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Safety instructions

Contents of this chapter
This chapter contains the safety instructions which you must obey when you install,
operate and do maintenance on the safety functions of a drive.

Safety messages
These safetymessages help toprevent personal injury anddamage to the equipment.
The hazard levels comply with standard ANSI Z535.6.

The manual uses these warning symbols:

DANGER Indicates a hazardous situation which, if not avoided, will result
in death or serious injury.

WARNING Indicates ahazardous situationwhich, if not avoided, could result
in death or serious injury.

CAUTION Indicates a hazardous situationwhich, if not avoided, could result
in minor or moderate injury.

NOTICE Is used to address practices not related to physical injury, but which can
result in equipment damage.

1
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Instructions for functional safety circuits
This manual does not contain the complete safety instructions of the drive. It only
includes the instructions related to the scope of this manual.

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

• Only a qualified electrical professional who has sufficient knowledge about
functional, machine, and process safety is permitted to install, start up and
maintain the safety circuit. All user-made changes are on the user's responsibility.

• The safety function described in this manual does isolate the main or auxiliary
circuits from the power supply. Before you do work on the drive, or its main or
auxiliary circuits, do the steps in section Electrical safety precautions (page 11).

• (With permanent magnet or synchronous reluctance [SynRM] motors only)
In case of a multiple IGBT power semiconductor failure, the drive system can
produce an alignment torque which maximally rotates the motor shaft by 180/p
(withpermanentmagnetmotors) or 180/2p (with synchronous reluctance [SynRM]
motors) degrees regardless of the activation of the Safe torque off function. p
denotes the number of pole pairs.

• Do the validation test of the safety function at the start-up and also after you
make changes to the safety circuit.

• 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, systemmaintenance, fault tracing, or decommissioning.

10 Safety instructions
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Electrical safety precautions
Theseelectrical safetyprecautions are for all personswhodoworkon thedrive,motor
cable or motor.

WARNING Obey these instructions. 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 electrical installation or maintenance work. Do these
steps before you do 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.
• Open the main disconnecting device of the drive.
• Open the charging switch if it is present.
• Open the disconnector of the supply transformer. (The main disconnecting

device in the drive cabinet does not disconnect the voltage from the AC input
power busbars of the drive cabinet.)

• Open the auxiliary voltage switch-disconnector (if it is present), and all other
possible disconnectingdevices that isolate the drive fromdangerous voltage
sources.

• In the liquid cooling unit (if present), open the switch-disconnector of the
cooling pumps.

• If there is a permanentmagnetmotor 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 energizedparts in thework 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
themeasurement requires that you remove shroudingor other cabinet structures,
obey the local laws and regulations applicable to live 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.
• 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

(U, V, W) and the grounding (PE) busbar is zero.
Important! Repeat themeasurementwith theDCvoltagesettingof the voltage
tester.Measure between each phase andground. There is a risk of dangerous
DC voltage charging due to leakage capacitances of the motor circuit. This

Safety instructions 11



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 busbars and the grounding
(PE) busbar is zero.

WARNING The busbars inside the cabinet of liquid-cooled drives are
partially coated. Measurements made through the coating are potentially
unreliable, so only measure at uncoated portions. Note that the coating
does not constitute a safe or touch-proof insulation.

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.

12 Safety instructions
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Introduction to the manual

Contents of this chapter
This chapter describes the manual in short and gives some general information for
the reader. This chapter also contains a quick reference guide for implementing a
safety system.

Applicability
This manual is applicable to ACS880-07/07LC/17/17LC/37/37LC drives which have
the option +Q965: Safely-limited speed (SLS) with encoder, with FSO-21 and FSE-31.

Required versions when using the FSO-21 module with option +Q965:

• Drives with a UCU-22, -23, or -24 control unit: UCON-22 control board, revision K
or later1)

• ACS880 primary control program (AINLX) version 2.2 or later, or
ACS880 primary control program (YINLX) version 1.30 or later

• FSO-21 safety functions module: revision D or later

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

• Drive Composer pro: 1.8 or later.
1) The control board revision is shown on a sticker on the control unit.

The FSO-21 module safety functionality described in this manual is valid for revision
H. For earlier FSOmodule revisions, not all functionality related to the SLS function is
supported.

This manual shows the default design of the safety circuit ordered with option code
+Q965. The actual design can be different from the default design because of
customer-defined modifications. Always refer to the documentation delivered with
the drive.

2
Introduction to the manual 13



Target audience
Thismanual is intended for peoplewho install, commission, use and service the safety
function. Read the manual before working on the unit. You are expected to know the
fundamentalsof electricity,wiring, electrical components, electrical schematic symbols,
and functional safety.

Exclusion of liability
ABB is not responsible for the implementation, verification and validationof theoverall
safety system. It is the responsibility of the system integrator (or other party) who is
responsible for the overall system and system safety.

The system integrator (or other responsible party) must make sure that the entire
implementation complies with the instructions in this manual, all relevant standards,
directives and local electrical code, and that the system is tested, verified and validated
correctly.

Quick reference guide for taking a safety function into
use

Task

Connect the customer-definedwiring (if any). Refer to thewiring instructions in thismanual and
the circuit diagrams delivered with the drive.

Check and/or set the safety function related parameters (as listed in this manual).

Do the validation test tomake sure that the implemented systemmeets the safety requirements.
You can find the instructions for the validation test in this manual and in the FSOmodule user's
manual.

Document the validation test procedure. You can find theguidelines for the validation test report
in this manual and in the FSO module user's manual.

Related manuals

CodeManual

Drive hardware

3AUA0000143261ACS880-07 drives (560 to 2800 kW) hardware manual

3AUA0000105718ACS880-07 drives (45 to 710 kW, 50 to 700 hp) hardware manual

3AXD50000569786ACS880-07LC drives hardware manual

3AXD50000020436ACS880-17 drives (160 to 3200 kW) hardware manual

3AXD50000035158ACS880-17 drives (45 to 400 kW) hardware manual

3AXD50000250295ACS880-17LC drives hardware manual

3AXD50000020437ACS880-37 drives (160 to 3200 kW) hardware manual

3AXD50000035159ACS880-37 drives (45 to 400 kW) hardware manual

3AXD50000251407ACS880-37LC drives hardware manual

Drive firmware

3AUA0000085967ACS880 primary control program firmware manual (AINLX)

3AXD50001000998ACS880 primary control program firmware manual (YINLX)

3AUA0000103295ACS880 diode supply control program firmware manual
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CodeManual

3AXD50001096489ACS880 diode supply control program (YDILX) firmware manual

3AUA0000131562ACS880 IGBT supply control program firmware manual

3AXD50001019464ACS880 IGBT supply control program (YISLX and YLHLX) firmware manual

PC tools

3AUA0000094606Drive Composer start-up and maintenance PC tool user's manual

3AXD10000102417Functional safety design tool user’s manual

Safety

3AUA0000048753Functional safety; Technical guide No. 10

www.abb.com/safetyABB Safety information and solutions

Options

3AUA0000085685ACS-AP-I, -S, -W and ACH-AP-H, -W Assistant control panels user’s manual

3AXD50000015614FSO-21 safety functions module user’s manual

3AXD50000016597FSE-31 pulse encoder interface module user’s manual

Other documents

Delivered with the driveCircuit diagrams

Delivered with the drivePart lists

Safety data report (if ordered with option code +P947)

You can find manuals on the Internet. See below for the relevant code/link. For more
documentation, go to www.abb.com/drives/documents.

ACS880-07LC manualsACS880-07 (560 to 2800 kW)
manuals

ACS880-07 (45 to710kW)manuals

ACS880-17LC manualsACS880-17 (160 to 3200 kW)
manuals

ACS880-17 (45 to400kW)manuals

ACS880-37LC manualsACS880-37 (160 to 3200 kW)
manuals

ACS880-37 (45 to 400 kW) manu-
als
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Terms and abbreviations

DescriptionTerm

Classification of the safety-related parts of a control system in respect of
their resistance to faults and their subsequent behavior in the fault condition,
andwhich is achieved by the structural arrangement of the parts, fault detec-
tion and/or by their reliability. The categories are: B, 1, 2, 3 and 4. (EN ISO
13849-1)

Cat.

Common cause failure (EN ISO 13849-1)CCF
Diagnostic coverage (EN ISO 13849-1)DC
Physical size of the drive or power moduleFrame, frame size
Optional pulse encoder interface module for safety encoderFSE-31
Safety functions module which supports the FSE-31 module and the use of
safety encoders

FSO-21

Hardware fault tolerance (IEC 61508)HFT
Insulated gate bipolar transistorIGBT
Average probability of dangerous failure on demand (IEC 61508)PFDavg

Average frequency of dangerous failures per hour (IEC 61508)PFH
Performance level. Levels a...e correspond to SIL (EN ISO 13849-1)PL
Programmable logic controllerPLC
Prevention of unexpected start-upPOUS
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.

Safety function response
time

Safe acceleration rangeSAR
Safe brake controlSBC
Systematic capability (IEC 61508)SC
Safety integrity level (1…3) (IEC 61508, IEC 62061, IEC 61800-5-2)SIL
Safely-limited speedSLS
The speed limit at which SLS monitoring is started, located in the middle of
SLS trip limit and SLS limit.

SLS monitoring limit

Safe maximum speedSMS
Safe stop 1 (IEC/EN 61800-5-2)SS1
Safe stop emergencySSE
Safe speed monitorSSM
Safe torque off (IEC/EN 61800-5-2)STO
Proof test interval. Defines the probabilistic failure rate (PFH or PFDavg) for
the safety function or subsystem. Performing a proof test at a maximum in-
terval of T1 is required to keep the SIL capability valid. The same interval must
be followed to keep the PL capability (EN ISO 13849) valid. Note that any T1
values given cannot be regarded as a guarantee or warranty.

T1

Mission time: the period of time covering the intended use of the safety
function/device. After the mission time elapses, the safety device must be
replaced. Note that any TM values given cannot be regarded as a guarantee
or warranty. (EN ISO 13849-1)

TM

Test pulseTP
For safety functions, the zero speed limit indicates the completion of the safe
stopping function.

Zero speed
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Option description

Contents of this chapter
This chapter describes the operation of the option +Q965, Safely-limited speed with
the encoder interface, and its settings.

Overview
Option+Q965uses the FSO-21 safety functionsmodule (option +Q972) and the FSE-31
pulse encoder interface module (option +L521). ABB installs the FSO-21 and FSE-31
modules to the drive and sets the delivery configuration for the option at the factory.

With option +Q965, these safety functions are configured in the FSO module at the
factory:

• Safely-limitedspeed (SLS). This functionprevents themotor speed fromexceeding
the user-defined speed limits.

• Safe maximum speed (SMS). This function prevents the machine from exceeding
the user-defined maximum speed of the machine or process.

• Safe speedmonitor (SSM). This function provides a safe output signal to indicate
when the motor speed is between user-defined limits.

Theuserdefines theoperationof the safety functionswith theFSOmoduleparameters
at the start-up, for example, by setting the speed limits.

Note: If the Safe brake control (SBC) function is used, it is also activated according to
the configuration (either before or after the drive STO function is activated, or at a
specified speed limit). In this case, make sure that you have dimensioned the brake
correctly for these situations. For more information, refer to the FSO module user’s
manual.

Tomaintain the SIL/PL capability, themotormust be equippedwith a safety encoder.
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Note: A safety function request to the FSO module must be active for a minimum of
20 ms.

Note:Motor thermal protection options (options +L513/+L514+Q971, +L536, or
+L537+Q971) use the same digital input as the default design of option +Q965. If you
haveboth options in the samedrive, option +Q965will use an alternative digital input.
Refer to the delivery-specific circuit diagrams.

For more information on the FSOmodule, refer to the applicable FSO module user's
manual.

The SLS and SSM functions comply with IEC/EN 61800-5-2. The SMS function is a
special implementation of the SLS function. For a complete list of related standards
and European directives, refer to section Related standards and directives (page 69).

￭ Summary of wirings and settings
General information:

• The drive has a FSO-21 safety functions module (option +Q972). ABB installs the
module at the factory.

• Thedrive has aFSE-31pulse encoder interfacemodule (option+L521). ABB installs
the module at the factory.

• The motor must have a safety encoder. The customer installs the safety encoder
and connects it to the FSE-31 module. The customer must make sure that the
required safety integrity (SIL/PL) can be achieved with the used safety encoder.

The wirings and settings of the SLS function are:

• The customer connects the SLS activation signal (for example, a switch) to the
FSO module.

• The customer connects the SLS indication signal (for example, an indication lamp
or a gate opening signal) to the FSO module.

• Thedigital inputof theFSOmodule towhich theSLSactivation signal is connected,
is selected as the input for the SLS request. ABB sets the safety IO settings for
SLS input and output at the factory to agree with the circuit diagrams.

• The digital output of the FSO module to which the SLS indication signal is
connected, is selected as the SLS output. ABB sets the safety IO settings for SLS
input and output at the factory to agree with the circuit diagrams.

• The speed limits must be set according to the application requirements.

• The SLS function is set to use either the time monitoring or ramp monitoring
method to monitor the deceleration of the motor to the SLS speed limit.

• The deceleration time and limits for the deceleration ramp activated by the SLS
function are set according to the application requirements.

The settings of the SMS function are:

• There are twodifferent versionsof theSMS function. Version 1monitors themotor
speed and trips the drive if the user-defined trip limit is exceeded. Version 2 of
theSMS function is similar to theSLS function except that it canonly be configured
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to be continuously on or off. ABB activates the SMS function (Version 1) at the
factory.

• The SMS positive and negative speed limits are FSOmodule parameters that the
user must set at the start-up.

The wirings and settings of the SSM function are:

• ABB configures theSSM function at the factory tobepermanently active. Theuser
can change this setting with FSO module parameters.

• The customer connects theSSM indication signal (for example, an indication lamp)
to the FSO module.

• ABB sets the safety IO settings for the SSM output at the factory to agree with
the circuit diagrams.

• The SSM positive and negative speed limits are FSOmodule parameters that the
user must set at the start-up.

Operation principle

￭ SLS function
The Safely-limited speed (SLS) function limits the motor speed so that it does not
exceed the user-defined speed limitswhen the function is active. The user defines the
SLS limits and trip limits. When the user activates the SLS function, the FSO module
sends a SLS request to the drive. The drive takes the SLS parameters into use and
controlscontrol themotor speedaccordingly until theuserdeactivates theSLS request.

If the motor speed is above the user-defined SLS trip limit when the SLS function is
activated, the drive first decelerates themotor speed to the SLS limit. The FSOmodule
monitors the deceleration to the required speed with the time or ramp monitoring
method.

Note: It is a goodpractice todefine themotor speed reference so that it staysbetween
the SLS limits in the operating situations when the SLS function is active.

If the motor speed reaches the user-defined SLS trip limit, the FSOmodule activates
the Safe stop emergency (SSE) function. Depending on parameter settings, the SSE
function activates the drive Safe torque off (STO) immediately, or after a deceleration
ramp. The motor coasts to a stop, or decelerates to zero speed.

There are four separate SLS functions in the FSO module with different parameter
settings. In the examples below, and in the delivered default settings of the +Q965
option, the SLS1 function is used.

Formore information, refer to chapter Parameter settings and the FSOmodule user's
manual.
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SLS with speed below the monitored speed

This time scheme diagram illustrates the operation of the SLS function. The motor
speed is below the monitored speed when the user activates the SLS function.

Time

SLS request

SLS status and indication

1 2 32b 3b

B

A

C

D

Motor speed

Safety function response timeA

SLS1 limit positive (parameter 200.23)B

SLS1 trip limit positive (parameter SLSx.14)C

Zero speed with encoder (parameter FSOGEN.52). Relevant only if 2b occurs.D

1. The user or a PLC de-energizes the applicable digital inputs of the FSO module.
This activates the SLS request.

2. After the safety function response time (A), the FSOmodule starts tomonitor the
motor speed. The FSOmodule energizes the digital output that indicates the SLS
status.
While themonitoring is active, the drive limits themotor speed so that it stays at
or below theSLS1 limit positive. TheFSOmodulemonitors the actualmotor speed.
(2b) If themotor speedgoesabove theSLS1 trip limit positive (C), the FSOmodule
activates the SSE function and the motor coasts to a stop (in this case, the SSE
function is configured as Immediate STO, refer to section Parameters for the SSE
function (page 40)).

Note: In this case, the FSO activates the SLS indication when the motor speed
goes below the SLS1 limit positive (B).

Note: In option +Q978, the SBC function is used to control the main
contactor/breaker. If the drive has this option and a trip limit hit occurs, STO
activation causes the main contactor/breaker to open.

3. The user or a PLC energizes the applicable digital inputs of the FSOmodule. This
deactivates the SLS request. The FSO module acknowledges the SLS1 function
automatically. This is set by an FSO parameter (SLSx.02), and no external
acknowledgement input is used. The FSOmodule stops SLS monitoring and
de-energizes the SLS indication signal.
(3b) The motor speed goes below the zero speed limit (D). If the FSO module
activated the SSE function at 2b, the STO acknowledgement is now permitted.
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Theusermust reset thedrive if the STO indicationparameter (FSOGEN.62or 31.22)
is set so that a fault is generated.

SLS with speed above the monitored speed - time monitoring

This time scheme diagram illustrates the operation of the SLS function with time
monitoring. Themotor speed is above themonitored speed when the SLS function is
activated.

Motor speed

Time

SLS request

SLS status and indication

SLSx.04

1 2 3 3b

B

A

C

D

4 5

Safety function response timeA

SLS time delay (parameter SLSx.04): When time B has elapsed from the start of the counter (step
1 below), the FSO module starts SLS monitoring (if not already started).

B

SLS1 limit positive (parameter 200.23)C

SLS1 trip limit positive (parameter SLSx.14)D

1. The user or a PLC de-energizes the applicable digital inputs of the FSO module.
This activates the SLS request. The FSO module starts a counter for time (B).

2. After the safety function response time (A), the drive starts to decelerate the
motor according to the user-defined deceleration ramp. The FSOmodule starts
SLS monitoring and energizes the digital output that indicates the SLS status
when the motor speed is in the middle of the SLS1 trip limit and the SLS1 limit.

3. The actualmotor speed reaches the SLS1 limit positive. The drive limits themotor
speed reference so that themotor speed stays at or below the SLS1 limit positive.
The FSOmodulemonitors the actualmotor speed. If themotor speedgoes above
the SLS1 trip limit positive (D), the FSO module activates the SSE function (refer
to section SLS with speed below the monitored speed (page 20)).
(3b) Time (B) has elapsed. The FSOmodule starts SLS monitoring (if not already
started).

Note: If the motor speed is not below the SLS monitoring limit after time B has
elapsed, the FSO module activates the SSE function. Depending on SSE function
parameter settings, themotor either coasts to a stop (“Immediate STO”) or ramps
down to zero speed (“Emergency ramp”). For more information, refer to section
Parameters for the SSE function (page 40) and the FSOmodule user’s manual.
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Note: In this case, the FSO activates the SLS indication when the motor speed
goes below the SLS limit positive (C).

Note: In option +Q978, the SBC function is used to control the main
contactor/breaker. If the drive has this option and a trip limit hit occurs, STO
activation causes the main contactor/breaker to open.

4. The user or a PLC energizes the applicable digital inputs of the FSOmodule. This
deactivates the SLS request.
The FSO module acknowledges the SLS function automatically. This is set to be
automatic by an FSO parameter (SLSx.02), and no external acknowledgement
input is used. The FSOmodule stops SLSmonitoring and de-energizes the digital
output that indicates the SLS status. The drive returns to normal operation and
starts to follow its ordinary speed reference. The drive accelerates the motor to
the desired speed along its acceleration ramp (drive parameter).

5. Normal operation continues.

SLS with speed above the monitored speed - ramp monitoring

This time scheme diagram illustrates the operation of the SLS function with ramp
monitoring. Themotor speed is above themonitored speed when the SLS function is
activated.

1 2 3 4 52b 3b

B

A C

D
Time

Motor speed

SLS status and indication

SLS request

Safety function response timeA

SLS1 limit positive (parameter 200.23)B

SLS1 trip limit positive (parameter SLSx.14)C

Zero speed with encoder (parameter FSOGEN.52). Relevant only if (2b) occurs.D

1. The user or a PLC de-energizes the applicable digital inputs of the FSO module.
This activates the SLS request.

2. After the safety function response time (A), the drive starts to decelerate the
motor speed. The ramp is defined and monitored using the SAR1 parameters of
the FSO module. The FSO module monitors the actual deceleration rate of the
motor against the ramp monitoring settings. The FSOmodule starts SLS
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monitoring and energizes the digital output that indicates the SLS status when
the motor speed is in the middle of the SLS1 trip limit and the SLS1 limit.
(2b) If the motor speed does not follow the ramp monitoring limits, the FSO
module activates the STO function. The motor coasts to a stop.

Note: In option +Q978, the SBC function is used to control the main
contactor/breaker. If the drive has this option and a trip limit hit occurs, STO
activation causes the main contactor/breaker to open.

Note: In this case, the FSO activates the SLS indication when the motor speed
goes below the SLS1 limit positive (B).

3. The actualmotor speed reaches the SLS1 limit positive. The drive limits themotor
speed reference so that themotor speed stays below the SLS1 limit positive. The
FSOmodulemonitors the actualmotor speed. If themotor speed goes above the
SLS1 trip limit positive (C), the FSO module activates the SSE function (refer to
section SLS with speed below the monitored speed (page 20)).
(3b) Themotor speed goes below the zero speed limit (D). If themotor speed did
not follow the ramp at 2b, the STO acknowledgement is now permitted. The user
must reset the drive if the STO indication parameter (FSOGEN.62 or 31.22) is set
so that a fault is generated.

4. The user or a PLC energizes the applicable digital inputs of the FSOmodule. This
deactivates the SLS request. The FSO module acknowledges the SLS function
automatically. This is set to be automatic by an FSO parameter (SLSx.02), and no
external acknowledgement input is used. The FSOmodule stops SLS monitoring
andde-energizes thedigital output that indicates the SLS status. Thedrive returns
to normal operation and starts to follow its ordinary speed reference. The drive
accelerates the motor to the desired speed along its acceleration ramp (drive
parameter).

5. Normal operation continues.

SLS reaction when modulation is lost during deceleration ramp

This section describes the functionality of the FSOmodule when drive modulation is
lost during the SLS deceleration ramp and safe speed estimate is used. Safe speed
estimate is used only when there is an encoder failure and parameter S_ENCGEN.11 is
set to Est switch not active load. For functionality with encoder feedback, refer to
section Drive modulation loss when encoder feedback is used (page 31).

If the SLS function is activated when motor speed is above the SLS trip limit, FSO
causes the drive to decelerate to the SLS limit. The user can select how the FSO reacts
if the drive stops modulating during this deceleration ramp. The table that follows
gives the possible values of parameter SLSx.05.

FSO reaction if drive modulation is lost during SLS deceleration rampValue of parameter SLSx.05
SLS ramp modoff reaction

STO is activated after the delay defined by parameter SLSx.06. If modu-
lation returnsbeforeSLSx.06delay has elapsed,monitoringanddeceler-
ation towards SLS monitoring limit starts again.

Modoff delay time

See Example 1: Modoff delay time – modulation returns before modoff
delay (page 24).

SLS ramp or time monitoring remains on. The monitoring limit hits are
generated based on the last valid speed estimate.

Monitoring active

See Example 2: SAR1 ramp monitoring active (page 26) and Example 4:
Time monitoring active (page 28).
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FSO reaction if drive modulation is lost during SLS deceleration rampValue of parameter SLSx.05
SLS ramp modoff reaction

Modoff delay time andMonitoring active are used: FSO generates the
monitoring limit hit based on which condition is met first and activates
the STO.

Monitoring active andmodoff
delay time

See Example 3: SAR1 ramp monitoring and SLS modoff delay time act-
ive (page 27).

Monitoring is stopped and SLS indication is given after STO.14 delay. If
modulation returns during deceleration ramp,monitoring and decelera-
tion towards SLS monitoring limit start again.

Monitoring and modoff delay
time disabled

Note: No tripping fault is given due to loss of drive modulation.
See Example 5: Monitoring and modoff delay time disabled (page 29).

When modulation comes backWhen modulation is lostValue of parameter SLSx.05
SLS ramp modoff reaction

Rampmonitoring (SAR1) is restar-
ted, Timemonitoring is continued.1)

Rampmonitoring (SAR1) isdisabled,
Time monitoring is suspended.1)

Modoff delay time

New speed taken into use.Last valid speed frozen and used.Monitoring active

New speed taken into use.Last valid speed frozen and used.Monitoring active andmodoff
delay time

Rampmonitoring (SAR1) is restar-
ted, Timemonitoring is continued.1)

Rampmonitoring (SAR1) isdisabled,
Time monitoring is suspended.1)

Monitoring and modoff delay
time disabled

1) Time monitoring: The time monitoring counter does not increase when the drive is not modulating. If modulation
does not return, SLS indicates safe state after coast time (defined by parameter STO.14) has elapsed. Ifmodulation
returns within the specified time:
• with themotor speedbelow theSLS trip limit at that time, SLSmonitoring starts and theSLSoutput

indicates a safe state
• with themotor speed above the SLS trip limit at that time, the drive trips because of a SLS trip limit

hit.

Note:Whenencoder feedback is used, parametersSLSx.05 andSLSx.06have noeffect.

Example 1: Modoff delay time – modulation returns before modoff delay

In this example, parameter SLSx.05 is set toModoff delay time. The time diagram
belowdescribes the operation of the SLS functionwhenmodulation is lost during the
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deceleration ramp, and themodulation returns before themodoff delay time has run
out.

Motor speed

D

B

A

A

C

Time

SLS request

SAR1 monitoring
Drive modulation

SLSx.06 Modoff delay time monitoring

SLS monitoring

SLS indication

SAR1 ramp monitoringA

Actual motor speed (coasting after modoff)B

SLS trip limitC

SLS limitD
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Example 2: SAR1 ramp monitoring active

In this example, parameterSLSx.05 is set toMonitoring active. The timediagrambelow
describes the operation of the SLS function when modulation is lost during the
deceleration ramp.

D

B

E

A

A

C

Motor speed

Time

SLS request

SAR1 monitoring

Drive modulation

STO active

SLS indication

STO.14 delay

SAR1 ramp monitoringA

Actual motor speed (coasting after modoff)B

SLS trip limitC

SLS limitD

Last valid speed estimate of FSOE
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Example 3: SAR1 ramp monitoring and SLS modoff delay time active

In this example, parameter SLSx.05 is set toMonitoring active andmodoff delay time.
The timediagrambelowdescribes theoperationof the SLS functionwhenmodulation
is lost during the deceleration ramp.

D

B
E

A

A

C

Motor speed

Time

SLS request

SAR1 monitoring

Drive modulation

SLSx.06 Modoff delay time monitoring

SAR1 ramp monitoringA

Actual motor speed (coasting after modoff)B

SLS trip limitC

SLS limitD

Last valid speed estimate of FSOE
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Example 4: Time monitoring active

In this example, parameterSLSx.05 is set toMonitoring active. The timediagrambelow
describes the operation of the SLS function when modulation is lost during the
deceleration ramp.

D

B

E

C

Motor speed

Time

SLS request

SLSx.04 time delay monitoring

STO.14 delay

Drive modulation

STO active

SLS indication

Actual motor speed (coasting after modoff)B

SLS trip limitC

SLS limitD

Last valid speed estimate of FSOE
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Example 5: Monitoring and modoff delay time disabled

In this example, parameterSLSx.05 is set toMonitoringandmodoff delay timedisabled.
The timediagrambelowdescribes theoperationof the SLS functionwhenmodulation
is lost during the deceleration ramp.

Motor speed

Time

D

B
C

SLS request

SLSx.04 time delay monitoring

STO.14 delay

Drive modulation

SLS indication

Actual motor speed (coasting after modoff)B

SLS trip limitC

SLS limitD

￭ SMS function
Safemaximumspeed (SMS) is used toprotect themachine fromspeedsor frequencies
that are too high.

The FSOmodule includes two versions of the SMS function:

• Version 1: If the motor speed reaches the minimum or the maximum SMS trip
limit, theFSOmoduleactivates theSafe stopemergency (SSE) function.Depending
on parameter settings, the FSO module activates the drive STO immediately or
after a deceleration ramp. The motor coasts to a stop, or decelerates to zero
speed.

• Version 2: The minimum and maximum SMS limits limit the motor speed. This
version of the SMS function is similar to the SLS function, but it can only be
configured to be permanently on or off.

This manual describes version 1.

The user selects the version of the SMS function and sets the SMS maximum and
minimumspeed limits. Formore information, refer to chapter Parameter settingsand
the FSOmodule user's manual.
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This time scheme diagram illustrates the operation of the SMS function (version 1).

Time
1

2
3

B

A

C

D

Drive STO status
SSE status

Motor speed

Safety function response timeA

SMS trip limit positive (parameter SMS.14)B

SMS trip limit negative (parameter SMS.13)C

Zero speed with encoder (parameter FSOGEN.52)D

1. The motor speed reaches the SMS trip limit positive.

2. After the safety function response time (A), the FSO module activates the SSE
function, which activates the drive STO. The motor coasts to a stop. In this case,
the SSE function is configured as Immediate STO (parameter SSE.13).

Note: In option +Q978, the SBC function is used to control the main
contactor/breaker. If the drive has this option and a trip limit hit occurs, STO
activation causes the main contactor/breaker to open.

3. When the motor speed reaches the zero speed limit (D), the FSO module
automatically acknowledges the SSE function (parameter STO.02 is set to
Automatic) and deactivates the drive STO. The user must reset the drive if the
STO indication parameter (FSOGEN.62 or 31.22) is set so that a fault is generated.

Note: Drives with option +Q978 or +Q979: An external acknowledgement input is
used (Parameter STO.02 is set toManual).

￭ SSM function
Safe speed monitoring (SSM) provides a safe output signal to indicate whether the
motor speed is between user-defined limits. When themotor speed is within the SSM
limits, the SSM indication signal in the FSO module is on.

There are four separate SSM functions in the FSO module with different parameter
settings. The SSM1 function is used as an example and in thedelivereddefault settings
of the +Q965 option. ABB activates the SSM1 function at the factory. The user sets
the SSM positive and negative speed limits at the start-up. For more information,
refer to chapter Parameter settings and the FSOmodule user's manual.
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This time scheme diagram illustrates the operation of the SSM1 function.

Motor speed

Time
1 2 3 4

A

B

SSM indication

SSM1 limit positive (parameter SSMx.13)A

SSM1 limit negative (parameter SSMx.12)B

1. Themotor speed goes above the SSM limit positive. The SSM indication goes off.

2. The motor speed goes below the SSM limit positive. The SSM indication goes on.

3. Themotor speed goes below the SSM limit negative. The SSM indication goes off.

4. Themotor speed goes above the SSM limit negative. The SSM indication goes on.

￭ Drive modulation loss when encoder feedback is used
When using encoder feedback: If drivemodulation is lost during the safe deceleration
ramp, and themotor speed does not stay inside themonitoring limits, FSOgenerates
a monitoring limit hit indication and activates STO based on measured motor speed
in these conditions:

• SAR1 ramp monitoring with SS1, SLS or SDI functions

• SAR0 ramp monitoring with SSE function as Emergency ramp

• time monitored ramp with SS1, SLS, SDI or SSE functions.

Note: Parameters SLSx.05 and SLSx.06 are used only with safe speed estimate. With
encoder feedback, they have no effect. However, if an encoder failure occurs, and
parameterS_ENCGEN.11 is set toEst switchnot active load, FSOswitches fromencoder
feedback to safe speed estimate.
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￭ Operation principle diagram
Thisdiagramshows the connectionsof theFSOmodule. The figure showsasimplified
operation principle. For a more detailed description, refer to the circuit diagrams
delivered with the drive.
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The dashed line in the figure indicates a customer-defined installation.- - -

FSO-21 safety functions moduleA68

FSE-31 pulse encoder interface moduleA468

Terminal block in the FSO moduleX113,
X114

STO connections to inverter control unitX111

Inverter control unitA41

Inverter module(s) under inverter unit T11 (only for R8i)T11.x

Test pulse(s) for digital inputTP

SLS request (DI X113:4 & X114:4)1)

SSM indication (DO X113:8) / SLS indication (DO X114:8)2)

To parallel inverter modules (if any)3)

Drive module4)

Main circuit5)
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Fault reaction function
Definition: A safety function requires a “fault reaction function” that tries to initiate
a safe state if it detects a failure in the safety system.

This section gives information on the fault reaction functions in the FSO and FSE-31
modules, the safety encoder, and the drive STO.

Examples of different failures:

• a short or open circuit or redundancy failure of the SLS activation switch wiring
chain

• an internal failure in the FSO module

• an internal failure in the FSE-31 module or the safety encoder

• an internal failure in the drive STO.

￭ FSO module
The fault reaction function of the FSOmodule trips the drive if it detects a failure. The
FSO module activates the STO function or the Safe stop emergency (SSE) function.
This activates the drive STO function. The drive STO function is active until the fault
is repaired.

TheFSOmodulegoes intoFail-safemode. TheSTATUS/FAULTLEDof theFSOmodule
is red until the fault is repaired. To exit the Fail-safe mode, remove the cause of the
fault and reset the FSO module.

Formore information, refer to the firmwaremanual and theFSOmodule user’smanual.

Resetting the FSO module

To reset the FSO module:

• switch the power off and on, or

• click the Reboot FSO button on the Safety view of the Drive Composer pro PC
tool, or

• use parameter 96.09 FSO reboot.

￭ FSE-31 module and safety encoder
The fault reaction function depends on the value of FSO parameter S_ENCGEN.11 FSE
diagnostic failure reaction.

If there is a fault in the FSE-31module or safety encoder, and parameter S_ENCGEN.11
is set to the value STO, the FSO-21module goes into Fail-safemode and activates the
drive STO function. To exit the Fail-safemode, remove the cause of the fault and reset
the FSO module.

In FSE-31 module faults, the STATUS/FAULT LED of the FSO-21 module is red and the
STATUS LED of the FSE-31module is off. The drive also indicates some FSE-31module
faults.

In safety encoder faults, the STATUS/FAULT LED of the FSO-21 module is red and the
ENCSTATUSLEDof the FSE-31module is off. Thedrive also indicates a safety encoder
fault. The safety encoder goes into the Safe state. To exit the Safe state, remove the
cause of the fault and reboot the safety encoder (for example, switch the power off
and on).
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For more information, refer to the firmware manual, FSO-21 safety functions module
user’smanual (3AXD50000015614 [English]) andFSE-31pulseencoder interfacemodule
user’s manual (3AXD50000016597 [English]).

￭ Drive STO function
The drive STO function has internal fault diagnostics and a fault reaction function,
which causes a fault trip if it detects a redundancy fault of STO control signals or an
internal failure. Refer to the hardware and firmware manuals of the drive.
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Electrical installation

Contents of this chapter
This chapter gives information on the electrical installation of the safety option.

Wiring

WARNING Obey the safety instructions of the drive. If you ignore them,
injury or death, or damage to the equipment canoccur. If you are not aqualified
electrical professional, do not do installation, commissioning or maintenance
work.

There is an extension terminal block [X68] inside the drive cabinet. The tables that
follow show the connections between the extension terminal block [X68] and the FSO
module connectors [X113] and [X114].

10987654321FSO X113

13, 14, 15, 161211108, 976543X68

10987654321FSO X114

27, 28, 29, 3026252422, 232120191817X68

There is a separate terminal block [X965] inside the drive cabinet for customer
connections. The terminal block [X965] is connected to the extension terminal block
[X68].

ABB installs the FSO and FSE-31modules and thewiring between the FSOmodule and
the drive at the factory.
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Connect the safety encoder to the FSE-31 module on site. Obey the instructions of
the encoder manufacturer and these rules:

• Use a double-shielded, twisted pair cable.

• Themaximumpermitted cable length between the safety encoder and the FSE-31
module is 300 m (980 ft).

For more information, refer to FSE-31 pulse encoder interface module user’s manual
(3AXD50000016597 [English]).

￭ SLS function
You must connect the SLS request signal to the FSO module on site. You can also
connect the SLS indication signal of the FSO module to the control system on site.
Connect the SLS signals to terminal block [X965] according to the circuit diagrams of
the delivery.

For the terminal designations, refer to the circuit diagrams delivered with the drive.
If you use a switch for SLS activation, obey these general rules:

1. Connect the SLS request switch with two conductors (two-channel connection).
Keep the channels separate.

Note: If you use only one channel in a two-channel implementation, or if the
channels are connected together, the cross fault detection of the FSO module
detects a redundancy fault and activates the fault reaction function.

Note: If you change the input and the parameter settings in the FSOmodule into
a one-channel implementation, it has an effect on the safety integrity of the safety
function. In this case, the safety data that ABB has calculated for the function is
not valid.

2. Use a shielded, twisted pair cable. ABB recommends double-shielded cable.

3. Make sure that the sum resistance for one channel (loop resistance) from the field
to the FSO module is not more than 1 kohm.

4. Themaximumpermitted cable lengthbetween thedrive and theactivation switch
(for the whole loop) is 250 m (820 ft).

5. Obey thegeneral control cable installation instructionsgiven in thedrive hardware
manual.

6. Use test pulses in the FSO inputs.

￭ SMS function
It is not necessary to make connections for the SMS function.

￭ SSM function
If necessary, connect the SSM indication signal output of the FSO module. You can
use terminal block [X965]. Refer to the circuit diagrams of the delivery.
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Parameter settings

Contents of this chapter
This chapter gives the parameters that youmust set in the FSOmodule and the drive.

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 expertise and knowledge of functional safety, the safety functions and the
configuration of the FSO module. ABB has training courses on the FSOmodule.

FSO module parameter settings
Thedefault parameter values shownbeloware example values for the safety functions
described in this manual. Actual parameter values of the delivery can be different.
Always make sure that:

• the parameter settings agree with the circuit diagrams, and

• the design agrees with the safety requirements of the application.

Youmust use the Drive Composer pro PC tool to set the FSOmodule parameters. You
also need a password to download the configuration to the FSO module from Drive
Composer pro. For the default password of the FSOmodule, refer to the FSOmodule
user’smanual. Formore information onDrive Composer pro, refer to Drive Composer
start-up and maintenance PC tool user's manual (3AUA0000094606 [English]).

Note:When themotor is running, you cannot change the password, adjust parameter
values, or upload or download the FSO configuration file.
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Note: The FSOmodule has a factory reset button. The factory reset button clears the
configuration and sets the parameters to the factory default values. These values are
not the same as the preset values in an FSOmodule that was ordered as an option
(with a plus code). You cannot restart the drive with the factory default values. If you
do a factory reset of the FSO module, you must reconfigure the FSO module and set
all applicable parameters. Formore information on the factory reset, refer to the FSO
module user's manual.

When using SS1, SLS or SMS safety functions: The FSOmodule activates the STO
function if themotor speedhits a rampmonitoring limit during thedeceleration ramp.
The FSOmodule activates the SSE function if the motor speed hits a trip limit during
SLS or SMS monitoring. Thus, you must also configure the STO and SSE functions.

Follow the configuration steps described in the FSO module user’s manual, chapter
Configuration.

There are parameters that you must always set and parameters that are related to
some safety functions only. These tables list all the parameters that you must check
and set for option +Q965. The example values are applicable only to option +Q965.

￭ General parameters
These parameters are common to all safety functions.

DescriptionExample valueNameIndex

Sets the synchronous motor speed.1500 rpmMotor nominal
speed

FSOGEN.21

Sets the nominal motor frequency. Must
be equal to the value on themotor rating
plate.

50 HzMotor nominal fre-
quency

FSOGEN.22

Sets the power-up acknowledgement
method of the FSO module.

AutomaticPower-up acknow-
ledgement

FSOGEN.41

Automatic: It is not necessary to push a
reset button after energizing the FSO
module. The FSO module generates the
acknowledgement signal automatically
after the power-up.

Manual:TheFSOmodule readstheextern-
al acknowledgement signal through the
digital input defined by parameter FSO-
GEN.42 Acknowledgement button input.

Make sure that the value is Automatic.

Selects the digital input for the acknow-
ledgement signal when parameter FSO-
GEN.41 Power-up acknowledgement or
STO.02 STO acknowledgement is set to
Manual.

NoneAcknowledgement
button input

FSOGEN.42

In the safety functions described in this
manual, parameters FSOGEN.41 Power-
up acknowledgement and STO.02 STO
acknowledgement are set to Automatic,
and this digital input is not used. The
safety functions are configured not to
require a reset/acknowledgement of the
safety function after power-up or the re-
moval of the safety function request.
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DescriptionExample valueNameIndex

Sets the general zero speed limit for
safety functions when a safety encoder
is used.

10 rpmZero speedwith en-
coder

FSOGEN.52

This parameter is relevant when the SSE
function is activated and if parameter
SSE.13 SSE function is set to Emergency
ramp. Refer to sectionParameters for the
SSE function (page 40).

Note: You cannot set trip limits below
this value.

Sets the type of the indication that the
FSO module generates for the limit hits
of theSLS1…SLS4andSMSfunctionsand
for limit hits during ramp and timemon-
itoring of safety ramps SAR0 and SAR1.

FaultSTO indication
safety limit

FSOGEN.62

SLS: When the motor speed does not
follow the deceleration ramp, the FSO
module activates the STO function and
generates this user-defined indication.
When the motor speed reaches the SLS
trip limit, the FSO module activates the
SSE function and generates this user-
defined indication.

SMS: When themotor speed reaches the
SMS trip limit positive or below the SMS
trip limit negative, the FSOmodule activ-
ates the SSE function and generates this
user-defined indication.

SSM: This value has no effect in the oper-
ation.

If necessary, adjust the default setting.
If you select Fault, you must reset the
drive before you can restart it.

￭ Parameters for the STO function
Theseparameters are related to theSTO functionof the FSOmodule. TheFSOmodule
canactivate theSTOfunction in internal fault situations. TheSLS functionalsoactivates
the STO function if a ramp monitoring limit is reached during deceleration.

DescriptionExample valueNameIndex

Sets theacknowledgementmethodused
in the STO, SSE and SS1 functions.

AutomaticSTO acknowledge-
ment

STO.02

Automatic: The FSOmodule generates
the STO acknowledgement signal auto-
matically, and the user does not have to
press a reset button (see parameter
FSOGEN.42Acknowledgement button in-
put).

Sets the digital input that is connected
to the primary input of the STO function.

NoneSTO input ASTO.11

The safety option described in this
manual does not use this function and
the value must be None.
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DescriptionExample valueNameIndex

The time it takes for the motor to coast
to a standstill frommaximum process
speed. This must be measured with the
Drive Composer pro PC tool when an en-
coder is used for motor control (other-
wise you have tomake sure that themo-
tor shaft has stopped rotating by other
means, eg, visually.).

2000 msTime to zero speed
with STO and mod-
off

STO.14

Acknowledgement is permitted after
coast stop in the STO, SSE and SS1 func-
tions (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
afterwhich the function is completedand
the STO completed indication goes on.
In this case, parameter STO.13 Restart
delay after STO defines the time after
which the acknowledgement is permit-
ted.

If the drive STO is activated or modula-
tion stopped while a monitoring safety
function is indicating “unsafe”, after this
timeacknowledgement is permitted. For
example, if the drive modulation is lost
during SLS deceleration ramp, SLS OK
will be indicated after this time has
elapsed.

Whenanencoder is used: Thisparameter
is relevant only if there is an encoder
failure and the FSOmodule activates the
STO function.

SBC usage

Activates/deactivates the control of a
mechanical brake of the motor.

NoneSTO SBC usageSBC.11

None: This feature is not in use.

In this manual, it is assumed that you do
not use a brake. If you do, you must take
care of its on/off control by the FSO
module and change this and other set-
tings. Refer to the FSO module user’s
manual.

Note: In option +Q978, the SBC function
is used to control the main contact-
or/breaker. Do not change this setting.

￭ Parameters for the SSE function
These parameters are related to the Safe stop emergency (SSE) function of the FSO
module. The SLS and SMS functions activate the SSE function if the motor speed
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reaches a trip limit duringmonitoring. The FSOmodule can activate the SSE function
in internal fault situations.

DescriptionExample valueNameIndex

Sets the type of the SSE function.Immediate STO or
Emergency ramp

SSE functionSSE.13

Immediate STO: The FSOmodule activ-
ates the drive STO function immediately
after the SSE request.

Emergency ramp:TheFSOmoduledecel-
erates themotor to zero speed, and then
activates the drive STO function. SAR0
parametersdefine thedeceleration ramp.
For more information, refer to the FSO
module user's manual. Zero speed is
defined by parameter FSOGEN.51 Zero
speed without encoder or FSOGEN.52
Zero speed with encoder.

Foroption+Q965,ABBsets thisparamet-
er to value Immediate STO at the factory.
Adjust the default valuewhen necessary.

Sets the method used for the SSE emer-
gency ramp monitoring. This parameter
is relevant only if parameter SSE.13 SSE
function is set to Emergency ramp.

Ramp or TimeSSE monitoring
method

SSE.14

Ramp: SAR0 parameters define the
emergency ramp and monitoring limits.
Refer to SAR0 ramp settings (page 42).

Time:Parameter 200.102SAR0 ramp time
to zero defines the emergency ramp and
it is monitored with parameter SSE.15
SSE delay for STO.

Foroption+Q965,ABBsets thisparamet-
er to value Ramp at the factory. Adjust
the default value when necessary.

Sets theSSEmonitoring timeafterwhich
the FSO module activates the drive STO
function after the SSE request.

20000 msSSE delay for STOSSE.15

Thisparameter is relevantonly ifparamet-
er SSE.13 SSE function is set to Emer-
gency ramp, time monitoring is used
(SSE.14 SSE monitoring method is set to
Time), and the motor speed does not
follow the ramp.

Note: This delay must be considered
when the total response time for the
safety function is defined.
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DescriptionExample valueNameIndex

Sets an extra delay time for thedrive STO
activation at the zero speed in the SSE
function.

0 msSSE ramp zero
speeddelay for STO

SSE.16

With this parameter, the FSO module
delays the STO activation so that the
drive is able to reach the shaft zero speed
before theFSOmodule activates theSTO
function.

The delay counter startswhen themotor
speed reaches the zero speed limit
(parameter FSOGEN.52). After this delay
has elapsed, the FSO module activates
thedriveSTO.Youcanuse thisparameter
when the motor rotates a high inertia
load.

Note:TheFSOmoduleactivates thedrive
STO immediately if the drive stops
modulatingbefore this delay haspassed
(that is, the motor actual speed reaches
0 rpm).
Thisparameter is relevantonly ifparamet-
er SSE.13 SSE function is set to Emer-
gency ramp.

SBC usage

Sets the absolute speedbelowwhich the
mechanical brake of the motor is activ-
ated while ramping.

0 rpmSSE/SS1 SBC speedSBC.15

0 rpm: The feature is not in use.
In this manual, it is assumed that you do
not use a brake. If you do, you must take
care of its on/off control by the FSO
module and change this and other set-
tings. Refer to the FSO module user’s
manual.

SAR0 ramp settings

Sets the target time for the reference
emergency stop ramp SAR0 (used in the
SSE function).

1000 msSAR0 ramp time to
zero

200.102

Target time = Time in which the drive
decelerates the motor from speed
200.202 SAR speed scaling to zero.

Thisparameter is relevantonly ifparamet-
er SSE.13 SSE function is set to Emer-
gency ramp. Adjust the default value
when necessary.

Sets a speed value that the FSO module
uses as a reference point in ramp para-
meter calculations (both SAR0 and SAR1
ramps). Adjust the default value when
necessary.

1500 rpmSAR speed scaling200.202
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DescriptionExample valueNameIndex

Sets the initial allowed range for the
SAR0/SAR1 ramp.

100 msSAR initial allowed
range

SARx.02

This parametermoves the locationof the
maximummonitoring ramp forward on
the timeaxis,whenmonitoring is started.
The slope of the ramp stays the same as
defined with parameters 200.202 and
SARx.12 (SAR0) or SARx.22 (SAR1).

For more information, refer to the FSO
module user’s manual.

Sets the minimum ramp time for the
SAR0 ramp monitoring.

500 msSAR0 min ramp
time to zero

SARx.11

Thisparameter is relevantonly ifparamet-
er SSE.13 SSE function is set to Emer-
gency ramp. Adjust the default value
when necessary.

Sets the maximum ramp time for the
SAR0 ramp monitoring.

1500 msSAR0 max ramp
time to zero

SARx.12

Thisparameter is relevantonly ifparamet-
er SSE.13 SSE function is set to Emer-
gency ramp. Adjust the default value
when necessary.

￭ Parameters for the SLS function
There are four separate SLS functions (SLS1…4) in the FSOmodule. The SLS functions
are identical and the configuration is done similarly, only the parameter numbers
differ. The SLS1 function is shown as an example. ABB has activated the SLS1 function
at the factory. For more information, see FSO module user’s manual.

DescriptionExample valueNameIndex

Activates or deactivates the SLS1 func-
tion and shows the version of the SLS1
function.

Version 1SLS1 activity and
version

200.21

Disabled: Deactivates the SLS1 function.

Version 1: Activates the SLS1 function.

Sets theSLS1 negative speed limit for the
drive.

-200 rpmSLS1 limit negative200.22

Adjust thedefault value to agreewith the
motor.

Note: The difference between the SLS
limit and the corresponding SLS trip
limit (SLSx.13 SLS1 trip limit negative)
must be at least 0.1 rpm.

Sets the SLS1 positive speed limit for the
drive.

200 rpmSLS1 limit positive200.23

Adjust thedefault value to agreewith the
motor.

Note: The difference between the SLS
limit and the corresponding SLS trip
limit (SLSx.14 SLS1 trip limit positive)
must be at least 0.1 rpm.
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DescriptionExample valueNameIndex

Sets theacknowledgementmethodused
in the SLS1…4 functions.

AutomaticSLS acknowledge-
ment

SLSx.02

Automatic: The FSO module generates
the SLS acknowledgement signal auto-
matically after the SLS request is re-
moved and the SLS limit is achieved. The
user does not have to press a reset but-
ton (see parameter FSOGEN.42 Acknow-
ledgement button input).

Sets themonitoringmethod that is used
in SLS activation.

Time

or

SLSactivationmon-
itoring method

SLSx.03

Time monitoring: The drive (parameter
23.13Deceleration time 1or 23.15Deceler-
ation time 2) defines the deceleration
rampand it ismonitoredwith parameter
SLSx.04 SLS time delay.

Ramp

Rampmonitoring: SAR1 parameters
define the deceleration ramp andmonit-
oring limits. See parameters 200.112,
SARx.21, SARx.22 and SARx.02.

Foroption+Q965,ABBsets thisparamet-
er to value Ramp at the factory. Adjust
the default value when necessary.

Sets the SLSmonitoring timeafterwhich
the FSOmodule activates the SLSmonit-
oringafter theSLS request. Thisparamet-
er is relevant only if time monitoring is
used (parameter SLSx.03 SLS activation
monitoring method is set to Time).

4000 msSLS time delaySLSx.04

Note:With timemonitoring, when para-
meterSLSx.05 is set toMonitoring active
and Modoff delay time, parameters
SLSx.04 and SLSx.06must be set to a
shorter time than parameter STO.14. If
they are not set to a shorter time than
STO.14, STO is not activated due to a
limit hit when drive modulation is lost
with SLS function.

Selects the fault reaction in case thedrive
modulation is lostduring theSLSdeceler-
ation ramp, when SLS is activated from
speed which is higher than SLS limit
speed.

Modoff delay timeSLS ramp modoff
reaction

SLSx.05

For more information, see FSO module
user's manual.

Note: If encoder feedback is used, para-
meter SLSx.05 has no effect.

Time to trip when modulation is lost.0 msSLS ramp modoff
delay time

SLSx.06

Note: SLSx.06 time must be set to a
shorter time than STO.14. If it is not set
to a shorter time thanSTO.14, STO is not
activated due to limit hit when drive
modulation is lost with SLS function.

Note: If encoder feedback is used, para-
meter SLSx.06 has no effect.
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DescriptionExample valueNameIndex

Sets the digital input that is connected
to the primary input of the SLS function
with limits 1.

DI X113:4 & X114:4SLS1 input ASLSx.11

For option +Q965, ABB has configured
the SLS request signal to these digital
inputs at the factory.

Sets the SLS1 negative speed limit that
trips the drive.

-250 rpmSLS1trip limitnegat-
ive

SLSx.13

Adjust thedefault value to agreewith the
motor.

Note: The difference between the SLS
trip limit and the corresponding SLS
limit (200.22 SLS1 limit negative)must be
at least 0.1 rpm.

Sets the SLS1 positive speed limit that
trips the drive.

250 rpmSLS1 trip limit posit-
ive

SLSx.14

Adjust thedefault value to agreewith the
motor.

Note: The difference between the SLS
trip limit and the corresponding SLS
limit (200.23 SLS1 limit positive) must be
at least 0.1 rpm.

Sets the digital output that is connected
to the primary output of the SLS1 func-
tion. Active when the SLS monitoring is
on.

DO X114:8SLS1 output ASLSx.15

For option +Q965, ABB has configured
the SLS indication signal to this digital
output at the factory.

SAR1 ramp settings

Sets the target time for the stop ramp
SAR1 that is used in the SLS function.
Adjust the default valuewhen necessary.

2000 msSAR1 ramp time to
zero

200.112

Target time = The time inwhich the drive
decelerates the motor(s) from speed
200.202 SAR speed scaling to zero.

Note:With value0ms, the drive uses the
emergency stop ramp set by drive para-
meter 23.23. In this case, the FSOmodule
also monitors the actual ramp (ramp
monitoring or time monitoring).
Timemonitoring: This value has no effect
in the operation. The drive (parameter
23.13Deceleration time 1or 23.15Deceler-
ation time 2) defines the deceleration
ramp.

Rampmonitoring: Adjust the default
value when necessary.

The samevalue is used for SAR0andSAR1
ramps. Refer to SAR0 ramp set-
tings (page 42).

1500 rpmSAR speed scaling200.202

Thesamevalue is used for SAR0andSAR1
ramps. Refer to SAR0 ramp set-
tings (page 42).

100 msSAR initial allowed
range

SARx.02
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DescriptionExample valueNameIndex

Sets theminimumramptime for theSAR1
ramp monitoring.

1000 msSAR1min ramptime
to zero

SARx.21

Timemonitoring: This value has no effect
in the operation.

Rampmonitoring: Sets theminimumde-
celeration time for the emergency stop.
Adjust the default valuewhen necessary.

Note:With value 0ms, the ramp is not
monitored.

Sets the maximum ramp time for the
SAR1 ramp monitoring.

3000 msSAR1 max ramp
time to zero

SARx.22

Timemonitoring: This value has no effect
in the operation.

Rampmonitoring: Sets the maximum
deceleration time for the emergency
stop.Adjust thedefault valuewhenneces-
sary.

I/O settings

Sets the diagnostic pulse of digital input
X113:4 on or off.

OnDI X113:4 diag pulse
on/ off

SAFEIO.36

On: The input monitors that it receives
test pulses.

Sets the diagnostic pulse of digital input
X114:4 on or off.

OnDI X114:4 diag pulse
on/ off

SAFEIO.40

On: The input monitors that it receives
test pulses.

Sets the diagnostic pulse of digital out-
put X114:8 on or off.

OnDO X114:8 diag
pulse on/off

SAFEIO.57

On: The output monitors that it receives
test pulses.

Sets the logic state of digital output
X114:8.

Active highDO X114:8 logic
state

SAFEIO.75

Active high: Thedigital output is onwhen
the indicated signal is active.

For option +Q965, ABB has configured
the SLS indication signal to this digital
output at the factory.Make sure that this
value corresponds to the actual wiring.
Refer to the circuit diagramsof thedeliv-
ery.
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￭ Parameters for the SMS function
These parameters are related to the SMS function (version 1) of the FSO module.

DescriptionExample valueNameIndex

Activatesordeactivates theSMSfunction
and shows the version of the SMS func-
tion.

Version 1SMS activity and
version

200.71

Disabled: Deactivates the SMS function
(default).

Version 1: Activates version 1 of the SMS
function.

Version 2: Activates version 2 of the SMS
function (for more information, refer to
the FSO module user’s manual).

For option +Q965, ABB has configured
the SMS function (Version 1) at the fact-
ory. Adjust the value if necessary.

Sets the negative speed limit that trips
the drive for the SMS function.

-2000 rpmSMStrip limitnegat-
ive

SMS.13

Note:You cannot set this limit above the
general zero speed limit (parameter
FSOGEN.52).

Sets the positive speed limit that trips
the drive for the SMS function.

2000 rpmSMS trip limit posit-
ive

SMS.14

Note:You cannot set this limit below the
general zero speed limit (parameter
FSOGEN.52).

￭ Parameters for the SSM function
There are four separate SSM functions (SSM1…4) in the FSO-21 module. The SSM
functions are identical and the configuration is done similarly, only the parameter
numbers are different. The SSM1 function is shown as an example. ABB has activated
the SSM1 function at the factory. For more information, refer to the FSO-21 module
user’s manual.

DescriptionExample valueNameIndex

Activates or deactivates the SSM1 func-
tion and shows the version of the SSM1
function.

Version 1SSM1 activity and
version

SSMx.01

Disabled: Deactivates theSSM1 function.

Version 1: Activates the SSM1 function.

For option +Q965, ABB has activated the
SSM1 function at the factory. Adjust the
value if necessary.

Sets the digital input connected to the
SSM1 function.

Always onSSM1 inputSSMx.11

Always on: The SSM1 function is always
on. No external request signal is needed
to activate the SSM1 function.

For option +Q965, ABB has configured
the SSM1 function to be “Always on” at
the factory.

Sets the negative speed limit for the
SSM1 function.

-100 rpmSSM1 limit negativeSSMx.12
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DescriptionExample valueNameIndex

Sets thepositive speed limit for theSSM1
function.

100 rpmSSM1 limit positiveSSMx.13

Sets the digital output connected to the
SSM1 function.

DO X113:8SSM1 outputSSMx.14

Active when the motor speed is within
the SSM1 speed limits.

For option +Q965, ABB has configured
the SSM1 indication signal to this digital
output at the factory.

Sets the diagnostic pulse of digital out-
put X113:8 on or off.

OnDO X113:8 diag
pulse on/ off

SAFEIO.55

On: The output monitors that it receives
test pulses.

Sets the logic state of digital output
X113:8.

Active highDO X113:8 logic
state

SAFEIO.72

Active high: Thedigital output is onwhen
the indicated signal is active.

For option +Q965, ABB has configured
the SSM1 indication signal to this digital
output at the factory.

Make sure that this value corresponds to
the actual wiring. Refer to the circuit
diagrams of the delivery.

￭ FSE-31 module and safety encoder related parameters
Set these parameters when you use a safety encoder in the safety application.

DescriptionExample valueNameIndex

Activates the FSE-31 encoder interface
and shows the version of the encoder
parameter groups (91 and 92).

Version 1FSE 3X act and par
version

200.231

Shows the number of safety encoders
connected to the FSE-31 module.

Single encoder CH1Number of en-
coders

200.232

Activates the safety encoder and shows
the versionparametergroupS_ENCGEN.

Version 1Safe pulse encoder
version

S_ENCGEN.01
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DescriptionExample valueNameIndex

Sets the action taken when there is a
problem with the FSE-31 module or the
safety encoder.

STOFSE diagnostic fail-
ure reaction

S_ENCGEN.11

STO: The FSOmodule goes into Fail-safe
mode and activates the drive STO func-
tion.

No STO: If there are no active safety
functions, the FSO module sends a
warning to the drive. If there are active
safety functions, the FSO module goes
into Fail-safe mode.

Est switch not active load: With some re-
strictions, the FSO module sends a
warning to the drive and starts to use an
estimated valueof themotor speed (safe
speed estimate). If you select this value,
youmust also set theparameters related
to safe speedestimate. Refer to the FSO-
21 module user's manual. Do not select
this value in applications with an active
load.

Sets theencoderspeedcrosscomparison
tolerance. Thisdefineshowmuch theaxle
speed of the motor can change within
1 ms.

1 rpmEnc speed cross
comp tolerance

S_ENCGEN.14

Adjust thedefault value to agreewith the
motor.

This parameter is used for the encoder
diagnostic. It defineshow large thediffer-
ence between the speed information
from channel A and B of the encoder can
be. If the difference between the speed
information channels is larger than the
value of this parameter, FSO will safely
stop the system (STO).

The correct value depends on the config-
uration (motor and load). Typically this
value is 2 … 10 rpm. A value that is too
small will cause an encoder fault (A7D8)
and a value that is too large will prevent
encoder diagnostic related to this para-
meter.

For more information, refer to the FSO-
21 module user's manual.

Sets the rotation direction for the safety
encoder.

1Gear numerator en-
coder 1

S_ENCGEN.41

With this parameter, you can change the
rotation direction of the motor.

If necessary, adjust the default value.

Sets the typeof the safety encoder inter-
face module 1.

FSE-31Module 1 type91.11

Sets the slot in which the safety encoder
interface module 1 is located.

2Module 1 location91.12

Activates or deactivates the communica-
tion with the safety encoder interface
module 1 and sets the type for the safety
encoder.

HTL1Encoder 1 type92.01
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DescriptionExample valueNameIndex

Sets the safety encoder interfacemodule
that the safety encoder 1 is connected to.

Module 1Encoder 1 source92.02

Sets thenumberofHTLpulsesper revolu-
tion for safety encoder 1.

2048Pulses/revolution92.10

Adjust thedefault value to agreewith the
safety encoder. Make sure that the value
is the same that is shownon the encoder
nameplate.

Sets themaximumpulse frequency range
of encoder 1.

300 kHzAcceptedpulse freq
of encoder 1

92.17

Adjust thedefault value to agreewith the
motor and safety encoder. You can use
this formula to define the value:

r_max · ppr_enc + 10%, where

• r_max = the maximummotor speed
used in the application (or the motor
nominal speed)

• ppr_enc = Pulses/revolution of the
safety encoder (parameter 92.10).

Drive parameter settings
The table that followsgives theparameters related to the safety function in theACS880
primary control program. The parameters are set at the factory.

DescriptionDefault value1)NameNo.

Selectswhich indications are givenwhen the Safe torque
off (STO) function is activated.Warning/Warning is the
recommended setting.

Warning/WarningSTO indication
run/stop

31.22

Note:ABB recommends that youdonot set thisparamet-
er to Fault/Fault, Fault/Warning, or Fault/Event. These
values will cause the drive to trip on a fault each time
that the FSO module activates the drive STO function.

1) Value set by ABB at the factory for the default design.

The table that follows gives the parameters that you must set when you use a safety
encoder.

DescriptionValueNameNo.

Selects the motor speed feedback value used during
motor control.

Encoder 1Motor feed-
back selection

90.41

Selects how the drive reacts to loss of measured motor
feedback.

WarningMotor feed-
back fault

90.45

To configure the drive to trip on encoder faults, set this
parameter to value Fault. For more information, refer to
the firmware manual.

Selects which encoder cable channels and wires are
monitored for wiring faults.

A+, A-, B+, B-, Z+, Z-Encoder cable
fault mode

92.21

Ramp parameters
Set these parameters only for the SLS function.
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When theSLS function is activated and themotor speed is above theSLS limit positive,
the drive decelerates the motor speed to the SLS limit.

In SLS with time monitoring, the drive (parameter 23.13 Deceleration time 1 or 23.15
Deceleration time 2) always defines the deceleration ramp.

In SLS with ramp monitoring, the drive uses the ramp settings in the FSO module or
in the drive. If FSO parameter 200.112 SAR1 ramp time to zero is set to 0, the drive
parameter 23.23 Emergency stop time defines the deceleration ramp. In this case, the
FSO module monitors the actual deceleration ramp using SAR1 parameters.

After the SLS function is deactivated, the drive returns to normal operation and starts
to follow its ordinary speed reference. The drive accelerates themotor to the wanted
speedalong its acceleration ramp.Driveparametersdefine the acceleration rampand
it is not monitored.

For the parameter settings in the drive, refer to the firmware manual.
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Use of the safety function

Contents of this chapter
This chapter describes the use of the safety function with factory default settings.

Activating and deactivating the SLS function
To activate the SLS function, de-energize the SLS inputs of the FSO module.

When the SLS monitoring is on and the motor speed is below the SLS limit:

• the FSO module energizes a digital output and the indication connected to this
output (for example, a lamp) is on.

When the drive trips after an SLS trip limit hit:

• the FSO module generates an indication, defined by parameter FSOGEN.62

• the drive generates an indication, defined by parameter 31.22.

To deactivate the SLS function, energize the SLS inputs of the FSO module.

If a trip limit hit occurs and the FSOmodule or drive is configured to trip on a fault,
you must reset the faults from the drive.

For the terminal designations, refer to the circuit diagrams delivered with the drive.

The indications that theFSOmodulegeneratesare configurable. Formore information,
refer to chapter Parameter settings in this manual and chapter Fault tracing in the
FSO module user’s manual.

Activating and deactivating the SMS function
If the SMS function is activated at the start-up, it monitors the motor speed
continuously. The SMS function is activated and deactivated with FSO module

6
Use of the safety function 53



parameter 200.71. To change this parameter value, a password is necessary. Refer to
chapter Parameter settings.

When the drive trips after an SMS trip limit hit:

• the FSO module generates an indication, defined by parameter FSOGEN.62

• the drive generates an indication, defined by parameter 31.22.

If a trip limit hit occurs and the FSOmodule or drive is configured to trip on a fault,
you must reset the faults from the drive.

The indications that theFSOmodulegeneratesare configurable. Formore information,
see chapter Parameter settings in this manual and chapter Fault tracing in the FSO
module user’s manual.

Activating and deactivating the SSM function
If the SSM function is activated at the start-up, it monitors the motor speed
continuously. The SSM function is activated and deactivated with FSO module
parameters (for example,SSMx.01andSSMx.11 for theSSM1 function). To change these
parameter values, a password is necessary. See chapter Parameter settings.

Note: This manual describes the SSM function when it is set to Always on at the
start-up. You can also configure the SSM function to activate through an external
request signal (from the FSO I/O or a PLC). Obey the wiring instructions given for the
SLS function. For more information, refer to the FSO module user’s manual.

When the motor speed is between the SSM speed limits, the FSOmodule energizes a
digital output and the indication signal connected to this output is on. For the terminal
designations, refer to the circuit diagrams delivered with the drive.

54 Use of the safety function



Start-up and validation test

Contents of this chapter
This chapter describes the start-up, validation test procedure, and validation of the
safety function.

Validation of the safety functions
Youmust do a validation test tomake sure that the safety function operates correctly
and according to the safety requirements.

￭ Competence
The person who does the validation test of the safety function must be a competent
person with expertise and knowledge of the safety function and functional safety, as
required by IEC 61508-1 clause 6. This person must document and sign the test
procedures and report.

￭ Validation procedure
You must validate the general settings of the FSO module and the safety encoder
before you validate the safety function. Refer to theFSOmodule user'smanual, chapter
Verification and validation.

You must do the validation test using the checklist given in this manual and the
validation test plan of the complete safety system:

• at the initial start-up of the safety function

• after changes related to the safety function (wiring, components, safety function
-related parameter settings, etc.)

• after changes related to the power unit or its circuit boards
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• at the proof test of the safety function

• after maintenance work related to the safety function.

The validation test must include at least the following steps:

• you must have a validation test plan

• you must test all commissioned functions for correct operation, from each
operation location

• you must document all validation tests

• you must sign and store the validation test report for further reference.

￭ Validation test reports
Youmust store the signed validation test reports in the logbook of the machine. The
report must include, as required by the referred standards:

• a description of the safety application (including a figure)

• a description and revisions of safety components that are used in the safety
application

• a list of all safety functions that are used in the safety application

• a list of all safety-related parameters and their values

• documentation of start-up activities, references to failure reports and resolution
of failures

• the test results for each safety function, checksums, date of the tests, and
confirmation by the test personnel.

You must store any new validation test reports done due to changes or maintenance
in the logbook of the machine.

Start-up and validation test
You must use the Drive Composer pro PC tool to do the start-up and validation test.
Do the test in both operation directions of the motor.

If you use SMS function, version 2: Do the validation test as given in the FSO module
user’s manual.

Note: The SLS validation test procedure described in this chapter does not test the
trip limits, because the SLS function limits themotor reference speed to the SLS limit.
ABB has validated the functionality of trip limits in the verification tests.

Action

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

Initial status

Safety encoder interface:

If you use a safety encoder in the safety application, validate the safety encoder interface as de-
scribed in FSO-21 safety functions module user’s manual (3AXD50000015614 [English]), chapter
Verification and validation.
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Action

Make sure that the drive is ready for use, that is, you have done the tasks of the drive start-up
procedure. Refer to the hardware manual.

Before you do the motor ID run, you must deactivate the SLS and SMS functions:

• SLS function: Make sure that the SLS request is not active (for example, from a switch).
• SMS function: Set parameter 200.71 SMS activity and version to value Disabled.
After the motor ID run, activate the SLS and SMS functions.

Make sure that the FSO STO function is configured and validated. Refer to the FSOmodule user's
manual.

Internal monitoring of the FSOmodule can trigger the STO function even if you have not defined
an external request signal. The STO function must be validated before other safety functions.

Note: If parameterS_ENCGEN.11 is set toEst switchnot active load, bothSTO functionwith speed
estimate and STO function with encoder feedback must be tested - most importantly, the value
of parameter STO.14must be set according to the application requirements.

For theSLSandSMS functions:Makesure thatSSEparameters are set andSSE function is validated
for trip limit situations as described in the FSO module user's manual.

Checks and settings with no voltage connected

Stop the drive and do the steps in section Electrical safety precautions (page 11) before you start
the work.

After you connect the SLS activation signal or an indication system to the drive, do a check of the
connections against the applicable circuit diagrams. Do the check also if youmade other connec-
tions to the safety circuit on site (for example, connected shipping splits of large drives).

Inverter units with parallel R8i inverter modules:

Make sure that theXSTO.OUToutput on the inverter control unit [A41] is chained to the STO inputs
of all inverter modules.

Settings with voltage connected

Close the cabinet doors and power up the drive. Refer to the hardware manual.

Make sure that theparameter settings related to the safety functions are correct. Refer to chapter
Parameter settings.

For the SMS function:

• Make sure that the SMS function is active (parameter 200.71 SMS activity and version is set to
value Version 1).

• Set parameter SMS.14 SMS trip limit positive to half of the value that will be used in the applic-
ation.

• Set parameter SMS.13 SMS trip limit negative to zero.
For more information, refer to section Parameters for the SMS function (page 47).

For the SSM function: For more information, refer to section Parameters for the SSM func-
tion (page 47).

Save the FSO safety file (button Save safety file in the Drive Composer pro PC tool).

Note: The FSO safety file is not included in the drive backup process.
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Action

Validation test

ABB recommends that you monitor at least these signals with the Drive Composer PC tool:

• 01.01 Motor speed used (rpm)
• 01.02 Motor speed estimated (rpm)
• 01.07 Motor current (A)
• 01.10 Motor torque (%)
• 06.18 Start inhibit status word
• 23.01 Speed ref ramp input (rpm)
• 23.02 Speed ref ramp output (rpm)
• 90.01 Motor speed for control (rpm)
• 90.10 Encoder 1 speed (rpm)
• 200.01 FSO speed ch1 (rpm)
• 200.02 FSO speed ch2 (rpm)
• 200.03 FSO DI status
• 200.04 FSO DO status
• 200.05 FSO control word 1
• 200.06 FSO control word 2
• 200.07 FSO status word 1
• 200.08 FSO status word 2
• 200.09 Drive status word 1
• 200.10 Drive status word 2

Make sure that it is safe to start, run and stop the motor during the test.

For the SLS function: If it is necessary to activate STO function when drive modulation is lost
during SLS deceleration ramps, follow the test procedure for the SLS function described in the
FSO module user's manual.

Start the drive and make sure that the motor is running.

For the SLS function: Increase the motor speed close to the maximum speed of the application
(above the SLS limit).

For the SMS function: Increase the motor speed above the speed defined in parameter SMS trip
limit positive.

For the SSM function: Make sure that the SSM1 indication is on.

For the SLS function: Activate the SLS request of the FSO module.

For the SMS function: Make sure that the drive trips.

For the SSM function: Increase the motor speed above the speed defined in parameter SSMx.13
SSM1 limit positive.

For the SLS function: Make sure that the drive decelerates themotor speed to the SLS limit, stays
under the SLS limit, and indicates the SLS function.

For information on cascade connection, see FSO module user's manual.

For the SMS function: Reset the drive if the STO indication parameter (FSOGEN.62 or 31.22) is set
so that a fault is generated.

For the SSM function: Make sure that the SSM1 indication goes off.

Make sure that the drive generates none of these faults:

• STO hardware failure (5090)
• Safe torque off 1 loss (FA81)
• Safe torque off 2 loss (FA82)
If the drive generates these faults, refer to the fault tracing instructions in thismanual. If the FSO
module generates a fault, refer to the FSO module user's manual, chapter Fault tracing.
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Action

For the SLS function:

When the SLS request signal is on,make sure that you cannot increase the reference speed above
the SLS limit:

• with the panel in the local control mode
• with an external speed reference signal in the external control mode.
The LOC and REMbuttons of the control panel or the Drive composer PC tool switch between the
local and external controls.

For the SMS function: Restart the drive. Make sure that the drive continues normal operation.

For the SSM function: Decrease the motor speed below the speed defined in parameter SSMx.13
SSM1 limit positive.

For the SLS function: Deactivate the SLS request of the FSO module. Make sure that the drive
continues normal operation.

For the SSM function: Make sure that the SSM1 indication goes on.

For the SLS andSMS functions: Stop and restart the drive andmotor.Make sure that they operate
normally.

Do the test again in the reverse direction.

Do the test again from each operating location.

For the SMS function: Set the SMS parameters to suitable values to be used in the application.

Create a backup file of the drive parameters with the Drive Composer pro PC tool.

Save the FSO safety file with the button Save safety file in the Drive Composer pro PC tool.

Fill in and sign the validation test report. Store the report in the logbook of the machine.
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Fault tracing

Contents of this chapter
This chapter provides general diagnostics and troubleshooting tips.

Fault tracing

￭ STO circuit connections
Use a voltage tester or multimeter to measure the continuity of the STO circuit
connections, if the drive generates one or more of these faults:

• STO hardware failure (5090)

• Safe torque off 1 loss (FA81)

• Safe torque off 2 loss (FA82)

Refer to the circuit diagrams delivered with the drive.

Stop the drive and do the steps in section Electrical safety precautions (page 11)
before you start the work.

￭ Other
For more fault tracing possibilities, refer to the hardware and firmware manuals of
the drive.

Reporting problems and failures related to safety
functions
Contact ABB.
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Maintenance

Contents of this chapter
This chapter contains information for the maintenance and decommissioning of the
safety function.

Safety circuit maintenance
After the safety function is validated, itmust bemaintained by periodic proof testing.

If you change the wiring or a component after the start-up, replace a power unit or
its circuit boards, replace the FSO or FSE-31module, modify FSOmodule parameters,
or restore parameters to their factory default values:

• Use only ABB-approved spare parts.

• Register the change to the change log for the safety circuit.

• If parameters were restored to the factory default values: Set the parameters
related to the safety function.

• Do the validation test of the safety function.

• Document the tests and store the report into the logbook of the machine.

Proof test interval
Proof tests are used to detect failures in the safety function. To do a proof test, use
the validation test procedure given in this manual.

Periodic proof testing of the safety function is necessary to maintain the required
SIL/PL-level. In high demand mode of operation, the maximum proof test interval is
20 years. In low demand mode of operation, the maximum proof test interval is 2 or
5 years (highor lowdemandasdefined in IEC61508, IEC/EN62061andEN ISO13849-1).
Regardless of themode of operation, it is a good practice to do the proof test for the
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safety function at least once a year. It is also a good practice to include the proof test
for the safety function in the routine maintenance program of the machinery.

The person responsible for the design of the complete safety systemshould also note
the Recommendation ofUseCNB/M/11.050publishedby the European co-ordination
ofNotifiedBodies forMachinery concerningdual-channel safety-related systemswith
electromechanical outputs:

• When the safety integrity requirement for the safety function is SIL 3 or PL e (cat.
3 or 4), the proof test for the function must be done at least every month.

• When the safety integrity requirement for the safety function is SIL 2 (HFT = 1) or
PLd (cat. 3), the proof test for the functionmust bedone at least every 12months.

This is a recommendation and depends on the required (not achieved) SIL/PL. For
example, contactors, breakers, safety relays, contactor relays, emergency stopbuttons,
switches, etc. are typically safety devices which have electromechanical outputs. The
STO circuit of the drive does not have electromechanical outputs. Also, the FSO and
FSE-31 modules do not have electromechanical outputs.

Functional safety components
The mission time of functional safety components is 20 years which equals the time
during which failure rates of electronic components remain constant. This applies to
the components of the standard Safe torque off circuit as well as anymodules, relays
and, typically, any other components that are part of functional safety circuits.

The expiry of mission time terminates the certification and SIL/PL classification of
the safety function. The following options exist:

• Renewal of the whole drive and all optional functional safety module(s) and
components.

• Renewal of the components in the safety function circuit. In practice, this is
economical only with larger drives that have replaceable circuit boards and other
components such as relays.

Note that someof the componentsmay already have been renewed earlier, restarting
their mission time. The remaining mission time of the whole circuit is however
determined by its oldest component.

Contact your local ABB service representative for more information.

Competence
The personwho does themaintenance and proof test activities of the safety function
must be a competent personwith expertise and knowledgeof the safety function and
functional safety, as required by IEC 61508-1 clause 6.

Residual risk
The safety functions are used to reduce the recognized hazardous conditions. In spite
of this, it is not always possible to eliminate all potential hazards. Thus, the warnings
for the residual risks must be given to the operators.

Intentional misuse
The safety circuit is not designed to protect a machine against intentional misuse.
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Decommissioning
When you decommission a drive, make sure that the functional safety of themachine
is maintained by other means until the decommissioning is completed.
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Technical data

Contents of this chapter
This chapter gives the safety data, ambient conditions, and list of standards related
to the product.

Safety data

￭ Safety performance with different safety pulse encoders
Refer to FSE-31 pulse encoder interface module user’s manual (3AXD50000016597
[English]).

This table gives the maximum PFH values for the safety encoder to fulfill the
requirements for each safety integrity level.

SIL 1 / PL cSIL 2 / PL dSIL 3 / PL eFrame size

1.0E-059.8E-077.8E-08R6…R8

1.0E-059.8E-077.8E-08R9

1.0E-059.8E-077.7E-08R10…R11

1.0E-059.8E-077.7E-08R6i…R7i

1.0E-059.8E-078.0E-081×R8i

1.0E-059.8E-078.0E-082×R8i

1.0E-059.8E-078.0E-083×R8i

1.0E-059.8E-078.0E-084×R8i

1.0E-059.8E-078.0E-085×R8i

1.0E-059.8E-078.0E-086×R8i

1.0E-059.8E-078.0E-087×R8i

10
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SIL 1 / PL cSIL 2 / PL dSIL 3 / PL eFrame size

1.0E-059.8E-078.0E-088×R8i

3AXD10000097591 M

￭ Safety data values
The safety data is valid for thedefault designof the safety circuit shown in thismanual.
If the final design is different from the default design, and the customer has ordered
safetydata calculations (option+P947), ABBcalculates thenewsafetydataanddelivers
it separately to the customer.

The safety data calculations are based on the assumption that the emergency stop
is used once a month.

The SLS switch, the safety encoder and other possible safety devices are not included
in the calculations. The FSE-31module is included in the calculations. The same safety
data values apply to the SLS, SMS and SSM functions.

T13) 4)

[a]

TM
[a]

CCFHFTCat.DC2)

[%]

PFDavg
(T1=5a)

PFDavg
(T1=2a)

PFH1)

[1/h]

PLSCSILFramesize

20/5/2208013≥901.5E-043.6E-052.2E-08e33R6…R8

20/5/2208013≥901.5E-043.5E-052.2E-08e33R9

20/5/2208013≥901.7E-044.1E-052.3E-08e33R10…R11

20/5/2208013≥901.7E-044.3E-052.3E-08e33R6i…R7i

20/5/2208013≥901.0E-041.4E-052.0E-08e331×R8i

20/5/2208013≥901.0E-041.4E-052.0E-08e332×R8i

20/5/2208013≥901.0E-041.4E-052.0E-08e333×R8i

20/5/2208013≥901.0E-041.4E-052.0E-08e334×R8i

20/5/2208013≥901.0E-041.4E-052.0E-08e335×R8i

20/5/2208013≥901.0E-041.4E-052.0E-08e336×R8i

20/5/2208013≥901.0E-041.4E-052.0E-08e337×R8i

20/5/2208013≥901.0E-041.4E-052.0E-08e338×R8i

3AXD10000097591 M

1) PFH values are according to EN ISO 13849.
2) DC for low demand mode is 90% (determined by the DC of the worst component in the subsystem).
3) See the Recommendation of Use CNB/M/11.050 published by the European coordination of notified bodies for
lower T1 requirement.

4) T1 = 20a is used with high demand mode of operation. T1= 2a/5a is used with low demand mode of operation.

￭ Safety component types
Safety component types as defined in IEC 61508-2:

• FSO module: type B

• FSE module: type B

• drive STO circuit:
frame sizes R1…R9 and drives with R6i…R7i inverter modules: type A•

• driveswith R6i…R7i invertermodules andUCU-22, -23 or -24 control unit: type
B

• frame sizes R10 and R11 and drives with R8i inverter modules: type B.
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￭ Safety block diagrams
The components that are included in the safety data calculations are shown in the
safety block diagram(s). The components not included in the drive delivery are not
included in the safety data calculations.

1 2 3

SLS switch (not included in the drive delivery)1

FSO module, and FSE module2

Drive STO3

￭ Relevant failure modes
Relevant failure modes are:

• internal failures of the FSO module, the FSE module, and the drive STO.

These failures are included in the failure rate value of the function.

￭ Fault exclusions
Fault exclusions (not considered in the calculations):

• short and open circuits in the cables of the safety circuit

• short and open circuits in the cabinet terminal blocks of the safety circuits.

￭ Operation delays
Total delay: (less than) 500 ms (includes the response time of the drive STO).

Note:When using a safety encoder, you must add the delays of the encoder when
defining the total response time for the safety function and the fault reaction function.

Ambient conditions
For the environmental limits for the safety functions and the drive, refer to the drive
hardware manual and the FSOmodule user's manual.

Related standards and directives

NameStandard

Adjustable speed electrical power drive systems - Part 5-2: Safety requirements
– Functional

IEC 61800-5-2:2016

EN 61800-5-2:2007

Safety of machinery – Functional safety of safety-related control systemsIEC 62061:2021 +
AMD1:2024

EN IEC 62061:2021

Safety of machinery - Safety-related parts of control systems - Part 1: General
principles for design

EN ISO 13849-1:2023
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NameStandard

Safety ofmachinery - Safety-related parts of control systems - Part 2: ValidationEN ISO 13849-2:2012

Functional safetyofelectrical/electronic/programmableelectronicssafety related
systems – Part 1: General requirements

IEC 61508-1:2010

Functional safetyofelectrical/electronic/programmableelectronicssafety related
systems–Part 2: Requirements for electrical/electronic/programmableelectronic
safety-related systems

IEC 61508-2:2010

Functional safety – Safety instrumented systems for theprocess industry sector
– Part 1: Framework, definitions, system, hardware andapplicationprogramming
requirements

IEC 61511-1:2016 +
AMD1:2017

Electromagnetic compatibility (EMC) – Part 6-7: Generic standards – Immunity
requirements for equipment intended to perform functions in a safety-related
system (functional safety) in industrial locations

IEC 61000-6-7:2014

Electrical equipment formeasurement, control and laboratory use –EMC require-
ments – Part 3-1: Immunity requirements for safety-related systems and for
equipment intended to perform safety-related functions (functional safety) –
General industrial applications

IEC 61326-3-1:2017

European Machinery Directive2006/42/EC

Supply of Machinery (Safety) Regulations 2008 (UK)

Machine-specific C-type standardsOther

Compliance with the European Machinery Directive
The drive is an electronic product which is covered by the European Low Voltage
Directive. However, the drive internal safety function of this manual is in the scope of
theMachineryDirective as a safety component. This function complieswith European
harmonized standards such as IEC/EN 61800-5-2.

Declaration of conformity according to EU Machinery Directive 2006/42/EU
(3AXD10000105027)

Compliance with the Supply of Machinery (Safety)
Regulations (UK)
Thedrive is an electronic productwhich is coveredby theElectrical Equipment (Safety)
Regulations. However, the drive internal safety function of thismanual is in the scope
of the Supply of Machinery (Safety) Regulations as a safety component. This function
complies with designated standards such as EN 61800-5-2.

Declaration of conformity according to UK Supply of Machinery (Safety) Regula-
tions 2008 (3AXD10001326695)
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Further information
—

Product and service inquiries
Address any inquiries about the product to your local ABB representative, quoting the type
designation and serial number of the unit in question. A listingof ABBsales, support and service
contacts can be found by navigating to www.abb.com/contact-centers.

Product training
For information on ABB product training, navigate to new.abb.com/service/training.

Providing feedback on ABB manuals
Your comments on our manuals are welcome. Navigate to forms.abb.com/form-26567.

Document library on the Internet
You can find manuals and other product documents in PDF format on the Internet at
www.abb.com/drives/documents.
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