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PREFACE
DOCUMENT DETAILS

Document ID: DPD01798E

Date: 4.10.2019

ABOUT THIS MANUAL

This manual is copyright of VACON Ltd. All Rights Reserved. The manual is subject to change
without prior notice. The language of the original instructions is English.

ABOUT THE PRODUCT

This manual describes the VACON® Advanced Safety Options (OPTBL, OPTBM, or OPTBN).
The VACON® Advanced Safety Options can be used with the VACON® NXP AC drive.
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Date Revision Updates

4.10.2019 E
• New chapter added, 4.6.3 Speed discrepancy with multiple speed sour-

ces.
• Information on internal variables added. Chapter 11.1 Gathering diag-

nostic data.
• Some fault numbers for fault code 20 Safety system updated. Chap-

ter 13.2 Fault codes.
• OPTAF option board fault information added. Chapter 13.3 OPTAF 

STO and ATEX option board fault information.
• Other minor updates. Throughout the manual.

Contents of this manual revision describe the software version for FW0281V001 or later, and
hardware versions 70CVB01938 F or later. For earlier versions, see the previous version of
Operating Guide or contact your distributor.

NOTE!

Always make sure that you use the latest or correct revision of the manual when
assessing the behavior of the Advanced safety option board.
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1 APPROVALS
1.1 THE CERTIFICATES OF THE VACON® ADVANCED SAFETY OPTIONS
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1.2 THE EC DECLARATION OF CONFORMITY
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2 SAFETY
2.1 THE SAFETY SYMBOLS USED IN THE MANUAL

This manual contains warnings and cautions, which are identified with safety symbols. The
warnings and cautions give important information on how to prevent injury and damage to
the equipment or your system.

Read the warnings and cautions carefully and obey their instructions.

Table 1: The safety symbols

The safety symbol The safety word Description

WARNING!
If you do not obey the
instructions, injury or
death is possible.

CAUTION!
If you do not obey the
instructions, damage to
the equipment is possible.

HOT SURFACE!
If you do not obey the
instructions, burns are
possible.

2.2 WARNING

WARNING!

Do not touch the components of the power unit when the drive is connected to
mains. The components are live when the drive is connected to mains. A contact
with this voltage is very dangerous.
WARNING!

Do not touch the motor cable terminals U, V, W, the brake resistor terminals or the
DC terminals when the drive is connected to mains. These terminals are live when
the drive is connected to mains, also when the motor does not operate.
WARNING!

Do not touch the control terminals. They can have a dangerous voltage also when
the drive is disconnected from mains.
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WARNING!

Before you do electrical work, make sure that there is no voltage in the
components of the drive.
WARNING!

To do work on the terminal connections of the drive, disconnect the drive from
mains and make sure that the motor has stopped. Wait 5 minutes before you open
the cabinet door or the cover of the drive. Then use a measuring device to make
sure that there is no voltage. The terminal connections and the components of the
drive are live 5 minutes after it is disconnected from mains and the motor has
stopped.
WARNING!

Before you connect the drive to mains, make sure that the front cover and the cable
cover of the drive are closed. The connections of the AC drive are live when the
drive is connected to mains.
WARNING!

Disconnect the motor from the drive if an accidental start can be dangerous. When
there is a power-up, a power break or a fault reset, the motor starts immediately if
the start signal is active, unless the pulse control for Start/Stop logic is selected. If
the parameters, the applications or the software change, the I/O functions
(including the start inputs) can change.
WARNING!

Wear protective gloves when you do mounting, cabling or maintenance operations.
There can be sharp edges in the AC drive that can cause cuts.

2.3 CAUTION

CAUTION!

Do not move the AC drive. Use a fixed installation to prevent damage to the drive.
CAUTION!

Do not make measurements when the AC drive is connected to mains. It can cause
damage to the drive.
CAUTION!

Make sure that there is reinforced protective ground connection. It is mandatory,
because the touch current of the AC drives is more than 3.5 mA AC (refer to EN
61800-5-1). See chapter 2.4 Grounding and earth fault protection.
CAUTION!

Do not use spare parts that are not from the manufacturer. Using other spare parts
can cause damage to the drive.
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CAUTION!

Do not touch the components on the circuit boards. Static voltage can cause
damage to these components.
CAUTION!

Make sure that the EMC level of the AC drive is correct for your mains. See the
product’s Installation manual for more information. An incorrect EMC level can
cause damage to the drive.
CAUTION!

Prevent radio interference. The AC drive can cause radio interference in a domestic
environment.
NOTE!

If you activate the autoreset function, the motor starts automatically after an
automatic fault reset. See the Application Manual.
NOTE!

If you use the AC drive as a part of a machine, the machine manufacturer must
supply a mains disconnection device (refer to EN 60204-1).

2.4 GROUNDING AND EARTH FAULT PROTECTION

CAUTION!

The AC drive must always be grounded with an grounding conductor that is
connected to the grounding terminal that is identified with the symbol  . Not using
a grounding conductor can cause damage to the drive.

The touch current of the drive is more than 3.5 mA AC. The standard EN 61800-5-1 tells that
1 or more of these conditions for the protective circuit must be true.

The connection must be fixed.

a) The protective grounding conductor must have a cross-sectional area of minimum 10
mm2 Cu or 16 mm2 Al. OR

b) There must be an automatic disconnection of the mains, if the protective grounding
conductor breaks. See the product’s Installation manual for cabling instructions. OR

c) There must be a terminal for a second protective grounding conductor in the same
cross-sectional area as the first protective grounding conductor.
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Table 2: Protective grounding conductor cross-section

Cross-sectional area of the phase conductors (S)
[mm2]

The minimum cross-sectional area of the protective
grounding conductor in question [mm2]

S ≤ 16 S

16 < S ≤ 35 16

35 < S S/2

The values of the table are valid only if the protective grounding conductor is made of the
same metal as the phase conductors. If this is not so, the cross-sectional area of the
protective grounding conductor must be determined in a manner that produces a
conductance equivalent to that which results from the application of this table.

The cross-sectional area of each protective grounding conductor that is not a part of the
mains cable or the cable enclosure, must be a minimum of:

• 2.5 mm2 if there is mechanical protection, and
• 4 mm2 if there is not mechanical protection. If you have cord-connected equipment,

make sure that the protective grounding conductor in the cord is the last conductor to be
interrupted, if the strain-relief mechanism breaks.

Obey the local regulations on the minimum size of the protective grounding conductor.

NOTE!

Because there are high capacitive currents in the AC drive, it is possible that the
fault current protective switches do not operate correctly.
CAUTION!

Do not do voltage withstand tests on the AC drive. The manufacturer has already
done the tests. Doing voltage withstand tests can cause damage to the drive.

2.5 USING AN RCD OR AN RCM DEVICE

The drive can cause a current in the protective grounding conductor. You can use a residual
current-operated protective (RCD) device, or a residual current-operated monitoring (RCM)
device to give protection against a direct or an indirect contact. Use a type B RCD or RCM
device on the mains side of the drive.

NOTE! You can download the English and French product manuals with applicable safety, warning and caution
information from https://www.danfoss.com/en/service-and-support/.

REMARQUE Vous pouvez télécharger les versions anglaise et française des manuels produit contenant l'en-
semble des informations de sécurité, avertissements et mises en garde applicables sur le site https://
www.danfoss.com/en/service-and-support/.
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3 GENERAL INFORMATION
3.1 INTRODUCTION

The Advanced safety option board is intended to be used for implementing safety functions
according to application needs.

The option board is intended to be used with the OPTAF STO option board to implement the
safety functions and features in VACON® NX drives.

The safety functions available with the Advanced safety option board (according to EN IEC
61800-5-2)

• Safe Torque Off (STO)
• Safe Stop 1 (SS1)
• Safe Stop 2 (SS2)
• Safe Operating Stop (SOS)
• Safe Brake Control (SBC)
• Safe Limited Speed (SLS)
• Safe Speed Range (SSR)
• Safe Speed Monitor (SSM)

The manufacturer-specific safety functions

• Safe Maximum Speed (SMS)
• Safe Quick Stop (SQS)

For more information on the safety functions, see chapter 7 Safety functions.

The safe fieldbuses supported by the option board

• PROFIsafe communication over PROFIBUS
• PROFIsafe communication over PROFINET

Communication over PROFIsafe is implemented according to the PROFIdrive on PROFIsafe
amendment.

WARNING!

The designing of safety-related systems requires special knowledge and skills.
Only qualified persons are permitted to install and set up an Advanced safety option
board.
WARNING!

The use of safety functions provided by the Advanced safety option board do not in
itself ensure safety. To make sure that the commissioned system is safe, you must
make an overall risk assessment. Safety devices like the Advanced safety option
boards must be correctly incorporated into the entire system. The entire system
must be designed in compliance with all relevant standards within the field of
industry. Standards such as EN12100 Part 1, Part 2, and ISO 14121-1 provide
methods for designing safe machinery and for making a risk assessment.
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NOTE!

The information in this manual provides guidance on the use of the safety functions
that the Advanced safety option board provides. This information is in compliance
with accepted practice and regulations at the time of writing. However, the
product / system designer is responsible for making sure that the system is safe
and in compliance with relevant regulations.
NOTE!

The Advanced safety option board must be used in an environment where no
conductive dust or contaminants are present. One way to ensure proper protection
against contamination is to use the Advanced safety option board in at least an IP54
enclosure.

3.2 REFERENCES

Here you can find the detailed information on the references that are mentioned in this
manual.

VACON® manuals

• VACON® NX OPTAF STO Board Manual
• VACON® NX All in One Application Manual
• VACON® OPTE3/E5 PROFIBUS Option Board Manual
• VACON® NX I/O Boards User Manual
• VACON® OPTEA Advanced Dual Port Ethernet Option Board Manual

The VACON® manuals can be downloaded from the Danfoss website: http://
drives.danfoss.com/knowledge-center/technical-documentation/.
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Standards, specifications and official recommendations

• EN IEC-62061 – Safety of machinery – Functional safety of safety-related electrical,
electronic and programmable electronic control systems, 2005

• IEC 61784-3 – Industrial communication networks – Profiles – Part 3: Functional safety
fieldbuses - General rules and profile definitions, 2010

• EN ISO 13849-1 – Safety of machinery – Safety-related parts of control systems – Part 1:
General principles for design, 2015

• EN IEC 60204-1 – Safety of machinery – Electrical equipment of machines – Part 1:
General requirements, 2006

• EN IEC 61800-5-2 – Adjustable speed electrical power drive systems – Part 5-2: Safety
requirements – Functional, 2016

• IEC 61508 – Functional safety of electrical/electronic/programmable electronic safety-
related systems, 2010

• EN ISO 12100 – Safety of machinery -- General principles for design -- Risk assessment
and risk reduction, 2010

• ISO 14121-1 – Safety of machinery -- Risk assessment -- Part 1: Principles, 2007
• Amendment – PROFIdrive on PROFIsafe Interface for functional safety; Technical

Specification for PROFIBUS and PROFINET related to PROFIdrive – Profile Drive
Technology V4.1, Version 3.00.4, April 2011, Order No.: 3.272

• PROFIsafe – Profile for Safety Technology on PROFIBUS DP and PROFINET IO, Version
2.4, March 2007, Order No: 3.192b

• Recommendation of Use CNB/M/11.050, rev 05; European co-ordination of Notified
Bodies for Machinery, 2013

• BGIA Report 2/2008e Functional safety of machine controls – Application of EN ISO 13849
–, 2009

Software and configurations files

• The firmware for the Advanced safety option board (http://drives.danfoss.com/services/
software-downloads/)

• VACON® Safe (http://drives.danfoss.com/services/pc-tools/)
• The GSD/GSDML file (http://drives.danfoss.com/downloads/fieldbus-configuration-files/)

3.3 TERMS AND ABBREVIATIONS

Here are explained the most important terms and abbreviations of this manual.
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Term or abbreviation Description

Admin The highest user level for accessing the Advanced safety option board
functions. Identified via a password.

Acknowledgement A signal that indicates that a safety function can be deactivated. Valid for
safety functions that use manual acknowledgement.

ASM An asynchronous motor

Continuous mode Safety function is active as a part of normal operation.

CRC Cyclic Redundancy Check

DAT Device Acknowledgement Time

Diagnostic Coverage (DC) The coverage of dangerous failures by runtime diagnostics.

EMC Electromagnetic compatibility

Encoder interface board An option board that has an encoder interface.

F-Device A communication peer that can perform the PROFIsafe protocol.

F-Host A data processing unit that can perform the PROFIsafe protocol and serv-
ice the "black channel".

FMEA Failure Mode and Effects Analysis

Critical fault A fault that causes the option board to enter into a fault state and
requires a reboot to be reset.

GSD Generic Station Description (used with PROFIBUS).

GSDML General Station Description Markup Language (used with PROFINET).

Hardware Fault Tolerance (HFT) The amount of hardware failures that the safety system can tolerate with-
out the loss of the safety function.

HAT Host Acknowledgement Time.

High demand mode Safety functions are performed on demand. The frequency of demand is
more than once a year.

HTL High Threshold Logic. A voltage level definition.

I/O Input/Output.

Low demand mode Safety functions are performed on demand. The frequency of demand is
less than once a year.

MTTF Mean Time To Failure

OPTAF An option board that handles the activation of the STO function for the AC
drive.

OPTBL
OPTBM
OPTBN

The variants of the Advanced safety option. OPTBL: no encoder interface.
OPTBM: with digital pulse type encoder interface board. OPTBN: with
Sin/Cos type encoder interface board.
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Term or abbreviation Description

OPTE3/5 Option board that handles the PROFIBUS DP interface.

OPTEA Option board that handles the PROFINET IO interface.

Parameter file A configuration file that contains the parameters for an Advanced safety
option board.

Unverified parameter file A parameter file that contains parameters that have not been verified by
an Advanced safety option board.

Verified parameter file A parameter file that contains parameters that have been verified and can
be used in an Advanced safety option board.

Validated parameter file A verified parameter file that contains parameters that have been tested
and approved in the system.

PFH Probability of failure per hour. Valid for systems that operate in a high
demand mode or continuous mode.

PFHd Probability of dangerous failure per hour.

PFD Probability of failure on demand. The probability that the safety function
does not work when requested. Valid for systems that operate in a low
demand mode.

PL Performance Level

PLC Programmable Logic Controller

PMSM A permanent magnet synchronous motor

PROFIBUS Standardised fieldbus protocol for RS-485 communication.

PROFIdrive A specification for implementing AC drive related behaviour over PROFI-
BUS/PROFINET.

PROFINET Standardised fieldbus protocol for Ethernet communication.

PROFIsafe A safe fieldbus layer that operates over PROFIBUS/PROFINET.

Reached A safety function that is reached has stopped the drive (safe stopping
functions), or reached a safe area for the measured value and monitoring
for leaving the area has been activated (safe monitoring functions).

Resettable fault An error in that can be reset with a reset signal.

Reset (signal) A signal used to reset the current violations and faults in the drive and/or
the Advanced safety option board and to deactivate the STO function after
a violation or fault.

SFF Safe Failure Fraction

Safe monitoring function A safety function that monitores a specific value, usually speed.

Safe stopping function A safety function intended to stop the motor.
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Term or abbreviation Description

Safe range A range where the monitored value can be. Exceeding the limits of a safe
range will cause a violation of the safety function.

Safe state A state of a device or process that should be maintained to avoid danger-
ous incidents. For the AC drive system the safe state is defined as activa-
ted STO function.

Service A user level for accessing the Advanced safety option board functions.
Identified via a password. In this user level it is not possible to verify a
parameter file or change passwords.

SFRT Safety Function Response Time

SRP/CS Safety-Related Part of a Control System

STO Safe Torque Off. A safety function according to EN IEC 61800-5-2.

SS1 Safe Stop 1. A safety function according to EN IEC 61800-5-2.

SS2 Safe Stop 2. A safety function according to EN IEC 61800-5-2.

SQS Safe Quick Stop. A manufacturer-specific safety function. Used as a viola-
tion response for safe monitoring functions. Parameterisable to behave
as the STO, SS1 or SS2 function.

SQS-STO
SQS-SS1
SQS-SS2

Used to indicate the STO, SS1 or SS2 function as the selected behaviour of
the SQS function.

SLS Safe Limited Speed. A safety function according to EN IEC 61800-5-2.

SSR Safe Speed Range. A safety function according to EN IEC 61800-5-2.

SSM Safe Speed Monitor. A safety function according to EN IEC 61800-5-2.

SMS Safe Maximum Speed. A manufacturer-specific safety function.

SBC Safe Brake Control. A safety function according to EN IEC 61800-5-2.

SOS Safe Operating Stop. A safety function according to EN IEC 61800-5-2.

SIL Safety Integrity Level

TTL Transistor-Transistor Logic. A voltage level definition.

Violation A fault caused by a safety function detecting a violation of the monitored
value(s). The value monitored by a safety function has exceeded the set
limit for that value.

Violation response A reaction to a violation. It is the STO function for the safe stopping func-
tions, and the SQS function for the safe monitoring functions.

WCDT Worst Case Delay Time

WDTime Watchdog Time
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4 OVERVIEW OF THE SYSTEM
4.1 USING THE VACON® ADVANCED SAFETY OPTIONS

The Advanced safety option board is used to implement safety functions in accordance with
the standard EN IEC 61800-5-2. The option board handles the safe I/O and the monitoring of
active safety functions. The option board does not handle the control of the AC drive. The AC
drive can be controlled, for example, with the drive application, or the external process
control system can give the speed reference to the AC drive.

The Advanced safety option board must be used with a subsystem that provides the STO
function, it is not possible to use the Advanced safety option board alone. The STO function is
provided, for example, by the OPTAF STO option board. To use the safety functions that do
speed monitoring, an external speed sensor is necessary. The sensor can be a digital or an
analogue encoder or a digital proximity sensor. See chapter 4.6 Speed measurement.

The Advanced safety option board can be used with the digital I/O and over safe fieldbus.
Using a safe fieldbus allows you to control more safety functions than is possible with the
limited number of inputs and outputs that the Advanced safety option board has.

When you use a safe fieldbus, you must install an option board that supports the fieldbus.
See chapter 8 Safe fieldbuses.

The Fig. 1 below shows the configuration of the AC drive with the Advanced safety option
board in slot C. The safe fieldbus and the closed-loop control are optional. The possible
configuration and available features may depend on other option boards and their installation
slots. See 4.6.4 Encoders for use cases with other encoder board installed in slot C.
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VACON® Loader

SLOT A

Basic I/O

Encoder

Safety PLC or other safety systems

Motor

Power 
Unit

STO 
option 
board

STO

Encoder 
signals

Digital 
I/O

Safe 
fieldbus

Advanced 
safety 
option 
board

Fieldbus 
board

SLOT B SLOT C SLOT D SLOT E

NCDrive VACON® Safe
PC

Drive

Control Board

Fig. 1: An example configuration of the NXP drive with the Advanced safety option board. The sub-
systems that handle safety actions are marked in grey.

The parameterisation of the option board is done by selecting and editing the safety functions
and features with the VACON® Safe tool. See chapters 6 VACON® Safe tool and 9 Parameter 
list.

4.2 THE SAFE STATE

There needs to be a safe state to which the system can be set when necessary. Usually the
safe state is reached when the AC drive does not generate torque to the motor shaft. In the
Advanced safety option board this is realised by the Safe Torque Off (STO) safety function.

In some systems the active STO function in the AC drive does not create a safe state. It
means that external forces can generate torque to the motor shaft and cause it to rotate. To
achieve the safe state in these systems, additional means are necessary. For example, it is
possible to use the STO function and a mechanical brake. The brake can be used with the
Safe Brake Control (SBC) safety function of the Advanced option board, or with another safe
control system for the brake.

The Advanced safety option board forces the AC drive to the safe state, for example, if there
is an error detected in the safety system. Other situations when the safe state is enforced
are, for example, the parameterisation phase and during the start-up of the drive.
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4.3 INTEGRATION AND INTERFACES TO OTHER SYSTEMS

When the Advanced safety option board is integrated to a safety system, the system
designer and/or the operator is responsible for these things:

• Making an initial system-level risk assessment and reassessing the system any time a
change is made.

• The setup and suitability of parameters, sensors and actuators used in the system.
• Validation of the system to the correct safety level.
• Maintenance and periodic testing
• Controlling the access to the system, including password handling.

External systems can collect information from the Advanced safety option board in a few
different ways.

The option board related fault and violation information is available in the fault log of the AC
drive like other faults. This data must be interpreted differently to the fault data of the AC
drive, see chapter 13 Fault tracing.

The option board has configurable outputs where desired information can be set to be sent to
external systems.

The status data can be received over a safe fieldbus.

4.4 DETERMINING THE ACHIEVED SAFETY LEVEL

CAUTION!

This chapter is an example and contains simplifications. To prevent damage to the
equipment, do not use this chapter as a template for designing your system.

The achieved safety level depends on the whole safety chain. The AC drive with integrated
safety functions is only one component in the safety chain.

The things related to the AC drive that have an effect on the achieved safety level

• The used speed measurement combination.
• The implementation of the violation response and of the fault response. In most cases it

is realised via the STO option board (the OPTAF option board for the VACON® NX
products).

The components of the safety chain that have an effect on the achieved safety level

• The controllers (for example, the safety PLC) that control the safety functions
• The stop switches
• The wiring

EXAMPLE

Implementation of the STO safety function, consisting of these subsystems.
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• Emergency stop switch: Pilz PIT es Set/1-family using two N/C contacts. B10d = 104 000
(EN ISO 13849-1) and λd/ λ = 0,20 (EN IEC 62061) for one channel.

• The OPTAF option board, version VB00328H. A two-channel STO option board for the NX
family.

• The Advanced safety option board OPTBL.

NOTE!

Check the corresponding product manuals for the safety values and usage
instructions.

Emergency 
stop switch 

(SIL3, 
PLe)

OPTBL 
(SIL3, PLe, 

Cat 4)

OPTAF & 
AC drive 

(SIL3, PLe, 
Cat 3)

Stop (STO) request

Stop (STO) request

STO

STO

Channel 1

Channel 2

Fig. 2: A logical presentation of the STO safety function

In this example case, the STO function has one activation per day, and a lifetime of 20 years.
For the emergency stop switch, β = 10% is used as the susceptibility to common cause failure
between the channels. No proof test is executed during the lifetime. The example system is
limited to Category 3 because the Category 3 element OPTAF option board is used as a single
final element.

Table 3: An example of system level calculations for the STO safety function

Subsystem SIL, PL PFHd PFDavg DCavg [%] MTTFd [a]

Emergency stop
switch

SIL3, PLe 4.2 x 10-9 1) 3.7 x 10-4 2) 90 3) 2849.3 4)

OPTBL SIL3, PLe 6.45 x 10-11 5.61 x 10-6 99 373

OPTAF SIL3, PLe 2.7 x 10-9 1.3 x 10-4 60 5) 1918

Overall safety
system (for STO)

SIL3, PLe 6.94 x 10-9 7) 5.06 x 10-4 8) 74 9) 281 6)

1) = This value is calculated directly from the values provided by the manufacturer. The
diagnostic capabilities of OPTBL have not been taken into account. The calculation formula:
PFHd = (1- β)2 x λch1 x λch2 x T1 + β x (λch1 + λch2)/2, where λch = (0.1 x cycles per hour) / B10d).

2) = The calculation formula: PFDavg = (PFHd x TM)/2.

3) = The OPTBL executes "Cross monitoring of inputs without dynamic test", DC: 0%...99%,
depending on how often a signal change is done by the application. A DC of 90 % is assumed
with the once a day activation.
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4) = The calculation formula: MTTFd = B10d / (0.1 x cycles per year).

5) = OPTAF manual: DCavg = low, using the lower end of the possible range (60%...90%)

6) = According to EN ISO 13849-1, the MTTFd must be limited to a maximum limit of 100 years
per channel. The calculation formula:

7) = Sum of the individual PFHd values.

8) = Sum of the individual PFHavg values.

9) = The calculation formula:

NOTE!

When designing systems according to IEC-61508, the requirement for the value of
the Safe Failure Fraction (SFF) is considered on subsystem level, not on system
level.

4.5 VACON® ADVANCED SAFETY OPTION VARIANTS

4.5.1 GENERAL INFORMATION
Newer versions of the Advanced Safety Option have extended slot compatibility. The table
below describes the supported slots for different revisions of the option board. The
compatibility is determined by the revision of the board 70CVB01938. See Fig. 3 for the
location of the revision information.

Option board revision
(70CVB01938)

Slot C Slot D Slot E

C, E - Yes -

F Yes Yes Yes
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Fig. 3: The board identification sticker on the Advanced safety option board

The Advanced safety option board contains a safe digital I/O for the control and status word
signals.

The available connectors of the Advanced safety option board

• 4 two-terminal digital inputs
• 2 two-terminal digital outputs
• 2 STO outputs
• +24 V supply
• GND

You can use the digital inputs for selecting ramps and for activating, acknowledging, and
resetting safety functions. The two-terminal digital outputs can be used as output signals of
the SBC or the SSM function, or configured by combining various signals of the option board.

If a connected device is powered by an external power supply, make sure that there is
common ground between the device and the Advanced safety option board.

NOTE!

The digital outputs use internal diagnostic test pulses to make sure the output logic
operates correctly. These test pulses are visible to external systems. See chapter
12 Technical data.

4.5.2 INPUT CONFIGURATION
The 4 two-terminal digital inputs operate in a two-terminal equivalent mode: the state of
both terminals must match each other within a discrepancy time (see chapter 12 Technical 
data).
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Table 4: The input states

Input terminal A Input terminal B State

Active Active The assigned safety function is not reques-
ted.

Active Inactive The assigned safety state is requested. If
longer than 500 ms: the option board
detects a fault.

Inactive Active The assigned safety state is requested. If
longer than 500 ms: the option board
detects a fault.

Inactive Inactive The assigned safety function is requested.

You can assign these tasks to each of the digital inputs

• the request of a safety function
• the acknowledgement signal
• the reset signal
• the proximity sensor

You can assign 1 task per digital input. The exception are the acknowledgement signal and
the reset signal which can be assigned to the same input.

NOTE!

If proximity sensors are used, it is not possible to assign safety function features to
the corresponding inputs. See chapter 4.6.5 Proximity sensors.

4.5.3 OUTPUT CONFIGURATION
The 2 two-terminal digital outputs operate in a two-terminal equivalent mode: the state of
both terminals must match each other within a discrepancy time (see chapter 12 Technical 
data). The external system or systems should make sure that the two terminals are in the
same state.

You can assign these tasks to each of the digital outputs

• the SSM function output
• the SBC function output
• simple custom logic

For more information on the SSM and the SBC function outputs, see chapters 7.2.2.3 The STO 
function used with the SBC function and 7.3.5.3 The SSM safe output.

To configure the simple custom logic for an output, select a logical function and desired
signals from a configuration group. The option board will use the selected signals and apply
the selected logical function to determine the state of the output.
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1. Select the group that contains the desired signal or signals.
2. Select the logical function to combine the selected signals.
3. Select the signal or signals.

If you select only 1 signal: AND or OR (regardless of which): output = signal. NAND or NOR
(regardless of which): output = negative signal.

See the examples below for signal and output correspondence.

The available logical functions

• AND
• OR
• NAND
• NOR

You can select only 1 logical function per output.

Table 5: The available signals in configuration groups

Group 1 and Group 5 Group 2 and Group 6 Group 3 and Group 7 Group 4 and Group 8

STO Reached
SS1 Reached
SS2 Reached
SQS Reached
SOS Reached
SBC Reached
STO and SBC Reached

SLS 1 Reached
SLS 2 Reached
SLS 3 Reached
SSR Reached
SMS Reached
SSM Reached
SSM Above Max Limit
SSM Below Min Limit

STO Active
SS1 Active
SS2 Active
SQS Active
SLS 1 Active
SLS 2 Active
SLS 3 Active
SSR Active
SMS Active
SSM Active

Warning in any safety
function
Limit violation fault in any
safety function

During operation the option board will use the selected signals and apply the selected logical
function to determine the state of the output. If the result of the logical function on the actual
state of the selected signals is "true", the output is active. If the result is "false", the output is
inactive.

EXAMPLE 1 (USING GROUP 2):

Selected signals: SLS 1 Reached, SSM Below Min Limit
Logical function: OR
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State of the signals SLS 1 Reached = 0
SSM Below Min Limit = 0

SLS 1 Reached = 0
SSM Below Min Limit = 1
(or vice versa)

SLS 1 Reached = 1
SSM Below Min Limit = 1

Result of the logical
function

0 OR 0 -> false 0 OR 1 -> true 1 OR 1 -> true

State of the output Inactive Active Active

EXAMPLE 2 (USING GROUP 2):

Selected signals: SLS 1 Reached
Logical function: NOR

State of the signals SLS 1 Reached = 0 - SLS 1 Reached = 1

Result of the logical
function

0 NOR 0 -> true - 1 NOR 1 -> false

State of the output Active - Inactive

EXAMPLE 3 (USING GROUP 2):

Selected signals: SLS 1 Reached, SSM Below Min Limit
Logical function: AND

State of the signals SLS 1 Reached = 0
SSM Below Min Limit = 0

SLS 1 Reached = 0
SSM Below Min Limit = 1
(or vice versa)

SLS 1 Reached = 1
SSM Below Min Limit = 1

Result of the logical
function

0 AND 0 -> false 0 AND 1 -> false 1 AND 1 -> true

State of the output Inactive Inactive Active

EXAMPLE 4 (USING GROUP 2):

Selected signals: SLS 1 Reached, SSM Below Min Limit
Logical function: NAND

State of the signals SLS 1 Reached = 0
SSM Below Min Limit = 0

SLS 1 Reached = 0
SSM Below Min Limit = 1
(or vice versa)

SLS 1 Reached = 1
SSM Below Min Limit = 1

Result of the logical
function

0 NAND 0 -> true 0 NAND 1 -> true 1 NAND 1 -> false

State of the output Active Active Inactive
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4.5.4 OPTION BOARD OPTBL
Use the Advanced safety option board OPTBL when no encoder is used to measure the speed
of the motor shaft.

1 3 5 7 9
2 4 6 8

11 13 15 17
12 14 16 1810

A B

Fig. 4: The terminals of the OPTBL option board

A. Terminals X3 B. Terminals X4

1. STO 1. STO terminal 1 +24 V. 11. Din 1A. Terminal A of digital input 1.

2. STO 2. STO terminal 2 +24 V. 12. Din 1B. Terminal B of digital input 1.

3. GND. 13. Din 2A. Terminal A of digital input 2.

4. GND. 14. Din 2B. Terminal B of digital input 2.

5. Dout 1A. Terminal A of digital output 1. 15. Din 3A. Terminal A of digital input 3.

6. Dout 1B. Terminal B of digital output 1. 16. Din 3B. Terminal B of digital input 3.

7. Dout 2A. Terminal A of digital output 2. 17. Din 4A. Terminal A of digital input 4.

8. Dout 2B. Terminal B of digital output 2. 18. Din 4B. Terminal B of digital input 4.

9. +24 V. +24 V supply for external logic.

10. GND.

4.5.5 OPTION BOARD OPTBM
The OPTBM option board is similar to the OPTBL option board, but in addition, the OPTBM
option board has a digital pulse TTL/HTL type encoder interface board attached to it.

The digital pulse type encoder interface board is used to connect encoders with digital
signals to the OPTBM option board. The option board supports encoders with Transistor-
Transistor Logic (TTL) and High Threshold Logic (HTL) type signals. Make sure that the used
type is correctly set during parameterisation.
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The digital pulse type encoder interface board is designed for HTL encoders with a voltage
output type of push-pull.

From revision F onwards, the OPTBM (70CVB01957) board enables the use of closed-loop
control. To use closed-loop control, the OPTBM board must be installed in slot C. For further
information, see 4.5.7 Closed-loop control with OPTBM.

1

C D

2 3 4 5 6 9 10 11 12 13 147 8

A B

Fig. 5: The terminals of the digital pulse type encoder interface board

C. Encoder input terminals X5 D. Encoder output terminals X6

1. Encoder voltage. Configurable encoder
voltage.

9. A+. Unmodified encoder signal loop-back.

2. GND. 10. A-. Unmodified encoder signal loop-back.

3. A+. Terminal A of digital pulse signal. 11. B+. Unmodified encoder signal loop-
back.

4. A-. Terminal A of digital pulse signal. 12. B-. Unmodified encoder signal loop-
back.

5. B+. Terminal B of digital pulse signal. 13. Z+. Unmodified encoder signal loop-back.

6. B-. Terminal B of digital pulse signal. 14. Z-. Unmodified encoder signal loop-back.

7. Z+. Reference signal, optional. B. Terminals X4 (See Fig. 4.)

8. Z-. Reference signal, optional.

A. Terminals X3 (See Fig. 4.)
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4.5.6 OPTION BOARD OPTBN
The OPTBN option board is similar to the OPTBL option board, but in addition, the OPTBN
option board has a Sin/Cos type encoder interface board attached to it.

The Sin/Cos type encoder interface board is used to connect an encoder with analogue sinus
and cosine signal to the OPTBN option board.

From revision E onwards, the OPTBN (70CVB01958) board enables the use of closed-loop
control. To use closed-loop control, the OPTBN board must be installed in slot C. For further
information, see 4.5.8 Closed-loop control with OPTBN.

1

C D

2 3 4 5 6 9 10 11 12 13 147 8

A B

Fig. 6: The terminals of the Sin/Cos type encoder interface board
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C. Encoder input terminals X7 D. Encoder output terminals X8

1. Encoder voltage. Selectable encoder
voltage.

9. Sin+. Unmodified encoder signal loop-
back.

2. GND. 10. Sin-. Unmodified encoder signal loop-
back.

3. Sin+. Sinus terminal of analogue pulse
signal.

11. Cos+. Unmodified encoder signal loop-
back.

4. Sin-. Sinus terminal of analogue pulse
signal.

12. Cos-. Unmodified encoder signal loop-
back.

5. Cos+. Cosine terminal of analogue pulse
signal.

13. Z+. Unmodified encoder signal loop-back.

6. Cos-. Cosine terminal of analogue pulse
signal.

14. Z-. Unmodified encoder signal loop-back.

7. Z+. Reference signal, optional. B. Terminals X4 (See Fig. 4.)

8. Z-. Reference signal, optional.

A. Terminals X3 (See Fig. 4.)

4.5.7 CLOSED-LOOP CONTROL WITH OPTBM
The OPTBM board can be used to realise closed-loop control. To use closed-loop control
with OPTBM check that:

• the OPTBM revision supports closed-loop control.
• the OPTBM board is installed in slot C.

When using closed-loop control with OPTBM, consider the following features or differences
compared to the other encoder boards used for closed-loop control:

• The value of Pulse/revolution (normally shown as P7.3.1.1) used for closed-loop control
is copied from the parameterisation of the Advanced Safety Option. It cannot be edited
independently.

• The parameter Reading Rate (shown as P7.3.1.3.1) can be edited normally.
• Parameter Invert Direction (normally shown as P7.3.1.2) is not supported or shown.

Value "0 = No" is always used.
• Parameter Encoder Type (normally shown as P7.3.1.4) is not supported or shown. Value

"1 = A, B = speed" is always used.
• The qualifier input ENC1Q is not included in OPTBM.
• The fast digital input DIC4 is not included in OPTBM.
• The encoder must use differential signals. Single-ended encoders are not supported.
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4.5.8 CLOSED-LOOP CONTROL WITH OPTBN
The OPTBN board can be used to realise closed-loop control. To use closed-loop control with
OPTBN check that:

• the OPTBN revision supports closed-loop control.
• the OPTBN board is installed in slot C.

When using closed-loop control with OPTBN, consider the following features or differences
compared to the other encoder boards used for closed-loop control:

• The value of Pulse/revolution (normally shown as P7.3.1.1) used for closed-loop control
is copied from the parameterisation of the Advanced Safety Option. It cannot be edited
independently.

• The parameter Reading Rate (shown as P7.3.1.3.1) can be edited normally.
• Parameter Invert Direction (normally shown as P7.3.1.2) is not supported or shown.

Value "0 = No" is always used.
• The parameter Interpolation (normally shown as P7.3.1.4) is not supported. Value "0 =

No" is always used.

4.6 SPEED MEASUREMENT

4.6.1 SAFETY SPEED SENSORS

The speed measurement methods supported by the Advanced safety option board:

• Sin/Cos encoder
• Digital pulse encoder (TTL or HTL)
• Proximity sensor

For parametric information, see chapter 9.1.3 Speed measurement parameters.

When you use speed sensors that are certified, the sensors can be used to implement safety
functions up to the safety level stated in the certificate. To use these speed sensors, make
sure that the sensor monitoring executed by the option board fulfils the requirements that
the sensor has for the speed monitoring device. For the monitoring executed by the Advanced
safety option board, see chapter 4.6.6 Encoder signal verification.

4.6.2 STANDARD SPEED SENSORS AND COMBINATIONS

The speed measurement methods supported by the Advanced safety option board:

• Sin/Cos encoder
• Digital pulse encoder (TTL or HTL)
• Proximity sensor

For parametric information, see chapter 9.1.3 Speed measurement parameters.

The option board can be used with standard speed sensors. The table below shows the
maximum achievable safety levels for combinations of different speed sensors without
certificate.

In addition to speed sensors, it is possible use estimated speed from the control board of the
AC drive as a second channel for speed measurement diagnostics.

VACON · 38 OVERVIEW OF THE SYSTEM 

4 LOCAL CONTACTS: HTTP://DRIVES.DANFOSS.COM/DANFOSS-DRIVES/LOCAL-CONTACTS/



Calculate and take into account the relevant safety values for the encoder when you assess
the fulfilment of the requirements for the targeted safety level(s). The relevant safety values
include these values:

• PFH
• Category
• Performance level

See 4.6.6 Encoder signal verification for the diagnostic coverage for the encoder.

Table 6: Achievable safety levels when using speed sensors without certificate

Safety
function

Sin / Cos Digital
Pulse +
estimated
speed

2 x
Proximity
sensor

Proximity
sensor +
estimated
speed

Sin/Cos +
proximity
sensor

Digital
Pulse +
proximity
sensor

Any other
combinatio
n

STO (+SBC) SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SS1 SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SS2, SOS SIL 2 PLd
Cat3 - - - SIL 2 PLd

Cat3 - -

SQS-STO SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SQS-SS1 SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4

SQS-SS2 SIL 2 PLd
Cat3 - - - SIL 2 PLd

Cat3 - -

SLS SIL 2 PLd
Cat3

SIL 2 PLd
Cat2

SIL 3 PLe
Cat4

SIL 2 PLd
Cat2

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4 -

SMS SIL 2 PLd
Cat3

SIL 2 PLd
Cat2 1)

SIL 3 PLe
Cat4 2)

SIL 2 PLd
Cat2 1)

SIL 3 PLe
Cat4 2)

SIL 3 PLe
Cat4 2) -

SSM SIL 2 PLd
Cat3

SIL 2 PLd
Cat2

SIL 3 PLe
Cat4

SIL 2 PLd
Cat2

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4 -

SSR SIL 2 PLd
Cat3

SIL 2 PLd
Cat2

SIL 3 PLe
Cat4

SIL 2 PLd
Cat2

SIL 3 PLe
Cat4

SIL 3 PLe
Cat4 -

1) = Only if the monitored limits to both directions are set to the same value or both values
are greater than the value of Allowed Deviation of Speed Sources.

2) = Only if the monitored limits to both directions are set to the same value.
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NOTE!

The table above gives the maximum SIL, PL, and Cat levels that can be achieved
with a combination. Other factors than speed measurement can be the limiting
factor on system level. For example, either SIL 2 or SIL 3 can be achieved with the
OPTAF STO option board as a single final element. See the OPTAF STO User Manual
for further information.
NOTE!

For non-safe Sin/Cos encoders, it is required in the table above that the encoder is
implemented in analogue design. The fault model "Exchange of Sin and Cos signal
inside the encoder" must be excluded.
NOTE!

Combinations that are not listed in the table above are not tested or supported, and
offer no increase to the claimed safety levels. It can still be possible to use unlisted
combinations. Regardless of the used speed measurement combination, it is the
responsibility of the system designer to make sure that the used combination is
adequate and sufficient.
NOTE!

When you use multiple speed sources, the monitored limit of a safety function must
not be set below the value of Allowed Deviation of Speed Sources.

4.6.3 SPEED DISCREPANCY WITH MULTIPLE SPEED SOURCES
When you use multiple speed sources, for example, a Sin/Cos encoder and a proximity
sensor, or estimated speed and a speed sensor, the speed values measured by these
sensors must be within the allowed deviation of each other.

There is new behavior in the software version FW0281 V004: the reaction to exceeding the
deviation is dependent on the request for safety functions. If a safety function is requested,
the reaction is a fault and STO will be activated. If no safety function is requested, the
reaction is a warning and STO will not be activated. This enables continuing the process and
stopping at an acceptable and safe position. It is also possible to start a single drive in
already running process where there is a difference in estimated speed and encoder speed
before the drive enters run mode, that is, a "flying start" situation.

WARNING!

When the warning for speed difference is active, the safety system cannot
guarantee that the speed measuring capability is sufficient. Running in this mode
should be kept to minimal, for example to only start the motor in "flying start"
situation or to continue to a safe position.

If running the motor in this situation cannot be accepted, a possible solution is to use the
Safe Speed Monitor (SSM) safety function. It can be set to "Always active" mode. So, the
safety function is always requested and the reaction to speed discrepancy is always fault and
STO. This is the same as the behavior in the previous software version (FW0281 V003 and
older).
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The value for the allowed deviation between the speeds can be set during parameterisation.
A formula for a recommended value with a speed sensor and estimated speed can be found
in chapter 4.6.8  Estimated speed.

4.6.4 ENCODERS
The encoder interface boards of the Advanced safety option board have two connector sets.
The cables from an encoder are connected to one connector set. The other connector set
provides the encoder signals as output that can be connected to other devices that use the
encoder data, for example the standard encoder board that is used to realise the closed-loop
control. The Advanced safety option board transmits the signals from the encoder to the
other connector set without any modification.

NOTE!

When you use speed sensors for the safety functions, it is possible that the AC drive
operates in open loop or closed-loop control. When closed-loop control is used, a
closed-loop enabling option board must be used in slot C. This can be either a
separate encoder board or the Advanced Safety Option.
NOTE!

When you use speed sensors without SIL claims, estimated speed from the AC
drive can be used as a second independent channel to fulfil the requirements of
safety standards. See chapter 4.6.2 Standard speed sensors and combinations.
NOTE!

The encoder signals consist of two separate channels (e.g. sinus and cosine). Do
not change the order or modify the channels before connecting them to the
Advanced safety option.

When the Advanced Safety Option is used for closed-loop control, it must be installed in slot
C. Connect the encoder cables to the board normally.

When closed-loop control is used with a separate encoder board, connect the SinCos / Digital
pulse signal cables of the encoder to the encoder interface board of the Advanced safety
option board. Connect also the encoder interface board to the encoder board in slot C. The
encoder board implements the closed-loop control by using the encoder interface board to
receive feedback. See the figure below.
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SinCos / Digital pulse

Encoder 
Board

Advanced 
safety 
option 
board

SLOT C SLOT D

Drive

Control Board

Encoder

SinCos / Digital pulse signals

Fig. 7: Encoder signals in closed-loop control

When you use an absolute encoder, the cables for the absolute data are connected directly to
the encoder board id slot C. The SinCos / Digital pulse signal cables are connected to the
Advanced safety option board and from there to the option board in slot C.

Absolute
Encoder

SinCos / Digital pulse

SinCos / Digital pulse signals

Absolute
Encoder 
Board

Absolute 
Data

Advanced 
safety 
option 
board

SLOT C SLOT D

Drive

Control Board

Fig. 8: Absolute encoder signals in closed-loop control

This configuration enables the use of absolute encoder with position data for control. The
safety functions are implemented without the absolute data, and the safety functions with
position monitoring are monitoring the relative position based on the incremental signals
from the encoder.
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Encoder
SinCos / Digital pulse signals

No
Encoder 
Board

Advanced 
safety 
option 
board

SLOT C SLOT D

Drive

Control Board

Fig. 9: Open loop control without an encoder board in slot C

Because of EMC reasons, the last component that handles the encoder signals should have a
termination resistor when you use Sin/Cos or TTL type encoders. The termination resistor
enhances the quality of the signals. If there are no components on the encoder signal chain
after the Advanced safety option board, the termination must be on the Advanced safety
option board.

If the Advanced safety option board transmits the encoder signals to the encoder board in
slot C, use termination on the encoder board and not on the Advanced safety option board.
This applies to the cases in Fig. 7 and Fig. 8. It also applies to other possible components that
handle the encoder signals.

Do not use multiple termination resistors. Configure the termination resistor during the
parameterisation of the Advanced safety option board.
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2

1

150 Ω

Encoder

Subsequent logic

Advanced safety option board
TTL: A+, B+, Z+
Sin/Cos: Sin+, Cos+, Ref+

TTL: A-, B-, Z-
Sin/Cos: Sin-, Cos-, Ref-

Fig. 10: Using termination resistors, resistor 1 or resistor 2

The use of resistor on the Advanced safety option board is selected during parameterisation.

Table 7: Termination resistor usage

Encoder type Encoder signal loop-back used Termination resistor on the
Advanced safety option board used

TTL or Sin/Cos No Yes

TTL or Sin/Cos Yes No

HTL Any Use of a termination resistor is not
required

4.6.5 PROXIMITY SENSORS
It is possible to connect two proximity sensors to the safe I/O of the Advanced safety option
board. The option board supports only the 4-wire PNP type proximity sensors. A proximity
sensor must supply two signals, a normal and an inverted signal, to the Advanced safety
option board.

When you use one proximity sensor, connect it to the digital input 1 of the safe I/O. If you add
a second proximity sensor, connect it to the digital input 2. The two proximity sensors must
be installed so that they have the same number of pulses per rotation.
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1 2
Din

A B

C D

11 13
12 14

Fig. 11: Connecting proximity sensors to the connectors of the option board
A. Terminals X3
B. Terminals X4
C. Terminals for the first proximity sensor

D. Terminals for the second proximity
sensor

The duty cycle (that is, the active-inactive signal ratio) of the proximity sensors is set during
the parameterisation. Setting the duty cycle to a value other than 50% (1:1 signal ratio)
decreases the supported maximum frequency of the proximity sensor signals. The Advanced
safety option board does not monitor that the actual duty cycle corresponds to the
parametrized value. The duty cycle must be set to an approximately correct value so that the
Advanced safety option board can correctly detect when the speed exceeds the supported
maximum frequency and trigger a fault. Otherwise the short pulses at high speed may not be
detected and the speed measurement may indicate too low a speed.

NOTE!

Use of ramp monitoring is not recommended when only proximity sensors are used
as speed sensor.

Due to the way the speed is calculated, it is not recommended to set the safety function
speed limits below a certain value. This value depends on the pulses per revolution of the
proximity sensor signal. A formula for calculation of the rpm value is 15000/ppr.

Table 8: Recommended minimum limits

Sensor ppr Minimum recommended speed limits (rpm)

1 15000

4 3750

8 1875

32 469
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4.6.6 ENCODER SIGNAL VERIFICATION
The Advanced safety option board verifies the correctness of the encoder signals.

During the operation of the option board, the encoders are supervised.

Supervision of all encoder types

• When two speed sources are used, they are cross-checked against each other.

Supervision of Sin/Cos type encoders

• The amplitude of the encoder signals is monitored to keep it within acceptable limits.
• Making sure that the encoder signals are in valid differential state (for example, Sin+ to

Sin-).
• Making sure that the sinus and cosine signals are in phase shift between the different

channels.
• The tests of the Sin/Cos encoder are equivalent to Sin2 (x) + Cos2 (x) = 1.

Supervision of Digital pulse type encoders

• Making sure that the encoder signals are in valid differential state (for example, A+ to
A-).

• Making sure that the signals are in phase shift between the different channels.

Supervision of proximity sensors

• Making sure that the proximity sensor signals are in valid differential state (for example,
A+, A-).

Diagnostic coverage for the encoder:

• Sin/Cos 99%
• Digital pulse 90%
• Proximity sensor 90%

NOTE!

In addition to the two differential channels used for speed measurement, a
reference signal (also called Zero/Z-pulse) can be used for additional supervision of
the correctness of the encoder signals. If the reference signal is parametrized to be
used, the total absence of the reference signal will be detected. The disconnection
of one of the differential signals might not be detected. In such cases the additional
supervision based on the reference signal is not lost.

The tests are done automatically when the motor rotates. To make sure that the correct
operation continues, the motor cannot be kept at standstil for longer than 30 days. In
practice, the conditions that are listed below must be valid for the standstill counter to reset.

When you use estimated speed

• Estimated speed is valid (that is, the AC drive is rotating the motor).
• Estimated speed and the speed measured by the encoder are greater than the allowed

deviation of the speed sources.
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When you do not use estimated speed

• The motor must be rotated for at least two revolutions with a speed above 120/k rpm,
where k is "encoder number of pulses" or "proximity sensor number of pulses",
depending on the used speed sensor. If an encoder and a proximity sensor are used, the
calculation must be valid for both.

4.6.7 USING A SINGLE SPEED SENSOR
When you use a single speed sensor, take into account these fault models. To prevent these
faults, plan the design and installation of your system carefully. For more information, see
the standard.

Table 9: Speed sensor fault models and their fault exclusions

Fault model as stated in EN IEC
61800-5-2

Fault exclusion as stated in EN IEC
61800-5-2 (Annex D Table D.16)

Comments

A loss of an attachment during
motion:

• sensor housing from motor
chassis

• sensor shaft from motor shaft
• mounting of the readhead

Prepare the Failure mode and
effects analysis (FMEA) and prove:

• permanent fastness for form-
locked connections

• fastness for force-locked con-
nections

In practise, the solution is over
dimensioning against the occur-
rence of the fault model.
The sufficient over dimensioning
factor depends on the connection
type and the fault model.
In case the drive operates in open
loop and the estimated speed is
also used, cross-check with the
estimated speed will detect the
fault in the encoder.
In closed loop with no external
accelerative forces, it is likely that
the fault will not be detected. In this
case, after the loss of the encoder,
the drive will either trigger a fault
or the speed of the motor will not
accelerate but will stabilize to a
speed value that corresponds to the
nominal slip of the motor.
See also the Operating instructions
of the encoder.

A loosening of an attachment dur-
ing motion:

• sensor housing from motor
chassis

• sensor shaft from motor shaft
• mounting of the readhead

A loss of an attachment during
standstill:

• sensor housing from motor
chassis

• sensor shaft from motor shaft
• mounting of the readhead

4.6.8 ESTIMATED SPEED
It is recommended to use two standard speed sensors or a single certified speed sensor.
When it is not possible, a standard speed sensor can be used with estimated speed
measured by the AC drive. The estimated speed is used as a second independent channel to
compare against the value of the speed sensor. Estimated speed is used for diagnostics only
and it will not trigger safety function limit violation on its own.

Estimated speed can be used with a digital pulse encoder or a proximity sensor. With a
Sin/Cos type encoder, the estimated speed offers no benefits because it is limited to SIL2
which an analogue Sin/Cos type encoder can fulfil alone.
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Estimated speed can be used with these safety functions

• The STO function
• The SS1 function
• The SQS function (in STO and SS1 mode)
• The SLS function
• The SSR function
• The SSM function
• The SMS function (when the SMS limits have the same value, or when the values of SMS

Limit Plus and SMS Limit Minus are greater than the value of Allowed Deviation of Speed
Sources)

Estimated speed cannot be used with these safety functions

• The SS2 function
• The SQS function (in SS2 mode)

NOTE!

Estimated speed with a speed sensor fulfils the safety requirements, but it is
possible that estimated speed is less accurate than a sensor, especially when
sudden changes occur in the load or the speed.
WARNING!

Estimated speed is calculated only when the drive is in RUN state, that is, when the
drive is operating. If external forces can cause acceleration to the motor when the
drive is not in RUN state, use, for example, external brakes to stop the motor and to
keep it in standstill.
WARNING!

If the drive operates in open loop control and there are external forces that can
cause acceleration to the motor, the drive can pull out (that is, the motor is not
under control). This situation can cause estimated speed to be invalid.
WARNING!

If only one encoder is used for safety monitoring and closed-loop control, make
sure that the fault model detachment of the encoder from the motor shaft is
analyzed. See 4.6.7 Using a single speed sensor.

When you use estimated speed, the speed value from an external speed sensor is compared
against the calculated value from the AC drive. If the two values differ from each other more
than the value of Allowed Deviation of Speed Sources, during a time set with Speed Deviation
Timer, a reaction as described in 4.6.3 Speed discrepancy with multiple speed sources is
executed. See Figure below.
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Speed difference > Allowed deviation of 
speed sources

Speed deviation timer

Speed deviation timer

Reaction

Speed difference > Allowed deviation of speed sources

Fig. 12: The speed difference of estimated speed and the speed measured by a sensor does not
stay within the set limits and causes a comparison fault

When the AC drive is not in RUN state, estimated speed is not calculated, and the motor is
assumed to be coasting to stop. During that time the comparison between estimated speed
and the speed measured by a sensor is not made. The comparison is activated again when
the value of Coast Stop Time passes, or once the speed of the encoder goes below the value
of Allowed Deviation of Speed Sources. If the speed sensor indicates rotation that is not
permitted by Allowed Deviation of Speed Sources, a fault appears. See Fig. 13.
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Coast Stop Time

Speed

RUN Not RUN Not RUN

Coast Stop

Drive State

Encoder Speed
Allowed Deviation 
of Speed Sources

t

Reaction

Allowed error 
monitoring

Speed deviation timer

Fig. 13: Estimated speed monitoring when the AC drive is not operating. A state "Not RUN" can be
caused, for example, by a fault or a stop command given to the AC drive.

To make sure that your system operates correctly and safely, set the value of Allowed
Deviation of Speed Sources separately for each application. Use this formula as a starting
point to find the optimal value for the parameter. It is possible that the formula does not give
correct values with motors that have a large nominal slip, for example small motors or
specially designed motors.

The Allowed Deviation of Speed Sources [rpm] =

where

To make sure that the system is safe, parameters Allowed Deviation of Speed Sources and
Speed Deviation Timer should be set to the smallest possible values with which the process
can operate without the comparison fault appearing too often. Setting parameter Speed
Deviation Timer to a greater value can give additional process availability but decrease the
response time of the safety system in fault situations.
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4.6.9 ESTIMATED SPEED AND GEAR SYSTEMS
Set the ratio between the speed measured by a sensor and estimated speed during
parameterisation of the option board. Estimated speed is calculated for the motor shaft. If
the speed sensor is not on the motor shaft and thus measures a different speed, the ratio
between the speeds must be set with parameters GearRatio Divider and GearRatio
Multiplier. The safety functions operate in the external speed sensor speed level. In practise,
the estimated speed calculated for the motor shaft is scaled to match to the external sensor
speed level.

See the parameters related to estimated speed in chapter 9.1.3 Speed measurement 
parameters.

4.6.10 ESTIMATED SPEED AND EXTERNAL ACCELERATIVE FORCES
If estimated speed is used in systems where the safe state is not the STO function alone,
analyse the consequences on system level. As estimated speed is not calculated when the AC
drive is not in RUN state, the safety system is dependent on the external speed sensor.
During a standstill only a single channel speed estimation is available. When external forces
can cause acceleration and torque to the motor and make the motor rotate, a mechanical
brake must keep the motor shaft stationary.

4.7 PARAMETER STORING

It is possible to store the parameters of the Advanced safety option board as a backup in
other locations. The different backup locations are handled in the control board of the AC
drive. Use the control panel of the AC drive to control the parameter backup.

Table 10: Parameter storing locations

Location Description Checks and restrictions

OPTBL
OPTBM
OPTBN

The currently used parameter file is always
saved on the option board.

In the start-up of the option board, the
option board does a check of the parame-
ter file to make sure that it is compatible.
The option board always does a check of a
new parameter file.

Control board of the
AC drive

The currently used parameter file is uploa-
ded to the control board during start-up
and after each change in the parameter
file. The parameter file is not stored per-
manently.
To store the parameter file permanently in
the control board as a backup, use the con-
trol panel.

The control board does a check of the CRC
of the uploaded or stored parameter file to
make sure that it is correct, but does not
do a check of the compatibilty of the
parameter values.

PC The parameter files should be stored on
the PC and in the version control or
another system that is used to handle the
configurations used on the field.

VACON® Safe creates unverified parame-
ter files and stores verified parameter files
"as is" without modifications to the safety
critical and CRC protected area.
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For more information on the PC tool VACON® Safe or the parameter file, see chapter 6 
VACON® Safe tool.

The handling of the parameter file backup on the control board is not a safety critical feature,
and it is the responsibility of the operator to use the correct parameters for the Advanced
safety option board. A verified parameter file that is read from a backup to the option board
will be accepted and taken into use. If the parameter file does not correspond to the actual
configuration, for example, if it has a different encoder parameterised than what is
supported by the used encoder interface board, the option board will not allow the STO
function to be deactivated.

Advanced 
safety option 

board

Control panel

PC tool PC

Parameter file

Control Board

Location select
Save/Restore

Control board 
back-up

Fig. 14: The backup locations of the parameter file and their control

NOTE!

Only compatible parameter files are taken into use on the option board. If the data
in the backup location is faulty and sent to the option board, the option board will
detect the faultiness. The STO function stays active until a valid parameter file is
provided.

STORING A PARAMETER FILE BACKUP

1 Find parameter P7.4.1.1.3 Save Backup To under
the menu group G7.4.1.1 Config Settings.

2 Select a backup location with parameter P7.4.1.1.3.
3 Make sure that the parameter file backup was

stored successfully.
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a) Make sure that the parameter file is also
stored on the PC.

b) Do factory reset for the Advanced safety option
board.

c) Do a parameter restore from the backup
location.

RESTORING A PARAMETER FILE FROM A BACKUP

NOTE!

When you restore the parameter file from backup, the passwords are reset to the
default.

1 Find parameter P7.4.1.1.4 Load Backup From
under the menu group G7.4.1.1 Config Settings.

2 Select a backup location with parameter P7.4.1.1.4.
3 Make sure that the restored parameter file is

accepted by the Advanced safety option board.
4 Make sure that the restored parameter file is the

correct file.

a) Load and view the parameter file on VACON®

Safe.
b) Do a check of the parameter file CRC on the

control panel.
c) Do a check of the used safety functions on the

control panel.
d) Do a check of the parameter file creator and

date on the control panel.
5 Set the passwords to the intended values if

necessary.

4.8 VACON® ADVANCED SAFETY OPTIONS WITH THE NXP DRIVE

4.8.1 REQUIREMENTS
To use the Advanced safety option board with the VACON® NXP AC drive, obey these
requirements.

Table 11: Required drive component versions

Component Version Comment

The control board of NXP AC
drive

Hardware: VB00761 B or
newer
Software: NXP00002V198 or
newer

The STO and ATEX option
board (OPTAF)

Hardware: VB00328 E or
newer

Check the safety levels of STO in the product
manual.
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When you use a safe fieldbus, see also chapter 8 Safe fieldbuses for the fieldbus related
requirements.

Table 12: The PC tools that can be used with the option board

PC tool Version Comment

NCDrive 2.0.29 or newer You can use older versions than this, but they
do not show correctly the details of safety
related faults.

VACON® Loader 1.1.12.0 or newer The tool is used to update the option board
firmware.

VACON® Safe 1.0.2.0 or newer The tool is used to parameterise and monitor
the option board. See chapter 6 VACON® Safe 
tool.

4.8.2 COMPATIBILITY WITH DRIVE APPLICATIONS
The safety monitoring in the Advanced safety option board is independent of the drive
application and of the methods used to control the AC drive to fulfil the monitored limits. The
monitoring is always executed the same way. Violations of safety limits result in the set
responses in the option board.

The option board can be used with any drive application. Older drive applications do not
monitor or react to the safety system data. When you use a such drive application, the AC
drive must be monitored and controlled by external systems for the AC drive to operate
within the limits set by the safety functions.

For example, the drive application can ramp down and limit the speed to a safe value when
the Safe Limited Speed (SLS) function is activated. Refer to the Vacon NX All-in-One
Application Manual for more information.

NOTE!

While it is possible to use any drive application with the Advanced safety option
board, some applications cannot operate correctly with the option board added to
the system. In such cases the application should be updated.

The drive applications that are aware of the Advanced safety option board and able to use the
related data can be used. A such drive application can keep the AC drive within the limits set
by the safety functions.
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Drive application

- Execution of ramp stops
- Realisation of speed limit
- Process-specific actions

Control board firmware

- Communication with the option board
- Basic handling of faults and warnings

Advanced safety option board

- Handling of safe I/O and safe fieldbus
- Monitoring of safety functions

Fig. 15: Basic tasks of the option board and the control board firmware, and the optional tasks of
the drive application

4.8.3 OPTION BOARD MENU ON THE CONTROL PANEL
When the Advanced safety option board is used, use the menu M7 Expander boards on the
control panel of the AC drive to control the option board and to read status data. It is possible
to reset the option board passwords, do a factory reset, and control of the parameter file
backup. The status data includes the identification data for the parameter file, certain
parameter values of the parameter file, and the run time monitoring data.

The option board menu structure can be seen in Fig. 16, and all the values are described in
the tables below. The figure and tables are for installation in slot D.For other slots the
indexes are different. For example, G7.4.1 Parameters is G7.3.1 Parameters in slot C.
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M7 Expander boards
G7.4 OPTBL/OPTBM/OPTBN

G7.4.1 Parameters

G7.4.2 Monitor

G7.4.1.1 Config Settings

G7.4.2.1 Safety Functions

G7.4.2.2 Digital I/O

G7.4.2.3 Encoder

G7.4.2.4 PROFIsafe

G7.4.2.5 File Info

G7.4.2.6 Diagnostics

G7.4.1.2 Fault Settings

G7.4.1.3 Encoder

Fig. 16: The menu structure of the menus related to the Advanced safety option board

Table 13: Config Settings group (G7.4.1.1)

Index Parameter Min Max Unit Default ID Description

P7.4.1.1.1 Password Reset 0 1 0 0 = No action
1 = Reset

P7.4.1.1.2 Factory Reset 0 1 0 0 = No action
1 = Reset

P7.4.1.1.3 Save Backup To 0 1 0
0 = No action
1 = Control unit
2 = Keypad *

P7.4.1.1.4 Load Backup From 0 1 0
0 = No action
1 = Control unit
2 = Keypad *

* = Back-up to keypad requires a newer keypad unit with extended storage capability.
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Table 14: Fault settings (G7.4.1.2)

Index Parameter Min Max Unit Default ID Description

P7.4.1.2.1 SafetySystem flt 0 2 0

Selects the control
board firmware
response for fault code
20.
0 = "Default", F20 acti-
vated as fault or warn-
ing depending on the
case (application may
decrease the reporting
level, e.g. fault ->
warning)
1 = "Warning", F20
activated as alarm
2 = "No Action", F20
not activated

P7.4.1.2.2 SafeF indication 0 2 0

Selects the control
board firmware
response to safety
function status
changes.
0 = "Default",
F46/F47/F48 activated
as alarm (application
may decrease the
reporting level, e.g.
warning -> no action)
1 = "Violat only", F48
activated as alarm,
F46/F47 not activated
2 = "No Action",
F46/F47/F48 not acti-
vated

The following menu group is accessible only when the Advanced safety option board is
installed in slot C.

Table 15: Encoder (G7.4.1.3)

Index Parameter Min Max Unit Default ID Description

P7.4.1.3.1 Reading Rate 0 4 1

Time used to calculate
actual speed value.
Note: Use value 1 in
closed loop mode.
0 = No
1 = 1 ms
2 = 5 ms
3 = 10 ms
4 = 50 ms
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Table 16: Safety Functions group (G7.4.2.1)

Index Parameter Min Max Unit Default ID Description

V7.4.2.1.1 STO Shows the status of the
safety function.
Not in use = The func-
tion is not taken into
use in the parameter
file.
Inactive = The safety
function is not reques-
ted.
Requested = The safety
function is requested.
Active = The safety
function is active. (The
signal xxx Active is "1".)
Reached = The safety
function is reached.
(The signal xxx
Reached is "1".)

V7.4.2.1.2 SS1

V7.4.2.1.3 SS2

V7.4.2.1.4 SQS

V7.4.2.1.5 SSR

V7.4.2.1.6 SLS 1

V7.4.2.1.7 SLS 2

V7.4.2.1.8 SLS 3

V7.4.2.1.11 SSM

V7.4.2.1.12 SMS

V7.4.2.1.14 SOS

V7.4.2.1.15 SBC

Table 17: Digital I/O group (G7.4.2.2)

Index Parameter Min Max Unit Default ID Description

V7.4.2.2.1

DI1
DI2
DI3
DI4

Shows the logical value
of the option board dig-
ital input. Updated only
for inputs that have
safety functions
assigned.
0 = The input is inactive
1 = The input is active
- = The input is not
used

V7.4.2.2.2 DO1
DO2

Shows the logical value
of the option board dig-
ital output.
0 = The output is inac-
tive
1 = The output is active
- = The output is not
used
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Table 18: Encoder group (G7.4.2.3)

Index Parameter Min Max Unit Default ID Description

V7.4.2.3.1 Encoder Type

Shows the encoder
type specified in the
parameter file. Values:

• None
• Increm. TTL
• Increm. HTL
• SinCos

V7.4.2.3.2 Estimated Speed

Shows whether esti-
mated speed is used in
the parameter file. Val-
ues:

• Not in use
• In use

V7.4.2.3.3 Proximity Sensor

Shows the number of
used proximity sensors
in use. Values:

• None
• 1
• 2

V7.4.2.3.4 Encoder Speed rpm

Shows the average
speed measured by the
option board (encoder
and proximity sensors)

V7.4.2.3.5 Encoder Freq Hz
Shows the speed of the
motor based on the
encoder data.
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Table 19: PROFIsafe group (G7.4.2.4)

Index Parameter Min Max Unit Default ID Description

V7.4.2.4.1 Safety Telegram

Shows the number of
the used telegram. Val-
ues:

• ST 30
• ST 31
• ST 58000

V7.4.2.4.2 F-Par SRC Addr Shows the value of F
Source Address

V7.4.2.4.3 F-Par DEST Addr Shows the value of F
Destination Address

V7.4.2.4.4 F-Par WD Time Shows the value of F
WD Time

Table 20: File Info group (G7.4.2.5)

Index Parameter Min Max Unit Default ID Description

V7.4.2.5.1 File Name
Shows the first 12
characters of parame-
ter File name

V7.4.2.5.2 File Creator
Shows the first 12
characters of parame-
ter File creator

V7.4.2.5.3 Company Name

Shows the first 12
characters of parame-
ter Company (Parame-
ter file)

V7.4.2.5.4 CRC
Shows the CRC of the
used parameter file in
hex format.

V7.4.2.5.5 CRC integer
Shows the CRC of the
used parameter file in
decimal integer format

VACON · 60 OVERVIEW OF THE SYSTEM 

4 LOCAL CONTACTS: HTTP://DRIVES.DANFOSS.COM/DANFOSS-DRIVES/LOCAL-CONTACTS/



Table 21: Diagnostics group (G7.4.2.6)

Index Parameter Min Max Unit Default ID Description

V7.4.2.6.1 Last Error Code

Shows the number of
the last fault of the
Advanced safety option
board in hex format.

V7.4.2.6.2 SW Version

Shows the software
version of the
Advanced safety option
board.

V7.4.2.6.3 HW Version

Shows the hardware
version of the
Advanced safety option
board.

V7.4.2.6.4 FPGA Version

Shows the FPGA ver-
sion of the encoder
interface board on the
Advanced safety option
board.

4.8.4 FAULT TYPES
The Advanced safety option board has different fault types: critical fault, resettable fault,
violation, and warning. The fault types of the Advanced safety option board are not the same
as the fault types of the AC drive. For more details on faults, see chapter 13 Fault tracing.
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Table 22: Fault types of the Advanced safety option board

Fault type of the
option board

Possible cause Correction Fault type of the
AC drive

Response of the
option board

Critical Fault Internal broken hard-
ware, incorrect config-
uration, temporary
malfunction detected
by the diagnostics.

Attempt to fix the
issue. Reboot of the AC
drive.

Fault The STO function
becomes active, all
outputs are inactive.

Resettable Fault External broken hard-
ware, incorrect config-
uration, temporary
malfunction detected
by the diagnostics.

Attempt to fix the
issue.
Cleared with the reset
signal. See 7.1.6 Reset 
of a safety function.

Fault The STO+SBC function
becomes active, see
chapter 7.2.2.3.

Violation Violation of a monitor-
ing limit in an active
safety function.

Cleared with the reset
signal. See 7.1.4 Viola-
tion of a safety function
and 7.1.6 Reset of a 
safety function.

Warning Safe monitoring func-
tions: the SQS function
Safe stopping func-
tions: the STO+SBC
function

Warning An event that does not
have an effect on the
operation, but is shown
for information.

Does not require
clearing. /
Cleared with the reset
signal.

Warning No response.

Failures that are detected by the internal diagnostics of the option board trigger a fault. The
faults can be resettable or critical.

Resettable faults are informed to the control board of the AC drive and reported on the fault
log of the AC drive. They can be cleared by a reset signal. See chapter 7.1.6 Reset of a safety 
function.

Critical faults of the option board cause the option board to deactivate its outputs and
communication to other systems. This means that both the channels of the two-channel
outputs are in the deactivated state. The safe fieldbus communication is also stopped. To
other systems, the situation looks as if the option board is not turned on or the cabling is
faulty. Take this into account when you design and implement other systems.

If the fault that causes the critical fault does not have an effect on the communication
between the option board and the control board of the AC drive, this communication stays
active. The fault data can be read from the fault log of the AC drive. If the fault is related to
the communication or otherwise prevents the option board from communicating with the
control board, the communication stops. In this case, the fault data cannot be read from the
fault log.

NOTE!

If the option board starts after a reboot of the AC drive, it may be possible to read
the fault data in the activity log of the Advanced safety option board. See chapter
6.6 Online monitoring.
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5 INSTALLATION
5.1 INSTALLATION OF THE OPTION BOARD TO VACON® NXP AC DRIVE

CAUTION!

Do not install, remove, or replace option boards on the drive when the power is on.
Doing this can cause damage to the boards.
WARNING!

Do not touch the control terminals. They can have a dangerous voltage also when
the drive is disconnected from mains.
CAUTION!

Measure or do a check of the encoder supply voltage of the encoder interface board
before you connect a new encoder. The encoder supply voltage might have been set
to a higher voltage than what is supported by the new encoder. An incorrect
encoder supply voltage can cause damage to the equipment.

THE INSTALLATION PROCEDURE

1 Remove the cable cover.

2 Open the cover of the control unit.

INSTALLATION VACON · 63

LOCAL CONTACTS: HTTP://DRIVES.DANFOSS.COM/DANFOSS-DRIVES/LOCAL-CONTACTS/ 5 



3 Install the option board into the slot C, D, or E on
the control board of the AC drive. Make sure that
the grounding plate fits tightly in the clamp.

• The board revision can affect the applicable
installation slot.

4 In IP21, cut free the opening on the cover of the AC
drive for the used option boards.

5 Install the cables.
6 Close the cover of the control unit and put back the

cable cover.
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6 VACON® SAFE TOOL
6.1 THE FUNCTIONS OF THE VACON® SAFE TOOL

Use the VACON® Safe tool to parameterise the Advanced safety option board.

The functions of the VACON® Safe tool

• Parameterisation of the option board
• Validation of the parameter file
• Monitoring of the state of the option board and the safety functions
• Setting the passwords for the option board

NOTE!

VACON® Safe tool cannot be used for the general control and diagnostic of the AC
drive. For those purposes, use NCDrive. The option board firmware is updated with
VACON® Loader.

6.2 THE PARAMETER FILE

The configuration of the Advanced safety option board and the selected safety functions and
their parameters are stored in a parameter file. The parameter files are created, viewed and
transferred between a PC and the option board with the VACON® Safe tool.

A newly created parameter file on the PC is in state unverified. This means that the
Advanced safety option board has not yet verified that the file is valid and can be taken into
use. Once the option board has done the verification, the parameter file becomes verified.
The verification is done during the parameterisation process.

If the verified parameter file is not modified, it can be saved to other Advanced safety option
boards. The other option boards do a check of the parameter file to make sure that the
content is not corrupted and that it matches the option board configuration, for example, the
encoder type.

While the verification of a parameter file means that it can be taken into use, the option
board cannot determine if the parameter values are correct for the process where the option
board is used. After you have saved the verified parameter file to the option board, test the
whole safety system to make sure that all safety subsystems operate correctly together. Test
also that the safety functions of the Advanced safety option board are correctly set for the
process. After the testing, the parameter file can be updated to indicate that it has been
tested with the rest of the system.

After testing, the parameter file is validated. Validated parameter files can be saved to other
Advanced safety option boards, like verified parameter files, but the validation is cleared in
the process. The report from commissioning should be included in the documentation and in
the process of certifying the whole system.
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6.3 USER LEVELS AND PASSWORD MANAGEMENT

To protect the parameters of the option board from accidental modifications, the option
board has a two-level password system. The admin and service level passwords have
different rights for modifying the parameters of the the option board.

A password is required in actions that write data on the option board. Reading actions are not
password-protected. The PC tool asks for the password when you try to start an action that
requires a password. The default passwords are listed in the table below.

Table 23: Default passwords

User level Default password

Admin admin

Service service

Actions that are available with the service level password

• Validation of the parameter file
• Saving the verified parameter file to the option board

Actions that are available with the admin level password

• Validation of the parameter file
• Saving the verified parameter file to the option board
• Saving a new, unverified parameter file to the option board
• Changing the admin and service level passwords

Actions that are available without a password

• Reading the verified parameter file from the option board
• Online monitoring of the option board

NOTE!

If the passwords are forgotten, they can be reset from the control panel menu of
the AC drive. This operation is not password-protected. The controlling of password
reset must be done with other means.

6.4 PARAMETERISATION PROCESS

The parameterisation process of the Advanced safety option board has 4 steps.

1. Selection of safety functions ("Select functions" in the tool).
2. Editing the safety functions ("Adjust parameters" in the tool).
3. Verifying the transfer of parameters to the option board ("Verify and Approve" in the tool).
4. Validation of the parameter file ("Validate" in the tool).
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After step 3 the parameter file is marked as verified by the option board. A verified
parameter file can be loaded from the option board and stored on the PC.

SELECTION OF SAFETY FUNCTIONS

Select the desired safety functions and features. A short description is visible for every
available option. For information on the safety functions, see chapter 7 Safety functions.

EDITING THE SAFETY FUNCTIONS

All selected safety functions and features must be parameterised. See chapter 9 Parameter 
list for information on the parameters. A short description is visible for every available
parameter.

NOTE!

It is possible to save the current parameterisation as a draft on the PC.
When all safety functions and features have been parameterised, it is possible to save the
parameter file to the option board. The option board will do a check of the compatibility of the
parameter file. Only valid parameter files are accepted. VACON® Safe also limits the
parameterisation, so that invalid combinations are not sent to the option board.

NOTE!

Saving a new parameter file to the option board requires the admin level password.

VERIFYING THE TRANSFER OF PARAMETERS TO THE OPTION BOARD

The parameters are read back from the option board. You must verify the that they have been
transferred correctly. The verifying view offers automated checks for helping you in the
verifying.

NOTE!

Accepting the parameters takes them into use in the option board. The parameter
file is verified but not validated, that is, it is not tested with the rest of the system.

VALIDATION OF THE PARAMETER FILE

Once the parameters have been saved on the option board, then you can do commissioning
tests of the option board with the rest of the system. When the necessary testing for used
safety functions and features is finished, you can do the validation from the PC tool.
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Fig. 17: The process of creating a new parameter file
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6.5 SAVING A VERIFIED PARAMETER FILE TO THE OPTION BOARD

A verified parameter file can be saved to the option board without executing the whole
parameterisation process. Saving a verified parameter file can be done with the service level
password. Modifications to a verified parameter file will invalidate the verification and the
verification must be done again.

SAVING THE VERIFIED PARAMETER FILE

1 Open the verified parameter file. Make sure that
also the PC tool confirms that it is verified.

2 Do a check of the parameters in the opened file.
For example:

a) Make sure that the I/O assignments match the
wiring.

b) Make sure that the correct safety functions are
parameterised.

c) Read the parameter file comment.
3 Press "Save" to begin the saving process.
4 Select an AC drive and connect to it.
5 Save the parameter file and start testing the

system.

6.6 ONLINE MONITORING

6.6.1 VIEWING THE STATE OF THE OPTION BOARD
In the online monitoring mode, VACON® Safe reads the states and values of various signals
of the Advanced safety option board from the AC drive. These signals can be used to monitor
the status and execution of the safety features of the AC drive.

This data is available for monitoring:

• States of the safety functions
• States of the digital I/O
• Speed values (estimated speed, the measured speed value of the external speed sensor)
• Safe fieldbus status

NOTE!

Online monitoring values are periodically read from the AC drive and the actual
values can change between the readings.

6.6.2 ACTIVITY LOG
The Advanced safety option board logs the events that occur during its operation. This log
can be read from the option board and viewed on the PC tool. Some of the data included in
the log is also available when you view the state of the option board. The activity log can be
used when it is necessary to analyse the behaviour of the option board during a time when
the PC tool was not connected to the option board. You can save the log to your PC for further
use.
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The activity log contains

• A timestamp that is synchronised to the AC drive operating time
• Request signals for safety functions
• Active and Reached signals for safety functions
• Acknowledgement and Reset signals and their source
• Information on the faults that occurred in the option board

The activity log logs the states of the signals when a change occurs in them. The length of the
activity log is limited. Depending on the used safety functions and the frequency of changes in
the safety functions, the log may show only a short period of time. When there is a situation
that requires analysis, read the log as soon as possible to prevent new events from
overwriting the critical parts.

The log is not lost when you do power-down to the AC drive.
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7 SAFETY FUNCTIONS
7.1 GENERAL INFORMATION

7.1.1 THE DIFFERENT SAFETY FUNCTIONS
Safety functions of the Advanced safety option board fulfil the corresponding requirements of
the standard EN IEC 61800-5-2.

The standard EN IEC 61800-5-2 does not define the SQS safety function, but the function can
be parameterised to behave like STO(+SBC), SS1 or SS2. These functions fulfil the
requirements of the standard.

The safety functions are divided into two categories: the safe stopping functions and the safe
monitoring functions. The safe stopping functions start and monitor the stopping of the
motor, the safe monitoring functions monitor the speed, the position or the acceleration of
the motor.

The safe stopping functions include the STO function, the SBC function, the SS1 function, the
SS2 function, the SOS function, and the SQS function.

The safe monitoring functions include the SLS function, the SMS function, the SSR function,
and the SSM function.

The SQS function can be used in STO, SS1 or SS2 modes. In this manual, these modes are
referred to as SQS-STO, SQS-SS1, and SQS-SS2.

Safe monitoring functions

Safety function 
request

Acknowledgement

Safety function 
request

Acknowledgement

Limit violation

Active, ReachedActive, Reached
Reset

Limit violation

SLS
SS1

SS2

SQS

SOS SBC

STO

SSR

SMS

SSM

Safe stopping functions

Fig. 18: The simplified relations between the safety functions

7.1.2 SAFETY FUNCTION STATES
The safety functions can be in three different states: inactive, active, and reached. The safety
functions that are not requested or have been acknowledged after their execution are
inactive. Inactive safety functions are not executed and they do not do any monitoring. The
states active and reached are shown with signals.
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An inactive safety function becomes active when it receives a request. An active safe stopping
function becomes reached when the function is completed. An active safe monitoring
function becomes reached when the monitored values are within the monitoring limits.

Active and reached functions can have their monitoring limits violated.

When the STO function is active in the option board, for example because of a violation or a
fault, all active safety functions stop the monitoring of their limits. The functions stay active
until they are acknowledged. The SSM function is an exception. It continues to monitor even
during standstill of the motor and violations of other safety functions.

7.1.3 ACTIVATION OF A SAFETY FUNCTION
Most safety functions can be activated with an external request from a safe digital input or a
safe fieldbus. Both methods can be used at the same time. When the two methods are used,
a request from one source is sufficient to activate the safety function. When a safety function
becomes active, it gives an Active signal. Many functions can be active at the same time, but
this does not apply to all functions. Any combination of safe monitoring functions can be
active at the same time, but for the safe stopping functions there are limitations because of
their set priorities.

These safety functions can be activated with an external request from a digital input or a safe
fieldbus: STO(+SBC), SS1, SS2, SQS, SSR, SLS, SSM, and SMS.

The safety functions that cannot be activated with an external request are SBC and SOS. They
are always activated by other safety functions. The safety function STO activates SBC. The
safety functions SS2 and SQS-SS2 activate SOS.

Some safety functions can also become active without an external request. The SQS function
can become active as a violation response, the SSM function when always active, and the STO
function as a violation response of safe stopping functions.

In some special conditions, a function cannot become active even if there is a request. These
conditions include a request for a lower priority function, an active violation or fault in the
Advanced safety option board, and the active STO safety function. When the Advanced safety
option board is in the STO state, for example, because of a STO request, it is not necessary to
activate safety functions.

NOTE!

Most safety functions do not become active or start operating if the drive is in the
STO state. They become active when the drive leaves the STO state, if there is a
request.

In this manual, the external request signal has the format "[Safety Function Name] Request",
for example SMS Request.

7.1.4 VIOLATION OF A SAFETY FUNCTION
It is possible that violations occur in the monitoring. Causes for violations are, for example,
the speed exceeding the monitored speed limit, the speed not following the monitored ramp,
or an operation exceeding the set time limit.
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There are two different violation responses:

• the STO (+SBC) function
• the SQS function

WARNING!

Make sure that the system reacts to violation situations in an acceptable way. When
the SQS safety function is used, the Advanced safety option board does not execute
any ramps on its own. A ramp stop can be executed by:

• a drive application with safety support (see chapter 14.2 SS1 used with 
STO(+SBC)),

• a drive application without safety support (by triggering a stop command
externally),

• a process control system (see chapters 14.3 SS1 without a direct support of the 
drive application and 14.5 SLS without a direct support of the drive application).

For safe stopping functions, the response to a violation is the STO (+SBC) function. For safe
monitoring functions excluding SSM, the response to a violation is the SQS function.

With the SSM function, there is no response to a violation. Instead, external systems are
notified of the violation by a digital output or a fieldbus.

To make a safety function recover from a violation, use a reset signal. See chapter 7.1.6 
Reset of a safety function.

7.1.5 ACKNOWLEDGEMENT OF A SAFETY FUNCTION

7.1.5.1 Acknowledgement of a safety function
The acknowledgement signal is used to deactivate a safety function that has been set to
require a manual acknowledgement after the safety function request has ended. The
acknowledgement mode can be set as automatic or manual.

In the automatic mode, the acknowledgement is tied to the deactivation of the safety function
request. In the manual mode, a separate acknowledgement signal from a digital input, the
drive control board or a fieldbus is necessary.

The selection between automatic and manual acknowledgement is made with a parameter
and separately for each function. It is possible to use functions with different
acknowledgement settings at the same time.

A function can be acknowledged when these conditions apply:

• There is no request signal.

When executed as a violation response, the SQS safety function may not be acknowledged
separately. It is acknowledged as a part of the safety function reset. See 7.1.6 Reset of a 
safety function.

If a function is set to have automatic acknowledgement, the function is deactivated when its
request is deactivated.
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NOTE!

A higher priority safe stopping function can interrupt a lower priority safe stopping
function before it is reached.

The manual acknowledgement signal has three allowed sources:

• A safe digital input
• A safe fieldbus
• A not safe control board of the AC drive

The sources of the acknowledgement signal are equal. A manual acknowledgement signal
from any of them is permitted to stop a safety function.

The acknowledgement signal from the control board of the drive is sent when a fault reset
command (drive input, fieldbus, drive application, or drive control panel) is sent to the drive.
You can disable the acknowledgement signal from the control board during
parameterisation.

NOTE!

When a safety function is requested by both a digital input and a fieldbus, both of
them must deactivate the request before the function can be acknowledged. When
the last request is deactivated, the automatic acknowledgement signal becomes
active, and the manual acknowledgement signal becomes acceptable.
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Fig. 19: The deactivation of the SS2 Request before the function is reached. Acknowledgement:
manual.
A. The manual acknowledgement is

rejected because the safe stopping
function is requested

B. After the safety functions are not
requested, the manual
acknowledgement is accepted.
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Fig. 20: The deactivation of the SS2 Request before the function is reached. Acknowledgement:
automatic.
A. The automatic acknowledgement occurs

when the SS2 request ends.

When there are safety functions that can be acknowledged by manual acknowledgement and
safety functions that cannot (if, for example, they are requested), a manual acknowledgement
signal deactivates the functions that can be acknowledged. Functions that could not be
acknowledged continue their execution normally.
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Fig. 21: Acknowledging a safety function separately. The SLS function is acknowledged. The SSR
function is not acknowledged because it stays requested. SLS: manual acknowledgement, SSR:
manual acknowledgement.

NOTE!

After safe stopping functions are acknowledged and the STO function is
deactivated, the drive can start if it has an active run request.

The acknowledgement signal can also be used to control accidental starts of the drive. If the
deactivation of the request of a safe stopping function should not be able to permit the drive
to start, use the manual acknowledgement. The drive can then start only after a separate
acknowledgement signal.
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If a safe stopping function is used as an emergency stop according to the standard
IEC-60204-1, the acknowledgement signal can be used as the reset signal required by the
standard. The reset signal of the Advanced safety option board does not correspond to the
emergency stop reset signal described in the standard.

In digital inputs, the acknowledgement signal is edge sensitive. The acknowledgement is
done with inactive -> active transition (logical level). In safe fieldbuses, the acknowledgement
signal is also edge sensitive, and it is done with a 0 -> 1 transition of the related telegram bit.

NOTE!

Acknowledgement and Reset can be assigned to the same digital input of the
Advanced safety option board. Consider the behaviour of the safety functions and
the safety system carefully, if you decide to do that.

7.1.5.2 Start-up acknowledgement
In addition to acknowledging safety functions, the acknowledgement signal can also be used
to permit the Advanced safety option board to release STO(+SBC) after start-up. This
acknowledgement signal can be automatic or manual.

If automatic acknowledgement is used, STO(+SBC) is released after the Advanced safety
option board has done the start-up and established communication to the drive control board
and over safe fieldbus (when used). If manual start-up acknowledgement is used, the
STO(+SBC) is kept active until the acknowledgement signal is received.

7.1.6 RESET OF A SAFETY FUNCTION
Violations of safety functions or faults of the Advanced safety option board cause the
STO(+SBC) function to be activated. Use a reset signal to deactivate the STO(+SBC) function,
reset faults and return the system to normal operation. For the Advanced safety option
board, the reset signal is always an explicit signal from another system.

NOTE!

If the SQS-SS2 function is used, a violation of a safe monitoring function can
activate the SOS function. You can reset the SOS function in the same way as the
STO function.

The reset signal has three allowed sources:

• A safe digital input
• A safe fieldbus
• A not safe control board of the AC drive

The sources of the reset signal are equal. A reset signal from any of them is permitted to
reset violations of safety functions and faults in the Advanced safety option board.

The reset signal from the control board of the drive is sent when a fault reset command
(drive input, fieldbus, drive application, or drive control panel) is sent to the drive. If a safe
reset signal is required, disable the reset signal from the control board of the AC drive in
parameterisation.

Different conditions apply for resetting the violations of safety functions and the faults of the
Advanced safety option board.
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To reset violations of safety functions or faults of the Advanced safety option board, these
conditions apply:

1. STO(+SBC) or SOS is active (SOS in case of SQS-SS2)
2. The speed is below the monitoring limit of all requested safety functions

In digital inputs, the reset signal is edge sensitive. The reset is done with inactive -> active
transition (logical level). A reset over a safe fieldbus depends on the selected fieldbus. See
chapter 8 Safe fieldbuses for information on the differences of the fieldbuses.

NOTE!

After a violation or a fault, the reset signal behaves as an implicit acknowledgement
signal for safety functions for which acknowledgement conditions apply when a
reset signal is sent.
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Fig. 22: Resetting a safety function separately. SLS: manual acknowledgement.
A. A violation in the SLS function. B. A reset signal resets the violation. The

operation of the SSR and SLS functions
continues.

NOTE!

Acknowledgement and Reset can be assigned to the same digital input of the
Advanced safety option board. Consider the behaviour of the safety functions and
the safety system carefully, if you decide to do that.
NOTE!

Some faults of the Advanced safety option board can only be reset with a reboot of
the drive. See chapter 13 Fault tracing for more information.

There can be a delay between the reset signal and the removal of faults and warnings from
the AC drive.
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7.1.7 RAMPS
The safety functions SS1, SS2, SQS, SSR and SLS can monitor the ramping of the motor
speed. The ramps are optional, and all safety functions that provide ramp monitoring can be
parameterised to not monitor them.

The monitored ramps are defined with two shared ramp definitions that the other safety
functions than the SQS function can use to calculate the actual ramps. The SQS function has
its own ramp values. The ramp definition has a maximum and a minimum time that is
permitted for the ramping.

NOTE!

When a safety function uses a ramp, the related ramp must be defined. It is not
necessary to parameterise both minimum and maximum ramps if they are not
necessary for the application.

Deceleration ramps are defined by a nominal speed value and two time values that represent
the maximum and minimum time that the ramping from the nominal speed is permitted to
take. The actual monitored ramps are calculated when ramp monitoring starts. The ramps
are defined as slopes between the request moment and the parameterised times (SS1 used
as an example).

where Speed[rpm] is the speed at the time of the calculation. SS1_Dec_Max and
SS1_Dec_Min are the time from ramp start (points A and B) to where speed should be zero
(points C and D). Rampx_speed is the nominal speed for the used ramp set. See the figure
below. At any given point during the ramp monitoring, the actual value of monitoring is
calculated from the slope connecting the respective points. The area outside the permitted
speed range during ramp monitoring is shaded.

NOTE!

Use of ramp monitoring is not recommended when only proximity sensors are used
as speed sensor.
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Rampx Dec Time Max

Nominal deceleration ramp

Rampx Dec Time Min

SS1 Dec Max

SS1 Dec Min

SS1 td1

      Speed

Zero Speed

t

Speed

Scaled deceleration ramp

Fig. 23: Deceleration ramp, the SS1 function as an example
A. Start of the minimum deceleration ramp
B. Start of the maximum deceleration ramp

C. End of the minimum deceleration ramp
D. End of the maximum deceleration ramp

Ramp monitoring does not continue in the safe speed range of the safe monitoring function.
For example, for the SLS function, the maximum ramp value is limited to the selected SLS
limit. This can be noted, for example, with long SLS td2 delays. The minimum ramp
monitoring stops when the monitored value would be below the selected SLS limit.

The acceleration ramps are valid only for the SSR function. The acceleration ramps are
defined in the same way as deceleration ramps. A nominal speed value (shared with the
deceleration ramp) and two time values that represent the maximum and minimum time that
the ramping is permitted to take. The actual monitored ramps are calculated when ramp
monitoring starts.

where Speed is the speed at the time of the calculation. SSR_Acc_Max and SSR_Acc_Min are
the time from ramp start (A and B) where speed should be at the monitored minimum limit
speed (C and D). Rampx_speed is the nominal speed for the ramp set. At any given point
during the ramp monitoring the actual value of monitoring is calculated from the slope
connecting the respective points.
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Fig. 24: Accereration ramps, the SSR function as an example
A. Start of the minimum acceleration ramp
B. Start of the maximum acceleration ramp

C. End of the minimum deceleration ramp
D. End of the maximum deceleration ramp

NOTE!

The response to a ramp violation is the STO(+SBC) function for safe stopping
functions, and the SQS function for safe monitoring functions.

7.2 SAFE STOPPING FUNCTIONS

7.2.1 INTRODUCTION TO THE SAFE STOPPING FUNCTIONS
The safe stopping functions are used to start and monitor the stopping of the motor. The safe
stopping functions do not take into account the rotation direction of the motor when they are
in the optional zero speed or the ramp monitoring mode. The SOS function is an exception, it
takes into account the rotation direction of the motor.

The priority of the safe stopping functions from the highest to the lowest

1. The STO function
2. The SQS function
3. The SS1 function
4. The SS2 function

When a higher priority function is requested while a lower priority function is active, it
interrupts the lower priority function and becomes active. The higher priority function
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behaves as it is parameterised. The lower priority function stays active, but it stops
monitoring.

When a lower priority function is requested while a higher priority function is active, the
lower priority function does not become active.

Speed

Logical level

SS2 Reached

SS1 Active

SS2 Active

Zero speed

Speed

SS1 Reached

SS2 td1

t

t

t

t

t

SS1 td1

Fig. 25: The SS1 function interrupts the SS2 function. The signal SS2 Active stays active but the
operation stops.

If a higher priority function interrupts a lower priority function, both functions must be not
requested for the STO(+SBC) or the SOS function to be deactivated.

If the SS1 function is requested when the SOS function is active (if, for example, the SS2
function is reached), the SS1 function activates the STO function after SS1 td2, without ramp
or time monitoring.
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7.2.2 STO - SAFE TORQUE OFF AND SBC - SAFE BRAKE CONTROL

7.2.2.1 Introduction to the STO and SBC functions
The Safe Torque Off (STO) safety function allows the drive output to be disabled so that the
drive cannot generate torque to the motor shaft.

The STO function can be used together with the Safe Brake Control (SBC) safety function. The
SBC function provides a safe output with which it is possible to control an external brake.

The STO function fulfils the stop category 0 of the standard IEC-60204-1.

For effects of the STO function on the AC drive, see the STO and ATEX option board User
Manual.

These things can activate the STO(+SBC) function:

• An external request
• A violation of another safety function (as SQS or as a safe stopping function violation

response)
• A fault detected by the internal diagnostics of the Advanced safety option board

The parameters of the STO and SBC safety functions are described in chapter 9.4  STO and  
SBC parameters.
7.2.2.2 The STO function used without the SBC function
When there is an external request for the STO function, or a violation of another safe
stopping function, the STO function is activated immediately.

Speed

t

Fig. 26: The STO function

The STO output of the Advanced safety option board is connected to the STO option board that
handles the operation of the STO function in the drive. When the STO function is active, it
disables the drive output. Then the drive cannot generate torque to the motor shaft.
7.2.2.3 The STO function used with the SBC function
When the STO function is used with the SBC function, the behaviour of the STO output, the
STO signals, the SBC output and the SBC signals depends on the values of the SBC
parameters. The parameter SBC Order defines which safety function becomes active first.
The second safety function becomes active after the time that is set in SBC t1.
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Speed SBC

STO

SBC t1
t

Fig. 27: STO behaviour with SBC Order = SBC first

Speed STO

SBC

SBC t1
t

Fig. 28: STO behaviour with SBC Order = STO first

Table 24: The behaviour of the STO and SBC functions when SBC Order = STO first

STO requested by SBC Speed = 0 SBC Speed > Zero Speed

External request STO at the request. SBC delayed by
SBC t1 compared to STO.

Invalid configurations

The SS1 or SQS-SS1 safety function Time monitoring: STO after SQS t1
or SS1 t1.
Zero speed monitoring: STO when
speed below zero speed and SQS
td2 or SS1 td2 expires.
SBC delayed by SBC t1 compared to
STO.

Invalid configurations

Violation of SS1, SS2, or SQS or
resettable fault

STO at the fault moment. SBC
delayed by SBC t1 compared to
STO.

Invalid configurations
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Table 25: The behaviour of the STO and SBC functions when SBC Order = SBC first

STO initiated by SBC Speed = 0 SBC Speed > Zero Speed

External request SBC at the request. STO delayed by
SBC t1 compared to SBC.

SBC at the request, STO delayed by
SBC t1 compared to SBC.

The SS1 or SQS-SS1 safety function Time monitoring: SBC after SQS t1
or SS1 t1.
Zero speed monitoring: SBC when
speed below Zero Speed and SQS
td2 or SS1 td2 expires.
STO always delayed by SBC t1 com-
pared to SBC.

Time monitoring: SBC after SQS
t1 / SS1 t1 or when speed below
SBC Speed.
Zero speed monitoring: SBC when
speed below SBC Speed.
STO delayed by SBC t1 compared to
SBC.

Violation of SS1, SS2, or SQS or
resettable fault

STO and SBC at the fault moment.
SBC t1 not used.

STO and SBC at the fault moment.
SBC t1 not used.

After acknowledgement or reset, the STO and the SBC functions are deactivated at the same
time. Other brake controlling systems can be used to make sure that sufficient torque has
been generated to the motor shaft before the brake is released.
7.2.2.4 The STO and SBC signals
It is possible that the Active and Reached signals that are mentioned in this chapter are not
always available in all interfaces.

NOTE!

The availability of the signals over safe fieldbus depends on the fieldbus protocol
that you use. Refer to chapter 8 Safe fieldbuses for more information.
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Table 26: The STO and SBC signals

Signal Activation and deactivation of the signal Description

STO Active
Activation:
a) STO safety function is requested externally or from

another safety function.
b) Fault detected in the Advanced safety option board

Deactivation (manual acknowledgement):
• Acknowledgement signal received

Deactivation (automatic acknowledgement):
• STO request ends

Deactivation (fault situation):
• Reset signal is given after a fault situation is cleared and

reset conditions are valid

The signal indicates if STO
function is being execu-
ted.

STO Reached This signal corresponds to the state of STO output on the
Advanced safety option board. The actual state of the output is
reversed compared to the STO Reached signal. If STO
Reached is active the STO output is inactive.

Activation:
a) Immediately with STO Active (SBC Order = STO first or

SBC is not used, or fault situation) OR
b) After SBC t1 (SBC Order = SBC first)

Deactivation (manual acknowledgement):
• Acknowledgement signal received when STO request

has ended.

Deactivation (automatic acknowledgement):
• STO request is deactivated.

Deactivation (fault situation)
• Reset signal is given after a fault situation is cleared and

reset conditions are valid.

The signal indicates if the
STO output is activated.
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Table 26: The STO and SBC signals

Signal Activation and deactivation of the signal Description

SBC Reached Signal corresponds to the state of SBC output on the
Advanced safety option board. The actual state of the output is
reversed compared to the SBC Reached signal. If SBC
Reached is active the SBC output is inactive.

Activation:
a) Immediately with STO_Active (SBC Order = SBC first) OR
b) After SBC t1 (SBC Order = STO first)

Deactivation (manual acknowledgement):
• acknowledgement signal received when STO request has

ended

Deactivation (automatic acknowledgement):
• STO request is deactivated.

Deactivation (fault situation):
• Reset signal is given after a fault situation is cleared and

reset conditions valid

The signal indicates if the
SBC output is activated.

STO & SBC
reached Activation:

• When both SBC Reached and STO Reached are activated.

Deactivation:
• When either SBC Reached or STO Reached is deactiva-

ted.

See STO and SBC signals above.

Combination of STO and
SBC reached signals.
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Fig. 29: The STO signals when the SBC function is not used
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Fig. 30: The STO and SBC signals when the SBC function is used, SBC Order = STO first, and the
STO function is requested
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Fig. 31: The STO and SBC signals when the SBC function is used, and the SS1 function is
requested. SBC Order = SBC first. The SS1 signals are omitted from the figure.

7.2.3 SS1 - SAFE STOP 1

7.2.3.1 Introduction to the SS1 function
The Safe Stop 1 (SS1) safety function monitors the motor deceleration and activates the
STO(+SBC) function. Select the activation settings of the STO(+SBC) function with the SS1
parameters.

The SS1 function can operate in one of the three monitoring modes:

• Time monitoring mode
• Time + zero speed monitoring mode
• Time + zero speed + ramp monitoring mode
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The SS1 function can activate the STO function:

• When an application-specific time delay has passed (Time monitoring).
• When the speed reaches zero speed (Zero speed monitoring).

The STO function can also become active as a violation response, when the speed does not
follow the set deceleration ramp (Ramp monitoring).

The SS1 function fulfils the stop category 1 of the standard IEC-60204-1.

The parameters of the SS1 safety function are described in chapter 9.5 SS1 parameters.
7.2.3.2 Time monitoring

SS1 t1

t

Speed

STO + SBC

Fig. 32: The SS1 function in the time monitoring mode

The time monitoring mode is always used when SS1 is active. In the time monitoring mode,
the STO function is activated when the time indicated by parameter SS1 t1 has elapsed. The
SS1 t1 timer starts when the SS1 function starts its operation.

If the SBC function is used and the value of the parameter SBC Speed is set to above zero,
the STO(+SBC) becomes active after SS1 t1, or when the speed goes below SBC Speed,
whichever is valid first.
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7.2.3.3 Zero speed monitoring

Zero speed /
SBC speed

SS1 t1

t

Speed

STO + SBC

SS1 td2

Fig. 33: The SS1 function in the time + zero speed monitoring mode

When zero speed monitoring is used, time monitoring is also used. Zero speed monitoring
monitors if the motor stops. The stopping of the motor is determined by parameter Zero
Speed. When zero speed monitoring is used, the speed going below the zero speed starts a
delay time set in SS1 td2 after which the SS1 function is reached. When the SS1 function is
reached, the STO function becomes active. The SS1 function must be reached before the time
that is set in SS1 t1 elapses. If SS1 t1 elapses first, the STO function is activated as a violation
response, not as a regular STO safety function.

If the SBC function is used, the moment when the brake output becomes active depends on
the parameterisation of the SBC function. See chapter 7.2.2.3 The STO function used with the 
SBC function.
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7.2.3.4 Ramp monitoring

Zero speed /
SBC speed

SS1 t1

SS1 td1
t

Speed

STO + 
SBC

SS1 td2

Fig. 34: The SS1 function in the time + zero speed + ramp monitoring mode

When ramp monitoring is used, zero speed monitoring and time monitoring are also used.
Ramp monitoring monitors that the deceleration speed obeys the set deceleration ramp.
Select the monitored ramp with parameter SS1 Ramp Monitoring. The ramp can be static or
dynamically selected by a digital input or a fieldbus. It is possible to monitor the minimum
ramp, the maximum ramp, or both these ramps.

The ramp monitoring starts after the time delay that is set with SS1 td1 has passed. SS1 td1
starts when the SS1 function starts its operation. The ramp monitoring ends when the SS1
function is reached. If the speed does not obey the parameterised ramp during the
monitoring, the STO function becomes active as a violation response.

When using dynamic ramp from digital input or fieldbus, the monitored ramp is determined
at the moment when the SS1 function is requested. The changes that are made after this do
not have an effect on the operation of the function.
7.2.3.5 The SS1 signals
It is possible that the Active and Reached signals that are mentioned in this chapter are not
always available in all interfaces.

NOTE!

The availability of the signals over safe fieldbus depends on the fieldbus protocol
that you use. Refer to chapter 8 Safe fieldbuses for more information.
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Table 27: The SS1 signals

Signal Activation and deactivation of the signal Description

SS1 Active
Activation:
• SS1 is requested and starts execution.

Deactivation (manual acknowledgement):
• Acknowledgement signal received after SS1 is not

requested.

Deactivation (automatic acknowledgement):
• SS1 request ends.

Deactivation (SS1 violation situations):
• Reset signal received after SS1 had detected a violation

and SS1 has been acknowledged (implicitly and explic-
itly).

The signal indicates if SS1
function is being execu-
ted.

SS1 Reached Only activated when SS1 has not detected any violations.

Activation:
a) Time SS1_t1 elapses (only time monitoring used).
b) Speed is below zero speed for time SS1_td1 (zero speed

monitoring used).

Deactivation (manual acknowledgement):
• SS1 is acknowledged after being reached successfully.

Deactivation (automatic acknowledgement):
• SS1 was reached successfully and SS1 request ends.

Deactivation (higher priority function is reques-
ted):
• STO or SQS is requested.

The signal indicates if SS1
function has been reached
successfully.
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Fig. 35: The SS1 signals in the time monitoring mode
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Fig. 36: The SS1 signals in the zero speed monitoring mode
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Fig. 37: The SS1 signals in zero speed monitoring mode in a violation case. The STO function
without SBC.

7.2.4 SS2 - SAFE STOP 2 AND SOS - SAFE OPERATING STOP

7.2.4.1 Introduction to the SS2 and SOS functions
The Safe Stop 2 (SS2) safety function starts the motor deceleration and activates the SOS
function.

The SS2 function can operate in one of the three monitoring modes:

• Time monitoring mode
• Time + zero speed monitoring mode
• Time + zero speed + ramp monitoring mode

The SS2 function can activate the SOS function:

• When an application-specific time delay has passed (Time monitoring)
• When the speed reaches zero speed (Zero speed monitoring).

The violation response of the SS2 function is the STO(+SBC) function. During ramp down, it is
possible to monitor the deceleration. If there is a violation in the ramp monitoring of the SS2
function, or if zero speed is not reached, it activates the STO(+SBC) function as a violation
response.
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The SOS safety function keeps the drive output active and monitors the positions of the motor
shaft. A violation of the position monitoring of the SOS function activates the STO(+SBC)
function.

The SS2 and SOS functions fulfil the stop category 2 of the standard IEC-60204-1.

The parameters of the SS2 and SOS safety functions are described in chapter 9.6 SS2 and 
SOS parameters.

NOTE!

The SS2 safety function can be used only with Sin/Cos encoders.

7.2.4.2 Time monitoring

SOS

SS2 t1

t

Speed

0

SOS Revolution Limit

Fig. 38: The SS2 function in the time monitoring mode

The time monitoring mode is always used when SS2 is active. The SOS function becomes
active when the time that is set with parameter SS2 t1 has passed. The SS2 t1 timer starts
when the SS2 function starts its operation.
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7.2.4.3 Zero speed monitoring

SOS Revolution Limit

SOS

SS2 t1

SS2 td2

t

Speed

Zero speed

Fig. 39: The SS2 function in the zero speed monitoring mode

When zero speed monitoring is used, time monitoring is also used. Zero speed monitoring
monitors if the motor stops. The stopping of the motor is determined by parameter Zero
Speed. When zero speed monitoring is used, the speed going below the zero speed starts a
delay time set in SS2 td2 after which the SS2 function is reached. When the SS2 function is
reached, the SOS function becomes active. The SS2 function must be reached before the time
that is set in SS2 t1 elapses. If SS2 t1 elapses first, the STO(+SBC) function is activated as a
violation response.
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7.2.4.4 Ramp monitoring

SOS Revolution Limit

SOS

SS2 t1

SS2 td2SS2 td1

t

Speed

Zero speed

Fig. 40: The SS2 function in the ramp monitoring mode

When ramp monitoring is used, zero speed monitoring and time monitoring are also used.
Ramp monitoring monitors that the deceleration speed obeys the set deceleration ramp.
Select the monitored ramp with parameter SS2 Ramp Monitoring. The ramp can be static or
dynamically selected by a digital input or a fieldbus. It is possible to monitor the minimum
ramp, the maximum ramp, or both these ramps.

The ramp monitoring starts after the time delay that is set with SS2 td1 has passed. SS2 td1
starts when the SS2 function starts its operation. The ramp monitoring ends when the SS2
function is reached. If the speed does not obey the parameterised ramp during the
monitoring, the STO(+SBC) function becomes active as a violation response.

When using dynamic ramp from digital input or fieldbus, the monitored ramp is determined
at the moment when the function is requested. The changes that are made after this do not
have an effect on the operation of the function.
7.2.4.5 The SOS safety function
When the SOS safety function is active, it monitors the rotation of the motor shaft. Use
parameter SOS Revolution Limit to set the allowed deviation from the position at the
beginning of the monitoring. Exceeding the allowed deviation from the starting point
activates the STO(+SBC) function as a fault response.

NOTE!

The deviation that is set by SOS Revolution Limit applies to both the directions from
the point at the beginning of the monitoring. It is possible that the shaft rotates to
one direction almost the maximum deviation and then to the other direction almost
double the allowed deviation without violating the monitoring.

During parameterisation, the compatibility of the value of SOS Revolution Limit is checked
against the pulses per revolution (Encoder/Proximity Sensor Number of Pulses) of the
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encoder. Setting SOS Revolution Limit below the capability of the encoder is prevented.
Example: With a Encoder/Proximity Sensor Number of Pulses value of 10, it is not possible to
set SOS Revolution Limit below 0.1 revolutions.

The monitoring is based on the pulses reported by the encoder. With few pulses per
revolution, the behaviour may not be as expected. Example: When Encoder/Proximity Sensor
Number of Pulses has the value 1, and SOS Revolution Limit has the value 1.00, the violation
of SOS monitoring is detected when the first pulse is counted. Depending on the actual
position of the shaft and the encoder, this can occur with almost no rotation or slightly before
the first full revolution.
7.2.4.6 The SS2 and SOS signals
It is possible that the Active and Reached signals that are mentioned in this chapter are not
always available in all interfaces.

NOTE!

The availability of the signals over safe fieldbus depends on the fieldbus protocol
that you use. Refer to chapter 8 Safe fieldbuses for more information.
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Table 28: The SS2 and SOS signals

Signal Activation and deactivation of the signal Description

SS2 Active
Activation:
• SS2 is requested and starts execution.

Deactivation (manual acknowledgement):
• Acknowledgement signal received after SS2 is not

requested.

Deactivation (automatic acknowledgement):
• SS2 request ends.

Deactivation (SS2 violation situations):
• Reset signal received after SS2 had detected a violation

and SS2 has been acknowledged (implicitly or explicitly).

The signal indicates if SS2
function is being execu-
ted.

SS2 Reached Only activated when SS2 has not detected any violations.

Activation:
a) Time SS2 t1 elapses (only time monitoring used).
b) Speed is below zero speed for time SS2 td2 (zero speed

monitoring used).

Deactivation (manual acknowledgement):
• SS2 is acknowledged after being reached successfully.

Deactivation (automatic acknowledgement):
• SS2 was reached successfully and SS2 request ends.

Deactivation (violation or fault):
• A violation or fault occurs during the reached state of

SS2.

Deactivation (higher priority function is reques-
ted)
• STO or SS1 or SQS is requested.

The signal indicates if SS2
function has been reached
successfully.

SOS Reached
Activation:
• SS2 Reached is activated.

Deactivation:
a) SS2 Reached is deactivated.
b) SOS detects a violation.

The signal indicates if SOS
function is being execu-
ted.
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Fig. 41: The SS2 and SOS signals in time monitoring mode
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Fig. 42: The SS2 and SOS signals in zero speed monitoring mode
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Fig. 43: The SS2 and SOS signals in a SOS violation case

7.2.5 SQS - SAFE QUICK STOP

7.2.5.1 Introduction to the SQS function
The SQS function has 3 modes: SQS-STO, SQS-SS1, and SQS-SS2. The behaviour of these
modes is the same as the corresponding independent function.
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Ramps for SQS-SS1 and SQS-SS2 are set independently of other ramp definitions. For the
STO(+SBC) function and the SOS function, the parameters of the individual functions are also
used if they are activated as part of the SQS function.

The Safe Quick Stop (SQS) safety function becomes active as the violation response for these
safety functions: SLS, SSR, SMS.

The parameters of the SQS safety function are described in chapter 9.7 SQS parameters.
7.2.5.2 The SQS modes
When the SQS function is set to the SQS-STO mode, the normal STO(+SBC) parameterisation
is used to execute the STO(+SBC) function when the SQS function is requested. See chapter
7.2.2 STO - Safe Torque Off and SBC - Safe Brake Control.

When the SQS function is set to the SQS-SS1 or the SQS-SS2 mode, the SQS parameters are
used the same way as the corresponding SS1 or SS2 parameters. The SS1 or SS2
parameters are not used. The behaviour of the SQS-SS1 and the SQS-SS2 mode is the same
as that of the independent SS1 and SS2 functions. See chapters 7.2.3 SS1 - Safe Stop 1 and
7.2.4 SS2 - Safe Stop 2 and SOS - Safe Operating Stop.

NOTE!

For SOS after SQS-SS2, the parameterisation of normal SOS is used.

NOTE!

The SQS-SS1 and the SQS-SS2 functions are higher in priority than the independent
SS1 and SS2 functions. See chapter 7.2.1 Introduction to the safe stopping functions.

The SQS function does not use the shared ramp definitions. Instead the SQS function has its
own ramp definition parameters. The ramps are parameterised, calculated and monitored
the same way as other ramps. See chapter 7.1.7 Ramps.
7.2.5.3 The SQS signals
It is possible that the Active and Reached signals that are mentioned in this chapter are not
always available in all interfaces.

The SS1 and SS2 signals do not become active when the SQS-SS1 or the SQS-SS2 mode is
active. However, the SOS, the STO, and the SBC signals become active when the
corresponding SQS mode is active.

NOTE!

The availability of the signals over safe fieldbus depends on the fieldbus protocol
that you use. Refer to chapter 8 Safe fieldbuses for more information. If the SQS
function is not available in the fieldbus protocol, the fieldbus shows the signals of
the SS1 or the SS2 function instead.
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Table 29: The SQS signals

Signal Activation and deactivation of the signal Description

SQS Active
Activation:
a) SQS is requested and starts execution. OR
b) A safe monitoring function detects a violation and acti-

vates SQS.

Deactivation (manual acknowledgement):
a) Acknowledgement signal received after SQS is not

requested. OR
b) The violated safe monitoring function is reset.

Deactivation (automatic acknowledgement):
a) SQS request ends. OR
b) The violated function is reset.

Deactivation (SQS violation situations):
• Reset signal received after SQS had detected a violation

and SQS has been acknowledged (implicitly or explicitly).

The signal indicates if SQS
function is being execu-
ted.

SQS Reached Only activated when SQS has not detected any violations.

Activation:
a) STO(+SBC) is reached (SQS_STO)
b) Time SQS t1 elapses (SQS-SS1 & SQS-SS2: only time

monitoring used).
c) Speed is below zero speed for time SQS td1 (SQS-SS1 &

SQS-SS2: zero speed monitoring used).

Deactivation (manual acknowledgement):
a) SQS is acknowledged after being reached successfully.

(Normal request) OR
b) The violated function is reset. (Violation response)

Deactivation (automatic acknowledgement):
a) SQS was reached successfully and SQS request ends.

(Normal request) OR
b) The violated function is reset. (Violation response)

Deactivation (violation or fault):
a) A violation or fault occurs during the reached state of

SQS-SS2.

Deactivation (higher priority function is reques-
ted)
• STO is requested.

The signal indicates if SQS
function has been reached
successfully.
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Table 30: The SOS signals during the SQS-SS2 mode

Signal Activation and deactivation of the signal Description

SOS Reached
Activation:
• SQS Reached is activated.

Deactivation:
a) SQS Reached is deactivated. OR
b) SOS detects a violation.

The signal indicates if SOS
function is being execu-
ted.

The SQS signals behave the same way as the corresponding signals in the SS1 and the SS2
functions. For example, SQS Active behaves the same way as SS1 Active when the SQS mode
is set to SS1. For the behaviour in other cases, refer to the figures in chapters (SS1 and
SS2)7.2.3 SS1 - Safe Stop 1 and 7.2.4 SS2 - Safe Stop 2 and SOS - Safe Operating Stop.
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Fig. 44: The SQS-STO function as a violation response to a SSR speed violation. The SBC function
is not used.
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Fig. 45: The SQS-SS1 function as a violation response to a SSR speed violation. The SQS function
uses time monitoring mode. The SS1 signals are not used with the SQS-SS1 mode.
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Fig. 46: The SQS-SS2 function as a violation response to a SSR speed violation. The SQS function
uses time monitoring mode. The SS2 signals are not used with the SQS-SS2 mode.
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7.3 SAFE MONITORING FUNCTIONS

7.3.1 INTRODUCTION TO THE SAFE MONITORING FUNCTIONS
The safe monitoring functions are used to monitor the speed, the position or the acceleration
of the motor. Most safe monitoring functions do not take into account the direction of the
movement, but only the absolute value.

The safe monitoring functions that do not take into account the direction of movement

• SLS
• SSM
• SSR

The safe monitoring functions that take into account the direction of movement

• SMS

You can use all safe monitoring functions at the same time. All active safe monitoring
functions monitor the limits that were set for them. A violation of any of these limits causes
the SQS function to be requested as a violation response.

NOTE!

The limit that a safe monitoring function monitors (for example speed, position, or
acceleration) is used as a trigger for the SQS function. Depending on the
parameterisation of the SQS function and the system configuration, there can be a
delay for the actions that control the movement of the motor.

The safe monitoring functions, except for SSM, do not monitor during violations, faults in the
Advanced safety option board, or when the STO or the SOS function is active.

7.3.2 SLS - SAFE LIMITED SPEED

7.3.2.1 Introduction to the SLS function
The Safe Limited Speed (SLS) safety function monitors that the motor speed does not exceed
the parameterised speed limit. The SLS function provides 3 parameterisable speed limits
that you can switch during operation: SLS 1 Limit, SLS 2 Limit, and SLS 3 Limit. Deceleration
during the initial activation can be monitored with a deceleration ramp. The SLS function can
be configured with or without ramp monitoring.

The violation response is the SQS function.

The parameters of the SLS safety function are described in chapter 9.8 SLS parameters.
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7.3.2.2 Time monitoring

SLS x Limit

SLS t1

t

Speed

SLS td2

Fig. 47: The SLS function in the time monitoring mode

The time monitoring mode is always used when SLS is active. In the time monitoring, the SLS
function must be reached before the time that is set with SLS t1 elapses. The monitoring of
the speed limit starts after the function is reached.

If the function is not reached in the set time, or the speed limit is exceeded after the function
is reached, the SQS function becomes active as a violation response.

SAFETY FUNCTIONS VACON · 115

LOCAL CONTACTS: HTTP://DRIVES.DANFOSS.COM/DANFOSS-DRIVES/LOCAL-CONTACTS/ 7 



7.3.2.3 Ramp monitoring

SLS x Limit

SLS t1

SLS td1
t

Speed

SLS td2

Fig. 48: The SLS function in the ramp monitoring mode

When ramp monitoring is used, time monitoring is also used. The ramp monitoring monitors
that the initial speed change after the function is requested obeys the set deceleration ramp.
Select the monitored ramp with parameter SLS Ramp Monitoring. It is possible to monitor
the minimum ramp, the maximum ramp, or both these ramps.

The ramp monitoring starts after the time that is set in SLS td1 elapses. The time delay of
SLS td1 starts when the SLS function becomes active. The ramp monitoring ends when the
SLS function is reached. If the speed does not obey the parameterised ramp during the
monitoring, the SQS function becomes active as a violation response. The ramp monitoring
does not continue below the requested speed limit.

NOTE!

The ramp monitoring is not executed when the speed limit changes. The monitoring
for the previous speed limit stays active during the change.
NOTE!

After a new SLS request, if a speed limit change occurs before the initial speed
limit is reached, the new request is handled as a new initial request. The timers of
the parameters SLS t1 and SLS td2 restart, and ramp monitoring is executed, if it
was used.

7.3.2.4 The speed limit selection of the SLS function
The SLS function has 3 different speed limits: SLS 1 Limit, SLS 2 Limit, and SLS 3 Limit.
When a speed limit is requested from both a digital input and via fieldbus, the monitored
speed limit is selected by the priority of the speed limits. The priority of the speed limits is
independent of the actual value of the speed limits.
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The priority of the speed limits (from the highest to the lowest)

1. SLS 1 Limit
2. SLS 2 Limit
3. SLS 3 Limit
4. No SLS requested

NOTE!

It is possible to parameterise a higher priority speed limit to allow higher speed
than a lower priority speed limit, but it is not recommended.

When the speed limit is changed, the monitoring behaviour depends on whether the speed
value of the new speed limit is higher or lower than that of the current speed limit. When
changing to a speed limit with a higher speed value, the monitoring of the new limit starts
immediately, and the monitoring for the old speed limit ends.

When changing to a speed limit with a lower speed value, the monitoring of the old speed
limit stays active for the time that is set with SLS t1. After the set time, the monitoring of the
old speed limit ends and the monitoring of the new speed limit starts.

NOTE!

After a new SLS request, if a speed limit change occurs before the initial speed
limit is reached, the new request is handled as a new initial request. The timers of
the parameters SLS t1 and SLS td2 restart, and ramp monitoring is executed, if it
was used.

When two digital inputs are used to select the speed limit, parameter SLS td3 is used. SLS
td3 determines the transition time that is permitted for the two inputs to reach the selected
value. The first change from the executed selection value (SLS 1 Limit, SLS 2 Limit, SLS 3
Limit, or No SLS requested) starts the timer of the parameter SLS td3. After the time set with
SLS td3, the inputs are examined and based on the results, a new speed limit is selected.

NOTE!

If the change in the input state was caused by an accident and the request signals
return to the currently executed selection, the monitoring of that limit is not
interrupted.

Table 31: Selecting the SLS limit with 1 digital input

SLS Input 1 SLS LIMIT

0 SLS 1 Limit

1 No SLS limit requested
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Table 32: Selecting the SLS limit with 2 digital inputs

SLS Input SLS LIMIT

1 2

0 0 SLS 1 Limit

0 1 SLS 2 Limit

1 0 SLS 3 Limit

1 1 No SLS limit requested

When you request the SLS function over a safe fieldbus, see chapter 8 Safe fieldbuses.
7.3.2.5 The SLS signals
It is possible that the Active and Reached signals that are mentioned in this chapter are not
always available in all interfaces.

NOTE!

The availability of the signals over safe fieldbus depends on the fieldbus protocol
that you use. Refer to chapter 8 Safe fieldbuses for more information.
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Table 33: The SLS signals

Signal Activation and deactivation of the signal Description

SLS 1 Active
SLS 2 Active
SLS 3 Active

Activation:
• SLS is requested and starts to execute.

Deactivation (manual acknowledgement):
a) Acknowledgement signal received and SLS is not

requested.
b) Another SLS limit is requested and taken into use.

Deactivation (automatic acknowledgement):
a) SLS request ends.
b) Another SLS limit is requested and taken into use.

Deactivation (SLS violation situations):
• Reset signal received after SLS had detected a violation

and SLS has been acknowledged (implicitly or explicitly).

The signal indicates if SLS
function is being execu-
ted.

SLS 1 Reached
SLS 2 Reached
SLS 3 Reached

Only activated when SLS has not detected any violations.

Activation:
• Speed is below SLS speed limit.

Deactivation (manual acknowledgement):
a) SLS is acknowledged after being reached successfully.
b) Another SLS limit is activated and reached.

Deactivation (automatic acknowledgement):
a) SLS was reached successfully and SLS request ends.
b) Another SLS limit is activated and reached.

Deactivation (STO state):
a) STO is activated.

The signal indicates if SLS
function has been reached
successfully.
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Fig. 49: The SLS 1 is requested and deactivated. Time monitoring only.
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Fig. 50: Changing the SLS limits. Ramp monitoring is active only at the initial activation of the SLS
function.
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Fig. 51: An SLS ramp violation. The SQS-STO function as a violation response.

7.3.3 SMS - SAFE MAXIMUM SPEED

7.3.3.1 Introduction to the SMS function
The Safe Maximum Speed (SMS) safety function monitors that the motor speed does not
exceed the parameterised speed limit. The limit can be set independently for both the
rotation directions of the motor.

The violation response is the SQS function.

The parameters of the SMS safety function are described in chapter 9.9 SMS parameters.
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7.3.3.2 The maximum speed monitoring
The maximum speed monitoring starts immediately when the SMS function is requested and
becomes active. The function stays in the Reached state if the limits are not violated.

SMS Limit Plus

SMS Limit Minus

t

Speed

0

Fig. 52: The operation of the SMS function

If a proximity sensor is used to monitor the speed of the motor, it can be necessary to set the
limits to the same absolute value, for example, 50 and -50. See chapter 4.6.2 Standard speed 
sensors and combinations.

NOTE!

Setting a limit to zero does not disable the monitoring.

7.3.3.3 The SMS signals
It is possible that the Active and Reached signals that are mentioned in this chapter are not
always available in all interfaces.

NOTE!

The availability of the signals over safe fieldbus depends on the fieldbus protocol
that you use. Refer to chapter 8 Safe fieldbuses for more information.
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Table 34: The SMS signals

Signal Activation and deactivation of the signal Description

SMS Active
Activation:
• SMS is requested and starts to execute.

Deactivation (manual acknowledgement):
• Acknowledgement signal received and SMS is not

requested.

Deactivation (automatic acknowledgement):
• SMS request ends.

Deactivation (SMS violation situations):
• Reset signal received after SMS had detected a violation

and SMS has been acknowledged (implicitly or explicitly).

The signal indicates if the
SMS function is being
executed.

SMS Reached
Activation:
• SMS is active and speed is within safe range.

Deactivation (manual acknowledgement):
• SMS is acknowledged after being reached successfully.

Deactivation (automatic acknowledgement):
• SMS was reached successfully and SMS request ends.

Deactivation (STO state):
• STO is activated.

The signal indicates if the
SMS function has been
reached successfully.
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Fig. 53: The signals of the SMS function
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Fig. 54: An SMS violation. The SQS-STO function as a violation response. SMS: manual
acknowledgement.

7.3.4 SSR - SAFE SPEED RANGE

7.3.4.1 Introduction to the SSR function
The Safe Speed Range (SSR) safety function monitors that the motor speed stays in
parameterised speed range. It is possible to set and monitor a maximum and a minimum
motor speed. The SSR function can be configured with or without ramp monitoring.

After the function has been activated, the deceleration or the acceleration to a safe range can
be monitored with the ramp monitoring mode.

The violation response is the SQS function.
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The parameters of the SSR safety function are described in chapter 9.10 SSR parameters.
7.3.4.2 Time monitoring
The time monitoring mode is always used when SSR is active. In the time monitoring, the
SSR function must be reached before the time that is set with SSR t1 elapses. The
monitoring of the speed limit starts after the function is reached.

If the function is not reached in the set time, or the speed limit is exceeded after the function
is reached, the SQS function becomes active as a violation response.

SSR Min Limit

SSR t1

SSR td2

SSR Max Limit

t

Speed

Fig. 55: The SSR function in the time monitoring mode

NOTE!

When you set the value of SSR Min Limit above zero, you must take into account the
situations where the motor is stopped or changes direction. If the speed goes below
the SSR Min Limit and the SSR function is monitoring, the SSR function detects a
violation. The speed can be below the SSR Min Limit, for example, if the STO
function or the SOS function is active. After the STO function or the SOS function is
deactivated, the SSR function can start monitoring again after the time set with SSR
t1, and detect a violation. It may be necessary to disable the SSR request while the
motor is stopped. See chapter 7.4 Combinations of safety functions.
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7.3.4.3 Ramp monitoring

SSR Min Limit

SSR t1

SSR td1

SSR Max 

t

Speed

SSR td2

Fig. 56: The SSR function in the ramp monitoring mode

When ramp monitoring is used, time monitoring is also used. The ramp monitoring monitors
that the initial speed change after the function is requested obeys the set deceleration ramp.
Select the monitored ramp with parameter SSR Ramp Monitoring. It is possible to monitor
the minimum ramp, the maximum ramp, or both these ramps.

The ramp monitoring starts after the time that is set in SSR td1 elapses. The time delay of
SSR td1 starts when the SSR function becomes active. The ramp monitoring ends when the
SSR function is reached. If the speed does not obey the parameterised ramp during the
monitoring, the SQS function becomes active as a violation response. The ramp monitoring
does not continue when the speed is in the safe speed range.

NOTE!

The ramp monitoring is used for both the deceleration and the acceleration to a
safe range.

The ramp monitoring is always active according to the parameters of the selected ramp. If
the selected ramp has both acceleration and deceleration, monitoring for both is active. On
the opposite side to the actual executed ramp monitoring, the ramp monitoring is limited to
the monitored limit. This means that during ramp monitoring it is possible for the speed to
cross the safe range and cause a ramp violation on the other limit.
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Speed

SSR Max Limit

SSR Min Limit

SSR td1

SSR td2

SSR t1

t

Fig. 57: Ramp monitoring during acceleration to the safe range
7.3.4.4 The SSR signals
It is possible that the Active and Reached signals that are mentioned in this chapter are not
always available in all interfaces.

NOTE!

The availability of the signals over safe fieldbus depends on the fieldbus protocol
that you use. Refer to chapter 8 Safe fieldbuses for more information.
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Table 35: The SSR signals

Signal Activation and deactivation of the signal Description

SSR Active
Activation:
• SSR is requested and starts execution.

Deactivation (manual acknowledgement):
• Acknowledgement signal received and SSR is not

requested.

Deactivation (automatic acknowledgement):
• SSR request ends.

Deactivation (SSR violation situations):
• Reset signal received after SSR had detected a violation

and SSR has been acknowledged (implicitly or explicitly).

The signal indicates if the
SSR function is being exe-
cuted.

SSR Reached Only activated when SSR has not detected any violations.

Activation:
• Speed is between selected SSR td2 time limits.

Deactivation (manual acknowledgement):
• SSR is acknowledged after being reached successfully.

Deactivation (automatic acknowledgement):
• SSR was reached successfully and SSR request ends.

Deactivation (STO state):
• STO is activated.

The signal indicates if the
SSR function has been
reached successfully.
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Speed

SSR td2

SSR t1

Logical level

Logical level

SSR Request

SSR Max Limit

SSR Max Limit

SSR Reached

SSR Active

Acknowledgement

t

t

t

t

t

Automatic acknowledgement

Manual acknowledgement

Fig. 58: The SSR signals
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Speed

SSR td2

SSR t1

Logical level

SSR Request

SSR Min Limit

SSR Max Limit

SSR Reached

SSR Active

t

t

SQS Active 
& STO Active

SQS Reached 
& STO Reached

t

t

Reset t

t

t

Violation

Fig. 59: The SSR signals in a violation case. The SQS-STO function as a violation response.

7.3.5 SSM - SAFE SPEED MONITOR

7.3.5.1 Introduction to the SSM function
The Safe Speed Monitor (SSM) safety function provides a safe output for signalling if the
motor speed is within the set limits. It is possible to parameterise the maximum speed and
the minimum speed.
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The only response to the speed going outside the limits is the deactivation of the safe output.
No other safety function is activated.

When the SSM function is set to "Always active", an acknowledgement is not necessary.
When the SSM function is not "Always active", the acknowledgement is used normally, as
specified in chapter 7.1.5 Acknowledgement of a safety function .

The parameters of the SSM safety function are described in chapter 9.11 SSM parameters.
7.3.5.2 Speed monitoring
The monitoring starts when the SSM function is requested and becomes active. The
monitoring of the maximum speed is specified in EN IEC 61800-5-2. The monitoring of the
minimum speed is an additional feature that is not specified by the standard.

Speed

t

SSM Max Limit

SSM Min Limit

SSM Output

SSM td2 SSM td2

Fig. 60: The SSM function with monitoring of both the speed limits. The SSM function is requested
during the sequence.

You can disable the monitoring of a speed limit by setting its monitor value to 0 rpm.
However, if you disable the monitoring of the maximum speed, the SSM function cannot
monitor excess speed.

The behaviour of the function is the same for both the speed limits. See also chapter 7.3.5.3 
The SSM safe output.
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Speed

t

SSM Min Limit

SSM Output

SSM td2 SSM td2

Fig. 61: The minimum speed monitoring. The SSM function is requested during the sequence.

NOTE!

The SSM function does not report a violation if the speed goes outside the range
that is defined by the speed limits. Only the safe output signal indicates the
situation.

Unlike other safe monitoring functions, the monitoring of the SSM function does not stop
when a violation occurs in another safety function, or when the STO function becomes active.
The SSM output and the SSM signals are updated throughout the violation situation and
during the standstill caused by the STO function.
7.3.5.3 The SSM safe output
The state of the SSM safe output is determined by the speed of the motor and whether the
SSM function is active. The table below shows the state of the SSM safe output and the SSM
Reached signal that corresponds to the output state.

Table 36: The state of the SSM safe output

Condition Speed SSM Reached SSM Out (DOUTx)

SSM requested (request
active, even after a viola-
tion)

Actual speed inside the
allowed range

Active Active

Actual speed outside the
allowed range

Inactive Inactive

SSM not requested
(request not active)

Any Inactive Inactive

Fatal / Resettable Fault - Inactive Inactive

The table below shows the behaviour of signals SSM Below Min Limit and SSM Above Max
Limit that indicate which limit the speed has crossed.
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Table 37: Possible combinations and the results of the SSM function

Condition SSM Reached SSM Below Min Limit SSM Above Max
Limit

SSM Min Limit ≤ actual speed ≤ SSM
Max Limit
or
SSM Min Limit ≤ actual speed, SSM Max
Limit = 0

1 (Active) 0 0

actual speed > SSM Max Limit 0 (Inactive) 0 1

actual speed < SSM Min Limit 0 (Inactive) 1 0

SSM not active
or
Fatal / Resettable Fault

0 (Inactive) 0 0

7.3.5.4 The SSM signals
It is possible that the Active and Reached signals that are mentioned in this chapter are not
always available in all interfaces.

NOTE!

The availability of the signals over safe fieldbus depends on the fieldbus protocol
that you use. Refer to chapter 8 Safe fieldbuses for more information.
NOTE!

The SSM signals are updated during the operation of the STO function, and during
the violations of other safety functions.
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Table 38: The SSM signals

Signal Activation and deactivation of the signal Description

SSM Active
Activation:
• SSM is requested and starts execution.

Deactivation (manual acknowledgement):
• Acknowledgement signal received and SSM is not

requested.

Deactivation (automatic acknowledgement):
• SSM request ends.

Deactivation (SSM violation situations):
• - [No violations of SSM]

The signal indicates if the
SSM function is being
executed.

SSM Reached
Activation:
• Speed is within safe range for the time that is set with

SSM td2.

Deactivation (manual acknowledgement):
• SSM is acknowledged after being reached successfully.

Deactivation (automatic acknowledgement):
• SSM was reached successfully and SSM request ends.

Deactivation (normal operation):
• Speed goes outside the limits.

Deactivation (fault state):
• A critical or removable fault is detected.

The signal indicates if the
SSM function has been
reached successfully.
Corresponds to the state
of the SSM output.
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Table 38: The SSM signals

Signal Activation and deactivation of the signal Description

SSM Above Max
Limit Activation:

• SSM is requested and speed is above maximum limit.

Deactivation (manual acknowledgement):
a) Speed is below maximum limit for the time that is set

with SSM td2.
b) Acknowledgement signal received and SSM is not

requested.

Deactivation (automatic acknowledgement):
a) Speed is below maximum limit for the time that is set

with SSM td2.
b) SSM request ends.

Deactivation (normal operation):
• Speed is within safe range for the time that is set with

SSM td2

The signal indicates if
speed is above the SSM
Max Limit.

SSM Below Min
Limit Activation:

• SSM is requested and speed is below minimum limit.

Deactivation (manual acknowledgement):
a) Speed is above minimum limit for the time that is set

with SSM td2.
b) Acknowledgement signal received and SSM is not

requested.

Deactivation (automatic acknowledgement):
• Speed is above minimum limit for the time that is set

with SSM td2.
• SSM request ends.

Deactivation (normal operation):
• Speed is within safe range for the time that is set with

SSM td2.

The signal indicates if
speed is below the SSM
Min Limit.
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Fig. 62: The SSM signals
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SSM Request t
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Acknowledgement t
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Fig. 63: The SSM function requested externally, manual acknowledgement
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Fig. 64: The SSM function requested externally, automatic acknowledgement

7.4 COMBINATIONS OF SAFETY FUNCTIONS

When you use many safety functions at the same time, all active safety functions execute the
parameterised monitoring. Depending on the parameter settings of the functions and the
system design, unexpected violations can occur.

NOTE!

The Advanced safety option board or the PC tool do not check if the parameter
values of different safety functions are compatible.
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NOTE!

When the first violation is detected, the other safe monitoring functions stop their
monitoring until the violation is reset. The exception is the SSM function which
continues to monitor the speed and update the output value.

Using the SSR function and a safe stopping function at the same time causes a conflicting
situation. If the SSR function has a minimum limit value that is greater than zero, and is
active during the execution of the SS1, the SS2, the SQS-SS1, or the SQS-SS2 functions, the
SSR function or the safe stopping function is likely to detect a violation. The safe stopping
function aims to stop the motor, whereas the SSR function aims to keep the speed above the
monitored minimum limit.

How to avoid a violation with the SSR function and a safe stopping function:

• Use the SS1 and the SQS-SS1 functions in the time monitoring mode. After the delay, the
STO function is activated and the SSR monitoring is disabled. The situation after
resetting the STO function still needs to be considered. The SSR must be reached before
the time that is set with SSR t1 elapses.

• Deactivate the SSR function during the operation of safe stopping functions.

Do not use the SS2 function if you use the SSR function with a minimum limit value that is
greater than zero, and if you cannot deactivate the SSR function during the operation of the
SS2 function. The SSR function will detect a violation of the minimum limit, or the SOS
function that is activated during the SS2 function will detect the rotation if the speed is still
above SSR Min limit when the SOS function becomes active.
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8 SAFE FIELDBUSES
8.1 PROFISAFE

8.1.1 INTRODUCTION TO PROFISAFE
This chapter describes the Advanced safety system when PROFIsafe is enabled and a
PROFIsafe-capable fieldbus option board is installed.

PROFIsafe is an additional safety protocol on top of a standard transmission system
(PROFINET/PROFIBUS). PROFIsafe uses several technologies to ensure the validity and
status of the fieldbus communication, making it reliable to use with safety devices. These
measures include: consecutive numbering, watchdog time monitoring with
acknowledgement, codename per communication relationship, and cyclic redundancy check
for data integrity.

Communication over the non-safe transmission systems is called the "black channel".

Standard data Fail-safe data

PROFisafe layer PROFisafe layer

Fail-safe data

Standard bus protocol

PROFIBUS DP / PROFINET IO

Standard bus protocol

Standard data

Fig. 65: PROFIsafe communication

The Advanced safety option board supports version V2.4 of PROFIsafe in V2 mode. The
PROFIsafe protocol can be used in applications with up to SIL 3 requirements according to
IEC 61508 and the PROFIsafe communication is implemented according to IEC 61784-3.

8.1.2 THE REQUIREMENTS AND RESTRICTIONS
To use PROFIsafe with the Advanced safety option board, the components of the table are
required.
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Table 39: The required components and versions for PROFIsafe

Component Version Comment

The control board of the AC drive System software: NXP00002V198 or
newer
Hardware: Serial number 761 or
newer

OPTE3/E5 PROFIBUS option board Firmware: FW0083V006 or later
GSD file: Vac30CCF revision 2 or
newer

The safety PLC Must support PROFIsafe

OPTEA Advanced Dual Port Ether-
net

Firmware FW0241V001 or later

NOTE!

The Advanced safety option board can be controlled with PROFIsafe and digital
inputs at the same time, but in that case special consideration is necessary. The
requests from both the sources will be taken into account in the status information
of the digital output and the fieldbus status messages.

8.1.3 OVERVIEW OF THE PROFISAFE SYSTEM

PROFIBUS/PROFINET

PR
O

FIsafe

PROFIsafe + Process Data
Drive 

Application

AC drive

Safety 
Application 
F-Device

Advanced safety
option board

OPTE3/E5/EA

Safety PLC

Safety 
F-Host

Process 
Host Fieldbus Protocol

Fig. 66: Overview of the PROFIsafe system, with PROFIsafe used over PROFIBUS or PROFINET

The PROFIBUS option board (OPTE3/E5) uses PROFIBUS and the PROFINET option board
(OPTEA) uses PROFINET to communicate with the safety PLC. The exchanged data includes
PROFIsafe data and non-safe process data. The PROFIsafe option boards extract the process
data and the safety frame from the received message and forward them. The process data is
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sent to the drive application, and the safety frame is sent to the Advanced safety option
board.

The Advanced safety option board receives and sends the PROFIsafe safety frames and
implements the configured safety functions.

The Advanced safety option board can also interact with the drive application, which can be
parameterised to react to safety functions.

8.1.4 THE PROFISAFE FRAME
The PROFIsafe frame that is exchanged between the safety PLC (F-Host) and the safety slave
(F-Device) includes the safety I/O data (F-I/O), a Status/Control byte, and a CRC signature.
The safety I/O data is used to control the drive safety process, the Status/Control byte is used
for the PROFIsafe communication, and the CRC signature ensures the validity of the frame.

F-I/O data

Max. 13 octets 1 octet 3 octets

Status Byte / 
Control Byte CRC2

S S S S S S

Fig. 67: The structure of the PROFIsafe frame. S = Standard frame

The Status and Control Bytes, which are used to indicate, monitor and set the safety status of
the F-Device are described in Table 40 and Table 41. For more details, refer to PROFIsafe –
Profile for Safety Technology on PROFIBUS DP and PROFINET IO Technical Specification.

Table 40: Description of PROFIsafe Status Byte

Bit Signal Description

0 iPar_OK Not used

1 Device_Fault Fault in F-Device

2 CE_CRC Communication fault: CRC

3 WD_timeout Communication fault: watchdog timeout

4 FV_activated Fail-safe values (FV) activated

5 Toggle_d Toggle Bit (F-Device)

6 Cons_nr_R Consecutive number has been reset

7 - Reserved
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Table 41: Description of PROFIsafe Control Byte

Bit Signal Description

0 iPar_EN Not used

1 OA_Req Operator acknowledgement

2 R_cons_nr Reset consecutive number

3 - Reserved

4 Activate_FV Fail-safe values (FV) to be activated

5 Toggle_h Toggle Bit (F-Host)

6 - Reserved

7 - Reserved

The supported formats for safety I/O data are described in chapter 8.1.6.4 Data mapping for 
PROFIdrive on PROFIsafe.

8.1.5 PARAMETERISATION FOR PROFISAFE

8.1.5.1 General information on parameterisation
When using PROFIsafe, the protocol requires specific safety parameters (F-parameters) to
be sent from F-Host to F-Device. These parameter values must be set to the Advanced safety
option board with the VACON® Safe tool and to F-Host with its configuration tool. During
start-up, the values on F-Host are transmitted to the Advanced safety option board, which
does a check of the values against the values on the Advanced safety option board. The
values configured to F-Host and F-Device must be the same for the safety communication to
start.

The safety layer starts whenever the communication channel (PROFIBUS/PROFINET) is
communicating cyclically. Refer to chapter "Commissioning" of the User Manual of the used
fieldbus. An unsuccessful initialisation of the PROFIsafe protocol does not have an effect on
the PROFIBUS/PROFINET cyclic communication. The PROFIBUS/PROFINET cyclic
communication can be used to read diagnostic information if the PROFIsafe parameterisation
fails.

See the PROFIsafe parameters in chapter 9.3 Safe fieldbus parameters.
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Table 42: Settings in the safety PLC

Value Description

F Source Address The value must be the same as the F Source Address on the
Advanced safety option board.

F Destination Address The value must be the same as the F Destination Address on the
Advanced safety option board.

F WD Time The value must be the same as the F WD Time on the Advanced
safety option board.

F iPar CRC The value must be the same as the final CRC of the parameter file
on the Advanced safety option board. The value can be seen in
VACON® Safe after the verification of the parameter file is com-
pleted, on the control panel of the AC drive, or in the commission-
ing report printed from VACON® Safe.

Safety Telegram & F-I/O Data of the Safety
Telegram

The value must be the same as the Safety telegram in the
Advanced safety option board. F-I/O Data must mapped as descri-
bed in chapter 8.1.6.4 Data mapping for PROFIdrive on PROFIsafe.

The following PROFIsafe-related parameters cannot be edited in the Advanced safety option
board. They must have the same value in the safety PLC communication to the option board
over PROFIsafe. The values of the table below are defined in the fieldbus GSD description file
that is provided for the fieldbus option board by VACON, and must not be modified.

Table 43: The uneditable F-parameters

Parameter Value Unit Description

F Check iPar 0 = NoCheck Manufacturer-specific iPar check

F CRC Length 0 = 3-Byte-CRC CRC2 signature length

F Block ID 1 = F iPar CRC within F-
Parameter block

Parameter block type identification

F Par Version 1 = V2 Mode Version No. of F-Parameters

F SIL 8 = SIL3 Employed SIL level of F-Device

8.1.5.2 PROFIsafe watchdog time
Use the F-Parameter F WD Time to determine a watchdog time for the communication
between F-Host and F-Device.

The minimum watchdog time has 4 parts:

• DAT = Device Acknowledgment Time. F-Device receives a frame, processes it, and
prepares a new frame to be sent.

• Bus = The transfer time of the frame from the AC drive to F-Host.
• HAT = Host Acknowledgement Time. F-Host receives a frame, processes it, and

generates a new frame.
• Bus = The transfer time of the frame from F-Host to the AC drive.
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DAT Bus BusHAT

F WD Time (minimum)

Fig. 68: The parts of the watchdog time

It can sometimes be difficult to determine the bus transfer time that is used to calculate the
watchdog time. For more information on the cycle times, see the User Manual of the used
fieldbus.

Use this formula to calculate the F WD Time:
F WD Time = DAT + HAT + 2 x BT

Table 44: Description of the parts of the watchdog time

Symbol Name Description

DAT Device Acknowledgment
Time

70 ms for the complete AC drive system

HAT Host Acknowledgement
Time

Application-specific

BT Bus Cycle Time The bus cycle time

The F-Parameter F WD Time must have a value that is slightly greater than the sum of DAT,
HAT, and two times the bus transfer time. It is recommended not to exceed the calculated
value by more than 30%. Setting a shorter watchdog time does not have an effect on the
safety of a system, but it can cause a fault and make the AC drive trip.

For example, if HAT is 4 ms and the PROFIBUS cycle time is 3 ms, F WD Time should be set
to:

7

For example, if HAT is 4 ms and the PROFINET cycle time is 4 ms, F WD Time should be set
to:

7

NOTE!

If there is extreme electromagnetic interference, the communication systems use
retry mechanisms to increase the robustness of the system. Before setting the F
WD Time, it is recommended to find the number of retries of each connection and
adjust the minimum watchdog time if necessary.

8.1.5.3 The PROFIsafe safety function response time (SFRT)
PROFIsafe specifies a safety function response time (SFRT), during which the safety system
must react to a fault in the system. The SFRT includes all individual delays, including the bus
transfer times. All of these elements have minimum and maximum delays, and the actual
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delay is likely to be somewhere in between these values. For safety reasons every
communication cycle has its own watchdog time WDTimei after which the safe state is
activated if a fault occurs in that communication cycle.

To calculate the safety function response time, use this formula:

SFRT = Safety Function Response Time
WCDTi = Worst Case Delay Time of entity i
WDTimei = Watchdog Time of entity i. See chapter 8.1.5.2 PROFIsafe watchdog time.

Adding together the worst case delay times for components of the VACON® safety system
gives the total Worst Case Delay Time.

Table 45: The delays and watchdog times of a VACON® safety system

Device Worst case delay time Watchdog time

The complete AC drive system 70 ms Recommended 150 ms or larger

8.1.6 PROFIDRIVE ON PROFISAFE

8.1.6.1 General information on PROFIdrive on PROFIsafe
The PROFIdrive on PROFIsafe telegrams are mapped according to the PROFIdrive on
PROFIsafe amendment. The selected data for controlling the safety functions is included in
the PROFIsafe frame.

For the AC drive to fully comply with PROFIdrive on PROFIsafe, a compatible drive application
must be used, for example the Multi-purpose Control Application, APFIFF06.

NOTE!

Some values of some parameters in the Advanced safety option board are not
compatible with PROFIdrive on PROFIsafe. The Advanced safety option board allows
more detailed or different behaviour for some safety functions than what is
mentioned in the PROFIdrive on PROFIsafe amendment.

The compatibility only applies to the safety functions and features that are used. It is not
necessary to take into account the safety functions and features that are not used. See the
table below.
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Table 46: The compatibility of parameters with PROFIdrive on PROFIsafe

Parameter Range or
Options

Unit Description

Reset Drive Enabled
Disabled

PROFIdrive on PROFIsafe assumes that the fault log and the
safety fault log are controlled separately. Only the safety sys-
tem should be permitted to reset the safety faults.

Acknowledge drive Enabled
Disabled

The acknowledgement of safety functions from non-safe
source not allowed.

Acknowledgement
mode (all safety

functions)

Manual
Automatic

Automatic mode assumed in PROFIdrive on PROFIsafe.

SSM mode Always active Safety Telegram 31 does not have control bit for SSM. Always
active assumed.

SSM Min Limit 0 ms

Minimum speed monitoring not considered in PROFIdrive on
PROFIsafe. Other values than zero cause also slow speeds to
activate the SSM output of the drive, instead of just higher
than SSM Max Limit speeds.

Bold text = the value is compatible.
Text in italics = the value is not compatible.
Normal text = can be used, not mentioned in the PROFIdrive on PROFIsafe amendment.

PROFIdrive on PROFIsafe defines 4 SLS limits, but the Advanced safety option board only
supports 3 SLS limits. The fourth limit selection is not used. An SLS request with the fourth
limit selection is invalid and will cause a fault. See chapter 8.1.6.7 Safety Control Word 2 
(S_STW2).

The safety functions in the Advanced safety option board can be parameterised in more detail
than what is described in the PROFIdrive on PROFIsafe amendment. If you use such details,
take them into account with the F-Host.
8.1.6.2 PROFIsafe over PROFIBUS
When using PROFIBUS, the PROFIsafe data must always be in Slot 1. In the Advanced safety
option board, only one Safety Telegram is permitted to be selected at once.

For information on the supported telegram combinations, see VACON® OPTE3/E5 PROFIBUS
Option Board Manual.
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Table 47: The structure of the PROFIBUS message when PROFIsafe is used

PROFIBUS header PROFIsafe user
data

PROFIsafe trailer PROFIdrive user
data

PROFIBUS trailer

F-I/O Data Status/Control Byte
+ CRC2

F-Data (= PROFIdrive Safety Telegram) E.g. PROFIdrive
Telegram 1

Slot 1 Slot 2

The F-I/O Data consists of PROFIsafe user data, which consists of PROFIdrive Safety Signals.
The Safety Signals inside the F-I/O Data together with the PROFIsafe trailer (see chapter
8.1.4 The PROFIsafe frame) form the PROFIdrive Safety Telegram.

Table 48: The structure of the F-Data

F-Data

PROFIsafe user data (PROFIdrive Safety Signals) PROFIsafe trailer

F-I/O Data Status/Control Byte, CRC2

8.1.6.3 PROFIsafe over PROFINET
When you use PROFINET, the PROFIdrive data is always in slot 1 and the PROFIsafe data is in
slot 2. It should not be possible to put different types of telegrams in the wrong slots if the
used PLC software follows the restrictions in the OPTEA GSDML file.

For information on the supported telegram combinations, see VACON® OPTEA Advanced
Dual Port Ethernet Option Board Manual.
8.1.6.4 Data mapping for PROFIdrive on PROFIsafe
This section describes the telegrams used for controlling the safety functionality of the AC
drive with PROFIsafe.

The Advanced safety option board supports 3 safety telegrams consisting of both standard
PROFIdrive on PROFIsafe functionality as well as a vendor-specific functionality. These
telegrams are Standard Telegram 30, Standard Telegram 31 and the vendor-specific
Telegram 58000.

Table 49: The supported safety telegrams and the used safety I/O data format

Safety telegram Control word Status word

30 S_STW1 S_ZSW1

31 S_STW2 S_ZSW2

58000 VS_CW VS_SW
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NOTE!

For all safety output data (control word), a bit value 0 means "activate" and 1
"deactivate" a safety function. All unsupported, unused, or reserved bits, including
safety functions not taken into use with Vacon Safe, must be set to 0. Setting their
bit value to 1 will cause a fault.
NOTE!

For all safety input data (status word), a bit value 1 means "active" and 0 "non-
active". All unsupported, unused, or reserved bits are set to 0.

8.1.6.5 Safety Control Word 1 (S_STW1)
When you use Standard Telegram 30, the control word is Safety Control Word 1. Byte 0 is
standardised. Byte 1 is completely vendor-specific, and identical to Byte 3 of Safety Control
Word 2 (S_STW2).
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Table 50: Description of Safety Control Word 1 (S_STW1)

Byte Bit Name Description Signal Reference

0 0 STO Safe Torque Off STO request 7.2.2.4 The 
STO and SBC 

signals

1 SS1 Safe Stop 1 SS1 request 7.2.3.5 The SS1 
signals

2 SS2 Safe Stop 2 SS2 request 7.2.4.6 The SS2 
and SOS sig-

nals

3 - - - -

4 SLS Safe Limited Speed
1)

SLS 1 request 7.3.2.5 The 
SLS signals

5 - - - -

6 - - - -

7 INTER-
NAL_EVENT_ACK

Acknowledge safety
fault buffer (1->0

edge)

Reset 7.1.6 Reset of 
a safety func-

tion

1 0 ACK_SAFETY Acknowledge safety
function (0->1 edge)

Acknowledgement 7.1.5.1 
Acknowledge-

ment of a 
safety function

1 SS1/2_RAMP 0 = Ramp1, 1 =
Ramp2, for SS1 and

SS2

- 7.1.7 Ramps
7.2.3.4 Ramp 

monitoring
7.2.4.4 Ramp 

monitoring

2 - - - -

3 SQS Safe Quick Stop SQS request 7.2.5.3 The 
SQS signals

4 SSR Safe Speed Range SSR request 7.3.4.4 The 
SSR signals

5 - - - -

6 SMS Safe Maximum
Speed

SMS request 7.3.3.3 The 
SMS signals

7 - - - -

1) Always selects the SLS 1 function.

VACON · 152 SAFE FIELDBUSES 

8 LOCAL CONTACTS: HTTP://DRIVES.DANFOSS.COM/DANFOSS-DRIVES/LOCAL-CONTACTS/



8.1.6.6 Safety Status Word 1 (S_ZSW1)
Safety Status Word 1 is used together with Safety Control Word 1 (S_STW1) to form Standard
Telegram 30. Byte 0 is standardised. Byte 1 is completely vendor-specific and identical to
Byte 3 of Safety Status Word 2 (S_ZSW2).
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Table 51: Description of Safety Status Word 1 (S_ZSW1)

Byte Bit Name Description Signal Reference

0 0 POWER_REMOVED Safe Torque activa-
ted and torque

removed from drive

STO Reached 7.2.2.4 The 
STO and SBC 

signals

1 SS1_ACTIVE Safe Stop 1 activated
1)

SS1 Active or SQS
Active

7.2.3.5 The SS1 
signals

7.2.5.3 The 
SQS signals

2 SS2_ACTIVE Safe Stop 2 activated
1)

SS2 Active or SQS
Active

7.2.4.6 The SS2 
and SOS sig-

nals
7.2.5.3 The 
SQS signals

3 SOS_ACTIVE Safe Operating Stop
activated

SOS Active 7.2.4.6 The SS2 
and SOS sig-

nals
7.2.5.3 The 
SQS signals

4 SLS_ACTIVE Safe Limited Speed
activated 2)

SLS 1/2/3 Reached 7.3.2.5 The 
SLS signals

5 - - - -

6 - - - -

7 INTERNAL_EVENT Drive Safety Process
fault status

7.1.4 Violation 
of a safety 

function

1 0 SAFETY_EVENT Unacknowledged
safety functions

active 3)

Sum of all active
safety functions

-

1 - - - -

2 - - - -

3 SQS_ACTIVE Safe Quick Stop
activated

SQS Active 7.2.5.3 The 
SQS signals

4 SSR_ACTIVE Safe Speed Range
activated

SSR Reached 7.3.4.4 The 
SSR signals

5 - - - -

6 SMS_ACTIVE Safe Maximum
Speed activated

SMS Reached 7.3.3.3 The 
SMS signals

7 SBC_REACHED Safe Brake Control
output activated

SBC Reached 7.2.2.4 The 
STO and SBC 

signals
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Table 51: Description of Safety Status Word 1 (S_ZSW1)

Byte Bit Name Description Signal Reference

1) When the SQS function is executed in the drive: If the SQS-SS1/2 mode is used, the SS1/2 will be indicated by
this bit. Depending on the parameterisation, the SQS-SS1/2 can be different from the standard SS1/2.
2) If any of the SLS functions is reached, this bit is set to 1.
3) This bit indicates whether there are safety functions active on the Advanced safety option board. This includes
safety functions that are not indicated in the selected telegram but activated via a digital input. The SSM func-
tion is excluded if it is set to "Always active".

8.1.6.7 Safety Control Word 2 (S_STW2)
Compared to Safety Control Word 1, Safety Control Word 2 has two extra bytes, so Standard
Telegram 31 can be used with more safety functions than Standard Telegram 30. With these
bytes it is possible to select between 3 different SLS limits and activate positive and negative
safe direction functions. Byte 3 is identical to Byte 1 of Safety Control Word 1 (S_STW1).
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Table 52: Description of Safety Control Word 2 (S_STW2)

Byte Bit Name Description Signal Reference

0 0 STO Safe Torque Off STO request 7.2.2.4 The 
STO and SBC 

signals

1 SS1 Safe Stop 1 SS1 request 7.2.3.5 The SS1 
signals

2 SS2 Safe Stop 2 SS2 request 7.2.4.6 The SS2 
and SOS sig-

nals

3 - - - -

4 SLS Safe Limited Speed
1)

SLS request 7.3.2.5 The 
SLS signals

5 - - - -

6 - - - -

7 INTER-
NAL_EVENT_ACK

Acknowledge safety
fault buffer (1->0

edge)

Reset 7.1.6 Reset of 
a safety func-

tion

1 0 - - - -

1 SLS_LIMIT_BIT0 Bit 0 for coding SLS
limit 1)

See Table 53 -

2 SLS_LIMIT_BIT1 Bit 1 for coding SLS
limit 1)

See Table 53 -

3 - - - -

4 - - - -

5 - - - -

6 - - - -

7 - - - -

2 0..7 - - - -
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Table 52: Description of Safety Control Word 2 (S_STW2)

Byte Bit Name Description Signal Reference

3 0 ACK_SAFETY Acknowledge safety
function (0->1 edge)

Acknowledgement 7.1.5.1 
Acknowledge-

ment of a 
safety function

1 SS1/2_RAMP 0 = Ramp1, 1 =
Ramp2, for SS1 and

SS2

- 7.1.7 Ramps
7.2.3.5 The SS1 

signals
7.2.4.6 The SS2 

and SOS sig-
nals

2 - - - -

3 SQS Safe Quick Stop SQS request 7.2.5.3 The 
SQS signals

4 SSR Safe Speed Range SSR request 7.3.4.4 The 
SSR signals

5 - - - -

6 SMS Safe Maximum
Speed

SMS request 7.3.3.3 The 
SMS signals

7 - - - -

1) The actual selection for the monitoring limit is made with SLS_LIMIT_BIT0 and SLS_LIMIT_BIT1. See Table 
53.

Table 53: SLS limit selection

SLS_LIMIT_BIT SLS LIMIT

1 0

0 0 SLS 1 Limit is selected when SLS (Byte 0, bit 4) is set
to 0.

0 1 SLS 2 Limit is selected when SLS (Byte 0, bit 4) is set
to 0.

1 0 SLS 3 Limit is selected when SLS (Byte 0, bit 4) is set
to 0.

1 1 No SLS limit requested. SLS (Byte 0, bit 4) must be set
to 1.

8.1.6.8 Safety Status Word 2 (S_ZSW2)
Safety Status Word 2 is used together with Safety Control Word 2 (S_STW2) to form Standard
Telegram 31. Compared to Safety Status Word 1, Safety Status Word 2 has multiple SLS
limits and the SSM function status.
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Table 54: Description of Safety Status Word 2 (S_ZSW2)

Byte Bit Name Description Signal Reference

0 0 POWER_REMOVED Safe Torque activa-
ted and torque

removed from drive

STO Reached 7.2.2.4 The 
STO and SBC 

signals

1 SS1_ACTIVE Safe Stop 1 activated
1)

SS1 Active or SQS
Active

7.2.3.5 The SS1 
signals

7.2.5.3 The 
SQS signals

2 SS2_ACTIVE Safe Stop 2 activated
1)

SS2 Active or SQS
Active

7.2.4.6 The SS2 
and SOS sig-

nals
7.2.5.3 The 
SQS signals

3 SOS_ACTIVE Safe Operating Stop
activated

SOS Active 7.2.4.6 The SS2 
and SOS sig-

nals
7.2.5.3 The 
SQS signals

4 SLS_ACTIVE Safe Limited Speed
activated 2)

SLS 1/2/3 Reached 7.3.2.5 The 
SLS signals

5 - - - -

6 - - - -

7 INTERNAL_EVENT Drive Safety Process
fault status

7.1.4 Violation 
of a safety 

function

1 0 - - - -

1 SLS_LIMIT_BIT0_AC
TIVE

Bit 0 coding for SLS
limit 3)

See Table 55 7.3.2.5 The 
SLS signals

2 SLS_LIMIT_BIT1_AC
TIVE

Bit 1 coding for SLS
limit 3)

See Table 55 7.3.2.5 The 
SLS signals

3 - - - -

4 - - - -

5 - - - -

6 - - - -

7 SSM Drive absolute
speed safe status 4)

SSM Reached 7.3.5.4 The 
SSM signals

2 0..7 - - - -
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Table 54: Description of Safety Status Word 2 (S_ZSW2)

Byte Bit Name Description Signal Reference

3 0 SAFETY_EVENT Unacknowledged
safety functions

active 5)

Sum of all reques-
ted and active safety

functions

-

1 - - - -

2 - - - -

3 SQS_ACTIVE Safe Quick Stop
activated

SQS Active 7.2.5.3 The 
SQS signals

4 SSR_ACTIVE Safe Speed Range
activated

SSR Reached 7.3.4.4 The 
SSR signals

5 - - - -

6 SMS_ACTIVE Safe Maximum
Speed activated

SMS Reached 7.3.3.3 The 
SMS signals

7 SBC_REACHED Safe Brake Control
output activated

SBC Reached 7.2.2.4 The 
STO and SBC 

signals

1) When the SQS function is executed in the drive: If the SQS-SS1/2 mode is used, the SS1/2 will be indicated by
this bit. Depending on parameterisation, the SQS-SS1/2 can be different from the standard SS1/2.
2) Reached SLS_Limit is described by bits SLS_LIMIT_BIT0_ACTIVE & SLS_LIMIT_BIT1_ACTIVE.
3) Only valid, when SLS_ACTIVE bit is set to 1, otherwise this bit should be ignored.
4) Compatible with the PROFIdrive on PROFIsafe amendment if the SSM function is set to "Always active" and
SSM_Min_Limit = 0, see 8.1.5 Parameterisation for PROFIsafe.
5) This bit indicates whether there are safety functions active on the Advanced safety option board. This includes
safety functions that are not indicated in the selected telegram but activated via a digital input. The SSM func-
tion excluded if it is set to "Always active".

Table 55: SLS limit status

Active signal SLS_LIMIT_BIT_ACTIVE

1 0

SLS not reached 0 0

SLS 1 Reached 0 1

SLS 2 Reached 1 0

SLS 3 Reached 1 1

8.1.6.9 Vacon Safety Control Word (VS_CW)
The standard S_STW1 and S_STW2 do not include all safety functions that are supported by
the Advanced safety option board. However, a vendor-specific Vacon Safety Control Word
provides a full access to the safety functions and some extra features over fieldbus.
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The bit value 1 means that the signal is "non-active" and the value 0 means "active". All
unused bits must be set to 0. Setting their bit value to 1 will cause a fault.
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Table 56: Description of Vacon Safety Control Word (VS_CW)

Byte Bit Name / Signal Desciption Reference

0 0 STO Request Safe Torque Off 7.2.2.4 The STO and 
SBC signals

1 SS1 Request Safe Stop 1 7.2.3.5 The SS1 sig-
nals

2 SS2 Request Safe Stop 2 7.2.4.6 The SS2 and 
SOS signals

3 SQS Request Safe Quick Stop 7.2.5.3 The SQS sig-
nals

4 SSR Request Safe Speed Range 7.3.4.4 The SSR sig-
nals

5 SLS Request bit0 Safe Limited Speed
See Table 57.

7.3.2.5 The SLS sig-
nals

6 SLS Request bit1 Safe Limited Speed
See Table 57

7.3.2.5 The SLS sig-
nals

7 - - -

1 0 - - -

1 - - -

2 SSM Request Safe Speed Monitor 1) 7.3.5.4 The SSM sig-
nals

3 SMS Request Safe Maximum Speed 7.3.3.3 The SMS sig-
nals

4 - - -

5..7 - - -

2-4 0..7 - - -
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Table 56: Description of Vacon Safety Control Word (VS_CW)

Byte Bit Name / Signal Desciption Reference

5 0 SS1_Ramp_Select Ramp selection
(0=Ramp1, 1 = Ramp2) for

SS1 2)

7.2.3.5 The SS1 sig-
nals

1 SS2_Ramp_Select Ramp selection
(0=Ramp1, 1 = Ramp2) for

SS2 2)

7.2.4.6 The SS2 and 
SOS signals

2..5 - - -

6 INTERNAL_EVENT_ACK /
Reset

Acknowledge safety fault
buffer (1 -> 0 edge)

7.1.6 Reset of a 
safety function

7 ACK_SAFETY / Acknowl-
edgement

Acknowledge safety func-
tion (0 -> 1 edge)

7.1.5.1 Acknowl-
edgement of a 
safety function

1) The SSM function can be parameterised to be always active. In this case, the selector bit has no function.
2) Only when the safety function is parameterised to use ramp selection from the fieldbus.

Table 57: SLS limit selection

SLS Request Bit SLS Limit

1 0

0 0 SLS 1 Limit

0 1 SLS 2 Limit

1 0 SLS 3 Limit

1 1 No SLS limit requested

8.1.6.10 Vacon Safety Status Word (VS_SW)
When using a vendor-specific Telegram 58 000, Vacon Safety Status Word is used for the
input data. Vacon Safety Status Word includes the activation and the reached status of all
safety functions, and the statuses of the safe digital inputs and outputs for monitoring
purposes.

The bit value 1 means that the signal is "active" and the value 0 means "non-active". All
unused bits are set to 0.
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Table 58: Description of Vacon Safety Status Word (VS_SW)

Byte Bit Name / Signal Desciption Reference

0 0 STO Reached Safe Torque Off is active
and torque is removed

from the drive

7.2.2.4 The STO and 
SBC signals

1 SS1 Reached Safe Stop 1 reached 7.2.3.5 The SS1 sig-
nals

2 SS2 Reached Safe Stop 2 reached 7.2.4.6 The SS2 and 
SOS signals

3 SQS Reached Safe Quick Stop reached 7.2.5.3 The SQS sig-
nals

4 SSR Reached Safe Speed Range
reached

7.3.4.4 The SSR sig-
nals

5 SLS 1 Reached Safe Limited Speed Limit
1 reached

7.3.2.5 The SLS sig-
nals

6 SLS 2 Reached Safe Limited Speed Limit
2 reached

7.3.2.5 The SLS sig-
nals

7 SLS 3 Reached Safe Limited Speed Limit
3 reached

7.3.2.5 The SLS sig-
nals

1 0 - - -

1 - - -

2 SSM Reached Safe Speed Monitor
reached

7.3.5.4 The SSM sig-
nals

3 SMS Reached Safe Maximum Speed
reached

7.3.3.3 The SMS sig-
nals

4 - - -

5 SOS Reached Safe Operating Stop
reached

7.2.4.6 The SS2 and 
SOS signals

6 SBC Reached Safe Break Control
reached

7.2.2.4 The STO and 
SBC signals

7 - - -
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Table 58: Description of Vacon Safety Status Word (VS_SW)

Byte Bit Name / Signal Desciption Reference

2 0 STO Active Safe Torque Off activated 7.2.2.4 The STO and 
SBC signals

1 SS1 Active Safe Stop 1 activated 7.2.3.5 The SS1 sig-
nals

2 SS2 Active Safe Stop 2 activated 7.2.4.6 The SS2 and 
SOS signals

3 SQS Active Safe Quick Stop activated 7.2.5.3 The SQS sig-
nals

4 SSR Active Safe Speed Range activa-
ted

7.3.4.4 The SSR sig-
nals

5 SLS 1 Active Safe Limited Speed Limit
1 activated

7.3.2.5 The SLS sig-
nals

6 SLS 2 Active Safe Limited Speed Limit
2 activated

7.3.2.5 The SLS sig-
nals

7 SLS 3 Active Safe Limited Speed Limit
3 activated

7.3.2.5 The SLS sig-
nals

3 0 - - -

1 - - -

2 SSM Active Safe Speed Monitor acti-
vated

7.3.5.4 The SSM sig-
nals

3 SMS Active Safe Maximum Speed
activated

7.3.3.3 The SMS sig-
nals

4 - - -

5..7 - - -

4 0 SSM_Above_Max_Limit - 7.3.5.4 The SSM sig-
nals

1 SSM_Below_Min_Limit - 7.3.5.4 The SSM sig-
nals

2 SF_Activity Shows if any safety func-
tion is active 1)

3..6 - - -

7 Advanced safety option
board in error state
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Table 58: Description of Vacon Safety Status Word (VS_SW)

Byte Bit Name / Signal Desciption Reference

5 0 DIN1 Safe Digital Input 1 state 4.4 Determining 
the achieved safety 

level

1 DIN2 Safe Digital Input 2 state 4.4 Determining 
the achieved safety 

level

2 DIN3 Safe Digital Input 3 state 4.4 Determining 
the achieved safety 

level

3 DIN4 Safe Digital Input 4 state 4.4 Determining 
the achieved safety 

level

4 DOUT1 Safe Digital Output 1 state 4.4 Determining 
the achieved safety 

level

5 DOUT2 Safe Digital Output 2 state 4.4 Determining 
the achieved safety 

level

6..7 - - -

1) When the SSM function is parameterised to "Always active", it is not included in this bit.

SAFE FIELDBUSES VACON · 165

LOCAL CONTACTS: HTTP://DRIVES.DANFOSS.COM/DANFOSS-DRIVES/LOCAL-CONTACTS/ 8 



9 PARAMETER LIST
9.1 GENERAL PARAMETERS

9.1.1 PARAMETER FILE PARAMETERS

Table 59: Parameter file parameters

Parameter Selection Unit Description

File Name
A maximum of
32 ASCII char-

acters.

Use this parameter to give a name for this parameter file. The
first 12 characters are visible on the control panel of the
drive.

File Creator
A maximum of
32 ASCII char-

acters.

Use this parameter to write the name of the person who cre-
ated the parameter file. The first 12 characters are visible on
the control panel of the drive.

File Date Use this parameter to select the creation date of the parame-
ter file.

Company
A maximum of
32 ASCII char-

acters.

Use this parameter to write the name of the employer of the
file creator.

Comment
A maximum of
120 ASCII char-

acters.

Use this parameter to write a description of the parameter
file.
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9.1.2 COMMON SAFETY FUNCTION PARAMETERS

Table 60: Common safety function parameters

Parameter Selection Unit Description

Zero Speed 1...999 rpm

Use this parameter to set the speed at which the motor is
considered to be stopped. The safe stopping functions
become reached at this speed.
Zero Speed is also used in other situations. For example, the
SS2 function activates the SOS function after the speed has
reached Zero Speed and the time set with SS2 td2 has
passed.

Drive Acknowl-
edgement

Enabled
Disabled

Use this parameter to select whether the control board of the
drive is permitted to acknowledge safety functions in the
Advanced safety option board. The source of the acknowl-
edgement can be, for example, the control panel of the drive
or a non-safe fieldbus.

Drive Reset Enabled
Disabled

Use this parameter to select whether the control board of the
drive is permitted to reset faults in the Advanced safety option
board. The source of the reset can be, for example, the con-
trol panel of the drive or a non-safe fieldbus.

Acknowledgement
Mode (Startup)

Manual
Automatic

Use this parameter to select whether a manual (external)
acknowledgement is necessary to deactivate the STO function
after the start-up of the AC drive. If you select automatic, the
STO function is deactivated after a successful start-up.
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9.1.3 SPEED MEASUREMENT PARAMETERS

Table 61: Speed measurement parameters

Parameter Selection Unit Description

Encoder Type

No encoder
Sin/Cos

Two Proximity sensors
HTL and proximity sensor
TTL and proximity sensor
HTL and estimated speed
TTL and estimated speed

Sin/Cos and proximity sensor
Sin/Cos with termination

Sin/Cos with termination and
proximity sensor

TTL with termination and
proximity sensor

TTL with termination and
estimated speed

Proximity sensor and estima-
ted speed

Use this parameter to select the encoder type.
With a Sin/Cos or a TTL encoder it is necessary
to define whether termination is used on the
encoder interface board. See chapter 4.6.4 
Encoders.

Encoder Power
Supply

5
12
15
24

V

Use this parameter to select the power supply
voltage for the encoder.

Encoder Reference
Signal

Reference Signal Used
No Reference signal

Use this parameter to set the reference signal
on or off.

Encoder Number
of Pulses 1...65535 Use this parameter to select the number of

pulses per revolution of the encoder.

Proximity Sensor
Number of Pulses 1...100 Use this parameter to select the number of

pulses per revolution of the proximity sensor.

Proximity Sensor
Duty Cycle 1...99 %

Use this parameter to select the duty cycle of
the proximity sensor, that is, the active/inactive
signal ratio. Other ratios than 50% (1:1) will
decrease the supported maximum frequency of
the proximity sensor signals. This parameter is
used to determine that the frequency of the
input signal will not exceed the detection capa-
bility and cause pulses to be lost.

Gear Ratio Divider 1...65535

Use this parameter together with Gear Ratio
Multiplier to set the ratio between the speed
measured by an external sensor and the esti-
mated speed.

Gear Ratio Multi-
plier 1...65535

Use this parameter together with Gear Ratio
Divider to set the ratio between the speed
measured by an external sensor and the esti-
mated speed.

Allowed Deviation
of Speed Sources 0...1000 rpm Use this parameter to set the allowed deviation

between the two speed sources.
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Table 61: Speed measurement parameters

Parameter Selection Unit Description

Speed Deviation
Timer 0...5000 ms

Use this parameter to set the time that the
value of Allowed Deviation of Speed Sources
can be exceeded.

9.1.4 RAMP PARAMETERS

Table 62: Ramp parameters

Parameter Selection Unit Description

Ramp1 Speed 0...65535 rpm Use this parameter to set the nominal speed that is used to
define the ramp 1.

Ramp1 Acc Time
Min 0...3 000 000 ms Use this parameter to set the minimum time for the speed to

accelerate from zero to Ramp1 Speed.

Ramp1 Acc Time
Max 0...3 000 000 ms Use this parameter to set the maximum time for the speed to

accelerate from zero to Ramp1 Speed.

Ramp1 Dec Time
Min 0...3 000 000 ms Use this parameter to set the minimum time for the speed to

decelerate from Ramp1 Speed to zero.

Ramp1 Dec Time
Max 0...3 000 000 ms Use this parameter to set the maximum time for the speed to

decelerate from Ramp1 Speed to zero.

Ramp2 Speed 0...65535 rpm Use this parameter to set the nominal speed that is used to
define the ramp 2.

Ramp2 Acc Time
Min 0...3 000 000 ms Use this parameter to set the minimum time for the speed to

accelerate from zero to Ramp2 Speed.

Ramp2 Acc Time
Max 0...3 000 000 ms Use this parameter to set the maximum time for the speed to

accelerate from zero to Ramp2 Speed.

Ramp2 Dec Time
Min 0...3 000 000 ms Use this parameter to set the minimum time for the speed to

decelerate from Ramp2 Speed to zero.

Ramp2 Dec Time
Max 0...3 000 000 ms Use this parameter to set the maximum time for the speed to

decelerate from Ramp2 Speed to zero.

9.1.5 ESTIMATED SPEED PARAMETERS

Table 63: Estimated speed parameters

Parameter Selection Unit Description

Coast Stop Time 0...10800 s
Use this parameter to set the time that it is estimated for the
motor to coast to stop after the drive stops operating.
The set value must be maximum 3 hours.
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9.2 SAFE I/O PARAMETERS

9.2.1 DIGITAL INPUT / OUTPUT PARAMETERS

Table 64: Digital input / output parameters

Parameter Selection Unit Description

Digital Input 1
Digital Input 2
Digital Input 3
Digital Input 4

STO(+SBC)
SS1

SS2 + SOS
SQS

SLS input 1
SLS input 2

SSR
SSM
SMS

SS1 Ramp
SS2 Ramp

Acknowledgement
Reset

Acknowledgement + Reset

Use this parameter to select the function for a
digital input.
The configuration of an input is disabled if a
proximity sensor is used for that input. Digital
Input 1: one proximity sensor, and Digital Input
1 & 2: two proximity sensors.

Digital Output 1

SSM
SBC

Group 1
Group 2
Group 3
Group 4

Use this parameter to select the function for
the digital output.

Digital Output 2

SSM
SBC

Group 5
Group 6
Group 7
Group 8

Use this parameter to select the function for
the digital output.

Operation for Out-
put 1

Operation for Out-
put 2

AND
OR

NAND
NOR

Use this parameter to select the logical func-
tion used to determine the output value from
the selected signals. It is used when a group is
selected for the output.
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Table 64: Digital input / output parameters

Parameter Selection Unit Description

Group 1 for safe
digital output 1
Group 2 for safe
digital output 1
Group 3 for safe
digital output 1
Group 4 for safe
digital output 1
Group 5 for safe
digital output 2
Group 6 for safe
digital output 2
Group 7 for safe
digital output 2
Group 8 for safe
digital output 2

Group 1 and Group 5
• STO Reached
• SS1 Reached
• SS2 Reached
• SQS Reached
• SOS Reached
• SBC Reached
• STO and SBC Reached

Group 2 and Group 6
• SLS 1 Reached
• SLS 2 Reached
• SLS 3 Reached
• SSR Reached
• SMS Reached
• SSM Reached
• SSM Above Max Limit
• SSM Below Min Limit

Use this parameter to select which signals are
used to generate the output value. A checkbox
selection.

Group 1 for safe
digital output 1
Group 2 for safe
digital output 1
Group 3 for safe
digital output 1
Group 4 for safe
digital output 1
Group 5 for safe
digital output 2
Group 6 for safe
digital output 2
Group 7 for safe
digital output 2
Group 8 for safe
digital output 2

Group 3 and Group 7
• STO Active
• SS1 Active
• SS2 Active
• SQS Active
• SLS 1 Active
• SLS 2 Active
• SLS 3 Active
• SSR Active
• SMS Active
• SSM Active

Group 4 and Group 8
• Warning in any safety

function
• Limit violation error in

any safety function

Use this parameter to select which signals are
used to generate the output value. A checkbox
selection.
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9.3 SAFE FIELDBUS PARAMETERS

9.3.1 PROFISAFE PARAMETERS

Table 65: PROFIsafe parameters

Parameter Selection Unit Description

Fieldbus type PROFIsafe Use this parameter to select the safe fieldbus.

F Source Address 1...65534
Use this parameter to set a codename between sender and
recipient. The source address must be unique within a sub-
net.

F Destination
Address 1...65534

Use this parameter to set a codename between sender and
recipient. The destination address must be unique within a
subnet.

F WD Time 20...65535 ms Use this parameter to set the PROFIsafe watchdog time in F-
Device. See chapter 8.1.5.2 PROFIsafe watchdog time.

Safety Telegram
30
31

58000

Use this parameter to select the safety telegram. See chapter
8.1.6.4 Data mapping for PROFIdrive on PROFIsafe.

9.4 STO AND SBC PARAMETERS

Table 66: STO and SBC parameters

Parameter Selection Unit Description

Acknowledgement
Mode (STO)

Manual
Automatic

Use this parameter to select if manual (external) acknowl-
edgement is necessary to deactivate the safety function after
the request ends.
If the selection is automatic, the function is deactivated after
the request ends.
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Table 67: SBC parameters

Parameter Selection Unit Description

SBC Enabled - Use this parameter to enable the SBC safety function.

SBC Order SBC first
STO first

Use this parameter to select which safety function activates
first when the condition for activation apply. The second safety
function activate after the time set with SBC t1. See Table 24
and Table 25.

SBC t1 0...99.9 s

Use this parameter to set the delay between the activation of
the STO and the SBC functions. See Table 24 and Table 25.
This parameter is only valid for the activation. The deactiva-
tion of the STO and the SBC functions always occurs simulta-
neously.

SBC Speed 0...999 rpm

Use this parameter to set the speed at which the first func-
tion, STO or SBC, activates. SBC Speed is used with SS1 and
SQS-SS1 safety functions.
When you use the value 0 for SBC Speed, and a non-zero
value for Zero Speed, Zero Speed is used instead as the con-
dition for the first safety function to activate. See Table 24 and
Table 25.
If this parameter is used when the SS1 function or the SQS-
SS1 function is used in the time monitoring mode, the value of
the parameter is an alternative triggering point for the
STO(+SBC) function in addition to the normal activation after
the time set with SS1 t1.
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9.5 SS1 PARAMETERS

Table 68: SS1 parameters

Parameter Selection Unit Description

Acknowledgement
Mode (SS1)

Manual
Automatic

Use this parameter to select if manual (external) acknowl-
edgement is necessary to deactivate the safety function after
the request ends.
If the selection is automatic, the function is deactivated after
the request ends.

SS1 Monitoring

Time.
Time + Zero

Speed.
Time + Zero

Speed + Ramp.

Use this parameter to select the monitoring mode for the
safety function.

SS1 Ramp Moni-
toring

Digital input /
PLC

Ramp 1
Ramp 2

Use this parameter to select the source for the ramp that is
monitored if ramp monitoring is used.

SS1 t1 0...3 000 000 ms

Use this parameter to set the time after which the STO func-
tion activates (when only time monitoring is used), or after
which the SS1 function must be reached (when zero speed
monitoring is used).

SS1 td1 20...65535 ms
Use this parameter to set the time after the activation of the
function during which the ramp monitoring must start (when
ramp monitoring is used).

SS1 td2 0...65535 ms
Use this parameter to set the time delay for the activation of
the STO+SBC function after speed goes below zero speed
(when zero speed monitoring is used).
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9.6 SS2 AND SOS PARAMETERS

Table 69: SS2 and SOS parameters

Parameter Selection Unit Description

Acknowledgement
Mode (SS2)

Manual
Automatic

Use this parameter to select if manual (external) acknowl-
edgement is necessary to deactivate the safety function after
the request ends.
If the selection is automatic, the function is deactivated after
the request ends.

SS2 Monitoring

Time.
Time + Zero

Speed.
Time + Zero

Speed + Ramp.

Use this parameter to select the monitoring mode for the
safety function.

SS2 Ramp Moni-
toring

Digital input /
PLC

Ramp 1
Ramp 2

Use this parameter to select the source for the ramp that is
monitored if ramp monitoring is used.

SS2 t1 0...3 000 000 ms

Use this parameter to set the time after which the SOS func-
tion activates (when only time monitoring is used), or after
which the SS2 function must be reached (when zero speed
monitoring is used).

SS2 td1 20...65535 ms
Use this parameter to set the time after the activation of the
function during which the ramp monitoring must start (when
ramp monitoring is used).

SS2 td2 0...65535 ms
Use this parameter to set the time delay for the activation of
the SOS function after speed goes below zero speed (when
zero speed monitoring is used).

SOS Revolution
Limit 0.01...100.00 revolu-

tions
Use this parameter to set the allowed deviation from the ini-
tial position after the SOS function has started.

9.7 SQS PARAMETERS

Table 70: SQS parameters

Parameter Selection Unit Description

Acknowledgement
Mode (SQS)

Manual
Automatic

Use this parameter to select if manual (external) acknowl-
edgement is necessary to deactivate the safety function after
the request ends.
If the selection is automatic, the function is deactivated after
the request ends.

SQS Type
STO
SS1
SS2

Use this parameter to set the behaviour of the SQS function.
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Table 71: The parameters for SQS-SS1 and SQS-SS2

Parameter Selection Unit Description

SQS Monitoring

Time.
Time + Zero

Speed.
Time + Zero

Speed + Ramp.

Use this parameter to select if zero speed monitoring and
ramp monitoring are used for the SQS-SS1 or the SQS-SS2
function.

SQS t1 0...3 000 000 ms

Use this parameter to set the time after which the STO or the
SOS function activates (when only time monitoring is used), or
after which the SQS function must be reached (when zero
speed monitoring is used).

SQS td1 20...65535 ms
Use this parameter to set the time after the activation of the
function during which the ramp monitoring must start (when
ramp monitoring is used).

SQS td2 0...65535 ms
Use this parameter to set the time delay for the activation of
the STO+SBC or the SOS function after speed goes below zero
speed (when zero speed monitoring is used).

SQS Ramp Speed 0...65535 rpm Use this parameter to set the nominal speed used to define
the SQS ramp.

SQS Ramp Dec
Time Min 0...3 000 000 ms Use this parameter to set the minimum time for the speed to

decelerate from SQS Ramp Speed to zero.

SQS Ramp Dec
Time Max 0...3 000 000 ms Use this parameter to set the maximum time for the speed to

decelerate from SQS Ramp Speed to zero.
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9.8 SLS PARAMETERS

Table 72: SLS parameters

Parameter Selection Unit Description

Acknowledgement
Mode (SLS)

Manual
Automatic

Use this parameter to select if manual (external) acknowl-
edgement is necessary to deactivate the safety function after
the request ends.
If the selection is automatic, the function is deactivated after
the request ends.

SLS Ramp Moni-
toring

None
Ramp 1
Ramp 2

Use this parameter to select the ramp that is monitored.

SLS t1 0...3 000 000 ms

Use this parameter to set the time after which the SLS func-
tion must be reached.

This parameter is used in these conditions:
• When the SLS function is activated.
• When the SLS limit is changed to lower limit. For exam-

ple from 500 rpm (SLS 2) to 300 rpm (SLS 1).

SLS td1 20...65535 ms
Use this parameter to set the time after the activation of the
function during which the ramp monitoring must start (when
ramp monitoring is used).

SLS td2 0...65535 ms
Use this parameter to set the time during which the speed
must stay below the selected SLS limit speed before the func-
tion becomes reached.

SLS td3 0...255 ms

Use this parameter to set the transition time that is permitted
for the two SLS inputs to reach the selected value before the
new value of the request is evaluated. The first change starts
the time.

SLS 1 Limit 0...65535 rpm Use this parameter to set the monitored speed limit for SLS 1
Limit. Setting the value to 0 does not disable the monitoring.

SLS 2 Limit 0...65535 rpm Use this parameter to set the monitored speed limit for SLS 2
Limit. Setting the value to 0 does not disable the monitoring.

SLS 3 Limit 0...65535 rpm Use this parameter to set the monitored speed limit for SLS 3
Limit. Setting the value to 0 does not disable the monitoring.
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9.9 SMS PARAMETERS

Table 73: SMS parameters

Parameter Selection Unit Description

Acknowledgement
Mode (SMS)

Manual
Automatic

Use this parameter to select if manual (external) acknowl-
edgement is necessary to deactivate the safety function after
the request ends.
If the selection is automatic, the function is deactivated after
the request ends.

SMS Limit Plus 0...65535 rpm Use this parameter to set the monitored maximum speed
limit to positive direction when the SMS function is active.

SMS Limit Minus -65535...0 rpm Use this parameter to set the monitored maximum speed
limit to negative direction when the SMS function is active.

9.10 SSR PARAMETERS

Table 74: SSR parameters

Parameter Selection Unit Description

Acknowledgement
Mode (SSR)

Manual
Automatic

Use this parameter to select if manual (external) acknowl-
edgement is necessary to deactivate the safety function after
the request ends.
If the selection is automatic, the function is deactivated after
the request ends.

SSR Ramp Moni-
toring

None
Ramp 1
Ramp 2

Use this parameter to select the monitored ramp.

SSR t1 0...3 000 000 ms Use this parameter to set the time after which the SSR func-
tion must be reached.

SSR td1 20...65535 ms
Use this parameter to set the time after the activation of the
function during which the ramp monitoring must start (when
ramp monitoring used).

SSR td2 0...65535 ms
Use this parameter to set the time during which the speed
must stay below the SSR limit speed before the function
becomes reached.

SSR Max Limit 0...65535 rpm
Use this parameter to set the monitored maximum speed
limit that is used when the SSR function is active. Setting the
value to 0 disables the monitoring of the maximum limit.

SSR Min Limit 0...65535 rpm
Use this parameter to set the monitored minimum speed limit
that is used when the SSR function is active. Setting the value
to 0 disables the monitoring of the minimum limit.
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9.11 SSM PARAMETERS

Table 75: SSM parameters

Parameter Selection Unit Description

Acknowledgement
Mode (SSM)

Manual
Automatic

Use this parameter to select if manual (external) acknowl-
edgement is necessary to deactivate the safety function after
the request ends.
If the selection is automatic, the function is deactivated after
the request ends.

NOTE!
This parameter is valid only when the SSM function is not set
to always active.

Always Active Active
Inactive

Use this parameter to set the SSM function to be always
active. A checkbox selection.

NOTE!
When the SSM function is set to always active, it is not possi-
ble to assign an input for it or request it over a safe fieldbus.

SSM td2 0...65535 ms
Use this parameter to set the time during which the speed
must stay within the monitored limits before the function
becomes reached.

SSM Max Limit 0...65535 rpm

Use this parameter to set the monitored maximum speed
limit that is used when the SSM function is active.

NOTE!
Setting the value to 0 disables the monitoring of the maxi-
mum limit.

SSM Min Limit 0...65535 rpm

Use this parameter to set the monitored minimum speed limit
that is used when the SSM function is active.

NOTE!
Setting the value to 0 disables the monitoring of the mini-
mum limit.
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9.12 VALIDATION PARAMETERS

Table 76: Validation parameters

Parameter Selection Unit Description

Tester name
A maximum of
32 ASCII char-

acters.

Use this parameter to write the name of the validator of the
system.

Company
A maximum of
32 ASCII char-

acters.

Use this parameter to write the name of the employer of the
validator.

Date Use this parameter to write the date when the system was
validated.

Comment
A maximum of
120 ASCII char-

acters.

Use this parameter to write a description of the validation, for
example, relevant versions of the subsystems.
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10 COMMISSIONING AND VALIDATION
10.1 PREPARING FOR COMMISSIONING

NOTE!

The information in this chapter is also included in the Commissioning report.

The Commissioning report lists relevant instructions for commissioning the option board.
The Commissioning report can be printed from the VACON® Safe tool with prefilled data or
downloaded from the Danfoss website.

If it is possible, commission the AC drive first without the Advanced safety option board to
make sure that your process is operational.

Design the safety system 
and create the parameter file

Configure and do the wiring for
the safety system(s)

Commission and validate 
the safety system(s)

Fill in and archive the 
commissioning documentation

Fig. 69: Preparing and commissioning a safety system that includes the Advanced safety option
board
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Preparing for the commissioning before the first start-up of the system with the option
board

• Read carefully the warnings in chapter 2 Safety.
• Read the Advanced safety option board Operating Guide and the Commissioning report

and apply their instructions in the commissioning plan.
• Read the User Manual of the AC drive.
• Refer to the user manuals of other subsystems connected to the commissioned drive

system.
• Define the parameter file for the Advanced safety option board.
• Make sure that the hardware and configuration are correct, and that the software is

correct in the components of the AC drive and its subsystems.
• Make sure that the information of the commissioned AC drive matches the information in

the commissioning plan and the Commissioning report.
• Make sure that the connections between different systems have been checked and are

ready to be used.
• Make sure that the area affected by the commissioned systems is free and secure for the

commissioning.
• Make sure that no danger can be caused to personnel if the system has been configured

incorrectly and behaves unexpectedly.
• Make sure that the AC drive is correctly parameterised and commissioned for use.

• The motor parameters have been set.
• The identification run has been done. Preferred identification type: identification with

run or encoder ID run.
• The fieldbus connection can be established. If a fieldbus is used.

• Have a computer available with a software to control and parameterise the AC drive and
the option boards, and to store test logs and parameters.

• Have the Commissioning report available.

Document the deviations compared to expected results during the commissioning and
testing procedures. Do not release the system for use if any unacceptable deviations exist.
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Table 77: Preparing for commissioning checklist

Step Description Yes No

1
Has a risk assessment of the system been done to make sure
that the usage of the option board is safe and according to the
local regulations?

2
Does the risk assessment include an examination of whether
using external devices such as a mechanical brake is
required?

3 Have the external components been selected according to the
required safety performance target (SIL or PL)?

4

Have the process requirements (for example, ramp times,
speed limits, and violation responses) been considered for a
correct execution of safety functions and are the correspond-
ing settings done to all relevant systems?

5 Have the instructions of all the components used in the sys-
tem been read?

6 Has the system been designed so that no component or pro-
cedure can unexpectedly cause it to restart?

7

Has the system been designed so that it cannot be unexpect-
edly locked in to a non-clearable state? For example, the fault
reset conditions for all systems can be reached when a fault
reset is necessary.

8 Have routines been set up for regularly checking the function-
ality of the safety functions?

9 Have routines been set up for reporting problems?

10.2 FIRST START-UP AFTER THE INSTALLATION OF THE OPTION BOARD

NOTE!

The information in this chapter is also included in the Commissioning report.

After the option board is installed in the AC drive, do these steps.

DOING THE FIRST START-UP WITH THE OPTION BOARD

1 Do power-up on the AC drive.
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a) The drive shows the fault F38 DeviceAdded
(example: slot D, subcode 1 if Advanced safety
option is installed in slot D). The actual faults
shown depend on the configuration used during
the previous start-up if other changes have
also been made.

b) If the option board was already installed and
tested at the factory, the fault is not shown.

c) Other faults are also shown: the warning for
Safe Torque Off (F30, subcode: 1) and the fault
for Safety System (F20 SafetySystem, source:
82 - Plaus. check, fault number: 3). Fault F20
indicates that the option board has no valid
parameter file.

d) The option board also does diagnostic self-
tests. If other F20 SafetySystem faults are
shown, see 13 Fault tracing.

2 Reset the faults.

a) The drive is not ready. The warning F30
SafeTorqueOff is shown.

b) If the option board has been used in a previous
configuration, it is possible that it has a valid
parameter file already. In this case, the drive
may be in READY state.

c) The faults that are shown and their type (Fault
or Alarm) depend on the settings of the AC
drive.

d) STO state can also be seen from the STO board
diagnostic relay output.

3 Parameterise the option board using the VACON®

Safe tool.

a) After parameterisation the fault F20 (source:
82, fault number: 3) no longer appears.
Depending on the parameterised safety
functions and the state of the option board
inputs, different safety functions can be
reported as requested or reached.

b) The fault F20 (source: 243 - drive conf, fault
number: 2) appears. The fault indicates that the
parameter file is not tested and validated.

4 Print the prefilled Commissioning report from the
VACON® Safe tool or save the report in digital form.

5 Commision the safety functions using the
commissioning report.
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Table 78: Commissioning check list

Step Commissioning action Yes No

1 The correct installation of the option board has been verified
and documented.

2 The option board has been parameterised with the intended
configuration.

To commission the different safety functions, see Commissioning report of the option board.

10.3 AFTER COMMISSIONING

NOTE!

The information in this chapter is also included in the Commissioning report.

After the commissioning of the system with the option board, the parameter file stored in the
option board can be validated.

VALIDATION OF THE PARAMETER FILE

1 Select "Validate" in the VACON® Safe tool.
2 Fill in the validation data.
3 Save the validation data to the option board.
4 Reboot the AC drive. The warning on a not validated

parameter file disappears.

Make sure that the Commissioning report is filled correctly and archive it.

The system can be taken into use after these conditions are fulfilled:

• The AC drive is parameterised and commissioned.
• The commissioning of the option board is completed.

a) The option board is parametrised.
b) The used safety functions and features have been tested.
c) The parameter file of the option board is validated.

• Other related subsystems have been correctly commissioned.
• Other safety-related systems that were modified or disabled for the commissioning are

enabled or returned to the normal operation mode.

10.4 SAFETY BYPASS

WARNING!

When the Advanced safety option board is bypassed, it does not provide any safety
functions.

If the Advanced safety option board is installed in the AC drive with an STO board and the AC
drive itself has not been commissioned, it may be preferable to bypass the safety functions of
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the Advanced safety option to make the commissioning simpler. To bypass the safety
functions of the Advanced safety option, do these steps.

1. Disconnect the STO outputs of the Advanced safety option board if they are connected.
Leave the outputs disconnected.

2. Connect the STO request input of the STO board to terminals +24 V and GND so that the
STO function is disabled.

3. Do power-up to the AC drive.
4. Set the parameter P7.4.1.2.1 in the expander board menu to value "Warning" to

deactivate the drive response to faults reported by the Advanced safety option.
5. Reset the faults.

• The AC drive should be in the READY state.

NOTE!

While not strictly required, it is advisable to return the parameter P7.4.1.2.1 to its
default value "Default" after the commissioning activities.
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11 OPERATION AND MAINTENANCE
11.1 GATHERING DIAGNOSTIC DATA

When additional information on the option board is necessary, you can use these sources of
information.

• You can monitor certain values using the monitoring or datalogger tools of the AC drive
and the PC software.

• The drive info and the used parameter file can be downloaded from the AC drive. Newer
versions of the tools of the AC drive can download all relevant information when
downloading service info. Old tools download only the drive info, and you must download
the parameter file manually with the VACON® Safe tool.

• The option board saves the states of the relevant internal values when changes to these
values occur. This activity log can be downloaded with the VACON® Safe tool.

• You can use the control panel or the PC tools of the AC drive to browse parameter and
monitoring values.

When you contact the manufacturer for support, provide at least the service info of the AC
drive including the parameter file. If the support request is related to the behaviour of the AC
drive or the option board in certain situations, also provide the datalogger, the monitoring
log, or the option board activity log.

The hardware revision is printed on the main board of the option board.

The firmware version of the option board can be found in 2 ways.

Finding the firmware version of the option board

a) Using the VACON® Safe tool. Connect to the drive in question. Select the symbol "?" and
then select "About". The tool shows the firmware version of the option board and the
version of the PC tool.

b) Using the control panel of the AC drive.

See chapter 4.8.3 Option board menu on the control panel .

Table below lists the Advanced safety option specific values that should be considered for
logging when submitting support request for Danfoss support. The needed signals depend on
the situation that is being monitored.
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Table 79: Internal variables of the drive for monitoring and logging

Variable Source/type Description

SafetyEncoderSpeed Firmware The speed measured by Advanced
safety option from encoder and
proximity sensor.
Unit: rpm
When using multiple sensors (e.g.
two proximity sensors) this value
displays the average of the speed
measured from the two sensors.

SafetyFunctionRequestWordDIN
SafetyFunctionRequestWordPLC

Firmware Displays the state of the request for
safety functions from digital input
(DIN) or over PROFIsafe (PLC).
0 = The safety function is not
requested.
1 = The safety function is reques-
ted.
B0 = STO
B1 = SS1
B2 = SS2
B3 = SQS
B4 = SSR
B5 = SLS1
B6 = SLS2
B7 = SLS3
B10 = SSM
B11 = SMS

SafetyFunctionStatusWord Firmware Displays the state of the safety
functions. Corresponds to the
Active signal of the safety function.
0 = The safety function is not active.
1 = The safety function is active.
B0 = STO
B1 = SS1
B2 = SS2
B3 = SQS
B4 = SSR
B5 = SLS1
B6 = SLS2
B7 = SLS3
B10 = SSM
B11 = SMS
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Table 79: Internal variables of the drive for monitoring and logging

Variable Source/type Description

SafetyFunctionReachedWord Firmware Displays the reached status of the
safety functions. Corresponds to
the Reached signal of the safety
function.
0 = The safety function is not
reached.
1 = The safety function is reached.
B0 = STO
B1 = SS1
B2 = SS2
B3 = SQS
B4 = SSR
B5 = SLS1
B6 = SLS2
B7 = SLS3
B10 = SSM
B11 = SMS

SafetyGeneralStatusWord Firmware Displays various states of the
Advanced safety option.

NOTE!
The state is updated only for digi-
tal inputs and outputs that have a
functionality assigned to them.
Bits corresponding to unused digi-
tal inputs and outputs remain as
"0" regardless of the actual state.
B0 = DIN1
B1 = DIN2
B2 = DIN3
B3 = DIN4
B4 = DOUT1
B5 = DOUT2
B6 = SSM_Above_Max_Limit
B7 = SSM_Below_Max_Limit
B8 = Acknowledge_Requested_DIN
B9 = Acknowledge_Requested_PLC
B10 = Acknowledge_Reques-
ted_Drive
B11 = SS1_Ramp_Select
B12 = SS2_Ramp_Select
B13 = Reset_Requested_DIN
B14 = Reset_Requested_PLC
B15 = Reset_Requested_Drive

EstimatedShaftFrequency Firmware Displays the value of the estimated
speed provided to the Advanced
safety option.

EstimatedShaftFreqInvalid Firmware If this value is other than 0, the
Estimated Shaft Frequency is not
currently being calculated and pro-
vided to the Advanced safety option.
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If there is room, also add other signals related to the logged situation to the monitoring. They
can help to link the Advanced safety option signals to the drive state and external system
events.

11.2 PERIODIC TESTING

The option board does self-tests to determine the correct operation of its subsystems. If
faults are found, they are reported to the user.

If certain inputs or outputs of the option board are not used during normal operation despite
having safety functions assigned to them, a test should be executed periodically to make sure
there are no problems related to the cabling.

• For inputs, it is sufficient to deactivate the input to request the assigned safety function
and verify that the safety function activates. The activation can be verified, for example,
from a warning activation in the drive or safe fieldbus reporting the activation of the
safety function.

• For outputs, the conditions for deactivating and/or activating the output should be
fulfilled and external system or equipment should be used to verify the change in the
signal state.

For systems with speed measurement and long standstill time, see chapter 4.6.6 Encoder 
signal verification.

When the motor is at standstill for long periods of time, for example because the STO or the
SOS state is maintained in the AC drive, pay attention to the test intervals.

When the SBC safety function is used, the brake system should be periodically checked for
correct operation.

Outside the need for encoder rotation during a long standstill, the Advanced safety option
board does not require any periodic tests or maintenance. The necessity for testing is
determined by the application. When you plan the periodic tests, obey the regulations and
standards, and take into account the risk and hazard analysis for the application and its
safety components.

See the recommendation on periodic testing of the European co-ordination of Notified Bodies
for Machinery (CNB/M/11.050) for two-channel safety systems with electromechanical
outputs in Table 80. The Advanced safety option board itself does not contain any
electromechanical outputs.

Table 80: Recommended periodic testing for components with electromechanical outputs

System safety level Testing interval

SIL3 with HFT 1 (EN IEC 62061)
PLe, Category 3 or Category 4 (EN ISO 13849-1)

One month

SIL2 with HFT 1 (EN IEC 62061)
PLd, Category 3 (EN ISO 13849-1)

One year
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11.3 PASSWORD RESET

You can reset the passwords used to parameterise the Advanced safety option board from
the control panel of the AC drive. Use the parameter P7.4.1.1.1 to start the password reset.
Slot D used as an example in the parameter address (P7.4.1.1.1) is different in other slots.
See chapter 4.8.3 Option board menu on the control panel . The password reset only resets the
passwords on the option board. There are no other effects. The password reset is included in
the factory reset (P7.4.1.1.2).

RESETTING THE PASSWORD

1 Navigate to the parameter P7.4.1.1.1 Password
reset under the menu group G7.4.1.1 Config
Settings.

2 Set the value Reset to the parameter P7.4.1.1.1.
3 If necessary, set new passwords using the VACON®

Safe tool.

11.4 FACTORY RESET

Factory reset of the Advanced safety option board is not connected to the factory reset of the
AC drive. The factory reset of the AC drive does not do a factory reset to the Advanced safety
option board, and the factory reset of the Advanced safety option board does not have an
effect on other drive components. The factory reset of the option board can be done from the
control panel of the AC drive. Use the parameter P7.4.1.1.2 to start the factory reset. Slot D
used as an example in the parameter address (P7.4.1.1.2) is different in other slots. See
chapter 4.8.3 Option board menu on the control panel .

The effects of the factory reset:

• The parameter file of the option board is deleted. The STO function stays active until the
option board is parametrised again.

• The passwords are reset to the default value.
• The activity log in the option board is cleared.

THE FACTORY RESET PROCEDURE

1 Navigate to the parameter P7.4.1.1.2 Factory Reset
under menu group G7.4.1.1 Config Settings.

2 Set the value Reset to the parameter P7.4.1.1.2.
3 Make sure that the factory reset was done. These

signs show that it was done:

a) The STO function is active.
b) The fault F20 (F20 SafetySystem, source: 82 -

Plaus. check, fault number: 3) appears.
4 Parameterise the option board again or store it

according to the storing conditions.
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11.5 SOFTWARE UPDATE

The firmware of the Advanced safety option board can be updated to add new features or to
fix errors.

NOTE!

Always make sure that you use the latest or correct revision of the manual when
assessing the behavior of the Advanced safety option board. See  Version history.

When updating the firmware:

• Find out if the new version offers additional features that are necessary in the system,
and if there are faults in the current version that have an effect on the system.

• Depending on the changes, it may be that other systems connected to the option board
will also require new versions or modifications to account for the changed behaviour of
the option board. These can include the components of the AC drive and the external
systems.

• Changing the firmware of the option board can have an effect on the behaviour of the
overall safety system. Consider the need for a revalidation of the whole system before
you update any software.

• Due to changes in the safety functions, it is possible that the parameter file of an old
firmware version is not compatible with the new firmware version. Creation of a new
parameter file for the option board can be necessary after an update.

NOTE!

The firmware can be updated only via the panel connector of the AC drive.

To update the firmware of the option board, use these tools and data:

• The cable and other equipment for connecting a PC to the AC drive.
• The updated firmware file.
• The VACON® Loader for updating the firmware on the option board.
• The VACON® Safe tool for reading and saving the parameter file.

NOTE!

The update of the option board firmware is not protected by a password. To control
unwanted changes, the parameter file in the option board will be deleted in the
firmware update. After the update, you must parameterise the option board again.

UPDATING THE FIRMWARE

1 Prepare the necessary equipment and data.
2 Store the sealed parameter file, for example, on

the control board of the AC drive or on your PC. The
parameter file in the option board will be deleted in
the firmware update.

3 Do the firmware update using the VACON® Loader.
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4 Make sure that the firmware version for the option
board is the intended version. See 11.1 Gathering 
diagnostic data.

5 Find the stored parameter file and save it back to
the option board.

6 Validate the safety system again.

11.6 REPLACING THE OPTION BOARD

CAUTION!

Replace an option board when it is suspected to be faulty. Indications of a faulty
option board can be, for example, constant faults that indicate internal errors of the
option board. Even if the option board works correctly some of the time, there can
be underlying faults that can create unexpected situations and cause damage to the
equipment.
CAUTION!

Do not perform any repair work on the option board. Unsuccesful repair work can
cause damage to the equipment. Return faulty option boards to the manufacturer
for analysis.
CAUTION!

Do not install, remove, or replace option boards on the drive when the power is on.
Doing this can cause damage to the boards.
WARNING!

Do not touch the control terminals. They can have a dangerous voltage also when
the drive is disconnected from mains.

When replacing the option board:

• Find out if your software and parameter file version are supported by the new hardware
version.

• You must parameterise the new option board. It can be necessary to load the existing
parameter file from the current option board.

• Changing the option board can have an effect on the operation of whole safety system. It
can be necessary to revalidate the safety system. Changes may be due to different
hardware versions or faults in either the old or new option board.

REPLACING THE OPTION BOARD

1 Store the parameter file of the option board, for
example, on the control board of the AC drive or on
your PC.

• If the old option board is intended to be used in
another system or as a backup, you can delete
its parameter file using factory reset. See 11.4 
Factory reset.
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2 Disconnect power, including the power stage
supply voltage and the controller supply.

3 Make sure that there is no voltage.
4 Remove the old option board.
5 Install the new option board using the instructions

in chapter 5 Installation.
6 Commission the new option board.
7 Keep the replaced option board for further use, or

contact Danfoss for possible analysis of the option
board. Also see 11.8 Disposal.

After replacing the option board, the next start-up is the first start-up of the new option
board. Do the checks and procedures of the first start-up. See chapter 10 Commissioning and 
validation.

11.7 REPLACING OTHER COMPONENTS OF THE SAFETY SYSTEM

When you plan and make changes to other components of the safety system where the
Advanced safety option board is included, consider the possible effects of the changes.

After you have made changes in the systems that request safety functions or react to output
data from the option board (via safe fieldbus or digital output), the safety system should
always be revalidated. Refer to the instructions of the changed component(s) and chapter 10 
Commissioning and validation.

The level of testing that is adequate after a component has been changed depends on the
application. The tests mentioned in this chapter do not take into account the overall system
and application. A reduced validation of the system may or may not be possible. When in
doubt, consider a total recommissioning of the related features.
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Table 81: Tests after changing the drive related components

Component Tests

The hardware of the control board Retest the STO safety function.
If estimated speed is used, retest the safe monitoring functions.

The software of the control board Retest features that have relations in the control board. These can
be related, for example, to the realisation of safety function limits or
the safe fieldbus.
If estimated speed is used, retest the safe monitoring functions.

The drive application Retest safety functions that have relations in the drive application.
These can be, for example, execution of controlled stop ramps for
the SS1, SS2, or SQS safety functions or realisation of a speed limit
for a safe monitoring function.

The power unit of the drive Retest the STO safety function.
If estimated speed is used, retest the safe monitoring functions.

Other option boards Retest safety features that have relation to that option board. Exam-
ple safe fieldbus when changing a fieldbus related option board.
When you change the STO option board, retest the STO safety func-
tion.

Speed sensors Do a check of the speed sensor settings in the parameter file. Retest
speed-dependent safety functions.

11.8 DISPOSAL

When the drive is at the end of its operation life, do not discard it as a part of municipal
waste. You can recycle the primary components of the drive. You must disassemble
some components before you can remove the different materials. Recycle the electrical
and electronic components as waste.
To make sure that the waste is recycled correctly, send the waste to a recycling centre.
You can also send the waste back to the manufacturer.
Obey the local and other applicable regulations.

If the option board is decommissioned or disposed due to a suspected failure of the option
board, contact the manufacturer to report the incident and to ask if it is necessary to return
the option board to the manufacturer for further analysis.
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12 TECHNICAL DATA
12.1 SAFETY DATA

Table 82: General safety characteristics

Safety integrity level (SIL) (IEC 61508) up to SIL3

Systematic capability (SC) (IEC 61508) SIL3

Safety integrity level claim limit (SIL CL) (EN 62061) SILCL3

Performance level (PL) (EN ISO 13849-1: 2015) up to PLe

Category (Cat) (EN ISO 13849-1: 2015) Cat 4

Hardware Fault Tolerance (HFT) 1 (1oo2)

Proof test interval (PTI) 20 years 1)

Mission time / Lifetime (TM) 20 years

1) = PTI is Mission time / lifetime. No prooftest for the option board required during the
lifetime.

When you use standard speed sensors, see 4.6.2 Standard speed sensors and combinations.

Table 83: Detailed safety characteristics *

Option board
variant

PFHd [1/h] PFDavg DCavg [%] MTTFd [a] SFF [%]

OPTBL 6.45 x 10-11 5.61 x 10-6

99

373

99OPTBM 1.66 x 10-9 1.45 x 10-4 112

OPTBN 1.70 x 10-9 1.49 x 10-4 94

* = The values in the table above are worst case values for one safety function and are
fulfilled in any valid configuration.

The values above are calculated with these assumptions:

1. MTTR = MTR = 0 h. When a failure is detected, the STO safety function becomes active.
2. The proof test interval is 20 years.
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Table 84: Response times

Technical item or function Minimum Typical Maximum

Response time to safety function
request

10 ms

Response time to violation of a
safety function

*)

* = The response time to a violation depends on these factors:

• Pulse per rotation (PPR) of the speed measurement sensor. The response time is faster
with a higher PPR value.

• Actual speed at the time of the violation of the monitored speed limit. The response time
is faster in higher speeds.

12.2 SAFE INPUT/OUTPUT DATA

Number of inputs: 4 logical (4x2 physical)

Table 85: Safe input data

Technical item or function Minimum Typical Maximum

Input Voltage (Active, logic 1) -3 V 24 V 30 V

Input Voltage (Inactive, logic 0) 0 V 5 V

Input Current (Active, logic 1) 3.0 mA 5.5 mA

Input Current (Inactive, logic 0) 2.0 mA

Input Resistance 3 kΩ

Galvanic Isolation No

Short circuit protected Yes

Active -> Inactive Debounce time 4 ms

Inactive -> Active Debounce time 50 ms

Allowed discrepancy time of physi-
cal inputs in one logical input

500 ms

Conductor size / cross section
(AWG)

0.2 mm2 (28) 1 mm2 (18)

Number of outputs (general): 2 logical (2x2 physical)
Number of outputs (STO): 2 logical (2 physical)
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Table 86: Safe output data

Technical item or function Minimum Typical Maximum

Output Voltage (Active, logic 1) 17 V 24 V 27 V

Output Voltage (Inactive, logic 0) 0 V 5 V

Output Current (Active, logic 1) 100 mA (250 mA com-
bined*)

Output Current (Inactive, logic 0) 0.1 mA

Galvanic Isolation No

Short-circuit protected Yes

Diagnostic test pulsing Alternating between a simultaneous pulse and individual pulse sequen-
ces on each physical output. Delay of 10 ms between pulses.

Diagnostic test pulse length 200 µs 400 µs

Diagnostic test sequence interval 200 ms

Output channel discrepancy time

Conductor size / cross section
(AWG)

0.2 mm2 (28) 1 mm2 (18)

Output state in case of a fault All outputs are inactive.

* = Combined maximum output current for the Digital Output (STO & normal) and 24V supply
is 250 mA.

Table 87: 24 V supply output

Technical item or function Minimum Typical Maximum

Supply voltage 24 V ± 15 %

Output current 150 mA (250 mA com-
bined*)

Short-circuit protected Yes

* = Combined maximum output current for the Digital Output (STO & normal) and 24V supply
is 250 mA.
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12.3 SPEED MEASUREMENT DATA

Table 88: Multiple speed source cross-comparison

Technical item or function Minimum Typical Maximum

Allowed deviation between speed
sources (encoder/proximity sensor/
estimated speed)

Set with parameter Allowed Deviation of Estimated Speed.

Allowed time for exceeding the
allowed speed deviation

Set with parameter Allowed Deviation Timer.

Table 89: Sin/Cos

Technical item or function Minimum Typical Maximum

Encoder Supply Voltage 5 V, 12 V, 15 V, 24 V. ± 5%

Encoder Supply Current 150 mA

Operating Sin/Cos waveform 1 Vpp ± 25% with +2.5 VDC offset

Operating phase-shift Sin/Cos sin2 x + cos2 x = 1 ± 40%

Operating Frequency 250 kHz

Termination resistor 200 Ω

Cable length See recommendation of encoder manufacturer.

Conductor size / cross section
(AWG)

0.14 mm2 (26) 0.5 mm2 (20)
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Table 90: Digital Pulse

Technical item or function Minimum Typical Maximum

Encoder Supply Voltage HTL 5 V, 12 V, 15 V, 24 V. ± 5%

Encoder Supply Voltage TTL 5 V, 12 V, 15 V, 24 V. ± 5%

Encoder Supply Current 150 mA

Connection TTL According to RS-422 interface standard

Supported HTL signals Differential *

HTL Voltage output type Push-Pull

Differential Input Voltage HTL
(Active, logic 1)
VA→Ā

2 V 30 V

Differential Input Voltage HTL
(Inactive, logic 0)
VA→Ā

-30 V -2 V

Operating phase-shift A/B 90° ± 20%

Operating Frequency 350 kHz

Pulse length for signal Z ¼*T ≈ 0.7 us

Termination resistor 200 Ω if used, cannot be used with HTL encoder.

Cable length See recommendation of encoder manufacturer.

Conductor size / cross section
(AWG)

0.14 mm2 (26) 0.5 mm2 (20)

* = Single-ended encoders or single-ended encoder connections are not supported.

Proximity sensors connected to Digital input 1 and 2 of the safe I/O. Also see technical data
for inputs.
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Table 91: Proximity sensors

Technical item or function Minimum Typical Maximum

Supported types 4-wire PNP

Duty cycle (Signal ACTIVE-INAC-
TIVE ratio)

1% 50% (1:1 ratio) 99%

Operating Frequency 10 kHz (50% duty
cycle)
0.2 kHz (1% or 99%
duty cycle)

Pulse length 50 µs

Recommended value for the safety
function speed limit (see 4.6.5.)

15000 / ppr

Table 92: Estimated speed

Technical item or function Minimum Typical Maximum

Supported motor types Asynchronous motor (ASM), also known as induction motor (IM).
Synchronous motor (SM), which typically is permanent magnet synchro-
nous motor (PMSM).

Supported speed range 0 Hz Approximately 200% of
the motor nominal
speed, or 320 Hz.

Estimation error ASM: < 50% of nominal
slip. *
SM: Estimated speed =
actual speed.

ASM: Approximately ±
50% of nominal slip. *

Speed estimation active Speed estimation is active only when the AC drive is in RUN state.

* = With an asynchronous motor, the estimation is typically less reliable at low speeds and
more reliable at high speeds.

The effects of external accelerative forces are not taken into account in the values above. The
values are valid in these conditions:

• The motor parameters have been set correctly, and the motor identification run has been
completed successfully.

• The motor is not overloaded.
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12.4 SAFE FIELDBUS DATA

Table 93: Safe fieldbus data

Technical item or function Minimum Typical Maximum

Safe fieldbus state in case of criti-
cal error

No communication

Supported protocols PROFIsafe over PROFIBUS/PROFINET

Supported PROFIdrive on PROFI-
safe telegrams

ST30, ST31, ST58000

12.5 ENVIRONMENTAL DATA

Table 94: Environmental data

Technical item or function Minimum Typical Maximum

Ambient operating temperature According to the used AC drive.

Storing ambient temperature -40°C +80°C

Air Humidity According to the used AC drive. Non-condensing.

Operating altitude According to the used AC drive.
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13 FAULT TRACING
13.1 PRESENTATION OF FAULTS ON THE CONTROL BOARD

Faults with the fault code F20 have a special syntax when they are shown on the control
panel or the PC tools. Instead of the usually included "module" and "submodule" fields,
fields "source" and "source (text)" are used. These fields identify the source of the fault on
the Advanced safety option board. Source (text) is a textual explanation of the source value.
The fault number field identifies the detailed cause of the fault.

The figures show an example of the fault presentation of the Advanced safety option board on
the control panel.

Fault number

ALARMSTOP

I/O term

2
Fig. 70: The fault number is shown in T.14 (instead of "subcode" for other faults)

Source (text)

ALARMSTOP

I/O term

Drive Conf.
Fig. 71: The description of the source is shown in T.15 (instead of "module" for other faults)

Source

ALARMSTOP

I/O term

243
Fig. 72: The source value is shown in T.16 (instead of "submodule" for other faults)

Additionally, the source and fault number are shown in the fault lists (active faults and fault
history) when you view faults related to the Advanced safety option board.
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20 SafetySystem

ALARMSTOP

I/O term

A 243.2 
Fig. 73: Fault presentation in the fault lists. The source and fault number are shown as
"source.number" (instead of "T1->T16" for other faults).

Table 95: Example of a fault presentation in table format

Fault code Source (code - text)
(Panel menu T.14 and
T15)

Fault number (Panel
menu T.16)

Cause

20 - Safety System 243 - Drive Conf. 2 The parameter file used in
the option board is not
validated.

The safety function violation faults (Fault code F48) use the same syntax as the fault code 20.
The source fields indicate the safety function that was violated. The number field indicates
the violation that has occurred.

NOTE!

Some faults may have additional information that is not saved in the fault system of
the AC drive. The complete information can be seen in the option board activity log,
see chapter 6.6.2 Activity log.
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13.2 FAULT CODES

Table 96: General faults and warnings of the option board

Fault code Source (code -
text) (Panel
menu T.14 and
T.15)

Fault
number
(Panel
menu T.16)

Fault type Possible cause Correction

20 SafetySystem 1 - uC diag.
2 - Cross comm.
3 - Input stuck
6 - Power supply
10 - Cross check
12 - General
15 - Appl timeout
17 - Comm. Error

Any Fault /
Warning

Internal fault in the
option board.
Broken hardware.
Incompatible software
and/or hardware ver-
sions or a failed
update.

Reboot the AC
drive.
Update the option
board firmware.
If the fault reoc-
curs, contact the
distributor near
you.

4 - Output stuck 1, 3, 4 Fault An output is short
circuited to voltage
source (e.g. +24V) or
GND.

Do a check of the
cabling.

4 - Output stuck 2 Fault There is a fault in an
output of the
Advanced safety
option board.
The STO output of the
Advanced safety
option board is not
connected.

Do a check of the
cabling.

6 - Power supply 9, 25 Fault Encoder supply volt-
age overvoltage or
undervoltage.

Do a check of the
cabling for short
circuits. Make
sure that the
encoder cable
plug at the
Advanced safety
option board is
inserted correctly
(not off by one).

18 - External I/O 1 Warning Channels of a two
channel input are in
different state.

Do a check of the
cabling.
Do a check of the
connected sys-
tems.
Reboot the AC
drive.

18 - External I/O 2 Fault One channel caused a
short request (input
inactive) for a safety
function before
returning to not
requested state (input
active). The other
channel did not
change.

Do a check of the
cabling.
Do a check of the
connected sys-
tems.
Deactivate both
channels before
activating them
again, then
acknowledge the
safety function.
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Table 96: General faults and warnings of the option board

Fault code Source (code -
text) (Panel
menu T.14 and
T.15)

Fault
number
(Panel
menu T.16)

Fault type Possible cause Correction

20 SafetySystem 32 - SafeF com-
mon

3 Warning The reset signal has
not been accepted
because a safe stop-
ping function executed
as a violation
response has not been
reached.

Allow the safe
stopping function
to finish its exe-
cution.

32 - SafeF com-
mon

4,5 Warning The reset signal can-
not be accepted as the
speed is above a mon-
itoring limit at reques-
ted monitoring func-
tion.

Do a check of the
requested safety
functions.
Do a check of the
motor speed and
the speed sen-
sors.
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Table 96: General faults and warnings of the option board

Fault code Source (code -
text) (Panel
menu T.14 and
T.15)

Fault
number
(Panel
menu T.16)

Fault type Possible cause Correction

20 SafetySystem 33 – STO
34 – SS1
35 – SS2
38 – SQS
39 – SSR
40 – SLS
43 – SMS

1 Fault The safety function is
controlled from the
PLC over fieldbus but
the requested safety
function is not para-
meterised to be used
at all.

Make sure that
the configura-
tions of the PLC
and the Advanced
safety option
board match.

33 – STO 2, 3 Warning The reset/acknowl-
edgement signal can-
not be accepted
because the STO
safety function is
requested or the
motor is rotating.

Wait until the
motor stops.
Do a check of the
encoder.

34 – SS1
35 – SS2
38 – SQS

5 Warning An acknowledgement
signal was received
when the safety func-
tion was not in a state
where it can be
acknowledged.

39 – SSR 9 Warning The function could not
be acknowledged at
this point.

40 – SLS 8 Warning The function could not
be acknowledged at
this point.

43 – SMS 4 Warning The function could not
be acknowledged at
this point.

44 – SSM 2 Warning The function could not
be acknowledged at
this point.
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Table 96: General faults and warnings of the option board

Fault code Source (code -
text) (Panel
menu T.14 and
T.15)

Fault
number
(Panel
menu T.16)

Fault type Possible cause Correction

20 SafetySystem 48 - Enc. com-
mon
49 - Sin-Cos enc.
52 - Increm. enc.
53 - Prox. sensor

Other Fault Faults related to the
encoder.
A wrong phase shift
between signals.
Discrepancy between
different speed sour-
ces is too high.

Do a check of the
encoder connec-
tions.
Do a check of the
encoder parame-
ters.
Do a check of the
encoder.
Reboot the AC
drive.
If the fault reoc-
curs, contact the
distributor near
you.

48 - Enc. com-
mon

1, 13 Fault An internal fault in the
encoder interface
board.

Reboot the AC
drive. If the fault
reoccurs, contact
the distributor
near you.

48 - Enc. com-
mon

4-8 Fault A fault detected in the
encoder signal moni-
toring.
There is excessive rip-
ple in a signal chan-
nel.
A wrong phase shift
between signals.

Do a check of the
encoder connec-
tions. Do a check
of the encoder.

48 - Enc. com-
mon

9 Fault Reference pulse from
the encoder is missing
or detected too often.

Do a check of the
encoder cabling.
Do a check of the
parameters.

48 - Enc. com-
mon

11 Fault A parameterisation
fault in the encoder.

Do a check of the
parameters.
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Table 96: General faults and warnings of the option board

Fault code Source (code -
text) (Panel
menu T.14 and
T.15)

Fault
number
(Panel
menu T.16)

Fault type Possible cause Correction

20 SafetySystem 48 - Enc. com-
mon

12 Fault The supported operat-
ing frequency of the
encoder signals was
exceeded.

See the technical
data for the used
encoder type or
information on
the maximum
frequency.

48 - Enc. com-
mon

14 Fault The types of the para-
meterised and the
actual encoder inter-
face board do not
match.

Do a check of the
parameters. Do a
check of the type
of the encoder
interface board.

48 - Enc. com-
mon

15 Fault /
Warning

When you use two
speed measurement
sources: the sources
indicate different
speeds for the motor.

Do a check of the
speed sensor
parameters. Do a
check of the
speed sensors.

48 - Enc. com-
mon

18 Fault Prooftest Interval was
exceeded. The motor
has not been rotated
during a 30 day period.

Make the motor
rotate according
to the instruc-
tions in chapter
4.6.6 Encoder sig-
nal verification.

49 - Sin-Cos enc. 1-3 Fault A fault detected in the
encoder signal moni-
toring. Example: the
signals do not fulfil
the equation Sin2x
+cos2x = 1.

Do a check of the
encoder connec-
tions. .
Do a check of the
encoder
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Table 96: General faults and warnings of the option board

Fault code Source (code -
text) (Panel
menu T.14 and
T.15)

Fault
number
(Panel
menu T.16)

Fault type Possible cause Correction

20 SafetySystem 52 - Increm. enc. 1 Fault A problem with
encoder signal A.

Do a check of the
encoder cabling.

52 - Increm. enc. 2 Fault A problem with
encoder signal B.

Do a check of the
encoder cabling.

52 - Increm. enc. 3 Fault A problem with
encoder reference
signal.

Do a check of the
encoder cabling.

53 - Prox. sensor 2 Fault A short circuit
between the signals of
the proximity sensor
1.

Do a check of the
proximity sensor
cabling.

53 - Prox. sensor 3 Fault A short circuit
between the signals of
the proximity sensor
2.

Do a check of the
proximity sensor
cabling.

53 - Prox. sensor 4 Fault When two proximity
sensors are used: the
signals of the proxim-
ity sensor have a dif-
ferent frequency.

Do a check of the
proximity sen-
sors.

53 - Prox. sensor 5 Fault The supported operat-
ing frequency for the
proximity sensor 1
was exceeded.

Do a check of the
parameters. Do a
check of the
proximity sensor.

53 - Prox. sensor 6 Fault The supported operat-
ing frequency for the
proximity sensor 2
was exceeded.

Do a check of the
parameters. Do a
check of the
proximity sensor.
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Table 96: General faults and warnings of the option board

Fault code Source (code -
text) (Panel
menu T.14 and
T.15)

Fault
number
(Panel
menu T.16)

Fault type Possible cause Correction

20 SafetySystem 54 – Estimated
Sp

1 Fault /
Warning

Estimated speed dif-
ference exceeded
(Allowed Deviation of
Speed Sources, Speed
Deviation Timer).
The rotation direction
of the estimated
speed and the encoder
are opposite.

Do a check of the
encoder and esti-
mated speed
parameters.
Do a check of the
cabling (motor
phases and
encoder signals)
to make sure that
it does not cause
one of the direc-
tions to reverse.

65 - PROFIsafe
67 - F-Parameter
68 – PROFIdrive
84 – Gateway
comm

Other Fault Fault in the communi-
cation between the
option board and the
external safe fieldbus
master.
Interference.

Do a check of the
fieldbus parame-
ters in option
boards and PLC.
Do a check of the
cabling.

65 - PROFIsafe 4 Fault The PROFIsafe tele-
gram is commanding
the drive to a fail-safe
state.
The watchdog time
was exceeded.

Do a check of the
F-parameters in
the option board
and the safety
PLC.

65 - PROFIsafe 5 Warning The PROFIsafe tele-
gram is commanding
the AC drive to a fail-
safe state.

Acknowledge the
situation in PLC.
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Table 96: General faults and warnings of the option board

Fault code Source (code -
text) (Panel
menu T.14 and
T.15)

Fault
number
(Panel
menu T.16)

Fault type Possible cause Correction

20 SafetySystem 67 - F-Parameter 64 Fault The F Destination
Address does not
match.

Do a check of the
F-parameters in
the option board
and the safety
PLC.

67 - F-Parameter 65 Fault The F Destination
Address is outside the
valid range.

Do a check of the
F-parameters in
the option board
and the safety
PLC.

67 - F-Parameter 66 Fault The F Source Address
does not match.

Do a check of the
F-parameters in
the option board
and the safety
PLC.

67 - F-Parameter 67 Fault The Watchdog time F
WD Time is 0 or inva-
lid.

Do a check of the
F-parameters in
the option board
and the safety
PLC.

67 - F-Parameter 69 Fault The length of the F
parameter CRC does
not match.

Do a check of the
F-parameters in
the option board
and the safety
PLC.

67 - F-Parameter 70 Fault The F parameter ver-
sion is incorrect.

Do a check of the
F-parameters in
the option board
and the safety
PLC.

67 - F-Parameter 71 Fault The F parameter CRC
does not match.

Do a check of the
F-parameters in
the option board
and the safety
PLC.

67 - F-Parameter 75 Fault The device specific
parameter CRC
(iParameter CRC)
does not match.

Do a check of the
F-parameters in
the option board
and the safety
PLC.
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Table 96: General faults and warnings of the option board

Fault code Source (code -
text) (Panel
menu T.14 and
T.15)

Fault
number
(Panel
menu T.16)

Fault type Possible cause Correction

20 SafetySystem 68 – PROFIdrive 1 Fault Invalid or unsupported
data in the control
word.
A wrong telegram
used.

Do a check the
programming of
the safety PLC.
Do a check of the
parameters.

80 - HiLevel
Comm
81 – Comm time-
out
83 - CB comm.

Other Fault /
Warning

Fault in the communi-
cation.
Incompatible version
of the PC tool.
Interference.

Do a check of the
used cables and
equipment.
Reboot the AC
drive.
If the fault reoc-
curs, contact the
distributor near
you.

81 – Comm time-
out

3 Warning Valid F-Parameters
from safety PLC have
not been received.

Do a check of the
parameter set-
tings of the safety
PLC and of the
used fieldbus
board.
Make sure that
normal fieldbus
communication is
established.

82 - Plaus. check Other Fault Fault in the safety
configuration.
There are invalid
parameters.

Do a check of the
used parameter
file.

82 - Plaus. check 3 Fault There is no valid
parameter file in the
option board.

Save new param-
eter file from PC
or back-up.
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Table 96: General faults and warnings of the option board

Fault code Source (code -
text) (Panel
menu T.14 and
T.15)

Fault
number
(Panel
menu T.16)

Fault type Possible cause Correction

20 SafetySystem 84 - Gateway
comm

1 Warning The F-parameters are
invalid.

Do a check of the
safe fieldbus
parameters.
Do a check of the
safety PLC con-
figuration.

84 - Gateway
comm

2 Warning The safety telegram
number is invalid.

Do a check of the
safe fieldbus
parameters.
Do a check of the
safety PLC con-
figuration.

85 - PC general Other Fault Fault in the communi-
cation between the
option board and the
PC tool.

Do a check of the
used cables and
equipment.
Retry the
attempted opera-
tion.

86 – Activity log 1 Warning A fault in the internal
logging.

Reboot the AC
drive. If the fault
re- occurs, con-
tact the distribu-
tor near you.
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Table 96: General faults and warnings of the option board

Fault code Source (code -
text) (Panel
menu T.14 and
T.15)

Fault
number
(Panel
menu T.16)

Fault type Possible cause Correction

20 SafetySystem 241 – CB internal
242 – CB internal

Any Fault An internal fault.
An incompatible firm-
ware.
The communication
between the control
board and the option
board was interrup-
ted.

Reboot the AC
drive. Update the
option board
and/or control
board firmware.
If the fault reoc-
curs, contact the
distributor near
you.

243 – Drive conf. 2 Fault The parameter file
used in the option
board is not validated.

Commission and
test the system
configuration and
validate parame-
ter file.

243 – Drive conf. 33 Warning Restoring a parameter
file backup to the
option board failed.

Reboot the AC
drive.
Make sure that
there is a valid
backup to be
restored.

243 – Drive conf. 34 Warning Transferring of the
parameter file from
the option board to the
control board failed.

Reboot the AC
drive.

243 – Drive conf. 35 Warning The AC drive received
the F-parameters but
no safe fieldbus com-
munication is set.

Do a check of the
F-parameters in
the option board
and the safety
PLC.

243 – Drive conf. 80 Warning Communication with
VACON® Safe was
lost.

Do a check of the
cabling.
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Table 97: The configuration-related faults and warnings of the option board

Fault code Subcode Fault type Possible cause Correction

8 System Fault 83 Fault The safe fieldbus com-
munication is activated
in the fieldbus board
but the Advanced
safety option board is
missing.

Remove the safe field-
bus module from the
fieldbus board com-
munication in the PLC,
or install the Advanced
safety option board.

84 Fault The safe fieldbus com-
munication is enabled
in the Advanced safety
option board but the
used standard fieldbus
board does not support
it.

Do a check of the con-
figuration of the option
board.
Do a check of the firm-
ware of the fieldbus
board.
Do a check that the
correct type of fieldbus
option board is used.

85 Fault The Advanced safety
option board is detec-
ted but does not com-
municate with the con-
trol board.
The Advanced safety
option board is broken.

Reboot the AC drive.
Update the option
board firmware.
If the fault reoccurs,
contact the distributor
near you.
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Table 98: Safety function requested and reached warnings

Fault code Subcode Fault type Description

46 Safety Request 1 – STO
2 – SS1
3 – SS2
4 – SQS
5 – SSR
6 – SLS 1
7 – SLS 2
8 – SLS 3
11 – SSM
12 – SMS

Warning This warning is an indication
that a safety function is active
on the AC drive.
If the parameter Acknowl-
edgement Mode (Startup) is
set to manual, the STO func-
tion is indicated as requested
after startup until an acknowl-
edgement is received.

47 Safety Reached 1 – STO
2 – SS1
3 – SS2
4 – SQS
5 – SSR
6 – SLS 1
7 – SLS 2
8 – SLS 3
11 – SSM
12 – SMS

Warning This warning is an indication
that a safety function is in the
Reached state.

• For the safe monitoring
functions, the related
limit is being monitored.

• For the safe stopping
functions, the possible
controlled stop has been
executed and the
STO(+SBC) or the SOS
function is active.

As a default, faults with the code 46 or 47 are not saved into the fault history of the AC drive.
The drive application can change the logging mode so that these faults are saved in the fault
history. The Activity log can be used to see the activation and deactivation history of the safety
functions.
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Table 99: Violation warnings of the safety functions

Fault code Source
(code – text)

Fault number Fault type Possible cause Correction

48 Safety Violat 31 - SOS 1 Warning
(Violation)

The deviation from the
starting point was
greater than allowed
during the SOS func-
tion.

48 Safety Violat 34 – SS1
35 – SS2
38 – SQS
40 – SLS

2 Warning
(Violation)

Only when zero speed
monitoring is used:
the time set with t1 of
the safety function has
passed but the func-
tion is not reached.

39 – SSR 2 Warning
(Violation)

The maximum decel-
eration ramp was vio-
lated.

43 – SMS 2 Warning
(Violation)

SMS Limit Plus was
violated.

48 Safety Violat 34 – SS1
35 – SS2
38 – SQS
40 – SLS

3 Warning
(Violation)

The motor speed
exceeds the maximum
deceleration ramp
(Ramp1_Dec_Time_M
ax)

39 – SSR 3 Warning
(Violation)

The minimum decel-
eration ramp was vio-
lated.

43 – SMS 3 Warning
(Violation)

SMS Limit Minus was
violated.

48 Safety Violat 34 – SS1
35 – SS2
38 – SQS
40 – SLS

4 Warning
(Violation)

The motor speed
exceeds the minimum
deceleration ramp
(Ramp1_Dec_Time_Mi
n)

39 – SSR 4 Warning
(Violation)

The maximum accel-
eration ramp was vio-
lated.

48 Safety Violat 39 – SSR 5 Warning
(Violation)

The minimum accel-
eration ramp was vio-
lated.

40 – SLS 5 Warning
(Violation)

SLS 1 Limit was viola-
ted.
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Table 99: Violation warnings of the safety functions

Fault code Source
(code – text)

Fault number Fault type Possible cause Correction

48 Safety Violat 39 – SSR 6 Warning
(Violation)

The function was not
reached when the
time set with SSR t1
passed.

40 – SLS 6 Warning
(Violation)

SLS 2 Limit was viola-
ted.

48 Safety Violat 39 – SSR 7 Warning
(Violation)

The maximum speed
limit was violated.

40 – SLS 7 Warning
(Violation)

SLS 3 Limit was viola-
ted.

48 Safety Violat 39 – SSR 8 Warning The minimum speed
limit was violated.

13.3 OPTAF STO AND ATEX OPTION BOARD FAULT INFORMATION

In certain situations, the OPTAF option board can detect faults that are due to the Advanced
safety option or indicate an error in the configuration of the system. See the OPTAF user
manual for description on these faults and how to correct them.

NOTE!

With OPTAF, the reaction to STO activation can be selected as fault level. Do not use
the fault level reaction with the Advanced safety option. Doing so can lead to
situations where two fault reset commands are needed for the STO fault triggered
by OPTAF to be cleared. For further information, see the relevant parameter
description in the OPTAF user manual.
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14 CONFIGURATION EXAMPLES
This chapter lists configuration examples of the Advanced safety option board for
implementing different safety functions.

The examples are informational and do not guarantee the achievement of any safety levels.
The examples show different possibilities to use the option board. The examples do not take
into account the external devices and their exact behaviour. To implement an actual safety
system, it is necessary to make proper preparations and analysis on the requirements of the
safety system and to have an understanding on all the devices that are used in the
implementation. Also see 4.4 Determining the achieved safety level.

14.1 EMERGENCY STOP USING THE STO FUNCTION

A configuration for realising emergency stop according to IEC-60204-1 using the STO
function in the Advanced safety option board OPTBL and the STO option board OPTAF. The
drive reset is used to clear the faults and to deactivate the STO function after violations and
faults. The STO function is set to the manual acknowledgement mode.

Depending on the result of the risk and hazard analysis, you can use the safe external
acknowledgement signal 1) or the non-safe drive acknowledgement 2). The case in Fig. 74 has
safe external acknowledgement.

The STO request is assigned to Digital Input 1 of the Advanced safety option board. External
acknowledgement signal is assigned to Digital input 2. No speed measurement is needed or
considered for this configuration.

Configuration in OPTBL. Used safety functions: STO

STO parameters Value

Acknowledgement Mode (STO) Manual

Input / output parameters Value

Digital Input 1 STO

Digital Input 2 Acknowledgement 1)

General parameters Value

Drive Reset Enabled

Drive Acknowledgement Enabled 2)
Disabled 1)

1) and 2) indicate alternative options. Use values marked with the same number.
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Emergency 
stop switch

Button/Device used 
to give the 

acknowledgement *

STO

Ack.

X4-11 (DIN1A)
X4-12 (DIN1B)

X3-9 (+24 V)

X4-13 (DIN2A)
X4-14 (DIN2B)

Advanced safety 
option board

X3-1 (STO 1)
X3-2 (STO 2)

STO 
option board 

OPTAF

STO

X3-3 (GND)
X3-4 (GND)

SD2+

SD1+
SD2-

SD1-

Fig. 74: Emergency stop configuration with the STO function and safe acknowledgement.

* = For some devices used for acknowledgement, additional wiring is required.

14.2 SS1 USED WITH STO(+SBC)

This is a configuration with the SS1 function and the STO function used with the SBC function
in the Advanced safety option board OPTBL. No external safe reset or acknowledgement is
required. The STO function is not directly requested externally. The drive reset is used to
deactivate the STO function and to reset the faults.

The SS1 function is used in the time monitoring mode with a 4.75 s delay for the STO+SBC
function activation. The SS1 function can operate in the automatic or the manual
acknowledgement mode with the drive acknowledgement enabled. The SBC function is
activated before the STO function, and the delay between the SBC function and the STO
function is 250 ms. In practice, the STO function becomes active 5 s after the SS1 function is
requested. The 250 ms is the value that is assumed for the mechanical delay and other
delays in brake activation. The brake and the STO function are intended to become active at
the same time. The parameter SBC Speed is not used.

The SS1 request is assigned to Digital Input 1 of the Advanced safety option board. The SBC
output is assigned to Digital Output 1 of the option board. Monitoring of the ramp is not
considered a safety critical feature. No safe speed measurement is necessary or is not
considered for this configuration.
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The drive application is used to execute the SS1 controlled ramp to zero.

Configuration in OPTBL: Used safety functions: SS1, STO+SBC

STO parameters Value

Acknowledgement Mode (STO) N/A (no effect)

SBC Enabled [Checkbox] Active

SBC Order SBC first

SBC t1 0.25 s

SBC Speed 0 rpm

Input / output parameters Value

Digital Input 1 SS1

Digital Output 2 SBC

General parameters Value

Drive Reset Enabled

Drive Acknowledgement Enabled 2)
Disabled 1)

SS1 parameters Value

Acknowledgement Mode (SS1) Automatic 1)
Manual 2)

SS1 Monitoring Time

SS1 Ramp Monitoring N/A

SS1 t1 4.75 s

SS1 td1 N/A

SS1 td2 N/A

1) and 2) indicate alternative options. Use values marked with the same number.

When you use the safety-aware Multipurpose drive application, the SS1 function is realised
by the drive application when the SS1 function is requested from the Advanced safety option
board. The ramp definitions for controlled ramp are taken from the ramp 2 of the drive.
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Table 100: Configuration in safety-aware Multipurpose drive application

Parameter Value

P2.12.1 S Stop Response Ramp 2

P2.4.2 Ramp 2 Shape 0

P2.4.4 Deceleration Time 2 4 s

Stop switch

Relay/Contactor BrakeRelay/Contactor

X3-1 (STO 1)
X3-2 (STO 2)

X3-3 (GND)
X3-4 (GND)

SS1
X4-11 (DIN1A)
X4-12 (DIN1B)

X3-9 (+24V)

X3-10 (GND)

X3-5 (OUT1A)
X3-6 (OUT1B)

Advanced safety 
option board

Other brake 
controlling 
systems

STO 
option board 

OPTAF

SD2+

SD1+
SD2-

SD1-

Fig. 75: The SS1 function used with the STO(+SBC) function

NOTE!

The example above describes a system with only one brake. It is possible that some
applications require 2 brakes.
NOTE!

The driving capability of the outputs of the Advanced safety option board is limited.
Note this when you select the relay or contactor connected to the output.
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NOTE!

The Advanced safety option board deactivates the STO function and the SBC
function at the same time. It is possible to use other brake controlling systems to
make sure that sufficient torque has been generated to the motor shaft before the
brake is released.
NOTE!

If the execution of the ramp is safety critical, use safe speed measurement. This
can be done, for example, by using an adequate speed measurement combination
on the Advanced safety option board.

14.3 SS1 WITHOUT A DIRECT SUPPORT OF THE DRIVE APPLICATION

If there is no suitable drive application that supports the automatic SS1 ramp, the controlled
ramp down can also be based on the external frequency reference that is supplied to the
drive. When the SS1 function is requested from the drive, the speed reference is
simultaneously used to ramp the speed down.

If different systems are used to request safety functions and supply the frequency reference,
the digital output of the Advanced safety option board can be used to inform the frequency
reference handling system about the SS1 request.

Configuration in the OPTBM: Used safety functions: SS1

Input / output parameters Value

Digital Output 2 Group 7

Operation for Output 2 OR

Group 7 for safe digital output 2 SS1_Active
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Stop switch

Process 
control 

(not safety-re-
lated

system)

SS1
X4-11 (DIN1A)
X4-12 (DIN1B) X5-1

X3-9 (+24V)

X3-7 (OUT2A)
X3-8 (OUT2B)

Advanced safety 
option board

X5-8

Encoder input 
connections

X3-1 (STO 1)
X3-2 (STO 2)

STO 
option board 

OPTAF

STO

X3-3 (GND)
X3-4 (GND)

SD2+

SD1+
SD2-

SD1-

Drive
Frequency reference

Basic I/O
(OPTAx, OPTBx)

Fig. 76: The SS1 function with a controlled ramp down from a process control system

NOTE!

If the execution of the ramp is safety critical, use safe speed measurement. This
can be done, for example, by using an adequate speed measurement combination
on the Advanced safety option board.
NOTE!

If the execution of the ramp is not safety critical, it can be possible to use only one
channel to indicate the SS1 Active to the external system.

14.4 LIGHT CURTAIN CONTROL OF SLS

This configuration uses the SQS-SS1 function for a controlled stop of the motor and the SLS
function to monitor the speed of the motor with the Advanced safety option board OPTBN.
The SQS function is also used as a violation response of the SLS function. The SLS function is
controlled by a light curtain. No external safe reset or acknowledgement is required. The
SLS acknowledgement mode should be set based on the use of the light curtain. If you want
to prevent automatic deactivation of the SLS function after the light curtain detects no
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objects, use manual acknowledgement.The drive reset is used to deactivate the STO function
and to reset the faults.

The SQS-SS1 function is used as a violation response of the SLS function and assigned to a
digital input for requests. The SQS-SS1 function is used in time monitoring mode with a 5.0 s
delay for the STO activation. The SQS-SS1 function can operate in the automatic or the
manual acknowledgement mode with the drive acknowledgement enabled.

The SQS-SS1 request is assigned to Digital Input 1 of the Advanced safety option board. The
SLS 1 control is assigned to Digital Input 2.

The drive application is used to limit the speed to the desired value. A Sin/Cos encoder is
used to measure the speed of the motor shaft.

Configuration in OPTBN: Used safety functions: SLS, SQS

SLS parameters Value

Acknowledgement Mode (SLS) Manual, Automatic

SLS Ramp Monitoring None

SLS t1 5.0 s

SLS td1 N/A

SLS td2 20 ms

SLS td3 100 ms

SLS 1 Limit 250 rpm

SLS 2 Limit 0 rpm

SLS 3 Limit 0 rpm

Input / output parameters Value

Digital Input 1 SS1

Digital Input 2 SLS 1

General parameters Value

Drive Reset Enabled

Drive Acknowledgement Enabled 2)
Disabled 1)
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Speed measurement configuration Value

Encoder Type Sin/Cos

Encoder power supply 15 V

Encoder reference signal No reference signal

Encoder number of pulses 1024

Proximity sensor number of pulses N/A

Proximity sensor duty cycle N/A

SQS parameters Value

Acknowledgement Mode (SQS) Automatic 1)
Manual 2)

SQS Type SS1

SQS Monitoring Time

SQS Ramp Monitoring N/A

SQS t1 5.0 s

SQS td1 N/A

SQS td2 N/A

1) and 2) indicate alternative options. Use values marked with the same number.

When you use the safety-aware Multipurpose drive application, the ramp to stand still while
the SQS-SS1 function is realised by the drive application when SQS-SS1 Active is indicated by
the Advanced safety option board. The ramp definitions for the controlled ramp are taken
from drive ramp 1.

The SLS speed limit is realised by the drive application when the SLS function is requested
from the option board. The speed limit is taken from the Advanced safety option board. Drive
application limits the speed to 95% of the parameterised limit. Ramping below the speed
limit is realised by using drive ramp 1.

Table 101: Configuration in the safety-aware Multipurpose drive application

Parameter Value

P2.12.1 S Stop Response Ramp 1

P2.12.2 SLS Response Ramp 1

P2.4.1 Ramp 1 Shape 0

P2.1.4 Deceleration Time 1 4 s
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Stop switch SQS

SLS 1

X4-11 (DIN1A)
X4-12 (DIN1B) X7-1

X3-9 (+24V)

X4-13 (DIN2A)
X4-14 (DIN2B)

Advanced safety 
option board

Encoder input 
connections

X7-8

X3-1 (STO 1)
X3-2 (STO 2)

STO 
option board 

OPTAF

STO

X3-3 (GND)
X3-4 (GND)

SD2+

SD1+
SD2-

SD1-

Light curtain

Common ground
X3-10 (GND)

Fig. 77: Light curtain control of the SLS function

NOTE!

The powering of the light curtain is not considered in this example. The light curtain
must be powered by an adequate power source.
NOTE!

This example uses light curtain, but similar configurations can also be done with
other devices.

14.5 SLS WITHOUT A DIRECT SUPPORT OF THE DRIVE APPLICATION

If there is no suitable drive application that supports the automatic speed limiting during SLS
safety function, the limited speed can also be executed based on the external frequency
reference that is supplied to the drive. When the SLS function is requested from the drive,
the speed reference is simultaneously used to ramp the speed down and kept below the limit
of the SLS safety function.

If different systems are used to request safety functions and supply the frequency reference,
the digital output of the Advanced safety option board can be used to inform the frequency
reference handling system about the SLS request.
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In case the speed limit monitored by the SLS safety function is violated, the SQS safety
function will be executed. If SQS is used in other modes than SQS-STO, a ramping to
standstill is expected to be executed. Without a drive application that executes the ramping,
external system must use the speed reference to ramp the speed to zero or a stop command
must be sent to the drive to execute a stop ramp. An output of the Advanced safety option can
be used to supply an indication of a violation a safety function.

Table 102: Configuration in the OPTBM: Used safety functions: SLS, SQS

Input / output parameters Value

Digital Output 1 Group 3

Operator for Output 1 OR

Group 3 for safe digital output 1 SLS 1 Active
SLS 2 Active
SLS 3 Active

Digital Output 2 Group 7

Operator for Output 2 OR

Group 8 for safe digital output 2 SQS Active

With the above configuration for output 2, the output will indicate the execution of SQS. SQS
can then be triggered either by external request or violation of SLS. Both are indicated in the
same way in the output allowing the external system to react to the safety function.
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X4-12 (DIN1B) X5-1

X3-9 (+24V)

X3-5 (OUT1A)
X3-6 (OUT1B)

X3-7 (OUT2A)
X3-8 (OUT2B)

Advanced safety 
option board

X5-8

Encoder input 
connections

X3-1 (STO 1)
X3-2 (STO 2)

STO 
option board 

OPTAF

STO

X3-3 (GND)
X3-4 (GND)

SD2+

SD1+
SD2-

SD1-

Drive
Frequency reference

Basic I/O
(OPTAx, OPTBx)

Fig. 78: SLS and SQS functions with ramp and speed limitation controlled by process control
system

14.6 USING AN OUTPUT OF THE OPTION BOARD TO CONTROL THE ACCESS TO
AN AREA

This configuration uses the SLS function to monitor the speed of the motor and to control an
external door lock with the Advanced safety option board OPTBN. The SQS function is used
as a violation response of the SLS function. The SLS function is controlled by an external
system. An external acknowledgement is used. No external safe reset is required, the drive
reset is used to deactivate the STO function and to reset the faults.

The SLS function operates in the manual acknowledgement mode with the drive
acknowledgement disabled. SLS t1 is set to 5.0 s.

The SQS function is used only as violation response of the SLS function.
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SLS 1 control is assigned to Digital Input 2. Digital Output 1 is used for the access control.
The signal SLS 1 Reached is used to determine the state of Digital Output 1. When the signal
SLS 1 Reached is active, the output is activated.

A Sin/Cos encoder is used to measure the speed of the motor shaft. External control for the
speed reference to the drive is assumed for realising the limited speed mode.

Configuration in the OPTBN: Used safety functions: SLS, SQS

SLS parameters Value

Acknowledgement Mode (SLS) Manual

SLS Ramp Monitoring None

SLS t1 5.0 s

SLS td1 0 ms

SLS td2 20 ms

SLS td3 100 ms

SLS 1 Limit 250 rpm

SLS 2 Limit 0 rpm

SLS 3 Limit 0 rpm

Input / output parameters Value

Digital Input 2 SLS 1

Digital Output 1 Group 2

Operation for Output 1 OR

Group 2 for safe digital output 1 SLS 1 Reached

General parameters Value

Drive Reset Enabled

Drive Acknowledgement Disabled
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SQS parameters Value

Acknowledgement Mode (SQS) N/A (No effect)

SQS Type STO

SQS Monitoring N/A

SQS Ramp Monitoring N/A

SQS t1 N/A

SQS td1 N/A

SQS td2 N/A

Speed measurement configuration Value

Encoder Type Sin/Cos

Encoder power supply 15 V

Encoder reference signal No reference signal

Encoder number of pulses 1024

Proximity sensor number of pulses N/A

Proximity sensor duty cycle N/A
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SLS 1
X4-13 (DIN2A)
X4-14 (DIN2B) X7-1

X3-9 (+24V)

X3-5 (OUT1A)
X3-6 (OUT1B)

Door lock control 1
Door lock control 2

X3-10 (GND)
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X3-1 (STO 1)
X3-2 (STO 2)

STO 
option board 

OPTAF

STO

X3-3 (GND)
X3-4 (GND)

SD2+

SD1+
SD2-

SD1-

Fig. 79: An output with SLS Reached used for door control

NOTE!

This example does not consider the source of the SLS request. Additional devices
and connections may be required.
NOTE!

There should be an access behind the door when there is a power loss or a fault in
the option board. Prevent the possibility of being trapped.
NOTE!

In this configuration, the door will be locked again if SLS monitoring is violated.
Prevent the possibility of being trapped.

14.7 PROFIDRIVE OVER PROFISAFE USING THE PROFIBUS OR PROFINET
OPTION BOARD

This is a configuration for realising PROFIdrive over PROFIsafe with the Advanced safety
option board OPTBN and the PROFIBUS option board OPTE5. The configuration for the option
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board OPTEA is in many ways the same. The physical layer is not serial bus but Ethernet, and
the protocol is not PROFIBUS but PROFINET. For the option board OPTE3/5, you need to set
the telegram configuration from the control panel of the drive, but the option board OPTEA
receives the used telegram configuration when the PLC opens a connection to it. The digital
inputs and outputs of the option board are not used. Reset and acknowledgement from the
control board are not used. All safety features are controlled over PROFIsafe.

PROFIdrive over PROFIsafe is used to implement the STO, SS1, and SLS functions. the SQS
function is used only as violation response to the SLS function. The PROFIdrive state machine
is realised in the drive application.

Based on analysis on PROFIBUS, the PROFIsafe Watchdog Time (F WD Time) is set to 30 ms.
The PROFIsafe F Source Address is set to 0x1000. The F Destination Address is set to
0x000D. The Safety Telegram 30 is selected.

Configuration in OPTBN: Used safety functions: STO, SS1, SLS, SQS

STO parameters Value

Acknowledgement Mode (STO) Automatic

SLS parameters Value

Acknowledgement Mode (SLS) Automatic

SLS Ramp Monitoring None

SLS t1 5.0 s

SLS td1 0 ms

SLS td2 20 ms

SLS td3 0 ms

SLS 1 Limit 250 rpm

SLS 2 Limit 0 rpm

SLS 3 Limit 0 rpm

Input / output parameters Value

[No assignments]
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SQS parameters Value

Acknowledgement Mode (SQS) Automatic

SQS Type SS1

SQS Monitoring Time

SQS Ramp Monitoring N/A

SQS t1 5.0 s

SQS td1 N/A

SQS td2 N/A

General parameters Value

Drive Reset Disabled

Drive Acknowledgement Disabled

SS1 parameters Value

Acknowledgement Mode (SS1) Automatic

SS1 Monitoring Time

SS1 Ramp Monitoring N/A

SS1 t1 5.0 s

SS1 td1 N/A

SS1 td2 N/A

Speed measurement configuration Value

Encoder Type Sin/Cos

Encoder power supply 15 V

Encoder reference signal No reference signal

Encoder number of pulses 1024

Proximity sensor number of pulses N/A

Proximity sensor duty cycle N/A
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Safe fieldbus parameters Value

Fieldbus type PROFIsafe

F Source Address 4096

F Destination Address 13

F WD Time 30 ms

Safety Telegram 30

Configuration in the OPTE5 option board:

Fieldbus parameters Value

Telegram type Standard Telegram 1 (ST1)

Operate mode 2 = Bypass

When running PROFIdrive application in NXP, bypass mode must be selected in OPTE5. If
extra process data items are needed, a different telegram type with 4, 8, 12 & 16 process
data items can be selected.

When you use the safety-aware Multipurpose drive application, the SS1 function is realised
by the drive application when the SS1 function is requested from the Advanced safety option
board. The ramp definitions for the controlled ramp are taken from drive ramp 1.

The SLS speed limit is realised by the drive application when the SLS function is requested
from the Advanced safety option board. The speed limit is taken from the Advanced safety
option board. The drive application limits the speed to 95% of the parameterised limit.
Ramping below the speed limit is realised using drive ramp 1.

Table 103: Configuration in safety-aware Multipurpose drive application

Parameter Value

P2.12.1 S Stop Response Ramp 1

P2.12.2 SLS Response Ramp 1

p2.4.1 Ramp 1 Shape 0

P2.1.4 Deceleration Time 1 4 s
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Fig. 80: Realising PROFIdrive over PROFIsafe

14.8 A PROXIMITY SENSOR FOR SPEED MEASUREMENT

This is a configuration for one proximity sensor with the Advanced safety option board
OPTBL. No safety functions are included in this example. A proximity sensor with 16 pulses
per rotation and a ACTIVE-INACTIVE signal duty cycle of 1:1 is used.

Configuration in the OPTBL option board: Used safety functions: Not considered.

Speed measurement configuration Value

Encoder Type 1 proximity sensor

Encoder Power Supply N/A

Encoder Reference Signal No reference signal

Encoder Number of Pulses N/A

Proximity Sensor Number of Pulses 16

Proximity Sensor Duty Cycle 50

Input / output parameters Value

Digital Input 1 N/A. Used for a proximity sensor.
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Fig. 81: Using 1 proximity sensor
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1 General 

1.1 Purpose 

This document is a commissioning report that contains the test instructions and a report of the testing that 

is executed during commissioning of an Advanced safety option board. 

If the safety configuration is changed later, the commissioning tests must be executed and documented 

again. 

The commissioning report can be printed or stored electronically. The document should be a part of the 

technical file of the machine. 

For detailed description of the Advanced safety option board and its features, see the Advanced safety 

options Operating Guide. 

1.2 References 

The documents for VACON® products can be found in http://drives.danfoss.com/knowledge-

center/technical-documentation/ 

- Advanced safety options Operating Guide 

1.3 Disclaimer 

The compilation of information contained in this report relies upon configuration provided by the user (or a 

person on whose behalf it is used) and is intended as a guide with purpose to test the safety 

configuration(s) of an AC drive. It is not designed to replace or be used instead of an appropriately 

designed safety test plan for each individual application. Several outside factors can influence the 

functional safety, including other peripheral equipment within the plant and other neighbouring plants.  

Each safety function that is used in a system must be carefully tested. The test results must be documented 

and signed by the qualified personnel. This commissioning report can be used for such purpose. It is not 

mandatory to use this commissioning report when the Advanced safety option board is used. This report is 

meant as a help and might not be sufficient for the safety system. 

The use of this report does not relieve the user of any obligation or duty that might arise under any 

legislation covering the activities to which this documents has been or is to be applied.  

The information contained herein is without warranty of any kind and does not constitute a guarantee that 

the information is complete, current or correct and accepts no responsibility for unsuitable or inaccurate 

material that may be encountered. 

  

http://drives.danfoss.com/knowledge-center/technical-documentation/
http://drives.danfoss.com/knowledge-center/technical-documentation/
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2 Drive configuration 

Table 1: The AC drive 

Drive Type  

Serial Numbers  

 

 

Firmware name  

Firmware version  

Application Name  

Application Version  

 

Table 2: The option boards 

Slot A 

 

 

Slot B 

 

 

Slot C 

 

 

Slot D 

 

 

Slot E 

 

 

 

Table 3: The Advanced safety option board 

SW version  

File Name  

File Creator  

Creation Date  

Used Safety Functions 

 

 

Safe fieldbus type  

Encoder type  

Admin password  

Service password  
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3 Validation steps 

3.1 General testing instructions 

The commissioning tests in this document are focused on validating the functionality of the integrated 

safety functions and the related stopping and monitoring functions configured in the drive system. 

The test objective is to verify proper configuration of the defined safety functions and of test mechanisms, 

and to examine the response of specific monitoring functions to the explicit input of values outside 

tolerance limits. The test must cover all drive-specific safety functions used in the final setup. 

The way that the testing can be executed depends both on the configuration that is used for the safety 

system and the general control of the process. At times the general control of the process may prevent the 

process from reaching a monitoring limit at which the safety response would be triggered. Where possible, 

other means of handling the safety should be disabled so that the safety responses executed by the safety 

system, including the Advanced safety option board, can be tested. 

The order of tests should be considered. The safety functions used for stopping the motor should be tested 

first. After the correct operation of the stopping functions has been verified, the monitoring functions using 

these functions can be tested. The test steps in this document are listed in order that is generally assumed 

to be usable for the testing.  

The safety function specific instructions instruct to activate the tested safety function from the desired 

source. Safety functions can be requested either from a digital input or over safe fieldbus, and any source 

that is being used should be tested. If both a digital input and a safe fieldbus is used to request a safety 

function, the test for that safety function should be executed for both these sources. 

If an unexpected violation occurs or an expected violation does not occur, try to understand the reason for 

the incident. The reason could be related to 

a) the parameterisation of ramp monitoring (the defined ramps are too strict/forgiving), 

b) incorrect wiring that results in wrong safety functions being requested, 

c) the system controlling the speed does not react to the safety functions in the expected way or at 

all. 

3.2 Preparing for commissioning 

NOTE! The information in this chapter is also included in the Advanced safety options Operating Guide. 

If it is possible, commission the AC drive first without the Advanced safety option board to make sure that 

your process is operational. 
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Figure 1: Preparing and commissioning a safety system that includes the Advanced safety option 

board 

Preparing for the commissioning before the first start-up of the system with the option board 

1. Read carefully the warnings in chapter Safety of the Advanced safety options Operating 

Guide. 

2. Read the Advanced safety options Operating Guide and the Commissioning report and 

apply their instructions in the commissioning plan. 

3. Read the User Manual of the AC drive. 

4. Refer to the user manuals of other subsystems connected to the commissioned drive 

system. 

5. Define the parameter file for the Advanced safety option board. 

6. Make sure that the hardware and configuration are correct, and that the software is correct 

in the components of the AC drive and its subsystems. 

7. Make sure that the information of the commissioned AC drive matches the information in 

the commissioning plan and the Commissioning report. 

8. Make sure that the connections between different systems have been checked and are 

ready to be used. 

9. Make sure that the area affected by the commissioned systems is free and secure for the 

commissioning. 

10. Make sure that no danger can be caused to personnel if the system has been configured 

incorrectly and behaves unexpectedly. 

11. Make sure that the AC drive is correctly parameterised and commissioned for use. 

• The motor parameters have been set. 

• The identification run has been done. Preferred identification type: identification 

with run or encoder ID run. 
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• The fieldbus connection can be established. (If a fieldbus is used.) 

12. Have a computer available with a software to control and parameterise the AC drive and 

the option boards, and to store test logs and parameters. 

13. Have the Commissioning report available. 

Document the deviations compared to expected results during the commissioning and testing procedures. 

Do not release the system for use if any unacceptable deviations exist. 

3.3 Digital output tests 

Depending on the use of the configurable outputs of the option board, specific tests may be required for 

the systems that monitor these outputs. 

In general, the required test steps for the outputs used as SBC output or SSM output are included in the 

STO + SBC and SSM parts of the test steps. 

For other uses of the outputs, follow these guidelines: 

1. The correct response of the system monitoring an output should be tested for each output.  

2. Do a test of the response to a cable breakdown. In practice, this covers the situation where the 

power to the option board is unexpectedly cut. 

3. It may be possible to verify the correct configuration and operation of the outputs during the 

safety function tests. If not, special test(s) should be planned to verify the correct configuration and 

operation of the outputs and the systems that monitor them.    

3.4 First start-up after the installation of the option board 

NOTE! The information in this chapter is also included in the Advanced safety options Operating Guide. 

After the option board is installed in the AC drive, do these steps. 

Table 4: First start-up with the Advanced safety option board 

Step Instructions Comments 

1 Do power-up on the AC drive.  

2 The drive shows the fault F38 DeviceAdded (example: slot D, 

subcode 1 if Advanced safety option is installed in slot D). 

 

NOTE! The actual faults shown depend on the configuration 

used during the previous start-up if other changes have also 

been made. 

 

If the option board was already installed and tested at the 

factory, the fault is not shown. 

 

NOTE! Other faults are also shown: the warning for Safe 

Torque Off (F30, subcode: 1) and the fault for Safety System 

(F20 SafetySystem, source: 82 - Plaus. check, fault number: 

3). Fault F20 indicates that the option board has no valid 

parameter file. 

 

NOTE! At start-up, the option board also does diagnostic 

self-tests. If other F20 SafetySystem faults are shown, see 
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the Advanced safety options Operating Guide for more 

information. 

3 Reset the faults.  

4 The drive is not ready. The warning F30 SafeTorqueOff is 

shown. 

 

NOTE! If the option board has been used in a previous 

configuration, it is possible that it has a valid parameter file 

already. In this case, the drive may be in READY state. 

 

NOTE! The faults that are shown and their type (Fault or 

Alarm) depend on the settings of the AC drive.  

 

NOTE! STO state can also be seen from the STO option 

board diagnostic relay output. 

 

5 Parameterise the option board using the VACON® Safe tool.  

6 After parameterisation the fault F20 (source: 82, fault 

number: 3) no longer appears. 

 

NOTE! Depending on the parameterised safety functions 

and the state of the option board inputs, different safety 

functions can be reported as requested or reached. 

 

The fault F20 (source: 243 - drive conf, fault number: 2) 

appears. The fault indicates that the parameter file is not 

tested and validated. 

 

7 Print the prefilled Commissioning report from the VACON® 

Safe tool or save the report in digital form.  

 

8 Test the safe fieldbus, or if a safe fieldbus is not used, the 

relevant safety functions. 

 

 

The correct installation of the Advanced safety option board has been 

verified and documented. 
□ 

The Advanced safety option board has been parameterised with the 

intended configuration. 
□ 

 

Notes: 

 

 

 

 

3.5 Reset and Acknowledgement tests 

The correct operation of the reset and acknowledgement signals will be tested together with the safety 

functions. If possible, the signals should also be tested independently before proceeding to the safety 

functions. 

The acknowledgement and reset signals of the option board  can be sent: 



8 • VACON 

 
 

- using a safe I/O of the option board 

- using a safe fieldbus 

- from the drive control board (triggered by the fault reset signal of the AC drive). 

Depending on the configuration, some of the methods may be disabled or not taken into use. 

If the Advanced safety option board is set to the manual start-up acknowledgement mode, an 

acknowledgement signal is required after the start-up to deactivate the STO safety function.  

 

Fill in these steps when the signals are tested (independently or together with the safety function tests): 

Acknowledgement signal tested for start-up (manual start-up ack.) □ 
Acknowledgement via control board tested □ 
Acknowledgement via option board safe I/O tested □ 
Acknowledgement via safe fieldbus tested □ 
Reset via control board tested □ 
Reset via option board safe I/O tested □ 
Reset via safe fieldbus tested □ 
 

Notes: 

 

 

 

 

3.6 Safe fieldbus tests  

Step Instructions Comments 

1 Do power-up on the AC drive.  

2 Do power-up on the safe fieldbus related devices (PLC, 

routers, etc.) 

 

3 The safe fieldbus connection is established. 

The drive is in READY state. 

 

4 Activate a safety function over the safe fieldbus.  

5 Make sure that the safety function becomes active in the 

drive and that applicable warnings/faults are shown. 

 

NOTE! The warning(s) and/or fault(s) shown depend on the 

used safety function and configuration. 

 

Make sure that the correct state is reported back over the 

safe fieldbus. 

 

6 Deactivate the safety function.  
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If necessary, acknowledge the safety function or reset the 

violations if violations occurred. 

7 Repeat the steps 3 to 6 for each safety function intended to 

be used over the safe fieldbus. 

 

This can be done as a part of the safety function tests listed 

in following chapters. 

 

 

Safe fieldbus tests have been executed and possible deviations 

documented. 
□ 

 

Notes: 

 

 

 

 

3.7 Safety function tests 

If this document was printed from the VACON® Safe tool after the parameterisation of the Advanced safety 

option board, this chapter should list all the safety functions that are used in the option board. Examine 

possible differences. 

If a safety function is intended to be used from both a digital input and a fieldbus, test the safety function 

with the both of them. 

3.7.1 STO + SBC 

Here you can find the testing instructions for the STO and SBC functions. Do the SBC steps if the SBC 

function is used. 

Step Instructions Comments 

STO-1 Make sure that the drive is in READY state. 

Make sure that no safety functions are requested. 

 

SBC-1 Make sure that the mechanical brake is 

deactivated. 

Make sure that SBC Reached is deactivated in 

the used status output: 

- The physical output of the option board 

- The safe fieldbus status message 

STO-2 Activate the STO function from the desired source.  

STO-3 Make sure that the drive is not in READY state.  

Applicable faults are shown: 

Warning: F30 SafeTorqueOff, subcode: 1. 

Warning: F46 SafetyRequest, subcode: STO (1). 

 

NOTE! The faults that are shown and their type (Fault or 

Warning) depend on the settings of the AC drive. 

 



10 • VACON 

 
 

SBC-2 The mechanical brake becomes active as 

expected. 

SBC Reached is indicated in the used status 

output: 

- The physical output of the option board 

- The safety fieldbus status message 

Caution: Depending on the parameterisation the 

brake may become active before the STO 

function is activated. 

 

STO-4 Deactivate the STO function. 

If the manual acknowledgement mode is used: do a check 

that the STO function is not deactivated automatically. 

Activate the acknowledgement from the desired source. 

If there are faults and if they were expected, reset them. 

 

NOTE! When a safety function is deactivated, and there is a 

valid RUN request in the AC drive, the AC drive can start 

running unexpectedly. 

 

STO-5 Make sure that the drive is in READY state. 

 

 

SBC-3 Make sure that the mechanical brake is 

deactivated. 

Make sure that SBC Reached is deactivated in 

the used status output: 

- The physical output of the option board 

- The safe fieldbus status message 

 

 

The STO+SBC tests have been executed, possible deviations 

documented and testing approved. 
□ 

 

Notes: 

 

 

 

 

3.7.2 SS1 

Step Instructions Comments 

1 Make sure that the drive is in READY state. 

Make sure that no safety functions are requested. 
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2 Give a RUN request to the AC drive.  

3 Activate the SS1 function from the desired source.  

4 The drive should ramp down towards standstill. The 

behaviour of the ramp down is dependent on the way the 

ramp down is realised (e.g. drive application, external speed 

reference). 

 

Depending on the selected SS1 mode: 

Time mode: 

The STO function is activated after a delay. Make sure that 

the delay is correct for the process. 

Time + Zero speed mode: 

The STO function is activated after the speed goes below a 

defined speed.  

Time + Zero speed + Ramp mode: 

The STO function is activated after the speed goes below a 

defined speed. The ramp is monitored by the option board. 

NOTE! If the Time + Zero speed + Ramp mode is used and 

the controlled ramp down not following the intended ramp 

is a critical enough deviation, re-execute this test to 

determine that the monitored ramps are sufficient for the 

process.  

 

5 Make sure that the drive is in NOT READY state.  

Applicable faults are shown on the control panel of the AC 

drive: 

Warning: F30 SafeTorqueOff, subcode: 1. 

Warning: F46 SafetyRequest, subcode: SS1 (2). 

Warning: F47 SafetyReached, subcode: SS1 (2). 

 

NOTE! The faults that are shown and their type (Fault or 

Warning) depend on the settings of the AC drive. 

 

6 Deactivate the SS1 function. 

If the manual acknowledgement mode is used: do a check 

that the STO function is not deactivated automatically. 

Activate the acknowledgement from the desired source. 

If there are faults and if they were expected, reset them. 

NOTE! When a safety function is deactivated, and there is a 

valid RUN request in the AC drive, the AC drive can start 

running unexpectedly. 

 

7 The drive is in READY state.  
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The SS1 tests have been executed, possible deviations documented and 

testing approved. 
□ 

 

Notes: 

 

 

 

 

3.7.3 SS2 + SOS 

Step Instructions Comments 

1 Make sure that the drive is in READY state. 

Make sure that no safety functions requested. 

 

2 Give a RUN request to the AC drive.  

3 Activate the SS2 function from the desired source.  

4 The drive should ramp down towards standstill. The 

behaviour of the ramp down is dependent on the way the 

ramp down is realised (e.g. drive application, external speed 

reference). 

 

Depending on the selected SS2 mode: 

Time mode: 

The SOS function is activated after a delay. Make sure that 

the delay is correct for the process. 

Time + Zero speed mode: 

The SOS function is activated after the speed goes below a 

defined speed.  

Time + Zero speed + Ramp mode: 

The SOS function is activated after the speed goes below a 

defined speed. The ramp is monitored by the option board. 

NOTE! If the Time + Zero speed + Ramp mode is used and 

the controlled ramp down not following the intended ramp 

is a critical enough deviation, re-execute this test to 

determine that the monitored ramps are sufficient for the 

process.  

 

5 Make sure that the drive is in READY state.  

Applicable faults are shown: 

Warning: F46 SafetyRequest, subcode: SS2 (3). 

Warning: F47 SafetyReached, subcode: SS2 (3). 
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NOTE! The faults that are shown and their type (Fault or 

Warning) depend on the settings of the AC drive. 

NOTE! F47 SafetyReached, subcode: SS2 (3), indicates that 

the SS2 safety function is Reached and that the SOS safety 

function is active. 

6 Make the motor rotate so that the rotation exceeds the SOS 

position deviation limit. 

 

7 Make sure that the position deviation at which the SOS 

safety function detects the rotation violation is valid for the 

process. 

The expected violations: 

Warning: F48 SafetyViolat, Safety function: SOS, Fault 

number: 1. 

 

8 Make sure that the drive is in NOT READY state.  

9 Deactivate the SS2 function. 

Send a reset signal to the option board. 

NOTE! When a safety function is deactivated, and there is a 

valid RUN request in the AC drive, the AC drive can start 

running unexpectedly. 

 

10 Make sure that the drive is in READY state.  

 

The SS2 tests have been executed, possible deviations documented and 

testing approved. 
□ 

 

Notes: 

 

 

 

 

3.7.4 SQS 

3.7.4.1 SQS-STO 

The SQS function as a violation response is tested during the testing of a safety function that uses the SQS 

function as its violation response. 

 

The SQS-STO function from an external source: the test instructions are similar to that of STO + SBC test 

instructions in 3.7.1 STO + SBC. 

Step Instructions Comments 

STO-1 Make sure that the drive is in READY state. 

Make sure that no safety functions are requested. 
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SBC-1 Make sure that the mechanical brake is 

deactivated. 

Make sure that SBC Reached is deactivated in 

the used status output: 

- The physical output of the option board 

- The safe fieldbus status message 

STO-2 Activate the SQS function from the desired source.  

STO-3 Make sure that the drive is not in READY state.  

Applicable faults are shown: 

Warning: F30 SafeTorqueOff, subcode: 1. 

Warning: F46 SafetyRequest, subcode: SQS (4). 

Warning: F47 SafetyReached, subcode: SQS (4). 

 

NOTE! The faults that are shown and their type (Fault or 

Warning) depend on the settings of the AC drive. 

 

SBC-2 The mechanical brake becomes active as 

expected. 

SBC Reached is indicated in the used status 

output: 

- The physical output of the option board 

- The safety fieldbus status message 

Caution: Depending on the parameterisation the 

brake may become active before the STO 

function is activated. 

 

STO-4 Deactivate the SQS function. 

If the manual acknowledgement mode is used: do a check 

that the STO function is not deactivated automatically. 

Activate the acknowledgement from the desired source. 

If there are faults and if they were expected, reset them. 

NOTE! When a safety function is deactivated, and there is a 

valid RUN request in the AC drive, the AC drive can start 

running unexpectedly. 

 

STO-5 Make sure that the drive is in READY state.  

SBC-3 Make sure that the mechanical brake is 

deactivated. 

Make sure that SBC Reached is deactivated in 

the used status output: 

- The physical output of the option board 

- The safe fieldbus status message 

 

 

The SQS-STO tests have been executed, possible deviations 

documented and testing approved. 
□ 
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Notes: 

 

 

 

 

3.7.4.2 SQS-SS1 

The SQS function as a violation response is tested during the testing of a safety function that uses the SQS 

function as its violation response. 

 

The SQS-SS1 function from an external source: the test instructions are similar to that of SS1 test 

instructions in 3.7.2 SS1. 

Step Instructions Comments 

1 Make sure that the drive is in READY state. 

Make sure that no safety functions are requested. 

 

2 Give a RUN request to the AC drive.  

3 Activate the SQS function from the desired source.  

4 The drive should ramp down towards standstill. The 

behaviour of the ramp down is dependent on the way the 

ramp down is realised (e.g. drive application, external speed 

reference). 

Depending on the selected SQS-SS1 mode: 

Time mode: 

The STO function is activated after a delay. Make sure that 

the delay is correct for the process. 

Time + Zero speed mode: 

The STO function is activated after the speed goes below a 

defined speed.  

Time + Zero speed + Ramp mode: 

The STO function is activated after the speed goes below a 

defined speed. The ramp is monitored by the option board. 

NOTE! If the Time + Zero speed + Ramp mode is used and 

the controlled ramp down not following the intended ramp 

is a critical enough deviation, re-execute this test to 

determine that the monitored ramps are sufficient for the 

process.  

 

5 Make sure that the drive is in NOT READY state.  

Applicable faults are shown on the control panel of the AC 

drive: 

Warning: F30 SafeTorqueOff, subcode: 1. 
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Warning: F46 SafetyRequest, subcode: SQS (4). 

Warning: F47 SafetyReached, subcode: SQS (4). 

 

NOTE! The faults that are shown and their type (Fault or 

Warning) depend on the settings of the AC drive. 

6 Deactivate the SQS function. 

If the manual acknowledgement mode is used: do a check 

that the STO function is not deactivated automatically. 

Activate the acknowledgement from the desired source. 

If there are faults and if they were expected, reset them. 

NOTE! When a safety function is deactivated, and there is a 

valid RUN request in the AC drive, the AC drive can start 

running unexpectedly. 

 

7 The drive is in READY state.  

 

The SQS-SS1 tests have been executed, possible deviations documented 

and testing approved. 
□ 

 

Notes: 

 

 

 

 

3.7.4.3 SQS-SS2 

The SQS function as a violation response is tested during the testing of a safety function that uses the SQS 

function as its violation response. 

 

The SQS-SS2 function from an external source: the test instructions are similar to that of SS2 test 

instructions in 3.7.3 SS2 + SOS. 

Step Instructions Comments 

1 Make sure that the drive is in READY state. 

Make sure that no safety functions requested. 

 

2 Give a RUN request to the AC drive.  

3 Activate the SQS function from the desired source.  

4 The drive should ramp down towards standstill. The 

behaviour of the ramp down is dependent on the way the 

ramp down is realised (e.g. drive application, external speed 

reference). 

 

Depending on the selected SQS-SS2 mode: 
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Time mode: 

The SOS function is activated after a delay. Make sure that 

the delay is correct for the process. 

Time + Zero speed mode: 

The SOS function is activated after the speed goes below a 

defined speed.  

Time + Zero speed + Ramp mode: 

The SOS function is activated after the speed goes below a 

defined speed. The ramp is monitored by the option board. 

NOTE! If the Time + Zero speed + Ramp mode is used and 

the controlled ramp down not following the intended ramp 

is a critical enough deviation, re-execute this test to 

determine that the monitored ramps are sufficient for the 

process.  

5 Make sure that the drive is in READY state.  

Applicable faults are shown: 

Warning: F46 SafetyRequest, subcode: SQS (4). 

Warning: F47 SafetyReached, subcode: SQS (4). 

 

NOTE! The faults that are shown and their type (Fault or 

Warning) depend on the settings of the AC drive. 

NOTE! F47 SafetyReached, subcode: SQS (4), indicates that 

the SQS-SS2 safety function is Reached and that the SOS 

safety function is active. 

 

 

6 Make the motor rotate so that the rotation exceeds the SOS 

position deviation limit. 

 

7 Make sure that the position deviation at which the SOS 

safety function detects the rotation violation is valid for the 

process. 

The expected violations: 

Warning: F48 SafetyViolat, Safety function: SOS, Fault 

number: 1. 

 

 

8 Make sure that the drive is in NOT READY state.  

9 Deactivate the SQS function. 

Send a reset signal to the option board. 

NOTE! When a safety function is deactivated, and there is a 

valid RUN request in the AC drive, the AC drive can start 

running unexpectedly. 

 

10 Make sure that the drive is in READY state.  
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The SQS-SS2 tests have been executed, possible deviations documented 

and testing approved. 
□ 

 

Notes: 

 

 

 

 

 

3.7.5 SLS 

When possible, test the SQS safety function before the SLS safety function. Do the test steps for all the 

used SLS limits. 

 

Step Instructions Comments 

1 Make sure that the drive is in READY state. 

Make sure that no safety functions requested. 

 

2 Give a RUN request to the AC drive. 

The speed should be in the safe range below the SLS limit 

that is being tested. 

 

3 Activate the SLS function from the desired source.  

4 A warning should occur to indicate the SLS function 

activation: 

Warning: F46 SafetyRequest, subcode: SLS (6). Warning: F47 

SafetyReached, subcode: SLS (6).  

 

NOTE! The display of the warning depends on the settings 

of the AC drive. 

NOTE! Depending on the SLS mode, the function may be 

reached after a specified time or almost immediately (once 

the speed is below the limit). Once the function is reached 

the “request” warning should disappear. 

 

5 Increase the speed above the reached SLS limit.  

6 The SQS function becomes active once speed exceeds the 

limit and the SLS function detects the violation. 

Do a check that the violation occurs at the expected speed. 

 

7 Verify that the SQS function operates correctly and is 

suitable for the process. 

NOTE! The SQS function may be operating in the STO, SS1, 

or SS2 mode. 

 

8 Make sure that the motor is stopped.  
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Applicable faults are shown: 

Warning: F47 SafetyReached, subcode: SQS (4). 

Warning: F48 SafetyViolat, Safety function: SLS, subcode: 5. 

 

NOTE! The faults that are shown and their type (Fault or 

Warning) depend on the settings of the AC drive. 

The drive is  in NOT READY state or in RUN state. 

NOTE! In the SQS-SS2 mode the drive should stay in RUN 

state. In the SQS-STO or the SQS-SS1 mode the drive 

should be in NOT READY state. 

9 Deactivate the SLS function. 

Send a reset signal to the option board. 

 

NOTE! When a safety function is deactivated and the 

violation is reset, and there is a valid RUN request in the AC 

drive, the AC drive can start running unexpectedly. 

 

10 Make sure that the drive is in READY state.  

11 When necessary, repeat the tests for other SLS limits.  

 

The SLS tests have been executed, possible deviations documented and 

testing approved. 
□ 

 

Notes: 

 

 

 

 

3.7.6 SMS 

When possible, test the SQS safety function before the SMS safety function. Do the test steps for all the 

used SMS limits. 

 

Step Instructions Comments 

1 Make sure that the drive is in READY state. 

Make sure that no safety functions requested. 

 

2 Give a RUN request to the AC drive. 

The speed should be in the safe range below the SMS 

limit(s). 

 

3 Activate the SMS function from the desired source.  
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4 A warning should occur to indicate the SMS function 

activation: 

Warning: F46 SafetyRequest, subcode: SMS (12). 

Warning: F47 SafetyReached, subcode: SMS (12). 

 

NOTE! The display of the warning depends on the settings 

of the AC drive. 

NOTE! Depending on the SMS parameter values, the 

function may be reached after a delay. Once the function is 

Reached, the “request” warning should disappear. 

 

5 Increase the speed above the SMS limit.  

6 The SQS function becomes active once speed exceeds the 

limit and the SMS function detects the violation. 

Do a check that the violation occurs at the expected speed. 

 

7 Verify that the SQS function operates  correctly and is 

suitable for the process. 

NOTE! The SQS function may be operating in the STO, SS1, 

or SS2 mode. 

 

8 Make sure that the motor is stopped. 

Applicable faults are shown: 

Warning: F47 SafetyReached, subcode: SQS (4).  

Warning: F48 SafetyViolat, Safety function: SMS, subcode: 

2/3 (depending on the violated limit). 

 

NOTE! The faults that are shown and their type (Fault or 

Warning) depend on the settings of the AC drive. 

 

The drive is in NOT READY state or in RUN state. 

NOTE! In the SQS-SS2 mode the drive should stay in RUN 

state. In SQS-STO or SQS-SS1 mode the drive should be in 

NOT READY state. 

 

9 Deactivate the SMS function. 

Send a reset signal to the option board. 

 

NOTE! When a safety function is deactivated and the 

violation is reset, and there is a valid RUN request in the AC 

drive, the AC drive can start running unexpectedly. 

 

10 Make sure that the drive is in READY state.  

11 When necessary, repeat the tests for the other direction.  

 

The SMS tests have been executed, possible deviations documented 

and testing approved. 
□ 
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Notes: 

 

 

 

 

3.7.7 SSR 

When possible, test the SQS safety function before the SSR safety function. Do the test steps for all the 

used SSR limits. 

 

Step Instructions Comments 

1 Make sure that the drive is in READY state. 

Make sure that no safety functions requested. 

 

2 Give a RUN request to the AC drive. 

The speed should be in the safe range between the SSR 

limit(s). 

 

3 Activate the SSR function from the desired source.  

4 A warning should occur to indicate the SSR function 

activation: 

Warning: F46 SafetyRequest, subcode: SSR (5). 

Warning: F47 SafetyReached, subcode: SSR (5). 

 

NOTE! The display of the warning depends on the settings 

of the AC drive. 

NOTE! Depending on SSR parameter values, the function 

may be reached after a delay. Once the function is Reached, 

the “request” warning should disappear. 

 

5 Increase the speed above the SSR limit.  

6 The SQS function becomes active once speed exceeds the 

limit and the SSR function detects the violation. 

Do a check that the violation occurs at the expected speed. 

 

7 Verify that the SQS function operates correctly and is 

suitable for the process. 

NOTE! The SQS function may be operating in the STO, SS1, 

or SS2 mode. 

 

8 Make sure that the motor is stopped. 

Applicable faults are shown: 

Warning: F47 SafetyReached, subcode: SQS (4). 

Warning: F48 SafetyViolat, Safety function: SSR, subcode: 

7/8 (depending on the violated limit). 
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NOTE! The faults that are shown and their type (Fault or 

Warning) depend on the settings of the AC drive. 

 

The drive is in NOT READY state or in RUN state. 

NOTE! In the SQS-SS2 mode the drive should stay in RUN 

state. In the SQS-STO or SQS-SS1 mode the drive should be 

in NOT READY state. 

9 Deactivate the SSR function. 

Send a reset signal to the option board. 

NOTE! When a safety function is deactivated and the 

violation is reset, and there is a valid RUN request in the AC 

drive, the AC drive can start running unexpectedly. 

 

10 Make sure that the drive is in READY state.  

11 When necessary, repeat the tests for the other SSR limit.  

 

The SSR tests have been executed, possible deviations documented and 

testing approved. 
□ 

 

Notes: 

 

 

 

 

3.7.8 SSM 

Step Instructions Comments 

1 Make sure that the drive is in READY state. 

Make sure that no safety functions requested. 

 

2 Give a RUN request to the AC drive.The speed should be in 

the safe range between the SSM limits. 

 

3 Activate the SSM function from the desired source.  

4 The SSM function activation should be detected by the 

external system that monitors the SSM output state. 

 

As default, there is no warning shown for the SSM function. 

The state of the function can also be verified from the 

expander board menu on the control panel of the AC drive. 

The SSM output is in state HIGH. 
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NOTE! The display of warnings depends on the settings of 

the AC drive. 

5 Increase the speed above the reached SSM limit. 

 

When you are testing the SSM minimum limit, decrease the 

speed below the limit instead. 

 

6 Speed is outside the safe range. 

The SQS function is not active. 

The SSM output is in state LOW. 

 

7 Make sure that the reactions of the external system that 

monitors the SSM output were correct. 

 

8 Make the speed go back to the safe range.  

9 Speed is in the safe range. 

The SSM output is in state HIGH. 

 

10 Deactivate the SSM function. 

NOTE! If the SSM function is used in the “Always active” 

mode, you cannot do this step. 

 

11 If the manual acknowledgement is used: do a check that the 

SSM function is not deactivated automatically. Activate the 

acknowledgement from the desired source. 

 

12 The SSM function is deactivated. 

The SSM warnings are cleared on the drive. 

The SSM output is in state LOW. 

 

13 Make sure that the reactions of the external system that 

monitors the SSM output were correct. 

 

14 When necessary, re-execute the test for the other SSM limit 

(minimum or maximum). 

 

 

The SSM tests have been executed, possible deviations documented 

and testing approved. 
□ 

 

Notes: 
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3.8 After commissioning 

NOTE! The information in this chapter is also included in the Advanced safety options Operating Guide. 

After the commissioning of the system with the option board, the parameter file stored in the option board 

can be validated.  

Step Instructions Comments 

1 Select “Validate” in the VACON® Safe tool.  

2 Fill in the validation data.  

3 Save the validation data to the option board.  

4 Reboot the AC drive. 

The warning on a not validated parameter file disappears. 

 

 

Make sure that the Commissioning report is filled correctly and archive it. 

The system can be taken into use after these conditions are fulfilled: 

- The AC drive is parameterised and commissioned. 

- The commissioning of the option board is completed. 

o The option board is parametrised. 

o The used safety functions and features have been tested. 

o The parameter file of the option board is validated. 

- Other related subsystems have been correctly commissioned. 

- Other safety-related systems that were modified or disabled for the commissioning are enabled or 

returned to the normal operation mode. 
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4 Signature 

Type of testing: 

□  First commissioning 

□  Re-commissioning 

□  Periodic/maintenance test 

□  _____________________ 

 

 

Creation of the parameter file 

Date:_________________________ 

Company:____________________ 

Creator:______________________ 

 

Parameterisation of the Advanced safety option board 

Date:_________________________ 

Company:____________________ 

Signature:____________________ 

 

Validation of the Advanced safety option board as a part of the overall system has been executed □ 

Date:_________________________ 

Company:____________________ 

Signature:____________________ 
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