must prepare the safety PLC
for communication with the adapter module. Examples of ABB AC500-S Safety
PLC and Siemens SIMATIC Fail-safe S7 PLC are given below. The examples
include the minimum required steps for starting the PROFINET and PROFIsafe
communication with the FB and FSO modules. For detailed information, see the
documentation of your safety PLC.

The examples apply to all drive types that are compatible with the FB and FSO
modules.
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Downloading the GSD file

To configure the controller station, you need a type definition (GSD) file. In
PROFINET IO, the GSD file is written in an XML-based language called GSDML.

Download the FB module GSD file from the ABB Document library
(www.abb.com/drives/documents). The file name format is: GSDML-Vx.x-ABB-
FENA-yyyymmdd.xml or GSDML-Vx.x-ABB-FPNO-yyyymmdd.xml.

«  FPNO GSDML file
- FENA GSDML file

The GSD file describes the vendor-specific, PROFIdrive-specific and PROFIsafe-
specific features of the adapter module. You can use the vendor-specific
features, for example, in the ABB Drives communication profile. The PROFIdrive
profile supports a set of services described in the PROFIdrive specification.

The actual PROFIsafe messages are processed in the FSO module. The GSD file
and the instructions in this chapter refer to the FB module which is the device
that is connected to PROFINET.

Configuring the ABB AC500-S Safety PLC

This example shows how to configure the communication between the ABB
AC500-S Safety PLC and the FENA-21 adapter module using Automation Builder
2.0.

Before you use the safety configuration and programming tools in Automation
Builder, you must study the AC500-S Safety PLC user manual. Refer to AC500-S
Safety User Manual (3ADR025091M0212 [English]). Only qualified persons are
permitted to work with the AC500-S Safety PLC.

You need a password to configure the safety parts of an Automation Builder
project. In all new projects, there is a default user “Owner” with an empty
password. This is a project administrator who can, for example, access the
safety controller station. For detailed information on the passwords and access
permissions in Automation Builder, refer to the AC500-S Safety PLC user
manual.

You can find the complete documentation of ABB PLCs and Automation Builder
2.0 application in www.abb.com/PLC.

Before you start, make sure that you have downloaded the FENA GSD file from
the ABB Document library. Refer to section Downloading the GSD file on
page 225.



http://www.abb.com/drives/documents
https://search.abb.com/library/Download.aspx?DocumentID=9AKK105408A4786&LanguageCode=en&DocumentPartId=&Action=Launch
http://www.abb.com/PLC
http://search.abb.com/library/Download.aspx?DocumentID=9AKK107046A4453&LanguageCode=en&DocumentPartId=&Action=Launch
http://search.abb.com/library/Download.aspx?DocumentID=9AKK105408A4786&LanguageCode=en&DocumentPartId=&Action=Launch
https://search.abb.com/library/Download.aspx?DocumentID=3ADR025091M0212&LanguageCode=en&DocumentPartId=&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3ADR025091M0212&LanguageCode=en&DocumentPartId=&Action=LaunchDirect
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1. Start the ABB Automation Builder application.
2. On the Tools menu, select Device Repository.

3. Inthe window that opens, click Install... and browse for the GSD file.

5
2% Device Repository @

Location: [SYSDEITI Repasitory v] [ Edit Lucat\uns...]
(C:\ProgramData\ContralBuilderPlus\Devices_23)

Installed deyice descriptions:

MName Vendor  Version fcialle

E m Miscellaneous
% m Fieldbusses

+- [ pLcs

LS

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

|=] New Project lﬂ
Categories: Templates:
[ (General) - Eht&f ]
ACS500 project ACS380 Empty project
project
A project containing one AC500 PLC
Name: FS0_example|
Location:  U:\Data - E]
h

5. After creating the project, the following view is shown. Add the necessary
controller devices to the PLC project.




Devices

=3 FS0 example
= PLC_ACS500_V2 (PM583-ETH - TB521-ETH)
= @ﬂ Application
L} App
10_Bus
= Interfaces
m COM1_Online_Access (COM1 - Onling Access)
m COM2_Online_Access (COM2 - Online Access)
m FBP_Online_Access (FBP - Online Access)
= E Ethernet
@ emiEmy
@ Protocols (Protocols)
= B Extension_Bus
Bd Slot_1(TA529)
Bl siot_2(TAsz4)
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Next, add the necessary controller devices to the PLC project. First add the
safety controller to slot 1 (make sure that the physical controller is in the same
slot). Right-click on the slot, select Add object, and pick the SM560-S safety

controller from the list.
Devices

-

n

.

=gl FSO_example
= PLC_ACS500_Y2 (PM583-ETH - TBS21-ETH)
= Ell] Application
&k App
10_Bus
= Interfaces
m COM1_Online_Access (COM1 - Online Access)
m COM2_Online_Access {COM2 - Online Access)
m FBF_Online_aAccess (FBP - Online Access)
= E Ethernet
@ EmLEHD
@ Protocols (Protocols)
= @ Extension_Bus
B [slot_1(TA524) Cony |

B slot_2(Tasz4)

Paste
% cut
¥ Delete

Rename

| Addobject

Update objects

) AddFolder...

L Edi Ahdat

=]

Note: When adding the safety controller, a login screen will appear. The default

login information is:
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User name: Owner
Password: (empty)

rl_DgOI"I ﬁ1

In order to perform this action, you must logon as a user which is
member of one of the following groups:

Owner

Flease enter your user name and password:

Project/Library: P?'oject: F.S.O_exampl.e

User name: Ownerl

Password:

5 =

Next, in the same way, add the CM579-PNIO PROFINET master to slot 2.

[ ok || canca |

Devices v 1 X
=15 F50_example E]
= PLC_ACS00_Y2 (PM533-ETH - TR521-ETH)
= @1] Application
Q App
10_Bus
H Interfaces
m COM1_Online_aAccess {COM1 - Online Access)
m COM2_Online_aAccess (COM2 - Online Access)
m FBP_Online_Access (FBP - Online Access)
= E Ethernet
@ emiEmD
g Protocols {Protocols)
= @ Extension_Bus
=B ACS00_SMS580_S (ACS00 SM560-5)

B4 acsoo_s
[slot_2 (TAs24)
M [slot_2 (Ta524) -~ L
Paste
4 cut
> Delete
Rename
| Addobject
Update objects
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Note: Make sure that the “Enable debug” setting is On for the safety controller
station, if you want to view or debug the PLC program after the download.

Devices > 0 X
=] FSO_example B
=] PLC_ACS00_V2 (PMS83-ETH - TBS521-ETH) -——— Controller station
= El] Application
r app
10_Bus

5 Interfaces
m COM1_Online_Access (COM1 - Online Access)
m COM2_Online_Access (COM2 - Online Access)
t FBP_Online_Access (FBP - Online Access)
= a Ethernet
@ emiEmy
@ Protocols (Protocols)
= @ Extension_Bus
=BT ACS500_SM560_S (AC500 SM560-5) -¢—— Safety controller station
Bl acsoo_s
= % CM579_PNIO {CM579-PNIC)

B3 PNIO_Controller (PROFINET-IO-Controller) -e———— PROFINET controller

6. Right-click on the PROFINET controller CM579-PNIO-Master and add the
FENA module to the PROFINET IO network.
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Devices v 1 X
=4 FS0_example E]
= PLC_ACS00_V2 (PM583-ETH - TB521-ETH)
= @1] Application
&k App
10_Bus
H Interfaces
ﬁ COM1_Online_Access {COM1 - Online Access)
m COM2_Online_aAccess (COM2 - Online Access)
m FBP_Online_Access (FBP - Online Access)
= E Ethernet
@ emiEmD
ﬂ Protocols {Protocols)
= @ Extension_Bus
=B ACS00_SMS580_5 (ACS00 SMS60-5)
B4 acsoo_s
=B CM579_PNIO (CM573-PNIO)

PNIO_Controller (PROFIN™ ;
Eg Copy

Paste

# Ccut

W Delete

Rename

| add object |
Update objects

I Add Falder

7. Addthe desired I/0 module, for example, “PPO Type 4” to the first slot of the
FENA module to define cyclic communication between the module and the
PLC.

8. Add the PROFIsafe module “PROFIsafe ABB_PS1” to the second slot of the
FENA module to define cyclic communication between the module and the




PLC.
Devices ~ 4 X
=3 FS0_example E

= PLC_ACS00_V2 (PM583-ETH - TB521-ETH)
= @1] Application
L app
10_Bus
= Interfaces
ﬁ COM1_Online_Access (COM1 - Online Access)
m COM2_0Online_aAccess (COM2 - Online Access)
m FBP_Online_Access (FBP - Online Access)
= E Ethernet
@ emiEmHD
@ Protocols (Protocols)
= ﬂ Extension_Bus
=B7] ACSD0_SMS580_S (AC500 SM560-5)
2 acsoo_s
=B cM579_PNIO (CM579-PNIO)
= % PMIO_Controller (PROFIMET-IO-Controller)

=-¥) FENA_21 (FENA-21) /O
Bl PPo_Type_4{PPO Type 4) -
Bdi] PROFIsafe_ABB_PS1 (PROFIsafe ABE_PS1) —<—
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module

PROFIsafe module

9. Define the PROFINET controller (CM579-PNIO) properties, such as the IP
address and IP address settings for devices:

« Select PNIO_Controller.
« On the PROFINET 1/0 Controller tab, define the necessary IP addresses.

Devices ~ % X || iy pwio_cController x
=) FSO_example -
= [T PLC_ACS00_V2 (PMS3ETH - TBS21-ETH) PROFINET 10 Controller
Identification
=] application
] Assign 10-Device name
C App g IP-Address 192 . 168 0 1
ﬁ 10-pus 255 255 255 o
= o Interfaces /0 mapping list Subnetmask . . .
BiZ) COM1_Oniine_Access (COM1 - Online Access) Default gateway o .0 . 0 . 0

B{Z) COM2_Oniine_Access (COM2 - Orline Access)
B4 FeP_Oniine_Access (FBP - Online Access)
= & Ethernet
@ emEmy
@ Protocols (Protocols)

=B PO Controller (FROFINET-I0Controller)
= i Fena_at (Fena-21)
Bl FrO_Type 4 PPOType 9)
] PROFIsafe_ABB_PS1 (PROFIsafe ABB_PST)

-

10. Define the FENA properties:
+ Select FENA_21.

Station name

controller

Address settings for saves

First IP-Address 192 . 18 . 0 . 2
=) Extension_Bus
= Iﬁ AC500_SM560_S (AC500 SM560-5) Last IP-Address 192 . 168 . 0 254
20 acsoo_s Subnetmask 255 . 255 . 255 . @
= B3 cms79_pNIO (cM573-PNIO)
Default gateway o . 0 . 0 . 0

« On the PNIO identification tab, define the IP address and Subnet mask,
and type the Station name (in this example, drivel).




232 PROFIsafe

Note: Use only lower case letters for the Station name.
bl FENA_2L x

Devces v 3% 4 PNIO_Conbroler
2B F30 example -
= [ wuc_ACS00_v2 (PMSETH - TBSZIETH) I General
= [il] appleation
O rew Opticas
Bops
S g Inloees Y0 mapging list

BT oot _Orion_Acomes (COMY - Ordrm Accmen}
B COM2_Onine_Acoess (COM2 - Onine Aotess)
B F20_Orine_Access (FE° - Onine Azzess)
5 Etheret
@ e T
8 eromcos Fromcss)
=] Extensen fus
B AC500_5M560_5 (ACS00 SMS60-5)
B0 acso_s
= B cms_pao (M5 enea)
- B PaE0_Contoler (PROFINET-10Corroler )
= §Blrena_21 preva-2y)
Bl 00 _Type_4 PO Troe 4|
H] rroFtsale_ a8 _ps1 PROFLsale 258 PS1)

PROFINET 10 Device

eFormation

-

11. Set the communication parameters (if you have already done this, you can
move on to the next step Create configuration data for safety and non-

safety.).

Station Name  drivel

IF Par smeker
Paddress 152 . 8
Sctinet Mask 255 . 255
Defawit Gateway .0
Communscabon
Send Chack (ms) 1 -
fedurnan fstin 1 -
Phase -
AT Class RT Class 1

Unne- Dol raed P serbens

« Right-click on the PLC_AC500_V2 controller and open the communication

settings. Tick Use advanced settings and open the Advanced settings

window.




Commmunication Settings for 'PLC_AC500_V2' >

IP Address 192 168 . 0 . 10

._Ise advanced settings

Advanced Settings. .. I

QK Cancel
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« Inthe advanced settings, create a new local profile with the following

parameters:

Communication Parameters

Channels

Tcpdp

MHame “alue Cormment
Address 192168.010  IP address or hostname
Part 12m

Motorola byteorder ez

X

LCancel

Mew ..

Remove

Gateway ...

Update

- Next open the CoDeSys safety program and choose Communication
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parameters from the Online drop down menu.
®y CoDeSys - AC500_S.AC500PRO [SAFETY MODE]

File Edit Project Insert

Extras  Online  Window Help

EI |@|oﬂ|§‘|§|@| Login

PLC_PRG [PRG)

Logout

Download
Run

Stop

Reset

Reset (cold)

Reset (original)

Toggle Breakpoint
Breakpoint Dialog
Step over

Step in

Single Cycle

Write Values

Force Values
Release Force
Write/Force-Dialog
Show Call Stack...
Display Flow Control

Simulation Mode
Comrmunication Parameters...

Send marked text to RemoteControl Master (e.g. as parameter)

Create boot project

Wirta fila +~ DI ™

« Now create a new profile and fill in the following parameters:

Communication Parameters

Channels

- ACE00 Default TCF
-local_192.168.0.10
- ACS00 Default TCF

El- Local

< >

WBE TopdpLevel 24C |

X
M ame | Y alug | Carnrmert | %
Address 192168.010  |P address or hostname
Port 1200
Receive Timeout 2000 M-
Routing level: 1 0.2
Coupler [Level 1) Line 1 Bemave
Channel [Lewel 1] 0 [@.19)
Address (Level 1) 0.0.0,0.0  Address
Coupler [Level 2] 0O Gateway ..
Channel [Level 2] 0 [@.19)
Addess(Level2) 0.0,0.0.0  Address Cpciate
Black. size 1430 [128.1430)

Maotorola byteorder Yes

Alt+F2
Ctrl+F8

Fs
Shift+F3

F10
Fe
Cirl+F5

Ctrl+F7

F7

Shift+F7
Ctrl+Shift+F7

« Next check that your network adapter is in the same subnet. Open the
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Windows network and sharing center and click on the network adapter.

& Unidentified network Access type: Mo network access
Public network Connections: I[,E,] Local Area Connection 4 I

- Navigate to the IPv4 properties.

1 E] Local Area Connection 4 Status . [*=2 | @ Local Area Connection 4 Properties M
General Networking | Sharing
Connection Connect using:
1Pv4 Connectivity: No network access ¥ ASIX AXBE179 USB 3.0to Gigabit Ethemet Adapter
IPv6 Connectivity: Mo network access

K This connection uses the following items:
Duration: 00:02:09

Speed: 100.0 Mbps QHE and Printer Sharing for Microsoft Networks -
- PROFINET IO protocol (DCP/LLDP)

i & SIMATIC Industrial Ethemet (1S0) -

2 PROFINET 10 RT-Protocal V2.3 ‘

Activity [ |
=
! SENt ——— %l! —  Received < m —I b
[ ” |
= | Instal... Uninstal | |
Packets: 233 | 0 Descriptian
Transmission Cortrol Protocol/Intemet Protocol. The default
o = " wide area network protocol that provides communication
I[ (& Properties II[ ) Disable ] [ Biadanse ] across diverse interconnected networks.

L —
« Finally, set your subnet to the same range as the PLC. Check that the IP
address is not in use on the network.

' Bl
Internet Protocol Version 4 (TCP/IPv4) Properties M

General

‘fou can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(7 Obtain an IP address automatically

IP address:
Subnet mask: 255,255 .355 . O N
Default gateway: i i
I
Obtain DNS server address automatically 1
i (@) Use the following DNS server addresses:

Preferred DNS server:

Alternate DNS server:

]
l [ validate settings upon exit ]
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12. Create configuration data for safety and non-safety.

Devices

-2 x

Devices.

= «@ F5Q_example
= PLC_ACS00_V2 (PM583-ETH - TE521-ETH)
= Eﬂ Application
D App
10_Bus
= o Interfaces
m COM1_Online_Access (COM1 - Online Access)
m COM2_Online_Access (COM2 - Online Access)
m FBP_Online_Access (FBP - Online Access)
= a Ethernet
@ EemEmy
ﬂ Protocols (Protocols)
= B Extension_Bus
=BT AC500_5M560_5 (ACS00 SMS60-5)

=0 /acs00_s - 1
= B cms7a_puid =
= m PNIO € Rename
= il Fena Add object
% Update objects

) AddFolder...

[§ Editobject
Compare Objects
Verify Safety Project Integrity
Create Safety Configuration Data

=

= -@ F50_example
PLC_ACS00_V2 (PM583-ETH - TB521-ETH)

- 2l it T

€ app
10_Bus Rename
=g Interfaces Add object
m coM Update objects
B com

B Fee_ 2D AddFolder...

- E4 Ethern ﬁ Edit Object
EY Compare Objects
@ Pry
Export 3
= ﬁ Extension_|
- @ ACSH Manage additional files for PLC
10 ag Create configuration data

=B cMs79_PNIO [CM573 PNIC)
= % PMIO_Controller (PROFIMET-IO-Contraller)
= ¥ Fena_21 (FeNA-21)
i Pro_Type_4 (PPO Type 4)
Bl ProFisafe_aBR_PS1 (PROFIsafe ABE_P:
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Note: The PROFIsafe source and destination addresses have to be different in
order for the configuration process to work. Also, when creating safety data,
some libraries will have to be created.

13. Return to the PROFINET controller (CM579-PNIO) properties. On the Assign

1/0 Device Name tab:

« Click Connect to PLC (Login) and select the communication link used

between Automation Builder and the PLC.
« Click Scan to find all PROFINET devices connected to the network.

« In the Configure station name box, select the station name defined for
the module in step 10 (in this example, drivel), and click Assign 1/O

Device name.

+ Inthe IP address and Network mask boxes, type the IP address and

subnet mask defined in step 11, and click Assign IP configuration.

14. Define the I/0O module properties:
« Select the I/0 module PPO_Type_4.

« On the General tab, configure the Stop Mode Action and Control-zero
mode functions, and define Fail safe values for the PLC output process

data (PZDs).

Devices ~ X

= 5] Safery_test
= {7 PLC_ACS00_v2 (PMSB3-ETH - TBS21-ETH)
= =1 applicaton
& App
@ 10.8us
o Interfaces
E45) com1_Oniine_Access (COM? - Online Access)
E45) coM2_Oniine_Access (COM2 - Oniine Access)
E4) FBP_Oniine_Access (FBP - Oniine Access)
= &% Ethernet
@ emirEmn
fl Protocols (Protocols)
=@ Extension_Bus
= Bz Acs00_SMs80_S (ACS00 SMS60-S)
B0 acsoo_s
= I CM579_PNIO (CM579-PNIC)
=B PNIO_Controlier (PROFINET-I0-Contralier)
=¥ Fena_21 (FEnA-2D)
—» B PPo_Type_4 (PO Type 4)

Fi) PROFIsafe_ABB_PS1 (PROFIsafe ABB_PS1)

Hil PPO_Type_4 X

General

1/0 mapping list

PNIO Module /O Mapping

Information

Module Information:

Ident Number 16200000104

User-Defined Parameters:

2~ Set All Default Values

Parameters Value
General parameters
Stop Mode Action selection  Freeze data
Control-zero mode selection  Use data
Fail safe Control Word
Fail safe Reference
Fail safe value of Ref PZD3
Fail safe value of Ref PID4
Fail safe value of Ref PZDS
Fail safe value of Ref PZD6

oo ooo e

Allowed values

0.2
0.1

0..65535
0..65535
0..65535
0..65535
0..65535
0..65535

- Rename the I/O modules, for example, drivel_PPO4 and drivel_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
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profile F-Output user data on page 193.)

= B K drivel PRO4 X
= " 1
o safeny_sest =| -
- Canan ]
= {5 PLc_ACs00_V2 (PHSSRETH - TESZLETH) | S ] i mipgings | ¥
= M Appcaten Object Name Vanshle Channel
10 mapping st R i - s
O aew el f drvesStats tabas
= drive1_FRO4 3 Actual
) w0 | Frii0 Module 13 Mioping e e pueel
= o Interfaces | debve]_PRO4 drnvelAaPInd Actud T3
[ cOM1_Ordne_coess (COM1 - Onine Access) | doemmtion drivel_FPO4 AmeLACEIT Actual P24
B cOM2_Onine_Acess (COMZ - Onine Access) i drvn1_BRO4 ArvelAPTDS Actusl PTDS
D Foe_onine_pccess (10 - Onine Access) drivel FRO4 drELAKTRIT Actual PEDG.
" & eren dive]_PRO4 drwveiCommand Command
@ mmaEmy drivel_PRO4 drveispeednel Speed Reference
f Peotocols Probocals) diivel_PBO4 el RePI0T Bielerance PTO
= [ Evirmen fus drivel_FRO4 drveiRefFToe Foeference 204
5] ;.csoo SMEED £ (ACS00 SMSE0-5) drive]_PPO4 drvelRefPIDS Referance PTDS
o e drivel_FRO4 develRefPIDg Reference P06
= B ovsmman ousresran)
= B 10 Canvoler (ROINET-IO-Controler)
= F pena_n pea-1)
P B et P04 RO Ty 4 |
H tereet_sme_pu) PROFLsale 828 PS1)

15. Define the PROFIsafe module properties:
« Select the PROFIsafe module PROFIsafe_ABB_PS1.

On the F-Parameter tab, modify the PROFIsafe safety parameters.
Three of the listed parameters can be modified for FENA:

| Deviers = 0 Xy PROFTsale_ABE_PS1 X
= () £ enamnle -

) - F t

= (E) PLc_acs0n vz (PHMSESETH - TRSZLETH) Genarsl e L e

=fir 7 Checksum FParamiter. 30784
O ros 140 mapping st
@ 0.0
Fhmametsr Hame Value Symbelic-Value | Description

= o Interfaces

D comM_Orine_Access [COM1 - Orline: Accea) S 2 s SIL1 2 S

PNI0 Module Safery U0 Manping :

HZ) COM2_Orine_Access (TOMZ - Oriine Access) CRC_Length 0 3-Byte-CRC 3-Byte-CRC
l!['_‘[ PP _(nine_Access (FI - Onlne Accest) PNID Mocule 10 Magping FPai Vemon 1 1 14
= & temet F Scurce Add 1 1 165534
8§ ey seaten 2 m 2o
:  motocos Prosacch) F_WD,_Time n0 209 200.55535
= ) Extermion Bus F_Par CRC 51T £ ] 0,55535
= B acsn_sMsn s (ACs00 Ms0-5) [ GSOMLU-VI31-A . GSOML-VII1-A F-Paiarmstess
B acs00.5 Cremorlnfo  SfetyGIOMLCo... SuletyGSOMLCo...

= Fi o8 paic CME7e enIc)
= B M0 _Cortole PROFIET 0 Controler)
+ {3 Fua_21 A2y
B 0 Ty 4 (%0 Type 4
B Roftsafe A0 P51 PROFTsafe ABD F51)

« 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 314.
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These two define the codename for the PROFIsafe relationship of this
particular FENA module and the safety controller station.

- F_WD_Time is the PROFIsafe watchdog time. See section Calculating the
watchdog time on page 221 for instructions on how to calculate the
correct watchdog time.

« On the PNIO Module Safety I/O Mapping tab, type names for the
variables that refer to the PROFIsafe message data in the safety PLC
program. (See section ABB_PS1 profile F-Output user data on page 193.)

- B X | diverpros 41 deivel_ADB_FS1 X

neral CRannels
2 (PHSSIETH - TES2TETH) General

Variakie Magping Unit  Deser

/O mappieg bst

FRpameter

"# deel DS NeSLSlm

16. Create the configuration data for the controller station:
« Right-click on the Application and select Create Configuration Data.

17. Create the safety configuration data for the controller station:
« Right-click on the AC500_S and select Create Safety Configuration Data.
18. Download the safety and “non-safety” PLC programs. This is done through
Codesys, by double clicking on "Application". Then in Codesys, open Online

drop down menu and choose Login. Same is done to the safety program by
double clicking on "AC500_S".

Note: The non-safety program may be empty, but the safety program must
contain a watchdog in order for PROFIsafe to run.
19. Create a program that controls the drive:
- Double-click the Application. This opens the PLC program in the CoDeSys
programming tool.
20. Create a safety program that controls the FSO via PROFIsafe:
- Double-click the AC500_S. This opens the safety PLC program in the
CoDeSys programming tool.
Note: If you do not have an existing safety program, you must at least
implement watchdog toggling.
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WARNING! Do not use this safety program in real safety applications. This
safety program is shown only as an example and can only be used for trial

purposes.

W CoDeSys - AC500_S.ACS00PRO [SAFETY MODE] - [PLC_PRG (PRG-ST)]

= | B S

ﬁ File Edit Project Insert Extras Online Window Help - | =] x
M| ESeci S & Bl % B R
" VAR -
{3F0Us 0003 SF_WDOG: SF_WDOG_TIME_SET:
(CJPROFIssle END_VAR B
: 000 E
000! -
« [ b
0001 Toggle Watchdog *)
SF_WDOG(
EN:=TRUE,
WDOG:=5,
RESET:=FALSE,
DONE=>,
ACT_TIME==,
MAX_TIME=>);
(* Automatic operator acknowledge for PROFIsafe *)
0011|IF drive1_ABB_PS1.0A_Req_S = TRUE THEN
drive1_ABB_PS1.0A_C = TRUE;
ELSE
drive1_ABB_PS1.0A_C := FALSE;
END_IF
(* Automatic acknowledge for FSO *)
IF drive1_SF_end_ack_req = TRUE THEN
drive1_SF_end_ack := TRUE;
ELSE
drive1_SF_end_ack = FALSE;
END_IF
»
y\SafetyBase_PROFlsafe_ a
P
12\Librar,
12\Libram\s
12\Libranj\Target_A L4
b 'C:\Program Files (x 12\Librar\SysLibs\SYSLIBCALLBAC ¥
[ErofFana[E J@pe] ||« ,
[Lin. 14 Cal: 31 [ONLINE [0V [FEAD

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

21. For the “non-safety” program:

« Inthe Project menu, select Build.

« Inthe Online menu, select Login.

Note: If there are communication problems at this point, select

Communication parameters... from the Online menu.
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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.

« Inthe window that opens, click Yes. This downloads the program to the

PLC.

« In the Online menu, select Create boot project. This saves the program

permanently to the PLC.
+ In the Online menu, select Logout.

22. Repeat step 21 for the safety program.

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

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

25. 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

Wiite/Force-Dialeg

Show Call Stack...

Display Flow Control

Simulation Mode

Communication Parameters...
Sourcecode download

Send marked text to RemoteControl Master (e.g. as parameter)

Create boot project

Write file to PLC
Read file from PLC

Show file information

Monitoring the PROFIsafe message

Alt+F8
Cirl+F8

F5
Shift+F8

F3

F10
F8

Ctrl+F5

Ctrl+F7

F7

Shift+F7
Ctrl+Shift+F7

It is possible to monitor the contents of the PROFIsafe message. For example:




242 PROFIsafe

1. Check the variable values in the Current Value column on the PNIO Module
1/0 Mapping tab.

A8 F50 example.peoject - Control Budder Plus
Be Edt Vew Eroject Took Wrdow Hep

1 W & L ey

Dvices = 4 % divel_ABB_PS1

= 3 FE eample =
i = —l PO parameters | I-Parameter | PHIC: Hodule Safety 10 Mapping | PRI0 Modude 1O Mappng | Information

) ACS00_PHS83_ETH [ACS00_CBP. | o
1 ACS00 -
eetii Variable Mapping  Channel Acdress Current Value
] CPU_parameters {CPU parameters) a ¥ el Pl e P
10 B (voBus) 288_P51 In1 SIW2T
o St (YR 288 F51 Iz SIW2E
=1 COM1_Onine_Acoess (COM1 - Drine Access) S e

51 COMZ_Onine_Access (COMZ - Orine Access)
& FEP_Omine_Access (FBP - Crine Access)
" ks 23
" G onboard_Ethernet
8 ©_settngs [ Setengs)
| ACS0O_SMSG0_S [ACS00 SM560-5)
A Acs00_s
= G ousTe_Proo

POUS active
Saf cutput ¥114 9
Safe cutput ¥114 8
Safe cutput w114 7
Safe cetput ¥113 9
Safe cutput x113 8
Safe cutput ¥113 7

S8 Fh s (8 +sanster) Fead e
9 o7 o 7 v Wt e e
JPJ;;L:{‘;KWW mnbak ST coetrol scthve D172
8 a::_am et fl"l::*bd;e ABB_PSL) RETbe e
AR EELY 5 F50 state MD217A
TASRA S [Oumaty M) 50 moded D175
TAS24. Sy {Cumary modde) FS0 model WDLITH
Modulating wBary
P51 1n Safe Speed bWz
FROFlssfe F Message trader Sal2.30
200 P51 0ot WOW2E  UNT 0
P51 ot WOW2?  UNT 0
P51 o VirSLSLt wowW2s BT o

“ e FROFlssfe F Message traler 002,18

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, refer to 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. Refer to section Downloading the GSD file on
page 225.
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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.

."j SIMATIC Manager - FSO_example
File Edit Inset PLC View Options Window Help

O |37 2 25| 8% < No Fiter > ~| ¥ |28
@ F50_example -- C:\Program Files (x86)\Siemens\StepT\s7proj\F50_exam EI@
nple SIMATIC 30001 BEMPIT) BHE thermet(1)

3. Open the hardware configuration of the project.

4. Select the controller station and rail from the catalog and drag them to the
project.
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This example project uses a CPU 319F-3 controller station (V2.8) that is

installed in a RACK-300 Rail.

8% HW Config - (SIMATIC 200(1) (Configuratien) -- FSO_example]
O Station Edit Inset PLC View QOptions Window Help

D8 §|&5 s ol | 2/ 92 | w2
FEthemet(1): PROFINET-0-System (100)
DDOUR
:
2 CPU 319F-3 PN/DP
X1 MPLDP
x 0oF
X3 PN-O
X3P Port 1
8

ﬂ:‘ [ uR

Press 1 to get Help.

Slat Module | Orcer number Fimware. | MPY acvess | | scress | 0 actress | ommet |
=
[ELCPU 319F-3 PN/DP E7 31B.IFLO0-0ABD (V28 |2
7 ([ Arvoe 2z T o
oF A
AT ETEF
At STEE

-8 %
ol
swhem | i
Frofil  [Standsid =l
0O CRU31E2DP -
@ crunrz
- CPU 3172 PN/DP
{3 cPu A1TF2
{0 CPU 317F-2 PHIDP
@ cru N2

{1 CPU 3133 PN/OP
- CPU 319F-3 PN/DP
10 BEST 31BIFLOCOLED
@ ves
8 vos
il ver
T[] ves
@1 BEST 3183FLOT-04B0
[ crPuele
£ FM-a00
{1 Gateway
£ 1M-300
{23 Ps-300
tL B[ RACK-300
™ B3 Rail
{0 swt-300
=] SIMATIC 400

I

B _GIMATIC P Raced Contel 007400

EEST 318-3FLO0-04B0
“work memory 1400KB: 0.01ms/1000 instructions:

PROFINET cormection; £7 communication
(loadable FBs/FCs); PROFINET 10-Cantraller; -

5. When you install the controller station to the rail, select Industrial Ethernet

as the subnet for the controller station.

=)

r
Properties - Ethernet interface PN-IO (RO{SZB)‘
General  Parameters
If a subnet is selected,
the next available addresses are suggested.
IP sderese: 19216201 P
" Do not use router
Subnet mask: 255.255.255.0
 Use router
Address:
Subnet
—not networked — Mew...
Ethemet(1)
Properties
Delste
Cancel Help
L

6. Install the FENA GSD file:

« Inthe Options menu, select Install GSD Files.
- Browse for the GSD file that you downloaded from the ABB Document

library.
« Click Install.




PROFIsafe 245

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.

ST

Install GSD Files: [ from the directory |

F:* Browsze .. |

File | Felease |\-"ersi0n | Languages |

TGEDMLAD. 3-ADE-FE M- 20 40027 sl (37772014 12-00-00 A0 2.3 English, English

Instal Show Log Select all Dezelect Al

Close

7. Click and drag the FENA object from the device catalog to the Ethernet (1):
PROFINET-IO-System.

8. Click and drag the desired 1/0 object, for example PPO Type 4, to the first
slot of the FENA module to define cyclic standard communication between
the module and the PLC.

9. Click and drag the PROFIsafe object PROFIsafe ABB_PSL1 to the second slot
of the FENA module to define cyclic safety communication between the
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module and the PLC.

Press Fl to get Help.

B HW Config - [SIMATIC 300(1) (Configuration) -- FSO_example] E=aEch===
B} Ststion Edit Inset PLC View Options Window Help NEE
DS&s-E &G sl o | 2| 55 w2
olx
Ethemet(1): PROFINETO-System (100)
Suchen l— | g
=(0) UR Brofile | Standard j
1 e =% PROFIBLS DP .
2 [§] CPU 319F-3 PN/DP B CRORBLS FA
AT MPLDF -4 PROFINET 10
X2 op £+ Additional Field Devices
x FHO : 23 Dives
X3P1 Port 7 3 =00 ABB FEMA
3 ‘@ FENADY
& -ga FEN&1 L
5 =-(1 PPO Types 1
5 [§ PPOTwpe3
L | e g s [ PPOTp=4
8 > / ..... [{ PPOTypet
| [ PPOType7
‘ i =03 PROFsate Telsarams
] PROFlsafe AEE_PS1
=+ Standard Telegrams
sl Standard Telegram 1
Order number | addberTU addr.. | Dia.. | Compert | )0 ¢+ __ d Standsrd Telegram 2
AR A, [ 677 @ FENA2!
5 Jntevtare AT (] Galeway
el T R B0 HMI -
1 PPO Type 4 256...257 [256...267 ABE Dy %
2 PROFIsafe ABE_PS1 017 0.9 PROFIsafe ABB_PS1 2
GEDMLA2 3ABE-FEMA-201 40327 sml
Chg

10. Double-click FENA to open the Properties window.

11. On the General tab, type the Device name for the adapter module (in this
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example, drivel).

General | idertiication |

Short description: FEMA
PROFINET IO module FENA

6438177287445 / V3.01
ABB FENA

Order Mo/ fimmware:

Family:

Device name: drivel

This is the IP address that will
550 file: GEDMLV2.3-ABB-FENA-20140327 el be assigned to the FENA
adapter module.

WI To modify the IP address, click

the Ethernet button.
- Node in PROFINET IO System

Device number: fi IPROF|N¢System 0 Egcli(d)r gggtroller assigns the

IP address 192.1680.2

¥ Assign IP address via 10 controller

Comment:

0K |




248 PROFIsafe

Note: Do not change the IP address assigned here. Use the same IP address for
the FENA adapter module also in other tools (eg, the Drive Composer pro PC
tool) which you use to connect to the drive.

12. Click OK.

13. In the hardware configuration, double-click the I/O object (PPO Type 4) in
Slot 1 to open the Properties window.

14. Type a name for the I/0 object (in this example, PROFIsafe ABB_PS1).

,

General | Addresses | PROFisafe |

Short description: PROFlsafe ABB_PS1
PROFlsafe ABB_PS1 -
Hardware revision level: V1.0
Software revision level: V3.m
Name: PROFlsafe ABB_PS1

15. On the Parameters tab, configure the Stop mode and Control-zero mode
functions, and define Fail safe values for the PLC output process data
(PZDs).

r B

General I Addresses FParameters I Identification I

| value
Sle=] P
(L= General parameters

[#] Stop Mode Action selection Freeze data
[#] Control-zere mode selection Use data
[£] Fail safe Control Werd 0

[£] Fail safe Reference 0

(%] Fail safe value of Ref PZD3 0

[Z] Fail safe value of Ref PZD4 0

(%] Fail safe value of Ref PZD5 0

[Z] Fail safe value of Ref PZDE 0

16. Assign the device name (defined in step 11) to the adapter module:
« Inthe hardware configuration, click FENA.
« Inthe PLC menu, select Ethernet, and select Assign Device Name.
« Click the Update button.
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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: | diivet ~| Device |ABB FEMA,

Avajlable devices:

I IP address | AT addressl Device type | Device name | Assign name |

13 .. 00-1C-01-0.. ABBFEMA  diivel

Mode flashing test

Duration [seconds): I 3 - I

Flazhing on | Flashing off |

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

Update | Export... |

LCloze |

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.
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« Make the necessary changes and click OK.

Cycle/Clock Memory I Retentive Memary I Intermupts I Time-of-Day Intemupts I Cyclic Intemupts

General I Startup I 5
Diagnostics/Clock I Protection I Communication
Parameter Walue
(=24 Parameter

[Z] Safety mode can be deactivated

L@ Basze for PROFlsafe addresses 2000
F data blocks
[Z] fram [DB) 2184
[Z] upta [DE) 2730
F function blocks
[Z] fram [FE) 1092
[Z] upta[FB) 1364
F-local data

L 2] Size

Cancel Help

18. Set F-Parameters of the FENA module:

« Inthe hardware configuration, double-click PROFIsafe ABB_PS1 to open
the Properties window.

« Onthe PROFIsafe tab, modify the F_Dest_Add and F_WD_Time values as
needed.

« F_Source_Add is the address of the safety controller station. You can
modify this in the host F Parameters tab.

- F_Dest_Add is the address of the FENA module. This is defined by FSO
parameter PROFIsafe.11, see section Configuring the safety fieldbus
communication on page 314.
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These two define the codename for the PROFIsafe relationship of this
particular FENA module and the safety controller station.

« F_WD_Time is the PROFIsafe watchdog time. See section Calculating the
watchdog time on page 221 for instructions on how to calculate the
correct watchdog time.

F ™

General | Addresses PF{OHSEfEl

Parameter name | Walue | Hex | Change wvalue... |
F_SIL SIL3

F_CRC_Length 3-Byte-CRC
F_Par_‘ersion 1
F_Source_sdd 2000
4 4
F_'WD_Time 200

19. If necessary, you can give proper symbol names to the cyclic data:

- Right-click the I/O object (PPO Type 4) in Slot 1 and select Edit
Symbols...

« Add names for the symbols.
- Repeat the same for the PROFIsafe object (PROFIsafe ABB_PS1) in Slot 2.

, :

R |0 |M |C |CC| Address Symbaol Data typ | Comment o

33 r\r (- |C (- |z 4.0 drivel_VarSLS_active BOOL
34 r \C (C |C [T | 4.1 drivel_POUS_active BOOL
35 r r | |[C | |I 4.2 drivel_Out x114 9 BOOL
3 riririr it a3 drivel_Out_x114_8 BOOL =
7 rriririr | a4 drivel_Out_x114_7 BOOL =
38 r r |[C |[C |[C |I 4.5 drivel_Out_x113_9 BOOL
33 rriririr |t 46 drivel_Out_x113_8 BOOL
40 r r | |[C | |I 4.7 drivel_Out x113_7 BOOL
41 r \C (C |C [T | 5.0 drivel_End_ack_req BOOL
42 r\rC |\C|C [ |1 5.1 drivel_End_ack_req_loc BOOL =
4 [

Add to Symbols | Delete Symbol | Sorting: I LI

W Display Columns R, O, M, C, CC
The symbols are updated with ‘0K 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
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example, the first bit that is sent in the PROFINET message is the 7th bit of
the first octet (1 0.7).
20. Check the protection of the controller station:

- Inthe 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.

Properties - CPU 319F-3 PN/DP - (R0/52) [
Cycle/Clock Memarny ] Retentive Memony ] Intemupts ] Time-of-Day Intemupts ] Cyclic Intemupts ]
General ] Startup ] Synchronous Cycle Intermupts
Diagnostics/Clock Protection ] Communication ] F Parameters ] Web ]
Protection level

I¥ Can be bypassed with password
(™ 2: Write-protection

(" 3: Read/write-protection

Password:
Beenter passwond:

’w—

[ CPU contains safety program

Cancel Help

e —— |

21. Save, compile and download the hardware configuration to the PLC.

The PLC is now ready for communication with the FENA adapter module.

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.
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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.
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1. In SIMATIC Manager, right-click on the Blocks folder of the S7 Program of the
project.
2. Select Insert New Object, and add the following blocks to the program:
- Organization Block OB35 to call the safety program cyclically.
« Function Block FB1 using F-FBD language.
- Function FC1 using F-CALL language.

.‘-‘; SIMATIC Manager - FSO_example EIIE

File Edit Insert PLC View Options Window Help

0w | &Y b BB b2 %5t < No Fier > | ER@E BEL
@ FSO_examnple -- C:\Program Files (x86)\Siemens\StepT\s7 proj\F50_exam E@
' 2-Ep F0_evampie Gystem data o OB o 0B35S o FBI
= SIMATIC 300(1) FB1032 L3 FE1033 3 FE1034 EFC1
EI-- CPU J19F-3PNADP DBE2184 £+ DB2185

=] 57 Program

Cut Ctrl+X
Copy Ctrl+C
Paste Chrl+V
Delete Del
Insert Mew Object 3 Organization Block
PLC r Function Block
Revine.. Function
Compare Blocks... el

Data Type

Reference Data 3

Check Block Censistency... Vanabic Tabic

Print 3
Rename F2
Object Properties... Alt+Return
Special Object Properties 3

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




5. Click OK and close the dialog windows.

Define New F-Runtime Group

F-CALL block:

F-program block;

|-DB for F-program block:

b aw. gwcle ime of the F-runtime in ms;

DB far F-runtime group communication:

Cancel |
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h —

6.
7. Add call to FC1 by dragging the FC1 block from the FC

In SIMATIC manager, double-click on OB35.

8. Save the block and close the editor.

blocks folder.

4% LAD/STL/FBD - [0B35 -- "CVC_INTS" -- FSO_example\SIMATIC 300(1)\CPU 319F-3 PN/DP\..\OB35] =N |
©F File Edit Inset PLC Debug View Options Window Help _ =[x
s W& g | o |25 & im]=]EE] x?

=l Contents Of: 'Environment\Interface'
5 Interface [Name -
=¥ New netwaork & TEMP & [Ter
&3 FB blocks i o
&8 FC blocks
{28 5B blocks =
588 SFC blocks ©B35 : "Cyclic Interrupt"
E 4l Multiple instances e
 Libraries
Comment :
’73 CRLL FC 1
i e .

[ BLOCK_FC

| =
[AT»IMF 1Emr 2 Info 3: Crosseferences 4: Address irfo. 5. Modify 6: Diagnostics
Press Fl to get Help.  [offline Abs<52 [Nwl Ln2 fInsert

9. In SIMATIC manager, double-click on FB1.

10. Add acknowledgement for reintegration by assigning
to ACK_REI in DB2185.

the value of ACK_REQ
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11. Save the block and close the editor.

%S LAD/STL/FED - [FB1 — FSO_example\SIMATIC 300{1)\CPU 319F-3 PN/DP] [E=x =R
File Edit Inset PLC Debug View Options Window Help REE
DEEd & & & il | o | 25 6 D& £ x?
BE Contents Of: 'Environment\Interface'
£ Interface [Name
9 New network L IN & [In
{&] Bit logic 4 oUT H@ ouT
X Comparator .4k IN_OUT @ 1v_our
{2d Converter .48 STAT & STAT
DB call L@ TEMP '@ TEMP
&1 Jumps
&1 Integer function
Move -
&R Program control FBl : FSO simple safety program
Status bits Comments ‘
& Werd logic
{8 FB blocks
{8 FC blocks PN 1=2CKNOWLEDGEMENT FOR REINTEGRATION
Jll Muttiple instances
W Libraries

PROFIsafe automatic reintergration. ‘

Network 2 : 5L53 control

Force SLS3 active all the time. Feeding a value and negation of the same value
to Exclusive Or evaluates always to TRUE.

XOR
"drivel
SLS3_
active” —| 01.7
"drivel
11.7 SLS3_

"drivel zequest”

i SLS3_ =
active" =}
" BPogen . [ECalsr. |, oA

xl
|

[A[»]MF 1 Emor 2 Ifo 3: Crosseferences 4 Address info. 5: Modiy 6: Diagnostics

Press FL to get Help. 2 [offline Abs <52 Insert

Note: This example program also keeps the SLS3 function active all the time.
12. In SIMATIC Manager, select Edit safety program from the Options menu.
13. Select Compile.
14. Select Download. If prompted, accept the inclusion of standard blocks.

15. Switch the controller station to run mode.
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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.

@l Manitor/Modify - drivel  ABB P51 - (R-/52)

Orline via azzighed CPU services

=3

Run immediately

i) Status Value [
i3 Modify Value [ 140 Dizplay

<> RUNNING

Run conditionally

[ Modify

&% Trgger...

Cloze

Path: |FSD_EHampIe\SIMATIE 300[15EPU 315F-3 PH/DP
Symbaol Display f'orrnat| Status value | Modify value &
33| "drive1_VarSLS_active"  BOOL [ false
34| "drivel_POUS_active" BOOL
35| "drivel_Out_x114_9" BOOL
36( "drivel_Out_x114 8" BOOL P
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 m b
¥ Row Mot Effective | Update Force Symbal with F5

Help

Configuring Siemens S$7-1200 PLC with TIA14
This example can be done with FENA-21 or FPNO-21 adapter modules.
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1. Open TIA14 and create a new project.

Project name: |ACS880 FENA21 PROFIsafe |

Path: | 80_Profinet_TIA_Portal_Profisafelv14 5F1 Projectl___

Version: |V14 SF1

Comment:

|v|

Author: | FILAJAR

(@ cPU 1215C ACIDCIRIY
[ cPU 1215C DODCIDC

Work memory 100 KB; 24VDC power supply with
DI8 x 24VDC SINKISOURCE, can be used for safety

Create 1 | Cancel
=
2. Select your CPU from the list.
Add new device
Device name:
[PLc_1 |
vp_u Controllers Z Device:
~ [ SIMaTIC 57-1200
~ [ cru
[ -
Controllers » [l CPU 1211C ACIDCIRly
[ crPu 1211C DCIDCIDC
L EE IR CPU 1212FC DCIDCIRLY
(@ cPU 1212C ACIDCIRlY
D [@ crU 1212¢ DOiDCIDC ;
[ CPU 1212C DCIDCRly Article no.: | 6E57 212-1HF40-0XEO0 |
HMI [ cPu 1214C ACIDCIRIy Version: [vaz [+]
[@ cPU 1214C DOiDCIDC
] [ cPU 1214C DCIDCIRlY Description:

FC systems

a

Drives

[ Open device view

,-
Vi

[@ cPU 1215C DODCIRlyY
[ crU1217¢ DCiDCIDC
[@ cPu 1212FC DOiDCIDE
[@ cPU 1212FC DOIDCIRlY
212-1HF40-0XB0]

{ v v v wwmwwvwvwwwwo-w

[@ cPU 1214Fc DaiDCIDE
[@ cPU 1214FC DOIDCIRlY
[@ cPu 1215FC DOiDCIDE
[@ cPU 1215FC DOIDCIRly
[ Unspecified CPU 1200
[ cPu sIPLUS

IMATIC 57-1500

AT &

N - v ww v w

-~

nn
[

applications, supports PROFIsafe, central and
distributed FI0, 51evel protection concept; DQ6
xrelayand A2 on board; 6 high-speed counters
and 4 pulse outputs on board; signal board
expands on-board Ii0; up to 3 communication
modules for serial communication; up to 2
signal modules for !0 expansion; 0.04 ms/1000
instructions; PROFINET interface for
programming, HMl and PLC-to-PLC
communication; firmware 4.2

oK 1 | Cancel
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3. Install the FENA-21 GSDML file.
iemens - C:\Usen\Onsite\2017\2017 Expertdays fieldbus training\AC5880_Profinet_’

Project Edit View Insert Online Options |[Tools Window Help

f (% soveproject 5 M x| T Y sertings
Support packages

Manage general station description files (GSD)

Devices L
Start Automation License Ma er
s
£
— [#| Show reference text

LI Global libraries »

¥ ] ACS880 FENA-21 PROFIsafe

4. Add FENA-21 to the device configuration by dragging it from the hardware

catalog.
bus training WCSRAL ' 3l Profisafoi/14 G P FEMA'ZY PROFIafe — O
Project  Edit View lbeiet  Onhne Options  Tock  Window  Help Tatally Integrated Autcmation

GO e e N0 X e B G QS Geonkne o cocines | By (AR % | (]} PORTAL
[ Devices | = [ Topoiogy iewe [sh Networkiew B Davice view [ options =
[20] 2 | € revere | 17 comnectans : == = Wil H
A *
= |] ACSSA0 FENA21 PROFafe Bl L - _-'ﬁ =“T )
W Add e devies g
Al =1t ;:

oy Devices & netwarks
= ([ PLC_1 [CPU 1212FC DODCRLY]
DY Device confgumtion rEm™
» [ e aputems

ncy
SRR

% Online & disgrastics

& Sefery dminismation » L Drives & suaners
g [l etk et
# [ Devecung & Monitzring

[l Cevibuted V0

» g Power supplyand distniunen

» [ Field devices

¥ g Frogram blocks
» [ Technology ohjects
¥ G Exteenal source Hles

SO0} S0 = |

¥ [ Local modules
* T Ungrouped devices W rinst
+ g Common dazs i |
¥ [ Botumentation gengs

= L@ Owher eld devices =

+ [ Additicnal Etheinet devices g

§ =~ (W PrOFRETIO g

» [ Devicn prowydata - - [ rives 1
1§ frogram inks 13 - g aee o
&) nLC alarm vent liits B =
W FenADn H

+ T A Drves
» Lisl SIEMENS AG

& T8 L annimnes & rexeairas

5. Open the FENA-21 device view and add (by dragging and dropping) the
desired PPO and PS telegrams to slot 1 and 2. In this example, we use PPO7
and PS2 (Additional info in manuals).

Device overview

¥ .. Module Rack slot | address | ¥ | Catalog
- FENA o ] [earch>
D_ImiEnte: Y D23 EFiIter Profile: | <All=
EEOANEER/ ] g ; » 5 Head module
~ [ Module
~ [ FFO Types
Il FFO Type 3
Il FFO Type 4
Il Fro Type &
Il FFO Type 7

- 5 PROFisafe Telegrams
[ FrOFIsafe ABE_PS1

[l FROFIsafe gB_Psz
ri

4 5 standard Teléframs
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6. Network view shows E-stop icon on the FENA device to indicate that device
has safety I/0.

ACS880 FENA-21 PROFIsafe » Devices & networks

“:_5 Topology view ||5ﬂ1, Network view ‘mf Device view |

Fr Network 13 Connmections [l connecrion o %_j @ s = J—III‘]

PLC_1 FENA ]
CPU 1212FC FENA-21 E}'
FENA

Not assigned E

7. Assign FENA-21 to PROFINET controller.

PLC_1 FEMA B e
CPU 1212FC FENA-21 @}" e
) FENA

Mot assigneg &

I Accign to new [0 controller I

Dizconnect from 10 system

Highlight 1O syster

Show catalog  Ctrl+shift+C

Select 10 controller %

Name

r oK 1 | Cancel |

« Network configuration is updated.

PLC_1
CPU 1212FC

FENA
FEMA-21

PLC_1 )

s eein PLC_1 PROFINET I0-Syste. . gapamas

- 1/0 addressing is assigned automatically to FENA. This can be seenin
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Device view (highlighted with a red box in the image below).

ACS880 FENA-21 PROFIsafe ¢ Ungrouped devices * FENA [FENA-21]

o Topology vew  |d Network view 1Y Device view
B | ena fresenn] = E P eEes 5 Device overview
&l T Zack  sior  |laddeess | Q eddress | Type A e,
* FINA o L} FENAT GAIONTIIETASL
» ineriace o ax FENA

& FrOType 7_1 o ] PO Tpe 7
_ FROFIzake ABE FS2_1 o 2 PROFisade ABS P52
—
-— .

{D Angp
L FENA

8. Select PLC from network view and Properties will show on the bottom of the

screen. In PLC properties, enable F-capability (safety and PROFIsafe) under
the Fail-safe submenu.

-2 Properties

|| General | 10tags [ Systemconstants | Texts |

» General

-
Factivation
F-parameters

» PROFINETinterface [X1]

» DISIDQ 6

» A2

» High speed counters (HSC)

b Pulse generators (PTOPWM)

startup

Cyele

Communication load

System and clock memory

Web server

Wulilingual support
Time of day

Protection & Security
Configuration contral
Connection resources.
Overview of addresses

9.

Fail-safe

F-activation

gcapabmtyaclwaleﬂ
Disable F-activation

F-parameters

Low limit for F-

addresses: |1

addresses: |99

Default Fmonitering time for
cenwral FI0:

High limit for F-

150 ms.

In the F-parameters submenu, define the maximum allowed safety program
execution interval. If this value is exceeded, PROFIsafe goes to safe state
(watchdog).

J General " 10 tags
b General

- Failsafe

F-activation

| System constants " Texts |

et

F-parameters

F-parameters
« PROFINET interface [X1]
General

Ethernet addresses

Default F-monitoring time for
F-1O of this interface: |1SD

ms
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10. In Ethernet addresses submenu, set the PLC IP address.

J General ” 10 tags

» General

~ Failsafe
F-activation
F-parameters

w PROFINET interface [X1]
General
F-parameters
Ethernet add|

Time synchronization

Operating mode

» Advanced options
Web server access
Hardware identifier

11

System constants || Texts |

Ethemet addresses

Interface networked with

Subnet: | PNIE_1

IP protocol

() SetIPaddress in the project
IPaddress: | 192 . 168 . 11 .10
Subnetmask: | 255 . 255 . 255 . O

communication (PROFINET cycle time).

In Advanced options, set PLC minimum cycle time for 1/0 and PROFINET

[ Properties |71} Info_1)| % Diagnostics |

Fparameters
~ PROFINETinterface [X1]
General
F-parameters
Ethemet addresses
Time synchronization
Operating mode
-

Interface options

>

>

>

|| General [ 10tags [ Systemconstants [ Texts |
» General > > |0 communication
~ Failsafe

F-activation

[ send clock: [1.000 ms [~ 1]l

Damain sewings

Real time options

Bandwidth

Port [X1 P1]

Calculated banduwidth for cyclic
10 data: |0.008 ms | [0.752 %

(max 0.500 ms}

12. For testing purposes, you can disable the PLC password. Remember to
enable the PLC password after you have done the validation.

Factivation
F-parameters
~ PROFINETinterface [X1]
General
F-parameters
Ethernet addresses
Time synchronization
Operating mode
~ Advanced options
Interface options.
» Real time settings
» Port [X1 F1]
Web server access
Hardware identifier
DI&IDQ &
A2
High speed counters (HSC)
Pulse generators (PTOIPVIL)
Startup
Cycle

Communication lead
System and clock memory

Vieb server
Multilingual support
Time of day

,
Configuration contral
Connection resources

Overview of addresses

J General " 10 tags H System constants H Texts ‘
¥ General M i .
~ Failsafe Protection & Security.

Access level

Select the access level for the PLC.

(O) No sccess (complete protection)

Full access incl. failsafe (no protection):
A Fortal users and HM applications will have access to all standard and failsafe functions.
Ne password is required.

Connection mechanisms

Access level Access Access per...
HMI Read Write Fail-safe | Password
@ Full sccess incl. fail-safe (no protection) v v v v =]
() Full access (no protection) v v v
(O Read sccess v v
() HM access L4

[ Permit access with PUTIGET communication from remote partner
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13. In FENA properties, set the FENA-21 IP address and PROFINET device name.
The device name will be used as identification. After successful
identification, PLC will assign IP address to FENA.
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Note: FB module parameters (51.04 onwards) should be static 0.0.0.0 in the
drive.

[ Properties | *idInfo_)| % Diagnostics |

|| General | 10tags [ Systemconstants [ Texts
~ General M
Catalag information Ethemet
~ PROFINET interface [X1] Interface networked with
General
Ethernet addresses Subnet: | FIIE_1

= fdvanced opgors

Interface options
» Real time settings
» Port1 [X1P1]
» Fort2 [x1P2]
Herdware identifier

IP protocol
(@) Set IP address in the project

Identification & Maintenance IPaddress: | 192 . 168 . 11 .2
Hardware identifier Subnetmask: [ 255 . 255 . 255 0
Use router

Router

() 1P address is setdirectlyat the device

PROFINET

[] Generate PROFINET device name automatically

PROFINET device name: | FENAZ1-drive

Converted name: |fena21-drive

Device number: |1

14. Configure FENA ABB PS PROFIsafe settings:
« F_Source_Add = PLC PROFIsafe address
« F_Dest_Add =FSO PROFIsafe address

«  F_WD_Time = Maximum allowed PROFIsafe message cycle time. In this
example, we use 200 ms.

ACS880 FENA-21 PROFIsafe » Ungrouped devices » FENA [FEN,

[ Topology view | Network view | Device view ||
i [ewrewen 0] 0 B (g0 @t [ Device overviow: |
¥ - |Module Rock |Slot Iad..
¥ FENA o o
> Interface o ox1
‘é@?‘ PPO Type 7_1 0 1 68...
PROFlsafe ABB_PS2_1 C 0 2 L
—
-
[
- FENA
[ Properties |"slnfo_)| % Diagnostics
|| General [ 10tags [ Systemconstants [ Texts
+ General Ml TR
Catalog information sate
PROFisafe
Inputs FsIL: [si3 -

IO addresses [oyecrc

Hardware identifier

F_Source_Add:

F_Dest_Add:

Il

F_Par_CRC_WithoutAddresses: 8300

[W] Manusl assignment of F-menitoring time

F_WD_Time: |20 m:

F_Par_CRC: [19724

[] Fio DB manual number assignment

F4I0 DB-number: | 30002

FI0 DB-name: |FO0001_PROFisafeABB_PS2_1
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15. Add OB86 (Rack or station failure) program block to prevent PLC from
stopping on 1/0O error.

Project  Cdt  View Insen  Onfine  Options

= _] ACSESDFENAZY PROFIsate
W Ad new device
o Devices & newwarks
[ PLC_1 [CPU 121 2FC DODORLY] & Frogram cyle Language: FRD
BY oevice conbgurmtion & Sterup - 2
4 Ginline & diagnestics B Time delayintermpt i
8 Safety Admenistration & Cyelic inermupt M
= [ Frogeam blocks & rardvare intermupt "
I Add newhiek [ e p—
& Main [OB1] A Dugraitic et interupt
& FoB_RTG [08123] A Full o plug of modules Oeicrpadn:
T Muin_saleyy fict [Fe1] Arack folure 8 is calted, for esampte, it
W Main_Safery RTGT_DU [D01] Function bleck & Time of day ek of & STAton in the distributed FO fils_
+ 5 system blocks s
L Technology obyects P — B update
¥ 5 Estemal source fes & Frofle
= @Fcngy t B MCimerpalater
% Showallugs & MSens
B Add new tag able i W CEresene
55 Defauit tag table [25] Pt enn
v '_- FLC data types ———
+ [ wasch and furce tables
» [ Onhine backupe n
¥ 15 Toces Bo bk
» [ Device prosy dam
0 Pragrarm inke =
B FLC alarm texs s 3 | Additional information
¥ [ Locsl modutes s ) r—-—-—| e
+ [l Distributed Vo hAFAATETinE Sear s . s !'
R o it e

16. Add new Function block “ABB_Drive”.
o - Gnc e ziecoanonn B Adenevbioek ————————— — X}

[ Device contgurtion
R Onling & dignostics
) Safery Adminisiratian -

Neme:
AHE_Drive

* [ Progeam blocks.
T A aeebiesk T
& Main [081]
& Rack or yution filure [0885]
& FOB_FTG1 [08123]
L Muin_safeny TG [Fo1]
@ Main_Safery RTG1_DE [D81]
b g System blocks
3 Technslogy chjecs -
5 Emernal source fles

=]

Language: |FED
Number: 2 =

) Manusl

Autematic
Failsate: [T Ereate Fblock =

Deseription:
Function blocks are code blocks that store their values permanentlyin instance data blocks,
+ y in available s Black has b d.

= [ ACtags
B Shew all gs
I Add new tag uable
% Delautiag rable [40]
& PLC dats types
152 wstch end force tables
[ Online backups

Tracer

il Device prawy data
B} Progrem info
W] FLC alarm text lists
» 3 Local modules
» [ Distributed vo | more...
# i Ungrouped devices 1
* (4 Comman data 2t Adiitionals i xemetion
» (B3 Documentation sertings EWMMW Ok | Comcel |

» [ig Languages & resources
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17. Add variables to ABB_Drive FB.

C/RLY] » Program blocks » ABB_Drive [F

96 0208 =D (== == 0 Gel &

Name Data type Default value Retain Accessiblef_ Writa_ | Visiblein . Setpaint
1 4@~ Input
2 as Drive PPO HWADDRFB  HW_SUBMODULE 0 Non-retain =] =] =]
3 @ v Output
4 . -
5 <@~ InOut
6 . -
7 4 v staetic
8 a@= PZD read errar Word Non-retain =] =] =] 0
9 @m FZD write error Word Nen-retain =) =] =] 0
10 4@ = ~ PPOOUT Struct Non-retain =] =] =]
ia = FZD OUT_1 Word Nen-retain =) =] =] O
2@ = PZD OUT 2 Word Non-retain =] =] =] 0
3@ = FZD OUT_3 Word Nen-retain =) =] =] 0
M@ = PZD OUT 4 Word Non-retain =] =] =] 0
5@ = FZD OUT_S Word Nen-retain =) =] =] 0
6@ = PZD OUT_6 Word Non-retain =] =] =] 0
7@ = FZD OUT_7 Word Nen-retain =) =] =] 0
@ = PZD OUT 8 Word Non-retain =] =] =] 0
9@ = FZD OUT_9 Word Nen-retain =) =] =] 0
0@ = PZD OUT_10 Word Non-retain =] =] =] 0
21 = FZD OUT_11 Word Nen-retain =) =] =] 0
2@ = PZD OUT 12 Word Non-retain =] =] =] 0
23 = oAdd news
24 g0 = ~ PPOIN Struct Non-retain =] =] =]
5@ = FZD IN_1 Word Nen-retain =) =] =] O
%@ = PZD IN_2 Word Non-retain =] =] =] 0
27 @ = FZD IN_3 Word Nen-retain =) =] =] 0
B@ = PZD IN_4 Word Non-retain =] =] =] 0
20@ = FZD IN_S Word Nen-retain =) =] =] 0
so@ = PZD IN_6 Word Non-retain =] =] =] 0
i@ = FZD IN_7 Word Nen-retain =) =] =] 0
s2l@ = PIDINSB Non-ret.. [~ =] ] ] ]
3@ = FZD IN_9 Nen-retain =) =] =] 0
MA@ = PZD IN_10 Non-retain =] =] =] 0
5@ = PZD IN_11 Nen-retain =) =] =] 0
6@ = PZD IN_12 Non-retain =] =] =] 0

18. Add ABB_Drive FB to OB1. Assign new instance Data Block for ABB_Drive FB.
When using multiple drives, create one DB for each drive.

Call'options %
Data block
Name | ABE_Drive1_DB [~
Number
Single O ool

instance

@ Automatic

Ifyou call the function block as a single instance, the function
block saves its data in its own instance data block.

maore...

r oK 1 | Cancel
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19. Select the corresponding FENA PPO address for the drive HW input.

¥  Network 1:
Comment
%DB2
"ABE_Drivel_DBE"
WB2
“ABB_Drive”
ENO —
=) “FENA~Head™ Hw_SubModule Rl
¥ =l "FENA~Interface” Hw_Interface
\El "FENA~Interface~Fort_1" Hw_Interface
@ “FEMA~Interface~Fort_2" Hw_Interface
M=l “FENA~PPO_Type_7_1" Hw_SubModule
\El “FEMNA~PROFIsafe_ABB_PSZ™1" Hw_SubModule
M=l “FEMA~Proxy” Hw_SubMedule
¥ Network 1:
Commen
%DB2
"ABE_Drive1_DE"
B2
“ABB_Drive™
--—EN
277
"FENA-PPO_ Drive PPO
Type_7_1" — HWADDR FB ENO —

267
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The value can be verified from the HW configuration, in the FENA PPO type
properties, under the Hardware Identifier tab.

ACS880 FENA-21 PROFIsafe » Ungrouped devices » FENA [FENA-21]

‘;Topologyview Hﬁg'ﬁ Network view "ﬁ'fDeviceview L

Device overview

P a——

=
[~]
= 2| | module Rack |Slot  |lad..
~ FENA 0 0
b Interface 0 0x1
& PPO Type 7_1 0 1 68....
PROFlsafe ABB_PS2_1 0 2 1.
=
-
B}a“niiii
L] FENA
|Q,Pmperties ||"_i.‘.lnfo y"ﬂ Diagnostics
J General H 10 tags H System constants H Texts
» General . .
Hard identifier
Inputs
Module parameters Hardware identifier

1i0 addresses

Hardware identifer TR
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20. In ABB_Drive FB, add blocks DPRD_DAT and DPWR_DAT.

= A

[ - =0l
¥ Block title: ™...
Comment
= Network 1:
Comment
—IN

ouUTf—

* .4 Network 1:

Comment

—EN

—EN

21. Insert values to blocks.
- Network 1:

Comment

—--——EN
#"Drive PPO
HW ADDR FE® LADDR
= EN
#"Drive PPO
HW ADDR FB® LADDR

#"PPO OUT RECORD

EHEE LADDR

LADDR
e RECORD

Read and write cyclic data from drive

DPRD_DAT
RET_VAL <777
RECORD <777
END —
DPWR_DAT

RET_VAL <777
END —

Read and write PPO message data

DPRD_DAT
RET_WAL #"FZD read error”
RECORD #"FPO IN"
ENO —
DPWR_DAT
RET WAL — #"PZD write error®
ENQ —

269
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Later the PPO message data can be found in ABB_Drivel_DB.

finet_TIA_Portal

|| Devices |
9 —': Load start values &
= | ACSUN0 FENA-Z1 PROFIzsfe Hame Diata type Start valur Retany Aceesuble ! Wta Vil Setpeirt
W Acid ew device I = inpur
o D & netwarks as (Dwive PPO HWADDRFE  HW_SUBMODULE 0 [ ¥ v
= [[§ PLC_1 [EPU1212FC DEMEMLY] <a  Owpet
¥ Device configuenzion 0 imbut
1 Onlime & diagnestics @ - sutc
& Sufery Adminisation s FzDresdesor ward v
v [ Program blocks @ % FIDwrite eiror Ward i
I Add new black 4O = v PPOOUT Struct i~
& Main [OB1] a . PZDOUTY Word 188 vl
& Fack or station filure [OBS6] a . PZDOUT.2 Word &8 w]
o ABE_Dsrve [FRI] a = FIDOUT 3 Word = I
@ 88 _Derved DB [DB2] g s PZDOUT4 Word 20 “
& FOB_RTGI [08123) [+ i@ = Poours viard x, =
& Main_Sefery RTGH [F81] g - 2D ouUT_ 6 word .
@ Mein_Sefery_RTG1_DE [D01] Bma - FIDOULY word 1
» Ll System blocks 4 = FOOULE Word
» [ Technalogy shjects wa e PZD QU Word 168
» [ Extermal source fes 5@ = FDOULI0 verd s il
- [ nCug a . PIDOUT1] Word = vl
G Show alltags a =  Fmpoutiz Werd = =
B Add new tag table Qe v oM Smact il
S5 Dol rag aabie j40] Qo PZDIN 1 word 168 =
¥ (g PLC dara mypes Sda - MDIN2 ward v b
» 5 Wesch end force mables Ha . FIDIN_E ward fl
» T Ondine backups I @ e FIDNE Wi v
¢S e s ) PIOIN_S Wiard I
» (i Device prowy data @ =  FDmNE g 5 b
] Fraqram ke a = FDINT werd cl
K PLE alarm tet hists #a = DN Word £ il
¥ [ Lo<al modules W@ = rDINg vord s =]
» [ Diswibured 10 si@ = ronio weord ® =
» 1 Ungrouped devices a o moiN werd .
» [5# Common dews A v HpINR ward

22. In PLC Safety Administration, configure F-runtime group cycle time, warn
and maximum cycle time limits. If maximum limit is exceeded, PLC will go to
safe state.

[CPU 1212FC D

| Devices |
| | =%

Ganeral
™ | ] ATSENO FINAY MO = Funtime geoup =
W Add new device F-runtime groug 1 [RIG1] b A i e ok
thy Devices & networks Fiocks L £ e Ak b
= |3 PLC_1 [CPU1212FC DODORLY] FeomglancrLCdemnpes || | R —
O Device cenfgurasion Beress peotection
% Oniine & sagnestes Wb server Fagming
8 Sukty Admintitation
= g Pregeam blocks Fall-safe organization biock Main safaty biock
W Add new
& hwin |
B Rk o etasion bilurs [OB05]
& ABD_Orive [FR2]
@ ABD_Orive1_oe [082] Lventelate
0 rom_fI [08123) Humber
T Main_Satery FTG1 [FE1] foi ey
18 Vein_sateny K7G1_D8 (D81
¥ 5 Syitem blocks Fhase shif

» [ Technology sbirces Priceiny [9 8l
» G B
= (g ncoge F-runtime group parameters
T Shew sllsage W cysle time ofshe Fruntime group
I Add new tag rable
" Dedauk tag tble [40] ¥ e
» & PLC dace ypes f 08 for Frumime group communication |
b 25 watzh ans erce tables
+ [ig Omine bachugs
b [ Taces

Feruntinme group 1 [RTG1]

1

e

e

Lain_takery ET61 [FR1]

Meximum cycle time of the F-runtime group

Fruntime group infirmerion D8 |§7615ysinfo
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23. Create tag table for ABB_PS2 safety functions. See bit descriptions from
FSO PROFIsafe profiles (Chapter 6). See correct I/O addresses from HW
configuration.

Device overview

Y7 - Module Rack slot | address | Q address | Type
~ FENA o i} FENA-21
b Interface 0 0x1 FENA
PPO Type 7_1 o 1 68..91 6487 PPO Type 7
PROFIsafe ABE_PS2_1 o 2 1..14 1..10 FROFIsafe ABB_FS2

ACS880 FENA-21 PROFIsafe » PLC_1[CPU 1212FC DUDGRLY] » PLQ
Devices
% YT
Drive1 ABB P52
~ L@ PLCtags MName Data type Address
% showalltags 1 - Drive1_SLS2_active Bool %I1.0
ﬁ Add new tag table 2 e | Drive1_SLS1_active Bool %l1.1
% Default tag table [40] 5 40 Drivel_Tag_3 Bool %I1.2
'3 Drive1 ABB P52 [105] i 4 <@  Drivel_Tag 4 Bool %I1.3
» [z PLC data types 5 40 Drivel_551_active Bool %l1.4
] ';:;L\Nat:h and force tables 6 i | Drive1_SSE_active Bool %I1.5
» rj:, Online backups 7 i | Drive1_SBC_active Bool %l1.6
b [ Traces & 40 Drivel_STO_active Bool %I1.7
» [} Device proxy data ] S| Drive1_Tag_9 Bool %I2.0
B¢ Frogram info 10 4@  Drivel_Tag 10 Bool %I2.1
E] PLCalarm text lists 11 e | Drive1_Tag_11 Bool %l2.2
» [ Local modules 12 Drive1_Tag_12 Bool %123
» rL_[. Distributed 1i0 13 e | Drive1_SAR1_active Bool %l2.4

24. Save and download project to PLC.

A Siemens - C:\WserOnsite\2017\2017 Expertdays fieldbus training\AC5880_Profinet_TIA_F

Project Edit View Insert Online Options Tools Window Help
5 B sepo |8 X = x 92 e S[M)G B R S coonine

. [\
Project tree

Devices

G L, ERE e 8
Main_Safety RTG1
~ | ] ACS880 FENA21 PROFIsafe (] Narne Data ty

K Add new device
i Devices & networks a =1 7 4 - = {d]
~ @ PLC_1[CPU1212FCDCDCRLY] |

w RBlock title:

25. Scan for accessible devices (start search). Note that a firewall can block
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traffic.

Extended download to device

Configured access nodes of "PLC_1"
Subnet
PMIIE_1

Address
192.168.11.10

Slot
11

Device
PLC_1

Device type
CPU 1212FC DCI...

Type
PNIIE

|F@ eelkin FSDS055 Gigabit USE 2.0 Netwark Ada...[ | €

Type ofthe PGIFC interface:

PGIPC interface:

Connection to interface/subnet: | PHIIE_1 ‘v| @
| @
Selecttarget device: Show all compatible devices ‘vl
Device Device type Interface type Address Target device
RFLC'2 CPU1212FCDC... PNIE 192.168.11.10 RPLESZ
= = FNIIE Access address =

["| Flash LED

Startsearch

Online status information: [T pisplay only errar messages
1. Found accessible device abbdrive-6 [192.168.11.6]

€ scan completed. 1 compatible devices of 4 accessible devices found.

¥ Retrieving device information...
scan and information retrieval completed.

=]
v

‘ Load | ‘ Cancel |

26. In device configuration, right-click FENA icon and select Assign device name.

FENA
FENA-21

PLC_1
CPU 1212FC

[If pevice configuration
Wiite |0-Device name to Micro Memory Card
Start device tool...

¥ cut Crrl+x
Copy Cri+C
Paste Crrl+v
% Delete Del
Rename F2

DPr I
Disconnect from DP master system | 10 system

[¥ Highlight DF master system i 10 system

Assignto

ntrol

& Go to topology view

Compile »

Download to device »
& Go online Crrlak
- line Ctrl+h
%/ Online & diagnestics curl+D
1 Assign device name k

R alarms

Upd

Show cataleg Crrl+ShifeC
[ Properties Alt+Enter

[ Export module labeling strips...
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27. Select update list and identify the correct FENA-based on MAC ID label. Click
Assign name.

Note: The MAC ID can be found on the cover of the FB module.
Assign PROFINET device name. 1%

Configured PROFINET device

PROFINET device neme: | fena2i-drive [=

Device type: |FENA—21 |

Online access
Type of the PGIFC interface: |i_PNNE |"

FGIFCinterface:  |Fl Belkin FSD5055 Gigabit USB 2.0 Netwark Ada..|+| 6

F;I Device filter

[# Only show devices of the same type

[] Only show devices with bad parameter settings

[C] onlyshow devices without names

Accessible devices in the network:

IF address MAC address Device FROFINET device name Status
0.0.0.0 00-1C01-01-9B-61  FENA-21 = 1. No device name assigned
[ Flash LED
<] [ [[2]

[ Update list | ASE?H name |

Online status information:

(i} Search completed. 1 of 4 devices were found.

<] i [[>]

Close

The PLC will assign a name and IP address to the selected FENA and drive
parameter group 51 values will update accordingly.

e 51. FBA A settings

1 FBAAtype Ethernet NoUnit
2 Protocol/Profile PNIO ABB Pro  NoUnit
3 Commrate Aute NoUnit
4 IP cenfiguration Temp IP NoUnit
] IF address 1 192 NoUnit
G IP address 2 168 NoUnit
7 IP address 3 11 NoUnit
8 IP address 4 2 NoUnit
9 Subnet CIDR 24 MoUnit
10 GW address 1 192 NoUnit
1 GW address 2 168 NoUnit
12 GW address 3 41 NoUnit

13 GW address 4 2 NoUnit
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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.

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. Inthe window that opens, select the FENA module of your system.

4. Click the Module Information button.

Bathr IFSD_exampIe\SIMATIE 300(1\CPU 319F-3 PN/DP

CPU/Faulty Modules

Module Addr. DP PH R 5 Module Information... I
: 0z

a1 |0 device E 3186 - 10a01]

Open Station OMWLIME .. |
Update |

v Display Quick Yiew during hardware diaghostics

Cloze | Help |
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5. To read the diagnostic messages, select the 1/O Device Diagnostics tab.

Path: IFSO_mpIe\SlM.F\.TIC J00(TMCPU 313F-3 Operating mode of the CPU: (8 STOP
Status: s34 Emor

General O Device Diagnostics

10 controller: PN-IO

il anufacturer's description - Device [0

Hexc. Format... |
Standard diagnostics:

Channel-specific diagnostics:

Slot Channel ... | Emor

Mismatch of safety destination address (F_Dest_Add)

Help on selected diagnostic row: Dizplay |

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

S ModuleInformation - FENA EI = @
Path:  [PS_test\SIMATIC 300(1\CPU 319F-3PN/D  Operating mode of the CPU: (¥ STOP
Status: #24 Emor
Network Connection ] Statistics ] |dentification
General 10 Device Diagnostics ] Communication Diagnostics ] Interface: ]
Description: FENA System Identification: PROFINET IQ
Name: FENA.PROFINET-IO-5YSTEM
Version: Order No./ Description Componert Version
6438177287452 Hardware 1
.- Firmware V305
10 system: 100 Address: 18185
Device Number: 1
Plant designation:
Location designation:
Status: Faulty module (diagnostic intermupt detected) and not available (/0 access emor »
Extemal emor
Close | Update | Print ... | Help

Diagnostic messages related to F-Parameters

The diagnostics messages in this table are caused by problems in the
F-Parameter processing that takes place only when the controller station sends

the

F-Parameters to FB module. This happens normally only when the controller
station starts up the PROFINET communication with the FB module.

Value Description Notes
(hex)
64 Mismatch of safety destination F_Dest_Add did not match the value
(0x0040) | address (F_Dest_Add). configured in the safety parameters
(PROFIsafe.11 PROFIsafe F_Dest_Add).
65 Safety destination address is not F_Dest_Add of O or FFFFh is not
(0x0041) | valid (F_Dest_Add). allowed.
Avalid F_Dest_Add is within range
1...65534.
66 Safety source address is not valid F_Source_Add of O or FFFFh is not
(0x0042) | (F_Source_Add). allowed.
Avalid F_Source_Add is within range
1...65534.
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Value Description Notes

(hex)

67 Safety watchdog time value is 0 ms | Watchdog time O ms is not allowed.

(0x0043) | (F_WD_Time). Avalid F_WD_Time is within range
1...65535.

68 Parameter "F_SIL" exceeds SIL from | F_SIL defined for this device at F-Host

(0x0044) | specific device application. is not correct. This device supports only
F_SIL = 3.

69 Parameter "F_CRC_Length" does F-Parameter checksum length different

(0x0045) | not 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 Unsupported PROFINET submodule

(0x0048) | information 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.

communication.

FB module in the PLC
configuration.

match the station name of the

Fault Cause What to do
You cannot start | The FB module station name Check the station names in both
the PROFINET saved in the FB module does not | places.

in the FB module does not

module in the PLC
configuration.

The FB module IP address saved

match the IP address of the FB

Check the IP settings in both
places.

for the PROFINET
communication.

The FB module is not configured

Check drive parameter 51.01 or
54.01. See the FB module user’s
manual for details.




PROFlsafe 279

Fault

Cause

What to do

You cannot start
the PROFIsafe
communication.

The drive safety parameters are
not set correctly.

In the ACS880/DCS880 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 314 for details.

The PROFIsafe destination
address of the FB module does
not match the station name of
the FB module in the PLC
configuration.

In the ACS880/DCS880 drives,
check the value of parameter
PROFIsafe.11 PROFIsafe
F_Dest_Add. See section How to
configure the safety
communication with PROFIsafe on
page 314 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 221.

All errors solved
but you still
cannot start the
PROFIsafe
communication.

After you have modified the
configuration of the safety
devices, you may have to reboot
the whole system before the
changes take effect.

Reboot the safety PLC.

If this does not help, reboot also

the FSO module, the FB module

and the drive.

To reboot the FSO module:

- switch the power off and on, or

« use drive parameter 96.09 FSO
reboot (ACS880), or 96.28 FSO
reboot (DCS880).

To reboot the FB module:

- switch the power off and on, or

- use drive parameter FBAA/B
PAR REFRESH (parameter
51.27/54.27, refer to the drive
firmware manual).

To reboot the drive:

- switch the power off and on, or

- use drive parameter Control
board boot (parameter 96.08,
refer to the drive firmware
manual).
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Planning for installation

Contents of this chapter

This chapter gives instructions and references to instructions in other manuals
for planning the safety system installation, as well as the requirements for
installation in the applicable safety standards.

Requirements for designers and installers

- Designers and installers must be trained to understand the requirements
and principles of designing and installing safety-related systems.

« Designers and maintainers must be trained to understand the causes and
consequences of Common Cause Failures (CCF). See the checklist for the
appropriate standard in section Checklists on page 301.

Mechanical installation

Installation site

The subsystem elements must always be likely to operate in the range of
temperature, humidity, corrosion, dust, vibration, etc. for which they are
specified, without the use of external environmental control. For the
environmental requirements for the FSO module, refer to section Ambient
conditions on page 515.

Use the FSO and FSE modules only in an environment where there are no
conductive dust or contaminants. To make sure that there is sufficient
protection against contamination, you can install the FSO and FSE modules into
an enclosure that has a rating of IP54 or higher. For more information on
environmental limits, refer to chapter Planning the mechanical installation in
the drive hardware manual.
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WARNING! Do not operate a safety module in environmental conditions
that are outside of the limits given in the technical data of the safety
module. Environmental conditions that are outside of the specified limits
can cause a malfunction in the module and a subsequent loss of a safety
function.

Electrical installation

General requirements

Electrical installation of the safety system must be done 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 sufficiently protected, and routed and clamped where
necessary.

When installing cabling, it must be made sure that there is no pulling or
pinching on the cables.

Connections

Inputs and outputs

To design the safety system architecture and select components to be used, it
is essential to read and understand the different architecture options (for
example single channel / redundancy).

Single inputs can be connected to any terminal X113:1...4 or X114:1...4.

Redundant inputs must be connected so that one input is connected to X113:n,
and the other is connected to X114:n (n=1...4; the same for both inputs).
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Use diagnostic pulse TP1 (X113:10) for the X113 inputs and TP2 (X114:10) for the
X114 inputs.

24V TP2 X114:10 Diagnostic pulse 2

I}
TP1 X113:10 Diagnostic pulse 1
-
@]
) —

DIl X113:n,n=1...4 Digital input 1
DI2 X114:n,n=1...4  Digital input 2

av

Note: You can use calculation software to help in selecting the architecture that
will meet the safety integrity requirements for a particular application. Use, for
example, ABB'’s Functional safety design tool. For more information, refer to
Functional safety design tool user’'s manual (3AXD10000102417 [English]).

STO cable and data cable between FSO module and drive

For the specifications, refer to section STO cable and data cable between FSO
module and drive on page 514.

Power supply connection
For the power supply specifications, refer to chapter Technical data.

Obey these requirements for the power supply connection of the FSO module:
« the system must be protected against overvoltage and overcurrent.

- thelength of the cabling between the FSO and its power supply must be 3 m
(9.8 ft) or less, or a sufficiently low interference level must be otherwise
guaranteed.

To make it easy to energize and de-energize the FSO module, ABB recommends
that you install a supply disconnecting device for the FSO power supply.

To prevent unnecessary fault indications, ABB recommends that you:

- energize the drive control unit and FSO module simultaneously during
power-up

« de-energize the FSO module after the drive control unit during power-down.

Note: The FSO module power input (X112) is protected against overvoltage,

undervoltage and overcurrent, and it has a reverse polarity protection. The FSO

module goes into Fail-safe mode if one or more of these protections trip. The
module goes into Fail-safe mode also if output voltages of the internal power



https://search.abb.com/library/Download.aspx?DocumentID=3AXD10000102417&LanguageCode=en&DocumentPartId=&Action=LaunchDirect
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supply are outside the specified limits (caused by, for example, overvoltage in
the supply input).

Note: If you de-energize the FSO module, you cannot operate the drive.

Power supply for the FSE module and safety encoders

You must use the same power supply for the FSE and FSO modules. The length
of the cabling between the FSE and the power supply must be 3 m (9.8 ft) or
less, or a sufficiently low interference level must be otherwise guaranteed. For
more information, refer to FSE-31 pulse encoder interface module user's manual
(3AXD50000016597 [English]).

If an internal safety encoder failure occurs, the safety encoder goes into the
Safe state. To recover from these situations, you must be able to reboot the
safety encoder (for example, by switching the power off and on).

If the FSE module goes to power-down mode while FSO is in power-on mode,
FSO will activate STO and indicate Fail-safe state.

Ensuring the EMC compatibility

The system must only be used in the EMC environment it is designed for, or
necessary mitigations must be applied.

Selecting control cables

All control cables must be shielded. Use double-shielded twisted pair cable for
low voltage digital signals (control cables to on-field devices). An alternative
solution is to use single-shielded twisted multi-pair cable.

Refer to section Control connection data on page 512 and chapter Planning the
electrical installation in the drive hardware manual.

Routing the cables
Refer to 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



https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000016597&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000016597&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
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well-apart routes, or by protecting the cabling appropriately, for example by
using double-shielded cables.

« Do not mix 24V-level signals with non-ELV-signals or power feeds in the
same cable.

. Safety-related control system (SCS) signal cables for the individual channels
must be routed separately from the other channels at all positions or
sufficiently shielded.

- Safety-related control system (SCS) 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
| Tl [ ——— different channels or sufficient
TP 10{[eAl_ |[ed i cable protection (eg, double-

| o g H ! | shielding)
| - -

: o
T | I
| GND 51 (]

3 (I |

|

o 3H - |
| 1| — i — — — — Channel separation
| - |- — | Diagnostic pulses
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Relay / contactor output with feedback

Examples:
« Brake control
- Door/gate unlock

| X113 X114 U
| = el
e B l
-2 e 1
| &nD SE\_ C
| I~ | —
: DI % : ; [I].-f.{.-
| R — o
— Diagnostic pulses

Safe brake control (SBC)

In the figure below normal and safe brake controls are connected in series. Both
are independent and redundant 2-channel solutions.

The safe brake control must have a feedback from the brake system. The SBC
feedback can be from a relay/contactor or from the mechanical brake itself.

If an inductive load is connected to the digital outputs on the FSO module, it is
recommended to use a flyback diode in the circuit.
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Note: If the drive can control the brake also, the feedback must not be from the
mechanical brake.

DO
GND
X113 X114
TP 10| _[reH
9 —y —
DO 8 =
7 |[of__[[o
6 ([ell " [[®
GND 5 (TIN5
4 —y —
3
DI 2 : H
1| |l

H(m

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

Examples:
« PLC24VDCPNP
« Light curtain OSSD

Physical separation of the different
channels or sufficient cable protection (eg,
| X113 X114 double-shielding)
| — — — Diagnostic pulses from an
TP 10 ;
| oI active sensor must not be
| oo sl IH CH2 i‘:\‘\; DC [ overlapping.
| GND—Z | — [ }[ 777777 CH 1 outputs
— — |
| S ||* | *
| g ] ] | | GND
— — |
| DI 2 (] ] }
| 1]lay |l
— — — — Channel separation

Outputs to solid state devices

Example:
« PLC24VDCNPN

Physical separation of the different
channels or sufficient cable protection (eg,

| X113 X114 double-shielding)
T
| G CH1 24V DC
| DO 8| | —t— - NPN
7 (o1 |l CH 2 inputs
| enp SH I *
: 4 | GND
| DI 2 : :
| 1L — = — — — — Channel separation

— | Diagnostic pulses
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Cascade
Example:
X114 X113 | Modulel
e i |E | (cascade
! = master)
‘ ol IL]12 p |
e T S @ L8| 3 [
& i
! —H |H S oo |
op 1| ACK ; Ll — 5 |
on i| button i ] |8 DO |
‘ — || = |
| o 4 1 S @10 TP
LT ,,,,,,,,,,,,,,,,,,,,,,} -4~ g e 0 |
! || Common |
11 4 GND i
Physical separation of the different i | X114 X113 |  Module?2
channels or sufficient cable protection il — — |
(eg, double-shielding) d 1 ; |
! S=TET N DI
| nd @ | 3 |
| 4
| | 5 |
T | - IHe e |
| o L7
! 1| |8 Do |
| —Tr®|_®| 9 |
Bk —=~11[10 TP |
| | _
! |
11 l Common |
il GND
3 i X114 X113 |  Module3
IR E 1 |
| -
|| == 2 |
| 5 \_ 3 DI |
[ 4
1 | S |
| u|ll e GND |
| | L7
e —— 18 DO |
ol Tl 0 |
Ll |0 TP |
— — — — Channel separation Common ‘l‘
GND
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
or DCS880 drive.

WARNING! Connect the FSO module to a 24 V DC power supply. If you
connect it to a power supply with a higher voltage (for example, 115V or
230 V), it will cause damage to the module. If this occurs, the module must be

replaced.
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Unpacking

If you have ordered the FSO module option separately, it is delivered in its own
package. The package contains these items:

FSO-21 module. The default mounting plate for ZCU-12 control unit is
attached to the module. (1)

connector plugs and attachment screws (2)

FSO data cable, 85 mm (3)

FSO data cable, 220 mm (4)

FSO data cable for UCU-22, -23, and -24 control units, 223 mm (5)
STO cable, 220 mm (6)

STO cable, 400 mm (7)

connector for the power supply wires (8)

mounting plate for ZCU-14 control unit (9)

mounting plate for UCU-22, -23, and -24 control units (10)

user's manual (11).

& 50-21 safety functions madule
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Examining the delivery

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

Make sure that the FSO module is of the correct type. Refer to section Type
designation label on page 42.

Mechanical installation

If you have ordered the FSO module option with the drive, it is delivered with
the FSO already installed and the FSO data cable connected. In this case,
continue with section Electrical installation on page 295.

If you have ordered the FSO module option separately, it is delivered in its own
package and you must install it to the drive control unit.

Do not install the FSO module on a FEA-03 F-series extension adapter, or onto
an USCA-02 slot adapter.

If necessary, remove the default mounting plate from the FSO module and
replace it with the other mounting plate in the package.

You can install the FSO module:
« onto the control unit, or
« adjacent to the control unit.

If you do not install the module directly onto the control unit, make sure that the Q\
module is correctly grounded. For the requirements of the STO cable and data

cable, refer to section STO cable and data cable between FSO module and drive

on page 514.

Installing the module onto a BCU control unit

Install the FSO mechanically onto the control unit as described in the drive or
inverter unit hardware manual, or BCU-02, BCU-12 and BCU-22 control units
hardware manual (3AUA0000113605 [English]). For the tightening torques, refer
to section Tightening torques on page 514.

Installing the module onto a UCU control unit

Install the FSO mechanically onto the control unit as described in the drive or
inverter unit hardware manual, or UCU-22, UCU-23 and UCU-24 control units
hardware manual (3AXD50000817726 [English]). Use the adapter included in the
FSO module package. For the tightening torques, refer to section Tightening
torques on page 514. Do not install the FSO module onto an USCA-02 slot
adapter.



https://search.abb.com/library/Download.aspx?DocumentID=3AUA0000113605&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AUA0000113605&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000817726&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
https://search.abb.com/library/Download.aspx?DocumentID=3AXD50000817726&LanguageCode=en&DocumentPartId=1&Action=LaunchDirect
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Installing the module onto a ZCU control unit

Install the FSO mechanically onto the control unit as described in the drive
hardware manual. For the tightening torques, refer to Tightening torques on
page 514.

Examples are shown below:

i i;il\.:' i N
©.L®
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Electrical installation

Terminals

The connections are shown in the figure below.

X110:
B = = DATA |Data connection to the
E ﬂ l] u drive control unit
I XI1L:
X111 4] 3] 2| 1]s10 (X112 2| 1 lpower 1 |[STO |STO?24V
g T 2 |STO |STO ground
d g FS0=21 APRB 3 |STO [STOILO drive internal signal
5<| Safety functions module = ®) 4 |STO [STO2LO drive internal signal
X112:
1 |[POWER |24V
2 |POWER [0V

X113:

1 DI Channel 1 digital input 1

2 |DI Channel 1 digital input 2

3 |DI Channel 1 digital input 3

4 |DI Channel 1 digital input 4

5 [GND |Signal ground

6 |[GND |Signal ground

7 |DO [Channell digital output1

8 [DO |Channell digital output 2

9 |DO [Channell digital output 3

10 [TP  |Channel 1 diagnostic pulse

out

X114:

1 |[DI Channel 2 digital input 1
A |Electronics grounding screw 2 |DI_ [Channel 2 digital input 2
B |Enclosure grounding screw, at any of 3 |DI [Channel 2 digital input 3

the mounting points, depending on the 4 [DI_[Channel2 digitalinput 4
installation type > |GND STgnaI ground

6 [GND [Signal ground

7 |DO |Channel 2 digital output 1

8 [DO [Channel 2 digital output 2

9 |DO |[Channel 2 digital output 3

10 [TP  [Channel 2 diagnostic pulse

out

Note: The signal grounds (X113:5, X113:6, X114:5, X114:6) cannot be used for
grounding the cable shields.
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Connection procedure

WARNING! Obey the safety instructions. See chapter Safety instructions
l \ \ on page 13. If you ignore them, injury or death can occur.

1. Stop the drive and do the steps in section Electrical safety precautions on
page 14 before you start the work.

2. Make sure that the FSO electronics grounding screw is correctly tightened.
Refer to section Tightening torques on page 514.

3. Make sure that the enclosure grounding screw is correctly tightened. Refer
to section Tightening torques on page 514.

RUN
STATUS / FAULT
510

Salety functions module
® STATUS /FAULT

e
o
o
w
w

® RUN

2
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4. Make sure that the FSO data cable (terminal X110) is connected to the drive.
Use only the cable delivered with the module.

5. Connect the supplied four-wire cable to FSO terminal X111. Connect the
other end of the cable to the drive STO connection (XSTO connector). ABB
recommends that you use the cable delivered with the FSO module. For the
specifications for a customer-defined cable, refer to section STO cable and
data cable between FSO module and drive on page 514.
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6. Connect the digital inputs, digital outputs, diagnostic pulses and signal
ground at the FSO terminals X113 and X114 according to the application
requirements.

- Use atightening torque of 0.24 Nm (2.1 Ibf-in).
« Use proper cable strain relief.
- Useonly the I/O terminal blocks attached to the FSO module.

« Make sure that the ground terminal maximum current is not exceeded.
For the maximum current, refer to section Control connection data on
page 512.

..‘ I. L] I. L] I‘I‘I‘

STATUS | FAULT
sT0
FB
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7. Connect the power supply wires to the FSO terminal X112. Use a tightening
torque of 0.24 Nm (2.1 Ibf-in) for the FSO terminals. Use proper cable strain
relief. See also section Power supply connection on page 283.
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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

WARNING! Obey the safety instructions given in chapter Safety
Vi " \ instructions. If you ignore them, injury or death, or damage to the
equipment can occur.

Before you start up the FSO module, make sure that the mechanical and
electrical installation is completed. Use the checklists given in this chapter.
Examine the installation together with another person.

Stop the drive and do the steps in section Electrical safety precautions on page
14 before you start the work.

For more information on how to do the tasks given in the checklist, refer to
chapters Planning for installation and Installation.
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Installation checklists

Make sure that ...

Mechanical installation

O

The ambient operating conditions are within the permitted range.

O

Drives with separate inverter and supply units: The FSO module is installed in the
inverter unit.

The FSO and FSE modules are correctly attached and the grounding screw is
correctly tightened.

The FSO data cable and STO cable are correctly installed and connected.

oo O

The mechanical connection of the encoder to the motor shaft is secure. (The FSE
module cannot diagnose mechanical failures outside the encoder, for example,
shaft slippage.)

O

Packing materials and tools are removed from the installation area.

Electrical installation

O

If a PELV power supply is used, its ground is in the same potential as the drive
ground.

Correct supply (input power) fuses are installed.

The data cable between the drive and the FSO module is routed separately from
high power cables (for example, drive input power and motor cabling).

1/0 wiring is correctly clamped, marked, tightened and protected.

24 V DC power supply is correctly connected and secured with strain relief, and the
polarity of the supply voltage connection is correct.

The FSO electronics grounding screw is correctly tightened.

oo oo oOod

The encoder is installed according to the instructions given by the encoder
manufacturer. The encoder signal wires and encoder cable shield to the FSE
module are connected according to the FSE module user's manual and they are

correctly tightened.




Configuration 303

Configuration

Contents of this chapter

This chapter describes the password usage, outlines the configuration process
and gives examples of how to configure the FSO module to implement each
safety function as described in chapter Safety functions.

Competence

The person who configures the safety functions in the FSO module must be a
competent person as required by IEC 61508-1 clause 6. In this context, the
person must have adequate expertise and knowledge of functional safety, the
safety functions as well as the configuration of the FSO module. ABB has
training courses available on the FSO module.

Password

You need a password to be able to upload the parameters from the FSO and
download the modified parameters from your PC to the FSO and the drive.

The password is set to “12345678” at the factory. The password must contain
4...8 digits. When you change it, make sure that you do not forget the new
password. If you forget the password, you must do a factory reset to the FSO
module, which clears the configuration and resets the parameters to the factory
defaults. The password is reset to the default “12345678".
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Configuring the FSO module

Overview - safety system configuring process

The diagram and table below explain the main phases of the safety system
configuring process.

FSO configuring

1. Risk assessment

{

2. Safety requirements

3. Planning the configuration of the FSO

{

4. Design of the safety functions

!

5. Commissioning of the FSO

{

6. Validation of the functional safety system

{

7. Validation test report

8. Modification

!

9. Decommissioning
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No.

Phase

Risk assessment & Safety requirements

- analysis and evaluating of the risks

« need for risk reduction

« required PL or SIL level

« speed limits and distances for safety functions.

Planning of the configuration of the FSO

How to do the safety configuration in a safe way, including
configuration, commissioning, validation and verification.

Design of the safety functions

Selected safety functions and related parameter settings must be
based on the risk assessment and the safety requirements of the
application. For example:

- safely limited speed (SLS) trip limits
- settings of I/O’s

- selection of the stopping function

- diagnostics and fault reaction, etc.

Commissioning of the FSO

- configuring and fine tuning of the safety parameters of the FSO
module

- commissioning of the safety encoder
- commissioning of the PROFIsafe connection to the safety PLC
- electrical installation, etc.

Validation of the functional safety system

Validation of the safety functions which are used in the safety system:
They operate as required in the application, and the safety
requirements (SRS) arising from the risk assessment are fulfilled.

If any of the safety functions does not pass the validation tests, it is
necessary to return to the design phase, and modify the safety
function so that it fulfills the safety requirements from the risk
assessment. After the modification, the validation test(s) must be
repeated and passed.

Refer to chapter Verification and validation.

Validation test report
Validation must be properly documented and stored.
Refer to section Validation test reports on page 453.

Modification

After the modifications, the validation tests must be repeated and
passed.

Decommissioning
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FSO configuring procedure

The FSO parameters are set with the Drive Composer pro PC tool. The names of
the FSO parameters and parameter settings are shown in the manual as they
appear on the screen when using the tool. See Drive Composer PC tool user's
manual (3AUA0000094606 [English]) for instructions on using the tool.

You must always check all parameter values to make sure that they are suitable
for your application. The preset values in a delivered FSO module or factory
default values are not valid for a safety application as such.

Note: Configuration is only possible when the drive is not modulating or the
FSO is in the Safe state.

Note: FSO-12 and FSO-21 have different firmware versions, and thus their safety
configuration files are not compatible.

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.
Refer to chapter Verification and validation.

Plan the configuration (parameter values) according to the safety requirements
of the system, installation, wiring, etc. These requirements should be based on
the risk assessment of the application. The configuration should take into
account also the electrical design documents of the system.

Set the parameter values for the FSO module with the Drive Composer pro PC
tool as follows:

1. Power up the drive and make sure that the motor is not running.

2. Connect your PC to the drive, start the Drive Composer pro PC tool and
select Safety settings.
3. Open the parameters for setting:

« First configuration: Upload the parameters from the FSO to the PC tool
(button Read settings from drive). A password is required.

« Make a backup copy of the preset safety file (button Save to file).

. Existing configuration: Open the configuration file (button Load from
file).

Note: When you upload parameters from the FSO module to the PC tool, the
FSO goes into the Configuration mode and indicates a fault (7A8B). You can
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exit the Configuration mode by rebooting the FSO module or by
downloading the parameters to the FSO (refer to steps 5...6 below).
4. Set the parameter values.

- Encoder interface (if used): Configure the encoder parameters before
you configure any safety functions.

« General parameters: Make sure that at least that the motor parameters
are correct

- Safety fieldbus communication (if used): Set up the communication
between the safety PLC and FSO module.

- Safety functions: You must at least check and set the parameters related
to the STO and SSE functions, regardless of what you use the FSO for or
which safety functions you use. The FSO module can activate the STO
and SSE functions in internal fault situations. The STO and SSE functions
are essential for the FSO to be able to make the system safe.

« 1/0O: Make sure that the I/O parameters are set according to the
installation (wiring) plan. Set diagnostic pulsing for I/Os when necessary.
Examine 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).

5. After configuring all necessary functions, do these two steps:

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

- Save the configuration to your PC (button Save safety file).

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

7. 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.

8. Validate safety functions, print the report from the configuration, including
all the values of the parameters and CRC. Sign and store the report
according to your safety management plan.

Note: You can use the safety configuration report in the Drive Composer pro
PC tool for this purpose.

Make sure that you saved the safety file and parameter backup 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. Refer to section Factory reset on page 507.
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Configuring general settings

To configure the general settings, use the Drive Composer pro PC tool to set the
FSO parameters listed below. See parameter group FSOGEN on page 180.

Example: The figure below shows an example 1/0 set-up:

After power-up, the acknowledgement can only be performed manually
(FSOGEN.41 Power-up acknowledgement = Manual).

Acknowledgement button is connected to input X114:4
(FSOGEN.42 Acknowledgement button input = DI X114:4).

FSOGEN.22 Motor nominal frequency = 50.00 Hz. Use the same value with
the drive parameter 99.08 Motor nominal frequency, and the value on the
motor type designation label. For a DCS880 drive, set this value to 25 Hz (or
higher, if necessary). Refer to the parameter description for FSOGEN.22
Motor nominal frequency on page 394.

FSOGEN.21 Motor nominal speed = 1500.0 rpm. Set this parameter to the
motor synchronous speed, not the nominal speed. The nominal speed is
shown on the motor type designation label. For the synchronous speed,
refer to the table in section Safe speed estimate on page 47. Note: For a
DCS880 drive, the equivalent parameter is 99.14 M1 nominal (base) speed.

FSOGEN.51 Zero speed without encoder = 90.0 rom

(when an encoder is used: FSOGEN.52 Zero speed with encoder). Stopping
functions are considered to be completed at this speed. Use suitable (low
enough) value according to application.

External requests ending in the drive STO are reported to the drive as events
(FSOGEN.61 STO indication ext request = Event).

Safety function limit hits are reported as faults
(FSOGEN.62 STO indication safety limit = 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 | — A
=50.00 Hz = Event prive |
FSOGEN21 FSOGEN.62 e;i:m
=1500.0 rpm :

= Fault Tt — A
FSOGEN.51
=900 rpm FSOGEN.11

= None
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Configuring the safety encoder interface

To configure the safety encoder interface, set the drive and FSO parameters
listed below to appropriate values using the Drive Composer pro PC tool. See
parameter groups Safety, S_ENCGEN, Enc module settings (91) and Encoder 1
configuration (92) on pages 389 - 434 and the drive firmware manual.

Example: The pulse encoder interface module type is FSE-31 and it is installed in
Slot 2 on the drive control board. One HTL encoder is used.

Set these drive parameters in the Parameters view of the Drive Composer pro
PC tool:

« The motor speed feedback during motor control is from Encoder 1:
ACS880: 90.41 Motor feedback selection = Encoder 1

DCS880: 90.41 M1 feedback selection = Encoder 1

« Thedrive generates a warning if an encoder failure occurs:
ACS880: 90.45 Motor feedback fault = Warning

DCS880: 31.35 Motor feedback fault = EMF/Warning.

Make sure that the following parameter has the correct default values:

« Encoder cable channels A, B and Z are monitored for wiring faults:
92.21 Encoder cable fault mode = A+, A-, B+, B-, Z+, Z-.
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Set these FSO parameters in the Safety settings view of the Drive Composer
pro PC tool:

Communication with the FSE module activated:
200.231 FSE 3X act and par version = Version 1

One safety encoder is connected to the FSE module:
200.232 Number of encoders = Single encoder CH1.

Safety encoder activated:
S_ENCGEN. 01 Safe pulse encoder version = Version 1

The FSO module activates the drive STO function if there is a fault in the FSE
module or with the safety encoder: S_ENCGEN.11 FSE diagnostic failure
reaction = STO

Cross comparison tolerance: 5 rpm (sets how much the shaft speed of the
motor can change within 1 ms)
S_ENCGEN.14 Enc speed cross comp tolerance = 5 rpm

Rotation direction not changed:
S_ENCGEN. 41 Gear numerator encoder1 =1

91.11 Module 1 type = FSE-31

91.12 Module 1 location =2

92.01 Encoder 1 type = HTL1

92.02 Encoder 1 source = Module 1

Number of HTL pulses per rotation: 92.10 Pulses/revolution = 1024 ppr.
Note: Make sure that the value is according to the encoder nameplate.

The maximum pulse frequency range of Encoder 1:
92.17 Accepted pulse freq of encoder 1 = 220 kHz.

Note: You can use this formula to define the value:
r_max x ppr_enc + 10%, where

« r_max = the maximum motor speed (rpm) used in the application
(or the motor nominal speed)

« ppr_enc = Pulses/revolution of the safety pulse encoder (parameter
92.10).

Set the parameter value in kHz.

Example: When r_max = 1000 rpm and ppr_enc = 1024,
92.17 Accepted pulse freq of encoder 1 becomes 19 kHz:

« 1.1x(1024 x 1000 rpm / 60) = 18.773 (19).

Download the parameters to the FSO module and validate the safety encoder
configuration before you configure any safety functions.
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Diagnostics of FSE-31 encoder interface module

The diagnostics of the FSE module detect encoder failures by monitoring the
validity of the encoder signals (A/_A, B/_B, Z/_Z) and the pulse count. The
monitoring is based on parameters S_ENCGEN.14, 92.10 and 92.17:

« S_ENCGEN.14 defines how big the difference between the speed
information in the internal channels 1 and 2 from FSE to FSO module can be.
If the difference is bigger, FSO module goes into the fail state and stops the
system safely (STO).

The speed information is read from the FSE to FSO module through two
channels of 1002 structure. The channels may be out of sync by 1 ms. This
delay causes some speed difference between the channels during the motor
acceleration or deceleration.

Suitable value for the speed difference depends on the configuration (motor
and load). Typically it is 2...10 rpm. A value that is too small will cause
unnecessary encoder faults (A7D8), and value that is too large will prevent
the detection of a problem.

« 92.10 Pulses/revolution sets the pulse count of the safety encoder

o 92.17 Accepted pulse freq of encoder 1 sets the limit for the maximum
accepted frequency from the single signal of the safety encoder to the FSE
module.

FSE module detects the following failures with the internal diagnostics
functions:

- temperature fault

- max. pulse frequency exceeded fault

- internal voltage fault

- parameter difference fault

- encoder or encoder cable fault.

Disabling the safety encoder interface

You must do the steps below to disable the FSE module in the FSO module
configuration. The drive is still using the measured motor speed data for the
motor control purposes if drive parameter 90.41 Motor feedback selection =
Encoder 1 (in an ACS880 drive), or 90.41 M1 feedback selection = Encoder 1 (in a
DCS880 drive).
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To disable the FSE module:

1. Set these parameters as follows:
« S_ENCGEN. 01 = Disable
« 91.11=None
. 200.232 = None
« 200.231 = Disabled

2. Download the safety file to FSO module.

3. Make sure that the encoder-related parameters in drive parameter groups 91
and 92 are not locked any more. This indicates that FSO is not using the
encoder.

4. If motor control must still use encoder data, make sure that drive parameter
90.41is set to Encoder 1. If also drive must use speed estimate, 90.41 must
be set to Estimate. Note: Safe speed estimate cannot be used with a
DCS880 drive.

Configuring the FSO for FSE or encoder failure situations

Always set this parameter to a suitable value:
« STO.14 Time to zero speed with STO and modoff

If the SBC function is in use, set also these parameters:
. SBC.13 SBC time to zero speed
« SBC.12 STO SBC delay *

* Even if you use the speed limit activated SBC function (SBC.11 =Speed
limit), the FSO module starts to use the time controlled brake (SBC.11 =
Delayed brake) when it detects an FSE module or encoder fault. Then also the
time defined by SBC.12 is in effect.

Encoder diagnostics failure reaction

You can configure how the FSO module reacts when motor speed data from the
FSE module is lost (caused by, for example, a failure in the FSE module or the
safety encoder or its wiring). The reaction can be defined by the user with
parameter S_ENCGEN.11 FSE diagnostic failure reaction and depends also on
the status of safety functions.

Use parameter S_ENCGEN.11 to define the correct FSO reaction. There are three
alternatives: 1. STO, 2. No STO or 3. Est switch not active load. For more
information, refer the subsections below.
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Alternative 1: S_ENCGEN.11 = STO

The FSO module goes into the Fail-safe state and activates the FSO STO
function immediately when the encoder data is lost regardless of the status of
the safety functions.

For more information, refer to section FSO modes on page 65.

Alternative 2: S_ENCGEN.11 = No STO

The FSO module does not react to encoder faults unless there are active safety
functions or some safety function is activated, while the encoder fault occurs.
Thus, the selection gives the user the possibility to repair the cause of the
encoder data-related failure before a safety function is activated.

If some safety function is active or activated when the encoder fault occurs, the
FSO module goes into the Fail-safe state. The SSM and POUS functions are
exceptions: They do not cause the Fail-safe state transition when an encoder
fault occurs.

Also drive parameter 90.45 Motor feedback fault must be set to Warning to be
able to use this setting. Note: For a DCS880 drive, the equivalent parameter
setting is 31.35 Motor feedback fault = EMF/Warning.

Alternative 3: S_ENCGEN.11 = Est switch not active load
Note: This alternative is not applicable to DCS880 drives.

With this selection, the application can continue the operation and the FSO
module keeps the monitoring safety functions (SLS, SMS, SSM) active even if
the encoder data is lost. The FSO module sends a warning to the drive about
missing encoder data. The FSO module switches to use the estimated motor
speed instead of the measured motor speed from the encoder until the failure
is repaired. However, if the encoder data is lost while the stopping functions
(STO, SSE or SS1) are ongoing (zero speed limit has not been reached) or SDI
function is requested while encoder data is still missing, the FSO module goes
to Fail-safe state.

Note that also drive parameter 90.45 Motor feedback fault must be set to
Warning to be able to use this setting.

WARNING! You can use this feature only if the use of the safe speed
Y ' \ estimate data for safety function purposes is permitted from the
application and risk assessment point of view.

c WARNING! Do not use this feature in applications in which the external
load of the application can rotate the motor shaft (active load). In this
case, you must always use an encoder.
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If it is permitted, from the risk assessment point of view, to use the feature to
switch the motor speed feedback between encoder and safe speed estimate,
you must configure and validate the FSO module and all safety functions so that
they operate correctly both with and without an encoder.

Note: The SDI function cannot be used with safe speed estimate data.

Note: This feature requires ACS880 primary control program(AINLX) version
2.51 or later, or ACS880 primary control program (YINLX) version 1.30 or later.

Make sure that you configure all safety functions so that they operate correctly
both with and without an encoder. Note especially these parameters and
restrictions:

+  You must set two zero speed limits: FSOGEN.51 Zero speed without encoder
and FSOGEN.52 Zero speed with encoder.

« The SLS trip limits cannot be below these zero speed limits.

« The “mute times” are different with and without an encoder (see section
Configuring mute times on page 382).

- You cannot use this feature with the SDI function.

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 389, SBUSGEN on page 440 and PROFIsafe on page 441.

In addition, you must install the FB module to the drive and set up the safety
communication network between the modules as described in chapter
PROFIsafe.
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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)
«  When an encoder is used: Position scaling: 1000
(SBUSGEN. 07 Safety fieldbus position scaling = 1000)

- the FSO module generates a fault message if the module is passivated due
to safety fieldbus problems
(SBUSGEN.10 STO indication passivation = Fault)

- the FB module is connected to option slot 1

(200.223 Safety fieldbus adapter slot = FBA A and 50.01 FBA A enable = 1)
« PROFIsafe profile ABB_PS1in use

(PROFIsafe. 12 PROFIsafe telegram type = 0x221)

- |IP address of the FB module: 1
(PROFIsafe.11 PROFIsafe F_Dest_Add =1)

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

SBUSGEN. 07 = 1000
ACS880 drive

50.01=1
200.222 =PROFIsafe
Safety PLC anBoduIe iOFOéiz,i
PROFIsafe. 12 = 0x221
PROFIsafe.11
=1
FSO

Configuring 1/0

How to configure I/0

To configure the I/0, 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 434.

The location of the input and output terminals on the FSO module is shown in
section Layout on page 41.
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Inputs

Inputs can be configured into use with different safety functions. It is possible
to select either single or redundant inputs in use. For example, if a single input
X113:1is supposed to activate the STO function, user must configure this input
in use in the STO configuration view.

There are input A and input B for the safety functions. User can use them either
for cascading, or for connecting two different and independent activation
switches for the same function.

It is possible to set diagnostic pulses for the inputs. User must set the pulse
length and period, and also define the inputs which use the pulses.

Outputs

Outputs can be configured into use for different safety functions (Safety
function indications on page 63), a safety relay, the SBC function, and a cascade
loop. User can select the output type (single or redundant output), and set the
logic state for each digital output. The logic state of output can be configured
to be active low or active high.

For some of the safety functions, output A and output B are available. This
enables the use of cascaded functions, and the function specific indications.

It is possible to set diagnostic pulses for the outputs. User must set the pulse
length and period, and also define the outputs which use the pulses.

Note: Make sure that the 1/0 configuration for safety functions is set up
according to the circuit diagrams.

Safety relay output

The safety relay output is used to the control of the safety relay. This output is
redundant and has a feedback input.

1/0 redundancy

Redundant input or output is configured by selecting 1/0 pair to safety function
1/0 parameter. For example, redundant input for STO function: DI X113:1 &
X114:1 must be configured either to STO input A or input B.
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Example: The figure below shows an example I/0 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.

nw 4 cCc vz

Cascade A = X113:1
& X114:1 -> X113:7
X113:1 —| - [DTX113:1diag & X114:7 DO X113:7 Io:gic
’ pulse on/off = On state = Active low
B=N .
X113:2 | [DTX1I3:2 diag Cascade B = None BoXiZTdiag | | W3
’ " |pulse on/off = On . g ;;ulse on;off zonl |
| [BTXi133 dag DO diagnostic
X113:3 pulse on/off = On flrﬂsse length = DO X113:8 Togic |
X113:4 | DI X113:4 diag state = Actn{e low X113:8
: pulse on/off = On | [DO diagnostic DO X113:8 diag |
| pulse period = ulse on/off = On | o
59000 ms
| DO X113:9 logic | U
| state = Active low X113:9
Safety relay 1 5O X139 diag QT
output = DO -
| Xll‘ar‘)'S 8:X114~8 ulse on/off = On | p
. - i
| U
) DI X114 diag Safety relay 1 | © PoxTaTToq
X114:1=4 | loulse on/off = On | Mfeedback = stoate - Act;:\’/%]fow | T
2 di : [ 1 x114:7
X114:2 DI X114:2 diag I DI X113:4 5O Xi1477 diag ] S
' I'lpulse on/off = On | ulse on/off = On
X114:3  [PTXita3dag || [Fafetyrely2 | |
: "pulse on/off =0On || output = None | + [POXiid8Togic | |
] DI X114:4 diag Safety relay 2 state = Active low )
X114:4 pulse on/off = on | [feedback =None | | | poxtasaag | 1| <148
L — - 1 I ulse on/off = On |
DI diagnostic pulse | DO X114:9 logic |
length =1ms state= Active high
- X114:9
DI diagnostic pulse | - {POXil4:9diag |
period = 30000 ms ulse on/off = Off| P
X113:10 X114:10
TP Diagnostic (test) pulses

Note: The safety relay inputs and outputs must be configured so that in the
Safe state the circuit is disconnected (0 V).
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How to configure a cascaded system

This example shows how to configure the cascaded system (Cascade A) as
shown in section Cascade on page 68. The SSE function is used as an example
(Safety function 1in the figure on page 69). In this configuration example,
Cascade B is not configured (parameter SAFEIO.13 Cascade B = None).

1.

Define one of the FSO modules as the master and the other FSO modules are
followers in Cascade A:
« Inthe master FSO: SAFEIO.11 M/F mode for cascade =

A = master, B = master (only Cascade A is configured in this example).

« Inthe follower FSOs: SAFEIO.11 M/F mode for cascade =
A = follower, B = follower (only Cascade A is configured in this example).

Connect a digital input to the corresponding digital output in the cascaded
system (single cascade X113:2 -> X113:8):

« SAFEIO.12 Cascade A = X113:2 -> X113:8.

Set the digital inputs and outputs of the SSE function as defined for the

cascaded system:

« The SSE function is activated from a redundant digital input in the
master FSO (SSE.11 SSE input A = DI X113:1&X114:1)

- The SSE function is cascaded back to the master FSO with a single digital
input and output
(SSE.12 SSE input B = DI X113:2, SSE.21 SSE output = DO X113:8)

- The SSE function is cascaded with a single digital input and output in the
follower FSOs (SSE.12 SSE input B = DI X113:2, SSE.21 SSE output =
DO X113:8).
Note: Do not use the completed output of the safety function as the
cascaded output (parameter (SSE.22 SSE completed output = None, or
you can use this output for the safety function indication).

Set the acknowledgement method in the master FSO modules (in this
example, Manual is used):

« ST0.02 STO acknowledgement = Manual

Set the digital input for the acknowledgement button in the master FSO
module:

«  FSOGEN.42 Acknowledgement button input = DI X114:2.

Set the acknowledgement method in the follower FSO modules (must be
Automatic in the follower FSOs).

« ST0.02 STO acknowledgement = Automatic

Set the other parameters related to the SSE function as defined in section
Configuring SSE on page 344.
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Parameter settings in the master FSO

Index Name/Valu | Description
e
SAFEIO.11  M/F mode | Sets the master/follower mode of the FSO module for both
for cascade connections A and B separately. In this example, only
cascade cascade connection A is used.
A = master, | This module is the master on cascade connection A.
B = master
SAFEIO.12 Cascade A | Sets the cascade connection A for the FSO module. For each
FSO module in cascade A, the digital input connected to the
safety function is also internally connected to the
corresponding digital output of the module (digital input ->
digital output).
X113:2 -> Single cascade X113:2 -> X113:8
X113:8
SAFEIO.13  Cascade B | Sets the cascade connection B for the FSO module.
None Not cascaded
STO.02 STO Sets the acknowledgement method used in the STO, SSE and
acknowled | ssi functions.
gement .
See section Acknowledgement methods on page 58 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 SSEinput A | Sets the digital input that is connected to the primary input of
the SSE function.
In this example, this parameter sets the digital input that is
used for the activation of the SSE function in the master FSO.
DI X113:1 & | Redundant input X113:1 & X114:1
X114:1
SSE.12 SSEinput B | Sets the digital input that is connected to the secondary input
of the SSE function.
In this example, this parameter sets the digital input that is
used in the cascade loop (Cascade A) to cascade the SSE
function back to the master FSO.
DI113:2 Single input X113:2
SSE.21 SSE output | Sets the digital output that indicates the activity of the SSE
function. Active from the SSE request until the function has
been acknowledged.
In this example, this parameter sets the digital output that is
used in the cascade loop (Cascade A) to cascade the SSE
function to the follower FSOs.
DO X113:8 | Single output X113:8
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Index Name/Valu | Description
e
SSE.22 SSE Sets the digital output that indicates the completion of the
completed | sSE function.
output . . s
In this example, output X113:7 is connected to the indication
lamp.
DO X113:7 | Single output X113:7
FSOGEN.42 Acknowled |Sets the digital input that is connected to the button for
gement acknowledgement operations.
button
input
DI X114:2 Single input X114:2




Configuration 321

Parameter settings in the follower FSOs

Index Name/Valu | Description
e
SAFEIO.11 M/F mode | Sets the master/follower mode of the FSO module for both
for cascade | cascade connection A and B separately. In this example, only
cascade connection A is used.
A= This module is a follower on cascade connection A.
follower, 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
STO.02 STO Sets the acknowledgement method used in the STO, SSE
acknowled | and ss1 functions.
gement
Automatic | The FSO module generates the STO acknowledgement
signal automatically after the STO, SSE or SS1 request has
been removed and the stop function is completed (output
defined by parameter FSOGEN.11 Stop completed output is
active).
SSE.11 SSEinput A | Sets the digital input that is connected to the primary input
of the SSE function.
In this example, the activation of the SSE function in the
follower FSOs comes from the master FSO through the
cascade loop (Cascade A), and this parameter must be set to
None.
None No input connected
SSE.12 SSEinput B | Sets the digital input that is connected to the secondary
input of the SSE function.
In this example, this parameter sets the digital input that is
used in the cascade loop (Cascade A) to cascade the SSE
function to the follower FSOs.
DI X113:2 Single input X113:2
SSE.21 SSE output | Sets the digital output that indicates the activity of the SSE
function. Active from the SSE request until the function has
been acknowledged.
In this example, this parameter sets the digital output that
is used in the cascade loop (Cascade A) to cascade the SSE
function to the follower FSOs.
DO X113:8 | Single output X113:8
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Index Name/Valu | Description
e
SSE.22 SSE Sets the digital output that indicates the completion of the
completed | SSE function.
output
None No output connected

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 1/0 with these parameters. See also section Relay /
contactor output with feedback on page 286.

Index Name/Value Description

SAFEIO.21  Safetyrelay 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 Safetyrelay 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
linked NC compared 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
linked NC compared with the relay).
contacts

Do not configure a safety function activation to a safety relay feedback. In
addition, you have to connect the safety relay to the desired safety function. Set
the same digital output as you set for the safety relay as the output of the
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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

Configuring SBC

When you use the SBC function (brake) with other safety functions of the FSO
module, it is always combined with the drive STO function. That is, the SBC
function is activated before, at the same time with or after the drive STO
function.

You can configure the SBC in the STO, SSE and SS1 functions:

« If you configure the SBC in the STO function, this also takes it into use in the
SSE with immediate STO function.

- If you configure the SBC in the SS1 function, this also takes it into use in the
SSE with emergency ramp function.

WARNING! If the SBC function is in use, automatic acknowledgement will

A automatically release the safe brake immediately when the STO request
is removed. Prevent unexpected start-up in the case of using SBC
together with automatic acknowledgement.

SBC at zero speed limits

When you configure the SBC function in the STO function, the SBC is activated
also when the drive STO is activated at the zero speed in the SSE and SS1
functions. Depending on how the SBC is configured, the SBC is activated before
or at the same time with the drive STO function. See section Safe torque off
(STO) on page 72.

SBC at trip limit hits

The FSO module activates the SSE function after trip limit hits in the SLS, SMS
and SDI 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 110. 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.
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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, SLS and SDI 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.14 to a suitable value. If the safety function is not
completed before this time has elapsed, the system is set to the safe state.

Define also the FSO module reaction to a missing brake feedback signal
(parameter SBC.22 SBC feedback action).

FSO internal fault situations

The FSO module activates STO and SBC if configured into use in internal fault
situations.

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)
« Speed limit (possible only when an encoder is used).

2. Set the correct delay with parameter SBC.12 STO SBC delay:

« If the value is zero (0O ms), the FSO activates the SBC and drive STO
functions at the same time.

« It the value is positive, the FSO activates the SBC after the drive STO.
See section How to configure SBC after STO on page 328.

- If the value is negative, the FSO activates the SBC before the drive STO.
See section How to configure SBC before STO on page 330.

3. If you use the speed limit activated SBC function, set the correct SBC speed
limit with parameter SBC.14 STO SBC speed.

« Thedrive STO function is activated when the STO request is received and
the SBC when the SBC speed limit is reached. See section How to
configure STO with speed limit activated SBC on page 332).

See also section How to configure mute time for SBC speed limit detection on
page 387.
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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 rpm) the SBC is not used in the SS1 and SSE with
emergency ramp functions.

- If the value is positive (the corresponding negative value is used in the
opposite direction), the FSO activates the SBC and drive STO functions
at the same time when the speed limit is reached. See section How to
configure SS1 with speed limit activated SBC on page337.

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 340.

- 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 324). 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
324.

See also section How to configure mute time for SBC speed limit detection on
page 387.

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 398 and SBC on page 402.

For more information on the STO and SBC functions, see page 73.

Note: Always set the parameters related to the STO function to have the correct
monitoring limit hit and fault reaction behavior.
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Note: If an encoder failure occurs, the FSO module activates the STO function.
For these situations, you have to configure the STO function also without an
encoder (set parameter STO.14 Time to zero speed with STO and modoff or
SBC.13 SBC time to zero speed to a suitable value according to your
application).

How to configure STO
Example 1 (without an encoder): The figure below shows an example of a
simple STO function set-up when an encoder is not used:

- 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 1 : L STO.21
= DI X113:1 & X114:1 + STO.13=1000 ms = None
>
STO.12 1 | STO.22
= None = None

Time

STO activated

SBC.11 = None

Example 2 (with an encoder): The figure below shows an example of a simple
STO function set-up when an encoder is used. Configure the safety encoder
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interface first (see section Configuring the safety encoder interface on
page 309).

- redundant emergency stop button connected to input
(STO.11 STO input A = DI X113:1 & X114:1)
« automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

- zero speed limit where STO function is completed and it can be
acknowledged is 40 rpm (parameter FSOGEN.52 Zero speed with encoder =
40 rpm)

- 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.11 -1 L sT0.21
= DI X113:1 & X114:1 ST0.13=1000ms = None
STO.12 — i 4 §T0-22
= None ! = None
FSOGEN.52
=40 rpm

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 76.

Example 1 (without an encoder): The figure below shows an example of the SBC
after the STO function set-up when an encoder is not used:

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 not in use, that is, you cannot start the motor before it
has stopped (STO.13 Restart delay after STO = 1300 ms)

brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On),
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

feedback from the brake is connected to digital input X113:2
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

feedback input type NC (inverted state compared with the brake relay)
(Safety relay 1 feedback type = Mechanically linked NC contacts).

STO.02 = Automatic

Inputs Outputs
Speed
PeeC SBC.12=900ms SBC.13 = 400 ms
. - sTO.21
sTo.u — | ' STO.13=1300ms ! = None
= DI X113:1 & X114:1 , . >
‘ | sT0.22
STO.12 - , = None
= None :
SAFEI0.22= L I L sBc.21
DI X113:2 : =DO X113:7 &
' Time X114:7
SAFEIO.21
STO activated SBC activated = DO X113:7 &
X114:7

SBC.11 = Delayed brake
SBC.22 = STO
SAFEIO.23 = Mechanically linked NC contacts
SAFEIO.53, SAFEIO.56 = On
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Example 2 (with an encoder): The figure below shows an example of the SBC
after the STO function set-up when an encoder is used. Configure the safety
encoder interface first (see section Configuring the safety encoder interface on
page 309).

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)

zero speed limit where STO function is completed and it can be
acknowledged is 40 rpm (parameter FSOGEN.52 Zero speed with encoder =
40 rpm)

the fly-start feature is not in use, that is, you cannot start the motor before it
has stopped (STO.13 Restart delay after STO = 1300 ms)

brake connected to redundant output, diagnostic pulses activated

(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On),
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)
feedback from the brake is connected to digital input X113:2

(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

feedback input type NC (inverted state compared with the brake relay)
(Safety relay 1 feedback type = Mechanically linked NC contacts).

Inputs Outputs
Speed
SBC.12 =900 ms
. —- .
stos e sTo1
= DI X113:1 & X114:1 . STO.13=1300ms i
sTO.12 —+ - ST0.22
= None = None
SAFEIO.22 -
= DI X113:2 —+ SBCal
=DO X113:7 &
FSOGEN.52 K
= 40 rpm, Time X114:7
_|_SAFEIO.21
STO activated SBC activated = DO X113:7
& X114:7

STO.02 = Automatic

SBC.11 = Delayed brake
SBC.22 = STO

SAFEIO.23 = Mechanically linked NC contacts
SAFEIO.53, SAFEIO.56 = On
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How to configure SBC before STO
For more information on the SBC before STO function, see page 80.
Example 1 (without an encoder): The figure below shows an example of the SBC
before the STO set-up when an encoder is not used:

« 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),
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

- STO s 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  pc12--500ms
1L sto.21

>
sTO.11 4 SBC.13=1200 ms = None

= DI X113:1 & X114:1

1 STO.22
STO.12 = None

= None

| sBC.21

, . = DO X113:7 &
' Time | xj14.7

* SAFEIO.21

SBC activated STO activated T = DO X113:7

& X114:7

SAFEIO.22 -
= DI X113:2

SBC.11 = Delayed brake
SBC.22 = STO
SAFEIO.23 = Mechanically linked NC contacts
SAFEIO.53, SAFEIO.56 = On

Example 2 (with an encoder): The figure below shows an example of the SBC
before the STO set-up when an encoder is used. Configure the safety encoder
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interface first (see section Configuring the safety encoder interface on
page 309).

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)

zero speed limit where STO function is completed and it can be
acknowledged is 40 rpm (parameter FSOGEN.52 Zero speed with encoder =
40 rpm)

brake connected to redundant output, diagnostic pulses activated

(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On),
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

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).

Inputs Outputs
Speed
SBC.12 =-500 ms —+ STO.21
STO.11 4 > = None
= DI X113:1 & X114:1 : :
sTO.12 i '. 1sT0.22
= None T : ! = None
SAFEI0.22 | ! ;
= DI X113:2 ' I | SBC.21
! ! =DO X113:7 &
FSOGEN.52 o U Time | 1147
=40 rpm * * :
SAFEIO.21

STO.02 = Automatic

SBC activated ~ STO activated T = DO X113:7
& X114:7

SBC.11 = Delayed brake
SBC.22 = STO

SAFEIO.23 = Mechanically linked NC contacts
SAFEIO.53, SAFEIO.56 = On
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How to configure STO with speed limit activated SBC

This safety function requires that you use an encoder in the safety application.
Configure the safety encoder interface first (see section Configuring the safety
encoder interface on page 309).

Note: If you configure the STO with speed limit activated SBC function, this
activates the same function in the SSE with immediate STO function (see
section How to configure SSE with immediate STO with speed limit activated
SBC on page 347).

For more information on the STO with speed limit activated SBC, see page 83.
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Example: The figure below shows an example of a set-up of the STO with speed
limit activated SBC:

STO with speed limit activated SBC, speed limit: 60 rpm
(SBC.11 STO SBC usage = Speed limit, SBC.14 STO SBC speed = 60 rpm)

zero speed limit where STO function is completed and it can be
acknowledged is 40 rpm (parameter FSOGEN.52 Zero speed with encoder =
40 rpm)

redundant emergency stop button connected to input
(STO.11 STO input A = DI X113:1 & X114:1)
automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

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 = 500 ms)

brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On),
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

See also section Configuring mute times on page 382.

STO.02 = Automatic
Inputs Outputs
Speed
sTO.11 i L sto21
= DI X113:1 & X114:1 STO.13 = 500 ms = None
STO.12 —_
= None 4 STO.22
SAFEIO.22 | = None
= DI X113:2
_ SBC.21
SBC.14 =60 rpm T =DO X113:7
FSOGEN.52 & X114:7
- 40 rpm SAFEIO.21
STO activated SBC activated = DO X113:7
& X114:7
SBC.11 = Speed limit
SBC.22 =STO
SAFEIO.23 = Mechanically linked NC contacts
SAFEIO.53, SAFEIO.56 = On
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Encoder or FSE failure situations

The STO with speed limit activated SBC function (parameter SBC.11 STO SBC
usage = Speed limit) requires the exact motor speed, and when this is not
available, the FSO module starts to use the Delayed brake selection (parameter
SBC.11 STO SBC usage = Delayed brake).

If parameter S_ENCGEN.11 FSE diagnostic failure reaction = STO, the FSO
module goes into the Fail-safe mode and actives the STO with speed limit
activated SBC function with Delayed brake:

. If parameter SBC.12 STO SBC delay is positive, the FSO activates the SBC
after this time has elapsed from the STO activation.

« If parameter SBC.12 STO SBC delay is negative or zero, the FSO actives
the SBC when the encoder failure occurs.

If parameter S_ENCGEN.11 FSE diagnostic failure reaction = No STO, and there
are no active safety functions, the FSO module sends a warning to the drive. If
there are active safety functions when the FSO module detects the failure, the
FSO module goes into the Fail-safe mode and actives the STO with speed limit
activated SBC function with Delayed brake (see above).

If parameter S_ENCGEN.11 FSE diagnostic failure reaction = Est switch not
active load, the FSO module continues operation by using the estimated motor
speed until the encoder failure is fixed and the exact motor speed is available
again. Note: Safe speed estimate cannot be used with a DCS880 drive.

- If the encoder failure occurs before the STO function is activated, the FSO
continues operation using the estimated motor speed and activates the
STO and SBC function with Delayed brake (see section How to configure SBC
after STO on page 328) when the STO function request is received.

- If the encoder failure occurs while the STO function is already active, but the
STO SBC speed has not been reached yet, the FSO module starts to use the
Delayed brake and activates the SBC accordingly:

« If parameter SBC.12 STO SBC delay is positive, the FSO activates the SBC
after this time has elapsed from the STO activation.

- If parameter SBC.12 STO SBC delay is negative or zero, the FSO activates
the SBC when the encoder failure occurs.
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
SS1 on page 410.

For more information on the SS1 function, see page 84.
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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 (SS1.01 SS1 activity and version = Version 1)

« SAR1emergency ramp (200.112 SAR1 ramp time to zero, always with the SS1
function - see section Configuring SAR on page 354)

« SS1 with time monitored ramp (551.13 SS1 type = SS1-t)

- delay for STO activation after SS1 request: 2000 ms
(SS1.14 SS1-t delay for STO = 2000 ms)

« automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

- redundant emergency stop button connected to input
(SS1.11SS1linput A = DI X113:1 & X114:1)

- single output connected (SS1.21 SS1 output = DO X114:9)

« zero speed limit where SS1 function is completed and drive STO activated is
90 rpm (FSOGEN.51 Zero speed without encoder = 90 rpm)
(when an encoder is used: FSOGEN.52 Zero speed with encoder = 90 rpm)

- delay for activating STO after the zero speed limit has been reached: 0 ms
(SS1.15 SS1-r ramp zero speed delay for STO = 0 ms)

- speed limit activated brake not in use
(SBC.15 SSE/SS1 SBC speed = 0 rpm).

« See also section Configuring mute times on page 382.

SS1.01 = Version 1
STO.02 = Automatic

S$S1.13 = SS1-t
Inputs Outputs
Speed
SS111 1 . SS1.14 =2000 ms Lesio1
= DI X113:1 & X114:1 ! ' = DO X114:9
SS1.12 -+ ! ' —-SS1.22
= None ' = None
FSOGEN.51 Z SS1.15=0ms
=90 rpm = N
SBC.15 Time
=0rpm *
SS1 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 (SS1.01 SS1 activity and version = Version 1)

SAR1 emergency ramp (200.112 SAR1 ramp time to zero, always with the SS1
function - see section Configuring SAR on page 354)

SS1 with monitored ramp (S51.13 SS1 type = SS1-r). See also section How to
configure SARn on page 354.

automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

redundant emergency stop button connected to input
(SS1.11 SS1input A = DI X113:1 & X114:1)

single output connected (SS1.21 SS1 output = DO X114:9)

zero speed limit where SS1 function is completed and drive STO activated is
90 rpm (FSOGEN.51 Zero speed without encoder = 90 rpm)

(when an encoder is used: FSOGEN.52 Zero speed with encoder = 90 rpm)
delay for activating STO after the zero speed limit has been reached: 0 ms
(SS1.15 SS1-r ramp zero speed delay for STO = 0 ms)

speed limit activated brake not in use

(SBC.15 SSE/SS1 SBC speed = 0 rpm).

See also section Configuring mute times on page 382.

Inputs Outputs
Speed

SS1.11 —_ —-SS1.21

= DI X113:1 & X114:1 SARX.22 = DO X114:9
| SS1.22

SS1.12 - SAR1 target = None

= None

FSOGEN.51 'SS1.15=0ms

=90rpm | Fmmlem e e SN~ = -

SBC.15 Time

=0rpm

SS1 activated STO activated

Remember to configure SAR1!

SS51.01 = Version 1
STO.02 = Automatic
SS1.13 = SS1-r
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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 349). 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 325). See also the note on page 54.

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

« SS1 function activated (SS1.01 SS1 activity and version = Version 1)

« SS1 with time monitored ramp (S51.13 SS1 type = SS1-t)

« SAR1 emergency ramp (200.112 SAR1 ramp time to zero, always with the SS1
function - see section Configuring SAR on page 354)

« delay for STO activation after SS1 request: 2000 ms
(SS1.14 SS1-t delay for STO = 2000 ms)

« automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

- redundant emergency stop button connected to input
(SS1.11SSlinput A = DI X113:1 & X114:1)

- single output connected (SS1.21 SS1 output = DO X114:9)

« brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On),
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

- speed limit activated brake in use, speed below which the brake and STO are
activated: 180.0 rpm (SBC.15 SSE/SS1 SBC speed =180 rpm)

« delay for activating STO after brake is zero (STO and SBC are activated at
the same time) (SBC.12 STO SBC delay = 0 ms)

. delay for activating the brake and STO after the SBC speed limit has been
reached: 0 ms (SS1.15 SS1-r ramp zero speed delay for STO = 0 ms)

- when no encoder is in use: delay for defining the safety function as
completed, that is, an estimated time in which the motor brakes to a stop
from the maximum speed: 1200 ms (SBC.13 SBC time to zero speed = 1200
ms)

- STOis activated if brake feedback fails (SBC.22 SBC feedback action = STO)

- brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

- feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

« See also section Configuring mute times on page 382.
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SS1.01 = Version 1
STO.02 = Automatic
S$S51.13 = SS1-t
Inputs Outputs
Speed
SS1.11 —_ SS1.14 = 2000 ms
-—SS1.21
= DI X113:1 & X114:1 3 ; = DO X114:9
SS1.12 —_ '
= None SBC.13 = 1200 T8
' /| . = ms —
SAFEI0.22 = - DN = None
SBC.15 _—————— =DOX113:7 &
=180 rpm : X114:7
Time| sarE|0.21
T = DO X113:7 &
SS1 activated SBC and STO activated X114:7
SBC.22 = STO
Remember to SAFEIO.23 = Mechanically linked NC contacts
configure SAR1! SAFEIO.53, SAFEIO.56 = On
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Example 2: The figure below shows an example of the SS1-r function with speed
limit activated SBC set-up:

SS1 function activated (SS1.01 SS1 activity and version = Version 1)

SAR1 emergency ramp (200.112 SAR1 ramp time to zero, always with the SS1
function - see section Configuring SAR on page 354)

SS1 with monitored ramp (SS1.13 SS1 type = SS1-r). See also section How to
configure SARn on page 354.

automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

redundant emergency stop button connected to input
(SS1.11SS1input A = DI X113:1 & X114:1)

single output connected (S51.21 SS1 output = DO X114:9)

brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On),
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

speed limit activated brake in use, speed limit below which the brake and
STO are activated: 180.0 rpm (SBC.15 SSE/SS1 SBC speed = 180 rpm)

delay for activating STO after brake is zero (STO and SBC are activated at
the same time) (SBC.12 STO SBC delay = 0 ms)

delay for activating the brake and STO after the SBC speed limit has been
reached: 0 ms (SS1.15 SS1-r ramp zero speed delay for STO = 0 ms)

when no encoder is in use: delay for defining the safety function as
completed, that is, an estimated time in which the motor brakes to a stop
from the maximum speed: 1200 ms (SBC.13 SBC time to zero speed = 1200
ms)

STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

See also section Configuring mute times on page 382.
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S§S51.01 = Version 1
STO.02 = Automatic
Inputs SS1.13=551-r Outputs
Speed
SS1.11 —
> -—SS1.21
= DI X113:1 & X114:1 = DO X114:9
SS1.12 -
= None ) SBC.13 =1200 ms Tsstez
&> =
SAFEIO.22 - None
= DI X113:2 ! 'SS1.15=0ms —SBC.21
SBC.15 " R N S =DO X113:7 &
=180 rpm , N X114:7
Time
—L SAFEIO.21
SS1 activated SBC and STO activated =DO X113:7 &
X114:7
SBC.22 = STO
Remember to SAFEIO.23 = Mechanically linked NC contacts
configure SAR1! SAFEIO.53, SAFEIO.56 = On

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 349). 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 325). See also the note on

page 54.
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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 (SS1.01 SS1 activity and version = Version 1)
SS1 with time monitored ramp (SS1.13 SS1 type = SS1-t)

SAR1 emergency ramp (200.112 SAR1 ramp time to zero, always with the SS1
function - see section Configuring SAR on page 354)

delay for STO activation after SS1 request: 2000 ms
(SS1.14 SS1-t delay for STO = 2000 ms)

automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

redundant emergency stop button connected to input
(SS1.11SSlinput A = DI X113:1 & X114:1)

single output connected (S51.21 SS1 output = DO X114:9)

brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On),
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

speed limit activated brake in use, speed below which the brake and STO are
activated: 180.0 rpm (SBC.15 SSE/SS1 SBC speed =180 rpm)

delay for activating STO after brake: -300 ms (only a negative delay is
possible, the SBC is activated before STO) (SBC.12 STO SBC delay = -300 ms)

Note: The same SBC delay is used in the STO and SS1/SSE functions.

delay for activating the brake after the SBC speed limit has been reached:

0 ms (SS1.15 SS1-r ramp zero speed delay for STO = 0 ms, not shown in the
figure)

when an encoder is used: zero speed limit to define the safety function as
completed: 90 rpm

(FSOGEN.52 Zero speed with encoder = 90 rpm, not shown in the figure)

when an encoder is not used: delay to define the safety function as
completed, that is, estimated time in which the motor brakes to a stop from
the maximum speed: 1200 ms (SBC.13 SBC time to zero speed = 1200 ms)

STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

See also section Configuring mute times on page 382.
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SS1.01 = Version 1
STO.02 = Automatic

SS1.13 = SS1-t
Inputs Outputs
Speed
sstil - R $51.14 = 2000 ms
=DI X113:1 & X114:1 ' . 455121
SS1.12 1 \ SBC.13 = 1200 ms = DO X114:9
= None 7>
SAFEIO.22 = SBC.12 £-300 ms T §Sl\}fnze
DI X113:2 <> h
f?gg‘r’ , T T T L seca1
- wevrem ; \ ; = DO X113:7 &
' - ' Time X114:7
* _| SAFEIO.21
SS1 activated SBC activated = DO X113:7
STO activated & X114:7
SBC.22 =STO
Remember to SAFEIO.23 = Mechanically linked NC contacts
configure SAR1! SAFEIO.53, SAFEIO.56 = On

Note: This figure shows the case when an encoder is not used.

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 (SS1.01 SS1 activity and version = Version 1)

SAR1 emergency ramp (200.112 SAR1 ramp time to zero, always with the SS1
function - see section Configuring SAR on page 354)

SS1 with monitored ramp (SS51.13 SS1 type = SS1-r). See also section How to
configure SARn on page 354.

automatic acknowledgement (STO.02 STO acknowledgement = Automatic)
redundant emergency stop button connected to input

(SS1.11 SS1input A = DI X113:1 & X114:1)

single output connected (SS1.21 SS1 output = DO X114:9)

brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On,
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

speed limit activated brake in use, speed limit below which the brake is
activated: 180.0 rpm (SBC.15 SSE/SS1 SBC speed =180 rpm)

delay for activating STO after brake: -300 ms (only a negative delay is
possible, the SBC is activated before STO) (SBC.12 STO SBC delay = -300 ms)
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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)

- when an encoder is used: zero speed limit to define the safety function as
completed: 90 rpm
(FSOGEN.52 Zero speed with encoder = 90 rpm, not shown in the figure)

- when an encoder is not used: delay to define the safety function as
completed, that is, estimated time in which the motor brakes to a stop from
the maximum speed: 1200 ms (SBC.13 SBC time to zero speed = 1200 ms)

« STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

- brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

. feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

- See also section Configuring mute times on page 382.

SS1.01 = Version 1
STO.02 = Automatic
Inputs SS1.13=SS1r Outputs
Speed
SS1.11 —_ -
, SBC.13 = 1200 ms L sstat
= DI X113:1 & X114:1 B ESDO X114:9

SS1.12 + SBC.12 = -300 ms '
= None DI —+ss1.22

SAFEI0.22 -+ : P = None

= DI X113:2 o SSL15=0ms —sBC.21

SBC.15 ! =DO X113:7 &
=180 rpm . X114:7
Time
SAFEIO.21
SS1activated  SBC pctivated =DO X113:7 &
X114:7
STO activated
Remember to SBC.22 = STO
configure SAR1! SAFEIO.23 = Mechanically linked NC contacts
SAFEIO.53, SAFEIO.56 = On

Note: This figure shows the case when an encoder is not used.
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Related safety functions

The SS1 function uses SAR1 ramp parameters. See section Configuring SAR on
page 354.

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 325.

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 407 and SBC on page 402.

For more information on the SSE function, see page 110.

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 |/O failure occurs.
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How to configure SSE with immediate STO

Example 1 (without an encoder): The figure below shows an example of the SSE
function with immediate STO set-up when an encoder is not used:

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 — | ' - SSE.22
= None ! ' = None
' ' Time

SSE activated

SBC.11 = None

Example 2 (with an encoder): The figure below shows an example of the SSE
function with immediate STO set-up when an encoder is used. Configure the
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afety encoder interface first (see section Configuring the safety encoder

interface on page 309).

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

zero speed limit where STO function is completed and it can be
acknowledged is 40 rpm (parameter FSOGEN.52 Zero speed with encoder =
40 rpm)

no brake (SBC.11 STO SBC usage = None).

STO.02 = Automatic
SSE.13 = Immediate STO

Inputs Outputs
Speed
SSE.11 - —SSE.21
= DI X113:1 & X114:1 = None
SSE.12 — | _SSE.22
= None = None
FSOGEN.52
=40 rpm

SSE activated

SBC.11 = None

T

How to configure SSE with immediate STO, SBC after or before STO

he 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 328 and How to configure
SBC before STO on page 330.
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For more information on the SSE with immediate STO and SBC after STO
function, see page 112.

For more information on the SSE with immediate STO and SBC before STO
function, see page 116.

How to configure SSE with immediate STO with speed limit
activated SBC

This safety function requires that an encoder is used. Configure the safety

encoder interface first (see section Configuring the safety encoder interface on
page 309).

The configuration is identical to the STO with speed limit activated SBC
function 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.

Note: If you configure the SSE with immediate STO with speed limit activated
SBC function, this activates the same function in the STO function (see section
How to configure STO with speed limit activated SBC on page 332).

For more information on the SSE with immediate STO with speed limit
activated SBC function, see page 119.

How to configure SSE with time monitoring

For more information on the SSE function with time monitoring, see page 120.
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Example: The figure below shows an example of the SSE function with time

monitoring set-up:

« SARO emergency ramp (200.102 SARO ramp time to zero, always with the SSE
function - see section Configuring SAR on page 354)

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

« delay for STO activation after SSE request: 2000 ms
(SSE.15 SSE delay for STO = 2000 ms)

- automatic acknowledgement (STO.02 STO acknowledgement = Automatic)

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

« single output connected (SSE.21 SSE output = DO X113:9)

« zero speed limit where SSE function is completed and drive STO activated is
90 rpm (FSOGEN.51 Zero speed without encoder = 90 rpm)
(when an encoder is used: FSOGEN.52 Zero speed with encoder = 90 rpm)

- delay for activating the drive STO after the speed limit has been reached:
0 ms (SSE.16 SSE ramp zero speed delay for STO = 0 ms)

« speed limit activated brake not in use
(SBC.15 SSE/SS1 SBC speed = 0 rpm)

- See also section Configuring mute times on page 382.

STO.02 = Automatic
SSE.13 = Emergency ramp
SSE.14 = Time
Inputs Outputs
SSE.11 + +SSE.21
= . . = DO X113:9
= DI X113:1 & X114:1 Speed
SSE.15=2000 ms +£
SSE.12 1 ' SSE.22
| = None
= None .
FSOGEN.51 ! SSE.16 =0 ms
=90 rpm e .
SBC.15 * Time
=0rpm
SSE activated STO activated

How to configure SSE with ramp monitoring

For more information on the SSE function with ramp monitoring, see page 124.
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Example: The figure below shows an example of the SSE function with ramp
monitoring set-up:

+  SARO emergency ramp (200.102 SARO ramp time to zero, always with the SSE
function - see section Configuring SAR on page 354)
« 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 354.

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

- single output connected (SSE.21 SSE output = DO X113:9)

« zero speed limit where SSE function is completed and drive STO activated is
90 rpm (FSOGEN.51 Zero speed without encoder = 90 rpm)
(when an encoder is used: FSOGEN.52 Zero speed with encoder = 90 rpm)

« delay for activating the drive STO after the zero speed limit has been
reached: 0 ms (SSE.16 SSE ramp zero speed delay for STO = 0 ms)

« speed limit activated brake not in use
(SBC.15 SSE/SS1 SBC speed = 0 rpm).

- See also section Configuring mute times on page 382.

STO.02 = Automatic
SSE.13 = Emergency ramp

SSE.14 = Ramp
Inputs Outputs
SSE.11 — —— SSE.21
= DI X113:1 & X114:1 Speed = DO X113:9
-— SSE.22
SSE.12 -
= None SARx.22 = None
SARL1 target

FSOGEN.51 SSE.16 =0 ms

=90rpm | [TT S TTTTT ORI T T T~ .

SBC.15 Time

=0rpm 1

SSE activated STO activated

Remember to configure SARO!

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
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SS1 with speed limit activated SBC on page 337). 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 325). See also the note on page 54.

Example 1: The figure below shows an example of the SSE with emergency ramp
function with speed limit activated SBC set-up with time monitoring:

SSE with emergency ramp (SSE.13 SSE function = Emergency ramp)

SARO emergency ramp (200.102 SARO ramp time to zero, always with the SSE
function, see also section Configuring SAR on page 354)

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

delay for STO activation after SSE request: 2000 ms
(SSE.15 SSE delay for STO = 2000 ms)

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

single output connected (SSE.21 SSE output = DO X113:9)

brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On,
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

speed limit activated brake in use, speed below which the brake and STO are
activated 240.0 rpm (SBC.15 SSE/SS1 SBC speed =240 rpm)

delay for activating STO after brake is zero (STO and SBC are activated at
the same time) (SBC.12 STO SBC delay = 0 ms)

delay for activating the brake and drive STO after the speed limit has been
reached 0 ms (SSE.16 SSE ramp zero speed delay for STO = 0 ms)

STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

See also section Configuring mute times on page 382.




Configuration 351

STO.02 = Automatic
SSE.13 = Emergency ramp

SSE.14 = Time
Inputs Outputs
SSE.11 . 1 csean
= DI X113:1 & X114:1 Speed N .
SSE.15 = 2000 ms DO X113:9
SSE.12 — - SSE.22
= None = None
SAFEIO.22 — BCAL
= biXiis:2 T =DO X113:7
SBC.15 & X114:7
=240rpm _| SAFEIO.21
Time| = DO X1137 &
X114:7
SSE activated SBC and STO activated

SBC.22 = STO
SAFEIO.23 = Mechanically linked NC contacts

SAFEIO.53, SAFEIO.56 = On

Remember to
configure SARO!
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Example 2: The figure below shows an example of the SSE with emergency ramp
function with speed limit activated SBC set-up with ramp monitoring:

SSE with emergency ramp (SSE.13 SSE function = Emergency ramp)

SARO emergency ramp (200.102 SARO ramp time to zero, always with the SSE
function - see section Configuring SAR on page 354)

SARO monitored ramp (SSE.14 SSE monitoring method = Ramp, see also
section Configuring SAR on page 354)

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

single output connected (SSE.21 SSE output = DO X113:9)

brake connected to redundant output, diagnostic pulses activated
(SBC.21 SBC output = DO X113:7 & X114:7, SAFEIO.53 and SAFEIO.56 = On,
SAFEIO.21 Safety relay 1 output = DO X113:7 & X114:7)

speed limit activated brake in use, speed below which the brake and STO are
activated 240.0 rpm (SBC.15 SSE/SS1 SBC speed =240 rpm)

delay for activating STO after brake is zero (STO and SBC are activated at
the same time) (SBC.12 STO SBC delay = 0 ms)

delay for activating the brake and drive STO after the speed limit has been
reached 0 ms (SSE.16 SSE ramp zero speed delay for STO = 0 ms)

STO is activated if brake feedback fails (SBC.22 SBC feedback action = STO)

brake feedback input connected to input
(SAFEIO.22 Safety relay 1 feedback = DI X113:2)

feedback input type NC (inverted state compared with the brake relay)
(SAFEIO.23 Safety relay 1 feedback type = Mechanically linked NC contacts).

See also section Configuring mute times on page 382.
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STO.02 = Automatic
SSE.13 = Emergency ramp
SSE.14 = Ramp
Inputs Outputs
SSE.11 —_ - SSE.21
= DI X113:1 & X114:1 Speed = DO X113:9
SSE.12 — : —- SSE.22
= None = None
SAFEIO.22 — SBC.21
= DI X113:2 T = DO X113:7
+ SSE.16 =0 ms
§823,35 S e R SAFEIO.21
=cadrpm ; . = DO X113:7 &
* * Time| x114:7
SSE activated SBC and STO activated
SBC.22 = STO
SAFEIO.23 = Mechanically linked NC contacts
Remember to configure SARO!  gAFE|0.53, SAFEIO.56 = On

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)

- SARO emergency ramp and monitoring limits are used instead of SAR1
parameters (see section Configuring SAR on page 354).

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

« delay for STO activation after SSE request is set with parameter SSE.15 SSE
delay for STO

- delay for activating the brake after the speed limit has been reached is set
with parameter SSE.16 SSE ramp zero speed delay for STO.
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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 340). 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 325). See also the note on
page 54.

For more information on the SSE with speed limit activated SBC, SBC before
STO SBC function, see page 135.
Related safety functions

The SSE function uses SARO ramp parameters. See section Configuring SAR on
page 354.

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 325.

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 389 and SARx on page 422. See also section Ramp
monitoring on page 62.
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Example: The figure below shows an example of a SAR1 monitoring set-up:
« SAR1

« ramp time from Scaling speed to zero: 1000 ms
(200.112 SAR1 ramp time to zero = 1000 ms)

« Scaling speed: 1500 rpm (200.202 SAR speed scaling = 1500 rpm)

- initial range for monitoring: 100 ms (SARx.02 SAR initial allowed range =
100 ms)

«  minimum allowed ramp time: 500 ms
(SARx.21 SAR1 min ramp time to zero = 500 ms)

« maximum allowed ramp time: 1000 ms
(SARx.12 SAR1 max ramp time to zero = 1500 ms).

SAR1 speed

200.202
=1500rpm

Time

. SARx.21 = 500 ms SARx.22 = 1500 ms

SARx.02 =100 ms 200.112 = 1000 ms

Note: If you use SAR1 in several safety functions at the same time, tune it
according to the function which requires the tightest monitoring range.

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 389 and SLSx on page 413.

For more information on the SLS function, see page 143.

Depending on the application, set the negative and positive SLS and SLS trip
limits separately.
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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 SLS1input 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).

- Seealso section Configuring mute times on page 382.

Note: The difference between the SLS limit and the corresponding SLS trip limit
must be at least 0.1 rpm.

Note: If you also use the SMS function, the SLS trip limits positive and negative
must be below the speed defined by parameter SMS trip limit positive and
above the speed defined by parameter SMS trip limit negative, respectively.
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SLS1
Speed
SLSx.04 = 2000 ms
SLSx.14 = 1320 rpm
200.23 =1200 rpm
. Time
A A
------------------------------ 200.22 = -900 rpm
SLSx.13 =-1020 rpm
SLS SLS SLS
monitoring monitoring
started started
(typical) (latest)
Inputs Outputs
200.21 = Version 1 SLSx.11 SLSx.15
SLSx.02 = Automatic =DI X113:2 & = DO X114:7
SLSx.03 = Time X114:2 SLSx.16
SLSx.12 = None

= None
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How to configure SLSn with ramp monitoring
Example: The figure below shows an example of the SLS2 function with ramp
monitoring set-up:
« SLS2 function activated (200.31 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 354)
- 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).

- Seealso section Configuring mute times on page 382.

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 — 4 ?LSX.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 354.

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 325.

The FSO module activates the SSE function if the motor speed hits a trip limit.
See section Configuring SSE on page 344.

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
PROFIsafe and section Configuring the safety fieldbus communication on
page 314.
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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 389 and SLSx on page 413.

The Variable SLS function uses the SLS4 limits of the FSO module. Depending
on the application, set the negative and positive SLS and trip limits separately.

Note: If possible, reserve SLS4 function only for variable SLS use.

The FSO module scales the SLS4 trip limit so that the difference between the
new limits does not become too small. For more information, see section
Defining the scaled SLS4 limit and SLS4 trip limits on page 362.

Note: If SLS4 limits or trip limits are changed, it affects the Variable SLS limits
and trip limits.

For more information on the Variable SLS function, see page 166.

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.51 Variable SLS output = DO X114:7)

« positive limits: SLS 1200.0 rpm, trip limit 1320.0 rpm
(200.53 SLS4 limit positive = 1200 rpm,
SLSx.43 SLS4 trip limit positive = 1320 rpm).

« negative limits: SLS -100.0 rpm, trip limit: -150.0 rom
(FSOGEN.51 Zero speed without encoder or when an encoder is used:
FSOGEN.52 Zero speed with encoder), not shown in the figure)
(200.52 SLS4 limit negative = -100 rpm,
SLSx.42 SLS4 trip limit negative = -150 rpm).

« Seealso section Configuring mute times on page 382.

Note: The difference between the SLS limit and the corresponding SLS trip limit
must be at least 0.1 rpm.
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These values are defined in the safety program:
- only positive limits are scaled: Positive_Scaling = 0, Negative_Scaling = 1

- scaling values from the safety PLC: 70%, 50%, 100%
(value set in Variable_SLS_limit = 7000, 5000, 10000).

200.61 = Version 1
SLSx.02 = Automatic
SLSx.03 = Time

Output
Speed SLSx.04 = 2000 ms
H — SLSx.51
= DO X113:7

SLSx.43 =1320 rpm
200.53 =1200 rpm

1
f

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

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
(200.53 SLS4 limit positive = 1200 rpm,
SLSx.43 SLS4 trip limit positive = 1320 rpm).

« negative limits: SLS -100.0 rpm, trip limit: -150.0 rom
(FSOGEN.51 Zero speed without encoder or when an encoder is used:
FSOGEN.52 Zero speed with encoder), not shown in the figure)
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(200.52 SLS4 limit negative = -100 rpm,
SLSx.42 SLS4 trip limit negative = -150 rpm).

« See also section Configuring mute times on page 382.

Note: The difference between the SLS limit and the corresponding SLS trip limit
must be at least 0.1 rpm.

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

Speed

- SLSx.51
= DO X113:7

SLSx.43 =1320 rpm
\ ﬁ 200.53 = 1200 rpm
T \ \ Time

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

Remember to configure SAR1!

See also section SLS reaction when modulation is lost during deceleration ramp,
with ramp monitoring on page 148.

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.
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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 then adjusted
according to these rules when safe speed estimate is used:

« If the difference between original SLS4 and SLS4 trip limits is less than 25
rpm: the difference between the scaled limits is the same as the original
difference. See Example 1 below.

« If the difference between original SLS4 and SLS4 trip limits is more than 25
rpm: the difference between the limits is at least 25 rpm. See Example 2
below.

- Regardless of the original difference between the limits, the scaled SLS4 trip
limit must always be at least the zero speed value (parameter FSOGEN.51).

If an encoder is used, the rules become:

- If the difference between original SLS4 and SLS4 trip limits is less than 5
rpm: the difference between the scaled limits is the same as the original
difference.

- If the difference between original SLS4 and SLS4 trip limits is more than 5
rpm: the difference between the limits is at least 5 rpm. See Example 3
below.

- Regardless of the original difference between the limits, the scaled SLS4 trip
limit must always be at least the zero speed value (parameter FSOGEN.52).

Example 1 (no encoder):

« Original SLS4 limit 100 rpm

« Original SLS4 trip limit 102 rpm

« Zero speed value 12 rpm

In this case, the difference between original SLS4 and SLS4 trip limits is smaller
than 25 rpm. Trip limit is scaled to at least 2 rpm higher than the SLS4 limit.
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When the scaling value is 10% or less, trip limit is determined by the zero speed
value.

Speed
A

©

100 50 1

Scaling value (%)

Scaled SLS4 trip limit

Scaled SLS4 limit

Zero speed value FSOGEN.51

The difference between scaled SLS4 limit and trip limit (2 rpm)

m o 0N @ >

Minimum value for scaled SLS4 trip limit determined by the zero speed value (12
rpm)

Example 2 (no encoder):

- Original SLS4 limit 100 rpm

« Original SLS4 trip limit 150 rpm

« Zero speed value 12 rpm

In this case, the difference between original SLS4 and SLS4 trip limits is greater

than 25 rpm. SLS4 limit and trip limit are scaled down normally from 100% to
50%. When the scaling value is 50%, the difference between the limits is 25 rpm
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and it stays constant even if the scaling value is decreased further. Zero speed
value is less than the 25 rpm and has no effect to the trip limit scaling.

Speed

A

®

©

O ___>

100 75

0
Scaling value (%)

Scaled SLS4 trip limit

Scaled SLS4 limit

Zero speed value FSOGEN.51

The difference between SLS4 limits is 50 rpm when the scaling value is 100%

The difference between the scaled SLS4 limits is 25 rpm if the scaling value is 50%
or less

m o N w >

Example 3 (with encoder):

« Original SLS4 limit 100 rpm

- Original SLS4 trip limit 110 rpm

« Zero speed value 3 rpm

In this example, the difference between original SLS4 and SLS4 trip limits is

greater than 5 rpm. SLS4 limit and trip limit are scaled down normally from
100% to 50%. When the scaling value is 50%, the difference between the limits
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is 5 rpm and it stays constant even if the scaling value is decreased further. Zero
speed value is less than the 5 rpm and has no effect to the trip limit scaling.

Speed

©

100 75 50 25

0
Scaling value (%)

Scaled SLS4 trip limit

Scaled SLS4 limit

Zero speed value

The difference between SLS4 limits is 10 rpm when the scaling factor is 100%

m o nNn o >

The difference between the scaled SLS4 limits is 5 rpm if the scaling value is 50% or
less

Related safety functions

The Variable SLS function uses SAR1 parameters to monitor and/or define the
deceleration ramp (Variable SLS with ramp monitoring). See section
Configuring SAR on page 354.

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 325.

The FSO module activates the SSE function if the motor speed hits a trip limit.
See section Configuring SSE on page 344.

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 421 and Safety on page 389.

There are two different versions of the SMS function. Select the required
version with parameter 200.71 SMS activity and version.
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For more information on the SMS function, see page 171.

How to configure SMS, version 1

Example: The figure below shows an example of the SMS, version 1 set-up:

« SMS function version 1 activated (200.71 SMS activity and version = Version
1)

« positive limit 1800.0 rpm (SMS.14 SMS trip limit positive = 1800 rpm)

« negative limit -1200.0 rpm (SMS.13 SMS trip limit negative = -1200 rpm)

- SSE function configured as immediate STO
(SSE.13 SSE function = Immediate STO).

- See also section Configuring mute times on page 382.

200.71 = Version 1

Speed

A

SMS.14 = 1800 rpm

Time

SMS.13 =-1200 rpm

SSE activated

How to configure SMS, version 2

Example: The figure below shows an example of the SMS, version 2 set-up:

« SMS function version 2 activated (200.71 SMS activity and version = Version
2)

« SMS limit positive (200.73 SMS limit positive = 1750)

« SMS limit negative (200.72 SMS limit negative = -1150)

«  SMS trip limit positive 1800.0 rpm (SMS.14 SMS trip limit positive = 1800
rpm)

« SMS trip limit negative -1200.0 rpm (SMS.13 SMS trip limit negative = -1200
rpm)

« SSE function configured as immediate STO
(SSE.13 SSE function = Immediate STO).

« See also section Configuring mute times on page 382.

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




368 Configuration

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 344.

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 405.

For more information on the POUS function, see page 173.
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Example: The figure below shows an example of the POUS function set-up:
« POUS function activated (POUS.01 POUS activity and version = Version 1)

- automatic acknowledgement (POUS.02 POUS acknowledgement =
Automatic)

« redundant POUS switch connected to inputs X113:1 and DIX114:1
(POUS.11 POUS input = DI X113:1 & X114:1)

- delay for POUS complete indication: 0 (POUS.13 POUS delay for completion =
0 ms)

« POUS completed output (for example, an indication lamp) connected to
single output: X114:9 (POUS.22 POUS completed output = DO X114:9).

POUS.O1 = Version 1
POUS.02 = Automatic

Input Outputs
Speed
POUS.11 —_ — POUS.21
= DIX113:1 & = None
X114:1 —L pous.22
= DO X114:9

POUS.13=0ms

Time

POUS activated

How to configure SLS function behavior when drive
modulation is lost

When it is critical for the process that the drive must be able to indicate safely if
the drive modulation is lost during SLS deceleration, user must configure this
behavior separately for the SLS function. Once the configuration for the modoff
behavior is made, it is the same for SLS 1...SLS 4 functions and for variable SLS
function.

To configure SLS functions into use (SLS1...SLS4 or variable SLS), see chapters
Configuring SLS on page 355 and Configuring Variable SLS on page 359. The
following parametrization is relevant for a situation where drive modulation is
lost during SLS deceleration ramp and SLS function is activated when motor
speed is higher than SLS limit speed.

For more information on the modoff reaction related to SLS function, see SLS
reaction when modulation is lost during deceleration ramp, with ramp
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monitoring on page 148 and SLS reaction when modulation is lost during
deceleration ramp, with time monitoring on page 155.

How to configure SLSn with time monitoring if drive modulation is
lost during SLS deceleration ramp

Example 1: The figure below shows an example of the modoff situation with SLS
function with time monitoring when "Modoff delay time" (parameter SLSx.05) is
selected:

- Basic parametrization of the SLS function made according to chapter
Configuring SLS on page 355.

« Modoff delay time monitoring is active when drive modulation is lost
(SLSx.05 SLS ramp modoff reaction = Modoff delay time)

« Modoff delay time (SLSx.06 SLS ramp modoff delay time = 200 ms)

Relevant parameters for this configuration:

« Deceleration time (drive parameter 23.13 Deceleration time 1)

« SLS activation delay: 2000 ms (SLSx.04 SLS time delay = 2000 ms)
« STO.14 Time to zero speed with STO and modoff: 2500 ms.

Motor speed SLSx.06 SLSx.04

A

f : : STO active
: : : Drive modulation

SLS request
SLSx.06 Modoff time
delay monitoring

SLSx.04 time
delay monitoring

[~ SLS indication
STO.14 delay

1. SLSrequestis activated (SLSx.11 SLS1 input A = DI X113:2 & X114:2). SLS time
delay monitoring is started (SLSx.04 SLS time delay = 2000 ms).
Deceleration to SLS limit speed is started (23.13 Deceleration time 1).

2. Modulation is lost. Motor starts to coast to a stop. SLS time monitoring limit
is kept active also when modulation is lost (SLSx.04 SLS time delay = 2000
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ms). Modoff delay time starts to run (SLSx.06 SLS ramp modoff delay time =
200 ms).

3. Modulation of the drive has not returned before the SLS ramp modoff delay
time has elapsed (SLSx.06 SLS ramp modoff delay time = 200 ms). FSO
activates SSE function (SSE.13 SSE function) as the modulation is lost. SSE
function triggers STO function regardless of the configuration of the SSE
function. STO indication goes on (STO.21 STO output = DO X113:7).

4. SLS time monitoring limit (SLSx.04 SLS time delay = 2000 ms).

5. STO.14 delay starts when drive modulation is lost. If modulation does not
return, SLS indication goes on after STO.14 delay has elapsed.

Example 2: The figure below shows an example of the modoff situation with SLS
function with time monitoring when "Monitoring active" (parameter SLSx.05) is
selected:

« Basic parametrization of the SLS function made according to chapter
Configuring SLS on page 355.

« Monitoring active when drive modulation is lost (SLSx.05 SLS ramp modoff
reaction = Monitoring active)

Relevant parameters for this configuration:

« Deceleration time (drive parameter 23.13 Deceleration time 1)

- SLS activation delay: 2000 ms (SLSx.04 SLS time delay = 2000 ms)

« STO.14 Time to zero speed with STO and modoff: 2500 ms.

Motor speed

A

SLSx.04

...........................

: STO active
. [~ SLSindication
‘ Drive modulation
X X X SLS request

SLSx.04 time
delay monitoring

STO.14 delay
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1. SLSrequest is activated (SLSx.11 SLS1 input A = DI X113:2 & X114:2). SLS time
delay monitoring is started (SLSx.04 SLS time delay = 2000 ms).
Deceleration to SLS limit speed is started (drive parameter 23.13
Deceleration time 1).

2. Modulation is lost. Motor starts to coast to a stop. FSO stores last valid safe
speed estimation value. SLS time monitoring limit is kept active also when
modulation is lost (SLSx.04 SLS time delay = 2000 ms).

3. Last valid speed estimation value is higher than SLS trip limit speed when
SLS time monitoring limit has elapsed (SLSx.04 SLS time delay = 2000 ms).
STO indication goes on (STO.21 STO output = DO X113:7); see chapter How to
configure STO on page 326.

4. STO.14 delay starts when drive modulation is lost. If modulation does not
return, SLS indication goes on after STO.14 delay has elapsed.

When drive modulation is lost, last valid speed estimate is stored to FSO
module until modulation comes back or monitoring limit is reached. Time
monitoring is kept active also when modulation is lost during SLS deceleration
ramp. The time monitoring begins when SLS is requested. A time monitoring hit
due to lost modulation is generated when SLS time delay has elapsed. SLS hit is
indicated and STO is activated. Drive restart is not possible until STO.14 delay
has elapsed.

Example 3: The figure below shows an example of the SLS function with time
monitoring when "Monitoring active and modoff delay time" (parameter
SLSx.05) is selected:

- Basic parametrization of the SLS function made according to chapter
Configuring SLS on page 355.

« Monitoring and modoff delay time are active when drive modulation is lost
(SLSx.05 SLS ramp modoff reaction = Monitoring active and modoff delay
time)

« Modoff delay time (SLSx.06 SLS ramp modoff delay time = 300 ms)
Relevant parameters for this configuration:

« Deceleration time (drive parameter 23.13 Deceleration time 1)

« SLS activation delay: 2000 ms (SLSx.04 SLS time delay = 2000 ms)
« STO.14 Time to zero speed with STO and modoff: 2500 ms.
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A

Motor speed SLSx.06 SLSx.04

J 5 SLS indication

‘ — 1 1 Drive modulation
L : - : : SLS request
SLSx.04 time
delay monitoring

SLSx.06 time
delay monitoring

6.

SLS request is activated (SLSx.11 SLS1 input A = DI X113:2 & X114:2). SLS time
delay monitoring is started (SLSx.04 SLS time delay = 2000 ms).
Deceleration to SLS limit speed is started (23.13 Deceleration time 1).

Modulation is lost. Motor starts to coast to a stop. SLS time monitoring limit
is kept active also when modulation is lost (SLSx.04 SLS time delay = 2000
ms). Modoff delay time starts to run (SLSx.06 SLS ramp modoff delay time =
300 ms).

Modulation of the drive returns before the SLS ramp modoff delay time has
elapsed (SLSx.06 SLS ramp modoff delay time = 300 ms). Drive continues to
decelerate according to drive parameter in step 2.

SLS ramp modoff delay time limit (SLSx.06 SLS ramp modoff delay time =
300 ms).

The speed of the drive reaches the SLS speed limit (200.23 SLS1 limit
positive =1200 rpm). SLS monitoring is activated and SLS indication goes on
(SLSx.15 SLS1 output A = DO X114:7).

The SLSx.04 time monitoring limit. SLS indication is activated at the latest.

Time monitoring is kept active also when modulation is lost during SLS
deceleration ramp and SLSx.06 SLS ramp modoff delay time is set shorter than
SLSx.04 SLS time delay. FSO indicates SLS hit and STO is activated when
SLSx.06 has elapsed. Drive restart is possible until SLSx.06 has elapsed.
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Example 4: The figure below shows an example of the SLS function with time
monitoring when "Monitoring and modoff delay time disabled" (parameter
SLSx.05) is selected:

- Basic parametrization of the SLS function made according to chapter
Configuring SLS on page 355.

« Monitoring and modoff delay time are disabled when drive modulation is
lost (SLSx.05 SLS ramp modoff reaction = Monitoring and modoff delay time
disabled)

Relevant parameters for this configuration:

- Deceleration time (drive parameter 23.13 Deceleration time 1)

« SLS activation delay: 2000 ms (SLSx.04 SLS time delay = 2000 ms)

« STO.14 Time to zero speed with STO and modoff: 2500 ms.

Motor speed

N STO.14

[~ SLS indication
‘ Drive modulation

SLS request

SLSx.04 time
delay monitoring

STO.14 delay

1. SLSrequestis activated (SLSx.11 SLS1 input A = DI X113:2 & X114:2). SLS time
delay monitoring is started (SLSx.04 SLS time delay = 2000 ms).
Deceleration to SLS limit speed is started (23.13 Deceleration time 1).

2. Modulation is lost. Motor starts to coast to a stop. SLS time monitoring limit
is disabled when modulation is lost (SLSx.04 SLS time delay = 2000 ms).
Time to zero speed with STO and modoff starts to run (STO.14 Time to zero
speed with STO and modoff = 2500 ms).

3. Modulation of the drive does not return. After STO.14 has elapsed, SLS
indication goes on (SLSx.15 SLS1 output A = DO X114:7).
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The time monitoring of the SLS function is disabled when modulation of the
drive is lost during SLS deceleration ramp. When the drive stops modulation,
FSO disables the time monitoring of the SLS function and starts to wait that the
motor will coast to zero speed (STO.14 Time to zero speed with STO and
modoff). When STO.14 has elapsed, SLS indication goes on. STO.14 delay should
be parametrized so that when this time has elapsed, the motor speed is 0.

How to configure SLSn with ramp monitoring if drive modulation is
lost during SLS deceleration ramp

Example 1: The figure below shows an example of the modoff situation with SLS
function with ramp monitoring when "Modoff delay time" (parameter SLSx.05)
is selected:

- Basic parametrization of the SLS function made according to chapter
Configuring SLS on page 355.

- Modoff delay time monitoring is active when drive modulation is lost
(SLSx.05 SLS ramp modoff reaction = Modoff delay time)

« Modoff delay time (SLSx.06 SLS ramp modoff delay time =200 ms)

Relevant parameters for this configuration:
« Scaling speed: 1500 rpm (200.202 SAR speed scaling = 1500 rpm)
» Deceleration time and ramp monitoring according to SAR1 parameters

« ramp time from Scaling speed to zero: 1000 ms (200.112 SAR1 ramp time
to zero = 1000 ms)

- initial range for monitoring: 100 ms (SARx.02 SAR initial allowed range =
100 ms)

« minimum allowed ramp time: 500 ms (SARx.21 SAR1 min ramp time to
zero = 500 ms)

+ maximum allowed ramp time: 1000 ms (SARx.22 SAR1 max ramp time to
zero = 1500 ms).

« STO.14 Time to zero speed with STO and modoff: 2500 ms.
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Motor speed

1200.202

NS
N

:

SLSx.06

Blek 5

Drive modulation

‘ — I SLS request
: : SAR1 monitoring
: — : SLSx.06 Modoff

. . delay time monitoring
] 1 STO active

: SLS indication
STO.14 delay

1. SLSrequestis activated (SLSx.11 SLS1input A = DI X113:2 & X114:2). SLS ramp
monitoring is activated (SAR1). Parameter 200.202 SAR speed scaling (=
1500 rpm) is used as a reference point in ramp time calculations.
Deceleration towards the SLS limit speed is started according to SAR1
parameters:

« ramp time from Scaling speed to zero: 1000 ms (200.112 SAR1 ramp time
to zero = 1000 ms)

- initial range for monitoring: 100 ms (SARx.02 SAR initial allowed range =
100 ms)

« minimum allowed ramp time: 500 ms (SARx.21 SAR1 min ramp time to
zero = 500 ms)

« maximum allowed ramp time: 1000 ms (SARx.22 SAR1 max ramp time to
zero = 1500 ms).

2. Modulation is lost. Motor starts to coast to a stop. SLS ramp monitoring is
disabled. Modoff delay time starts to run (SLSx.06 SLS ramp modoff delay
time = 200 ms).

3. Modulation of the drive has not returned before the SLS ramp modoff delay
time has elapsed (SLSx.06 SLS ramp modoff delay time = 200 ms). FSO
activates STO function. STO indication goes on (STO.21 STO output = DO
X113:7).

4. STO.14 delay starts when drive modulation is lost. If modulation does not
return, SLS indication goes on after STO.14 delay has elapsed.
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When drive modulation is lost, last valid speed estimate is shown to FSO
module until modulation comes back or monitoring limit is reached. SAR1
monitoring is disabled when modulation is lost during SLS deceleration ramp.

Example 2: The figure below shows an example of the modoff situation with SLS
function with ramp monitoring when "Monitoring active" (parameter SLSx.05) is
selected:

« Basic parametrization of the SLS function made according to chapter
Configuring SLS on page 355.

- Monitoring active when drive modulation is lost (SLSx.05 SLS ramp modoff
reaction = Monitoring active)

Relevant parameters for this configuration:
« Scaling speed: 1500 rpm (200.202 SAR speed scaling = 1500 rpm)
- Deceleration time and ramp monitoring according to SAR1 parameters

« ramp time from Scaling speed to zero: 1000 ms (200.112 SAR1 ramp time
to zero = 1000 ms)

- initial range for monitoring: 100 ms (SARx.02 SAR initial allowed range =
100 ms)

« minimum allowed ramp time: 500 ms (SARx.21 SAR1 min ramp time to
zero = 500 ms)

« maximum allowed ramp time: 1000 ms (SARx.22 SAR1 max ramp time to
zero = 1500 ms).

« STO.14 Time to zero speed with STO and modoff: 2500 ms.

Motor speed

1200.202

A

> Time

I ; STO active
' SLS indication

Drive modulation

SLS request
1 1 1 SAR1 monitoring
— ‘ ‘ STO.14 delay
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1. SLSrequestis activated (SLSx.11 SLS1input A = DI X113:2 & X114:2). SLS ramp
monitoring is activated (SAR1). Parameter 200.202 SAR speed scaling
(= 1500 rpm) is used as a reference point in ramp time calculations.
Deceleration towards the SLS limit speed is started according to SAR1
parameters.

- ramp time from Scaling speed to zero: 1000 ms (200.112 SAR1 ramp time to
zero = 1000 ms)

- initial range for monitoring: 100 ms (SARx.02 SAR initial allowed range = 100
ms)

« minimum allowed ramp time: 500 ms (SARx.21 SAR1 min ramp time to zero =
500 ms)

« maximum allowed ramp time: 1000 ms (SARx.22 SAR1 max ramp time to zero
=1500 ms).

2. Modulation is lost. Motor starts to coast to a stop. FSO stores last valid safe
speed estimation value. SLS ramp monitoring limit (SAR1) is kept active also
when modulation is lost.

3. Modulation of the drive has not returned. If SLSx.05 is set to Monitoring
active, SAR1 monitoring limit hit is generated based on the last valid speed
estimate of FSO.

4. STO.14 delay starts when drive modulation is lost. If modulation does not
return, SLS indication goes on after STO.14 delay has elapsed.

When drive modulation is lost, last valid speed estimate is stored to FSO
module until modulation comes back or monitoring limit is reached. Ramp
monitoring is kept active also when modulation is lost during SLS deceleration
ramp. The ramp monitoring is activated when SLS is requested.

Note: It is also possible to use fixed delay time until tripping fault without
time/ramp monitoring by setting SLSx.05 to Modoff delay time and by setting a
suitable delay until tripping fault with SLSx.06. With value O, the tripping fault is
generated immediately.

Note: SLSx.05 and SLSx.06 are used only with speed estimate and only with
SLS1...SLS4 and Variable SLS functions in a situation where drive modulation is
lost during deceleration to SLS speed.

Configuring SSM

To configure the SSM function, set the FSO parameters listed below to
appropriate values using the Drive Composer pro PC tool. See parameter group
SSMx on page 427.

You can use the SSM function either with a safety encoder or with a safe speed
estimate. For more information on the SSM function, see page 175. If you use an
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encoder, you must configure the encoder interface first (see section
Configuring the safety encoder interface on page 309).

Note: Depending on the application, set the negative and positive SSM limits
separately.

How to configure SSM
Example: The figure below shows an example of an SSM1 set-up. Only the
positive SSM1 limit is configured.

. SSM1 function activated
(SSMx.01 SSM1 activity and version = Version 1)

« redundant SSM activation button connected to input
(SSMx.11 SSM1 input = DI X113:2 & X114:2)

- single output connected (SSMx.14 SSM1 output = DO X114:7)
- SSM1 positive limit 1800.0 rpm (SSMx.13 SSML1 limit positive = 1800 rpm)
« SSM1 negative limit O rpm (SSMx.12 SSML1 limit negative = O rpm).

«  When an encoder is not used: Time to zero speed: 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, not
shown in the figure).

SSM1 .
SSMx.01 = Version 1
Input Output
Speed
SSMx.11 - — SSMx.14
= DI X113:2 & = DO X114:7
X114:2

SSMx.13 =1800 rpm

Time

SSM1 activated

Configuring SDI

To configure the SDI function, set the FSO parameters listed below to
appropriate values using the Drive Composer pro PC tool. See parameter group
SDI on page 422.




380 Configuration

This safety function requires that an encoder is used. Configure the encoder
interface first (see section Configuring the safety encoder interface on
page 309).

For more information on the SDI function, see page 179.

How to configure SDI with time monitoring
Example: The figure below shows an example of an SDI positive function with
time monitoring set-up:
« Version 1 of SDI functions activated (SDI.01 SDI version = Version 1)
« SDI positive function activated (SDI.02 SDI positive activity = Enabled)
- time monitored ramp (SDI.10 SDI activation monitoring method = Time)

« deceleration ramp according to drive parameters (always with time
monitoring)

« SDl activation delay 2000 ms (SDI.12 SDI delay = 2000 ms)

- SDl tolerance into the forbidden direction 2 degrees
(SDI.14 SDI tolerance limit degree = 2 deg)

« automatic acknowledgement (SDI.13 SDI acknowledgement = Automatic)

- redundant activation button connected to input
(SDI.21 SDI positive input A = DI X113:2 & X114:2)

- single output connected (SDI.23 SDI positive output A = DO X114:7).

SDI positive SDI.01 = Version 1
SDI.13 = Automatic
SDI.10 = Time
Inputs Outputs
Speed
sDI.21 1 £ §D|.23
= DI X113:2 & ) = DO X114:7
X114:2 SDI.12 =2000 ms _| spl2a
<>
\ = None
SDI1.22 . '
= None ,
X Time | SDI14 =2deg
: ' (not shown in
- T the figure)
T SDI monitoring started
SDI activated
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How to configure SDI with ramp monitoring
Example: The figure below shows an example of an SDI positive function with
ramp monitoring set-up:
« Version 1 of SDI functions activated (SDI.01 SDI version = Version 1)
- SDI positive function activated (SDI.02 SDI positive activity = Enabled)

- monitored deceleration ramp (SDI.10 SDI activation monitoring method =
Ramp)

- deceleration ramp and monitoring limits according SAR1 parameters (see
section Configuring SAR on page 354)

- SDI tolerance into the forbidden direction 2 degrees
(SDI.14 SDI tolerance limit degree = 2 deg)

« automatic acknowledgement (SDI.13 SDI acknowledgement = Automatic)

- redundant activation button connected to input
(SDI.21 SDI positive input A = DI X113:2 & X114:2)

- single output connected (SDI.23 SDI positive output A = DO X114:7).

SDI positive SDI.01 = Version 1
SDI.13 = Automatic
SDI.10 = Ramp
Inputs Outputs
Speed
sDl.21 i — Sbl.23
= DIX1132 & = DO X114:7
X114:2 —- SDl.24
= None
SDI.22 4
= None
' Time
: q SDI.14 =2 deg
! (not shown in the
figure)
SDI monitoring started
SDI activated,
SAR1 monitoring started
Remember to configure SAR1!
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Related safety functions

The SDI functions use SAR1 parameters to monitor and/or define the
deceleration ramp (SDI with ramp monitoring). See section Configuring SAR on
page 354.

The FSO module activates the STO function if the motor speed hits a ramp
monitoring limit during the deceleration ramp (SDI with ramp monitoring). See
section Configuring STO on page 325.

The FSO module activates the SSE function if the motor rotation reaches the
SDI tolerance limit degree. See section Configuring SSE on page 344.

Configuring mute times

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

To minimize the effects of small transient variations in the speed measurement
data, you can fine-tune the operation of the safety functions with mute time
parameters. For the description of this feature, see Mute time feature on page
70.

How to determine values for mute time parameters

The suitable values for mute times can be determined by monitoring FSO speed
signals (200.01 FSO speed chl, 200.02 FSO speed ch2) with the Drive Composer
pro tool. If possible, all transient situations within the whole speed range of the
application should be monitored. Based on the results, the mute times should

be set as short as possible. After the mute time parameters have been correctly
set, safety functions can be validated. You can check the motor speed for motor
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control from the following parameters: 1.1, 1.2, and 90.1. See drive firmware
manual for more information.

P | [Name ‘ Pen ‘ Visible | Mask | Y-scale ‘ Min ‘ Max ‘ yi
{3H1}Par 1.2 Mior speed esimaied (rpm) W~ FFFFFFFF ¥ 500 35,00
{3H1}Par 1.10 Mlor torque (%) 7 7 50 110,0
{3H1}Par 200.1 FSO speed chi (rpm) 7 FFFFFFFF 7 5,00 3500
{3H1}Par 200.2 FSO speed ch2 (rpm) v FFFFFFFF I -500 35,00

Data File Viewer (test_dcpmaon)

=k

E[5
[ +i
®

A
«| (D)

E ) &
5 E [:E

. L
I™ Disable polling

Active signal ——

% %
Search | <||>
e

¥ Scalex: [15 s |18 18987

T d

3
=

174.67

A Motor torque
B FSO speed signals

C  Motor speed estimate of the drive

How to configure limit hit situations
Example 1: SMS trip limit hit

This example covers trip limit situations of SMS function with synchronous
machines. This example is valid when SMS-specific mute time is disabled
(parameter FSOGEN.39) or if encoder is used.

- parameter FSOGEN.39 Enable SMS mute time = Disabled

« parameter FSOGEN.31 Transient mute time = 100 ms.
Note: When a synchronous machine is started, there is a possibility of short (<

100 ms) error spikes in safe speed estimate which can cause an unnecessary
trip if the mute time is set too short. If the motor is rotated only in positive
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direction and negative SMS trip limit is set close to zero speed, there is an
increased possibility that the error spike could cause an unnecessary trip.

Speed FSOGEN.31
<>

Time

® @ @

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

1 Error spike caused by the starting of the synchronous motor, spike duration 50 ms.
FSOGEN.31 is set longer that the error spike and the SSE is not activated.

2 Safe speed estimate exceeds the SMS trip limit
3 FSOGEN.31 Transient mute time has elapsed. SSE is activated.

This example also applies to:
« trip limit hits in the SLS1...4 and Variable SLS functions when the SLSx mute
times are disabled with parameter FSOGEN.38

all trip limit hit situations regardless of parameters FSOGEN.38 and FSOGEN.39
if encoder is used.

Example 2: SLS safe speed estimate trip limit hit situation

Note: This example is for more complex systems which cannot be properly
configured with general transient mute time.

This example covers safe speed estimate trip limit situations with acceleration
of an induction motor. It is possible that safe speed estimate goes above the
SLS trip limit for limited time when an induction machine is accelerated with
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high load inertia. In this example, SLS1 function is used. Function-specific mute
time is set long enough to prevent the limit hit during acceleration.

« parameter FSOGEN.38 Enable SLSx mute times = Enabled
« parameter SLSx.17 Mute time for SLS1 = 1200 ms (function-specific)

Speed

SLSx.17

) 1
| |
/‘] ‘
| |
| |
| |
| !
| |

| e ———— e ——— — —
| s
| / |
T
@ /\/ i
a |
7 i i
L/ | |
/s | |
| |
| |
| |

@ @ Time

--- Actual speed

—— Safe speed estimate

—— SLS1 trip limit positive SLSx.14

1 Amount of slip in safe speed estimate during acceleration
Safe speed estimate exceeds the SLS trip limit

Safe speed estimate returns below SLS trip limit before the mute time for SLS1 has
elapsed. SSE is not activated and drive continues normal operation.

This example also applies to:
« Trip limit hits in the SLS2...4 and Variable SLS functions when the SLSx mute
times are enabled with parameter FSOGEN.38 Enable SLSx mute times

« Trip limit hit in the SMS function when the SMS mute time (SMS.17) is
enabled with parameter FSOGEN.39 Enable SMS mute time.
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How to configure mute time for zero speed detection
Example 1: Zero speed limit is reached with the SS1 function (or SSE with
emergency ramp), the SBC is not used.
« With an encoder: parameter FSOGEN.32 Zero speed delay time = 20 ms
« Without an encoder: parameter FSOGEN.31 Transient mute time = 20 ms.

Speed

FSOGEN.32 or FSOGEN.31=20 ms

FSOGEN.52 or
FSOGEN5L  F—-=—=—=—=————— =g - - - - - = —— — -
=90 rpm

Time

Zero speed Mute time elapsed, STO
limit reached

Example 2: Zero speed limit is reached with the SS1 function (or SSE with
emergency ramp), a negative SBC delay (parameter SBC.12 STO SBC delay) is
configured in the STO function:

« With an encoder: parameter FSOGEN.32 Zero speed delay time = 20 ms
«  Without an encoder: parameter FSOGEN.31 Transient mute time = 20 ms.

Speed

FSOGEN.32 or FSOGEN.31=20 ms

: ' SBC.12 =-15ms
I >
FSOGEN.52 or !
FSOGEN.5L = |mmmm = mm e o= = Lot
F 90 rpm

'
'
h
'
'
'
'

? * n Time
Zero speed Mute tim€ elapsed, SBC activated

limit reached
SBC delay elapsed, STO activated

Note: If the SBC delay (parameter SBC.12 STO SBC delay) is positive or zero
(0 ms), the SBC and STO functions are activated at the same time.
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How to configure mute time for SBC speed limit detection

Example 1: SBC speed limit (parameter SBC.15) is reached with the SS1 function
(or SSE with emergency ramp), a negative SBC delay (parameter SBC.12
STO SBC delay) is configured with the SS1 function:

« With an encoder: parameter FSOGEN.32 Zero speed delay time = 20 ms
- Without an encoder: parameter FSOGEN.31 Transient mute time = 20 ms.

Speed
FSOGEN.32 or FSOGEN.31 =20 ms

>

i SBC.12 = -15ms

SBC.15
=90 rpm

Time

SBC speed MutI time elapsed, SBC activated

limit reached )
SBC delay elapsed, STO activated

Note: If the SBC delay (parameter SBC.12 STO SBC delay) is positive or zero
(0 ms), the SBC and STO functions are activated at the same time.

Example 2: SBC speed limit (parameter SBC.14 STO SBC speed) is reached in the
STO function (and SSE with immediate STO), requires an encoder:

» With an encoder: parameter FSOGEN.32 Zero speed delay time = 20 ms.

Speed

FSOGEN.32 =20 ms
<>

SBC.14
=90 rpm

Time

STO activated SBC speed
limit reached

Mute time elapsed, SBC activated
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How to configure mute time for monitoring start
Example: The start of SLS monitoring in the SLS1 function

In this example, SLS1 function is requested from a higher speed than the SLS
trip limit.

« With an encoder: parameter FSOGEN.33 Monitoring start delay = 20 ms

« Without an encoder: parameter FSOGEN.31 Transient mute time = 20 ms.

Speed
FSOGEN.33 or FSOGEN.31 =20 ms
<
\\ SLSx.14 = 1320 rpm
|
! b 200.23 = 1200 rpm

@ @ Time

SLS1 request
SLS1 indication

©

—

|
|
T
|
|
|
T

1 SLS request activated
2 Safe speed in the middle of SLS and SLS trip limits
3 SLS monitoring started. SLS indication activates (SLSx.15, SLSx.16).
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Parameters

Contents of this chapter

This chapter describes the parameters and the status and control words of the
FSO module.

FSO-21 parameters

The following table lists the FSO-21 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, for
example, +Q972). For more information, see section Factory reset on page 507.

Note: ABB recommends that you set drive parameter 31.22 STO indication
run/stop to Warning/Warning, Event/Event or No indication/No indication. This
prevents the drive from tripping on a fault each time the FSO opens the drive
STO circuit. You can configure the FSO module so that it generates the
necessary faults to the drive event system.

For additional information on drive parameters and their settings, see the drive
firmware manual.

Index Name/Value Description Factory
default

Safety General drive safety parameters
200.11 FS module type Module type indicator of the FSO module | FSO-21
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Index Name/Value Description Factory
default
200.12 FS hardware FSO module hardware version indicator | Shows the
version current
HW
version
200.13 FS fi.rmware FSO module firmware version indicator Shows the
version current FW
version
200.16 FSE module type |Module type indicator of the FSE module | FSE-31
inuse
200.17 FSE hardware FSE module hardware version indicator Shows the
version current
HW
version
200.18 FSE firmware FSE module firmware version indicator Shows the
version current FW
version
200.21 SLSlactivityand | Activates or deactivates the SLS1 Disabled
version function 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 rom
drive
-35880.0...0.0 Speed
rem
200.23 SLS1 limit positive | Sets the SLS1 positive speed limit for the | 0.0 rom
drive
0.0...35880.0 rom | Speed
200.31 SLS2 activity and | Activates or deactivates the SLS2 Disabled
version function 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 Sets the SLS2 negative speed limit for 0.0 rpm
negative the drive.
-35880.0...0.0 Speed
rom
200.33 SLS2 limit positive | Sets the SLS2 positive speed limit for the | 0.0 rom
drive.
0.0...35880.0 rom | Speed
200.41 SLS3activityand |Activates or deactivates the SLS3 Disabled
version function and shows the version of the

SLS3 function.
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Index Name/Value Description Factory
default
Disabled Deactivates the SLS3 function.
Version 1 Activates version 1 of the SLS3 function.
200.42 SLS3 limit Sets the SLS3 negative speed limit for 0.0 rpm
negative the drive.
-35880.0 ...0.0 Speed
rpm
200.43 SLS3 limit positive | Sets the SLS3 positive speed limit for the | 0.0 rom
drive
0.0...35880.0 rpm | Speed
200.51 SLS4 activityand | Activates or deactivates the SLS4 Disabled
version function and shows the version of the
SLS4 function.
Disabled Deactivates the SLS4 function.
Version 1 Activates version 1 of the SLS4 function.
200.52 SLS4 limit Sets the SLS4 negative speed limit for 0.0 rpm
negative the drive.
Note: Variable SLS uses this limit as
scaled. See Defining the scaled SLS4 limit
and SLS4 trip limits on page 362.
-35880.0 ...0.0 Speed
rpm
200.53 SLS4 limit positive | Sets the SLS4 positive speed limit for the | 0.0 rpm
drive.
Note: Variable SLS uses this limit as
scaled. See Defining the scaled SLS4 limit
and SLS4 trip limits on page 362.
0.0...35880.0 rpm | Speed
200.61 SLS variable Activates or deactivates the Variable SLS | Disabled
activity and function and shows the version of the
version Variable SLS function.
Note: This function can be activated only
when the safety fieldbus is installed.
Disabled Deactivates the Variable SLS function.
Version 1 Activates version 1 of the Variable SLS
function.
200.71 SMS activity and Activates or deactivates the SMS Disabled

version

function and shows the version of the
SMS function.

Disabled

Deactivates the SMS function.

Version 1

Activates version 1 of the SMS function.
See section SMS function, version 1 on
page 172.
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settings version

safety settings (includes parameters
200.202, 200.222, 200.223 and 200.254).

Index Name/Value Description Factory
default
Version 2 Activates version 2 of the SMS function.
See section SMS function, version 2 on
page 173.
200.72 SMS limit negative | Sets the negative speed limit for the SMS | 0.0 rom
function.
Note: This parameter is used only in
version 2 of the SMS function.
-35880.0 ...0.0 Speed
rem
200.73 SMS limit positive | Sets the positive speed limit for the SMS | 0.0 rpm
function.
Note: This parameter is used only in
version 2 of the SMS function.
0.0...35880.0 rpm | Speed
200.101 SARO version Shows the version of the SARO function. |Version1
Version 1 Version 1.
200.102 SAROramptimeto | Sets the target time for the SARO ramp 1ms
zero (used in the SSE function).
Target time = Time in which the drive
decelerates the motor from speed
200.202 SAR speed scaling to zero.
1...1,800,000 ms Time
200.111 SARL1 version Shows the version of the SAR1 function. |Version1
Version 1 Version 1.
200.112 SARlramp timeto | Sets the target time for the SAR1 ramp 1ms
zero (used in the SS1 and SLS functions).
Target time = Time in which the drive
decelerates the motor from speed
200.202 SAR speed scaling to zero.
Note: With value O ms, the drive
(parameter 23.23 Emergency stop time)
defines the safe stop ramp. The FSO
module monitors the actual ramp using
SAR1 parameters (ramp monitoring) or
parameter SS1.14 SS1-t delay for STO
(time monitoring).
0...1,800,000 ms | Time.
200.201 Drive general Shows the version of the drive general Version 1

Version 1

Version 1.
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Index Name/Value Description Factory
default
200.202 SAR speed scaling | Sets a speed value that the FSO module |1500 rpm
uses as a reference point in ramp time
calculations.
See section Ramp monitoring on
page 62.
0...35880 rpm Speed
200.222 Safety bus type Sets the type of the safety fieldbus (if Not used
used).
Note: To activate the safety fieldbus, you
must also set parameter SBUSGEN. 01
SBUS activity and version to value
Version 1.
Not used The safety fieldbus is not used.
PROFIsafe PROFIsafe
200.223 Safety fieldbus Sets the slot in which the safety fieldbus | FBA A
adapter slot adapter is installed.
Note: The slots on the drive control
board are defined by drive parameters
50.01 (FBA A) and 50.31 (FBA B). Refer to
the drive firmware manual.
FBA A The safety fieldbus adapter is in slot FBA
A.
FBAB The safety fieldbus adapter is in slot FBA
B.
200.231 FSE 3Xactand par | Activates or deactivates the FSE encoder | Disabled
version interface and shows the version of the
encoder parameter groups (includes
groups 91 Enc module settings and 92
Encoder 1 configuration).
Disabled Deactivates the FSE encoder interface.
Version 1 Activates the FSE encoder interface.
200.232 Number of Sets the number of encoders that are Single
encoders connected to the FSE module and, in the |encoder
single encoder case, also the channel CH1

that it is connected to.

Note: ACS880 primary control program
(AINLX), version 2.21 supports only one
safety pulse encoder.

Note: DCS880 firmware version 2.07
supports only one safety pulse encoder.

This parameter is read-only.

Single encoder
CH1
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Index Name/Value Description Factory
default
200.254 CRC of the Shows the FSO configuration checksum. |0
configuration
0...65535 Checksum
FSOGEN General FSO parameters
FSOGEN.01 FSO general Shows the version of the FSO general Version 1
settings version parameter group (includes parameter
groups FSOGEN and SAFEIO and
parameters SLSx.02, SLSx.03, SLSx.04,
SARx.02).
Version 1 Version 1.
FSOGEN.11 Stop completed Sets the digital output that indicates the | None
output completion of any stop function. Active
when the FSO module has completed the
STO, SSE or SS1 function.
None No input connected
DO X113:7 & X114:7 | Redundant output X113:7 & X114:7
DO X113:8 & X114:8 | Redundant output X113:8 & X114:8
DO X113:9 & X114:9 | Redundant output X113:9 & X114:9
DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
FSOGEN.21 Motor nominal Sets the synchronous motor speed. 100.0 rpm
speed
1.0...35880.0 rpm | Speed
FSOGEN.22 Motor nominal Sets the nominal motor frequency. 1.00 Hz

frequency

In DCS880 drives, this parameter has no
effect on the operation, but must be set
correctly to prevent errors. If the base
speed of the motor is 1500 rpm or less,
set this parameter to 25 Hz. If the base
speed of the motor is more than

1500 rpm, set this parameter to a value
higher than 25 Hz (for example, 50 Hz).

1.00...598.00 Hz

Frequency
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Index Name/Value Description Factory
default
FSOGEN.31 Transient mute Sets the mute time for the safe speed O0ms
time functions. The FSO module waits for the

transient mute time before it acts aftera
ramp monitoring or trip limit hit, or after
the zero speed limit is reached.

When an encoder is used: This parameter
is used only in ramp monitoring and trip
limit hit situations.

0...1000 ms Time
FSOGEN.32 Zero speed delay |Sets the time for how long the motor Oms
time speed must stay inside zero speed limits
in order to determine the motor as
stopped.

Note: This parameter is relevant only
when an encoder is used. Without an
encoder, parameter FSOGEN.31 is used.
See also section Configuring mute times

on page 382.
0...1000 ms Time
FSOGEN.33 Monitoring start Sets the time for how long the speed O0ms
delay must stay in the correct side of a limit in

order to determine that the limit is
reached and monitoring can be started.
Note: This parameter is relevant only
when an encoder is used. Without an
encoder, parameter FSOGEN.31 is used.
See also section Configuring mute times

on page 382.
0...1000 ms Time
FSOGEN.38 Enable SLSx mute |Enables SLS-specific mute times which Disabled
times are used in SLS limit hit situations.

These mute times can be set with
parameters SLSx.17, SLSx.27, SLSx.37,
SLSx.47 and SLSx.57. These parameters
are effective only with the safe speed
estimate.

When this parameter is disabled,
FSOGEN.31 is used in limit hit situations.

Disabled Deactivates SLSx mute times

Enabled Activates SLSx mute times
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Index

Name/Value

Description

Factory
default

FSOGEN.39

Enable SMS mute
time

Enables SMS-specific mute time, which is
used in limit hit situations and can be set
with parameter SMS.17. This parameter
is effective only with the safe speed
estimate.

When this parameter is disabled,
FSOGEN.31is used in limit hit situations.

Disabled

Disabled

Deactivates SMS mute time

Enabled

Activates SMS mute time

FSOGEN.41

Power-up
acknowledgement

Sets the power-up acknowledgement
method.

Note: If a safety function request is
active when the FSO module is rebooted,
the request must be removed before the

power-up acknowledgement is accepted.

Manual

Manual

The FSO module reads an external
acknowledgement signal through the
digital input defined by parameter
FSOGEN.42 Acknowledgement button
input.

Automatic

The FSO module generates the
acknowledgement signal automatically
after the power-up.

Safebus

The FSO module expects an external
acknowledgement signal from the safety
fieldbus after the power-up.

Manual_Safebus

The FSO module expects an external
acknowledgement signal either from a
digital input or from the safety fieldbus
after the power-up.

FSOGEN.42

Acknowledgement
button input

Sets the digital input that is connected
to the button for acknowledgement
operations.

None

None No input connected
DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1
DI X114:2 Single input X114:2
DI X114:3 Single input X114:3
DI X114:4 Single input X114:4
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Index Name/Value Description Factory
default
FSOGEN.51 Zero speed Sets the zero speed limit for ramp stop 0.0 rpm

without encoder | safety functions. Used to define when
the safety function is completed and can
be acknowledged.

Note: This is the absolute value. The
same value is used in both positive and
negative directions.

Note: You cannot set trip limits below

this value.
0.0...600.0 rpm Speed
FSOGEN.52 Zero speed with Sets the zero speed limit for safe 0.0 rpm
encoder stopping functions. Used to define when

the safety function is completed and can
be acknowledged.

Note: This is the absolute value. The
same value is used in both positive and
negative directions.

Note: You cannot set trip limits below
this value.

Note: It is recommended to use a value
higher than 0.5 rpm.

0.0...600.0 rpm Speed

FSOGEN.61 STO indication ext | Sets the type of the event that the FSO Fault
request module generates and sends to the drive
after external requests that end to a
successful activation of the drive STO
function (STO, SSE or SS1).
Note: When the FSO module triggers the
STO function in fault situations, it always
generates a fault.

None No event generated
Fault Fault generated
Warning Warning generated
Event Pure event generated
FSOGEN.62 STO indication Sets the type of the event that the FSO Fault
safety limit module generates for limit hits in the

SLS1, ..., SLS4 and SMS functions and for
limit hits during ramp and time
monitoring of safety ramps SARO and
SARL.

Note: When the FSO module triggers the
STO function in fault situations, it always
generates a fault.

None No event generated
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acknowledgement

in the STO, SSE and SS1 functions.

See section Acknowledgement methods
on page 58 for more information on
different acknowledgement methods.

Index Name/Value Description Factory
default
Fault Fault generated
Warning Warning generated
Event Pure event generated
FSOGEN. CRC of the whole |Shows the FSO configuration checksum. |0
254 configuration
0...65535 Checksum
STO Parameters for the STO function
STO.01 STO version Shows the version of the STO function. Version 1
Version 1 Version 1.
STO.02 STO Sets the acknowledgement method used | Manual

Manual

The FSO module reads the external STO
acknowledgement signal through the
digital input defined by parameter
FSOGEN.42 Acknowledgement button
input. The FSO module accepts the
acknowledgement after the STO, SSE or
SS1request has been removed and the
stop function is completed (output
defined by parameter FSOGEN.11 STO
completed output is active).

Automatic

The FSO module generates the STO
acknowledgement signal automatically
after the STO, SSE or SS1 request has
been removed and the stop function is
completed (output defined by parameter
FSOGEN.11 STO completed output is
active).

Safebus

The FSO module expects an external STO
acknowledgement signal from the safety
fieldbus after the STO, SSE or SS1
request has been removed and the stop
function is completed (output defined by
parameter FSOGEN.11 STO completed
output is active).
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Index Name/Value Description Factory
default

Manual_Safebus The FSO module expects an external STO
acknowledgement signal either from a
digital input or from the safety fieldbus
after the STO, SSE or SS1 request has
been removed and the stop function is
completed (output defined by parameter
FSOGEN.11 STO completed output is
active).

STO.11 STOinputA Sets the digital input that is connected DI X113:1 &

to the primary input of the STO function. | X114:1

None No input connected

DI X113:1 & X114:1 Redundant input X113:1 & X114:1

DI X113:2 & X114:2 | Redundant input X113:2 & X114:2

DI X113:3 & X114:3 | Redundant input X113:3 & X114:3

DI X113:4 & X114:4 | Redundant input X113:4 & X114:4

DI X113:1 Single input X113:1

DI X113:2 Single input X113:2

DI X113:3 Single input X113:3

DI X113:4 Single input X113:4

DI X114:1 Single input X114:1

DI X114:2 Single input X114:2

DI X114:3 Single input X114:3

DI X114:4 Single input X114:4

STO.12 STOinputB Sets the digital input that is connected None

to the secondary input of the STO
function. The secondary input is mostly
used for the cascade connection.
See parameters SAFEIO.12 Cascade A and
SAFEIO.13 Cascade B.

None No input connected

DI X113:1 & X114:1

Redundant input X113:1 & X114:1

DI X113:2 & X114:2

Redundant input X113:2 & X114:2

DI X113:3 & X114:3

Redundant input X113:3 & X114:3

DI X113:4 & X114:4

Redundant input X113:4 & X114:4

DI X113:1 Single input X113:1
DI X113:2 Single input X113:2
DI X113:3 Single input X113:3
DI X113:4 Single input X113:4
DI X114:1 Single input X114:1
DI X114:2 Single input X114:2
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and restart of the drive are allowed after
the FSO has activated the STO function
and opened the drive STO circuit. With
this parameter, you can allow a restart of
the drive before the motor has stopped
(fly-start).

This parameter is relevant only when an
external request activates the STO
function.

If you do not want to use the fly-start
feature, set this parameter to the same
value as parameter STO.14 Time to zero
speed with STO and modoff.

Index Name/Value Description Factory
default
DI X114:3 Single input X114:3
DI X114:4 Single input X114:4
STO.13 Restart delay after | Sets the time after which the 3,600,000
STO acknowledgement of the FSO module ms

0...3,600,000 ms

Time
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Index

Name/Value

Description

Factory
default

STO.14 Time to zero
speed with STO
and modoff

Sets the time that is needed to coast the
motor to a standstill from maximum
process speed. If this time is not known,
it can be measured with Drive Composer
pro PC tool when an encoder is used for
motor control (otherwise you have to
make sure that the motor shaft has
stopped rotating by other means, eg,
visually.).

Acknowledgement is allowed after coast
stop in the STO, SSE and SS1 functions
(when SBC is not used).

If SBC is used, see parameter SBC.13 SBC
time to zero speed.

If an external request activates the STO
function, this parameter sets the time
after which the function is completed
and the STO completed indication goes
on. In this case, parameter STO.13
Restart delay after STO defines the time
after which the acknowledgement is
allowed.

If the drive STO is activated or
modulation stopped while a monitoring
safety function is indicating “unsafe”,
after this time acknowledgement is
allowed. For example, if the drive
modulation is lost during SLS
deceleration ramp, SLS OK will be
indicated after this time has elapsed. See
section SLS trip limit hits on page 162.
When an encoder is used: This parameter
is relevant only if there is an encoder
failure and the FSO module activates the
STO function.

3,600,000
ms

0...3,600,000 ms

Time

STO.21 STO output

Sets the digital output that indicates the
status of the STO function in the drive.
Active when the STO circuit in the drive is
open.

Note: In a cascade connection, this
indicates the activity of the STO function
of the FSO module.

None

None

No output connected

DO X113:7 & X114:7

Redundant output X113:7 & X114:7
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Index Name/Value Description Factory
default
DO X113:8 & X114:8 | Redundant output X113:8 & X114:8
DO X113:9 & X114:9 | Redundant output X113:9 & X114:9
DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
STO.22 STO completed Sets the digital output that indicates the | None
output completion of the STO function. See the
diagrams in section Safe torque off
(STO) on page 72.
None No output connected
DO X113:7 & X114:7 | Redundant output X113:7 & X114:7
DO X113:8 & X114:8 | Redundant output X113:8 & X114:8
DO X113:9 & X114:9 | Redundant output X113:9 & X114:9
DO X113:7 Single output X113:7
DO X113:8 Single output X113:8
DO X113:9 Single output X113:9
DO X114:7 Single output X114:7
DO X114:8 Single output X114:8
DO X114:9 Single output X114:9
SBC Parameters for the SBC function
SBC.01 SBC version Shows the version of the SBC function. Version 1
Version 1 Version 1.
SBC.11 STO SBC usage Sets how the mechanical brake (SBC) is | Delayed
used together with the STO function. brake

Note: This parameter is used also in the
SSE function when it is configured as
Immediate STO (parameter SSE.13 SSE
function = Immediate STO).

None

No brake

Delayed brake

Time controlled brake. Parameter SBC.12
STO SBC delay defines the delay.
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Index

Name/Value

Description

Factory
default

Speed limit

The brake is activated below a user-
defined speed limit (parameter SBC.14
STO SBC speed). Requires that an
encoder is used.

Note: If an encoder or FSE failure occurs,
and the STO function is not active, the
FSO module starts to use the Delayed
brake setting. If the STO function is
already active, the action depends on the
value of parameter S_ENCGEN.11 FSE
diagnostic failure reaction. See section
How to configure STO with speed limit
activated SBC on page 332.

SBC.12 STO SBC delay

Sets the time when the SBC function will
be activated in relation to the activation
of the STO function. A negative value
means that the FSO module activates the
SBC before the drive STO function.

If the value is 0 ms, the FSO activates the
drive STO and SBC functions at the same
time.

STO function and SSE with immediate
STO: This parameter is valid if parameter
SBC.11 STO SBC usage has value Delayed
brake.

SSE with emergency ramp and SS1
function: This parameter is valid if
parameter SBC.15 SSE/SS1 SBC speed is
not zero. Only a negative value and zero
are used. If the 