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1 About this document

1.1 Purpose of this document

For the Flexi Soft system, there are operating instructions and mounting instructions, each covering clearly defined
fields of application.

Table 1: Overview of the Flexi Soft documentation

Document type Title Contents Purpose Part number

Operating instruc‐
tions

Flexi Soft Modular
Safety Controller
Hardware

Description of the Flexi Soft
modules and their functions

Instructions for technical
personnel working for the
machine manufacturer or
operator on the safe mount‐
ing, electrical installation,
and maintenance of the
Flexi Soft safety controller

8012999

Operating instruc‐
tions

Flexi Soft in the
Flexi Soft Designer
Configuration software

Description of the software-
based configuration of the
Flexi Soft safety control‐
ler along with important
diagnostics functions and
detailed notes on identifying
and rectifying errors

Instructions for technical
personnel working for the
machine manufacturer or
operator on the safe config‐
uration and commissioning,
as well as the safe opera‐
tion, of the Flexi Soft safety
controller

8012998

Operating instruc‐
tions

Safety Designer
Configuration software

Description of the installa‐
tion and general basic princi‐
ples of operation

To provide technical person‐
nel working for the machine
manufacturer/operator with
instructions so that they can
use the Safety Designer con‐
figuration software

8018178

Operating instruc‐
tions

Flexi Soft in the
Safety Designer
Configuration software

Description of the software-
based configuration of the
Flexi Soft safety control‐
ler along with important
diagnostics functions and
detailed notes on identifying
and rectifying errors

Instructions for technical
personnel working for the
machine manufacturer or
operator on the safe config‐
uration and commissioning,
as well as the safe opera‐
tion, of the Flexi Soft safety
controller

8013926

Operating instruc‐
tions

Flexi Soft Gateways
Hardware

Description of the Flexi Soft
gateways and their functions

To provide technical person‐
nel working for the machine
manufacturer/operator with
instructions so that they can
safely carry out the mount‐
ing, electrical installation,
and maintenance work for
the Flexi Soft gateways

8012662

Operating instruc‐
tions

Flexi Soft Gateways in
Flexi Soft Designer
Configuration software

Description of the software-
based configuration of the
Flexi Soft gateway, informa‐
tion about data exchange in
networks as well as about
the status, planning, and
associated mapping

To provide technical person‐
nel working for the machine
manufacturer/operator with
instructions so that they can
safely configure and com‐
mission the Flexi Soft gate‐
ways

8012483
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Document type Title Contents Purpose Part number

Operating instruc‐
tions

Flexi Soft Gateways in the
Safety Designer
Configuration software

Description of the software-
based configuration of the
Flexi Soft gateway, informa‐
tion about data exchange in
networks as well as about
the status, planning, and
associated mapping

To provide technical person‐
nel working for the machine
manufacturer/operator with
instructions so that they can
safely configure and com‐
mission the Flexi Soft gate‐
ways

8018170

Operating instruc‐
tions

Flexi Loop
safe series connection
Hardware

Description of the Flexi Loop
safe series connection and
its functions

To provide technical person‐
nel working for the machine
manufacturer/operator with
instructions so that they can
safely carry out the mount‐
ing, electrical installation,
and maintenance work for
the Flexi Loop safe series
connection

8015834

Operating instruc‐
tions

Flexi Loop in the
Flexi Soft Designer
configuration software

Description of how to config‐
ure and set the parameters
for the Flexi Loop safe series
connection using software

To provide technical person‐
nel working for the machine
manufacturer/operator with
instructions so that they can
safely configure and com‐
mission the Flexi Loop safe
series connection

8014521

Operating instruc‐
tions

Flexi Loop in Safety Designer
 Configuration software

Description of how to config‐
ure and set the parameters
for the Flexi Loop safe series
connection using software

To provide technical person‐
nel working for the machine
manufacturer/operator with
instructions so that they can
safely configure and com‐
mission the Flexi Loop safe
series connection

8018174

Mounting instruc‐
tions

Flexi Soft FX3-EBX3 and
FX3-EBX4 Encoder/Motor
Feedback Connection Boxes

Description of FX3-EBX3 and
FX3-EBX4 encoder/motor
feedback connection boxes

To provide technical person‐
nel working for the machine
manufacturer/operator with
instructions so that they can
safely carry out the mount‐
ing, electrical installation,
commissioning, and mainte‐
nance work for FX3-EBX3
and FX3-EBX4 encoder/
motor feedback connection
boxes

8015600

Mounting instruc‐
tions

Flexi Soft FX3-EBX1 Opti‐
mized Dual Encoder/Motor
Feedback Connection Box

Description of the FX3-EBX1
optimized dual encoder/
motor feedback connection
box

To provide technical person‐
nel working for the machine
manufacturer/operator with
instructions so that they
can safely carry out the
mounting, electrical installa‐
tion, commissioning, and
maintenance work for the
FX3-EBX1 optimized dual
encoder/motor feedback
connection box

8019030

1.2 Scope of application and modification level

Product

These operating instructions apply to version V1.12.x of the Safety Designer configura‐
tion software when used in conjunction with the following devices:

1 ABOUT THIS DOCUMENT
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• FX3-CPU0 (firmware version ≥ V4.00.0)
• FX3-MOC1 (firmware version ≥ V3.00.0)
• FX3-ANA0 (firmware version ≥ V2.00.0)

The following modules are not supported by Safety Designer:
• FX3-CPU1, FX3-CPU2, and FX3-CPU3 main modules
• FX0-GPRO, FX3-GDEV gateways
• Motion Control FX3-MOC0

The following functions are not supported by Safety Designer:
• Flexi Link
• Flexi Line
• EFI
• ACR

Document identification

Document part number:
• This document: 8014519
• Available language versions of this document: 8013926

You can find the current version of all documents at www.sick.com.

1.3 Information depth

These operating instructions are intended to provide technical personnel working for
the machine manufacturer or machine operator with instructions so that they can
configure, operate, and perform diagnostics on a Flexi Soft system with the Safety
Designer software. They are only valid in conjunction with the “Flexi Soft Modular Safety
Controller Hardware” operating instructions.

Please note that technical skills not covered by this document are also required when
planning and using SICK protective devices.

General safety notes: see "On safety", page 14. Please make sure to read these
instructions.

The official and legal regulations for operating the Flexi Soft modular safety controller
must always be complied with.

1.4 Target groups

These operating instructions are intended for planning engineers, developers, and
operators of plants and systems that are to be protected by means of a Flexi Soft
modular safety controller. They are also intended for people who integrate the Flexi Soft
safety controller into a machine, carry out its commissioning, or who are in charge of
maintenance.

These operating instructions do not provide information on operating the machine,
plant, or system in which the Flexi Soft safety controller is integrated. For information
about this, refer to the operating instructions of the machine, plant, or system con‐
cerned.

1.5 Further information

www.sick.com

The following information is available via the Internet:

• Data sheets and application examples
• CAD files and dimensional drawings
• Certificates (such as the EU declaration of conformity)

ABOUT THIS DOCUMENT 1
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• Guide for Safe Machinery Six steps to a safe machine
• Safety Designer (software for configuring safety solutions made by SICK AG)
• Flexi Soft Designer (software for configuring the Flexi Soft safety controller)

1.6 Symbols and document conventions

The following symbols and conventions are used in this document:

Warnings and other notes

DANGER
Indicates a situation presenting imminent danger, which will lead to death or serious
injuries if not prevented.

WARNING
Indicates a situation presenting possible danger, which may lead to death or serious
injuries if not prevented.

CAUTION
Indicates a situation presenting possible danger, which may lead to moderate or minor
injuries if not prevented.

NOTICE
Indicates a situation presenting possible danger, which may lead to property damage if
not prevented.

NOTE
Highlights useful tips and recommendations as well as information for efficient and
trouble-free operation.

Instructions to action

► The arrow denotes instructions to action.

1. The sequence of instructions for action is numbered.
2. Follow the order in which the numbered instructions are given.
✓ The check mark denotes the result of an instruction.

LED symbols

These symbols indicate the status of an LED:

o The LED is off.
Ö The LED is flashing.
O The LED is illuminated continuously.

Menus and commands

The names of software menus, submenus, options and commands, selection boxes,
and windows are all emphasized. Example:
1. Go to the File menu and click on Edit.

The term “dangerous state”

The figures in this document always show the dangerous state (standard term) of
the machine as movement of a machine part. In practice, there are various types of
dangerous state:

1 ABOUT THIS DOCUMENT
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• Machine movements
• Live electrical parts
• Visible and invisible beams
• A combination of multiple hazards
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2 On safety

This chapter contains general safety information about the Flexi Soft modular safety
controller.

More safety information about specific usage situations for the Flexi Soft modular
safety controller is provided in the respective chapters.

2.1 General safety notes

Integrating the product

DANGER
The product can not offer the expected protection if it is integrated incorrectly.

► Plan the integration of the product in accordance with the machine requirements
(project planning).

► Implement the integration of the product in accordance with the project planning.

Mounting and electrical installation

DANGER
Death or severe injury due to electrical voltage and/or an unexpected startup of the
machine

► Make sure that the machine is (and remains) disconnected from the voltage
supply during mounting and electrical installation.

► Make sure that the dangerous state of the machine is and remains switched off.

WARNING
Improper mounting or use
The target safety-related level may not be achieved in the event of non-compliance.

► When mounting, installing, and using the Flexi Soft safety controller, remember to
observe all applicable standards and directives.

► Observe the relevant national and international legal provisions for the installation
and use of the Flexi Soft safety controller, its commissioning, and technical inspec‐
tions repeated at regular intervals.

► The manufacturer and operator of the machine on which the Flexi Soft safety
controller is used are responsible for liaising with the relevant authorities about all
applicable safety regulations/rules and for ensuring compliance with these.

► The notes, in particular the test notes, in these operating instructions (e.g. regard‐
ing use, mounting, installation, or integration into the machine controller) must
always be observed.

► The thorough checks must be carried out by qualified safety personnel or specially
qualified and authorized personnel, and must be recorded and documented by a
third party to ensure that the tests can be reconstructed and retraced at any time.

2 ON SAFETY
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Configuration

WARNING
Ineffectiveness of the protective device due to incorrect configuration
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.
The target safety-related level may not be achieved in the event of non-compliance.

► Check whether the configured safety application monitors the machine or plant
as intended and if the safety of the configured application is maintained at all
times. This must be ensured in every operating mode and secondary application.
Document the results of this thorough check.

► Check the safety function again after any change to the configuration.
► Observe the testing information in the operating instructions for the connected

protective devices.

Repairs and modifications

DANGER
Improper work on the product
A modified product may not offer the expected protection if it is integrated incorrectly.

► Apart from the procedures described in this document, do not repair, open, manip‐
ulate or otherwise modify the product.

2.2 Intended use

The Safety Designer software is intended for configuring a modular Flexi Soft safety
controller.

The product may be used in safety functions.

The product must only be used within the limits of the prescribed and specified techni‐
cal specifications and operating conditions at all times.

Incorrect use, improper modification or manipulation of the product will invalidate any
warranty from SICK; in addition, any responsibility and liability of SICK for damage and
secondary damage caused by this is excluded.

2.3 Requirements for the qualification of personnel

The product must be configured, installed, connected, commissioned, and serviced by
qualified safety personnel only.

Project planning

You need safety expertise to implement safety functions and select suitable products
for that purpose. You need expert knowledge of the applicable standards and regula‐
tions.

Mounting, electrical installation and commissioning

You need suitable expertise and experience. You must be able to assess if the machine
is operating safely.

Configuration

You need suitable expertise and experience. You must be able to assess if the machine
is operating safely.

ON SAFETY 2
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Operation and maintenance

You need suitable expertise and experience. You must be instructed in machine oper‐
ation by the machine operator. For maintenance, you must be able to assess if the
machine is operating safely.

2 ON SAFETY
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3 Version, compatibility, and features

There are different firmware versions and function packages (so-called “Steps”) for the
Flexi Soft product family that permit realization of the different functions. This section
provides an overview of which firmware version, which function package and/or which
version of the Flexi Soft Designer configuration software or Safety Designer configura‐
tion software is needed to use a certain function or a certain device.

Table 2: Modules, firmware versions, and software versions you will need

Necessary module with firmware
from version

Available from
Flexi Soft
Designer

Available from
Safety Designer

Function blocks and logic

Offline simulation of logic Unrestricted V1.2.0 V1.6.x

Import and export of partial applications Unrestricted V1.3.0 V1.6.x

Automatic circuit diagrams Unrestricted V1.3.0 V1.6.x

Central tag name editor Unrestricted V1.3.0 V1.6.x

Documentation for function blocks of main mod‐
ules in logic editor

Unrestricted V1.3.0 N. a. 1)

Matrix of input and output connections Unrestricted V1.3.0 V1.6.x

Invertible inputs for the function blocks AND, OR,
RS Flip-Flop and Routing n:n

FX3-CPUx V2.00.0 (Step 2.xx) V1.3.0 V1.6.x

Function block for ramp-down detection FX3-CPUx V1.11.0 (Step 1.xx) V1.3.0 V1.6.x

Function blocks for configurable switch-on delay
and configurable switch-off delay

FX3-CPUx V2.00.0 (Step 2.xx) V1.3.0 V1.6.x

Speed to Bool function block FX3-MOC0 V1.10.0 V1.7.0 V1.6.x

Motion Status to Bool function block FX3-MOC0 V1.10.0 V1.7.0 V1.6.x

Function block for type IIIA two-hand control:
Configurable discrepancy time

FX3-CPUx V4.05.0 V1.9.6 SP1 V2023.01

Function block for type IIIC two-hand control:
Configurable synchronization time

FX3-CPUx V4.05.0 V1.9.6 SP1 V2023.01

Verification possible even without identical hard‐
ware

FX3-CPUx V2.00.0 (Step 2.xx) V1.3.0 V1.6.x

Status input data and status output data in logic FX3-CPUx V2.00.0 (Step 2.xx)
and FX3-XTIO, FX3-XTDI, or FX3-
XTDS, each V2.00.0 (Step 2.xx)

V1.3.0 V1.6.x

Easy applications for FX3-MOC0 FX3-MOC0 V1.10.0 V1.7.1 N. a.

Special functions

Two S3000 safety laser scanners on one EFI
interface

FX3-CPU1 V1.00.0 V1.2.2 N. a.

Flexi Link FX3-CPU1 V2.00.0 (Step 2.xx) V1.3.0 N. a.

Flexi Loop FX3-CPUx V3.00.0 (Step 3.xx)
and FX3-XTIO, FX3-XTDI, or FX3-
XTDS, each V3.00.0 (Step 3.xx)

V1.6.0 V1.8.0

Flexi Line FX3-CPU3 V3.00.0 (Step 3.xx) V1.6.0 N. a.

Automatic configuration of connected EFI-ena‐
bled safety sensors (automatic configuration
recovery)

FX3-CPU2 V3.00.0 (Step 3.xx) V1.5.0
(FX3-CPU2)
V1.6.0
(FX3-CPU3)

N. a.

Deactivation of test signals Q1 to Q4 on the FX3-
XTIO possible

FX3-XTIO V2.00.0 (Step 2.xx) V1.3.0 V1.6.x
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Necessary module with firmware
from version

Available from
Flexi Soft
Designer

Available from
Safety Designer

Fast shut-off with bypass at FX3-XTIO FX3-CPUx and FX3-XTIO, each
V2.00.0 (Step 2.xx)

V1.3.0 V1.6.x

Multiple safety mats at FX3-XTIO/FX3-XTDI FX3-XTIO or FX3-XTDI, each V1.13.0 V1.3.0 V1.6.x

Data recorder FX3-CPUx V2.00.0 (Step 2.xx) V1.5.0 V1.6.x

Extended cross-circuit detection time for the
switching of increased capacitive loads at FX3-
XTIO

FX3-XTIO V3.00.0 (Step 3.xx) V1.6.0 V1.6.x

Configurable filter time for in/out filters and
out/in filters at inputs I1 to I8 at FX3-XTIO/FX3-
XTDI/FX3-XTDS

FX3-XTIO, FX3-XTDI, or FX3-XTDS,
each V3.00.0 (Step 3.xx)

V1.6.0 V1.6.x

Optimization of logic execution time FX3-CPUx V4.00.0 (Step 4.xx) V1.7.1 V1.6.x

Automated download No limitation V1.9.1 n.a.

Checksums for logic pages and user-defined
function blocks

No limitation V1.9.3 n.a.

Licensed SICK safety systems FX3-CPUx V4.00.0 (Step 4.xx) V1.9.4 n.a.

Devices

FX3-CPU0 No limitation V1.2.0 V1.6.x

FX3-CPU1 No limitation V1.2.0 N. a.

FX3-CPU2 No limitation V1.2.0 N. a.

FX3-CPU3 No limitation V1.2.0 N. a.

FX3-XTIO No limitation V1.2.0 V1.6.x

FX3-XTDI No limitation V1.2.0 V1.6.x

Gateways for PROFINET IO, Modbus® TCP and
EtherNet/IP™

FX3-CPUx V1.11.0 (Step 1.xx) V1.2.0 V1.6.x

CC-Link gateway FX3-CPUx V1.11.0 (Step 1.xx) V1.3.0 N. a.

CANopen gateway FX3-CPUx V1.11.0 (Step 1.xx) V1.3.0 V1.6.x

EtherCAT gateway FX3-CPUx V2.00.0 (Step 2.xx) V1.3.0 V1.6.x

EFI-pro gateway FX3-CPU0 V4.00.0 (Step 4.xx) N. a. V1.6.x

SIM1000 FXG 2) FX3-CPUx V1.11.0 (Step 1.xx) V1.9.2 n.a.

Speed Monitor MOC3SA Unrestricted V1.3.0 V1.6.x

FX3-MOC0 FX3-CPUx V2.50.0 V1.5.0 N. a.

FX3-MOC1 FX3-CPUx V2.50.0 V1.8.0 V1.6.x

FX3-XTDS Unrestricted V1.6.0 V1.6.x

FX0-STIO Unrestricted V1.6.0 V1.6.x

FX3-ANA0 FX3-CPUx V4.00.0 (Step 4.xx) V1.8.0 V1.7.0

Conformities

RoHS conformity FX3-XTIO FX3-XTIO V1.01.0 – –

1) N. a. = Not available
2) All other modules as from market introduction.
2) You can find information on this gateway in the SIM1000 FXG operating instructions.

3 VERSION, COMPATIBILITY, AND FEATURES

18 O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 8014519/1KOF/2023-09-08 | SICK
Subject to change without notice



NOTE

• More recent modules are backward compatible so that each module can be
replaced by one with a higher firmware version.

• Flexi Soft Designer Version ≥ V1.4.0 can also be used to configure devices with
a later version of the firmware, even if Flexi Soft Designer does not yet recognize
the new firmware. In such cases, the user will only be able to access the function
packages (Step 1.xx, Step 2.xx, Step 3.xx, or Step 4.xx) that are supported by the
available version of Flexi Soft Designer.

• A corresponding new version of the configuration software is needed in order to
use the full functional scope of modules with a later firmware version.

• The configuration software is not upwards-compatible. In other words, a project
created with a more recent version of the configuration software cannot be
opened with an older version.

• The function package (Step 1.xx, Step 2.xx, Step 3.xx, or Step 4.xx) must be
selected in the hardware configuration menu of the configuration software. The
availability of a desired function package in the configuration software can be
found in the table.

• To use the Step N.xx function package, the relevant module must have a minimum
firmware version of VN.00.0. If you try to transfer a configuration in a module with
a lower firmware version, an error message is displayed.

• The hardware version of the Flexi Soft modules can be seen in the hardware
configuration of the configuration software in online status or in the report if the
system was previously online.

• You will find the firmware version of the Flexi Soft modules on the type label of the
Flexi Soft modules in the firmware version field.

• The date of manufacture of a device can be found in the S/N field on the type
label in the format yywwnnnn (yy = year, ww = calendar week, nnnn = sequential
serial number in the calendar week).

• The version of the configuration software can be found by selecting Info in the
Extras menu.

• The latest version of the configuration software can be found on the Internet at
www.sick.com.
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4 Installation

4.1 System requirements, installing and updating the software

NOTE
The “Safety Designer Configuration Software” operating instructions (SICK part no.
8018178) contain information on the system requirements, installing and uninstalling
the software, how the software works, and basic operation of the software.

4 INSTALLATION
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5 Connecting the computer to the Flexi Soft system

WARNING
Configuration, diagnostics or operation errors due to several simultaneous configura‐
tion connections
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Dot not establish concurrent configuration connections to a Flexi Soft system. This
applies regardless of the configuration software used and the selected interface
(RS-232, Ethernet, USB).

NOTE
The “Safety Designer Configuration Software” operating instructions (SICK part no.
8018178) contain basic information on establishing a connection with connected devi‐
ces.

If a connection can be established, the software switches to online mode and the
following actions can be performed (depending on the user group):
• Assign device tiles to physical devices
• Remove assignments
• Log in or change user group (see "User groups", page 22)
• Importing the configuration
• Open the device window – configure devices
• Transfer configuration (see "Transferring the configuration", page 333)
• Verify configuration (see "Verifying the configuration", page 334)
• Start or stop device (see "Changing the device status", page 336)
• Use force mode (see "Force mode", page 64)
• Disconnect

5.1 Initial steps for setting up a connection

► Create a Flexi Soft system with a main module and any expansion modules.
► Connect a computer to the RS-232 interface of the main module or – if an EFI-pro

gateway is used – to the Ethernet interface or USB interface of the gateway.
► Switch on the Flexi Soft system.
► Start the Safety Designer configuration software that has been installed on the

computer.
► On the Safety Designer start screen, click on Search for devices. A new project is

opened and the available interfaces of the computer are scanned.
► Click on Configuration. A list of the devices found is displayed on the Device search

tab.

NOTE

• If, in the online settings of Safety Designer, the Search for devices window is
deactivated, click on the icon for Search once for devices on the Device search tab
to start the search.

• On the Device search tab, only the main module of the found Flexi Soft systems
is displayed, even if the connection was established via a gateway connected
to the main module.
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► Add the desired device from the Device search tab to the project (using double-click
or drag and drop). The device is displayed in the device overview as a device tile
and is marked as Accessible.

NOTE
If several similar devices are displayed in the device catalog, the Identify device
through the flashing of its indicating element function can be used for assignment.

Connecting

► Click the Connect button on the toolbar or in the device tile. Safety Designer tries
to establish a connection with the Flexi Soft system via the available interfaces.
If a connection can be established, Safety Designer then imports the hardware
configuration of the connected Flexi Soft system (main module, gateways, and
expansion modules).

Importing the configuration

The configuration of a Flexi Soft system connected to Safety Designer can be imported.

► Click on the device tile to open the device window.
► If the device is not connected: Click on Connect.
► Click on Upload. The configuration of the Flexi Soft system is loaded into Safety

Designer.
► Click on Disconnect. You can now edit the configuration.

Alternatively or if there is still no configuration in the device, you can create a new
configuration.

Creating a new configuration or editing a configuration

To make it possible to change the configuration of a Flexi Soft, the system must be
disconnected from the computer to start with.

► Click on the device tile to open the device window.
► If the device is connected to the computer: Click on Disconnect. You can now edit

the configuration.

5.2 User groups

Overview

The devices contain a hierarchy of user groups that regulate access to the devices.

For certain actions (e.g., transferring a configuration to the device), you are requested
to log onto the device with the respective user group.

Important information

NOTICE
When you log into a device, the configuration software stores the password so that you
do not need to re-enter it for other configuration steps.
If you do not change any other settings in the login dialog, the password is deleted as
soon as you exit the configuration software, or log out in the main window or Device
window.
If you enable the Temporarily store password for login on additional devices. function, the
password will be retained even if you log out in the device window only.
If you leave the computer unattended, you must log off to prevent unwanted access to
the device.
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User groups

Table 3: User groups

User group Password Authorization

Operator Does not need a password (anyone
can log in as a machine operator).

• May read configuration from the
device (if not blocked).

Maintenance
personnel

Does not have a factory-set pass‐
word. The password is created by
the authorized client (namely, it is
not possible initially to log in as a
maintenance technician).

• May read configuration from the
device.

• May transfer verified configura‐
tion to the device.

Authorized client The password SICKSAFE is created
at the factory. Change this pass‐
word to protect the device against
unauthorized access.

• May read configuration from the
device.

• May transfer verified and
unverified configuration to the
device.

• May verify configuration.

• Can set a password for mainte‐
nance technicians.

Complementary information

The configuration of the device is saved in the system plug. Therefore, the passwords
are retained when the device is replaced if the system plug is still used.

5.3 Logging in and logging out

Procedure

Logging in or changing the user group
► Click on User in Safety Designer while the software is connected to the devices.

The Log in dialog box opens.
► Select the required user group, enter the password, and click on Log in.

Log out
► Click on Log out in Safety Designer. All existing logins are reset to the machine

operator user group.

5.4 Assigning or changing passwords

Procedure

1. Establish connection to the device.
2. In the device window under the main navigation Service, select the User password

entry.
3. In the User password dialog, select the user group.
4. Enter the new password twice and use Transmit to device to confirm.
5. When you are prompted to log on, select your user group and enter the corre‐

sponding password.
✓ The new password is valid for the user group immediately.

5.5 Resetting the password

Overview

If you have forgotten the password of the Admin user group, you can reset it with the
assistance of SICK.
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Procedure

Resetting the password
1. Request the form for resetting your password from SICK support.
2. Connect to the device in Safety Designer.
3. In the device window under the main navigation Service, select the User password

entry.
4. In the User password dialog box, select the Start password reset process option.
5. Send the information displayed on the form to SICK support.
✓ You will then receive an activation code.
6. Enter and confirm the activation code in the field provided.
✓ The password of the Admin user group is reset to factory settings (SICKSAFE). The

Maintenance and Authorized customer user groups are deactivated. The configuration
is not changed.
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6 The Flexi Soft device window

This chapter describes the basic operating principle in the Safety Designer Flexi Soft
device window in conjunction with the Flexi Soft modular safety controller.

NOTE
For general information on operating principle with the Safety Designer configuration
software, see the “Safety Designer Configuration Software” operating instructions (SICK
part number 8018178).

Showing or hiding areas

The device window is generally made up of a navigation area on the left-hand side,
a working area in the middle, and an associated options area on the right-hand side
where applicable. This may contain additional configuration options or a device catalog,
for example.

The navigation area and options area can be shown or hidden with four buttons at the
top-right if necessary.

Figure 1: Buttons to change the view

Overview of functions

The various functions in the Safety Designer software can be accessed via the buttons
underneath the toolbar in the Flexi Soft device window.

Figure 2: Buttons in the Flexi Soft device window

• In the Overview section, you can view the hardware configuration of the Flexi Soft
system, including the connected elements and general information about the
project and system status.

• Under Configuration, you can create the Flexi Soft system using the different mod‐
ules and connectable elements and also edit the configuration of the hardware
used.

• In the Logic editor view, you can use logical function blocks and application-specific
function blocks to program the function logic of the Flexi Soft system.

• The Report view contains all information about the current project, including the
logic programming and wiring diagrams. It can be saved as a PDF or printed out.

• You can find the password management functions under Service.
• The error history for the connected Flexi Soft system is displayed under Diagnostics.

In addition, you can use the data recorder to record and visualize input and output
signals for a Flexi Soft system.

Overview

In the Overview section, you can view the hardware configuration of the Flexi Soft
system, including the connected elements and general information about the project
and system status.

If Safety Designer is connected to the Flexi Soft system, the current status of the
system, including the LEDs, is displayed.

Configuration

Under Configuration, you can create the Flexi Soft system using the different modules
and connectable elements and also edit the configuration of the hardware used.
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The navigation area contains the following options:
• Under Hardware configuration, you can select and then configure the Flexi Soft

modules required for the project, as well as the input and output elements.
See "Compiling a Flexi Soft system", page 28 and "Input and output elements",
page 38.

• For each connected module, the BOM info and the available configuration options
(where applicable) can be displayed. If Safety Designer is connected to the Flexi
Soft system, the current status of the diagnostic bits is also displayed for each mod‐
ule. See "Configuring main modules", page 29 and "Configuring I/O modules",
page 34.

• The tag name editor allows you to manage and edit all used tag names centrally. See
"The tag name editor", page 68.

logic editor

The function logic of the Flexi Soft system is programmed in a graphical logic editor using
logical and application-specific function blocks. Inputs, function blocks, and outputs are
arranged on one or several pages and connected as appropriate. See "Logic program‐
ming in the main module", page 48.

Report

The report summarizes all information about the current project. In addition to the
project information, the report can also contain the BOM, the configuration of the Flexi
Soft system including wiring information and the logic program, and the diagnostic
data.

The report toolbar contains the following commands:
• Save: Saves the report on a data card in PDF format.
• Print: Opens the report in PDF format. To use these functions, you must have a PDF

viewing program (e.g., Acrobat Reader) installed on the computer.
• Output bill of materials: Saves the BOM on a data card as a CSV file.
• Refresh report: Updates the report after you have changed the configuration.

Service

The Service view provides password management functions, see "User groups", page 22.

Diagnostics

The Diagnostics area contains the following functions:
• You can use the data recorder to record the input and output signals of the Flexi

Soft system during operation. This function can be used, for example, to document
the Flexi Soft system validation process or to troubleshoot a system that starts
behaving strangely. See "Data recorder", page 340.

• In the error history, all messages, information, warnings, and error messages in the
Flexi Soft system are displayed.
See "Error history", page 345.
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7 Project settings

Entering application names

► In the device window, go to Configuration and click on Device identification under
Navigation, Main module.

Here, you can add a device name to the Flexi Soft system and a project name to the
current project, as well as an application name, an application image, a user name, and a
description.

General settings

► In the device window, go to Configuration and click on General settings under Navigation,
Hardware configuration.

The following settings can be made here:

System expansion settings
• Enable additional XT modules

If this option is checked, then configurations with up to 22 expansion modules
are allowed. This allows you to create a maximum configuration as a template for
multiple similar systems. To adapt it to the system concerned, all you have to do is
delete the modules that are not required.

NOTE

• If a configuration contains more than twelve expansion modules, the follow‐
ing restrictions apply:

° No connection can be made to the Flexi Soft system.

° The configuration cannot be transferred to a Flexi Soft system.

° It is not possible to perform a simulation.
• An extended configuration can also contain only up to two gateways.

• Activating additional relays
This option allows maximum configurations with more than eight relay modules.

Customized element settings
• Enable customized elements (see "Customized elements", page 42)
• Do not import customized function blocks when loading a project (see "Customized

function blocks", page 212)

Miscellaneous settings
• Do not allow transfer to the device if there are still elements in the parking area

You can also use this option to prevent an unfinished configuration from being
transferred to the device.

RS-232 interface settings
• Activate RS-232 routing for the main module (see "RS-232 routing", page 29)
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8 Configuring the hardware

8.1 Compiling a Flexi Soft system

In the device window under Navigation, Hardware configuration, the hardware of the Flexi
Soft safety controller and the connected devices is compiled. The modules and con‐
nected devices can be named or given a tag name, and configured. Furthermore, it is
also possible to export or import a configuration made up of a hardware configuration
and logic program.

NOTE
The configuration cannot be edited in online mode.
The Edit mode button on the toolbar, however, can be used to switch to edit mode and
edit the configuration without interrupting the connection between Safety Designer and
the Flexi Soft system.

Figure 3: Edit mode button

When edit mode is activated, the catalog no longer displays the online information of
the connected Flexi Soft system, but rather the modules and elements that can be
added to the system. To change back to the online view of the catalog, deactivate edit
mode.

The Edit mode button is only visible when Safety Designer is connected to a Flexi Soft
system.

Selecting a Flexi Soft main module

1. Create a new project in Safety Designer.
2. Drag a Flexi Soft main module FX3-CPU from the device catalog into the device

overview. The Flexi Soft device wizard opens.
3. In the Flexi Soft device wizard, select the desired main module version and confirm

with OK.

NOTE
For general information on operating principle with the Safety Designer configuration
software, see the “Safety Designer Configuration Software” operating instructions (SICK
part number 8018178).

Adding additional Flexi Soft modules

With the exception of the main module selection, the entire configuration of a Flexi Soft
system is carried out in the device window.

► Click on the device tile for the Flexi Soft system to open the device window.
► In the device window for the Flexi Soft system, go to Configuration, Navigation and click

on Hardware configuration.
In the catalog, all Flexi Soft modules that can be added to a Flexi Soft safety
controller are displayed under Modules. Any modules that cannot be added to the
current configuration are shown in light gray.
Before adding a module, you must select the desired function package (Step)
of the module in some cases. This determines the minimum module firmware
version that has to be used. Step 3.xx requires a firmware version ≥ V3.00.0, for
example.
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Under the selection field for the function package, the number of safe and non-
safe inputs and outputs associated with the module are displayed. Safe inputs
and outputs are identified by a yellow background. Non-safe inputs and outputs
are identified by a gray background.

► Adding modules: Double-click on the desired Flexi Soft modules or use the mouse
pointer to drag them to the desired position. An arrow indicates where the new
module can be inserted into the Flexi Soft system.
The main module is always located on the far left in a system. Directly to the right
of the main module, up to two gateways can be inserted. Up to 12 expansion
modules (I/O modules, analog input module, Speed Monitor) can then be inserted
in any order. Relay modules must be placed on the far right.

NOTE

• A Flexi Soft system can contain up to twelve expansion modules.
• In addition to the expansion modules, a Flexi Soft system can contain up to

two gateways, including a maximum of one FX3-GEPR.

► Changing the position: To move a module, drag it to the desired position with the
mouse.

► Assigning tag names: You can change the tag names in the tag name editor.
► Deleting a module:

► Drag the module to the recycle bin.
Or:
► In the context menu of the module, select the Delete module command.
Or:
► Select the module and press the Del pushbutton.

8.2 Configuring main modules

8.2.1 RS-232 routing

The input and output data of the Flexi Soft system are available on the RS-232
interface of the main module, among other places. This means, for example, that
communication can take place between the Flexi Soft system and a connected PLC
without you having to use a gateway or connect an HMI.

WARNING
Non-secure data in the RS-232 interface
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.
The target safety-related level may not be achieved in the event of non-compliance.

► Do not use the RS-232 interface for safety-related functions.

Using the RS-232 interface, you can read up to 100 bytes from the Flexi Soft system
and write up to four bytes to the Flexi Soft system.

The bits received via RS-232 are available as inputs in the logic editor under Diagnostics
=> RS-232.

Activating RS-232 routing

1. In the Device window, select Configuration, Navigation => Hardware configuration =>
General settings.

2. Under RS-232 interface settings, select the Activate RS-232 routing for CPU option.
✓ Under Navigation, the menu item RS-232 appears under Main module.
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Configuring the input data for RS-232 routing

1. Device window, Configuration, Navigation => Main module => RS-232 opens the RS-232
configuration in the working area.

2. Click on the Flexi Soft to RS-232 tab to display the routing configuration for the input
data.

Figure 4: Configuration for the operating data transferred to the network via RS-232

The current RS-232 routing table is displayed in the working area. For the Flexi Soft to
RS-232 direction of transmission, 100 bytes are available. In the factory setting, the first
28 bytes are preassigned.

The options area contains a tab with the available data, which is split into Inputs, Outputs,
and Diagnostics sections, as well as a Settings tab with the tag names.

The toolbar can be found above the routing table.

Figure 5: Toolbar for the routing configuration

The toolbar contains buttons for the following actions (working from left to right):
• The Load user configuration and Save user configuration buttons are used to load or

save a routing configuration in XML format. When you load a routing configuration,
any unsaved changes to the routing configuration will be lost. This command
cannot be undone.

• The Import and Export buttons are used to import and export the tag names as a
CSV file. This allows you to import the tag names into a PLC program and use them
there as well.

NOTE
The Import button is only available when the routing is configured for the RS-232 to
Flexi Soft direction.
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• Reset to factory setting restores the default routing configuration. Any unsaved
changes will be lost. This command cannot be undone.

• Clear all deletes the routing configuration, i.e., all bytes assigned in the RS-232
routing table are cleared.

• Delete routing deletes the byte that is currently selected in the RS-232 routing table.
• The Undo and Redo buttons allow you to undo or redo changes that you have made

to the routing configuration while editing.

Data

Under the Data tab, the options area contains all sources from which data can be
routed in the network, i.e., the input, output, and diagnostic data available in the Flexi
Soft system.

All sources supported by the current configuration are shown in black:

• Connected Flexi Soft modules
• Connected EFI-pro devices
• Configured logic results 1)

• Gateway input data and gateway output data

Sources that are not supported by the current configuration are shown in gray. You can
use the Show only available data box to hide sources which are not required.

The RS-232 routing table

The RS-232 routing table displays the current content of the data sent via the RS-232
interface. Bytes and bits that are highlighted in blue contain “live” system data if the
source is supported by the hardware configuration. Bytes that do not currently have
any data assigned to them because the hardware configuration does not support the
sources are shown in gray.

To add a data byte to the routing table:
► Drag an element (e.g., a byte) from the Data area to a free space in the routing

table. If the desired position is not free, it must be cleared first by deleting the byte
that is currently assigned to it, or by moving this byte to another position in the
table.

NOTE
The same byte can be used multiple times within the routing table.

To delete a data byte from the routing table:
► Drag the byte to be deleted onto the recycle bin icon.

Or:

► Click to select the byte to be deleted. Then click the Delete routing button on the
toolbar.

Or:

► In the context menu of the byte to be deleted, select the Delete routing command.

To move a data byte to another position in the routing table:
► Drag the byte to be moved to the desired position (drag and drop). If the desired

position is not free, it must be cleared first by deleting the byte that is currently
assigned to it, or by moving this byte to another position in the table.

1) In the default configuration, only the first byte of the logic results (logic result 0) is active and available. Additional output bits for logic
results can be activated in the logic editor.
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Tag names

In the options area on the Settings tab, the tag names of all of the bits for the bytes
currently selected in the RS-232 routing table are displayed. You can edit the tag names
in the tag name editor.

Configuring the tag names for the received data

► Device window, Configuration view, Navigation => Main module => RS-232 opens the
RS-232 configuration in the working area.

► Click on the RS-232 to Flexi Soft tab to display the current routing configuration for
the input data.

Figure 6: Configuring the operating data received from the network via RS-232

For the RS-232 to Flexi Soft direction of transmission, four bytes are available.
► Select a byte in the routing table.

In the options area on the Settings tab, the tag names which are assigned to the
individual bits for the bytes currently selected in the routing table are displayed.

► Enter the desired tag name for each bit that is to be used.

Loading and saving a routing configuration

The Load user configuration and Save user configuration buttons are used to load or save
a routing configuration in XML format. When you load a routing configuration, any
unsaved changes to the routing configuration will be lost. This command cannot be
undone.

Importing and exporting the tag names

The Import and Export buttons are used to import and export the tag names as a CSV
file. This allows you to import the tag names into a PLC program and use them there as
well.

When you import the tag names, any unsaved changes will be lost. This command
cannot be undone.
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NOTE
The Import button is only available when the routing is configured for the RS-232 to Flexi
Soft direction.

8.2.2 Password protection

Protecting the configuration with a password

The configuration in the main module system plug can be protected against unauthor‐
ized loading.

► In the Device window, select Configuration view, Navigation => Main module => Password
protection.

► Select one of the following options:

° No password protection

° Load only as authorized client

Depending on the setting selected, a password-protected configuration can only be
loaded from the Flexi Soft system plug if the user has first logged on as an authorized
client or has the individual password.

The password is saved in the system plug. The password protection is therefore still
effective if the main module is replaced.

Further topics

• "User groups", page 22
• "Transferring the configuration", page 333

8.2.3 Optimizing the logic execution time

Overview

Flexi Soft main modules with a firmware version ≥ V4.00.0 feature firmware optimiza‐
tions that affect the logic execution time.

Activating the Logic execution time optimization option in Safety Designer and deactivating
any functions that are not being used (for example Flexi Loop) will increase the per‐
formance of this firmware. This will make the logic program in the main module run
quicker thereby reducing the logic execution time. Particularly in the case of complex
applications, this means that a shorter processing time can be achieved and, in turn, a
shorter response time.

Important information

DANGER
Ineffectiveness of the protective device due to a change to the logic execution time of
the Flexi Soft system
In the case of non-compliance, it is possible that the dangerous state of the machine
may not be stopped or not stopped in a timely manner.

► Always check that the entire application is functioning correctly after you make a
change.

NOTE
Changes to the logic execution time may make it necessary to change the configuration
for function blocks whose parameters are based on the logic execution time, for exam‐
ple the clock generator function block.
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Procedure

► In the Navigation under Main module, click on Logic execution time.
► Select the Activate logic execution time optimization option.
► Select Deactivate Flexi Loop.
► If necessary, adjust the parameters of the function blocks that are affected by the

optimization of the logic execution time.

Complementary information

• The minimum logic execution time of a Flexi Soft system is always 4 ms. This
cannot be reduced any further – not even by applying the optimization settings.

• The EFI functions including Flexi Link and Flexi Line are always deactivated
because these functions are not supported by Safety Designer.

8.3 Configuring I/O modules

8.3.1 Dual-channel evaluation and discrepancy time monitoring

Dual-channel evaluation

The FX3-XTIO, FX3-XTDI, and FX3-XTDS safe I/O modules are capable of performing
dual-channel evaluation if certain predefined input elements from the element window
(e.g., RE27, deTec4, etc.) are connected to them. If an input element of this kind is
selected, you do not need to have a separate function block for dual-channel evaluation
(e.g., light curtain monitoring, safety gate monitoring, or magnetic switch).

Dual-channel evaluation checks whether the sequence of the two input signals is cor‐
rect. If either of the two signals has triggered a switch-off, the other signal is expected
to follow accordingly. The value that the two signals are required to have is dependent
on the type of dual-channel evaluation. There are two options:

• Equivalent evaluation
• Complementary evaluation

Discrepancy time

Dual-channel elements can be evaluated with or without a discrepancy time. The discrep‐
ancy time defines how long the two inputs can continue to have discrepant values after
the value of one of the two input signals changes without this being regarded as an
error.

► The discrepancy time can be activated or deactivated in the element settings.

The following restrictions apply to elements that are connected to FX3-XTIO and FX3-
XTDI modules:

• The value of the discrepancy time can be set to 0 (= infinite) or to a value of
between 4 ms and 30 s. Due to the internal evaluation frequency of the modules,
this is automatically rounded up to the next multiple of 4 ms.

• If signals from tested sensors are connected to FX3-XTIO or FX3-XTDI modules, the
discrepancy time must exceed the test gap (ms) + the max. OFF-ON delay (ms) of the
test output that is being used, as a signal change at the input of the modules may
be delayed by this amount of time. These values can be taken from the report.

• If you attempt to set a discrepancy time that is lower than permitted, the minimum
value will be displayed in the dialog box.

The following truth table describes the discrepancy conditions for dual-channel equiva‐
lent input evaluation and dual-channel complementary input evaluation:
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Table 4: Dual-channel evaluation

Evaluation type Input A (I1,
I3, I5, I7)

Input B
(I2, I4, I6,

I8)

Discrepancy timer 1) Status of dual-
channel evalua‐

tion

Input of I/O mod‐
ule in the logic

editor

Discrepancy
error

Equivalent 0 0 0 Disabled 0 0

0 1 < discrepancy time Discrepant 0 Unchanged 2)

1 0 < discrepancy time Discrepant 0 Unchanged 2)

1 1 0 Active 3) 1 0

x x ≥ discrepancy time
(timeout)

Error 0 1

Complementary 0 1 0 Disabled 0 0

0 0 < discrepancy time Discrepant 0 Unchanged 2)

1 1 < discrepancy time Discrepant 0 Unchanged 2)

1 0 0 Active 3) 1 0

x x ≥ discrepancy time
(timeout)

Error 0 1

1) If the discrepancy time is active (> 0), the discrepancy timer is restarted on the first signal change that leads to a discrepant status. If the
discrepancy time is disabled (= 0), the discrepancy timer is not started, i.e., a timeout never occurs.

2) Unchanged = the last status is retained.
3) If the correct sequence has been observed.

Sequence error

The following rules apply when switching between the individual statuses of dual-chan‐
nel evaluation:

A dual-channel evaluation process can only switch to Active (input of the I/O module in
the logic editor changes from 0 to 1) if…

• the status has been set to Disabled at least once since it was last Active (i.e., it is
not possible to switch from Active to Discrepant and then back to Active)
and

• the discrepancy time has either not yet elapsed or is fully deactivated.

NOTE
If the correct sequence for achieving the Active status has not been observed (i.e., if
the status has changed from Active to Discrepant and then straight back to Active),
FX3-XTIO and FX3-XTDI modules will indicate this sequence error within a maximum of
100 ms, unless the discrepancy time has already expired (i.e., if the discrepancy time
has been set to 0 or a value > 100 ms).

In the event of a discrepancy or sequence error, the module responds as follows:

• The MS LED of the affected module flashes Ö red/green (1 Hz),
• The LEDs of the affected inputs flash Ö green (1 Hz),
• The input data status of the module in the logic editor is set to 0.

Resetting an error

A discrepancy error (timeout) or sequence error is reset once the Disabled status has
been reached.
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8.3.2 ON-OFF filter and OFF-ON filter

When a component with contacts opens or closes, the bouncing of the contacts results
in undesirable behavior in the form of several short signal changes. This can affect
the evaluation of the inputs. The ON-OFF filter for falling signal edges (i.e., 1–0) and the
OFF-ON filter for rising signal edges (i.e., 0–1) are intended to eliminate this effect.

The ON-OFF filter and the OFF-ON filter for an element can be activated in the element
settings of the element.

If the ON-OFF filter or the OFF-ON filter is active, a change in the signal is only recognized
as such if the status of the signal remains the same for at least as long as the selected
filter time. For this purpose, the status of the input is evaluated at 4 ms intervals.

WARNING
Extended response time
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Select the filter time to be as short as possible.
► Take into account the extended response time.

Effect of the filter on the response time:
• The switch-off response time is extended by at least as long as the selected filter

time, if the ON-OFF filter is active.
• The switch-on response time is extended by at least as long as the selected filter

time, if the OFF-ON filter is active.
• If the signal changes within the selected filter time, the response time may be

extended by longer than the selected filter time, i.e. until a constant signal has
been detected for at least as long as the selected filter time.

NOTE
In the case of dual-channel elements with complementary evaluation, the respective
filter (ON-OFF or ON-OFF) always relates to the leading channel. The filter for the
complementary channel is automatically active.

8.3.3 Deactivating test pulses at FX3-XTIO outputs

The test pulses at one or more outputs can be deactivated with the FX3-XTIO modules.

Deactivating the test pulses at one or more of the outputs (Q1 to Q4) of an FX3-XTIO
reduces the safety parameters of all the outputs (Q1 to Q4) of the module concerned.

WARNING
Reduced safety parameters by deactivating the test pulse
The target safety-related level may not be achieved in the event of non-compliance.

► This must be taken into account in the risk analysis and risk avoidance strategy.

NOTE
For detailed information about safety parameters, see the operating instructions titled
“Flexi Soft Modular Safety Controller Hardware”.

Deactivating test pulses
► Connect an output element to the FX3-XTIO module.
► Double-click on the output element to open the element settings.
► Deactivate the Enable the test pulses of this output option.
✓ The test pulses of this output are disabled. A corresponding note is displayed
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underneath the relevant FX3-XTIO in the hardware configuration.

8.3.4 Extended fault detection time for cross-circuits at outputs Q1 to Q4 of the FX3-XTIO for switching
capacitive loads

It is possible to configure an extended fault detection time for cross-circuits for the
outputs Q1 to Q4 of FX3-XTIO modules.

This may be necessary for switching loads in cases where the voltage at the load
does not drop to the Low level as quickly as expected and would – if the normal
fault detection time were to be used – result in a cross-circuit fault immediately after
deactivation (switch from High to Low). Example cases include:

• Loads with a capacitance that is higher than the standard level permitted for the
output, such as the supply voltage of PLC output cards that require safety-related
switching.
For this application, the test pulse of the output must also be deactivated.
Safety-capable inputs on fail-safe PLCs generally also have capacitance at the
inputs.

• Inductive loads that cause an overshoot in the positive voltage range once the
induction voltage has decayed.

Table 5: Maximum permissible time until Low level is reached after output (Q1 to Q4) is deacti‐
vated

FX3-XTIO firmware
version

Option for switching capacitive
loads

Maximum permissible time until
Low level (≤ 3.5 V) is reached after
output (Q1 to Q4) is deactivated

≥ V3.00.0 Deactivated 3 ms

Enabled 43 ms

Once the output has been deactivated, the capacitance that exceeds the standard
value permitted for the output must be discharged by the user until the Low level is
reached. If this condition is not met within the maximum permissible time, it results
in a cross-circuit fault at the output regardless of whether test pulses are activated or
deactivated for the output concerned.

WARNING
Loss or impairment of the safety-related switch-off capability due to PLC output card
errors
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Use a PLC output card that is suitable for safety-related deactivation of the outputs
by means of supply voltage switching.

► Take suitable measures to prevent a cross-circuit, e.g., using protected cable
laying.

► When using a buffer capacitor in the voltage supply of the PLC output card,
observe the possibly extended response time.

Activating the Switching of capacitive loads option at one of the outputs (Q1 to Q4) of the
FX3-XTIO
► Connect an output element to the FX3-XTIO module.
► Double-click on the output element to open the element settings.
► Select the Activate switching of capacitive loads with this output option.
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WARNING
Extended error recognition time due to switching of higher capacitive loads
The target safety-related level may not be achieved in the event of non-compliance.

► Pay attention to the extended error recognition time.

8.4 Input and output elements

Catalog

► In the Device window, select Configuration view, Navigation => Hardware configuration.

The catalog is displayed in the options area. Under Elements, all of the devices (e.g.,
sensors, actuators, encoders) that can be connected to the inputs and outputs of a
Flexi Soft safety controller are listed.

Assigning internal element numbers

► In the context menu of an element in the catalog, select the Edit element ... com‐
mand. The element configuration dialog opens.

► On the Bill of materials information page, enter a value in the Internal element number
field and confirm with OK.

The internal element number is displayed for all elements of this type used in the BOM
section of the report.

Adding and deleting elements

► In the Device window, select Configuration view, Navigation => Hardware configuration.
► Drag an element from the catalog to the Flexi Soft system. All suitable and free

inputs and outputs are highlighted. If the element is moved to a suitable free input
or output with the mouse pointer, then this is highlighted in green. The software
automatically takes account of how many inputs or outputs are required.

► Release the element at an appropriate position. The element is connected to the
corresponding inputs and outputs.

► Alternatively, double-click on a device in the catalog. The element is connected to
the first suitable input or output.

NOTE
If the Flexi Soft system does not contain a module with suitable free inputs or out‐
puts, then the element cannot be connected. In this case, you must add at least
one module with the required inputs or outputs (e.g., an FX3-XTIO or FX3-XTDI
module) to the Flexi Soft system.

Some elements can only be connected to certain modules:
• Dual-channel elements can only be connected to safe inputs or outputs.
• Safety elements – such as an emergency stop or safety switch – can only

be connected to safe modules; they cannot be connected to an FX0-STIO, for
example.

► Moving an element: Use the mouse to drag an element which has already been
placed to another suitable input or output or into the parking area.

► Deleting an element: Drag an element to the recycle bin icon.

NOTE
In the parking area, you can create a collection of devices for a specific application and
store them here temporarily.

The devices added can then be configured and renamed.
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Customized devices

You can create and save customized devices, see "Customized elements", page 42.

8.4.1 Safe and non-safe elements in the hardware configuration

Safe and non-safe elements are color-coded in the hardware configuration so that you
can tell them apart:
• Safe elements are highlighted in yellow.
• Non-safe elements are highlighted in gray.
• Safe elements that are connected to a non-safe input or output are highlighted in

red.

Most elements are only marked as safe or non-safe when they are dragged onto a
corresponding input or output:

• Safe elements that are dragged onto a safe input or output are highlighted in
yellow.

• Elements that are dragged onto a non-safe input or output are highlighted in gray.
• If a gray element is dragged onto a safe input or output, it remains gray but can be

highlighted in yellow if you edit it.
• If a yellow element is moved from a safe input or output to one that is not safe, it

is highlighted in red. In this case, the configuration cannot be transferred. To make
it possible to transfer the configuration, this element must not be marked as a
safety element in the element settings.

To mark an element as safe:
► Double-click on an element in the configuration area or parking area or select

Edit ... in the context menu for the element. The configuration dialog for the ele‐
ment opens in the working area.

► Check the Safety element box.
► Close the configuration dialog by clicking OK. The element is now configured as a

safety element and is highlighted in yellow.

8.4.2 Configuring connected elements

Input and output elements can be configured once they have been connected to the
Flexi Soft system or are inside the parking area.

The following actions are possible:
• Assign tag names
• Set evaluation parameters for the element, e.g., discrepancy time, ON-OFF filter or

OFF-ON filter, connection to a test output, test pulses activated or deactivated, etc.

Configure an input
► Double-click on an element or select the Edit... command in the element’s context

menu. The configuration dialog for the element opens.
► Select the desired configuration settings.
► Close the configuration dialog by clicking on OK. The changes are applied.
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Figure 7: Element settings window for an ES21 emergency stop pushbutton

Tag name

► Enter the desired tag name for the element.

Quantity

► Enter the quantity. If a cascade of several testable L21 type 2 sensors is connected
to an input, for example, then you can set the number of devices actually used.
The number of devices used is displayed in the BOM in the report.

Safety element

The Safety element option can be deactivated if the element is not used for safety
functions. This allows the element to be connected to non-safe inputs (e.g., to an
FX0-STIO) as well.

See "Safe and non-safe elements in the hardware configuration", page 39.

ON-OFF filter and OFF-ON filter

► If necessary, activate the ON-OFF filter or OFF-ON filter and set the desired filter time.

° The switch-off response time is extended by at least as long as the selected
filter time, if the ON-OFF filter is active.

° The switch-on response time is extended by at least as long as the selected
filter time, if the OFF-ON filter is active.

° If the signal changes within the selected filter time, the response time may
be extended by longer than the selected filter time, i.e. until a constant signal
has been detected for at least as long as the selected filter time.
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WARNING
Extended response time
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Select the filter time to be as short as possible.
► Take into account the extended response time.

Connecting an element to a test output

The Element is connected to test output option determines whether or not the element
concerned is tested:

• Sensor wiring short-circuits to 24 V that could interfere with a switch-off condition
can be detected.

• Electronic sensors with test inputs (e.g., L21) can be tested.

If an element has been connected to test outputs, the Test outputs tab will also be
available in the Element settings dialog box. The test period and test interval can be
configured here.

NOTE
The FX3-XTDI module only has two test sources, even though it features eight test
output terminals.

WARNING
Ineffectiveness of the protective device due to unexpected pulses or delayed falling
signal edges at single-channel inputs
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.
The target safety-related level may not be achieved in the event of non-compliance.

► Protect single-channel inputs against short-circuits and cross-circuits.
► Make sure the signal line is laid with protection (to prevent a cross-circuit with

other signal lines).
► No short-circuit detection, i.e., no referencing to test outputs.

Discrepancy time

► In the case of dual-channel elements, a discrepancy time can be configured.

8.4.3 Expanding elements

Some elements are made up of a group of two or more sub-elements. For example, a
guard locking element is made up of a safety switch as the input element and a lock
as the output element. Normally, these elements must be connected to a single module
together (e.g., FX3-XTIO). However, some of these grouped elements can be expanded,
i.e., split into their individual sub-elements. This makes it possible to connect the
individual elements to different modules.

To expand an element
► Place the element (e.g., a guard locking element) in the parking area.
► In the context menu of the element, select the Expand command. The element is

now replaced by its sub-elements in the parking area. These can then be handled
in exactly the same way as individual elements.
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8.4.4 Customized elements

In addition to the standard input and output elements, you can create, configure,
import, and export customized elements. This function allows you to create your own
elements using preset configuration options (e.g., single-channel or dual-channel eval‐
uation, discrepancy time, ON-OFF filtering, connection to test outputs) to meet the
requirements of equipment in question.

Activating customized elements

► In the Device window, select Configuration view, Navigation => Hardware configuration >
General settings.

► Under Customized element settings, select the Enable customized elements option.

Creating customized elements

► In the Device window, select Configuration view, Navigation => Hardware configuration.
► Open the context menu for any element. We recommend selecting an element that

bears as much similarity as possible to the customized element to be created.
► In the context menu, select the Save as customized element ... command. The Create

customized element template window opens.

Figure 8: Creating a customized element template

► Select the path under which the element is to appear in the element catalog.
► Rename the element and configure as required (see below).
► Click on OK to save the new element and close the window.

NOTE
It is not possible to edit an element subsequently once you have created it. Therefore,
all settings must be complete and correct before you save the new element.

Configuring customized elements

► The new customized element is marked in the element tree.
► Use the Browse ... button to assign your own graphic to any element.
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► Give the element a title and subtitle. The title and subtitle can either be identical for
all languages or you can determine them separately for each language.

► On the Bill of materials information tab, enter the required information about the
element used. This information is displayed in the BOM in the report.

► On the Configuration tab, edit the settings for the element used.

Figure 9: Editing the configuration settings of a customized element

► Check the Element configuration can be changed box if the element needs to be
configurable within the predefinable limits. If the Element configuration can be
changed box is unchecked, then the element is generally not configurable.

► Specify the mode for the evaluation. Different single-channel and dual-chan‐
nel evaluation types are available.

► The Safety element option determines whether the element must function as a
safety element or whether it can also be optionally configured as a non-safe
element. In the second case, you can select the default for the element using
the Create as safe element? option.

► Adjust the settings (e.g., ON-OFF filter, OFF-ON filter, discrepancy time, etc.,
see "Configuring connected elements", page 39). You can specify values for
the default setting, as well as the permissible minimum and maximum values
for the configuration.

► Check the Mandatory box if an element must be used on a module which
supports a certain function. This makes it possible to create an element that
can only be connected to modules with test outputs, for example.

► Check the Visible box if the user must be able to configure an option within
the limits predefined here. If the Visible box is unchecked, then the default
setting for the option in question is fixed.

► Use the Add sub-element button under the element tree to add additional inputs or
outputs.

° Different single-channel and dual-channel input and output types are availa‐
ble as sub-elements.

° Sub-elements are displayed in the element tree below the customized ele‐
ments and can be configured separately as described above.
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° Element which contain sub-elements have two additional options, which you
can find in the element tree on the tab for the main element:
• The Extractable? option can be used to expand the sub-elements (see

"Expanding elements", page 41).
• If the Single test output option is checked, all the sub-elements that make

up the element must be connected to the same test output.

Deleting customized elements

► In the context menu of the element to be deleted, select the Delete element ...
command and confirm with Yes.

NOTE
The preinstalled standard elements cannot be deleted.

Exporting customized elements

► In the context menu of the element to be exported, select the Export... command.
► Select the destination for the element to be exported or create a new folder and

click on OK. The customized element is saved as an XML file.

Importing customized elements

1. In the context menu of any element in the catalog, select the Import... command.
2. Select the XML file with the element to be imported and click on Open. The

customized element is imported.

Transferring customized element to another computer

► Save the project file and open it on the other computer. Any customized elements
within the project are imported automatically.

8.5 Exporting and importing a partial application and replacing modules

It is possible to export or import a partial application. In the process, all modules except
for the main module are exported with the inputs and outputs connected to them, as
well as the logic.

When a partial application is imported into an existing project, the saved modules,
elements, and logic are added to the project but the rest of the project remains
unchanged. This is particularly useful if you want to replace a main module within an
existing project without having to reconfigure all the hardware and logic.

NOTE

• Applications containing protected logic pages can only be exported after logging
into the relevant logic access level, see "Logic access levels", page 61.

• When partial applications are exported, the logic access levels and passwords
are not exported at the same time. Therefore, you may have to set up password
protection again after importing a partial application.

• Partial applications which have been created using Safety Designer and partial
applications which have been created using Flexi Soft Designer are not compatible
with one another and cannot be used in the other program respectively.

To export a partial application
► In the Partial applications selection window, click Save.

Or:

► In the context menu of the main module, select the Export module configuration ...
command. The following dialog box opens:
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Figure 10: Export configuration dialog box

► A description of the partial application can be entered in the Description field.
► Click on the button to the right of the Export file field. A file selection window opens.

Select the folder where the export file is to be saved, enter a name for the export
file, and click on Save to close the file selection window.

► Click on OK to complete the export process for the partial application.

To import a partial application
► In the Partial applications selection window, click Open.

Or:

► In the context menu of the main module, select the Import module configuration...
command. The following dialog box opens:
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Figure 11: Import configuration dialog box

► Click on the button to the right of the Import file field. A file selection window opens.
Select the folder that contains the file you want to import. All the Flexi Soft import
files (*.fsi) inside the selected folder are displayed.

► Select the desired file and click on Open. The partial application within the
selected .fsi file is displayed along with its description.

► Click on OK to import the selected partial application. The hardware configuration
of the partial application is added to the hardware configuration of the current
project. The logic program of the partial application is integrated into the logic
editor of the current project on one or several separate new pages.

Example: There is a project containing a main module and an FX3-XTIO module, a
deTec4, an emergency stop pushbutton, a robot, and a page with the necessary logic
in the logic editor. The partial application that is to be imported contains a further
FX3-XTIO module with a two-hand control device and a motor, plus a page in the logic
editor with the logic for controlling these devices. Once the import process is complete,
the project contains both FX3-XTIO modules along with devices connected to each one
and the two logic programs on two separate pages.
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To replace a main module in a Flexi Soft project
The Export and Import functions allow you to replace a main module within an
existing project (e.g., with a module with a different firmware version) without
having to reconfigure the entire project (hardware configuration, logic).

► Load the project with the main module to be replaced.
► Export the project as a partial application as described above.
► Go to Safety Designer, create a new project, then add to this project a Flexi Soft

system with the desired FX3-CPU main module.
► Open the device window of the new Flexi Soft system and go to Hardware configu‐

ration. In the context menu of the main module, select the Import module configura‐
tion... command and import the partial application again.

To replace an I/O module in a Flexi Soft project
► Load the project with the I/O module to be replaced.
► In the Hardware configuration, add the desired new I/O module.
► Move the connected elements across from the old I/O module to the new one.

With this procedure, the connections are retained within the logic.
► Delete the old I/O module.

NOTE

• This method does not work for elements that are used in conjunction with a Fast
shut off function block, because these elements can no longer be moved across to
another I/O module.

• This method is also not possible in the case of grouped elements, such as operat‐
ing mode selector switches and switches with guard locking.

Exporting the OPC data

The Export OPC data as XML file button is used to export the current configuration.
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9 Logic programming in the main module

General description

The function logic of the Flexi Soft system is programmed using function blocks. These
function blocks are certified for use in safety-related functions provided that all the
safety standards are observed during their implementation. The following sections
provide information about key aspects of using function blocks in the Flexi Soft system.

9.1 Safety notes for logic programming

Standards and safety regulations

All safety-related parts of the system (wiring, connected sensors and control devices,
configuration) must conform to the relevant standards (e.g., IEC 62061 or ISO 13849)
and safety regulations.

WARNING
Incorrect configuration of the safety application
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Observe all applicable standards and safety regulations.
► Check that the operating principle of the Flexi Soft hardware and the logic program

react in accordance with the risk avoidance strategy.
► Only use safety-related signals for safety-related applications.
► Always use the correct signal sources for the function blocks.

Safe value

The safe value of process data and outputs is 0 or Low and this is set when an error is
identified.

WARNING
Inadequate safety measures
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.
If the safe value (signal = Low) could lead to a dangerous state in the application,
additional measures must be implemented. This applies in particular to inputs with
signal edge detection.

► Analyze the status of the process data.
► Switch off the affected outputs if the status analysis detects an error.

Unexpected rising or falling signal edges

An error at an input can result in unexpected rising or falling signal edges (e.g. an
interruption in network communication, a cable break at a digital input, a short-circuit
at a digital input that is connected to a test output). The safe value remains set until
the conditions for resetting the error have been met. For this reason, the affected signal
may behave as follows:

• It temporarily switches to 1 instead of remaining set to 0 as it normally would in
the fault-free status (rising signal edge and falling signal edge, i.e. 0–1–0).

• It temporarily switches to 0 instead of remaining set to 1 as it normally would in
the fault-free status (falling signal edge and rising signal edge, i.e. 1–0–1).

• It remains set to 0 instead of switching to 1 as it normally would in the fault-free
status.
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WARNING
Unexpected rising or falling signal edges
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Take into account unexpected rising or falling signal edges.

Delays caused by CPU markers and jump addresses

CPU markers and jump addresses can extend the logic processing time and thus the
response time. A CPU marker generally causes a delay that is equal to one logic cycle. A
jump address can extend the logic execution time if it results in a logical loopback.

A logical loopback occurs when a function block input is connected to a destination
jump address but the associated source jump address is linked to an output of the
same function block or to an output of a function block with a higher function block
index number. 2) In this case, the input comprises not the output values of the cur‐
rent logic cycle, but rather the output value of the previous logic cycle. This must be
taken into account in terms of the functionality and, in particular, when calculating the
response time.

Logical loopbacks can occur when using a CPU marker or a jump address.

Figure 12: Logical loopback when using a CPU marker

2) The function block index number is displayed at the top of each function block and indicates the position occupied by the function block
within the execution sequence.
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A jump address only causes a delay of one logic cycle if it results in a logical loopback.
In this case, the input of the jump address is displayed with a clock symbol (for Flexi
Soft Designer ≥ V1.3.0).

Figure 13: Logical loopback when using a jump address

WARNING
Extension of the response time
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► When using CPU markers, take into account the extended logic execution time and
the resultant increase in response time.

► The delays caused by the logical loopbacks must be factored in when calculating
the response time and functionality.

9.2 Using the logic editor

Each main module features a graphical logic editor. The function logic of a Flexi Soft sys‐
tem is programmed using logical and application-specific function blocks. The inputs,
function blocks, and outputs are arranged on a worksheet and connected as appropri‐
ate.

You can open the logic editor of the main module with the Logic editor button.
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Each FX3-MOCx module features its own logic editor with special function blocks for
drive monitoring. If a Flexi Soft system contains an FX3-MOCx module, then you can
also access the logic editor for this module via the Logic editor button.

The logic editor consists of the following elements:

• Toolbar with different editing functions
• Window for selecting inputs, function blocks, outputs, and diagnostics
• FB group info window for displaying the system resources, such as the number of

function blocks which are in use or still available and the current logic execution
time. When you move the mouse pointer over a function block on the worksheet,
the FB group info window displays information about the function block concerned.

• Pages for creating the logic – I/O summary page and I/O matrix – each of which can
be selected via the relevant tab or in the navigation tree.

NOTE

• Double-click on a logic page in the navigation tree or on its tab to rename the
page.

• You can rearrange the logic pages by dragging them with the mouse.
• You can show or hide each logic page by clicking on the icon on the right-

hand side of the navigation tree.

9.2.1 CPU markers

CPU markers are available in the logic editor as inputs and outputs. They can, for
example, be used to create logical loopbacks or to connect the output of a function
block on one page of the logic editor to the input of a function block on another page.

A CPU marker consists of an output marker and an input marker. After a delay of one
logic cycle (i.e., the logic execution time), the input marker always assumes the same
value (1 or 0) as the associated output marker.

WARNING
Extension of the response time
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Note the response time extension due to the extended logic execution time when
using CPU markers.

Using CPU markers
► Connect a CPU output marker (e.g., Marker 0.0) from the Outputs tab of the logic

editor to the output of a function block.
► Take the associated CPU input marker (e.g., Marker 0.0) from the Inputs tab of the

logic editor and connect it to the input of a different function block.

NOTE
CPU input markers can be used more than once within the same project.

9.2.2 Jump addresses

Jump addresses can essentially be used in the same way as CPU markers. They
consist of a source jump address and a destination jump address. The destination
jump address assumes the same value (1 or 0) as the associated source jump address
without any delay time whatsoever – unless it is a logical loopback. This is what
distinguishes jump addresses from CPU markers.

A maximum of 256 jump addresses can be used in a project.
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Logical loopback

A logical loopback occurs when a function block input is connected to a destination
jump address but the associated source jump address is linked to an output of the
same function block or to an output of a function block with a higher function block
index number. 3)

In this case, the logic result of the current logic cycle will only become available at the
destination jump address during the subsequent logic cycle, i.e., it is subject to a delay
that is equivalent to the logic execution time. If a jump address does cause a logical
loopback, this will be indicated automatically by the appearance of an additional clock
symbol at the destination jump address. The resulting delay time corresponds to the
logic execution time.

WARNING
Response time extension due to the logical loopback
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► The delay caused by the logical loopback must be factored in when calculating the
response time and functionality.

Using jump addresses
► Add a source jump address to the project using drag & drop. A dialog box appears

in which the new source jump address has to be assigned a name. The name
must be unique and can only be used once within the same project. A source jump
address is usually connected to any function block output.

► Next add one or more destination jump addresses using drag & drop. A dialog box
appears with a selection list of available source jump addresses. A source jump
address can have multiple destination jump addresses within the same project. A
destination jump address is usually connected to any function block input.

9.2.3 Validating the configuration

The configuration software checks the logic program automatically. If an error is
detected, the configuration is marked as invalid and a warning appears in the toolbar
and on the tab of the faulty logic page. Any function blocks that are not connected
correctly are highlighted in red.

NOTE
The configuration software only checks the logic program for connection errors.

Until the configuration becomes valid, it will not be possible to start simulation mode or
transfer the configuration to the Flexi Soft system.

Correcting an invalid configuration
► Connect any function block inputs that are currently disconnected. Correctly con‐

nected function blocks are shown in yellow.

WARNING
Inadequate safety check
The target safety-related level may not be achieved in the event of non-compliance.

► After all connection errors have been rectified, the configuration must be thor‐
oughly checked to ensure it corresponds to the risk analysis and the risk mitigation
strategy and that it complies with all applicable standards and directives.

3) The function block index number is displayed at the top of each function block and indicates the position occupied by the function block
within the execution sequence.
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9.3 Configuring the function blocks

Most of the function blocks have configurable parameters. Double-clicking on a func‐
tion block opens the configuration dialog of the function block. The following example
shows the configuration dialog for the Safety gate monitoring function block:

Figure 14: Configurable function block parameters

Depending on the function block, you will find the configurable parameters on the
configuration dialog tabs.

The I/O comment tab allows you to provide your own designations for the inputs and
outputs of the function block. It also enables you to add a name or descriptive text for
the function block, which is displayed under the function block in the logic editor.

9.4 Inputs and outputs of the function blocks

Inputs of the function blocks

All the input elements listed in the options area of the logic editor under Inputs or
Diagnostics and all outputs of other function blocks can serve as possible signal sources
for function block inputs.

Optionally, you can activate additional inputs with different function blocks. Inputs that
have not been activated are not displayed in the logic editor.

Inverting inputs

The inputs of some function blocks can be inverted. At inverted inputs, the value 1 is
evaluated as 0 and the value 0 as 1.

► Open the function block configuration dialog.
► Mark the desired input as Inverted and close the configuration dialog with OK.

Inverted inputs are marked with a white circle:
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Figure 15: Example of an AND function block with inverted input 1

Outputs of the function blocks

Function blocks provide various outputs for connection to physical outputs or to other
function blocks.

The output of a function block can be connected to several downstream function
blocks, but not to multiple output elements (physical outputs or EFI-pro outputs).

If a single function block is to be used to control several physical outputs, this can be
implemented using the Routing 1:n function block.

Optionally, you can activate additional fault and diagnostic outputs with different func‐
tion blocks. With the default setting for the function blocks, only the Release output and
several other outputs (e.g., Reset required) are activated. Outputs that have not been
activated are not displayed in the logic editor.

The Fault present output

Some function blocks have the optional Fault present output.

► In the function block configuration dialog, check the Fault present box on the Param‐
eters tab under Optional outputs.

The Fault present output switches to 1 when a fault is detected on the basis of the
configured function block parameters (e.g., discrepancy error, function test error, syn‐
chronization error, etc.).

The Fault present output switches to 0 once all errors/faults have been reset. The
conditions for resetting a fault/error are described in the section that deals with the
function block concerned.

9.5 Module data in the logic editor

The input and output data, the diagnostics status bits of all modules in the Flexi Soft
system, and information on the connected EFI-pro devices are available in the logic
editor.

NOTE
The inputs and outputs are color-coded according to their function:

• Gray: Non-safe
• Yellow: Safe
• Blue: Diagnostics

9.5.1 Inputs

The Inputs selection window contains the inputs of the modules. These can be used as
inputs for the logic program.

Static 0 and Static 1

The Inputs selection window of the main module contains the inputs Static 0 and Static 1.
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The Static 0 input can be used to set a function block input permanently to 0. Similarly,
the Static 1 input can be used to set a function block input permanently to 1. This might
be necessary, for example, to achieve a valid logic configuration if the relevant function
block contains inputs that are not required but cannot be deactivated.

9.5.2 Outputs

The Outputs selection window contains the outputs of the modules. These can be
controlled using the logic program.

Logic results

The Outputs selection window also contains the customized output bits for the logic
results. These can be used to forward the results of the logic program to other control‐
lers via a network, e.g., using a gateway or via RS-232.

9.5.3 Module status bits

The status bits for the modules can be found in the Diagnostics selection window. These
can also be used as logic inputs.

9.5.3.1 Module status bits of the main module

The following module status bits can be found under Diagnostics in the Logic editor in
the main module.

Table 6: Module status bits of the main module

Module status bit Description

Configuration is valid 0 = Configuration is invalid
1 = Configuration is valid

Module supply voltage OK 0 = Supply voltage outside the specified range
1 = Supply voltage OK

Verify status 0 = Configuration is not verified
1 = Configuration is verified (CV LED of main module lights up a
steady yellow)

First logic cycle This module status bit is set to 1 during the very first logic cycle
that is performed after each transition from Stop to Run. Through‐
out all other logic cycles, it remains set to 0. This bit can be used
to trigger initialization functions in the logic program.

Simulation bit 0 = Simulation mode is deactivated
1 = Simulation mode is active

9.5.3.2 Input data status and output data status

Input data status and output data status

The Input data status and Output data status diagnostic bits of the connected gateways and
expansion modules are available under Diagnostics in the logic editor and can be used
as inputs for the logic program. In some applications, it may be important to evaluate
this status information to determine the behavior of the logic functions performed by
the safety controller.

The status indicates the following:
• The data transferred from a connected device into the main module are 0 because

this is the initial value on the connected device.
• The data transferred from a connected device into the main module are 0 because

there is an error on the connected device.

LOGIC PROGRAMMING IN THE MAIN MODULE 9

8014519/1KOF/2023-09-08 | SICK O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 55
Subject to change without notice



Table 7: Description of the diagnostic bits

Diagnostic bit Value Description

Input data
status

0 One or more input bits of the associated module have been set to
0 because an error has been detected (e.g., cross-circuit or commu‐
nication error detected). This means that the values of the input
bits may be different from those that would normally occur during
error-free operation.

1 The inputs of the associated module are free of errors.

Output data
status

0 An error has been detected at one or more outputs of the asso‐
ciated module (e.g., overload detected, short-circuit detected, or
communication error detected). This means that the values of the
outputs may be different from those that would normally occur dur‐
ing error-free operation.

1 The outputs of the associated module are free of errors.

The refresh rate of the Input data status and Output data status diagnostics bits corre‐
sponds to the refresh rate of the process data for the module.

9.5.3.3 Module status bits of the expansion modules

Overview

The module status bits for the expansion modules contain diagnostics data. This data
is refreshed approximately every 200 ms. Due to the longer refresh interval, this data
may not be consistent with the latest process data for the module.

Important information

WARNING
Non-secure or inconsistent data
The target safety-related level may not be achieved in the event of non-compliance.

► Only use secure data for safety-related applications.
► Only use the module status bits of the expansion modules for diagnostic purposes.

I/O module FX3-XTIO

Table 8: Module status bits of the FX3-XTIO I/O module

Module status bit Description

Configuration is valid 0 = Configuration invalid
1 = Configuration valid

Module supply voltage OK 0 = Supply voltage outside the specified range
1 = Supply voltage OK

Fast shut-off control is OK 0 = Error or timeout in fast shut-off logic
1 = Fast shut-off logic OK

Inputs I1 / I2 dual channel evaluation is OK 0 = Discrepancy error input I1 / I2
1 = Dual channel evaluation input I1 / I2 OK

Inputs I3 / I4 dual channel evaluation is OK 0 = Discrepancy error input I3 / I4
1 = Dual channel evaluation input I3 / I4 OK

Inputs I5 / I6 dual channel evaluation is OK 0 = Discrepancy error input I5 / I6
1 = Dual channel evaluation input I5 / I6 OK

Inputs I7 / I8 dual channel evaluation is OK 0 = Discrepancy error input I7 / I8
1 = Dual channel evaluation input I7 / I8 OK

Input I1 … I8 OK 0 = Error at input
1 = Input OK
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Module status bit Description

Output Q1 … Q4 OK. Testing deactivated 0 = Error at output
1 = Output OK

Output Q1 … Q4 OK. Testing active 0 = Error at output
1 = Output OK

I/O module FX3-XTDI

Table 9: Module status bits of the FX3-XTDI I/O module

Module status bit Description

Configuration is valid 0 = Configuration invalid
1 = Configuration valid

Inputs I1 / I2 dual channel evaluation is OK 0 = Discrepancy error input I1 / I2
1 = Dual channel evaluation input I1 / I2 OK

Inputs I3 / I4 dual channel evaluation is OK 0 = Discrepancy error input I3 / I4
1 = Dual channel evaluation input I3 / I4 OK

Inputs I5 / I6 dual channel evaluation is OK 0 = Discrepancy error input I5 / I6
1 = Dual channel evaluation input I5 / I6 OK

Inputs I7 / I8 dual channel evaluation is OK 0 = Discrepancy error input I7 / I8
1 = Dual channel evaluation input I7 / I8 OK

Input I1 … I8 OK 0 = Error at input
1 = Input OK

I/O module FX3-XTDS

Table 10: Module status bits of the FX3-XTDS I/O module

Module status bit Description

Configuration is valid 0 = Configuration invalid
1 = Configuration valid

Module supply voltage OK 0 = Supply voltage outside the specified range
1 = Supply voltage OK

Output current is OK 0 = Output current outside the specified range
1 = Output current OK

Inputs I1 / I2 dual channel evaluation is OK 0 = Discrepancy error input I1 / I2
1 = Dual channel evaluation input I1 / I2 OK

Inputs I3 / I4 dual channel evaluation is OK 0 = Discrepancy error input I3 / I4
1 = Dual channel evaluation input I3 / I4 OK

Inputs I5 / I6 dual channel evaluation is OK 0 = Discrepancy error input I5 / I6
1 = Dual channel evaluation input I5 / I6 OK

Inputs I7 / I8 dual channel evaluation is OK 0 = Discrepancy error input I7 / I8
1 = Dual channel evaluation input I7 / I8 OK

Input I1 … I8 OK 0 = Error at input
1 = Input OK

I/O module FX0-STIO

Table 11: Module status bits of the FX0-STIO I/O module

Module status bit Description

Configuration is valid 0 = Configuration invalid
1 = Configuration valid

Module supply voltage OK 0 = Supply voltage outside the specified range
1 = Supply voltage OK
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Module status bit Description

Output current is OK 0 = Output current outside the specified range
1 = Output current OK

Motion Control FX3-MOC1

See "Module status bits of the FX3-MOC1", page 221.

Analog input module FX3-ANA0

See "Module status bits of the FX3-ANA0", page 330.

Gateways

See the operating instructions titled “Flexi Soft Gateways in the Safety Designer Config‐
uration Software” (SICK part number 8018170).

9.6 Time values and logic execution time

WARNING
Malfunction due to incorrect configuration
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Configure the monitoring functions with suitable times.
► Carefully check the configured monitoring functions.

Time values for the monitoring of the discrepancy time, synchronization time, pulse
duration, muting time, etc. must meet the following conditions:
• The monitoring time must exceed the logic execution time.
• The times have an accuracy of ± 10 ms (evaluation plus logic execution time).

The logic execution time is dependent on the type and number of function blocks used.
It is a multiple of 4 ms. Under FB group info in the logic editor, the logic execution time
as well as the percentage of this time that has actually been used are displayed. The
logic execution time specified has an accuracy of ± 100 ppm (parts per million). If the
amount of time used exceeds 100% of the logic execution time, the logic execution time
is automatically increased by 4 ms.

9.7 Simulation mode

In simulation mode, you can test the logic program without the need for a connection
between Safety Designer and the Flexi Soft system. Inputs can be set to 1 or 0 and
you can observe the subsequent switching of the outputs. The respective timer and
counter values for the function blocks used are displayed on the function blocks during
simulation.

•
Click on the Start simulation mode ( ) button on the toolbar to activate simulation
mode. The background of the logic editor turns green and the simulation toolbar is
displayed.

• If you click on the Start simulation mode button again, you will leave the simulation
mode.

NOTE
Simulation mode can only be started if there is a valid configuration.
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Figure 16: Simulation toolbar before a simulation is started

Figure 17: Simulation toolbar while a simulation is in progress

The green Start button starts the simulation process at full speed. 4) The timer indicates
how much time has elapsed. To reset the timer, click on the blue Reset button. To stop
the current simulation, click on the red Stop button.

Controlling the timing of simulations

If the logic processes are too fast to follow at real-time speed, there are two things you
can do:
• Use the slider to slow down the simulation.
• Use the buttons on the right of the slider to perform the simulation step by step.

The following time increments are available by default: +4 ms, +20 ms, +40 ms,
+200 ms, and +400 ms. These values are adjusted automatically in accordance
with the programmed logic because they represent multiples of the respective
logic execution time. When you click one of these buttons, the simulation jumps
forward by the relevant amount of time.
In addition, the input field to the right of these buttons allows you to enter a
customized time in milliseconds. When you click on the yellow button next to the
input field, the simulation jumps forward by this amount of time. This feature can
be used to shorten the waiting time before a timer elapses, for example.

NOTE
The time entered is rounded to the nearest logic execution time.

During an ongoing simulation, you can set inputs to 1 with a click. Any inputs that have
been set to 1 are marked in green. If you click again, an input is set from 1 back to 0.

If the simulation is stopped, clicking on an input means that it will switch to the next
possible time point when the simulation is continued. This makes it possible, for exam‐
ple, to let several inputs switch simultaneously without discrepancy time. The selected
inputs are marked with a blue symbol.

Once the desired inputs have been selected, the simulation must be resumed so that
the logic can process the signals. You can do this with the Start button or with the
buttons used to perform the process step by step.

NOTE
If you are using the External device monitoring or Valve monitoring function blocks, it is
advisable to delete these from the logic before starting the simulation. These function
blocks expect to receive a 1 signal at their feedback inputs within 300 ms of the
associated outputs switching to 1. This cannot be simulated in real time. Instead, small
time stages must be used.

9.8 I/O matrix

The I/O matrix tab in the logic editor shows which inputs affect which outputs. This can
be used, amongst other things, to check whether the logic program is complete.

A green field indicates that the relevant input affects the relevant output; a white field
indicates that there is no relationship between the respective input and output.

4) Real time or slower, depending on the performance of the computer.
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Figure 18: I/O matrix in offline mode

All the inputs and outputs are listed in the I/O matrix window. Check the relevant boxes
to select which inputs and outputs should be displayed in the I/O matrix. In the case
of complex projects with lots of inputs and outputs, this can be used to reduce the
amount of information displayed to the most important elements.

I/O matrix in simulation mode

In simulation mode (see "Simulation mode", page 58), the I/O matrix shows the values
of the inputs and outputs used. Inputs and outputs with the value 1 are shown in green.

Clicking on an input toggles its value between 1 and 0. This makes it possible to
observe the effect of an input on the outputs.
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Figure 19: I/O matrix in simulation mode

9.9 Logic access levels

Overview

The Logic access level function can be used to password protect individual pages of the
logic editor. In this way, you can prevent unauthorized persons from making changes to
logic pages or even looking at them.

The access levels are available for the following logics:
• CPU logic (access protection and visibility protection)
• MOC logic (access protection and visibility protection)

Logic access levels

Table 12: Access levels in the logic editor

Access level Authorization

Logic access level 0
(not logged in)

• Permission to view and edit unprotected pages

• Permission to view pages that are access protected but
whose visibility has not been protected
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Access level Authorization

Logic access level 1 • Permission to view and edit unprotected pages

• Permission to view and edit pages that have been access
protected and/or whose visibility has been protected with
access level 1

• Permission to view protected pages that have been access
protected with access level 2 and whose visibility has been
protected up to access level 1

• Permission to set up access protection for unprotected pages
(access level 1 only)

• Permission to set up visibility protection for unprotected
pages (access level 1 only)

• Permission to remove access or visibility protection from pro‐
tected pages (access level 1 only)

Logic access level 2
(administrator)

• Permission to view and edit all protected and unprotected
pages

• Permission to set up access protection at all levels

• Permission to set up visibility protection at all levels

• Permission to remove access or visibility protection at all
levels

• Permission to deactivate page protection completely

9.9.1 Activating access protection for logic page

Important information

NOTICE
Loss of password
The password cannot be reset or recovered, even by the SICK service.

► Make a note of the password and keep it safe.

Procedure

1. In the Hardware configuration, in the context menu of the main module, select the
Access change for logic pages command.

2. Select the Enable password protection for logic pages option.
3. Assign passwords for logic access levels 1 and 2.
4. Click on OK.

9.9.2 Logging on to a logic access level

Procedure

Logging on to a logic access level
1. In the Hardware configuration in the context menu of the main module, select the

Change access for logic pages command.
2. In the Current logic access level area, click on Log in.
3. In the login dialog, select the required logic access level, enter the password, and

click on Log in.
4. Click on OK.

Logging out
1. In the Hardware configuration in the context menu of the main module, select the

Change access for logic pages command.
2. In the Current logic access level area, click on Log out.
3. Click on OK.
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9.9.3 Setting up access protection for a logic page

Procedure

Setting up access protection for a logic page
1. Open the desired page in the Logic editor view.
2. Right-click on the page, and in the context menu of the page select the Set up

access protection for logic page submenu and the required logic access level.
3. If necessary, enter the password for the required logic access level and click on

Log in.

Removing the access protection from a logic page
1. Open the desired page in the Logic editor view.
2. Right-click on the page, and in the context menu of the page select the Remove

access protection for logic page command.
3. If necessary, enter the password for the required logic access level and click on

Log in.

Complementary information

• Logic pages with access protection can be identified by a pencil icon on their tab.
• Users who are not logged in with the required logic access level can see the

content of the logic page in question but cannot edit it. In this case, the pencil icon
is crossed out.

9.9.4 Applying visibility protection to a logic page

Important information

NOTE

• Unverified projects that contain unverified logic pages with visibility protection
cannot be transmitted to the Flexi Soft system and cannot be verified.

• When partial applications are exported, the logic access levels and passwords
are not exported at the same time. Therefore, you may have to set up password
protection again after importing a partial application.

• Applications containing protected logic pages can only be exported after logging
into the relevant logic access level.

Procedure

Applying visibility protection to a logic page
1. Open the desired page in the Logic editor view.
2. Right-click on the page, choose the Protect page visibility... submenu in the context

menu of the page, and select the required logic access level.
3. Enter the password for the desired logic access level where applicable and click on

Log in.

Removing visibility protection from a logic page
1. Open the desired page in the Logic editor view.
2. Right-click on the page and select the Remove page visibility protection... command in

the context menu of the page.
3. Enter the password for the desired logic access level where applicable and click on

Log in.

LOGIC PROGRAMMING IN THE MAIN MODULE 9

8014519/1KOF/2023-09-08 | SICK O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 63
Subject to change without notice



Complementary information

• Logic pages with visibility protection can be identified by an eye icon on their tab.
• Users who are not logged in with the required logic access level cannot see the

content of the logic page in question or edit it. In this case, the eye icon is crossed
out.

• The tab for a page with visibility protection always remains visible.

9.10 Force mode

In force mode, the user can influence the logic program of the Flexi Soft system during
operation. For this, the configuration software must be connected to the Flexi Soft
system, which must be in the Run status.

In force mode, the Flexi Soft system inputs can be set to 1 or 0, regardless of the actual
value of the physical inputs. In this case, the Flexi Soft system logic program behaves
in exactly the same way as if the physical inputs had really assumed the respective
values.

This allows you, for example, to test the wiring of the system in online mode during
commissioning or maintenance, and to check whether the logic program is functioning
correctly.

WARNING
Restricted safety in force mode
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Before you activate force mode, make sure that no one is in the hazardous area of
the machine or system.

► Eliminate all possible hazards that could endanger people or objects while force
mode is active.

► Make sure that no one is able to enter the hazardous area of the machine or
system while force mode is active.

► If necessary, implement additional safety measures.
► Do not activate force mode from multiple computers at the same time.

NOTE

• Force mode only enables you to directly influence the inputs in the logic of a Flexi
Soft system. It does not allow you to influence outputs and logic results, such as
function blocks or jump addresses.

• The status of the outputs and logic results of the Flexi Soft system may change
due to the forced input values. This may disable the protective function of the
safety device.

• Force mode only affects function block inputs and the further processing of these.
It is not possible to influence signals which are independent of the outputs of a
function block. This applies to inputs of I/O modules that are routed directly to a
PLC using a gateway, for example.

Activating force mode
The following requirements must be met to be able to activate force mode:

• The user must be logged in to the system as an authorized client.
• The configuration of the Flexi Soft project must not have been verified (CV LED of

the main module flashes Öyellow at 1 Hz).
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NOTE

• To use force mode, the computer must be connected to the Flexi Soft system via
the communication interface of the main module.

• If you attempt to activate force mode even though the configuration has been
verified already (CV LED of the main module lights up O yellow), a dialog box
appears so that you can reset the configuration status to not verified.

1. Establish a connection with the Flexi Soft system.
2. Start the Flexi Soft system (Run status).
3. In the Logic editor view, click on the Start force mode ( ) button.
4. In the dialog box that follows, enter the time after which force mode is to be

terminated automatically if no further actions are triggered and click on OK.
✓ Force mode is started and the background color of the logic editor changes to red.

NOTE
While force mode is active, it is not possible to log out, to receive and compare a
configuration, or to stop the device.

Switching inputs in force mode
► Click on an input. A menu appears with the following options:

° Force 0: The input is evaluated as 0 in the logic program, regardless of its
actual physical value in the Flexi Soft system.

° Force 1: The input is evaluated as 1 in the logic program, regardless of its
actual physical value in the Flexi Soft system.

° Deselect forcing: The input is evaluated with its actual physical value in the
Flexi Soft system.

A forced input is indicated by an icon ( ). An active input (1) is shown in green and a
disabled input (0) in white.
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Figure 20: Forced and non-forced inputs
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NOTE

• When an input is being forced in the logic, the real value of the physical input is
not shown in the logic editor. Instead, it is shown in the Hardware configuration view
only.

• Force mode only affects the inputs in the logic program, not the physical inputs of
expansion modules.
Examples:

° Forcing does not affect the inputs of an FX3-XTIO module that are used for
Fast shut off. This means that the output may remain set to 0 in the hardware
even though the inputs in the logic have been forced to 1 because Fast shut
off in the FX3-XTIO module is controlled directly by the physical inputs.

° Forcing does not affect those inputs whose values are transmitted directly to
a PLC via a gateway instead of being controlled by the logic program.

• Force mode always applies across the complete project. Where logic programs
cover several pages in the logic editor, this means that a forced input is set to
the same value not just on the page of the logic editor that is currently being
displayed, but wherever it is used.

• If more than 16 outputs are switched simultaneously as a result of one input being
forced in a logic program, the switching of some of these outputs will be delayed
by the logic execution time (or a multiple thereof) due to the limited transmission
rate of the RS-232 interface. The logic execution time is dependent on the size of
the logic program. This is calculated automatically in the logic editor and displayed
on the top right-hand side of the FB group info information window.

• Unlike in simulation mode, you can also use the External device monitoring or Valve
monitoring function blocks when you are in force mode, provided that appropriate
devices are actually connected and these send the necessary feedback signal
when the outputs are activated.

• When using a Flexi Soft gateway, make sure that the process image of the Flexi
Soft gateway always reflects the actual physical value of the inputs and outputs
for the connected devices and not the (purely virtual) forced value of an input in
the logic program. If the value of an output changes (e.g., 1–0) because an input
has been forced in the logic program (e.g., 1–0), the physical value of the output
in the process image (i.e., the one that has actually been changed; in the example:
0) is transmitted to the PLC. However, the forced 0 value of the input in the logic
program does not get transmitted. Instead, the actual physical value of the input
on the device (in the example: 1) still gets transmitted. This must be taken into
account when transmitted data is being evaluated in the PLC.

Terminating force mode

Force mode can be terminated in the following ways:

• Manually by the user
• Automatically once the time defined at the start has elapsed
• Automatically after 30 seconds if the Flexi Soft system detects an error (e.g., if the

connection to the computer is interrupted)

When force mode is terminated, all outputs of the Flexi Soft system are set to 0 and the
active application is stopped.
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WARNING
Restricted safety when ending force mode
In the case of non-compliance, it is possible that the dangerous state of the machine
may not be stopped or not stopped in a timely manner.

► Before ending force mode, make sure that there is no risk of a dangerous situation
arising.

► Make sure that the machine or system goes into a safe status when force mode is
terminated and that it cannot sustain any damage.

► Before restarting the machine or system, make sure that it does not pose any
risks.

► Click on the Stop force mode button. A safety prompt appears. Select Yes to confirm
this and quit force mode or click No to remain in force mode.
On expiry of the time defined at the start, force mode is terminated automatically
if no action (e.g., Force input) is performed. In force mode, there is a timer on
the top right-hand side to indicate how much time is left before force mode is
terminated automatically. This timer is reset whenever an action is performed. To
reset the timer, click on the Trigger force mode button. A dialog box appears 15
seconds before the timer runs out to tell you that force mode is about to be
terminated.

► Click on Cancel. The dialog box closes and force mode is terminated on expiry of
the set time.

Or:

► Click OK to close the dialog box, reset the timer, and remain in force mode.

Or:

► If you do not respond, force mode is terminated on expiry of the set time.

9.11 The tag name editor

The tag name editor allows you to modify all of the tag names within a project.

► In the device window, go to Configuration and click on Tag name editor.

Types of tag name in the tag name editor

• Logic results and CPU markers
• Local I/O: Tag names for expansion modules and the input and output elements

connected to these
• Gateways: Tag names for the input and output data sets of the gateways
• RS232 HMI: Tag names for RS-232 inputs and outputs

The tag names that correspond to the selected type are listed in a tree view and can be
edited here.

If a particular type of tag name is not available in the project (e.g., if RS-232 routing is
not activated), then it will not be displayed in the tag name editor.

9.11.1 Importing and exporting tag names

Under Import/Export tag names, you can import tag names from a CSV or Excel file or save
tag names as a text file in CSV format. The following buttons are used for this purpose:

Table 13: Buttons for importing and exporting tag names

Button Meaning

Import tag names
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Button Meaning

Exporting tag names

Export to Pro-face GP-Pro EX

9.11.2 Exporting tag names for Pro-face GP-Pro EX

You can use the Export to Pro-face GP-Pro EX button to export the tag names for subse‐
quent use in Pro-face GP-Pro EX.

NOTE
In Pro-face GP-Pro EX, the tag names must not exceed the maximum length of 32
characters. Longer tag names will be truncated. This may result in several identical tag
names when the tag names are exported.
For this reason, the export process allows you to specify whether an additional prefix or
postfix should be attached to each exported tag name to serve as a unique identifier.

Exporting tag names
► Click on the Export to Pro-face GP-Pro EX button.
► Click on Browse ....
► Select the desired destination, enter a file name, and click on OK.
► Specify whether a prefix, a postfix, or neither should be added to the tag names.
► Click on OK to start the export process.
✓ The tag names are saved as a CSV file using the selected file name.

If the software was unable to generate unique tag names, the following warning
appears:

► Check the exported CSV file to see if this issue affects any of the tag names that
are to be used in Pro-face. If it does, the following options are available:
► Assign shorter tag names and export again.
Or:
► Change the problematic tag names manually in the exported CSV file.

NOTE
As well the tag names, the alarm messages of the Flexi Soft system are also saved
in the same folder during the export process. These are saved as CSV files in all the
available languages. For this reason, we recommend using a separate folder when
exporting tag names.

For further information about connecting a Pro-face HMI to a Flexi Soft system, please
see the operating instructions titled “Flexi Soft Modular Safety Controller Hardware”.

For further information about using tag names and carrying out programming in Pro-
face GP-Pro EX, please refer to the manual and online help for Pro-face GP-Pro EX.

9.11.3 Coding Pro-face prefixes and postfixes

If you activate the Add prefix or Add postfix options when exporting the tag names, each
tag name has a coded prefix or postfix added to it that identifies the data source of
the tag name concerned. The following table describes the individual components that
make up the prefix or postfix.
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Table 14: Coding Pro-face prefixes and postfixes

Possible values

Data type Station Source Byte, input, or
output

No. or bit

Module status A … D 1) 00 … 14
(no. of module
in Flexi Soft
station)

I
(input I#)

1 … 8

Q
(output Q#)

1 … 4

EFI1 or EFI2 A … D EFI1, EFI2 0 … 3 0 … 7

Flexi Soft to RS-232
(100 byte input) 2)

A … D F2R 00 … 99 0 … 7

RS-232 to Flexi Soft (4 byte
output) 2)

A … D R2F 0 … 3 0 … 7

CPU type code array A … D CTYP 00 … 17 0 … 7

Expansion module type code
array

A … D MTYP 000 … 255 0 … 7

Operating data block A … D ODB 0 … 9 0 … 7

Checksum A … D CRC 00 … 19 0 … 7

1) The station coding relates to Flexi Link. In the case of standalone systems, the station is always A.
2) Information on configuring data exchange via the RS-232 interface: see "RS-232 routing", page 29.

NOTE

• The Flexi Link and EFI functions are not supported in Safety Designer. The station
is therefore always A; the EFI1 and EFI2 data types do not play a role in practice.

• The Pro-face HMI only supports tag names with a length of up to 32 characters.
Therefore, tag names that exceed this limit will be truncated to the maximum
length (including the prefix or postfix).

Examples

• The prefix or postfix A01I1 denotes station A, module 01, input I1.
• The prefix or postfix AF2R023 denotes station A, RS-232 input, byte 02, bit 3.

For further information about connecting a Pro-face HMI to a Flexi Soft system, please
see the operating instructions titled “Flexi Soft Modular Safety Controller Hardware”.

For further information about using tag names and carrying out programming in Pro-
face GP-Pro EX, please refer to the manual and online help for Pro-face GP-Pro EX.
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10 Function blocks in the main module

Overview

The Flexi Soft system uses function blocks to define the safety-related logic. There are
two types of function block: logical function blocks and application-specific function
blocks. The following table lists all the function blocks that are available in the main
modules.

Function blocks in the main module

Table 15: Overview of the function blocks in the main module

Logic

• NOT (negation)

• AND (conjunction)

• OR (disjunction)

• XOR (exclusive OR)

• XNOR (exclusive NOR)

• Multiple release

• RS Flip-Flop

• JK Flip-Flop

• Multiple memory

• Binary decoder

• Binary encoder

• Routing 1:n (signal duplication)

• Routing n:n (n inputs to n outputs in paral‐
lel)

Start/signal edge

• Reset

• Restart
• Start warning

• Edge detection

Delays

• Switch-on delay

• Switch-off delay
• Adjustable switch-on delay timer

• Adjustable switch-off delay timer

Event counter and clock

• Event counter (up, down, up and down)

• Clock generator
• Ramp down detection

• Frequency monitoring

• Message generator

EDM/output function blocks

• External device monitoring

• Valve monitoring
• Fast shut off with bypass

• Fast shut off

Muting/presses

• Sequential muting

• Parallel muting

• Cross muting

• Universal press contact

• Press single stroke

• Press setup

• Press automatic

• PSDI mode

• Eccentric press contact

Other

• Operating mode selector switch

• Emergency stop

• Safety gate monitoring

• Magnetic switch

• Light grid monitoring

• Tolerant dual-channel evaluation

• Two-hand control type IIIA

• Two-hand control type IIIC

• Multi operator

• Switch synchronization

• Error output combination

Customized function blocks

• Grouped function block • Customized function block
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Complementary information

A configuration can include up to 255 function blocks. The logic execution time is
dependent on the type and number of function blocks used. Therefore, the number of
function blocks used should always be kept as low as possible.

10.1 Logical function blocks

10.1.1 NOT

Function block diagram

Figure 21: Inputs and outputs of the NOT function block

General description

The value at the output is the inverted value of the input. If, for example, the input is set
to 1, the output is set to 0.

Truth table

Table 16: Truth table for the NOT function block

Input Output

0 1

1 0

10.1.2 AND

Function block diagram

Figure 22: Inputs and outputs of the AND function block

General description

The output is set to 1 when all the evaluated inputs are 1. Up to eight inputs are
evaluated.

Function block parameters

Table 17: Parameters of the AND function block

Parameter Possible values

Number of inputs 2 to 8

Invert input x Every input of this function block can be inverted. At an inverted input,
a 0 works in the same way as a 1 and vice versa.

Truth tables

The following explanations apply to the truth tables in this section:
• “x” signifies “any” (0 or 1).
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NOTE
Truth tables apply when the function blocks are configured without inverted inputs.

Table 18: Truth table for AND evaluation with two inputs

Input 1 Input 2 Output

0 x 0

x 0 0

1 1 1

Table 19: Truth table for AND evaluation with eight inputs

Input 1 Input 2 Input 3 Input 4 Input 5 Input 6 Input 7 Input 8 Output

0 x x x x x x x 0

x 0 x x x x x x 0

x x 0 x x x x x 0

x x x 0 x x x x 0

x x x x 0 x x x 0

x x x x x 0 x x 0

x x x x x x 0 x 0

x x x x x x x 0 0

1 1 1 1 1 1 1 1 1

10.1.3 OR

Function block diagram

Figure 23: Inputs and outputs of the OR function block

General description

The output is set to 1 when any of the evaluated inputs are 1. Up to eight inputs are
evaluated.

Function block parameters

Table 20: Parameters of the OR function block

Parameter Possible values

Number of inputs 2 to 8

Invert input x Every input of this function block can be inverted. At an inverted input,
a 0 works in the same way as a 1 and vice versa.

Truth tables

The following explanations apply to the truth tables in this section:
• “x” signifies “any” (0 or 1).

NOTE
Truth tables apply when the function blocks are configured without inverted inputs.
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Table 21: Truth table for OR evaluation with two inputs

Input 1 Input 2 Output

0 0 0

1 x 1

x 1 1

Table 22: Truth table for OR evaluation with eight inputs

Input 1 Input 2 Input 3 Input 4 Input 5 Input 6 Input 7 Input 8 Output

0 0 0 0 0 0 0 0 0

1 x x x x x x x 1

x 1 x x x x x x 1

x x 1 x x x x x 1

x x x 1 x x x x 1

x x x x 1 x x x 1

x x x x x 1 x x 1

x x x x x x 1 x 1

x x x x x x x 1 1

10.1.4 XOR (exclusive OR)

Function block diagram

Figure 24: Inputs and outputs of the XOR function block

General description

The output is only set to 1 if the two inputs are complementary (i.e., the values are
opposites; one input is 1 and one input is 0).

Truth table for the XOR function block

Table 23: Truth table for XOR evaluation

Input 1 Input 2 Output

0 0 0

0 1 1

1 0 1

1 1 0

10.1.5 XNOR (exclusive NOR)

Function block diagram

Figure 25: Inputs and outputs of the XNOR function block
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General description

The output is only set to 1 if the two inputs are equivalent (i.e., they have the same
values; both inputs are either 1 or 0).

Truth table for the XNOR function block

Table 24: Truth table for XNOR evaluation

Input 1 Input 2 Output

0 0 1

0 1 0

1 0 0

1 1 1

10.1.6 Multiple release

Function block diagram

Figure 26: Inputs and outputs of the Multiple release function block

General description

Using the Multiple release function block, up to 7 inputs can be logically ANDed with
the Release input (7 times AND).

Function block parameters

Table 25: Parameters of the Multiple release function block

Parameter Possible values

Number of inputs
(not including Release
input)

1 to 7

Invert input x Every input of this function block can be inverted. At an inverted input,
a 0 works in the same way as a 1 and vice versa.Invert Release

Truth table for the Multiple release function block

NOTE
Truth tables apply when the function blocks are configured without inverted inputs.

Table 26: Truth table for the Multiple release function block

Release Output x

0 0

1 Input x
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10.1.7 RS Flip-Flop

Function block diagram

Figure 27: Inputs and outputs of the RS Flip-Flop function block

General description

The RS Flip-Flop function block saves the most recent value for the Set or Reset inputs. It
is used as a simple memory cell. Reset has a higher priority than Set. If the most recent
value for Set was 1, output Q is 1 and output /Q (Q inverted) is 0. If the most recent
value for the Reset input was 1, output Q is 0 and output /Q is 1.

Function block parameters

Table 27: Parameters of the RS Flip-Flop function block

Parameter Possible values

Invert Set Every input of this function block can be inverted. At an inverted input,
a 0 works in the same way as a 1 and vice versa.Invert Reset

Truth table for the RS Flip-Flop function block

The following explanations apply to the truth table in this section:

• “n–1” refers to the previous value.
• “n” refers to the current value.
• “x” signifies “any” (0 or 1).

NOTE
Truth tables apply when the function blocks are configured without inverted inputs.

Table 28: Truth table for the RS Flip-Flop function block

Set Reset Output Q n–1 Output Q n Output /Q n

0 0 0 0 1

0 0 1 1 0

0 1 x 0 1

1 0 x 1 0

1 1 x 0 1

10.1.8 JK Flip-Flop

Function block diagram

Figure 28: Inputs and outputs of the JK Flip-Flop function block

General description

The JK Flip-Flop function block has three inputs. The J and K inputs only affect the
outputs if a rising signal edge is detected at the PSDI input:
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• If input J is 1 and input K is 0, output Q switches to 1 and output/Q
(= Q inverted) switches to 0.

• If input J is 0 and input K is 1, output Q switches to 0 and output/Q switches to 1.
• If both inputs are 0, outputs Q and/Q remain set to the most recent value.
• If both inputs are 1, the outputs switch over, i.e., their most recent values are

inverted.

Function block parameters

Table 29: Parameters of the JK Flip-Flop function block

Parameter Possible values

Number of outputs • 1 (Q)

• 2 (Q and /Q)

Invert J Every input of this function block can be inverted. At an inverted input,
a 0 works in the same way as a 1 and vice versa.Invert Clock

Invert K

Truth table for the JK Flip-Flop function block

The following explanations apply to the truth table in this section:

• “↑” signifies that a rising signal edge has been detected at the input.
• “↓” signifies that a falling signal edge has been detected at the input.
• “n–1” refers to the previous value.
• “n” refers to the current value.
• “x” signifies “any” (0 or 1).

NOTE
Truth tables apply when the function blocks are configured without inverted inputs.

Table 30: Truth table for the JK Flip-Flop function block

J K Clock Output Q n–1 Output Q n Output /Q n

x x 0, 1, or ↓ 0 0 1

x x 0, 1, or ↓ 1 1 0

0 0 ↑ 0 0 1

0 0 ↑ 1 1 0

0 1 ↑ 0 0 1

0 1 ↑ 1 0 1

1 0 ↑ 0 1 0

1 0 ↑ 1 1 0

1 1 ↑ 0 1 0

1 1 ↑ 1 0 1

10.1.9 Multiple memory

Function block diagram

Figure 29: Inputs and outputs of the Multiple memory function block
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General description

Depending on the Save input, the status of up to 7 inputs can be forwarded or saved at
the respective outputs.

If the Save input is set to 0, the status of inputs 1 to 7 is forwarded to outputs 1 to 7
unchanged.

If the Save input switches from 0 to 1, the current status of inputs 1 to 7 is saved and
continues to be output at outputs 1 to 7 for as long as the Save input remains set to 1.
Any change in status of inputs 1 to 7 during this time will not affect the outputs 1 to 7.

If the Save input is already set to 1 during the first cycle when the system transitions
from the Stop to the Run status, this has the same effect as a switch from 0 to 1, i.e.,
the current status of inputs 1 to 7 is saved and continues to be output at outputs 1 to 7
for as long as the Save input remains set to 1.

If the Save input is not inverted, then the status of the Save output will always corre‐
spond to the status of the Save input.

If the Save input is inverted, then the status of the Save output will always correspond to
the inverted status of the Save input.

Function block parameters

Table 31: Parameters of the Multiple memory function block

Parameter Possible values

Number of inputs
(not including Save
input)

1 to 7

Invert input x Every input of this function block can be inverted. At an inverted input,
a 0 works in the same way as a 1 and vice versa.

Truth table for the Multiple memory function block

The following explanations apply to the truth table in this section:

• “↑” signifies that a rising signal edge (switch from 0 to 1) has been detected at the
input.

• “n–1” refers to the previous value.
• “n” refers to the current value.

NOTE
Truth tables apply when the function blocks are configured without inverted inputs.

Table 32: Truth table for the Multiple memory function block

Save input Save output Output xn

0 0 Input x

↑ ↑ Input x

1 1 Output xn-1

10.1.10 Clock generator

Function block diagram

Figure 30: Inputs and outputs of the Clock generator function block
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General description

The Clock generator function block allows you to generate a pulsed signal. When the
Enable clock input is set to 1, the Clock output pulsates from 0 to 1 and back to 0 in
accordance with the function block parameter settings. The Clock output switches to 0
when the Enable clock input is set to 0.

Figure 31: Parameter diagram for the Clock generator function block

Pulse time < elementary period (clock period)

The pulse time and elementary period are configured as a multiple of the logic execu‐
tion time.

Function block parameters

WARNING
The clock period and pulse time change when the logic execution time is adjusted
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Check the whole application to ensure it functions without errors after any change
to the configuration.

Table 33: Parameters of the Clock generator function block

Parameter Possible values

Stop mode • Immediate

• After last clock pulse

Elementary period
(clock period)

2 to 65,535
Duration = parameter value × logic execution time

Pulse time (pulse
duration)

1 to 65,534
Duration = parameter value × logic execution time
The pulse time must be shorter than the elementary period.

Sequence/timing diagram

Figure 32: Sequence/timing diagram for the Clock generator function block
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10.1.11 Event counter (up, down, and up and down)

Function block diagram

Figure 33: Inputs and outputs of the Event counter function block (up and down)

General description

You can use the Event counter function blocks to count events (in an upward and/or
downward direction) so that the Overflow output indicates when a preset overflow value
is reached and the Underflow output indicates when a value of zero is reached. The
following function blocks are available for the various counting directions required:
Event counter (up), Event counter (down) and Event counter (up and down).

Functionality

A rising signal edge (0–1) at the Up input increases the value of the internal counter by
“1”.

A rising signal edge (0–1) at the Down input reduces the value of the internal counter by
“1”.

If a rising signal edge (0–1) occurs at both the Up input and the Down input (only applies
in the case of the up and down event counter function block), the value of the internal
counter remains unchanged.

Function block parameters

Table 34: Parameters of the Event counter function blocks (up, down, and up and down)

Parameter Possible values

Reset to zero after
overflow

• Manual

• Automatic

Set to start value after
underflow

• Manual

• Automatic

Overflow value Integer of between 1 and 65,535. The overflow value must be greater
than or equal to the start value.

Start value Integer of between 1 and 65,535

Min. pulse time for
reset to zero

• 100 ms

• 350 ms

Min. pulse time for set
to start value

• 100 ms

• 350 ms

NOTE
If a short-circuit to High (to 24 V DC) occurs at a physical input, the evaluated signal for
Reset to zero or for Set to start value may produce a pulse if the signal is reset as a result of
short-circuit detection.
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WARNING
Undesired reset following short-circuit to high
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure that the transitions of the signals for Reset to zero and Set to start value
are in line with requirements according to the safety standards and regulations.
► Make sure the signal line is laid with protection (to prevent a cross-circuit with

other signal lines)
► No short-circuit detection, i.e., no referencing to test outputs

Reset to zero

A valid pulse sequence with a 0–1–0 transition at the Reset to zero input sets the inter‐
nal counter to “0”. This happens whether or not the Overflow value has been reached
and regardless of whether Reset to zero after overflow has been configured as Manual or
Automatic.

The Min. pulse time for reset to zero determines the minimum duration of the pulse at the
Reset to zero input. The valid values are 100 ms and 350 ms. If the pulse duration is
shorter than the minimum pulse time configured or if it is longer than 30 s, the pulse is
ignored.

Set to start value

A valid pulse sequence with a 0–1–0 transition at the Set to start value input sets the
internal counter to the value that has been configured for the Start value parameter. This
happens whether or not Set to start value after underflow has been configured as Manual
or Automatic.

The Min. pulse time for set to start value determines the minimum duration of the pulse
at the Set to start value input. The valid values are 100 ms and 350 ms. If the pulse
duration is shorter than the minimum pulse time configured or if it is longer than 30 s,
the pulse is ignored.

Overflow value and Reset to zero after overflow

The Reset to zero after overflow parameter determines what happens when the counter
reaches the Overflow value. If this parameter is configured as Automatic and the internal
counter is equal to the Overflow value, the Overflow output remains 1 for the duration of
the logic execution time. After that, the value of the internal counter is reset to zero.

If the Reset to zero after overflow parameter is configured as Manual and the Overflow value
has been reached, the Overflow output is set to 1 and remains 1 until the counter value
changes again due to a countdown operation, a valid pulse sequence at the Reset to zero
input, or a valid pulse sequence at the Set to start value input when the start value is
lower than the overflow value. Until then, all other “up” counting pulses are ignored.

Start value and Set to start value after underflow

The Set to start value after underflow parameter determines what happens when the
counter reaches a value of zero. If this parameter is configured as Automatic and the
internal counter is equal to zero, the Underflow output remains 1 for the duration of the
logic execution time. After that, the value of the internal counter is set to the configured
Start value.

If the Set to start value after underflow is configured as Manual and the lower limit (i.e.,
zero) has been reached, the Underflow output is set to 1 and remains 1 until the counter
value changes again due to a count-up operation or a valid pulse sequence at the Set to
start value input. Until then, all other “down” counting pulses are ignored.

FUNCTION BLOCKS IN THE MAIN MODULE 10

8014519/1KOF/2023-09-08 | SICK O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 81
Subject to change without notice



Truth table for the Event counter function blocks (up, down, and up and down)

The following explanations apply to the truth table in this section:

• “↑” signifies that a rising signal edge has been detected at the signal input.
• “↓” signifies that a falling signal edge has been detected at the signal input.
• “n–1” refers to the previous value.
• “n” refers to the current value.
• “y” refers to the value of the internal counter.
• “x” signifies “any”. For example, the Reset to zero and Set to start value inputs have

priority over the Up and Down inputs.

Table 35: Truth table for the Event counter function blocks (up, down, and up and down)

Up Down Reset to
zero

Set to
start
value

Counter
value n–1

Counter value
n

Over‐
flow n

Under‐
flow n

↑ 0, 1, or ↓ 0 0 y y+1 0 0

↑ 0, 1, or ↓ 0 0 y y+1 = over‐
flow value

1 0

↑ 0, 1, or ↓ 0 0 y = over‐
flow value

y = overflow
value

1 0

0, 1, or ↓ ↑ 0 0 y y–1 0 0

0, 1, or ↓ ↑ 0 0 y y–1 = 0 0 1

0, 1, or ↓ ↑ 0 0 y = 0 y = 0 0 1

↑ ↑ 0 0 y y 0 0

x x 1 0 y Reset to zero 0 0

x x 0 1 y Set to start
value

0 0

x x 1 1 y Reset to zero 0 0

10.1.12 Fast shut off and Fast shut off with bypass

Function block diagram

Figure 34: Inputs and outputs of the Fast shut off function block

Figure 35: Inputs and outputs of the Fast shut off with bypass function block

General description

The Fast shut off and Fast shut off with bypass function blocks are used to minimize
the response time of a safety switching path within the Flexi Soft system. These func‐
tion blocks can only be used if both the inputs and the outputs of the switching path are
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connected to the same expansion module (i.e., FX3-XTIO). This is necessary because
both Fast shut off function blocks trigger direct shut-off on the expansion module, in
turn resulting in a shorter shut-off time that is independent of the logic execution time.

As far as the Fast shut off function block is concerned, this means that the logic
between the fast shut-off input and output cannot prevent a shut-off once the Fast shut
off is activated.

By contrast, the Fast shut off with bypass function block makes it possible to bypass
the Fast shut off function temporarily with the help of the Bypass input.

Example: In this logic example, the safety light curtain shuts off the motor.

Figure 36: Example of Fast shut off

A simple form of logic such as this can be implemented within the Fast shut off function
block (see configuration instructions below).

NOTE
The signal path running from the output of the Fast shut off function block to the
physical output selected in the Fast shut off function block must be organized so
that the physical output is also deactivated immediately along with the output of the
Fast shut off function block. Typically, the AND, Restart, or External device monitoring
function blocks can be used as part of the signal chain within this context. By contrast,
an OR function block does not comply with the rules and so is not suitable.
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Response time

The response time of the Fast shut off function block is not the same as the total
response time of the complete safety function. The total response time involves several
parameters that are not part of this function block.

WARNING
Incorrect calculation of the total response time
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Always observe the total response time of the complete safety function when
configuring the Fast shut off.

NOTE
For a table on calculating the total response time of the Flexi Soft system, please refer
to the operating instructions titled “Flexi Soft Modular Safety Controller Hardware”.

Function block parameters

Table 36: Parameters of the Fast shut off and Fast shut off with bypass function blocks

Parameter Possible values

Number of inputs Fast shut off: 1 to 8
Fast shut off with bypass: 1 to 7

Output for Fast shut off Any output of the expansion module whose inputs are connected
to the function block, unless the output concerned is already
being used for the Fast shut off function

Configuring Fast shut off

The following example illustrates the function on the basis of three light curtains that
are connected to one Fast shut off function block.
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Figure 37: Example of Fast shut off with three light curtains

► Connect the required input elements and output elements to the FX3-XTIO mod‐
ule.

► Connect the elements to the function block. In the configuration dialog of the
function block, you can select the number of required inputs under I/O settings.

► Then, select the box for the inputs under Parameters to select the area.
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Figure 38: Parameter settings for the Fast shut off function block

NOTE
If you only need to use AND logic, you can leave the AND function block inputs for Zone
2 deactivated. However, if you need to use OR logic as well, you can combine the inputs
with the help of the Zone 1 and Zone 2 function blocks and then connect them to the
internal OR function block.

► Finally, select the output for Fast shut off.

Figure 39: Selecting the output for Fast shut off
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The selected inputs and outputs are now connected to one another in such a way
that the outputs in the hardware configuration can no longer be moved to any other
position and the inputs must remain connected to the same FX3-XTIO module. The
elements that have been connected in this way are shown in orange in the hardware
configuration.

Figure 40: What the inputs and outputs connected to the Fast shut off function block look like in
the hardware configuration

These connections will be undone if the Fast shut off function block is edited or
deleted.

Fast shut off with bypass

In some applications, it may be necessary to bypass the Fast shut-off function, e.g.,
in safe setup mode when the machine can only be operated in inching mode. The
Fast shut-off with bypass function block is available for this purpose. This is used
and configured in exactly the same way as the Fast shut-off function block. The only
difference is that one of the inputs of the Fast shut-off with bypass function block is
used for the Bypass function.
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WARNING
Restricted safety during the Bypass
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure that the system or machine is in a safe status when using the Bypass
function.

► Ensure the mandatory use of other protective measures while the Bypass function
is active, e.g., that the machine is in safe setup mode so that it cannot endanger
people or parts of the system while the bypass is active.

► Take into account the longer response time when the bypass is deactivated when
planning the application.

NOTE

• Unlike the other inputs and outputs of this function block, the Bypass input can be
connected to an output of another function block and also to any other input ele‐
ment that can be moved across to another module in the hardware configuration
as well.

• The Bypass input is subject to a switch-on delay of three logic cycles to compensate
for any delays associated with the logic processing time and the FLEXBUS+ trans‐
mission time. This delay makes sure that the I/O module has received the bypass
signal before this is used for further logic processing in the Fast shut off with
bypass function block. As a result of this delay, the Bypass input must remain set
to 1 for three logic cycles before the Fast shut off function can be successfully
bypassed. If this condition is met, the Fast shut off output of the function block
remains set to 1, and the physical output on the I/O module remains set to High.

• The Fast shut off function block immediately deactivates the output of the FX3-
XTIO module that is connected to it and the subsequent logic programming is
ignored. For this reason, additional bypass conditions cannot be programmed in
the logic editor between the output of the Fast shut off function block and the
FX3-XTIO output that is connected to it.

• The value of the connected FX3-XTIO output in the online monitor may deviate
from the actual value of the FX3-XTIO module’s physical output. For example, the
connected output may be 0 because of the downstream logic while the output
of the Fast shut off with bypass function block is 1 and the FX3-XTIO module’s
physical output is High, because the Bypass input is 1.

• If one of the requirements of the application is the ability to deactivate the output
of the FX3-XTIO module independently of any existing bypass condition (e.g., emer‐
gency stop), the underlying logic must be implemented in the manner illustrated
below so that the relevant shutdown signal (e.g., emergency stop) also deactivates
the Bypass input of the function block (see example).

10 FUNCTION BLOCKS IN THE MAIN MODULE

88 O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 8014519/1KOF/2023-09-08 | SICK
Subject to change without notice



Figure 41: Example of Fast shut off with bypass with more than one bypass condition

10.1.13 Edge detection

Function block diagram

Figure 42: Inputs and outputs of the Edge detection function block

General description

The Edge detection function block makes it possible to detect a positive (rising) or
negative (falling) input signal edge. The function block can be configured to detect a
positive signal edge, a negative signal edge, or both. If a signal edge corresponding
to the parameter settings is detected, the Edge detected output switches to 1 for the
duration of the logic execution time.
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Function block parameters

Table 37: Parameters of the Edge detection function block

Parameter Possible values

Edge detection • Positive

• Negative

• Positive and negative

Sequence/timing diagram

Figure 43: Sequence/timing diagram for the Edge detection function block

10.1.14 Binary encoder

Function block diagram

Figure 44: Inputs and outputs of the Binary encoder function block

General description

Depending on the current configuration, the Binary encoder function block converts a
1-of-n code or a priority code into a binary code (output A = 2,0output B = 2¹, output
C = 2²). Between two and eight inputs can be configured. The number of outputs is
determined by the number of inputs. An optional Fault present output is also available.

Function block parameters

Table 38: Parameters of the Binary encoder function block

Parameter Possible values

Number of inputs 2 to 8

Coding mode • 1-of-n

• Priority

• Priority-to-binary (Input 1 dominant)

Use Fault present • With

• Without
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Fault present output

WARNING
Undetected faults
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Remember to evaluate the Fault present output if the Binary encoder function block
is being used for safety purposes.

If the Binary encoder function block is used for safety-related logic, then the evaluation
of the Fault present is the only way to determine whether it is just a case of input 1 being
set to 1 or whether the input status is invalid. In both instances, all outputs are set to 0.

1-of-n

In 1-of-n mode, only one input may be set to 1 at any given time. The outputs are set on
the basis of the index number of the input concerned (input 1 = 1, input 2 = 2, etc.). If
all the inputs are 0 or if multiple inputs are 1 at the same time, all the outputs are set
to 0 and the Fault present output switches to 1.

Priority

In Priority mode, multiple inputs can be set to 1 at the same time. The outputs are set
on the basis of the input with the highest index (input 1 = 1, input 2 = 2, etc.). If all the
inputs are 0 at the same time, all the outputs are set to 0 and the Fault present output
switches to 1.

Priority-to-binary (Input 1 dominant)

In this mode, all the outputs are set to 0 when input 1 is 1. All the remaining inputs are
ignored. When input 1 is 0, the function block behaves in the same way as for Priority
mode. If all the inputs are 0 at the same time, all the outputs are set to 0 and the Fault
present output switches to 1.

Truth tables for the Binary encoder function block

The following explanations apply to the truth tables in this section:

• “x” signifies “any” (0 or 1).

Table 39: Truth table for the Binary encoder function block with two inputs in 1-of-n mode

Input 2 Input 1 Output A Fault present

0 0 0 1

0 1 0 0

1 0 1 0

1 1 0 1
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Table 40: Truth table for the Binary encoder function block with eight inputs in 1-of-n mode

Input 8 Input 7 Input 6 Input 5 Input 4 Input 3 Input 2 Input 1 Output C Output B Output A Fault
present

0 0 0 0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 1 0 0 0 0

0 0 0 0 0 0 1 0 0 0 1 0

0 0 0 0 0 1 0 0 0 1 0 0

0 0 0 0 1 0 0 0 0 1 1 0

0 0 0 1 0 0 0 0 1 0 0 0

0 0 1 0 0 0 0 0 1 0 1 0

0 1 0 0 0 0 0 0 1 1 0 0

1 0 0 0 0 0 0 0 1 1 1 0

More than one input = 1 0 0 0 1

Table 41: Truth table for the Binary encoder function block with two inputs in Priority mode

Input 2 Input 1 Output A Fault present

0 0 0 1

0 1 0 0

1 x 1 0

Table 42: Truth table for the Binary encoder function block with eight inputs in Priority mode

Input 8 Input 7 Input 6 Input 5 Input 4 Input 3 Input 2 Input 1 Output C Output B Output A Fault
present

0 0 0 0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 1 0 0 0 0

0 0 0 0 0 0 1 x 0 0 1 0

0 0 0 0 0 1 x x 0 1 0 0

0 0 0 0 1 x x x 0 1 1 0

0 0 0 1 x x x x 1 0 0 0

0 0 1 x x x x x 1 0 1 0

0 1 x x x x x x 1 1 0 0

1 x x x x x x x 1 1 1 0

Table 43: Truth table for the Binary encoder function block with two inputs in Priority-to-binary
(Input 1 dominant) mode

Input 2 Input 1 Output A Fault present

0 0 0 1

x 1 0 0

1 0 1 0
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Table 44: Truth table for the Binary encoder function block with eight inputs in Priority-to-binary (Input 1 dominant) mode

Input 8 Input 7 Input 6 Input 5 Input 4 Input 3 Input 2 Input 1 Output C Output B Output A Fault
present

0 0 0 0 0 0 0 0 0 0 0 1

x x x x x x x 1 0 0 0 0

0 0 0 0 0 0 1 0 0 0 1 0

0 0 0 0 0 1 x 0 0 1 0 0

0 0 0 0 1 x x 0 0 1 1 0

0 0 0 1 x x x 0 1 0 0 0

0 0 1 x x x x 0 1 0 1 0

0 1 x x x x x 0 1 1 0 0

1 x x x x x x 0 1 1 1 0

10.1.15 Binary decoder

Function block diagram

Figure 45: Inputs and outputs of the Binary decoder function block

General description

Depending on how it is currently configured, the Binary decoder function block decodes
a binary code by converting it into either a 1-of-n code or a priority code. Up to five
inputs can be configured. The number of outputs is determined by the number of
inputs. When inputs A, B, and C are evaluated, a single Binary decoder function block
can be used to decode binary codes with decimal values ranging from 0 to 7 (input A =
20, input B = 2¹, input C = 2²). Optional inputs D and E allow you to combine up to four
Binary decoder blocks for the purpose of decoding binary codes with decimal values
ranging from 0 to 31.

Function block parameters

Table 45: Parameters of the Binary decoder function block

Parameter Possible values

Coding mode • 1-of-n

• Priority

Inputs • Not inverted

• Inverted

Number of inputs 1 to 5

Value range • 0 to 7

• 8 to 15 (only available if more than three inputs are used)

• 16 to 23 (only available if five inputs are used)

• 24 to 31 (only available if five inputs are used)

1-of-n

In 1-of-n mode, the only output set to 1 is the one whose number matches the current
input values.
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Priority

In Priority mode, the output whose number matches the current input values is set to 1,
along with all outputs with lower numbers.

Inputs inverted/not inverted

This parameter can be used to invert all the inputs.

Truth tables for the Binary decoder function block

Table 46: Truth table for the Binary decoder function block with one input in 1-of-n mode

Input A Output 2 Output 1

0 0 1

1 1 0

Table 47: Truth table for the Binary decoder function block with two inputs in 1-of-n mode

Input B Input A Output 4 Output 3 Output 2 Output 1

0 0 0 0 0 1

0 1 0 0 1 0

1 0 0 1 0 0

1 1 1 0 0 0

Table 48: Truth table for the Binary decoder function block with three inputs in 1-of-n mode

Inp. C Inp. B Inp. A Outp.
8

Outp.
7

Outp.
6

Outp.
5

Outp.
4

Outp.
3

Outp.
2

Outp.
1

0 0 0 0 0 0 0 0 0 0 1

0 0 1 0 0 0 0 0 0 1 0

0 1 0 0 0 0 0 0 1 0 0

0 1 1 0 0 0 0 1 0 0 0

1 0 0 0 0 0 1 0 0 0 0

1 0 1 0 0 1 0 0 0 0 0

1 1 0 0 1 0 0 0 0 0 0

1 1 1 1 0 0 0 0 0 0 0

Table 49: Truth table for the Binary decoder function block with one input in Priority mode

Input A Output 2 Output 1

0 0 1

1 1 1

Table 50: Truth table for the Binary decoder function block with two inputs in Priority mode

Input B Input A Output 4 Output 3 Output 2 Output 1

0 0 0 0 0 1

0 1 0 0 1 1

1 0 0 1 1 1

1 1 1 1 1 1
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Table 51: Truth table for the Binary decoder function block with three inputs in Priority mode

Inp. C Inp. B Inp. A Outp.
8

Outp.
7

Outp.
6

Outp.
5

Outp.
4

Outp.
3

Outp.
2

Outp.
1

0 0 0 0 0 0 0 0 0 0 1

0 0 1 0 0 0 0 0 0 1 1

0 1 0 0 0 0 0 0 1 1 1

0 1 1 0 0 0 0 1 1 1 1

1 0 0 0 0 0 1 1 1 1 1

1 0 1 0 0 1 1 1 1 1 1

1 1 0 0 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1

Evaluating more than three inputs

If four or five inputs are used, up to four Binary decoder blocks can be combined to
decode binary codes with values ranging from 0 to 31.

Figure 46: Four Binary decoder blocks combined

If you combine multiple Binary decoder function blocks, you must use the Value range
option to configure the range of values that is to be covered by each one. This range is
determined by the value of inputs D and E.
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Table 52: Value range of Binary decoder function block based on input D

Input D Value range

0 0 to 7

1 8 to 15

Table 53: Value range of Binary decoder function block based on inputs D and E

Input E Input D Value range

0 0 0 to 7

0 1 8 to 15

1 0 16 to 23

1 1 24 to 31

• If input D and input E have the same value as the Value range parameter (e.g., if input
E = 1, input D = 0, and the value range is set to 16–23), the function block behaves
as shown in the truth tables, depending on the value of inputs A, B, and C, and the
configured coding mode (1-of-n or Priority).

• If input D and input E have a lower value than the Value range parameter (e.g., if
input E = 0, input D = 1, and the value range = 16–23), all the outputs are set to 0
regardless of which coding mode is configured (1-of-n or Priority).

• If Input D and Input E have a higher value than the Value range parameter (e.g., Input E
= 1, Input D = 1, and the Value range = 16–23), then…

° all the outputs are set to 0 in 1-of-n mode,

° all the outputs are set to 1 in Priority mode.

10.1.16 Message generator

Function block diagram

Figure 47: Inputs and outputs of the Message generator function block

General description

The Message generator function block evaluates up to eight inputs. If a signal edge is
detected at one of these inputs in accordance with the configuration, the function block
sets the associated output to 1 for the duration of the logic execution time and adds a
customized text message to the diagnostic history. This can be read out in online mode
using the Diagnostics function in the configuration software.

NOTE
These messages get deleted if the voltage supply of the Flexi Soft system is interrupted.
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Function block parameters

Table 54: Parameters of the Message generator function block

Parameter Possible values

Number of inputs 1 to 8

Messages Up to 64 user-defined messages per project

Input condition • Rising signal edge

• Falling signal edge

• Rising or falling signal edge

The following example shows the Message generator function block with three emer‐
gency stop pushbuttons connected to it.

Figure 48: Example configuration for Message generator with three emergency stop pushbuttons

Configuring the Message generator function block
► Connect the input elements to the function block. In the configuration dialog of the

function block, you can select the required number of inputs under I/O settings.

► Then click on the Messages tab and enter the messages that you want to be output
in the Diagnostics view.
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Figure 49: Messages of the Message generator function block

NOTE

• You can enter up to 64 different messages per project, each with a maximum
length of 32,767 characters.

• The messages entered apply across all the Message generator function blocks
that are used in one project.

• The messages are saved in the project and remain there even if you delete the
Message generator function block from the workspace.

• You can use the Import from CSV and Export to CSV buttons to save the messages as
a text file in CSV format or to import them from a CSV file.

► Finally, on the Message assignment tab, assign the desired message to each of the
inputs used. For each input, select the input condition that will cause the relevant
message to be output when it is met (rising signal edge, falling signal edge, or
rising or falling signal edge).

NOTE
The message assignment cannot be exported or imported.
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Figure 50: Message assignment for the Message generator function block

Priority of messages

If more than one condition is met at the same time, the following priorities apply:

• If there is only one Message generator function block, the input with the lowest
number has priority, i.e., the message generated by this input is logged first.

• If multiple Message generator function blocks are used, the function block with
the lowest function block index number has priority, i.e., the messages generated
by this function block are logged first.

10.1.17 Routing 1:n

Function block diagram

Figure 51: Inputs and outputs of the Routing 1:n function block

General description

The Routing 1:n function block routes one input signal to a maximum of eight output
signals. This function block can be used to connect one output of a function block or
one input element to multiple output elements at the same time (e.g. outputs of an I/O
module, CPU markers). However, it is not required if you want to create a connection to
multiple function block inputs, as this can be done directly.

FUNCTION BLOCKS IN THE MAIN MODULE 10

8014519/1KOF/2023-09-08 | SICK O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 99
Subject to change without notice



Function block parameters

Table 55: Parameters of the Routing 1:n function block

Parameter Possible values

Number of outputs 1 to 8

10.1.18 Routing n:n

Function block diagram

Figure 52: Inputs and outputs of the Routing n:n function block

General description

The Routing n:n function block routes up to eight input signals to a maximum of eight
outputs in parallel. This function block makes it possible to connect input elements
(e.g., inputs of an FX3-XTIO or FX3-XTDI module) to output elements on a one-to-one
basis.

Function block parameters

Table 56: Parameters of the Routing n:n function block

Parameter Possible values

Number of inputs and
outputs

1 to 8

Invert input x Every input of this function block can be inverted. At an inverted input,
a 0 works in the same way as a 1 and vice versa.

10.2 Application-specific function blocks

10.2.1 Reset

Function block diagram

Figure 53: Inputs and outputs of the Reset function block

General description

The Reset function block can be used to meet the safety application requirements laid
down by standards for acknowledging a manual safety stop with a subsequent request
to restart the application. Typically, the safety logic for a Flexi Soft modular safety
controller will always include a Reset function block.
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NOTE
If a short-circuit to High (to 24 V DC) occurs at a physical input, the evaluated signal for
the Reset function may produce a pulse if the signal is reset as a result of short-circuit
detection.

WARNING
Undesired reset following short-circuit to high
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure that the transitions of the signals for the Reset function meet the
requirements of safety standards and regulations.
► Make sure the signal line is laid with protection (to prevent a cross-circuit with

other signal lines)
► No short-circuit detection, i.e., no referencing to test outputs

Function block parameters

Table 57: Parameters of the Reset function block

Parameter Possible values

Min. reset pulse time • 100 ms

• 350 ms

Number of inputs 2 to 8 (= 1 to 7 Release inputs activated)

Release condition fulfilled output

The Release condition fulfilled output indicates the result of an AND operation involving all
activated Release inputs. It is set to 1 when all the activated Release inputs are 1.

Reset required output

The Reset required output pulsates at 1 Hz to indicate that the function block is expecting
a valid reset pulse at the Reset input so that the Enable output can switch to 1. This
happens when the Release condition fulfilled output is 1, i.e., when all activated Release
inputs are 1 but the Enable output is still set to 0. This output is usually used to control
an indicator lamp.

Enable output

The Enable output switches to 1 when the Release condition fulfilled output is 1 and a valid
reset pulse has been detected at the Reset input, provided that all activated Release
inputs remain set to 1.

The Min. reset pulse time determines the minimum duration of the pulse at the Reset
input. The valid values are 100 ms and 350 ms. If the pulse duration is shorter than
the minimum pulse time configured or if it is longer than 30 s, the pulse is ignored.

The Enable output switches to 0 when one or more of the Release inputs change to 0.
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Sequence/timing diagram

Figure 54: Sequence/timing diagram for the Reset function block

1 Reset
2 Release 1 input
3 Enable output
4 Release condition fulfilled
5 Reset required
6 Stop - Run

10.2.2 Restart

Function block diagram

Figure 55: Inputs and outputs of the Restart function block

General description

The internal logic of the Restart function block works in exactly the same way as that
of the Reset function block. The Restart function block makes it possible to distinguish
between the function blocks graphically while still adhering to the application standards
for acknowledging a manual restart request.

NOTE
If a short-circuit to High (to 24 V DC) occurs at a physical input, the evaluated signal
for restarting may produce a pulse if the signal is reset as a result of short-circuit
detection.

WARNING
Undesired restart following short-circuit to high
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure that the transitions of the signals for the Restart function meet the
requirements of safety standards and regulations.
► Make sure the signal line is laid with protection (to prevent a cross-circuit with

other signal lines)
► No short-circuit detection, i.e., no referencing to test outputs

10 FUNCTION BLOCKS IN THE MAIN MODULE

102 O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 8014519/1KOF/2023-09-08 | SICK
Subject to change without notice



Function block parameters

Table 58: Parameters of the Restart function block

Parameter Possible values

Min. restart pulse time • 100 ms

• 350 ms

Number of inputs 2 to 8 (= 1 to 7 Release inputs activated)

Release condition fulfilled output

The Release condition fulfilled output indicates the result of an AND operation involving all
activated Release inputs. It is set to 1 when all the activated Release inputs are 1.

Restart required output

The Restart required output pulsates at 1 Hz to indicate that the function block is
expecting a valid restart pulse at the Restart input so that the Enable output can switch
to 1. This happens when the Release condition fulfilled output is 1, i.e., when all activated
Release inputs are 1 but the Enable output is still set to 0. This output is typically used to
control an indicator lamp.

Enable output

The Enable output switches to 1 when the Release condition fulfilled output is 1 and a valid
restart pulse has been detected at the Restart input, provided that all activated Release
inputs remain set to 1.

The Min. restart pulse time determines the minimum duration of the pulse at the Restart
input. The valid values are 100 ms and 350 ms. If the pulse duration is shorter than
the minimum pulse time configured or if it is longer than 30 s, the pulse is ignored.

The Enable output switches to 0 when one or more of the Release inputs change to 0.

Sequence/timing diagram

Figure 56: Sequence/timing diagram for the Restart function block

1 Restart
2 Release 1 input
3 Enable output
4 Release condition fulfilled
5 Restart required
6 Stop - Run
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10.2.3 Switch-off delay

Function block diagram

Figure 57: Inputs and outputs of the Off-delay timer function block

General description

The Off-delay timer function block delays deactivation of the Enable output by a configu‐
rable period of time.

Function block parameters

Table 59: Parameters of the Off-delay timer function block

Parameter Possible values

Delay time 0 to 300 s in 10 ms increments.
If the value is anything other than 0, it must be greater than the logic
execution time.

The timer starts the delay sequence when the input transitions from 1 to 0. When the
timer reaches the end of the configured delay time, the Release output also switches to
0, provided that the input is still set to 0. If the input changes to 1, the Release output
immediately switches to 1 and the timer is reset.

Sequence/timing diagram

Figure 58: Sequence/timing diagram for the Off-delay timer function block

1 Input
2 Set value
3 Timer value
4 Enable output
5 Stop - Run

10.2.4 Adjustable switch-off delay timer

Function block diagram

Figure 59: Inputs and outputs of the Adjustable off-delay timer function block
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General description

The Adjustable off-delay timer function block delays deactivation of the Enable output
by an adjustable period of time. It is possible to configure four custom off-delay times,
each of which can be activated by means of an associated Delay input. The total delay
time is equal to the sum of all the activated delay times.

Function block parameters

Table 60: Parameters of the Adjustable off-delay timer function block

Parameter Possible values

Off delay time 1 1 to 60 s in 10 ms increments.
If the value is anything other than 0, the associated input is
activated. In this case, the value must be greater than the
logic execution time.
The total delay time (sum of all off-delay times) is limited to
600 seconds.

Off delay time 2

Off delay time 3

Off delay time 4

The timer starts the delay sequence when a falling signal edge (1–0) occurs at the
Control input. When the timer reaches the end of the selected total delay time, the
Enable output also switches to 0, provided that the Control input is still set to 0. If the
Control input changes to 1, the Enable output immediately switches to 1 and the timer is
reset.

If any of the Delay inputs assume a different value while a delay sequence is running,
the Time changed output switches to 1 and remains set to 1 until the Control input
switches back to 1.

The effective total delay time is dependent on which Delay inputs were set to 1 when the
falling signal edge occurred at the Control input. This means that if a change does occur
at the Delay inputs during a delay sequence, it does not have any effect on the delay
sequence that is currently running.

If the Control input is 0 during the first logic cycle after a transition from the Stop status
to the Run status, the Enable output also remains set to 0.

Sequence/timing diagram

Timer value

Enable output

Control

Stop Run

Off delay time 1 + 2

0

Delay 1

Delay 2

Off delay time 1

Figure 60: Sequence/timing diagram for the Adjustable off-delay timer function block with Off
delay time 1 and Off delay time 2
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10.2.5 Switch-on delay

Function block diagram

Figure 61: Inputs and outputs of the On-delay timer function block

General description

The On-delay timer function block delays activation of the Enable output by a configura‐
ble period of time.

Function block parameters

Table 61: Parameters of the On-delay timer function block

Parameter Possible values

Delay time 0 to 300 s in 10 ms increments.
If the value is anything other than 0, it must be greater than the logic
execution time.

The timer starts the delay sequence when the input transitions from 0 to 1. When the
timer reaches the end of the configured delay time, the Release output also switches to
1, provided that the input is still set to 1. If the input changes to 0, the Release output
immediately switches to 0 and the timer is reset.

Sequence/timing diagram

Figure 62: Sequence/timing diagram for the On-delay timer function block

1 Input
2 Set value
3 Timer value
4 Enable output
5 Stop - Run

10.2.6 Adjustable switch-on delay timer

Function block diagram

Figure 63: Inputs and outputs of the Adjustable on-delay timer function block
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General description

The Adjustable on-delay timer function block delays activation of the Enable output by an
adjustable period of time. It is possible to configure four custom delay times, each of
which can be activated by means of an associated Delay input. The total delay time is
equal to the sum of all the activated delay times.

Function block parameters

Table 62: Parameters of the Adjustable on-delay timer function block

Parameter Possible values

On delay time 1 0 to 600 s in 10 ms increments.
If the value is anything other than 0, the associated input is
activated. In this case, the value must be greater than the
logic execution time.
The total delay time (sum of all on-delay times) is limited to
600 seconds.

On delay time 2

On delay time 3

On delay time 4

The timer starts the delay sequence when a rising signal edge (0–1) occurs at the
Control input. When the timer reaches the end of the selected total delay time, the
Enable output also switches to 1, provided that the Control input is still set to 1. If the
Control input changes to 0, the Enable output immediately switches to 0 and the timer is
reset.

If any of the Delay inputs assumes a different value while a delay sequence is running,
the Time changed output switches to 1 and remains set to 1 until the Control input
switches back to 0.

The effective total delay time is dependent on which Delay inputs were set to 1 when the
rising signal edge occurred at the Control input. This means that if a change does occur
at the Delay inputs during a delay sequence, it does not have any effect on the delay
sequence that is currently running.

If the Control input is 1 during the first logic cycle after a transition from the Stop status
to the Run status, the Enable output switches to 1 after expiry of the selected total delay
time.

Sequence/timing diagram

Timer value

Enable output

Control

Stop � Run

On delay time 1 + 2

0

Delay 1

Delay 2

On delay time 1

Figure 64: Sequence/timing diagram for the Adjustable on-delay timer function block with On
delay time 1 and On delay time 2
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10.2.7 External device monitoring

Function block diagram

Figure 65: Inputs and outputs of the External device monitoring function block

General description

The External device monitoring function block can be used to control an external device
(e.g., a contactor) and check – on the basis of its feedback signal – whether it has
switched as expected. This involves connecting the external device to Output 1 and/or
Output 2. The feedback signal is connected to the EDM feedback signal input. The Control
input is connected to the logic signal that represents the desired status for the external
device, e.g., the Enable output of a Reset function block.

Function block parameters

Table 63: Parameters of the External device monitoring function block

Parameter Possible values

Max. feedback delay • With firmware < 4.00.0: 10 to 1,000 ms in 10 ms increments.

• With firmware ≥ 4.00.0: 10 to 60,000 ms in 10 ms increments.

The value must be greater than the logic execution time.

Using the Error reset
input

• With

• Without

Use Fault present • With

• Without

Output 1 and Output 2

Both outputs always have the same value. This means that two outputs are available
for direct connection to two output elements.

Output 1 and Output 2 change to 1 if the EDM feedback signal is 1 and the Control input then
switches from 0 to 1.

Output 1 and Output 2 switch to 0 if the Control input is 0 or if an error occurs (EDM error
output set to 1).

NOTE
If you want the signals of Output 1 and Output 2 to be delayed, you need to implement
this delay using another function block that is located before – and not after – of the
External device monitoring function block. Otherwise, errors may result.

EDM error and Fault present

The general expectation is that the EDM feedback signal will always assume the inverted
value of the Control input within the maximum feedback delay time (TEDM) that has been
configured.

The EDM error and Fault present outputs change to 1 in the following situations:

• The Control input switches from 0 to 1 and the EDM feedback signal is set to 0
(regardless of TEDM).

• The Control input switches from 0 to 1 and the EDM feedback signal does not switch
from 1 to 0 within TEDM.
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• The Control input switches from 1 to 0 and the EDM feedback signal does not switch
from 0 to 1 within TEDM.

• The Control input is set to 0 and the EDM feedback signal switches to 0 for longer
than TEDM.

• The Control input is set to 1 and the EDM feedback signal switches to 1 for longer
than TEDM.

The EDM error and Fault present outputs switch to 0 on detection of a signal sequence
that sets Output 1 and Output 2 to 1.

Error reset

An error can also be reset using the Error reset input. The EDM error and Fault present
outputs change to 0 if the Error reset input switches from 0 to 1 and either of the
following conditions is met:

• The Control input is set to 0 and the EDM feedback signal is set to 1.
• The Control input is set to 1 and the EDM feedback signal is set to 0.

Output 1 and Output 2 only switch to 1 as well if the second of these two possible
conditions is met. This can lead an undesired switch-on if there is a defective contactor
(EDM feedback signal is set to 0 instead of 1 as the contactor has not dropped out
properly).

WARNING
Undesired machine switch-on
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Only activate the Error reset input if the Control input is set to 0.

Sequence/timing diagram

Control

EDM error output

EDM feedback signal

Fault present

Output 1

Stopp Run t > TEDM

TEDM = Max. feedback delay

Output 2

Figure 66: Sequence/timing diagram for the External device monitoring function block
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10.2.8 Valve monitoring

Function block diagram

Figure 67: Inputs and outputs of the Valve monitoring function block, configured for a directional
valve

General description

The Valve monitoring function block can be used to control valves and check – on the
basis of their feedback signals – whether they have switched as expected.

This involves connecting the valves to Output 1A through to Output 2B. The feedback
signals are connected to the Feedback 1 and Feedback 2 inputs. The Control input 1 and
Control input 2 inputs are connected to the logic signal that represents the desired status
for the valve, e.g. the Release output of a Reset function block. Depending on the type of
valve, some of the signals may not be required.

Three different types of valve are available: single valves, double valves, and directional
valves.

Function block parameters

Table 64: Parameters of the Valve monitoring function block

Parameter Possible values

Reset condition • Manual reset

• Automatic reset

Continuous monitoring
when valve is active

• Active

• Disabled

Valve type • Single valve (Control 1, Output 1A, Output 1B, Feedback 1 acti‐
vated)

• Double valve (Control 1, Output 1A, Output 1B, Feedback 1, Output
2A, Output 2B, Feedback 2 activated)

• Directional valve (Control 1, Output 1A, Output 1B, Feedback 1,
Control 2, Output 2A, Output 2B, Feedback 2, Directional valve error
activated)

Max. switch-on feed‐
back delay

• 0 = infinite

• 50 ms to 60,000 ms in 10 ms increments

If this parameter is set to 0, the Continuous monitoring when valve is active
option must be deactivated.
If the value is anything other than 0, it must be greater than the logic
execution time.

Max. switch-off feed‐
back delay

• 0 = infinite

• 50 ms to 60,000 ms in 10 ms increments

If the value is anything other than 0, it must be greater than the logic
execution time.

Min. reset pulse time • 100 ms

• 350 ms

Use Fault present • With

• Without
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WARNING
Incorrect function due to short-circuit of the feedback signals
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Prevent a short-circuit of the feedback signals, e.g., through protected cable laying
or wiring of this signal only within the control cabinet.

° Short-circuit of the feedback signals Feedback 1 and Feedback 2 with each
other

° Short-circuit of the feedback signals to the signals for outputs

Output 1A through Output 2B

The two outputs that make up each pair (Output 1A and Output 1B/Output 2A and Output
2B) always have the same value. This means that two outputs are available for each
valve to allow direct connection to two outputs elements.

Output 1A / 1B and Output 2A / 2B change to 1 if the associated input (Feedback 1 or
Feedback 2) is set to 1 and the associated Control input then switches from 0 to 1.

Output 1A / 1B and Output 2A / 2B change to 0 if the associated Control input is set to 0 or
if an error is present (Feedback error output is set to 1 or Directional valve error is set to 1).

The control input associated with Output 1A / 1B is always Control input 1.

The control input associated with Output 2A / 2B depends on which valve type has been
configured:

• For double valve: Control 1
• For directional valve: Control 2

Feedback error, Directional valve error, and Fault present

The general expectation is that the Feedback 1/2 input will always assume the inverted
value of the associated Control input within the Max. switch-on feedback delay (TON) or Max.
switch-off feedback delay (TOFF) that has been configured.

The Feedback error output is 1 if one of the following conditions is met:

• The Control input switches from 0 to 1 and the associated Feedback signal is set to 0
(regardless of TON and TOFF).

• TON is greater than zero, the Control input switches from 0 to 1, and the associated
Feedback signal fails to switch from 1 to 0 within TON.

• TOFF is greater than zero, the Control input switches from 1 to 0, and the associated
Feedback signal fails to switch from 0 to 1 within TOFF.

• Continuous monitoring when valve is active is active, the Control input is set to 1, and the
associated Feedback signal switches to 1.

The Directional valve error output switches to 1 if the Valve type parameter = Directional
valve and the Control input 1 and Control input 2 inputs are both set to 1 at the same time.

The Fault present output switches to 1 if the Feedback error and/or Directional valve error is
1.

The Feedback error, Directional valve error, and Fault present outputs switch to 0 when all
the activated Control inputs are 0 and all the activated Feedback inputs are 1. If
manual reset has been configured as a reset condition, a valid reset pulse must also be
triggered at the Reset input.

The Min. reset pulse time determines the minimum duration of the pulse at the Reset
input. The valid values are 100 ms and 350 ms. If the pulse duration is shorter than
the minimum pulse time configured or if it is longer than 30 s, the pulse is ignored.
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NOTE
If a short-circuit to High (to 24 V DC) occurs at a physical input, the evaluated signal for
Reset may produce a pulse if the signal is reset as a result of short-circuit detection.

WARNING
Undesired reset following short-circuit to high
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure that the transitions of the signals for Reset meet the requirements of
safety standards and regulations.
► Make sure the signal line is laid with protection (to prevent a cross-circuit with

other signal lines)
► No short-circuit detection, i.e., no referencing to test outputs

Sequence/timing diagrams

Figure 68: Sequence/timing diagram for single valve in manual reset mode

Figure 69: Sequence/timing diagram for double valve in manual reset mode
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Figure 70: Sequence/timing diagram for directional valve

1 Control 1
2 Control 2
3 Feedback 1
4 Feedback 2
5 Output 1A / 1B
6 Output 2A / 2B
7 Directional valve error

10.2.9 Mode switch

Function block diagram

Figure 71: Inputs and outputs of the Operating mode selector switch function block

General description

The User mode switch function block selects an output on the basis of an input value. If
input x is 1, then output x is 1.

The function block supports between two and eight inputs plus the corresponding
outputs.

Only one input can ever be set to 1 at once. If more than one input or if no input is set
to 1, the last output to be set to 1 remains 1 for the duration of the set discrepancy
time. At the end of the discrepancy time, the outputs are set to the values defined in
the error output combination and the Fault present output switches to 1.

If there is no valid input combination during the first logic cycle after a transition from
the Stop status to the Run status, the outputs are immediately set to the values defined
in the error output combination and the Fault present output switches to 1.
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Function block parameters

Table 65: Parameters of the User mode switch function block

Parameter Possible values

Discrepancy time 0 to 10 seconds in 10 ms increments

Error output combina‐
tion

When Fault present is 1, any outputs with a check mark switch to 1 and
any without a check mark switch to 0.

Number of inputs or
Number of outputs

2 to 8

Use Fault present • With

• Without

Testing

WARNING
Restricted cross-circuit detection when using tested inputs
The target safety-related level may not be achieved in the event of non-compliance.

► Prevent an input cross-circuit, e.g., by using protected cable laying.

NOTE

• If the function block is connected to tested inputs and a test pulse error (short-cir‐
cuit to High) leads to a faulty input combination (0 input value), the test pulse error
must first be reset. One way to do this is to briefly disconnect the affected line at
the input or at the test output.

• If the function block is connected to tested inputs, a cross-circuit between the
inputs used can only be detected if the selected operating mode causes one of
these inputs to be activated.

Truth table for the User mode switch function block

Table 66: Truth table for the User mode switch function block

Inputs Outputs

1 2 3 4 5 6 7 8 Fault present 1 2 3 4 5 6 7 8

1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0

0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0

0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1

More than one input set to 1 or no
input set to 1 for less than the con‐
figured discrepancy time

0 = last output combination

More than one input set to 1 or no
input set to 1 for longer than the con‐
figured discrepancy time

1 = error output combination
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Sequence/timing diagram

Input 2

Output 1

Input 1

Stop Run

< TDisc

Fault present

Output 2

TDisc

TDisc = Discrepancy time
Error output combination = All outputs 0

Figure 72: Sequence/timing diagram for the User mode switch function block

10.2.10 Switch synchronization

Overview

Figure 73: Inputs and outputs of the Switch synchronization function block

The Switch synchronization function block was developed to enable better integration of
SICK safety laser scanners (e.g., S3000). It monitors the input signals for changes. If
a change to any input signal is detected, the outputs of the function block retain their
current values until the configurable Hold time for outputs has expired.

Function block parameters

Table 67: Parameters of the Switch synchronization function block

Parameter Possible values

Cascade input • With

• Without

Antivalence check • Active

• Deactivated

When this function is active, it is possible to use the optional Antiva‐
lence error output.

Hold time for outputs 10 ms … 10 s in 10 ms increments. The value must be greater than the
logic execution time.

Invert input 1A …
invert input 3B

Every input of this function block can be inverted. At an inverted input,
a 0 works internally in the same way as a 1 and vice versa.

Number of inputs or
Number of outputs

1 to 6

Use Fault present • With

• Without
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NOTE
An inverted input also inverts the signal of the associated output. If, for example, input
1A is 1 but has been configured as inverted, it will be evaluated as 0 and output 1A will
be set to 0.

Hold time for outputs

The Hold time for outputs determines the delay time between the moment when any input
signal first undergoes a change and the moment when the input signals “kick in” by
“latching”, i.e., when the outputs respond. It can be used to compensate for delays
between the various contacts of mechanical switches, for example.

Non-cascaded mode – Without Cascade input

If the Switch synchronization function block is configured without the Cascade input,
it supports the evaluation of up to three input pairs. A change in any of the input
signals starts the timer. Outputs 1A through 3B retain their values until the end of the
configured Hold time for outputs. Once the timer has finished counting down, outputs 1A
through 3B assume the current values of inputs 1A through 3B whatever the result of
the antivalence check. The outputs retain these values until the next synchronization
process takes place.

Cascaded mode – With Cascade input

Several Switch synchronization function blocks can be combined to create a cascade so
that all the outputs are switched at exactly the same time.

Cascading several Switch synchronization function blocks makes it possible to syn‐
chronize more than six inputs. When the function block is configured with the Cascade
input, the Cascade output also becomes available.

NOTE
All cascaded function blocks must be configured with the same Hold time for outputs.

Figure 74: Logic example for two cascading Switch synchronization function blocks

The signals of all Cascade outputs must be fed back to the Cascade inputs of all the Switch
synchronization function blocks that are used by means of an OR function block and a
CPU marker.
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NOTE

• To feed the signals back to the Cascade inputs, you must use a CPU marker and
not a jump address. This ensures that all the associated Switch synchronization
function blocks process the signal in the same logic cycle.

• When a Cascade input is linked by means of a CPU marker, it creates a delay.
Therefore, the timer is increased by the value required to compensate for this.

A rising signal edge at the Cascade input starts the timer (the timer start value is the
system time of the last logic cycle). Once the timer has finished counting down, outputs
1A through 3B assume the current values of inputs 1A through 3B whatever the result
of the antivalence check. The outputs retain these values until the next synchronization
process takes place.

Antivalence check

When this function is active, an antivalence check is performed whenever the timer has
finished counting down (i.e., every time the outputs assume the current values of the
inputs). If any of the input pairs used (Input 1A / Input 1B through Input 3A / Input 3B) do
not have complementary values at this time (one of the inputs within each pair must
be 0 and the other 1), the Antivalence error output is set to 1. It switches back to 0 when
another synchronization process is completed without an antivalence error occurring.
However, the behavior of outputs 1A through 3B is not affected by the result of the
antivalence check.

NOTE
To ensure a defined combination of output values in the event of an antivalence error,
you can use the Error output combination function block.

Behavior on system startup

In the event of a transition from the Stop status to the Run status, the outputs are
immediately set in accordance with the input values and the antivalence check is
performed (if configured). In this case, the function block does not wait for the Hold time
for outputs to expire.
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Sequence/timing diagram

Input 1A

Input 1B

Input 2A

Input 2B

Input 3A

Input 3B

Output 1A

Output 1B

Output 2A

Output 2B

Output 3A

Output 3B

Antivalence error

Hold time Hold time Hold time

First input change New valid input/
output combination

Figure 75: Sequence/timing diagram for the Switch synchronization function block without cas‐
cading
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Input 1A

Input 1B

Input 2A

Input 2B

Input 3A

Input 3B

Output 1A

Output 1B

Output 2A

Output 2B

Output 3A

Output 3B

Antivalence error

Hold time Hold time Hold time

First input change New valid input/
output combination

Cascade output

Cascade input*

* The Cascade input receives signals from
another Switch synchronization function block.

Figure 76: Sequence/timing diagram for the Switch synchronization function block with cascad‐
ing

10.2.11 Error output combination

Function block diagram

Figure 77: Inputs and outputs of the Error output combination function block

General description

The Error output combination function block was developed to enable better integration
of SICK safety laser scanners (e.g. S3000). It can be used to set the outputs to
preconfigured values under certain conditions, e.g. so that a dedicated error output
combination is output when the Switch synchronization function block is subject to an
antivalence error.
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Function block parameters

Table 68: Parameters of the Error output combination function block

Parameter Possible values

Number of error
inputs

• 1 error input

• 2 error inputs

Number of inputs or
Number of outputs

1 to 6

Error output combina‐
tion

Individually for each output:

• 1

• 0

Figure 78: Logic example for the Error output combination function block

Truth table for the Error output combination function block

The following explanations apply to the truth table in this section:

• “x” signifies “any” (0 or 1).
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Table 69: Truth table for the Error output combination function block

Error input
1

Error input
2

Output
1A

Output
1B

Output
2A

Output
2B

Output
3A

Output
3B

1 x Error output combination

x 1 Error output combination

0 0 Input 1A Input 1B Input 2A Input 2B Input 3A Input 3B

10.2.12 Ramp down detection

Function block diagram

Figure 79: Inputs and outputs of the Ramp down detection function block

General description

The Ramp down detection function block checks whether a connected drive has stop‐
ped, i.e., no pulses from the incremental encoder system have been detected (e.g.,
from an HTL encoder or from proximity switches) for a configurable period of time.
Depending on the result of this check, a safety door interlock might be released, for
example.

Ramp down detection is triggered by a falling edge of the Drive released input signal. A
drive stop is detected if no signal change (rising or falling signal edge) occurs at any of
the Incremental x inputs for at least as long as the Min. time between signal changes that has
been configured. In this case, the Ramp down ended output switches to 1. When the Drive
released input changes to 1, this immediately sets the Ramp down ended output to 0 and
terminates any Ramp down detection function that is currently running.

While the drive is running (Drive released input is 1), the Incremental x inputs are not
monitored for signal changes. The same applies if a stop has been detected (Ramp down
ended output 1) (see figure 84, page 126).

The function block can be used to perform an optional plausibility check on the Incre‐
mental x inputs to detect breaks in the wiring, provided that the incremental encoder
is supplying suitable signals, e.g., complementary outputs or proximity switches and a
gear wheel with a 270° tooth width and a 180° phase separation. When the plausibil‐
ity check is active, at least one of the signals in each signal pair must be set to 1 at
any given time. The Plausibility error incremental output switches to 1 when this condition
is not fulfilled for two consecutive logic cycles. This means that both inputs in a pair
are allowed to remain 0 for the duration of the logic execution time without this being
classed as an error (see figure 85, page 126).

The Plausibility error incremental output is reset to 0 if at least one signal in a signal pair is
1 and the Drive released input is 0.

The Fault present output changes to 1 when any of the Plausibility error incremental outputs
switches to 1. The Fault present output switches to 0 once all error outputs are 0.
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Function block parameters

Table 70: Parameters of the Ramp down detection function block

Parameter Possible values

Number of incremen‐
tal inputs

• 1 single-channel incremental encoder input

• 1 pair of incremental encoder inputs

• 2 pairs of incremental encoder inputs

Input plausibility
check

• Deactivated

• Activated

If this parameter is active, the number of incremental encoder inputs
must either be set to 1 pair or 2 pairs.

Min. time between sig‐
nal changes

100 ms to 10 s in 10 ms increments. The value must be greater than
the logic execution time.

Use Fault present • With

• Without

WARNING
Malfunction due to incorrect configuration of incorrect incremental encoder connection
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Configure the duration of the incremental encoder signals to be at least as long as
the logic execution time.

► Connect the signal that controls the physical output for the drive to the Drive
released input. Care must be taken to ensure that the drive torque is definitely
switched off when this input is 0.

► Connect the incremental encoders locally to an FX3-XTIO or FX3-XTDI module on
the same Flexi Soft station (not via a network).

Configuration steps

• Check the maximum signal frequency of the incremental encoder signals (see step
1).

• Determine how much time is required between signal changes for the speed limit
(see step 2).

Step 1: Check the maximum signal frequency of the incremental encoder signals

The minimum duration of the thigh and tlow incremental encoder signals must be
greater than the logic execution time. This limits the permissible signal frequency and
incremental encoder speed in accordance with the type of incremental encoder. The
following figures show typical signal patterns for various types of incremental encoder:

t

A

B

t

tlowthigh

tlowthigh

t1 t2 t3 t4

Figure 80: Signal pattern for an A/B incremental encoder with a 90° phase separation
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Figure 81: Signal pattern for a 1/3 gap incremental encoder with a 180° phase separation

Figure 82: Signal pattern for a single incremental encoder signal

The system must be designed to ensure that the minimum duration of the thigh and
tlow incremental encoder signals is always greater than the logic execution time. As
part of this process, remember to take all the possible tolerance values into account,
e.g., switching tolerances, gear wheel tolerances, and so on. The following table shows
typical values for various types of incremental encoder:

Table 71: Maximum permissible signal frequency and speed (rpm) of incremental encoders according to type and logic
execution time

Type of incremental encoder Max. permissible incremental encoder signal frequency (Hz) for logic execution time

4 ms 8 ms 12 ms 16 ms 20 ms 24 ms 28 ms 32 ms 36 ms 40 ms

A/B, 90° phase separation 125.0 62.5 41.7 31.3 25.0 20.8 17.9 15.6 13.9 12.5

1/3 gap 1) 83.3 41.7 27.8 20.8 16.7 13.9 11.9 10.4 9.3 8.3

1/4 gap 1) 62.5 31.3 20.8 15.6 12.5 10.4 8.9 7.8 6.9 6.3

180° pulse 125.0 62.5 41.7 31.3 25.0 20.8 17.9 15.6 13.9 12.5

1) 180° phase separation, at least 1 signal always set to 1.

Step 2: Determine how much time is required between signal changes for the speed
limit

► Determine the speed at which the Ramp down ended output is to be activated, e.g.,
for the purpose of unlocking a safety door.

► Determine the maximum time between two signal changes for this speed (highest
values from t1 through t4). As part of this process, remember to take all the
possible tolerance values into account, e.g., switching tolerances, gear wheel
tolerances, and so on.
Min. time between signal changes = highest values from t1 through t4 + 10 ms

The min. time between signal changes must always be greater than the logic execution time
and has to be rounded up to the next multiple of 10 ms.
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WARNING
Extended logic execution time
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Every time you change the logic program, check if the logic execution time has
been extended.

► It may be necessary to recalculate the maximum signal frequency of the incremen‐
tal encoders.

Example 1: A/B, 90° phase separation

• 4 teeth per revolution
• Switching tolerances ±5° - teeth 175° to 185° (corresponds to tlow, thigh); signal

change 85° to 95° (corresponds to t1 through t4)
• Maximum drive speed = 750 rpm = 12.5 Hz
• Drive speed for release = 15 rpm = 0.25 Hz
• Logic execution time = 8 ms

► Check the maximum signal frequency of the incremental encoder signals:
Max. signal frequency = 12.5 Hz × 4 teeth/revolution = 50 Hz
Lowest tlow = 1/50 Hz × 175°/360° = 9.7 ms
- Greater than logic execution time l
Lowest thigh = 1/50 Hz × 175°/360° = 9.7 ms
- Greater than logic execution time l

► Determine how much time is required between signal changes for the speed limit:
Signal frequency for release = 0.25 Hz × 4 teeth/revolution = 1 Hz
Max. duration of input pattern = 1/1 Hz × 185°/360° = 514 ms
Time between signal changes = 514 ms + 10 ms = 524 ms
- Min. time between signal changes = 530 ms (rounded up to next multiple of 10
ms)

Example 2: 1/3 gap, 180° phase separation

• 8 teeth per revolution
• Switching tolerances ±2° - teeth 118° to 122° (corresponds to tlow, thigh); signal

change 118° to 122° (corresponds to t1 through t4)
• Maximum drive speed = 120 rpm = 2 Hz
• Drive speed for release = 12 rpm = 0.2 Hz
• Logic execution time = 16 ms

► Check the maximum signal frequency of the incremental encoder signals:
Max. signal frequency = 2 Hz × 8 teeth/revolution = 16 Hz
Lowest tlow = 1/16 Hz × 118°/360° = 20.5 ms
- Greater than logic execution time l
Lowest thigh = 1/16 Hz × 238°/360° = 41.3 ms
- Greater than logic execution time l

► Determine how much time is required between signal changes for the speed limit:
Signal frequency for release = 0.2 Hz × 8 teeth/revolution = 1.6 Hz
Max. duration of input pattern = 1/1.6 Hz × 122°/360° = 212 ms
Time between signal changes = 212 ms + 10 ms = 222 ms
- Min. time between signal changes = 230 ms (rounded up to next multiple of 10
ms)
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Example 3: Zero pulse 10°

• 1 tooth per revolution
• Switching tolerances ±1° - tooth 9° to 11° (corresponds to tlow, thigh); signal

change 349° to 351° (corresponds to t1 through t4)
• Maximum drive speed = 300 rpm = 5 Hz
• Drive speed for release = 3 rpm = 0.05 Hz
• Logic execution time = 4 ms

► Check the maximum signal frequency of the incremental encoder signals:
Max. signal frequency = 5 Hz × 1 tooth/revolution = 5 Hz
Lowest tlow = 1/5 Hz × 9°/360° = 5 ms
- Greater than logic execution time l
Lowest thigh = 1/5 Hz × 351°/360° = 195 ms
- Greater than logic execution time l

► Determine how much time is required between signal changes for the speed limit:
Signal frequency for release = 0.05 Hz × 1 tooth/revolution = 0.05 Hz
Max. duration of input pattern = 1/0.05 Hz × 11°/360° = 611 ms
Time between signal changes = 611 ms + 10 ms = 621 ms
- Min. time between signal changes = 630 ms (rounded up to next multiple of 10
ms)

Example logic

Figure 83: Logic example for the Trail detection function block
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Sequence/timing diagrams

Drive released

Incremental 1/2/3/4

Min. time between signal
changes

Ramp down ended

Stop detected

Incremental inputs not monitored

Figure 84: Sequence/timing diagram for the Ramp down detection function block

Drive released

Incremental 1

Plausibility error
incremental inputs 1/2

Ramp down ended

Min. time between signal changes

Stuck at low (e.g. broken wire)

Incremental 2

Figure 85: Sequence/timing diagram for the Ramp down detection function block with plausibil‐
ity check

10.2.13 Frequency monitoring

Function block diagram

Figure 86: Inputs and outputs of the Frequency monitoring function block

General description

The Frequency monitoring function block can be used to monitor the frequency or
period duration of up to two signals separately. In addition, the pulse duration can be
optionally monitored (thigh). For instance, this can be used to evaluate signal sources
that output a pulse signal with a particular frequency to serve as an enable signal.
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Function block parameters

Table 72: Parameters of the Frequency monitoring function block

Parameters Possible values for Frequency 1 and Frequency 2

Min. period time 20 ms – 2.54 s in 10 ms increments
The value must be at least as great as two times the logic execution
time.

Max. period time 30 ms – 2.55 s in 10 ms increments
The value must be at least as great as the min. period time + the logic
execution time.

Average pulse dura‐
tion (thigh)

0 = infinite, 10 ms – 2.53 s in 10 ms increments
When the setting is 0 = infinite, the pulse duration is not evaluated.
This means that the pulse duration is always classed as valid for evalu‐
ation purposes.
If the value is anything other than 0, it must fulfill the following condi‐
tions:

• > 2 × logic execution time

and

• < (min. period duration – pulse duration tolerance)

Pulse duration toler‐
ance (thigh)

0 ms to 310 ms in 10 ms increments
The value may only be 0 if the average pulse duration is 0 as well.
If the value is not 0, it must be greater than the logic execution time.

Frequency x error out‐
put

• All errors

• Only when Frequency x is constantly High

Use Fault present • With

• Without

This parameter applies to the function block and so covers both Fre‐
quency 1 and Frequency 2 jointly.

Monitoring accuracy

WARNING
Malfunction due to unsuitable incremental encoder signals
The dangerous state may not be stopped at all or in a timely manner in the event
non-compliance, since a higher frequency (lower period duration) is not recognized.

► Only use incremental encoder signals with a pulse duration (thigh) and pulse gap
(tlow) which are greater than the logic execution time.

Limits for a reliably valid signal

WARNING
Malfunction due to unsuitable incremental encoder signals
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure the incremental encoder signals used are valid.

The limits for the average period duration that a signal must achieve in order to be relia‐
bly classed as valid are actually narrower than the limits selected via the parameters.
The effective narrower limits are always the next multiple of the logic execution time.
Within this context, what the average period duration means is that although individual
periods of the signal are allowed to exhibit extremes (jitter), these must be evened out
over the course of several periods.
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Table 73: Examples of effective limits for the period duration

Logic execution
time

Set parameters Effective limits for a reliably valid
signal

Min. period time Max. period time Min. period time Max. period time

4 ms 120 ms 160 ms 120 ms 160 ms

12 ms 120 ms 160 ms 120 ms 156 ms

32 ms 120 ms 160 ms 128 ms 160 ms

Limits for a reliably invalid signal

The limit for the average period duration that a signal must exceed in order to be
reliably classed as invalid corresponds to the tolerance for the associated parameters.

Essentially, this means that a permanently 0 or 1 state will be detected as an invalid
signal at the latest after the max. period duration + the logic execution time +10 ms.
The response time of the signal path used is increased by this amount.

If the average period duration of the signal exceeds the limit for the signal to be reliably
classed as valid but is still below the limit for it to be reliably classed as invalid, it may
take several periods for the deviations to accumulate sufficiently. As a result, the signal
may only become classed as invalid at this point:

Number of periods = (logic execution time +10 ms) / (real averaged period duration –
effective limit for signal to be reliably classed as valid)

NOTE
In the following description, the “x” in the signal names either means 1 or 2, i.e., the
index number for either of the separate monitoring functions in the function block.

The function block is capable of detecting the following invalid signals:

• 1 The detected period duration is too short: The time between the rising or falling
signal edges at the Frequency x input is shorter than the Min. period duration. This
monitoring function is triggered by the first rising signal edge after a transition
from the Stop status to the Run status.

• 2 The detected period duration is too long: The time between the rising or falling
signal edges at the Frequency x input is longer than the Max. period duration. This
monitoring function is triggered by the first rising signal edge after a transition
from the Stop status to the Run status.

• 3 The detected pulse duration is too short: Pulse duration monitoring is activated
(Average pulse duration is set to a value other than 0) and the time between the
last rising signal edge and the last falling signal edge at the Frequency x input is
shorter than Average pulse duration – Pulse duration tolerance. This monitoring function
is triggered by the first rising signal edge after a transition from the Stop status to
the Run status.

• 4 The detected pulse duration is too long: Pulse duration monitoring is activated
(Average pulse duration is set to a value other than 0) and the time since the last
rising signal edge at the Frequency x input is longer than Average pulse duration + Pulse
duration tolerance. In other words, no falling signal edge has been detected within
the expected time. This monitoring function is triggered by the first rising signal
edge after a transition from the Stop status to the Run status.

• 5Frequency x input is constantly 1: The Frequency x input remains set to 1 for longer
than the Max. period duration. This monitoring function is triggered immediately after
a transition from the Stop status to the Run status.

The Enable x output switches to 1 once two periods with a valid period duration and
a valid pulse duration have been detected at the Frequency x input. If pulse duration
monitoring is deactivated, the pulse duration is always classed as valid for evaluation
purposes.

10 FUNCTION BLOCKS IN THE MAIN MODULE

128 O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 8014519/1KOF/2023-09-08 | SICK
Subject to change without notice



The Enable x output switches to 0 when an invalid signal is detected at the Frequency x
input, i.e., if …

• 1 the detected period duration is too short or
• 2 the detected period duration is too long or
• 3 the detected pulse duration is too short and pulse duration monitoring has

been activated or
• 4 the detected pulse duration is too long and pulse duration monitoring has been

activated.

Figure 87: Sequence/timing diagram for the Frequency monitoring function block, with activation
of the Enable x output

A: Frequency x
B: Enable x

The Frequency x error output switches to 1 if …

• (a) the Frequency x error output parameter = All errors and

° 1 the detected period duration is too short or

° 2 the detected period duration is too long or

° 3 the detected pulse duration is too short and pulse duration monitoring has
been activated or

° 4 the detected pulse duration is too long and pulse duration monitoring has
been activated or

° 5 the Frequency x constant high input is set to 1
• (b) the Frequency x error output parameter = Only when Frequency x is constantly High and

° 5 the Frequency x constant high input is set to 1.

The Frequency x constant high output switches to 1 if …

• 5 the Frequency x input is constantly 1.

The Fault present output switches to 1 if …

• the Frequency 1 error output is set to 1, or
• the Frequency 2 error output is set to 1, or
• the Frequency 1 constant high output is set to 1, or
• the Frequency 2 constant high output is set to 1.

The Frequency x error and Fault present outputs switch back to 0 when the Enable x output
changes to 1, i.e., once two periods with a valid period duration and a valid pulse
duration have been detected at the Frequency x input.

The Frequency x constant high output switches back to 0 when the Frequency x input
changes to 0.

After a transition from the Stop status to the Run status, all outputs are set to 0.
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Sequence/timing diagrams

Figure 88: Sequence/timing diagram for the Frequency monitoring function block, period dura‐
tion too long

A: Frequency x
B: Enable x
C: Frequency x error
D: Frequency x constant high

Figure 89: Sequence/timing diagram for the Frequency monitoring function block, period dura‐
tion too short

A: Frequency x
B: Enable x
C: Frequency x error
D: Frequency x constant high
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Figure 90: Sequence/timing diagram for the Frequency monitoring function block, frequency x
constant 1

A: Frequency x
B: Enable x
C: Frequency x error
D: Frequency x constant high

10.2.14 Start warning

Function block diagram

Figure 91: Inputs and outputs of the Start warning function block

General description

Many machines have to feature a start warning, e.g., if the machine is so big that the
machine operator cannot survey all the hazardous areas from a single location.

As soon as a start button is pressed, the waiting time commences and a warning signal
is triggered. At the end of the waiting time, the release time commences and a second
warning signal is triggered. While the release time is running, the machine can be
started by pressing the start button again.

WARNING
Unexpected machine startup
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Configure a startup warning for every operational status which could put the
machine in a dangerous state.
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Start sequence

1. At startup, the function block is in deactivated mode. The Startup active output is 1
but all the other outputs are 0.

2. If the Control input switches to 0 and the Lock and Stop inputs are set to 1, the start
sequence is enabled and the function block switches to Wait for start mode.

3. A rising signal edge at the Inch forward input or at the Inch backward input triggers
the start sequence:

° The Startup active output switches to 0, the waiting time and signal time both
start running, and the Waiting time active and the Warning outputs switch to 1
for the duration of the signal time.

° At the end of the Waiting time, the Release time and the Pulse time both start
running. The Waiting time active output switches back to 0, the Release time
active output changes to 1, and the Warning output also returns to 1 for the
duration of the pulse time.

4. If a second rising edge occurs at the Inch forward input during the release time, the
function block switches to inching (forward) mode and the Enable and Forward active
outputs change to 1. A similar situation applies if a second rising edge occurs at
the Inch backward input during the release time: In this case, the function block
switches to inching (backward) mode and the Enable and Backward active outputs
change to 1.

NOTE
This rule is subject to a restriction when the mode is set to “Direction switching locked”
(see below).

5. If the release time expires but there has been no transition to inching mode within
this period, the function block switches back to the “Wait for start” mode and the
entire start sequence must be performed again from scratch.

6. There is no limit to how long inching mode can remain active. It is terminated
when the active (1) input (Inch forward or Inch backward) switches back to 0. In this
case, the Enable and Forward active or Backward active outputs return to 0. Inching
mode is also terminated when both inputs (Inch forward and Inch backward) are set
to 1 at the same time. On termination of inching mode, the release time starts
running again. This means that another rising signal edge at the Inch forward or
Inch backward input will restart inching mode immediately without the need for a
new start sequence. If the release time expires but there has been no transition to
inching mode within this period, the function block switches back to the Wait for
start mode and the entire start sequence must be performed again from scratch.

7. Inching mode is likewise terminated when a falling signal edge occurs at the Reset
or Stop inputs. In this case, the function block switches back to the “Wait for start”
mode and the entire start sequence must be performed again from scratch.
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Function block parameters

Table 74: Parameters of the Start warning function block

Parameter Possible values

Direction switching • Locked

• Not locked

Waiting time 1 … 60 s in 10 ms increments. The value must be greater than the
logic execution time.

Release time 1 … 600 s in 10 ms increments. The value must be greater than the
logic execution time.

Signal time 0 … 60 s in 10 ms increments. If the value is anything other than 0,
it must be longer than the logic execution time but shorter than the
waiting time.

Pulse time 0 … 600 s in 10 ms increments. If the value is anything other than 0,
it must be longer than the logic execution time but shorter than the
release time.

Direction switching

This parameter determines whether it is possible to switch between forward and back‐
ward operation without having to perform a complete start sequence first. When the
parameter is set to Not locked, it is possible to initiate the start sequence with either of
the two inputs (e.g., Inch forward) and confirm it with the other input (e.g., Inch backward).
In Not locked mode, it is also possible to switch the direction during inching mode
without having to perform a complete start sequence from scratch.

With the Locked setting, the same input (Inch forward or Inch backward) that was used to
initiate the start sequence must be used to confirm it (during the release time). A rising
signal edge at the other input will restart the waiting time instead of the start sequence.
This makes it impossible to switch direction in inching mode. To switch direction, you
must perform the complete start sequence from scratch (see figure 94, page 137).

Waiting time

The Waiting time parameter determines how much time should elapse from when the
first rising signal edge occurs at the Inch forward or Inch backward input until the Release
time starts running.

Release time

At the end of the Waiting time, the Release time starts running. During the Release time, a
rising signal edge at either the Inch forward or Inch backward inputs starts up the machine
(regardless of the setting for the Direction switching parameter).

Signal time

The Signal time starts running in parallel with the Waiting time. During the Signal time, the
Warning output is set to 1 to indicate that a start sequence has been initiated.

Pulse time

The Pulse time starts running in parallel with the Release time. During the Pulse time, the
Warning output switches back to 1 to indicate that inching mode can now be started. If
inching mode is started during the Pulse time, this has no impact on the Pulse time, i.e.,
the Warning output remains set to 1 until the configured Pulse time has expired.

NOTE
The second warning pulse is not mandatory and can be deactivated by setting the pulse
time to 0 s.
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Control input

A start sequence can only be initiated if the Control input is set to 0. If the Control input
switches to 1 during a start sequence, the current start sequence is aborted and a new
one can only be initiated once the Control input has returned to 0.

Lock input

A start sequence can only be initiated if the Lock input is set to 1. If the Lock input
switches to 0 during a start sequence, the current start sequence is aborted and a new
one can only be initiated once the Lock input has returned to 1. This input can be used
for safety stops.

If inching mode is active, a falling signal edge at the Lock input terminates inching mode
and resets the function block to the “Wait for start” mode.

Stop input

A start sequence can only be initiated if the Stop input is set to 1. If the Stop input
switches to 0 during a start sequence, the current start sequence is aborted and a new
one can only be initiated once the Stop input has returned to 1. This input can be used
for safety stops.

If inching mode is active, a falling signal edge at the Stop input terminates inching mode
and resets the function block to the “Wait for start” mode.

Inch forward/Inch backward inputs

If a rising signal edge (0–1) is detected at either the Inch forward input or the Inch
backward input but the other one remains set to 0, the start sequence commences.

NOTE
If a rising signal edge is detected at both inputs or if a rising signal edge is detected
at one input while the other input is set to 1, the input status is classed as invalid. If a
status of this kind occurs during a start sequence (during the waiting time or during the
release time), the waiting time starts running again from the beginning. If a status of
this kind occurs during inching mode, inching mode is terminated and the release time
starts running again from the beginning.

Reset input

A falling signal edge at the Reset input forces the start sequence to begin again. If
inching mode is active, it is terminated and the function block switches back to the
“Wait for start” mode. The Release output plus the Forward active and Backward active
outputs switch to 0 while the Startup active output changes to 1.

Startup active output

The Startup active output is set to 0 during a start sequence (during the waiting time
or the release time) or if inching mode is active (the Release output is 1). The Startup
active output can be used as an interlock to prevent other instances of the Start
warning function block from running in parallel. For this, the Startup active output must
be connected to the Lock input of the other instance of the function block using a CPU
marker.
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Figure 92: Logic example for the combination of two Start warning function blocks

Waiting time active output and Release time active output

These outputs indicate whether the waiting time or release time is active.
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Sequence/timing diagrams

Control

Lock

Stop

Inch forward

Inch backward

Reset

Enable

Forward active

Backward active

Startup active

Warning

Release start sequence

Signal time Impulse time

Waiting time Release time

Signal time Impulse time

Waiting time Release time

Figure 93: Sequence/timing diagram for the Start warning function block in Not locked mode
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Control

Lock

Stop

Inch forward

Inch backward

Reset

Enable

Forward active

Backward active

Startup active

Warning

Release start sequence

Sig. time Imp. time

Wait. time R. time

Sig. time Imp. time

Wait. time R. time

Sig. time Imp. time

Wait. time R. time R. time

Figure 94: Sequence/timing diagram for the Start warning function block in Locked mode

NOTE

• The start sequence is initiated by a rising signal edge at the Inch forward input.
• A rising signal edge at the Inch backward input causes the Waiting time to restart

during the start sequence.
• A rising signal edge at the Inch backward input terminates inching mode if the Inch

forward input is set to 1 at the same time.

10.3 Function blocks for dual-channel evaluation

The Flexi Soft system supports applications up to SIL3 (IEC 61508, IEC 62061) and
performance level PL e (ISO 13849). One or two safety signals connected locally to the
Flexi Soft safety controller can serve as possible sources for the function block inputs.

The following types of input evaluation can be selected (depending on the function
block):

• Single-channel
• Dual-channel

° Dual-channel equivalent (1 pair)

° Dual-channel complementary (1 pair)

° Dual-channel equivalent (2 pairs)

° Dual-channel complementary (2 pairs)

The following truth tables summarize how each input signal evaluation method for the
Flexi Soft safety controller is evaluated internally.

Truth tables

The following explanations apply to the truth tables in this section:

• “x” signifies “any” (0 or 1).
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NOTE
The Fault present output is set to 1 if the logic processing component of the Flexi Soft
safety controller detects an erroneous combination or sequence of input signals.

10.3.1 Single-channel evaluation

NOTE
The section below relates to the Safety gate monitoring and Emergency stop function
blocks.

Figure 95: Example of single-channel analysis

The single-channel evaluation of these function blocks has no functional use when the
function test is deactivated. However, a function block configured in this way can help
you to create a clearer layout for the logic program. If this is not necessary, this function
block can be omitted.

10.3.2 Dual-channel evaluation (1 pair) and discrepancy time

NOTE

• This section deals with the following function blocks: Safety gate monitoring, Emer‐
gency stop, Light curtain monitoring, Magnetic switch, Two hand control type IIIA,
and Two hand control type IIIC.

• It does not cover the Tolerant dual-channel evaluation function block.

Please note that expansion modules such as FX3-XTIO or FX3-XTDI are capable of per‐
forming dual-channel evaluation if predefined input elements from the element window
(e.g., RE27, deTec4, etc.) are connected to them. When you use these input elements,
you do not need to have a separate function block for dual-channel evaluation (e.g.,
light grid monitoring, safety gate monitoring, or magnetic switch).

Alternatively, input signals that are not subject to preliminary evaluation can be con‐
nected to both input channels of a function block with a dual-channel input configura‐
tion. In this case, dual-channel evaluation takes place within the function block.

The disadvantage of this alternative is that it requires an additional function block,
which may result in a longer logic execution time. The advantage is that the function
block output makes a discrepancy error available in the logic and this can be evaluated.

The following function blocks generate the same output value for a dual-channel input
signal that has undergone preliminary evaluation by the I/O module.
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Figure 96: Dual-channel evaluation with I/O module or with function block

Dual-channel evaluation checks whether the sequence of the two input signals is cor‐
rect. If either of the two signals has triggered a switch-off, the other signal is expected
to follow accordingly. The value that the two signals are required to have is dependent
on the type of dual-channel evaluation. There are two options:

• Equivalent evaluation
• Complementary evaluation

An optional discrepancy time can be defined. The discrepancy time defines how long
the two inputs can continue to have discrepant values after a change in either of the
input signals without this being regarded as an error.

The following truth table describes the discrepancy conditions for dual-channel equiva‐
lent and dual-channel complementary input evaluation:
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Table 75: Dual-channel evaluation

Evaluation
type

Input A Input B Discrepancy
timer 1)

Status of
dual-channel

evaluation

Enable
output

Discrepancy
error output

Equivalent 0 0 0 Deactivated 0 Unchanged 2)

0 1 < discrepancy
time

Discrepant 0 Unchanged 2)

1 0 < discrepancy
time

Discrepant 0 Unchanged 2)

1 1 0 Active 3) 1 0

x x ≥ discrepancy
time (time‐

out)

Error 0 1

Comple‐
mentary

0 1 0 Deactivated 0 Unchanged 2)

0 0 < discrepancy
time

Discrepant 0 Unchanged 2)

1 1 < discrepancy
time

Discrepant 0 Unchanged 2)

1 0 0 Active 3) 1 0

x x ≥ discrepancy
time (time‐

out)

Error 0 1

1) If the discrepancy time is active (> 0), the discrepancy timer is restarted on the first signal change that
leads to a discrepant status. If the discrepancy time is deactivated (= 0), the discrepancy timer is not
started, i.e., a timeout never occurs.

2) Unchanged = the last status is retained.
3) If the correct sequence has been observed.

A dual-channel evaluation can only switch to Active (Release output changes from 0 to
1) if the following conditions are met:
• The status has been set to Deactivated at least once since it was last Active. It is

not possible to switch from Active to Discrepant and then back to Active.
• The discrepancy time has either not yet elapsed or is fully deactivated.

A discrepancy error (timeout) is reset when the Active status is achieved, i.e., when the
Release output switches to 1.

NOTE
The following must be taken into account when defining values for the discrepancy
time:
• The discrepancy time must exceed the logic execution time.
• The discrepancy time has an accuracy of ± 10 ms plus the logic execution time.

The logic execution time is dependent on the type and number of function blocks
used. It is displayed on the FB group info tab of the logic editor and also in the
report.

• If signals from tested sensors are connected to FX3-XTIO or FX3-XTDI modules, the
discrepancy time must exceed the test gap (ms) + the max. OFF-ON delay (ms) of the
test output that is being used, as a signal change at the input of the modules may
be delayed by this amount of time. You will find these values listed in the report
under Configuration, I/O module, Test pulse parameters.

• If both inputs in a pair are connected to the same input signal, the evaluation
function works in the same way as single-channel evaluation, i.e., no equivalent or
complementary evaluation takes place and the discrepancy time is not monitored.
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Sequence/timing diagram

Discrepancy
error output

Enable output

Input B

Input A

Stop � Run

Fault present

T > TDisc T < TDisc

TDisc = Discrepancy time

Figure 97: Sequence/timing diagram for the Emergency stop function block – dual-channel
equivalent logic

10.3.3 Double dual-channel evaluation and synchronization time

Overview

This section deals with the following function blocks: Safety gate monitoring and Two
hand control type IIIC.

Important information

NOTE
All time parameters: To ensure the accuracy of the total signal path, the 1 x logic
execution time must also be taken into consideration.

Double dual-channel evaluation and synchronization time

Figure 98: Double dual-channel evaluation with the Safety gate monitoring function block

Double dual-channel evaluation checks each pair of inputs to see whether the
sequence of the two input signals is correct in both cases. In addition, both dual-chan‐
nel evaluation functions are monitored in relation to one another to make sure they are
performed in the correct sequence. If either of the two dual-channel evaluation func‐
tions has triggered a switch-off, the other dual-channel evaluation function is expected
to follow accordingly.

An optional synchronization time can be defined. The synchronization time defines how
long the two dual-channel evaluation functions can continue to have non-synchronous
statuses without this being regarded as an error.

The synchronization time is different from the discrepancy time in that it evaluates
the relationship between the two dual-channel evaluation functions. By contrast, the
discrepancy time relates to one pair of inputs for one dual-channel evaluation function.

The following table describes the synchronization conditions for double dual-channel
evaluation (2 pairs):
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Table 76: Double dual-channel evaluation (synchronization evaluation)

Status of
dual-chan‐
nel evalua‐
tion pair 1

Status of
dual-chan‐
nel evalua‐
tion pair 2

Synchronization timer
1)

Synchroniza‐
tion status

Enable
output

Synchroniza‐
tion error
output

Deactivated
or Discrep‐
ant

Deactivated
or Discrep‐
ant

0 Deactivated 0 Unchanged
2)

Deactivated
or Discrep‐
ant

Active < synchronization time Discrepant 0 Unchanged

Active Deactivated
or Discrep‐
ant

< synchronization time Discrepant 0 Unchanged

Active Active 0 Active 3) 1 0

x x ≥ synchronization time
(timeout)

Error 0 1

1) If the synchronization time is active (> 0), the synchronization timer is restarted following the first status
change that leads to a discrepant synchronization status. If the synchronization time is deactivated (= 0),
the synchronization timer is not started, i.e., a timeout never occurs.

2) Unchanged = the last status is retained.
3) If the correct sequence has been observed.

Synchronization evaluation

The synchronization evaluation can only switch to Active (Release output changes from
0 to 1) if the following conditions are met:
• The synchronization status has been set to Deactivated at least once since it

was last Active. In the case of the Two hand control type IIIC function block, both
dual-channel evaluation functions must be set to Deactivated at the same time,
but with the Safety gate monitoring function block this Deactivated status can be
staggered. It is not possible to switch from Active to Discrepant and then back to
Active.

• The synchronization time has either not yet elapsed or is fully deactivated.
• The synchronization status has been set to Disabled at least once since the Flexi

Soft system switched from the Stop status to the Run status. Consequently, if the
input signals are already present for the Active status when the system transitions
to the Run status, the Release output still remains set to 0.

A synchronization error (timeout) is reset when the Active synchronization status is
achieved, i.e., when the Release output switches to 1.

NOTE
The following must be taken into account when defining values for the synchronization
time:
• The synchronization time must exceed the logic execution time.
• The synchronization time has an accuracy of ± 10 ms plus the logic execution

time. The logic execution time is dependent on the type and number of function
blocks used. It is displayed on the FB group info tab of the logic editor and also in
the report.

• If signals from tested sensors are connected to FX3-XTIO or FX3-XTDI modules,
the synchronization time should be at least as long as the set test gap (ms) plus
the max. OFF-ON delay (ms), as a signal change at the input of the modules may be
delayed by this amount of time. Both values of the test output used are displayed
in the report.
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Discrepancy error pair 1

Enable

Input 1B

Input 1A

Stop � Run
Fault present

TSync TSync TSync

Input 2A

Input 2B

Discrepancy error pair 2

Synchronization error

TSync = Synchronization time

Figure 99: Sequence/timing diagram for the Safety gate monitoring function block, category 4,
double dual-channel without function test – synchronization monitoring

10.3.4 Emergency stop

Function block diagram

Figure 100: Inputs and outputs of the Emergency stop function block

General description

The Emergency stop function block can be used to implement an Emergency stop
function with an emergency stop pushbutton.

If a corresponding dual-channel input element is configured in the hardware configu‐
ration, this function block is no longer required in the logic because, in this case,
preliminary evaluation takes place directly on the expansion module (e.g., the FX3-XTIO
or FX3-XTDI module). However, this function block can be used if the Fault present
output is required for further processing. This involves configuring both input signals as
single-channel signals and connecting them to the inputs of the function block.

In the case of emergency stop pushbuttons, a Reset and/or Restart function block is
required to handle the processing of the reset/restart conditions for the safety chain if
the Release output switches to 0. This may also be necessary in the case of emergency
stop pushbuttons with a combined push/pull release mechanism.

Function block parameters

Table 77: Parameters of the Emergency stop function block

Parameter Possible values

Inputs • Single-channel

• Dual-channel equivalent

• Dual-channel complementary

Discrepancy time 0 = infinite, 10 … 30,000 ms in 10 ms increments. If the value is
anything other than 0, it must be greater than the logic execution time.
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Parameter Possible values

Number of outputs • 1 (Enable output)

• 2 (Enable output and Discrepancy error output)

Use Fault present • With

• Without

Additional information about the behavior of this function block: see "Dual-channel
evaluation (1 pair) and discrepancy time", page 138.

10.3.5 Magnetic switch

Function block diagram

Figure 101: Inputs and outputs of the Magnetic switch function block

General description

The internal logic of the Magnetic switch function block works in exactly the same way
as for the Emergency stop function block. The only difference is that the choice of
parameters is more restricted. This function block is used to differentiate graphically
between the various elements in the logic program.

The Magnetic switch function block is a predefined function block for reed switches or
other sensors that call for discrepancy time monitoring. If the evaluation of the inputs is
1, the Release output is 1.

Function block parameters

Table 78: Parameters of the Magnetic switch function block

Parameter Possible values

Inputs • Dual-channel equivalent

• Dual-channel complementary

Discrepancy time 10 … 3.000 ms in 10 ms increments. The value must be greater than
the logic execution time.

Number of outputs • 1 (Enable output)

• 2 (Enable output and Discrepancy error output)

Use Fault present • With

• Without

Additional information about the behavior of this function block: see "Dual-channel
evaluation (1 pair) and discrepancy time", page 138.

10.3.6 Light curtain monitoring

Function block diagram

Figure 102: Inputs and outputs of the Light grid monitoring function block
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General description

The Light curtain monitoring function block can be used to implement a semiconductor
protective device function with an electro-sensitive protective device.

The internal logic of the Light grid monitoring function block works in exactly the same
way as for the Emergency stop function block. The only difference is that the choice
of parameters is more restricted. It is not possible to select the single-channel input
type for the Light grid monitoring function block. If the evaluation of the inputs is 1, the
Release output is 1.

NOTE
If a corresponding dual-channel input element is configured in the hardware configu‐
ration, this function block is no longer required in the logic because, in this case,
preliminary evaluation takes place directly on the expansion module (e.g., the FX3-XTIO
or FX3-XTDI module). However, this function block can be used if the Fault present
output is required for further processing. This involves configuring both input signals as
single-channel signals and connecting them to the inputs of the function block.

Function block parameters

Table 79: Parameters of the Light curtain monitoring function block

Parameter Possible values

Input type Dual-channel equivalent

Discrepancy time 0 = infinite, 10 … 500 ms in 10 ms increments. If the value is anything
other than 0, it must be greater than the logic execution time.

Number of outputs • 1 (Enable output)

• 2 (Enable output and Discrepancy error output)

Use Fault present • With

• Without

Additional information about the behavior of this function block: see "Dual-channel
evaluation (1 pair) and discrepancy time", page 138.

10.3.7 Safety gate monitoring

Function block diagram

Figure 103: Inputs and outputs of the Safety gate monitoring function block

General description

This function block can be used to evaluate dual-channel switches (on safety gates).
You can choose between one pair or two pairs. Information on the behavior of
dual-channel evaluation: see "Dual-channel evaluation (1 pair) and discrepancy time",
page 138 and see "Double dual-channel evaluation and synchronization time".

In addition, the function block can be optionally used for function test monitoring.
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Important information

NOTICE
If both inputs change from 0 → 1 without discrepancy and exactly one logic execution
time was = 0 beforehand, the Enable output is only set to 1 every second time.

Function block parameters

Table 80: Parameters of the Safety gate monitoring function block

Parameter Possible values

Inputs • Single-channel

• Dual-channel equivalent (1 pair)

• Dual-channel complementary (1 pair)

• Dual-channel equivalent (2 pairs)

• Dual-channel complementary (2 pairs)

Function test • No function test

• Function test required

Discrepancy time pair
1
Discrepancy time pair
2

Can be set separately for inputs 1A / 1B and 2A / 2B.
0 = infinite, 10 … 30,000 ms in 10 ms increments.
If the value is not 0, it must be greater than the logic execution time.

Synchronization time 0 = infinite, 10 … 30,000 ms in 10 ms increments. If the value is not 0,
it must be greater than the logic execution time.

Number of outputs 1 … 6

Use Fault present • With

• Without

Function test

In some applications, protective devices have to undergo a cyclic physical check (func‐
tion test).

If the Safety gate monitoring function block is configured with the Function test required
parameter, the input signal must change once per machine cycle so that the release
condition stops being met and then it must switch back again (e.g., as a result of a
safety door being opened and closed).

The Function test request input is typically connected to the machine cycle contact.

If a function test is required by the configuration, it must be performed in the following
cases:
• After the Flexi Soft system switches from the Stop status to the Run status
• After each rising signal edge (0–1) at the Function test request input.

This is indicated by the Function test required output switching to 1. The Function test
required output returns to 0 if the following happens before the next rising signal edge
occurs at the Function test request input: A signal sequence is detected at the inputs
causing the Release output to switch from 0 to 1.

The Function test error output switches to 1 if the next machine cycle begins before a
function test has been performed, i.e., if the Function test required output is still set to 1
and another rising signal edge (0–1) occurs at the Function test request input. The Release
output is 0 while a function test error has occurred.

The Function test error output returns to 0, if a signal sequence is detected that causes
the Release output to switch from 0 to 1.
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Sequence/timing diagram

Function test required

Enable

Function test request

Input 1A

Stop � Run
Fault present

Function test error

Figure 104: Sequence/timing diagram for the Safety gate monitoring function block, category 2,
single-channel with function test

Discrepancy error pair 1

Enable

Input 1B

Input 1A

Stop � Run
Fault present

T < TDisc T < TDisc T ≥ TDisc T < TDisc T < TDisc

TDisc = Discrepancy time

Figure 105: Sequence/timing diagram for the Safety gate monitoring function block, category 4,
dual-channel without function test

10.3.8 Tolerant dual-channel evaluation

Overview

Figure 106: Inputs and outputs of the Tolerant dual-channel evaluation function block

The Tolerant dual-channel evaluation function block can be used to evaluate dual-chan‐
nel switches or sensors. It also offers a form of dual-channel evaluation that is less
restrictive than the standard type that is available with expansion modules such as the
FX3-XTIO or FX3-XTDI, or with the Safety gate monitoring, Emergency stop, Light grid
monitoring, Magnetic switch, Two-hand control type IIIA, and Two-hand control type IIIC
function blocks.

Tolerant dual-channel evaluation checks whether the sequence of the two input signals
is correct. If either of the two signals has triggered a switch-off, the other signal is
expected to follow accordingly.

Tolerant dual-channel evaluation differs from standard dual-channel evaluation in the
following respects:
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• Fulfillment of the switch-off condition at the two inputs can be staggered. The
switch-off condition does not have to be simultaneously fulfilled at both inputs on
one occasion.

• An AND mode can be optionally activated to make the evaluation even more
tolerant under certain conditions. In this case, deactivation of a single input is
accepted as a correct sequence without the other input having to follow. This may
be acceptable, as the dangerous machine parts (actuators) will have been shut
down safely by this time. For this purpose, the optional Actuator enabled input must
be connected to the signal within the logic that is responsible for controlling the
output for the safety-related release of the actuator. If required, a time limit can be
applied to restrict the duration of the AND mode.

• An optional switch-off delay can be applied to ignore a situation whereby one or
both inputs are deactivated temporarily. It must be enabled by the switch-off delay
input.

• Discrepancy time monitoring can be activated separately for switching on and
switching off.

Function block parameters

Table 81: Parameters of the Tolerant dual-channel evaluation function block

Parameter
Parameter

Possible values

Input mode • Equivalent

• Complementary

Evaluation mode • Dual channel

• Dual-channel / AND mode

Max. time for AND
mode

0 = infinite, 1 to 60,000 s, adjustable in 1 s increments

Discrepancy time
monitoring when
switching on

• Disabled

• Active

Discrepancy time
monitoring when
switching off

• Disabled

• Active

Discrepancy time 0 = infinite, 10 ms to 60 s in 10 ms increments
If the value is anything other than 0, it must be greater than the logic
execution time.

Off delay time 0 to 10 s in 10 ms increments
If the value is anything other than 0, it must be greater than the logic
execution time.

Use input for switch-
off delay

• Disabled

• Active

Use outputs status
input A and status
input B

• Disabled

• Active

Use Fault present • Without

• With

Dual-channel evaluation

The selected Input mode determines what values the two signals must have in order for
the desired status to be achieved. There are two options:

• Equivalent evaluation
• Complementary evaluation
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Table 82: Status of tolerant dual-channel evaluation according to input mode

Input mode Input A Input B Status of tolerant dual-channel evaluation

Equivalent 0 0 Deactivated

0 1 Discrepant, input A switched off

1 0 Discrepant, input B switched off

1 1 Active, if correct sequence has been observed

Complementary 0 1 Deactivated

0 0 Discrepant, input A switched off

1 1 Discrepant, input B switched off

1 0 Active, if correct sequence has been observed

Discrepant

Inactive

Discrepant

Active

Figure 107: State diagram for the Tolerant dual-channel evaluation function block

Discrepancy time

An optional discrepancy time can be defined. The discrepancy time defines how long
the two inputs can continue to have discrepant values after a change in either of the
input signals without this being regarded as an error. The Discrepancy error input A and
Discrepancy error input B outputs are used to indicate which input did not follow within the
anticipated period of time.

A discrepancy error (timeout) is reset when the Active status is achieved, i.e., when a
correct sequence has been observed so that the Release output switches to 1.

Sequence/timing diagrams

Tolerant dual-channel evaluation can only switch to Active (Release output changes from
0 to 1) if the following conditions are met:

• both inputs have switched off at least once since the last Active status and
• The discrepancy time has not expired or discrepancy time monitoring for switching

on is deactivated.

This means that it is not possible to switch from Active to Discrepant and then back to
Active if only one input has switched off.

NOTE
The sequence/timing diagrams shown in this section relate to the equivalent input
mode. For the complementary input mode, input B is to be regarded as inverted.
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Input B

Release

Input A

Status       Inactive      Discrepant 1       Active Discrepant 2    Discrepant 1              Active

Figure 108: Sequence/timing diagram for the Tolerant dual-channel evaluation function block –
switch to Active

Fault present and Error reset

The Fault present output switches to 1 if one of the following scenarios occurs:

• The discrepancy time for switching on has been activated and has expired.
• The discrepancy time for switching off has been activated and has expired.

All error statuses and error outputs (Discrepancy error input A, Discrepancy error input B,
Error present) are reset following a successful switch to the Active status (Release output
switches from 0 to 1). For this to happen, both inputs must have switched off before‐
hand, but not necessarily simultaneously.

Input B

Input A

Discrepancy error input A

Discrepancy error input B

Discrepancy time

Status   Active                                  Discrepant 2 Discrepant 1 Active

Release

Figure 109: Sequence/timing diagram for the Tolerant dual-channel evaluation function block –
Error reset

AND mode

If the Evaluation mode is set to Dual-channel/AND mode, there are two possibilities depend‐
ing on the Actuator enabled input: Either both inputs are monitored in accordance with
the rules of tolerant dual-channel evaluation or they are simply linked via a logical AND
operation.

If AND mode is active, only one input has to switch off and on again for the status to
switch back to Active; it is not necessary for the other input to switch as well. Whenever
one or both of the inputs switch off, the Enable output is always forced to switch off as
well. In AND mode, the value for switch-off via Input B is still dependent on the input
mode.

AND mode is activated when a falling signal edge (1–0) occurs at the Actuator enabled
input and the Release output is 1.
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AND mode is deactivated again when the Actuator enabled input is set to 1 or when the
max. time for AND mode expires. Expiry of the max. time for AND mode has no effect on the
Fault present output.

No discrepancy time monitoring is performed in AND mode.

Input A

Input B

Actuator

Enable

AND-Mode activ

t

t

t

t

t

Figure 110: Sequence/timing diagram for the Tolerant dual-channel evaluation function block –
AND mode

Off delay

The switch-off delay can be applied to ignore temporary deactivation of one or both
inputs while keeping the Release output set to 1. If one or both inputs are still switched
off at the end of the off delay time, the Release output switches to 0.

The switch-off delay is only effective when the Switch-off delay input is set to 1. If
the Switch-off delay input is 0 and one or both of the inputs switch off, the effect is
immediate.

The switch-off delay is effective in dual-channel mode as well as in AND mode.

Input A

Input B

Off delay

Enable

Timer Off delay

Off delay

t

t

t

t

t

Figure 111: Sequence/timing diagram for the Tolerant dual-channel evaluation function block –
Off delay

Status input A/B

The two outputs Status input A and Status input B show the internal values of inputs A
and B. These are the same as the Input A and Input B values apart from the following
exceptions:
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• The status output shows the “Off” value even though the associated input is
switched on (with input mode = Equivalent: 0 instead of 1), as the other input
still has to switch off first before switch-on becomes possible again (Release output
switches to 1).

• The status output shows the “On” value even though the associated input is
switched off (with input mode = Equivalent: 1 instead of 0). This is because the
switch-off delay is active and switch-off is currently being prevented internally.

Further topics

• "Dual-channel evaluation (1 pair) and discrepancy time", page 138

10.3.9 Two hand control type IIIA

Function block diagram

Figure 112: Inputs and outputs of the Two hand control type IIIA function block

General description

The Two hand control type IIIA function block is a predefined function block for two-
hand control devices, where discrepancy time monitoring is required for equivalent
inputs. Discrepancy time monitoring enables synchronous actuation monitoring for type
IIIA two-hand control devices according to ISO 13851.

The internal logic of the Two hand control type IIIA function block works in exactly the
same way as for the Emergency stop function block. The only difference is that the
choice of parameters is more restricted. This function block enables a distinction to be
made graphically in accordance with the application concerned.

Together, Input A and Input B form a dual-channel evaluation function and must be equiv‐
alent. If the evaluation of the inputs is 1, the Release output is 1 (see "Dual-channel
evaluation (1 pair) and discrepancy time", page 138).

Function block parameters

Table 83: Parameters of the Two hand control type IIIA function block

Parameter Possible values

Inputs Fixed value: dual-channel equivalent

Discrepancy time For main module firmware version up to V4.04.0: Fixed value: 500 ms
For main module firmware version V4.05.0 and above: 10 ms …
500 ms in 10 ms increments.
The value must be greater than the logic execution time.
(Corresponds to synchronization time according to ISO 13851)

Number of outputs • 1 (Enable output)

• 2 (Enable output and Discrepancy error output)

Use Fault present • With

• Without
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10.3.10 Two hand control type IIIC

Function block diagram

Figure 113: Inputs and outputs of the Two hand control type IIIC function block

General description

The Two hand control type IIIC function block provides the logic that is required to
monitor the inputs of a two-hand control device in accordance with ISO 13851.

The inputs used must be configured as single-channel signals in the hardware configu‐
ration, i.e., no dual-channel input evaluation on the expansion module.

Function block parameters

Table 84: Parameters of the Two hand control type IIIC function block

Parameter Possible values

Discrepancy time (pair 1) 0 = infinite, 10 ms … 500 ms in 10 ms increments. If the value is
not 0, it must be greater than the logic execution time.

Discrepancy time (pair 2) 0 = infinite, 10 ms … 500 ms in 10 ms increments. If the value is
not 0, it must be greater than the logic execution time.

Synchronization time For main module firmware version up to V4.04.0: Fixed value:
500 ms
For main module firmware version V4.05.0 and above: 0 =
500 ms, 10 ms … 500 ms in 10 ms increments.
The value must be greater than the logic execution time.

Number of outputs • 1 (Enable output)

• 2 (Enable output and Discrepancy error pair 1 output)

• 3 (Enable output, Discrepancy error pair 1 output, and Discrep‐
ancy error pair 2 output)

Use Fault present • With

• Without

The function block evaluates its input signals in pairs. Together, Input 1A and Input
1B form one dual-channel evaluation function and they have to be complementary.
Together, Input 2A and Input 2B form one dual-channel evaluation function and they also
have to be complementary. A discrepancy time can be specified for each pair of inputs.

The synchronization time is the amount of time for which the input pairs are allowed to
have different values. As stipulated in standards and regulations, the synchronization
time for evaluating the two-hand control devices must not exceed 500 ms. That means
the synchronization time can be edited in a range between 10 ms and 500 ms.

For information on the behavior of double dual-channel evaluation: see "Dual-channel
evaluation (1 pair) and discrepancy time", page 138 and see "Double dual-channel
evaluation and synchronization time".

The Two-hand control type IIIC function block uses a different type of synchronization
evaluation from the Safety gate monitoring function block in terms of what condition
must be met for the Disabled synchronization status. With the Two-hand control type
IIIC function block, both dual-channel evaluation functions must be set to Disabled, i.e.,
the A inputs must be 0 and the B inputs must be 1 for both pairs of inputs at the same
time.
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Furthermore, there is no Synchronization error output for the Two-hand control type IIIC
function block. This is because a failure to actuate both hand switches of a two-hand
control device within the fixed time of 500 ms is not classed as an error. However, this
synchronization time must not be exceeded, because otherwise the Release output will
not switch to 1.

Sequence/timing diagram

Discrepancy error pair 1

Enable

Input 1B

Input 1A

Fault present

T ≥ TDisc T ≥ TSync

Input 2A

Input 2B

Discrepancy error pair 2

Stop � Run

TDisc = Discrepancy time TSync = Synchronization time

Figure 114: Sequence/timing diagram for the Two hand control type IIIC function block

10.3.11 Multi operator

Function block diagram

Figure 115: Inputs and outputs of the Multi operator function block

General description

The Multi operator function block makes it possible to monitor the simultaneous opera‐
tion of up to three two-hand control systems. For example, in a press application where
there is more than one operator, it may be necessary to have multiple two-hand control
systems or foot switches so that the downward movement of the press can be triggered
in unison. Each Operator input is usually connected to the Enable output of a Two hand
control function block.

In additional, two optional Release inputs (e.g., safety light curtains) can be connected
to make sure that the assigned devices are 1 before the Release output can switch to
1. The Reset and Restart functions must be dealt with independently of this function
block.

The Cycle request input can be used to impose a requirement so that the operators have
to let go of each two-hand control system at least once before a restart is possible.
Typically, this input is connected to a signal that generates a pulse during each machine
cycle. In this way, you can prevent one or more of the two-hand control systems from
remaining permanently actuated.
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NOTE

• Never connect anything other than safe signals that have undergone preliminary
evaluation to the Operator inputs, e.g.,the Release output of a Two-hand control type
IIIA or Two-hand control type IIIC function block. There are two ways to perform
safety-related evaluation on the inputs of a two-hand control device. They can
either be evaluated by another function block (e.g., Two-hand control device or
Light curtain monitoring) or evaluation can be built into how the safety capable
inputs are configured (e.g., by configuring the inputs with dual-channel evaluation).

• The Cycle request input must not be used for safety functions. This input is intended
exclusively for automation control.

WARNING
Incorrect configuration or incorrect use of the inputs
The target safety-related level may not be achieved in the event of non-compliance.

► Only connect signals that have undergone preliminary evaluation to the Operator
and Release inputs.

► Only use suitable inputs for safety functions.

Function block parameters

Table 85: Parameters of the Multi operator function block

Parameter Possible values

Cycle request condition • Rising signal edge

• Falling signal edge

Number of operators • 2 operators

• 3 operators

Number of release inputs • 0

• 1

• 2

The Release output switches to 1 if the following conditions are met:
• All Release inputs are and remain set to 1.
• Each activated Operator input has been set to 0 at least once (can also be stag‐

gered) since the Flexi Soft system switched from the Stop status to the Run status.
This second condition does not need to be fulfilled if one of the three following
cases applies:
a) The Release output was never set to 1 after the Flexi Soft system switched

from the Stop status to the Run status.
b) A rising or falling signal edge (depending on the configuration) has been

detected at the Cycle requirement input.
c) One or more Release inputs were previously set to 0.

• All activated Operator inputs have subsequently switched to 1.

The Release output is 0 if one of the following conditions is met:
• One or more Release inputs are 0.
• One or more Operator inputs are 0.
• A rising or falling signal edge (depending on the configuration) has been detected

at the Cycle request input.
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Sequence/timing diagram

Operator 1

Operator 2

Operator 3

Release 1

Cycle request
(configured as a falling edge)

Enable output

All Operator inputs have performed a cycle after the falling edge on the Cycle request input
(or after the start) and the activated Release input is 1.

Falling edge detected on the Cycle request input

Enable remains 0 because
Operator 2 has not yet performed

a cycle (e.g. 1 –» 0 –» 1)
after the last Cycle request.

Figure 116: Sequence/timing diagram for the Multi operator function block

10.4 Parallel muting, Sequential muting, and Cross muting function blocks

10.4.1 Overview and general description

Muting is an automated process that temporarily bypasses safety functions of a control
system or protective equipment. Muting allows certain objects (e.g., pallets loaded
with material) to pass through electro-sensitive protective equipment (ESPE) such as
a safety light curtain and into a hazardous area. During this transport operation, the
Muting function bypasses monitoring by the electro-sensitive protective equipment.

Three different function blocks are available for muting:
• Parallel muting

A1 B1

A2 B2

Figure 117: Muting with two sensor pairs arranged in parallel (A1 / A2 and B1 / B2)

• Sequential muting

A1 B1A2 B2

Figure 118: Muting with two sensor pairs arranged in sequence (A1 / A2 and B1 / B2)
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• Cross muting
A1

A2

Figure 119: Muting with a sensor pair arranged crosswise (A1 / A2)

Muting sensors

Muting sensors monitor the presence of the material while it is being transported. Care‐
ful selection of the sensor type and how the sensors are arranged makes it possible to
distinguish between objects and people.

In conjunction with the muting sensors and the electro-sensitive protective device, the
object that is being transported generates a precisely defined signal sequence while it
is traveling into the hazardous area. The muting sensors must ensure that all dangers
are eliminated in the event of someone entering the area protected by the electro-sen‐
sitive protective device (i.e., a dangerous state must be terminated immediately). It is
absolutely essential to ensure that a person cannot generate the same signal sequence
as a transported object.

The placement of the muting sensors is determined by the shape of the object
being detected. There are various options involving different numbers of sensor input
signals. These include the following:
• Two sensors
• Two sensors and one additional C1 signal
• Four sensors (two pairs of sensors)
• Fours sensors (two pairs of sensors) and one additional C1 signal

Muting signals can be generated by the following sources:
• Optical sensors
• Inductive sensors
• Mechanical switches
• Controller signals

If optical sensors are used for muting applications, choose sensors with background
suppression to ensure that only the material being transported fulfills the muting condi‐
tions. These sensors are only capable of detecting material up to a certain distance.
Consequently, the input conditions for the muting sensors cannot be met by objects
that are located any further away than this. This applies in particular to sequential
muting.

Conditions for muting

While the muting status is active, the Release output remains at 1, even if the Electro-sen‐
sitive protective equipment input switches to 0.

Depending on the selected muting type and configuration, different conditions are
tested for a correct muting cycle, i.e., the correct initiation, maintenance and termina‐
tion of the muting status.

In general, at least one muting sensor signal pair (A1 / A2 or B1 / B2) must always be
active to maintain the muting status.
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You can achieve a higher level of safety and improved protection against manipulation
using the following functions:

Table 86: Monitoring functions for muting

Monitoring Parallel muting Sequential mut‐
ing

Cross muting Additional information

Sequence monitoring – ✓ – "Sequence monitoring", page 163

Direction detection ✓ ✓ – "Direction detection", page 163

Optional C1 input ✓ ✓ ✓ "Input C1", page 164

Concurrence monitoring ✓ ✓ ✓ "Concurrence monitoring time",
page 162

Monitoring of the total muting
time

✓ ✓ ✓ "Total muting time", page 162

End of muting by ESPE ✓ ✓ ✓ "End-of-muting condition", page 162

10.4.2 Safety notes for muting applications

The safety functions of a protective device are bypassed by muting.

WARNING
Restricted safety through muting
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Observe the general safety specifications and protective measures.
► You must always observe the following notes about how to use the muting function

correctly.

General safety notes for muting

► Always observe the applicable national, regional and local regulations and stand‐
ards.

► Make sure that the application is in line with an appropriate risk analysis and risk
avoidance strategy.

► Muting must be setup to be carried out automatically but not be dependent on a
single electrical signal.

► Never use muting to transport a person into the hazardous area.
► Make sure that muting is only activated for as long as access to the hazardous

area remains blocked by the object responsible for triggering the muting condition.
► Make sure that the muting condition is terminated as soon as the object has

finished passing through so that the protective device returns to its standard
non-bypassed status (i.e., it must be reactivated).

► In the case of long muting cycles (i.e., those lasting more than 24 hours) or long
machine downtimes, check the muting sensors to make sure they are functioning
correctly.

► If the total muting time is set to infinite (inactive), use additional measures to
prevent anyone from entering the hazardous area while muting is active.

► If safety-related information (i.e., remote safety capable input values and/or
remote safety output values) is transmitted via a safety fieldbus network, always
take the associated delay times into account. These delay times may influence
both the system behavior and the minimum safety distance requirements associ‐
ated with the response times.
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Safety notes for the electro-sensitive protective equipment (ESPE)

► Access to the hazardous area must be reliably detected by the ESPE or other
measures must be taken to prevent a person from bypassing, exceeding, crawling
under or crossing the ESPE undetected.

► Observe the operating instructions for the electro-sensitive protective device that
explain how to install and use the device correctly.

► Secure the area between the electro-sensitive protective device and the muting
sensors as follows to prevent anyone standing behind:

° With parallel muting – between the electro-sensitive protective device and
sensors A1 / A2 as well as between the electro-sensitive protective device
and sensors B1 / B2 (see figure 125, page 171).

° With sequential muting – between the electro-sensitive protective device and
sensor A2 as well as between the electro-sensitive protective device and
sensor B1 (see figure 128, page 173).

° With cross muting – between the electro-sensitive protective equipment and
sensor A1 as well as between the electro-sensitive protective equipment and
sensor A2 (see figure 131, page 175).

Safety notes for the muting sensors

► Set up muting so that it is triggered by at least two signals (e.g., from muting
sensors) that are wired independently of one another and it is not fully dependent
on software signals (e.g., from a PLC).

► Arrange the muting sensors so that if an intervention in the protective field occurs,
the hazardous area can only be reached once the dangerous state has been
eliminated. A condition for this is that the necessary minimum distances between
the ESPE and the hazardous area are maintained, typically in accordance with EN
ISO 13855.

► Arrange the muting sensors so that material can pass unhindered but so no one
can enter the hazardous area by fulfilling the muting conditions themselves (i.e.,
by activating both muting sensors and thereby meeting the muting requirements).

Figure 120: Safety requirements when mounting the muting sensors

1 It must not be possible to activate sensors that are located opposite one another at
the same time.

2 It must not be possible to activate sensors that are located next to one another at
the same time.

► Arrange the muting sensors so that only the moving material is detected, and not
the transportation equipment (pallet or vehicle).
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Figure 121: Detection of material during muting

1 Transported material
2 Transportation equipment
3 Transport level
4 Muting sensor

► Set up the muting so that the material to be transported is detected over the entire
stretch. The output signal must not be interrupted (see "Suppression of sensor
signal gaps", page 163).

► Arrange the muting sensors so that a minimum distance is observed in relation to
the detection zone of the electro-sensitive protective equipment (e.g., in relation
to the light beams of a light curtain) whenever material is detected. The minimum
distance ensures the required processing time until muting is activated.

► For wiring the muting sensors, see section titled "Notes on wiring", page 169.

Safety notes for override

► Mount the control switches for the Override functions outside of the hazardous
area so that they cannot be actuated by anyone who is located inside the haz‐
ardous area. In addition, the operator must have a complete overview of the
hazardous area when actuating a control switch.

► For wiring the signal for Override, see the section titled "Notes on wiring",
page 169 .

► Before activating the Override function, make sure that the equipment is in perfect
working order, particularly the muting sensors (visual inspection).

► Make sure that the hazardous area is clear of people both before the Override
function is activated and while it is active.

► If you have had to activate the Override function, check the functionality of the
equipment and the arrangement of the muting sensors after the event.

Safety notes for the muting/override lamp

► Use a muting and/or override lamp to signal that the Muting or Override functions
are active. You can either use an external muting/override lamp or one that is
integrated into the electro-sensitive protective device (ESPE).

► Always attach the muting and/or override lamps so that they are clearly visible.
The muting/override lamp must be visible from every side all the way around the
hazardous area and must be clearly visible to the system operator.

► Depending on local, regional, and national regulations and standards, it may be
necessary to monitor the muting/override lamp(s). If this is the case, implement
additional measures for this purpose. The FX3-XTIO and FX3-XTDI modules do not
support any form of lamp monitoring.

10.4.3 Inputs, outputs and parameters of function blocks

The following table shows which configuration parameters are possible with the various
muting function blocks.
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Table 87: Parameters of the muting function blocks

Parameter Possible values

Direction detection • Deactivated

Parallel muting and sequential muting only:
• Forward (A1/A2 first)

• Backward (B1/B2 first)

Condition of other sensor
pair for start of muting

• Both sensors clear

Parallel muting and sequential muting only:
• At least one sensor clear

End-of-muting condition • With muting sensor pair

• With electro-sensitive protective device (ESPE)

Total muting time 0 = infinite, 5 … 3,600 s, adjustable in 1 s increments

Concurrence monitoring
time

0 = infinite, 10 … 3,000 ms, adjustable in 10 ms increments. If
the value is not 0, it must be greater than the logic execution time.

Suppression of sensor sig‐
nal gaps

0 = infinite, 10 ... 1,000 ms, adjustable in 10 ms increments. If
the value is not 0, it must be greater than the logic execution time.

Sequence monitoring Cannot be selected. Defined by the choice of muting function
block:
• With sequential muting: Active

• With parallel muting and cross muting: Deactivated

Additional muting time
when ESPE is clear

0 ms, 200 ms, 500 ms, 1,000 ms

Input C1 • With

• Without

Override input • With

• Without

Conveyor • With

• Without

Min. override pulse time • 100 ms

• 350 ms

Condition of other sensor pair for start of muting

NOTE
This parameter can only be changed for parallel muting and sequential muting. With
cross muting, the parameter is always set to Both sensors clear.

The Condition of other sensor pair for start of muting parameter determines when the next
valid muting sequence can begin after a previous muting sequence. The Condition of
other sensor pair for start of muting can be defined as follows:

• Both sensors clear: All muting sensor signal inputs are 0 and the Electro-sensitive
protective equipment input is 1 (i.e., the protective field is clear).

Or:

• At least one sensor clear: All muting sensor signal inputs except the last one are 0
and the Electro-sensitive protective equipment input is 1 (i.e., the protective field is
clear).

If a higher throughput is required, it may be advisable to let the next muting sequence
begin as soon as the transported material has traveled past the protective device and
past all the muting sensors except the last one (i.e., at least one sensor is clear).
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End-of-muting condition

The Condition for end of muting parameter determines when a valid muting status is over:

• With muting sensor pair: When a muting sensor signal input in the last muting sensor
pair switches to 0 (sensor clear).

Or:

• With ESPE: When the Electro-sensitive protective equipment input switches to 1 and
therefore indicates that the protective field is clear again.

If the Electro-sensitive protective equipment input switches to 0 at the end of muting (e.g.,
because the ESPE protective field has been breached) before the next valid muting
sequence begins, the Release output of the function block switches to 0. In this case,
the next muting cycle can only begin once the End-of-muting condition has been met.

Additional muting time when ESPE is clear

The Additional muting time when ESPE is clear parameter can be used when the End-of-mut‐
ing condition parameter has been set to With ESPE. Sometimes, irregularities in the
material or transportation equipment may mean that the ESPE cannot always detect
the end of muting precisely. If this happens, you can increase the availability of the
machine by configuring an additional muting time of up to 1,000 ms.

In this case (and in this case only), the Additional muting time after the ESPE frees up
parameter determines the additional muting time once the Electro-sensitive protective
equipment input has switched back to 1.

NOTE
If one of the muting sensors relevant for muting end frees up, the muting sequence is
ended immediately, even if the Additional muting time after the ESPE frees up has not yet
expired. 

Total muting time

The total muting time is used to limit the maximum duration of the muting sequence.
If the value set for the total muting time is exceeded, the Muting error and Fault present
outputs change to 1 and the Release output switches to 0.

The timer for the Total muting time starts running when a valid start condition for muting
exists; this is indicated by the Muting status output transitioning to 1. The timer for the
Total muting time stops running and is reset to 0 if the muting sequence is ended again;
this is indicated by the Muting status output transitioning to 0.

If the optional Conveyor input is used, the timer for the Total muting time pauses when the
Conveyor input is set to 0, i.e., if a conveyor system stop has been detected.

Concurrence monitoring time

The Concurrence monitoring time is used to check whether the muting sensors are acti‐
vated at the same time. This value relates to the two muting sensor signal inputs that
are subject to dual-channel evaluation and specifies how long they are allowed to have
different values without this being regarded as an error. This means that input pair
A1 / A2 or input pair B1 / B2 must assume equivalent values before the end of the
Concurrence monitoring time.

Concurrence monitoring starts as soon as a value of a muting sensor signal input
changes for the first time. If the Concurrence monitoring time expires and both inputs of
an input pair still have different values, an error occurs and the muting sequence is
canceled.

If the Concurrence monitoring function of at least one input pair detects an error, the
function block indicates this by setting the Muting error output to 1.
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NOTE
With sequential muting, it must be taken into account that the two sensors of each
pair switch at different times. The difference depends on the distance between the two
sensors and on the speed of the material transport.

Suppression of sensor signal gaps

Occasionally, muting sensors are affected by output signal faults that are of no signifi‐
cance as far as muting is concerned. The Suppression of sensor signal gaps function makes
it possible to filter out brief faults without interrupting muting.

When Suppression of sensor signal gaps is active, a change of a muting sensor signal input
to 0 will be ignored for the length of time that has been set for Suppression of sensor
signal gaps. The function block continues to interpret this as an uninterrupted 1 signal
provided that only one muting sensor signal input from each sensor pair (A1 / A2 or
B1 / B2) is affected by a signal gap.

If a signal gap has already been detected on one muting sensor signal input of a sensor
pair within the pair and then another signal gap occurs on the other muting sensor
signal input of the same sensor pair at the same time, muting is terminated.

NOTE
To avoid machine downtimes during sequential muting, the configured time for Suppres‐
sion of sensor signal gaps should be less than the length of time between deactivation of
the first sensor and deactivation of the second sensor of a muting sensor pair (e.g.,
A1 / A2 or B1 / B2) when the transported material leaves the range of this sensor
pair. Otherwise, the signal of the first sensor is still active at the time of deactivation of
the second sensor due to the Suppression of sensor signal gaps and an error occurs in the
sequence monitoring.

Direction detection

NOTE
Direction detection is only possible with parallel muting and sequential muting.

The Direction detection function can be used to tighten muting conditions if the material
being transported is only to be moved in one particular direction. The possible move‐
ment direction depends on the order in which the muting sensors are activated.

If Direction detection is deactivated, the transported material can be moved in either
direction to meet the muting conditions. In this case, it does not matter which sensor
pair is activated first.

If the Forward (A1 / A2 first) direction is selected, the inputs for the muting sensor pairs
must be activated in the order A1 / A2 before B1 / B2. Muting is not possible in the
opposite direction.

If the Backward (B1 / B2 first) direction is selected, the inputs for the muting sensor pairs
must be activated in the order B1 / B2 before A1 / A2. Muting is not possible in the
opposite direction.

Sequence monitoring

NOTE
This parameter is only available in the case of sequential muting.

Sequence monitoring allows you to define a mandatory order in which the muting sensors
have to be activated.
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Table 88: Requirements for sequence monitoring according to direction detection setting

Direction detection Valid sequence for muting sensor input signals

Deactivated A1 before A2 before B1 before B2
or
B2 before B1 before A2 before A1

Forward A1 before A2 before B1 before B2

Backward B2 before B1 before A2 before A1

Deviations from the sequence result in a muting error, which is indicated at the Muting
error output. This applies both to the sequence of activation (muting sensor signal
inputs switch from 0 to 1) and to deactivation (muting sensor signal inputs switch from
1 to 0).

Input C1

The optional C1 input can be used as additional protection against manipulation. If it is
used, the C1 input must have switched to 0 after a previous muting cycle, and to 1 at
the latest when both muting sensor signal inputs switch to 1 at the same time. A failure
to meet this condition results in a muting error, which is indicated at the Muting error
output.

The C1 input must then switch back to 0 before the subsequent muting cycle is permit‐
ted. The C1 input is not relevant for the duration of the muting status.

Figure 122: Example for the use of the optional C1 input with cross muting

1 Transported material
2 Electro-sensitive protective device (e.g., safety light curtain)
3 Hazardous area

In this example, the protection afforded by the protective equipment is bypassed when
the sensors are actuated in a defined order. C1 must be activated before the two
muting sensor signal inputs in the first sensor pair (A1 and A2 in the example) switch to
1. This requires the length of the material in the conveying direction (L3) to be greater
than the distance between C1 and the detection line of the muting sensors A1 and A2
(L4).
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Override input

An Override input signal allows you to remove transported objects that have been left
stranded in the protective field of the protective device (e.g., safety light curtain) as a
result of a power failure, an emergency stop, muting errors, or similar circumstances.

The Override function allows you to activate the Release output of the muting function
block even though no valid muting sequence has been detected and the protective
equipment (e.g., safety light curtain) is signaling that a dangerous state may exist. The
Override input should only be used if the hazardous area has been visually inspected
beforehand, there is no one within the hazardous area, and nobody will be able to
access the hazardous area while the Override input is in use.

WARNING
Restricted safety with Override
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Only use override if the hazardous area has been visually inspected beforehand,
there is no one within the hazardous area, and nobody will be able to access the
hazardous area while the Override input is in use.

The Override status output switches to 1 and the Override required output pulsates at 2 Hz
if all of the following conditions are met:
• Muting is set to 0 (i.e., the Muting status output is 0).
• At least one of the muting sensor signal inputs A1, A2, B1, B2 is set to 1.
• The Electro-sensitive protective equipment input is set to 0 (e.g., safety light curtain

has been interrupted).
• The Release output is set to 0.

If the conditions for the Override required output are met and a valid override sequence
involving a 0–1–0 transition (at least 100 ms or 350 ms but not exceeding 3 s;
longer or shorter pulses will be ignored) occurs at the Override input, the Release output
switches to 1 in exactly the same way as if the muting conditions had been met. Once
all the muting sensor signal inputs have switched back to 0 and the Electro-sensitive
protective equipment input is set to 1 (e.g., is indicating that the protective field of a
safety light curtain is now clear), the next valid muting cycle is expected. If the next
object does not meet the conditions for a muting cycle but does meet the conditions
for the Override required output, then another override cycle can be used to remove the
transported material. The number of override cycles is limited (see table 90, page 167).

NOTE
A reset pushbutton may also be suitable for the Override function.
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Table 89: Conditions for Override required and when override is possible

Muting sta‐
tus

At least one of
the muting sen‐
sor signal inputs
A1, A2, B1, B2 is

set to 1

Electro-sen‐
sitive protec‐
tive equip‐
ment input

Override required
output

Override possible

0 No 0 0 No

0 No 1 0 No

0 Yes 0 Pulsates (2 Hz) Yes, unless the maximum
permissible number of

override cycles has been
exceeded

0 Yes 1 0 No

1 No 0 0 No

1 No 1 0 No

1 Yes 0 0 No

1 Yes 1 0 No

Example sequence for Override and Override required:

Figure 123: Sequence/timing diagram for Override and Override required

NOTE
thigh must be greater than or equal to the minimum override pulse time (100 ms or
350 ms), but less than or equal to 3 seconds. Otherwise the pulse on the Override input
is ignored.

During an override cycle, the Release output is set to 1 in the same way as during a
valid muting sequence. To prevent excessive use of the Override function, the number
of permissible override cycles is limited. The number of permissible override cycles is
dependent on the value for the total muting time.
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Table 90: Number of permissible override cycles

Total muting time Number of permissible over‐
ride cycles

Comments

5 s 360 Maximum number of override
cycles = 36010 s 360

20 s 180 = 60 min/total muting time

30 s 120

1 min 60

5 min 12

15 min 5 Minimum number of override
cycles = 530 min 5

60 min 5

Deactivated (0 = unlimited) 5

The number of override cycles is saved in the function block. This value is incremented
whenever the Override required output starts pulsating or whenever the Override status
output switches to 1. The value is reset to 0 on completion of a valid muting cycle, after
a system reset or after a transition from the Stop status to the Run status.

Once the Override required output has started pulsating at 2 Hz and a subsequent
Override signal has switched to 1, muting begins again and the Release output changes
to 1.

If the muting cycle is stopped because of a faulty muting sensor input signal, Override
required switches to 1 for the duration of the logic execution time if the remaining
conditions for Override required are met. If the faulty muting sensor signal input switches
back to 1 first and then returns to 0, the muting cycle is once again stopped and
Override required switches to 1 if the remaining conditions for Override required are met.

While there is a valid override status, none of the following are performed for the
duration of one override cycle: direction detection, sequence monitoring (depending on
function block) and concurrence monitoring.

Min. override pulse time

The min. override pulse time determines the minimum amount of time for which the
Override input must remain set to 1 in order for the override signal to be valid.

Conveyor

If the transported material stops moving during the muting cycle, the total muting
time and other parameters that can lead to muting errors could be exceeded. This
problem can be avoided by using the Conveyor input. This input allows you to stop
the time-dependent functions associated with muting if the material being transported
comes to a halt.

• Conveyor input is 0: conveyor system stopped
• Conveyor input is 1: conveyor system running

The following timer functions are affected by the Conveyor input:

Table 91: Effect of the Conveyor input on timer functions

Monitoring function Effect of Conveyor input

Monitoring of the total mut‐
ing time

• The detection of a conveyor system stoppage pauses the timer
functions.

• When the conveyor system starts up again, the timer continues
running with the value that was stored before the stoppage
was detected. When this happens for the first time, a one-time
increase of 5 seconds is added onto the total muting time.

Concurrence monitoring
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NOTE
The Suppression of sensor signal gaps is not affected by the Conveyor input.

Muting status output

The Muting status output indicates the status of the Muting function as per the table
below:

Table 92: Muting status output values

Condition Muting status output

Muting cycle inactive, no error
or
muting error detected

0

Muting cycle active, no error
or
override active, no error

1

Muting lamp output

The Muting lamp output can be used to indicate when a muting cycle is active. The value
for the Muting lamp output is directly dependent on the values for Muting status, Override
status, and Override required, as shown in the table below:

Table 93: Output values for the Muting lamp output

Status of the muting function block Muting lamp output

Muting status output is set to 0 0

Muting status output is set to 1
or
Override status output is set to 1

1

Override required output is set to 1 Pulsates at 2 Hz

Muting error output

The Muting error output indicates when an error associated with the muting function
block has been detected. The Muting error output is set to 1 if the Electro-sensitive
protective equipment input is set to 0 and any muting error has been detected and not yet
reset.

The following muting errors are possible:
• Total muting time monitoring error
• Concurrence monitoring error
• Direction detection error
• Sequence monitoring error
• Error with transition from Stop status to Run status

NOTE
If the Electro-sensitive protective equipment input is set to 1, the display of muting errors at
the Muting error output is suppressed.

To reset a muting error, it is necessary for the Electro-sensitive protective equipment input to
be set to 1 and for all used muting sensor signal inputs to be set to 0. Alternatively, a
muting error is reset with a valid override cycle.

Fault present output

The Error flag output has the same state as the muting erroroutput.
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Enable output

The Release output is 1 if one of the following conditions is met:
• The Electro-sensitive protective equipment input is set to 1 and no error/fault condition

is active.
• A valid muting condition exists.
• A valid override cycle takes place.

In all other cases, the Release output is set to 0.

10.4.4 Notes on wiring

If muting functions are to be implemented, potential errors must be taken into account
as part of the wiring process. If certain signal combinations are to be transmitted via
the same cable, additional precautions must be taken to ensure that the respective
signals are correct. Suitable measures must be implemented (e.g., protected cable
laying) to make sure that no errors can occur as a result of this wiring.

Table 94: Muting wiring combinations and requirements
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A2 Z – Y Y Z Z Z Z Z Z Z X Y

B1 Y Y – Z Z Z Z Z Z Z Z X Y

B2 Y Y Z – Z Z Z Z Z Z Z X Y

C1 Z Z Z Z – Z Z Z Z X X X Z

Conveyor Z Z Z Z Z – X Z Z X X X Z

Electro-sensitive
protective device

Z Z Z Z Z X – X Z X X X Z

Override Z Z Z Z Z Z X – Z Z X Z Z

Z The specified signals may only be installed in the same cable if a short-circuit
between these signals can be excluded, e.g., by means of protected cable laying.

Y The specified signals may only be installed in the same cable if sequence monitor‐
ing is used or a short-circuit between these signals can be excluded, e.g., by means
of protected cable laying.

X The specified signals may be installed in the same cable.
– Not applicable

Short-circuit to 24 V supply voltage

If a short-circuit to High (to 24 V DC) occurs at a physical input, the evaluated signal
may produce a pulse if the signal for Override is reset as a result of short-circuit
detection.
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WARNING
Undesired override following short-circuit to high
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure that the transitions of the signals that expect an input pulse (for the
muting function blocks: input Override) meet the requirements of safety standards
and regulations.
► Make sure the signal line is laid with protection (to prevent a cross-circuit with

other signal lines)
► No short-circuit detection, i.e., no referencing to test outputs

10.4.5 Transition from Stop status to Run status

If there are objects in the area of the muting sensors during the transition of the Flexi
Soft safety controller from the Stop status to the Run status and therefore one or more
muting sensor signal inputs are set to 1, this generates a muting error.

NOTE
The signaling of the error state at the Muting error output is suppressed if the Electro-sen‐
sitive protective equipment input is set to 1.

Before a new valid muting cycle can be executed, this error must be reset, see "Muting
error output", page 168.

10.4.6 Error statuses and reset information

Table 95: Error statuses and reset information for muting function blocks

Diagnostic outputs Resetting the error status Comments

Muting error:

• Total muting time moni‐
toring error

• Concurrence monitoring
error

• Direction detection error

• Sequence monitoring
error

• Error with transition from
Stop status to Run status

Before a muting error of any kind can be
reset, a valid muting cycle must be per‐
formed in full. This either involves using
the Override function, or all of the muting
sensor signal inputs must be set to 1 and
the Electro-sensitive protective device input
must be set to 0. A valid muting sequence
must follow this.
When either of these conditions is met, the
Muting error output returns to 0 provided
that there is no other error pending.

The Release output
switches to 0 and
the Fault present out‐
put switches to 1
when the Muting
error output is set to
1.

10.4.7 Parallel muting

Function block diagram

Figure 124: Inputs and outputs of the Parallel muting function block
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WARNING
Restricted safety through muting
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Observe the notes in the section "Safety notes for muting applications", page 158.

Example of how to arrange sensors for parallel muting

Figure 125: Example for parallel muting

1 Transported material
2 ESPE (e.g., safety light curtain)
3 Hazardous area

In this example, the material moves from left to right. As soon as the first pair of muting
sensors (A1 and A2) is activated, the protection afforded by the protective equipment
(electro-sensitive protective equipment) is bypassed.

Calculation of distance L1

NOTE
In the example, four muting sensors with identical response times are used. The two
muting sensor pairs are mounted symmetrically, i.e., at the same distance from the
detection range of the ESPE. Different configurations require separate consideration.

The distance L1 is calculated using the following formula:

L1 ≥ v × 2 × TIN muting sensor

The following prerequisites must be met:
• v × t > L1 + L3

• L1 < L3

where...
• L1 = distance between sensors (arranged symmetrically in relation to detection

zone of electro-sensitive protective device)
• L3 = length of material in conveying direction
• v = speed of material (e.g., of conveyor system)
• t = total muting time set (s)
• TIN muting sensor = response time until the muting sensors signal is available in the

Flexi Soft system. The response time of the slowest muting sensor used to initiate
a muting status is decisive. (See section titled “Flexi Soft system response times”
in the “Flexi Soft Modular Safety Controller Hardware” operating instructions).
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NOTE

• The material can either be moved in both directions or only one transport direction
can be allowed using the Direction detection configuration parameter.

• When the sensors are arranged in parallel, the position of the muting sensors is
also used to monitor the width of the permissible object. Whenever objects move
past the muting sensors, the width must always be the same.

• If optical sensors are used for parallel muting, pushbuttons with background sup‐
pression are typically used here to prevent a person from unintentionally activating
both sensors at the same time.

• Prevent mutual interference of the sensors.
• Notes on wiring: see "Notes on wiring", page 169.

Sequence/timing diagram

The sequence/timing diagram shows a valid muting sequence based on the default
parameter setting for this function block.

Figure 126: Valid muting sequence when the default parameter setting is used

10.4.8 Sequential muting

Function block diagram

Figure 127: Inputs and outputs of the Sequential muting function block

WARNING
Restricted safety through muting
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Observe the notes in the section "Safety notes for muting applications", page 158.
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Example of how to arrange sensors for sequential muting

1

32

L1

L3

L2

A1 B1A2 B2

Figure 128: Example for sequential muting

1 Transported material
2 ESPE (e.g., safety light curtain)
3 Hazardous area

In this example, the material moves from left to right. As soon as muting sensors A1
and A2 are activated, the protection afforded by the protective equipment (electro-sen‐
sitive protective equipment) is bypassed.

Calculation of distance L1

NOTE
In the example, four muting sensors with identical response times are used. The two
muting sensor pairs are mounted symmetrically, i.e., at the same distance from the
detection range of the ESPE. Different configurations require separate consideration.

The distance L1 is calculated using the following formula:

L1 ≥ v × 2 × TIN muting sensor

The following prerequisites must be met:
• v × t > L1 + L3

• L2 < L3

where...
• L1 = distance between inner sensors (arranged symmetrically in relation to detec‐

tion zone of electro-sensitive protective device)
• L2 = distance between outer sensors (arranged symmetrically in relation to detec‐

tion zone of electro-sensitive protective device)
• L3 = length of material in conveying direction
• v = speed of material (e.g., of conveyor system)
• t = total muting time set (s)
• TIN muting sensor = response time until the muting sensors signal is available in the

Flexi Soft system. The response time of the slowest muting sensor used to initiate
a muting status is decisive. (See section titled “Flexi Soft system response times”
in the “Flexi Soft Modular Safety Controller Hardware” operating instructions.
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NOTE

• The material can either be moved in both directions or only one transport direction
can be allowed using the Direction detection configuration parameter.

• The sensor arrangement shown in this example is suitable for all types of sensor.
• Prevent mutual interference of the sensors.
• Notes on wiring: see "Notes on wiring", page 169.

Sequence/timing diagram

The sequence/timing diagram shows a valid muting sequence based on the default
parameter setting for this function block.

Figure 129: Valid muting sequence when the default parameter setting is used

10.4.9 Cross muting

Function block diagram

Figure 130: Inputs and outputs of the Cross muting function block

WARNING
Restricted safety through muting
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Observe the notes in the section "Safety notes for muting applications", page 158.
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Example of how to arrange sensors for cross muting

2

L1

L2

L3

A1

A2

1

3

L4

Figure 131: Example for cross muting

1 Transported material
2 ESPE (e.g., safety light curtain)
3 Hazardous area

In this example, the material can move in both directions. As soon as the pair of muting
sensors (A1 and A2) is activated, the protection afforded by the protective equipment
(electro-sensitive protective equipment) is bypassed.

Calculation of distance L1

The distance L1 is calculated using the following formula:

L1 ≥ v × TIN muting sensor

The following prerequisites must be met:
• v × t > L2 + L3

• L4 ≥ 0

where...
• L1 = minimum distance between detection line of the ESPE and detection by A1

and A2
• L2 = distance between the two detection lines of the A1 and A2 sensors (sensors

activated/sensors clear)
• L3 = length of material in conveying direction
• L4 = Distance between the detection line of the ESPE and the point where the

muting sensors intersect
• v = speed of material (e.g., of conveyor system)
• t = total muting time set (s)
• TIN muting sensor = response time until the muting sensors signal is available in the

Flexi Soft system. The response time of the slowest muting sensor used to initiate
a muting status is decisive. (See section titled “Flexi Soft system response times”
in the “Flexi Soft Modular Safety Controller Hardware” operating instructions.
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NOTE

• In this example, the material is able to flow in both directions.
• The point where the muting sensors intersect should be placed behind the light

beams of the ESPE in the hazardous area. If this is not possible, the point of
intersection may be placed exactly in the path of the ESPE light beams, but not in
front of it.

• The sensor arrangement shown in the example is suitable for through-beam photo‐
electric sensors and for photoelectric retro-reflective sensors.

• Prevent mutual interference of the sensors.
• Notes on wiring: see "Notes on wiring", page 169.

Sequence/timing diagram

The sequence/timing diagram shows a valid muting sequence based on the default
parameter setting for this function block.

1

5

3

2

6

4

Figure 132: Valid muting sequence when the default parameter setting is used

1 A1
2 A2
3 Electro-sensitive protective equipment
4 Enable
5 Muting error
6 Muting status

10.5 Function blocks for press contact monitoring

10.5.1 Overview and general description

There are two types of function block available for press applications, with each one
complementing the other. This chapter describes the function blocks for press contact
monitoring. These function blocks provide signals for a second type of function block
that is responsible for press cycle control.

Two different function blocks are available for press contact monitoring. These can be
used to monitor whether the signal sequence of the contacts is correct and whether the
press is brought to a stop correctly (ramp down/overrun). The outputs of these function
blocks signal what phase of the press cycle the press is currently in (e.g., upstroke or
top dead center). Typically, the Enable output, the Top (top dead center) output, and the
Upstroke output of a function block for press contact monitoring are connected to the
corresponding inputs of one or more press cycle control function blocks.

10 FUNCTION BLOCKS IN THE MAIN MODULE

176 O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 8014519/1KOF/2023-09-08 | SICK
Subject to change without notice



Table 96: Features of the function blocks for press contact monitoring

Eccentric press contact Universal press contact

Typical press types Eccentric press Eccentric press
Hydraulic press

Direction of move‐
ment of press

Forward Forward and backward

Contacts Overrun cam
Upstroke cam
Dynamic cam

TDC
BDC
SCC

Condition for TDC If Overrun cam = 1 If TDC = 0

Upstroke condition If Upstroke cam = 1 If BDC = 1

Overrun monitoring Optional Optional

Disable monitoring Optional Optional

10.5.2 Eccentric press contact

Function block diagram

Figure 133: Inputs and outputs of the Eccentric press contact function block

General description

The Eccentric press contact function block can be used for certain types of eccentric
press (i.e., mechanical presses). For the minimum configuration, an Overrun cam and the
Upstroke cam are required. Optionally, a Dynamic cam can also be connected.

Function block parameters

Table 97: Parameters of the Eccentric press contact function block

Parameter Possible values

Dynamic cam input • With

• Without

Min. reset pulse time • 100 ms

• 350 ms

Reset input • With

• Without

Disable monitoring input • With

• Without

Use Fault present • With

• Without

Enable output

The Release output is used to stop the press and is connected to another press function
block with a complementary role, e.g., Press setup or Press single stroke. If no error has
been detected, the Release output of the function block is set to 1.

If an error is detected in the contact signal sequence, the Release output switches to 0,
the relevant error/fault output switches to 1, and the Reset required output changes to 1.
A valid reset sequence is then required at the Reset input.
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The Release output also switches to 0 when monitoring is disabled.

Reset input

A valid reset sequence at the Reset input corresponds to a 0–1–0 transition with a
pulse duration of at least 100 ms or 350 ms but lasting no longer than 30 s. Pulses any
shorter or longer than these limits are ignored.

NOTE

• If a short-circuit to High (to 24 V DC) occurs at a physical input, the evaluated
signal for the Reset function may produce a pulse if it is reset as a result of
short-circuit detection.

• Type C standards, such as EN 692 and EN 693, contain requirements for the use
of safety-related signals. For example, within the context of overrun errors, it may
be necessary to provide the restart signal with a suitable form of protection (e.g.,
by using a key switch or installing it inside a locked control cabinet).

WARNING
Undesired reset following short-circuit to high
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure that the transitions of the signals for the Reset function meet the
requirements of safety standards and regulations.
► Make sure the signal line is laid with protection (to prevent a cross-circuit with

other signal lines).
► No short-circuit detection, i.e., no referencing to test outputs.

► Observe the applicable standards and regulations for safety-related signals.

If the Reset input is deactivated, an error can only be reset by stopping the logic
program, e.g., by briefly switching the power off and on again, or by using configuration
software to make the system transition from the Run status to the Stop status and then
back to the Run status.

Top output and Upstroke output

The Top (top dead center) output is typically used to stop the press. It is connected
to another press function block with a complementary role, e.g., Press setup or Press
single stroke.

The Upstroke output is typically connected to another press function block with a com‐
plementary role, e.g., Press setup or Press single stroke. It can also be used to trigger
upstroke muting.

The Eccentric press contact function block sets the Upstroke and Top outputs based on
changes to the contact input values. If the function block detects an error, both outputs
are set to 0.

Without Dynamic cam

The Upstroke output switches to 1 when a rising signal edge (0–1) occurs at the Upstroke
cam input and switches to 0 when a rising signal edge occurs at the Overrun cam input.

The Top output switches to 1 when the Overrun cam input is set to 1.
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0
1

Overrun cam

Upstroke cam

Top output

Upstroke output

Figure 134: Press cycle for the Eccentric press contact function block without Dynamic cam

With Dynamic cam

If Dynamic cam is configured for this function block, the start of the TDC phase can be
brought forward by means of a falling signal edge (1–0) at the Dynamic cam input.

The Upstroke output switches to 1 when a rising signal edge (0–1) occurs at the Upstroke
cam input. It switches to 0 either when a rising signal edge occurs at the Overrun cam
input or when a falling signal edge occurs at the Dynamic cam input (depending on which
one occurs first).

The Top output switches to 1 when a rising signal edge occurs at the Overrun cam input
or when a falling signal edge occurs at the Dynamic cam input (depending on which one
occurs first). The Top output switches to 0 when a falling signal edge occurs at the
Overrun cam input.

0
1

Overrun cam

Upstroke cam

Top output

Upstroke output

Dynamic cam

Figure 135: Press cycle for the Eccentric press contact function block with Dynamic cam during
upstroke

If a falling signal edge occurs at the Dynamic cam input while the Upstroke cam input is
set to 0 (i.e., during the downward phase of the press cycle), the Top output switches
to 1 until a rising signal edge is detected at the Upstroke cam input. The Upstroke output
remains set to 0 for the rest of the press cycle.
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1

Overrun cam

Upstroke cam

Top output

Upstroke output

Dynamic cam

Figure 136: Press cycle for the Eccentric press contact function block with Dynamic cam during
upstroke and downward movement

NOTE
If the Upstroke cam input is already set to 1 when the contact inputs start being moni‐
tored (e.g., during the first logic cycle after an error has been reset or after monitoring
has been activated via the Disable monitoring input), the Upstroke output remains set to 0
until the first actual transition from 0 to 1 is detected at the Upstroke cam input.

Contact monitoring

The input signals for the Overrun cam, Upstroke cam, and Drive released inputs must obey
the rules illustrated in the figure and described below.

0
1

Overrun cam

Upstroke cam

= 1?

= 1?                                                                          = 0?

= 0?

Figure 137: Contact monitoring with the Eccentric press contact function block

• 1 The overrun has to commence during the upstroke phase: The rising signal
edge at the Overrun cam input (0–1) has to occur while the Upstroke cam input is set
to 1.

• 2 The overrun has to finish on completion of the upstroke phase: The falling
signal edge at the Overrun cam input (1–0) has to occur when the Upstroke cam input
is set to 0.
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• 3 The upstroke phase has to commence once the overrun has finished: The rising
signal edge at the Upstroke cam input (0–1) has to occur while the Overrun cam input
is set to 0.

• 4 The upstroke phase has to finish during the overrun: The falling signal edge at
the Upstroke cam input (1–0) has to occur while the Overrun cam input is set to 1.

A failure to meet even one of these conditions during operation is sufficient to set the
Release output to 0 and the Contact error output to 1.

A valid sequence meeting these conditions would be:

1. Start condition: Overrun cam input = 1
Upstroke cam input = 0

2. Overrun cam input: 1–0
3. Upstroke cam input: 0–1
4. Overrun cam input: 0–1
5. Upstroke cam input: 1–0

WARNING
Non-safe signals
The target safety-related level may not be achieved in the event of non-compliance.

► Make sure that the application conforms to all applicable standards and regula‐
tions.

► Only use safety-related signals for safety-related applications.
► In the case of the Upstroke cam input, this is particularly important if the Upstroke

output is used for upstroke muting, e.g., in conjunction with a function block for
press cycle control.

To comply with the safety regulations it may be necessary to use tested switches that
rely on different test sources for the contact inputs in each case. This means that
the Overrun cam, Upstroke cam, and Dynamic cam inputs must be connected to different
FX3-XTIO or FX3-XTDI modules.

NOTE
An FX3-XTDI module only has two test sources even though it features eight test output
terminals.

Overrun monitoring

The Eccentric press contact function block monitors the overrun of the press. If contact
stops being made with the Overrun cam contact but the press should actually have come
to a stop by now, the function block detects an overrun error.

The Drive released input then has to obey the rules illustrated in the figure and described
below, see figure 138, page 182.
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0
1

Overrun cam

Drive released

Don’t care

1 0
Top output

= 0 1?

or

= 1?

Figure 138: Overrun monitoring with the Eccentric press contact function block

Either a transition from 0 to 1 must occur at the Drive released input while the Top output
is set to 1 or the Drive released input must be set to 1 once the Overrun cam (1–0) has
finished. A failure to meet either of these conditions causes the Release output to switch
to 0 and the Overrun error output to change to 1.

The Drive released input must be connected to the signal that controls the physical
output of the press drive so that the function block can detect whether the press is
currently running or has been stopped. Typically, this will be the Enable output of a
subsequent Press setup or Press single stroke function block.

NOTE
The signal that controls the physical output for the press drive must be controlled with a
jump address or a CPU marker.

• When using a jump address, this signal must form a logical loopback. To achieve
this, connect the outputs of this function block to the inputs of the subsequent
function blocks and then connect the jump address to the Drive released input. This
is particularly important if all connections to the subsequent function blocks are
established using jump addresses.

• If using a CPU marker, you must use a routing function block to route the signal
not only to the physical output for the press drive but also to the output of the CPU
marker.

Disable monitoring

This optional input allows you to deactivate the Monitoring function under certain
conditions so that the function block is prevented from switching to an error status. This
may be useful for certain operating modes, e.g., while setting up the machine or when
the press is running in reverse.

If the Disable monitoring input is set to 1, the Release output of the Eccentric press
contact function block is 0, and contact signal sequence and overrun monitoring are
deactivated, provided that there is no error pending. This does not affect the error/fault
outputs.

If the Disable monitoring input is set to 1 and an error is pending at the same time, the
error can be reset.

If the Disable monitoring input switches from 1 to 0, the function block behaves in the
same way as during a transition from the Stop status to the Run status, i.e., the Release
output switches back to 1.

10 FUNCTION BLOCKS IN THE MAIN MODULE

182 O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 8014519/1KOF/2023-09-08 | SICK
Subject to change without notice



10.5.3 Universal press contact

Function block diagram

Figure 139: Inputs and outputs of the Universal press contact function block

General description

The Universal press contact function block can be used for different types of press
(e.g., hydraulic presses and eccentric presses, i.e., mechanical presses). For the mini‐
mum configuration, you only need to use the TDC contact. However, you also have the
option of connecting the BDC and SCC inputs as well.

• The Upstroke output is only available when the BDC input is activated.
• Overrun monitoring is only possible when the SCC input is activated.
• If BDC and SCC are not used, no plausibility check can be performed for this

function block. In this case, overrun monitoring is not possible. This only leaves the
function for making the Top output signal available.

WARNING
No plausibility check
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Always use the BDC and SCC inputs for safety applications.

Function block parameters

Table 98: Parameters of the Universal press contact function block

Parameter Possible values

SCC input • With

• Without

BDC input • With

• Without

Number of BDC signals per cycle • 1 (e.g., eccentric press)

• 0 to 2 (e.g., hydraulic press)

Min. reset pulse time • 100 ms

• 350 ms

Reset input • With

• Without

Disable monitoring input • With

• Without

Use Fault present • With

• Without

Enable output

The Release output is used to stop the press and is connected to another press function
block with a complementary role, e.g., Press setup or Press single stroke. If no error has
been detected, the Release output of the function block is set to 1.
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If an error is detected in the contact signal sequence, the Release output switches to 0,
the relevant error/fault output switches to 1, and the Reset required output changes to 1.
A valid reset sequence is then required at the Reset input.

The Release output also switches to 0 when monitoring is disabled.

Reset input

A valid reset sequence at the Reset input corresponds to a 0–1–0 transition with a
pulse duration of at least 100 ms or 350 ms but lasting no longer than 30 s. Pulses any
shorter or longer than these limits are ignored.

NOTE

• If a short-circuit to High (to 24 V DC) occurs at a physical input, the evaluated
signal for the Reset function may produce a pulse if it is reset as a result of
short-circuit detection.

• Type C standards, such as EN 692 and EN 693, contain requirements for the use
of safety-related signals. For example, within the context of overrun errors, it may
be necessary to provide the restart signal with a suitable form of protection (e.g.,
by using a key switch or installing it inside a locked control cabinet).

WARNING
Undesired reset following short-circuit to high
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure that the transitions of the signals for the Reset function meet the
requirements of safety standards and regulations.
► Make sure the signal line is laid with protection (to prevent a cross-circuit with

other signal lines).
► No short-circuit detection, i.e., no referencing to test outputs.

► Observe the applicable standards and regulations for safety-related signals.

If the Reset input is deactivated, an error can only be reset by stopping the logic
program, e.g., by briefly switching the power off and on again, or by using configuration
software to make the system transition from the Run status to the Stop status and then
back to the Run status.

Top output and Upstroke output

The Top (top dead center) output is typically used to stop the press and is connected
to another press function block with a complementary role, e.g., Press setup or Press
single stroke.

The Upstroke output is typically connected to another press function block with a com‐
plementary role, e.g., Press setup or Press single stroke. It can also be used to trigger
upstroke muting.

The Universal press contact function block sets the Upstroke and Top outputs based on
changes to the contact input values. If the function block detects an error, both outputs
are set to 0.

The Top output switches to 1 when the TDC input is set to 0. The Upstroke output
switches to 1 when a rising signal edge (0–1) occurs at the BDC input. It switches to 0
when a falling signal edge occurs at the TDC input or when a falling signal edge occurs
at the BDC input (depending on which one occurs first).

If the BDC input is set to 1 when the function block starts (switch-on, deactivated -
activated), the Upstroke output remains set to 0 throughout the first press cycle.
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0
1

TDC

BDC

Top output

Upstroke output

Figure 140: Press cycle for the Universal press contact function block with falling signal edge at
TDC input before BDC input

0
1

TDC

BDC

Top output

Upstroke output

Figure 141: Press cycle for the Universal press contact function block with falling signal edge at
BDC input before TDC input

A second rising signal edge at the BDC input does not start the upstroke phase again.
This applies when the Number of BDC signals per cycle parameter is set to 0 to 2 (e.g.,
hydraulic press) and the press is moving forward and backward in the lower range.
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BDC: 1 > 0 Up = 0

Figure 142: Press cycle for the Universal press contact function block with two BDC transitions

If this setting is configured and no pulse at all occurs at the BDC input during the cycle,
the Upstroke output remains set to 0 throughout the entire cycle.

NOTE
If the BDC input is already set to 1 when the contact inputs start being monitored
(e.g., during the first logic cycle after an error has been reset or after monitoring has
been activated via the Disable monitoring input), the Upstroke output remains set to 0
throughout the first logic cycle. The next transition from 0 to 1 at the BDC input is only
accepted if this has been preceded by a transition from 1 to 0 at the Top output.

Monitoring of TDC

In the course of each cycle, exactly one pulse must occur at the TDC input. A violation
of this rule can only be detected if the SCC input is activated and/or the BDC input is
activated plus the Number of BDC signals per cycle parameter has been set to a value of 1
(e.g., eccentric press).

Monitoring of SCC

If the SCC input is activated, the input signals for SCC must obey the rules illustrated in
the figure and described below.
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Figure 143: Contact monitoring with the Universal press contact function block when SCC is
activated

1 SCC
2 TDC
3 a) = 1?

or

b) = 1?
4 0
5 1

In the course of each cycle, exactly one pulse must occur at the SCC input. The rising
signal edge at the SCC input (0–1) must precede the falling signal edge at the TDC input.
The falling signal edge at the SCC input (1–0) must occur after the rising signal edge at
the TDC input. This means that at least one of the two inputs must be set to 1 at any
given time.

Monitoring of BDC

If the BDC input is activated and the SCC input is deactivated, the input signals for BDC
must obey the rules illustrated in the figure and described below.

Figure 144: Contact monitoring with the Universal press contact function block when BDC is
activated

1 = 1?
2 = 0?
3 BDC
4 TDC
5 0
6 1
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• 1 When the signal at BDC begins (0–1), it must be close to 180° and must occur
while the TDC input is set to 1.

• 2 The signal at BDC must end (1–0) before the rising signal edge (0–1) occurs at
the TDC input. In other words, the BDC input must be set to 0 when a rising signal
edge (0–1) occurs at the TDC input.

Monitoring of BDC and SCC

If the BDC and SCC inputs are both activated, the signals at the BDC input must obey the
rules illustrated in the figure and described below.

0
1

TDC

SCC

 = 0?

 = 1?

BDC

0 before?1

Figure 145: Contact monitoring with the Universal press contact function block when the BDC
and SCC inputs are both activated

• 1 When the signal at BDC begins (0–1), it must be close to 180° and must occur
while the TDC input is set to 1 and after a falling signal edge (1–0) has occurred
at the SCC input (although the SCC input is allowed to have returned to 1 in the
meantime).

• 2 The signal at BDC must end (1–0) before the falling signal edge (1–0) occurs at
the SCC input. In other words, the BDC input must be set to 0 when a falling signal
edge (1–0) occurs at the SCC input.

A valid sequence meeting the conditions for BDC and SCC would be:

1. Start condition: TDC = 0, BDC = 0, SCC = 1
2. TDC: 0–1
3. Drive released = 1 (fulfills the condition for overrun monitoring)
4. SCC: 1–0
5. BDC: 0–1
6. SCC: 0–1
7. TDC: 1–0 and TDC: 1–0 (order is irrelevant)

Depending on the type of press (e.g., hydraulic press) the BDC signal (step 5) may occur
twice or not at all, rather than just once. To prevent this from causing a contact error,
the Number of BDC signals per cycle must be set to 0 to 2 (e.g., hydraulic press). With this
setting, the conditions for BDC continue to apply for every pulse at the BDC input with
the exception of a falling signal edge at the SCC input (step 4).

In addition, the number of signals (0–1–0) that occur at the BDC input must match the
value configured, i.e., either exactly one signal or any number of signals between 0 and
2.
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Table 99: Timing diagrams for 0, 1, and 2 BDC signals per cycle

0 BDC signals per cycle 1 BDC signal per cycle 2 BDC signals per cycle

1 TDC
2 BDC
3 0
4 1
5 TDC input
6 Upstroke output

1 TDC
2 BDC
3 0
4 1
5 TDC input
6 Upstroke output

1 TDC
2 BDC
3 0
4 1
5 TDC input
6 Upstroke output

A failure to meet even one of these conditions during operation is sufficient to set the
Release output to 0 and the Contact error output to 1.

WARNING
Non-safe signals
The target safety-related level may not be achieved in the event of non-compliance.

► Make sure that the application conforms to all applicable standards and regula‐
tions.

► Only use safety-related signals for safety-related applications.
► In the case of the BDC input, this is particularly important if the Upstroke output is

used for upstroke muting, e.g., in conjunction with a function block for press cycle
control.

Setting the Number of BDC signals per cycle parameter to 0 to 2 (e.g., hydraulic press)
reduces the fault detection capabilities of the function block with the result that not all
input errors can be detected (e.g., short-circuit to 0 V at the BDC input).

To comply with the safety regulations it may be necessary to use tested switches that
rely on different test sources for the contact inputs in each case. This means that
the TDC, BDC, and SCC inputs must be connected to different FX3-XTIO or FX3-XTDI
modules.

NOTE
An FX3-XTDI module only has two test sources even though it features eight test output
terminals.

Overrun monitoring

If the SCC input is activated, the Universal press contact function block monitors the
press overrun. If contact stops being made with the SCC contact but the press should
actually have come to a stop by now, the function block detects an overrun error.
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The Drive released input then has to obey the rules illustrated in the figure and described
below.

0
1

SCC

Drive released

= 1?

= 0 1?

Don’t care

or

Top output

Figure 146: Overrun monitoring with the Universal press contact function block

Either a transition from 0 to 1 must occur at the Drive released output between the
moment when the Top output transitions from 0 to 1 and when the SCC signal ends
(1–0) or, alternatively, the Drive released input must be 1 when the SCC signal ends
(1–0). A failure to meet either of these conditions causes the Release output to switch to
0 and the Overrun error output to change to 1.

The Drive released input must be connected to the signal that controls the physical
output of the press drive so that the function block can detect whether the press is
currently running or has been stopped. Typically, this will be the Enable output of a
subsequent Press setup or Press single stroke function block.

NOTE
The signal that controls the physical output for the press drive must be connected using
a jump address or a CPU marker.

• When using a jump address, this signal must form a logical loopback. This is
indicated by a clock symbol at the input of the jump address. To achieve this,
connect the outputs of this function block to the inputs of the subsequent function
blocks and then connect the jump address to the Drive released input. This is
particularly important if all connections to the subsequent function blocks are
established using jump addresses.

• If using a CPU marker, you must use a routing function block to route the signal
not only to the physical output for the press drive but also to the output of the CPU
marker.

Disable monitoring

This optional input allows you to deactivate the Monitoring function under certain
conditions so that the function block is prevented from switching to an error status. This
may be useful for certain operating modes, e.g., while setting up the machine or when
the press is running in reverse.

If the Disable monitoring input is set to 1, the Release output is 0, and contact signal
sequence and overrun monitoring are deactivated, provided that there is no error
pending. This does not affect the error/fault outputs.

If the Disable monitoring input is set to 1 and an error is pending at the same time, the
error can be reset.
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If the Disable monitoring input switches from 1 to 0, the function block behaves in the
same way as during a transition from the Stop status to the Run status, i.e., the Release
output switches back to 1.

10.6 Function blocks for press cycle control

10.6.1 Press setup

Function block diagram

Figure 147: Inputs and outputs of the Press setup function block

General description

The Press setup function block is generally used together with the Universal press
contact or Eccentric press contact function blocks for the purpose of setting up the
press and so that the information from the Top output can be made available as an
input for this function block. The Top output is required for single-stroke mode. The
press can, for example, be controlled by means of a two-hand control system.

Function block parameters

Table 100: Parameters of the Press setup function block

Parameter Possible values

Restart interlock condition • Never

• When Release 1 or Start/Release is 0

• When Release 1 is 0 or Top changes to 1

• Always

Release 2 (start) input • With

• Without

Single stroke monitoring • Active

• Deactivated

Min. restart pulse time • 100 ms

• 350 ms

NOTE
If a short-circuit to High (to 24 V DC) occurs at a physical input, the evaluated signal
for the Restart function may produce a pulse if it is reset as a result of short-circuit
detection.

WARNING
Undesired restart following short-circuit to high
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure that the transitions of the signals for the Restart function meet the
requirements of safety standards and regulations.
► Make sure the signal line is laid with protection (to prevent a cross-circuit with

other signal lines).
► No short-circuit detection, i.e., no referencing to test outputs.
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Function block input signals

The Press setup function block supports the following input signals:

Start/Release

The Start/Release input signal is used to indicate the beginning and the end of the press
movement. A rising signal edge (0–1) at the Start/Release input signals that the press is
starting. The value 0 at the Start/Release input signals that the press is stopping. If the
Restart interlock condition configuration parameter is set to When Release 1 or Start/Release
is 0, a valid restart sequence must be performed following a stop that was caused by a 0
signal at the Start/Release input.

Release 1 (static)

The Release 1 (static) input signal is mandatory. The Release output always switches to 0
as soon as Release 1 (static) is set to 0.

If this function block is used together with a press contact function block (e.g., Eccentric
press contact or Universal press contact), the Release output of the relevant press
contact function block must be connected to the Release 1 (static) input of the Press
setup function block.

Release 2 (start)

WARNING
Incorrect use of the Release 2 (start) input
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Do not use the Release 2 (start) input for safety purposes, e.g. to trigger an emer‐
gency stop.

The Release 2 (start) input is optional. If Release 2 (start) is used, the Release output can
only switch to 1 (e.g., during switch-on) if Release 2 (start) is set to 1. When the Release
output is set to 1, Release 2 (start) stops being monitored.

Top

The Top input is used for single stroke monitoring. It is used to determine the end of
the press cycle (i.e., when the press has reached the top dead center position). The Top
input must only be connected to a Top output of a Universal press contact or Eccentric
press contact function block, or to an equivalent signal source – but never to anything
else.

If the Single stroke monitoring configuration parameter is set to Active, the Release output
changes to 0 when the Top input switches from 0 to 1.

WARNING
Incorrect use of the Top input
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Do not use the Top input for safety purposes, e.g. to trigger an emergency stop.

Restart input

If the Restart interlock condition configuration parameter has been set to Never, no Restart
signal is required to restart the press following a stop. The Restart interlock condition
parameter can also be set to the following values:
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• When Release 1 or Start/Release is 0
• When Release 1 is 0 or Top changes to 1
• Always

This parameter determines when a Restart signal is expected as an input signal for the
function block.

If the Release output switches to 0 because the specified Restart interlock condition config‐
uration parameter has been set, the Release output can only be reset once a valid restart
sequence has been completed with a 0–1–0 transition (at least 100 ms or 350 ms;
shorter pulses and pulses lasting longer than 30 s will be ignored).

Function block output signals

The Press setup function block supports the following output signals:

Restart required

The Restart required output is set to 1 if a valid restart sequence is expected at the Restart
input.

Enable

The Release output is 1 when Restart required is 0 (i.e., no restart is required) and the
following conditions are met:

• Single stroke monitoring is set to Deactivated, Release 1 (static) is set to 1, Release 2
(start) (if configured) is also set to 1, and a rising signal edge (0–1) is detected at
the Start/Release input.

Or:

• Single stroke monitoring is set to Active, Start/Release switches from 0 to 1, Release 1
(static) is 1, and Release 2 (start) (if configured) is also 1. In this case, the Release
output changes to 0 if the Top input switches from 0 to 1.

Release 1 (static) inverted

The Release 1 (static) inverted output indicates whether there is a release signal present
at the Press setup function block. When Release 1 (static) is 1, Release 1 (static) inverted is
0, and vice versa.

Figure 148: Sequence/timing diagram for the Press setup function block
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10.6.2 Press single stroke

Function block diagram

Figure 149: Inputs and outputs of the Press single stroke function block

General description

The Press single stroke function block is generally used together with the Universal
press contact or Eccentric press contact function blocks so that the information from
the Top and Upstroke outputs can be made available as an input for this function block.
The Top output is required for single-stroke mode. The press can, for example, be
controlled by means of a two-hand control system or by using a PSDI mode function
block in conjunction with a safety light curtain.

Single stroke monitoring is always active and is not configurable. Consequently, the
Release output always switches to 1 whenever the Top input changes to 0. The require‐
ments for a restart depend on how the Restart interlock condition parameter is configured.

Function block parameters

Table 101: Parameters of the Press single stroke function block

Parameter Possible values

Restart interlock condition • Never

• When Release 1 or Release 3 or Start/Release is 0

• When Release 1 or Release 3 is 0 or Top changes to 1

• Always

• When Release 1 or Release 3 is 0

Release 2 (start) input • With

• Without

Release 3 (safety) input • With

• Without

Mode for Start/Release
input

• Start and static release (jog mode)

• Start only (stopping not possible)

Mode for upstroke muting • Deactivated

• For Release 3

• For Release 3 and Start/Release

Max. time for upstroke mut‐
ing

0 = infinite, 1 to 7,200 s. The Upstroke input is only present when
this value is set to a value other than 0.

Min. restart pulse time • 100 ms

• 350 ms

Ignore Release 3 (safety)
for restart interlock while in
top position

• Yes

• No

NOTE
If a short-circuit to High (to 24 V DC) occurs at a physical input, the evaluated signal
for the Restart function may produce a pulse if it is reset as a result of short-circuit
detection.
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WARNING
Undesired restart following short-circuit to high
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure that the transitions of the signals for the Restart function meet the
requirements of safety standards and regulations.
► Make sure the signal line is laid with protection (to prevent a cross-circuit with

other signal lines).
► No short-circuit detection, i.e., no referencing to test outputs.

Function block input parameters and input signals

The Press single stroke function block supports the following input signals:

Start/Release

The Start/Release input signal is used to indicate the beginning and the end of the press
movement. A rising signal edge (0–1) at the Start/Release input signals that the press is
starting. The value 0 at the Start/Release input signals that the press is stopping.

If the Mode for Start/Release input parameter is set to Start only (stopping not possible), the
press cannot be stopped with the Start/Release input.

WARNING
Restricted safety in Start only (stopping not possible) mode
The target safety-related level may not be achieved in the event of non-compliance.

► Implement additional safety measures (e.g. secure the hazardous point using a
light curtain) if the mode for the Start/Release input parameter is set to Start only
(stopping not possible).

After a stop caused by a 0 at the Start/Release input, a valid Restart sequence is
required if the function block has been configured as follows:
• The Mode for Start/Release input parameter is set to Start and static release (jog mode).
• The Restart interlock condition parameter is set to either Always or When Release 1 or

Release 3 or Start/Release is 0.

The enable signal of a two-hand control system or a PSDI mode function block is the
ideal signal to connect to the Start/Release input.

Release 1 (static)

The Release 1 (static) input signal is mandatory. The Release output always switches to 0
as soon as Release 1 (static) is set to 0.

If the Press single stroke function block is used together with a press contact function
block (e.g., Eccentric press contact or Universal press contact), the release signal of the
relevant press contact function block must be connected to the Release 1 (static) input of
the Press single stroke function block.

Release 2 (start)

WARNING
Incorrect use of the Release 2 (start) input
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Do not use the Release 2 (start) input for safety purposes, e.g. to trigger an emer‐
gency stop.
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The Release 2 (start) input is optional. If Release 2 (start) is used, the Release output can
only switch to 1 (e.g., during switch-on) if Release 2 (start) is set to 1. When the Release
output is set to 1, Release 2 (start) stops being monitored.

Release 3 (safety)

The Release 3 (safety) input signal is optional. The Release output can only transition from
0 to 1 when Release 3 (safety) is set to 1. If Release 3 (safety) is 0 and Upstroke is also 0,
the Release output is set to 0 and a restart sequence must be performed in accordance
with the settings.

If Release 1 (static) and Upstroke are 1 and the max. time for upstroke muting has been set to
a value greater than 0, the Release 3 (safety) signal is bypassed (muted).

Top

The Top input is used for single stroke monitoring. It is used to determine the end of
the press cycle (i.e., when the press has reached the top dead center position). The Top
input must only be connected to a Top output of a Universal press contact or Eccentric
press contact function block, or to an equivalent signal source – but never to anything
else.

The Release output changes to 0 if the Top input switches from 0 to 1.

WARNING
Incorrect use of the Top input
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Do not use the Top input for safety purposes, e.g. to trigger an emergency stop.

Mode for upstroke muting

If the max. time for upstroke muting is set to a value other than 0, the Upstroke input must
be connected.

NOTE
The Upstroke input is usually connected to the Upstroke output of a Universal press
contact or Eccentric press contact function block.

WARNING
Restricted safety with upstroke muting
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Eliminate all possible dangers that could arise during the press upstroke.

This results in the Release 3 (safety) and Start/Release input signals being bypassed
(muting of the Start/Release input is dependent on the parameter settings) when the
Release output is set to 1 and the Upstroke input is also set to 1. The Press single stroke
function block does not carry out a plausibility check on the Upstroke input signal. If
the Upstroke input switches to 1 several times during the same press cycle, the relevant
input of the function block can be bypassed (muted) several times as well.

If you do not want a signal to be bypassed (muted), it should be connected to the
Release 1 (static) input along with all the other signals that need to be connected to the
Release 1 (static) input using an AND function block.
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Max. time for upstroke muting

The max. time for upstroke muting is configurable. This time starts running when a rising
signal edge (0–1) occurs at the Upstroke input. If the timer reaches the value configured
for max. time for upstroke muting before a falling signal edge (1–0) occurs at the Upstroke
input, the function block terminates muting of the Release 3 (safety) and Start/Release
inputs. If either of these two inputs switches to 0 as of this point, the Release output is
likewise set to 0.

Restart input

If the Restart interlock condition configuration parameter has been set to Never, no Restart
signal is required to restart the press following a stop. The Restart interlock condition
parameter can also be set to the following values:

• When Release 1 or Release 3 or Start/Release is 0
• When Release 1 or Release 3 is 0 or Top changes to 1
• Always
• When Release 1 or Release 3 is 0

This parameter determines when a Restart signal is expected as an input signal for the
function block.

If the Release output switches to 0 because the specified Restart interlock condition config‐
uration parameter has been set, the Release output can only be reset once a valid restart
sequence has been completed with a 0–1–0 transition (at least 100 ms or 350 ms;
shorter pulses and pulses lasting longer than 30 s will be ignored).

Ignore Release 3 (safety) for restart interlock while in top position

If the Ignore Release 3 (safety) for restart interlock while in top position parameter is configured
to Yes, the restart interlock is not activated when the Release 3 (safety) input switches to
0 during a regular press stop operation.

That is, if the Release output switches to 0 because the Top input switched to 1, and then
the Release 3 (safety) input switches to 0, the Restart required output does not switch to 1
unless the press has been restarted.

Function block output signals

The Press single stroke function block supports the following output signals:

Restart required

The Restart required output is set to 1 if a valid restart sequence is expected at the Restart
input.

Sequence/timing diagrams

Figure 150: Sequence/timing diagram for the Press single stroke function block when Start/
Release is set to Start and static release (jog mode)
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Figure 151: Sequence/timing diagram for the Press single stroke function block when Start/
Release is set to Start only (stopping not possible)

Figure 152: Sequence/timing diagram for the Press single stroke function block with upstroke
muting applied to Start/Release and Release 3 (safety)

10.6.3 Press automatic

Function block diagram

Figure 153: Inputs and outputs of the Press automated function block

General description

The Press automatic function block is used in conjunction with press applications
where the movements of the workpieces toward and away from the press are auto‐
mated and where occasional access to the press is required, e.g., for tool changes.

For this purpose, the function block can generate a stop signal for the press (i.e., the
Release output switches to 0) when it reaches a position that makes it easy to change
the tool (e.g., in the top position), but only if a stop operation has been requested first.
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Function block parameters

Table 102: Parameters of the Press automatic function block

Parameter Possible values

Restart interlock condition • After every stop

• Never

Stop request condition • When Start/Release input is 0

• When Stop input is 1

Upstroke input • With

• Without

Release 2 (start) input • With

• Without

Min. restart pulse time • 100 ms

• 350 ms

NOTE
If a short-circuit to High (to 24 V DC) occurs at a physical input, the evaluated signal
for the Restart function may produce a pulse if it is reset as a result of short-circuit
detection.

WARNING
Undesired restart following short-circuit to high
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure that the transitions of the signals for the Restart function meet the
requirements of safety standards and regulations.
► Make sure the signal line is laid with protection (to prevent a cross-circuit with

other signal lines).
► No short-circuit detection, i.e., no referencing to test outputs.

Function block input parameters and input signals

The Press automatic function block supports the following input signals:

Stop request condition

The Stop requirement condition parameter determines the stop mode for the Press auto‐
matic function block. When this parameter is set to When Start/Release input is 0, the
Start/Release input is used to control the Release output directly. When it is set to When
Stop input is 1, the Release output switches to 0 when the Stop requirement input is 1.

In both cases, the Release output switches to 1 when all of the following conditions are
met:

• A transition from 0 to 1 occurs at the Start/Release input.
• The Stop requirement input is 0 (if connected).
• There is no other factor present that would normally trigger a stop signal, e.g.,

Release 1 (static) is 0.

Upstroke input

If the Upstroke input parameter is set to With, a 1 signal at the Upstroke input makes
it possible to stop the press during the downward movement as well as when it is in
the top position. If this parameter is set to Without, regular stop operations are only
possible when the press is in the top position.
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NOTE
The Upstroke input is usually connected to the Upstroke output of a Universal press
contact or Eccentric press contact function block.

Start/Release

WARNING
Incorrect use of the Start/release input
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Do not use the Start/release input for safety purposes, but rather only to trigger
stop requests from the automation control.

► Only connect signals for initiating a safety stop (e.g., emergency stop) to the
Release 1 (static) input of the function block.

The Start/Release input signal is used to signal the beginning and the end of the press
movement. If a rising signal edge (0–1) is detected at the Start/Release input, the
Release output switches to 1 provided that the Stop requirement input is 0 and there is
no other factor present that would normally trigger a stop signal, e.g., Release 1 (static) is
0. A valid restart sequence may be required prior to the transition of the Start/Release
signal if the Restart interlock condition parameter has been set to After every stop. If
control switches (e.g., a two-hand control device) are connected to the Start/Release
input, you must make sure that a restart cannot be triggered accidentally.

Stop request

WARNING
Incorrect use of the Stop request input
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Do not use the Stop request input for safety purposes, but rather only to trigger stop
requests from the automation control.

► Only connect signals for initiating a safety stop (e.g., emergency stop) to the
Release 1 (static) input of the function block.

When the Stop requirement condition parameter is set to When Stop input is 1, the Stop
requirement input is used to send a stop signal to the press. When the Stop requirement
input is 1, the Release output is set to 0.

This input should only be used if the Stop requirement condition parameter has been set
to When Stop input is 1. The Stop requirement input is not used when the Stop requirement
condition parameter is set to When Start/Release input is 0. A valid restart sequence
may be required prior to the transition of the Start/Release signal if the Restart interlock
condition parameter has been set to After every stop. The Stop requirement input is
intended for non-safety-related signals (e.g., for connecting signals from a programma‐
ble logic controller (PLC)). Safety-related signals may only be connected to the Release 1
(static) input and not to the Stop requirement input.

Release 1 (static)

The Release 1 (static) input signal is mandatory. The Release output always switches to 0
as soon as Release 1 (static) is set to 0.

If the Press automatic function block is used together with a press contact function
block (e.g., Eccentric press contact or Universal press contact), its Release output must
be connected to the Release 1 (static) input of the Press automatic function block.
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Release 2 (start)

WARNING
Incorrect use of the Release 2 (start) input
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Do not use the Release 2 (start) input for safety purposes, e.g. to trigger an emer‐
gency stop.

The Release 2 (start) input is optional. If Release 2 (start) is used, the Release output can
only switch to 1 (e.g., during switch-on) if Release 2 (start) is set to 1. When the Release
output is set to 1, Release 2 (start) stops being monitored.

Top

The Top input is used to determine the end of the press cycle (i.e., when the press has
reached the top dead center position). The Top input must only be connected to a Top
output of a Universal press contact or Eccentric press contact function block, or to an
equivalent signal source – but never to anything else.

WARNING
Incorrect use of the Top input
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Do not use the Top input for safety purposes, e.g. to trigger an emergency stop.

Restart

If the Restart interlock condition configuration parameter is set to Never, no Restart signal
is required to restart the press following a stop.

If the Restart interlock condition is set to After every stop and the Release output switches
to 0, the Release output can only be reset once a valid restart sequence has been
completed with a 0–1–0 transition (at least 100 ms or 350 ms; shorter pulses and
pulses lasting longer than 30 s will be ignored).

Function block output signals

The Press automatic function block supports the following output signals:

Restart required

The Restart required output is set to 1 if a valid restart sequence is expected at the Restart
input.
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Sequence/timing diagram

Start/Release

Stop request

Top

Upstroke

Enable

Release 1 (static)

Release 2 (start)

Figure 154: Sequence/timing diagram for the Press automatic function block with the Stop
request and Upstroke inputs

10.6.4 PSDI mode

Function block diagram

Figure 155: Inputs and outputs of the PSDI mode function block

General description

The PSDI mode function block is used for press applications that rely on PSDI mode (=
Presence Sensing Device Initiation).

The requirements for PSDI mode are described in local, regional, national, and interna‐
tional standards. PSDI mode applications must always be implemented in accordance
with these standards and regulations as well as in accordance with the relevant risk
analysis and risk mitigation strategy to ensure the safety of the application.
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WARNING
Restricted safety with PSDI mode
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Follow the safety regulations for PSDI mode.
► Observe the following notes about how to use PSDI mode correctly:

° If the electro-sensitive protective device (e.g., safety light curtain) is not used
in more than one of the operating modes that has been set up, the electro-
sensitive protective device must be deactivated in this operating mode to
make it clear that protective operation is not currently active for this device.

° If an application involves using more than one electro-sensitive protective
device (e.g., safety light curtain) that is reliant on PSDI functions, only one
of these electro-sensitive protective devices may be used to meet the require‐
ments for PSDI mode.

° In accordance with EN 692 and EN 693, which cover press applications, the
number of interventions is limited to 1 or 2. Other applications are dependent
on the applicable standards.

° With PSDI mode, people must not be able to enter, pass through, and leave
the protective field of an electro-sensitive protective device. Consequently,
press systems that are configured to permit this are not allowed.

► Prevent access to dangerous movements.

The PSDI mode function block defines a specific sequence of events that trigger a
press cycle. These are called “interruptions” and may be defined as a transition from
1 to 0 to 1 by the PSDI input signal. When a press is in PSDI mode, a press cycle is
triggered manually using an indirect process that is based on a predefined number
of interruptions in the electro-sensitive protective device. Once the electro-sensitive
protective device (e.g., a safety light curtain) detects that the operator has finished
performing the movements required to insert or remove parts and that the operator has
withdrawn all parts of his or her body from the protective field of the electro-sensitive
protective device, automated triggering of the press is allowed.

The PSDI mode function block can be used in conjunction with the Universal press
contact or Press single stroke function blocks and an input for a safety light curtain.
The Release output of this function block can be used to control the Start/Release input
of a Press single stroke function block, for example.

The PSDI mode function block checks whether the start sequence is valid and when the
intervention counter or function block must be reset.

Function block parameters

Table 103: Parameters of the PSDI mode function block

Parameter Possible values

Number of PSDI pulses 1 to 8

Mode • Standard

• Sweden

Max. time for upstroke mut‐
ing

0 = infinite, 1 to 7,200 s. The Upstroke input is only present when
the value is set to a value other than 0.

Max. time for PSDI pulses
(timeout)

0 = infinite, 1 to 500 s

Condition for Release 2
(start) input

• Without

• Necessary for first start

• Necessary for every start
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Parameter Possible values

Start of first PSDI pulse
(PSDI input 0 -> 1)

• After TDC has been reached

• After the start of upstroke

Restart interlock • For all stops

• For stops during downstroke and at TDC (ignored during
upstroke)

• Without

Min. restart pulse time • 100 ms

• 350 ms

Valid start position (for
restart and PSDI pulses)

• Everywhere

• TDC only

Min. PSDI pulse time (0
time)

• 100 ms

• 350 ms

Use Fault present • With

• Without

NOTE
If a short-circuit to High (to 24 V DC) occurs at a physical input, the evaluated signal
for the Restart function may produce a pulse if it is reset as a result of short-circuit
detection.

WARNING
Undesired restart following short-circuit to high
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Make sure that the transitions of the signals for the Restart function meet the
requirements of safety standards and regulations.
► Make sure the signal line is laid with protection (to prevent a cross-circuit with

other signal lines).
► No short-circuit detection, i.e., no referencing to test outputs.

Function block input parameters and input signals

The PSDI mode function block supports the following input signals:

Mode (Standard or Sweden)

The Mode parameter defines the full start sequence for the PSDI mode function block.
In Standard mode, the number of electro-sensitive protective device interventions
defined by the Number of PSDI pulses parameter must be completed first and then a
valid Restart sequence must follow.

In Sweden mode, a valid Restart sequence is required first and then the configured
number of interventions must follow.

Requirements for the start sequence

If the Release output switches to 0 due to one of the conditions listed below, a full start
sequence may be required:

• Release 1 (static) is 0
• Unexpected PSDI output is 1 while PSDI = 0 and there is no active upstroke muting

and no stop at TDC
• In the event of a PSDI timeout
• After Drive released input has switched to 1
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If the Unexpected PSDI output is 1, the Release output and the PSDI input are both 0, and
the Restart interlock parameter is set to Without, a restart is possible without the need
for a full restart sequence. This may also apply during a press upstroke when the Restart
interlock parameter is set to For stops during downstroke and at TDC (ignored during
upstroke).

The minimum interruption time at the PSDI input is 100 ms or 350 ms. Shorter interrup‐
tions are not classed as valid, i.e., they are ignored. If the Condition for Release 2 (start)
input parameter is set to Necessary for first start or Necessary for every start, the
Release 2 (start) input must likewise be 1 when a full start sequence is required.

Figure 156: Sequence/timing diagram for a full start sequence in Standard mode with 2 PSDIs

1 Release 1 (static)
2 Release 2 (start)
3 PSDI
4 Restart
5 Enable

Figure 157: Sequence/timing diagram for a full start sequence in Sweden mode with 2 PSDIs

1 Release 1 (static)
2 Release 2 (start)
3 PSDI mode
4 Restart
5 Enable

Once the initial full start sequence has finished and the press has completed a press
cycle, the Top input must indicate that the press is in the TDC position. This is indicated
by a rising signal edge (0–1) at the Top input. When this happens, the internal interrup‐
tion counter is reset.

For a subsequent cycle to be triggered, a cycle start sequence is required. In this case,
the Release output switches to 1 following the configured number of interruptions if the
other configured conditions are also met (e.g., Condition for Release 2 (start) input may be
set to Necessary for every start).
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Max. time for PSDI pulses (timeout)

The Max. time for PSDI pulses (timeout) parameter defines the time required for a full start
sequence and also for a cycle start sequence. If the max. time for PSDI pulses (timeout) is
exceeded, the PSDI timeout output switches to 1. In this case, a full start sequence is
required in order for the Release output to switch back to 1 (e.g., to start a press). The
timer starts running when the press is stopped at TDC (i.e., when the Top input switches
from 0 to 1) and once all the other stop conditions apply.

The default setting for the max. time for PSDI pulses (timeout) is 30 s in accordance with
the maximum PSDI time permitted for eccentric presses (defined in EN 692). Setting
the max. time for PSDI pulses (timeout) to 0 disables PSDI time monitoring.

Start of first PSDI pulse (PSDI input 0 -> 1)

The Start of first PSDI pulse parameter determines the circumstances under which an
intervention is classed as valid.

If the Start of first PSDI pulse parameter is set to After the start of upstroke, the interrup‐
tion is classed as valid if it begins (i.e., a falling signal edge (1–0) at the PSDI input)
after the rising signal edge occurs at the Upstroke input. It does not matter whether the
Top input has already switched to 1.

If the Start of first PSDI pulse parameter is set to After TDC has been reached, the
interruption is only classed as valid if it begins (i.e., a falling signal edge (1–0) at the
PSDI input) after the rising signal edge occurs at the Top input.

In both cases, the interruption must end (i.e., a rising signal edge (0–1) at the PSDI
input) after the rising signal edge occurs at the Top input. It does not matter whether the
Top input is still set to 1 or whether it has already switched back to 0.

Figure 158: Valid interventions when the Start of first PSDI pulse parameter is set to After the
start of upstroke

NOTE
If the Start of first PSDI pulse parameter is set to After the start of upstroke, upstroke
muting must be activated. Otherwise, the Release output will change to 0 as soon as the
PSDI input switches to 0 (i.e., at the beginning of the interruption).

Upstroke muting and maximum time for upstroke muting

Upstroke muting can be used to bypass the PSDI input (e.g., the OSSDs of a safety light
curtain) during the upstroke of the press cycle. Upstroke muting is activated when the
Max. time for upstroke muting parameter is set to a value greater than 0. Upstroke muting
is deactivated when the Max. time for upstroke muting parameter is set to 0.

WARNING
Restricted safety with upstroke muting
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Eliminate all possible dangers that could arise during the press upstroke.
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If upstroke muting is activated, the following points must be observed:
• It is vital to ensure that the Upstroke input is connected to a suitable signal. This

could be the Upstroke output of the Eccentric press contact or the Universal press
contact function block, for example.

• The PSDI input of the function block is bypassed (muted), if the Upstroke input is 1
and the Top input remains set to 0.

The function block does not check the Upstroke input for plausibility. This means that
the PSDI input can be bypassed (muted) several times if the Upstroke input is activated
multiple times within the same press cycle.

Release 1 (static)

Release 2 (start)

PSDI

Restart

Top

Upstroke muting

Upstroke

Enable

Figure 159: Sequence/timing diagram for upstroke muting in Standard mode with 2 PSDIs

The max. time for upstroke muting is configurable. The timer for upstroke muting starts
running when a rising signal edge (0–1) occurs at the Upstroke input. If the timer
reaches the value configured for max. time for upstroke muting before another rising signal
edge occurs at the Upstroke input, upstroke muting is interrupted. When the PSDI input
is 0 in this case, the Release output is also set to 0. If a second rising signal edge then
occurs at the Upstroke input, upstroke muting starts again.

If the Release output switches to 0 – because either the Release 1 (static) input or the
PSDI input has changed to 0 – the Top required diagnostic output switches to 1. A press
restart operation is prevented from taking place until the Top input has switched back to
1 without a restart having been performed in any other operating mode.

Valid start position (for restart and PSDI pulses)

If the Valid start position (for restart and PSDI pulses) parameter is set to TDC only, the press
can only be restarted when it is in the top dead center position. If it is in any other
position, a restart operation is prevented from taking place. If, for example, the press
has been stopped partway through the downward movement due to an interruption
in the protective field of the light curtain, you must switch to another operating mode
(e.g., in conjunction with the Press setup function block) so that the press can be
brought back to the top dead center position. This is necessary because the PSDI mode
function block does not allow a restart to be performed with the TDC only parameter
setting.

If the Valid start position (for restart and PSDI pulses) parameter is set to TDC only, the
optional Drive released input must be connected to determine whether the press is
running or has been brought to a stop. This must be the same signal that controls the
press directly. Usually, a jump address or a CPU marker is used to link the Drive released
input to the logic editor output signal that is connected to the physical output for the
press.
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NOTE
Do not connect any physical input signals to the Drive released input. The signal that
controls the physical output for the press drive must be controlled with a jump address
or a CPU marker.

• When using a jump address, this signal must form a logical loopback. To achieve
this, connect the outputs of this function block to the inputs of the subsequent
function blocks. After that, connect the jump address to the Drive released input.
This is particularly important if all connections to the subsequent function blocks
are established using jump addresses.

• If using a CPU marker, you must use a routing function block to route the signal
not only to the physical output for the press drive but also to the output of the CPU
marker.

Release 1 (static) input

The Release 1 (static) input signal is mandatory. The Release output always switches to 0
as soon as Release 1 (static) is set to 0.

If the PSDI mode function block is used together with a press contact function block
(e.g., Eccentric press contact or Universal press contact), its Release output must be
connected to the Release 1 (static) input of the PSDI mode function block.

Release 2 (start)

WARNING
Incorrect use of the Release 2 (start) input
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Do not use the Release 2 (start) input for safety purposes, e.g. to trigger an emer‐
gency stop.

The Release 2 (start) input is optional. If Release 2 (start) is used, the Release output can
only switch to 1 (e.g., during switch-on) if Release 2 (start) is set to 1. When the Release
output is set to 1, Release 2 (start) stops being monitored.

Top

WARNING
Incorrect use of the Top input
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Do not use the Top input for safety purposes, e.g. to trigger an emergency stop.

The Top input is used to determine the end of the press cycle (i.e., when the press has
reached the top dead center position). The Top input must only be connected to a Top
output of a Universal press contact or Eccentric press contact function block, or to an
equivalent signal source – but never to anything else.

Upstroke input

When upstroke muting is active (i.e., if the max. time for upstroke muting is greater than 0),
the PSDI input of the function block is bypassed (muted), if the Upstroke input is 1 and
the Top input remains set to 0.
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NOTE
The Upstroke input is usually connected to the Upstroke output of a Universal press
contact or Eccentric press contact function block.

Restart input

If the Restart interlock configuration parameter is set to Without, no Restart signal is
required to restart the press after the Release output has switched to 0.

If the Restart interlock parameter has been set to For all stops and the Release output
switches to 0, the Release output can only be reset once a valid Restart sequence has
been completed with a 0–1–0 transition (at least 100 ms or 350 ms; shorter pulses
and pulses lasting longer than 30 s will be ignored). The only exception to this rule is
the start of a cycle. In this case, the Restart interlock parameter has no effect on the
function block.

If the Restart interlock parameter has been set to For all stops and the max. time for
upstroke muting has been set to 0 s, a 0 signal at the PSDI input during the upstroke will
immediately set the Release output to 0.

If the Restart interlock parameter has been set to For all stops and upstroke muting is
active, the Release output remains set to 1 until the Top input switches to 1 (thereby
indicating that the press cycle is complete). In this case, a full restart sequence is
required.

If the Restart interlock parameter has been set to For stops during downstroke and at
TDC (ignored during upstroke) and the Upstroke input is 1, the Release output remains
set to 1 until the Topinput switches to 1 (thereby indicating that the press cycle is
complete). In this case, a cycle start sequence is required.

If the PSDI input switches from 1 to 0 and then back to 1 at the end of the max. time
for upstroke muting, the Release output then does the same by switching from 1 to 0 and
then back to 1. The setting of this parameter has no effect if the Restart and Upstroke
inputs are left unconnected.

Release 1 (static)

Release 2 (start)

PSDI input

Restart input

Top input

Complete start sequence

Enable

Figure 160: Sequence/timing diagram when the PSDI input is 0, upstroke muting is disabled and
the Restart interlock parameter is set to “For all stops”
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Release 1 (static)

Release 2 (start)

PSDI input

Restart input

Top input

Complete start sequence

Upstroke input

Enable

t > Max. time for upstroke muting

Figure 161: Sequence/timing diagram when the PSDI input is 0, the max. time for upstroke
muting is > 0, and the Restart interlock parameter is set to “For stops during downstroke and at
TDC (ignored during upstroke)”

Function block output signals

The PSDI mode function block supports the following output signals:

Restart required output

The Restart required output is set to 1 if a valid restart sequence is expected at the Restart
input.

PSDI required output

The PSDI required output is set to 1 if an interruption is expected at the PSDI input.

Unexpected PSDI output

The Unexpected PSDI output is set to 1 if a valid start sequence has been performed and
the PSDI input switches from 1 to 0 while muting is deactivated and no interruption is
expected. If Unexpected PSDI is 1, a valid restart sequence must usually be performed
before the Release output can switch back to 1.

If the Unexpected PSDI output is 1, the Release output and the PSDI input are both 0, and
the Restart interlock parameter is set to Without, a restart is possible without the need
for a full restart sequence. This may also apply during a press upstroke when the Restart
interlock parameter is set to For stops during downstroke and at TDC (ignored during
upstroke).
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Error statuses and reset information

Table 104: Error statuses and reset information for the PSDI mode function block

Diagnostic outputs Resetting the error status Comments

Unexpected PSDI In the case of Unexpected PSDI, the PSDI input
must usually switch back to 1 and a valid
restart sequence must then follow in order for
the error to be reset.
If the Unexpected PSDI output is 1, the Release
output and the PSDI input are both 0, and
the Restart interlock parameter is set to Without
or For stops during downstroke and at TDC
(ignored during upstroke), a restart is possible
without the need for a full restart sequence.
In the event of a PSDI timeout, the error is
reset by a valid restart sequence.

The Release output
switches to 0 and
the Fault present output
switches to 1 when the
Unexpected PSDI diagnos‐
tic output or PSDI timeout
is set to 1.

PSDI timeout

10.7 Grouped function blocks

Important information

NOTE
When calculating the total number of function blocks in a project, a grouped function
block is not counted as a single block. Instead, the number of function blocks within it
are counted.

Grouped function blocks

Function blocks can be grouped. This makes it easier to use the same logic groups mul‐
tiple times and it reduces the number of function blocks displayed on the workspace.

A grouped function block has the following characteristics:

• It can have a maximum of eight inputs and eight outputs.
• It must not contain the Fast shut off function block.
• It must not contain another grouped function block.
• It must not contain a customized function block.
• It can be saved as a customized function block and can therefore be used in other

projects.

10.7.1 Grouping function blocks

Procedure

1. Drag the function blocks to be grouped onto the logic editor workspace, configure
them as required, and connect them to one another.

2. Select all function blocks to be grouped (e.g. by clicking while pressing the Ctrl
pushbutton).

3. Open the context menu of one of the selected function blocks and click on
Group ....

4. Enter a name for the grouped function block.
5. To assign an icon to the grouped function block, click on Selection…, choose your

desired icon, and confirm with OK.
6. Click on OK to confirm the changes and close the dialog box. The selected function

blocks are grouped. The grouped function block looks like an individual function
block on the workspace.
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Complementary information

The content of the grouped function block is displayed on a separate logic page with an
orange background and can be edited there.

On the Group info inputs and Group info outputs tab, you can change the name and the icon
for the grouped function block.

10.7.2 Adding inputs and outputs

Procedure

1. Switch to the logic page of the grouped function block.
2. Drag inputs and outputs (can be found under Group info inputs and Group info

outputs) onto the workspace and connect as required.
3. Double-click on an input or an output to edit its tag name.

The inputs and outputs that have been added are displayed as inputs and outputs
of the grouped function block in the main program of the logic. Devices, inputs
and outputs of function blocks, jump addresses, etc., can be connected to these.
If a device, etc., has been connected to an input or output of the grouped function
block, then you can also see if the external view is activated in the logic of the
grouped function block.

4. Click on Switch view in the toolbar to switch between the internal and external view.

° The internal view shows the tag names for the inputs and outputs of the
grouped function block.

° The external view shows what the inputs and outputs of the grouped function
block are connected to in the logic program.

10.8 Customized function blocks

Important information

NOTICE
Loss of password
The password cannot be reset or recovered, even by the SICK service.

► Make a note of the password and keep it safe.

NOTE
When calculating the total number of function blocks in a project, a customized func‐
tion block is not counted as a single function block. Instead, the number of function
blocks within it are counted.

Customized function blocks

Customized function blocks are created from grouped function blocks.

They differ from these in the following ways:
• Customized function blocks are displayed in the selection list for the function

blocks. Like other function blocks, they can also be used multiple times in a
project.

• It is not possible to edit customized function blocks.
• Customized function blocks are available in all projects on the computer on which

they were created.
• Customized function blocks can be transferred to other computers.
• Customized function blocks can be protected with a password. A customized func‐

tion block with password protection can be used in the logic editor as normal.
However, the configuration for this function block cannot be viewed unless you
have the password.
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10.8.1 Creating customized function blocks

Procedure

1. Create a grouped function block with the desired functionality.
2. On the logic page of the grouped function block, click on the Save as CFB button.
3. Enter a name for the customize function block.
4. Optionally, assign an icon to the customized function block.

► Click on Selection ... to choose an icon from the library.
Or:
► Click on Browse ... to use a graphic which you created yourself.

5. Optionally, activate password protection and enter a password.
6. Click on OK to confirm the changes and close the dialog box.
✓ The grouped function block is converted into a customized function block. This is

available immediately in the selection list of the function blocks and can be used
in all projects on the same computer.

Complementary information

It is not possible to overwrite customized function blocks which are already available.

10.8.2 Changing customized function blocks

Overview

Unlike grouped function blocks, you cannot edit customized function blocks. To change
a customized function block, you must convert it back into a grouped function block
again beforehand.

Procedure

1. Double-click on the customized function block and enter the password if neces‐
sary to open the logic page of the customized function block.

2. Click on Edit ... in the toolbar and confirm with Yes.
✓ The customized function block is converted back into a grouped function block,

which can be edited as usual.

10.8.3 Transferring customized function blocks

Overview

You can transfer customized function blocks to another computer.

Procedure

1. Create and save a project, in which the desired customized function blocks are
used.

2. Open the project on another computer. If the project contains customized function
blocks which are not available on the computer, then you have two options.
► Import the customized function blocks. These are then added to the function

block selection list and are available for use in all projects on the same
computer.

► Do not import the customized function blocks. In this case, the project still
opens. However, the customized function blocks included in this project are
not added to the selection list of function blocks and they can only be used in
the current project.
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10.8.4 Deleting customized function blocks

Important information

NOTE

• This command cannot be undone.
• You can still use projects which contain the deleted customized function block.

When you open a project containing the customized function blocks that have
been deleted, the project is treated in the same way as one that has been transfer‐
red from another computer.

Procedure

1. Remove all occurrences of the customized block to be deleted from the project or
convert into grouped function blocks.

2. In the drop-down menu of function blocks, open the context menu for the custom‐
ized function block and select the Delete customized function block command.
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11 Logic programming in Motion Control FX3-MOC1

11.1 General description

The Motion Control module FX3-MOC1 module is a module for drive monitoring. It can
be used for the safe monitoring of different drives (electric, pneumatic, hydraulic, etc.),
provided that a suitable sensor system is installed.

The FX3-MOC1 has its own logic editor. If a project includes one or more FX3-MOC1,
you can open the associated logic editors by double-clicking on the relevant module or
by using the Logic editor menu.

The functions blocks described in this chapter are only available in the logic editor of an
FX3-MOC1. They have been specifically tailored for drive monitoring applications. Firstly,
there are the actual monitoring function blocks that can be used to monitor the speed,
position, or stopping and braking functions. Secondly, there are the data conversion
function blocks. These are required because the Motion Control modules differ from
the rest of the Flexi Soft system in that they are also capable of processing integer data
types.

Function blocks for logic operations (AND, NOT, OR) are also available.

NOTE
The encoder elements are configured outside of the logic editor. See "Encoder in
Motion Control FX3-MOC1", page 300.

11.2 Safety notes for logic programming

Standards and safety regulations

All safety-related parts of the system (wiring, connected sensors and control devices,
configuration) must conform to the relevant standards (e.g., IEC 62061 or ISO 13849)
and safety regulations.

WARNING
Incorrect configuration of the safety application
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Observe all applicable standards and safety regulations.
► Check that the operating principle of the Flexi Soft hardware and the logic program

react in accordance with the risk avoidance strategy.
► Only use safety-related signals for safety-related applications.
► Always use the correct signal sources for the function blocks.

Safe value

The safe value of process data and outputs is 0 or Low and this is set when an error is
identified.
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WARNING
Inadequate safety measures
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.
If the safe value (signal = Low) could lead to a dangerous state in the application,
additional measures must be implemented. This applies in particular to inputs with
signal edge detection.

► Analyze the status of the process data.
► Switch off the affected outputs if the status analysis detects an error.

Unexpected rising or falling signal edges

An error at an input can result in unexpected rising or falling signal edges (e.g. an
interruption in network communication, a cable break at a digital input, a short-circuit
at a digital input that is connected to a test output). The safe value remains set until
the conditions for resetting the error have been met. For this reason, the affected signal
may behave as follows:

• It temporarily switches to 1 instead of remaining set to 0 as it normally would in
the fault-free status (rising signal edge and falling signal edge, i.e. 0–1–0).

• It temporarily switches to 0 instead of remaining set to 1 as it normally would in
the fault-free status (falling signal edge and rising signal edge, i.e. 1–0–1).

• It remains set to 0 instead of switching to 1 as it normally would in the fault-free
status.

WARNING
Unexpected rising or falling signal edges
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Take into account unexpected rising or falling signal edges.

Delays due to jump addresses

Jump addresses can extend the logic execution time and thus the response time if a
logical loopback occurs through them.

A logical loopback occurs when a function block input is connected to a destination
jump address but the associated source jump address is linked to an output of the
same function block or to an output of a function block with a higher function block
index number. 5) In this case, the input comprises not the output values of the cur‐
rent logic cycle, but rather the output value of the previous logic cycle. This must be
taken into account in terms of the functionality and, in particular, when calculating the
response time.

If there is a logical loopback due to a jump address, then this effects a delay of one
logic cycle. In this case, the input of the jump address is displayed with a clock symbol.

5) The function block index number is displayed at the top of each function block and indicates the position occupied by the function block
within the execution sequence.
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WARNING
Extension of the response time
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.
The target safety-related level may not be achieved in the event of non-compliance.

► The delays caused by the logical loopbacks must be factored in when calculating
the response time and functionality.

11.3 Parameterization of function blocks

The function blocks have configurable parameters. Double-clicking on a function block
opens the configuration window of the function block. The configurable parameters are
distributed on different tabs here.

In the case of function blocks for which speeds or positions have to be configured, you
can set the units that are to be used on the Units tab; e.g., for the purpose of calculating
speeds (mm/s, km/h, rpm, etc.).

The I/O Comment tab allows you to replace the default designations of the function block
inputs and outputs with your own. It also enables you to add a name or descriptive text
for the function block, which is displayed under the function block in the logic editor.

The remaining configurable parameters for the function block can be found on the
other tabs in accordance with the type of function block.

The Report tab shows a summary of the function block configuration. This includes all
the links between the inputs and outputs, and the configured parameters.

11.4 Inputs and outputs in the logic editor

Inputs

The following input data is available in the FX3-MOC1 logic editor:
• Data routed from the main module of the Flexi Soft system (see "Exchange of

process data between main module and FX3-MOC1", page 220)
• Motion data from the connected encoders (see "Data types used in the logic of the

FX3-MOC1", page 218 and "Encoder in Motion Control FX3-MOC1", page 300)
• General data sources of the FX3-MOC1 (see "General data sources", page 217)

NOTE
The inputs and outputs are color-coded according to their function:

• Gray: Non-safe
• Yellow: Safe
• Blue: Diagnostics

Outputs

The following output data is available in the FX3-MOC1 logic editor:
• Data routed to the main module of the Flexi Soft system (see "Exchange of process

data between main module and FX3-MOC1", page 220)
• 4 user-defined MOC status bits and 16 user-defined MOC monitor bits, see "Mod‐

ule status bits of the FX3-MOC1", page 221

11.4.1 General data sources

Static 0 and Static 1

The inputs Static 0 and Static 1 are available in the Inputs selection window.
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The Static 0 input can be used to set a function block input permanently to 0. Similarly,
the Static 1 input can be used to set a function block input permanently to 1. This might
be necessary, for example, to achieve a valid logic configuration if the relevant function
block contains inputs that are not required but cannot be deactivated.

First logic cycle

This input has the value 1 in the first cycle in which the logic of the Motion Control is
executed, otherwise it has the value 0.

NOTE
The value of the First logic cycle input refers to the logic of the Motion Control. This
starts before the logic of the main module. As a result, this input is set to 1 before the
corresponding input in the logic editor of the main module.

11.5 Time values and logic execution time

The logic execution time of the Motion Control is 4 ms.

the accuracy of which is ±100 ppm (parts per million).

Table 105: Precision of times (parameters and invariable values) in accordance with increment
and absolute value

Configuration incre‐
ment

Value range for the
function block

Precision

4 ms ≤ 5,000 ms ±0.5 ms

> 5,000 ms ±100 ppm of the configured time

1 s ≤ 40 s ±4 ms

> 40 s ±100 ppm of the configured time

11.6 Data types used in the logic of the FX3-MOC1

The function blocks in the FX3-MOC1-MOCx are capable of processing various data
types. This makes them different from the function blocks in the main module, which
can only process Boolean values. The type of data that is expected or output depends
on which function block input or output is used in each case.

Boolean

Boolean data is binary. It can only be 1 or 0.

Motion V2

Type Motion V2 data encompasses all the information provided by an encoder. It consists
of the following elements:

Table 106: Composition of data of type Motion V2

Element Size Internal value range
(number of digits)

Internal reso‐
lution for
rotary move‐
ment type

Internal reso‐
lution for lin‐
ear move‐
ment type

Speed 16 bits with
sign

–32,767 … +32,767 1 digit =
0.5 rpm

1 digit =
1 mm/s

Speed status 1 bit 0 = invalid
1 = valid

– –

Speed reliability 1 bit 0 = unreliable
1 = reliable

– –
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Element Size Internal value range
(number of digits)

Internal reso‐
lution for
rotary move‐
ment type

Internal reso‐
lution for lin‐
ear move‐
ment type

Relative position 1) 32 bits with
sign

–2,147,483,648 …
+2,147,483,647

1 digit =

1/30,000 rev
.

1 digit =
1/250 mm

Relative position status 1 bit 0 = invalid
1 = valid

– –

Relative position relia‐
bility

1 bit 0 = unreliable
1 = reliable

– –

Absolute position 2) 32 bits with
sign

–2,147,483,648 …
+2,147,483,647

1 digit =

1/30,000 rev
.

1 digit =
1/250 mm

Absolute position sta‐
tus

1 bit 0 = invalid
1 = valid

– –

Absolute position relia‐
bility

1 bit 0 = unreliable
1 = reliable

– –

Update status 1 bit 0 = not current
1 = current

– –

1) A relative position means that the traveled path can be reproduced, but the position in relation to the
mechanical position is not clear. This primarily occurs because the start value for the relative position in
the encoder’s Motion V2 data always starts with a 0, regardless of the mechanical position.

2) An absolute position means that the position value is clear for any possible mechanical position in the
application. This also applies following a restart of the measurement system.

NOTE
The following rules apply in relation to the status and reliability:
• When a status bit is 0 = invalid, then the corresponding value is 0.
• A value can be reliable only if it is also valid.
• The Relative position can only be valid when the Speed is also valid.
• The Absolute position can only be valid when the Relative position is also valid.
• If the encoder system used is unable to deliver an absolute position value due to

its design, then the Absolute position is permanently invalid.
• When the status of a value is set to invalid, it can become valid again only after 1 s

has elapsed (Error recovery time) as soon as valid data is available again.
• After switching on the FX3-MOC1, the Speed and therefore the Relative position and

the Absolute position are invalid for at least 0.5 s. As a result, the system only
starts to evaluate the Motion V2 values in the function blocks at the earliest
once this period has elapsed. Until this point is reached, the logic is executed at
least once in the main module and the results of this process are transferred
to the FX3-MOC1 so that current, valid values are available at the start of the
evaluation in the FX3-MOC1. These values affect factors such as the selection of
the permitted speed limit and the permitted direction of movement.

• The Update status is set to 1 = current when the Motion V2 values are updated
based on the encoder signals recorded in the current processing cycle. When the
Update status is 0, the previous values remain unchanged and remain value if the
relevant Validity status is 1.

The Motion V2 data type is used by the Motion In inputs and the Motion Out output
of various FX3-MOC1 function blocks. The individual elements of the data type are
evaluated automatically in the respective FX3-MOC1 function block.

LOGIC PROGRAMMING IN MOTION CONTROL FX3-MOC1 11

8014519/1KOF/2023-09-08 | SICK O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 219
Subject to change without notice



Internal resolution of the speed and position information

The smallest unit for the detected speed and position information is determined by
the internal resolution of this data (see table 106). It may be further restricted by the
resolution of the encoder system.

UI8

Data of the UI8 type can, for example, be used to select or display a speed or position
range.

Table 107: Possible values for UI8 data

Element Size Values for speed ID

UI8 8 bit 0 = invalid
1 … 31 = range index

NOTE
Inputs and outputs that expect or that output data types other than Boolean are
marked accordingly on the function block icons. Within this context, M stands for Motion
V2 and UI8 stands for Unsigned Integer 8-Bit.

11.7 Exchange of process data between main module and FX3-MOC1

Given that the main module and the FX3-MOC1 are capable of processing different
types of data and that more complex signal preprocessing and logic can be program‐
med in the FX3-MOC1, data exchange between the modules must be properly organ‐
ized. From the main module, 18 bits can be sent to the FX3-MOC1 and 16 bits can be
sent from FX3-MOC1 to the main module. These bits must be linked in the logic editor.

The bits from the FX3-MOC1 to the main module appear:
• in the logic editor of the FX3-MOC1 under Outputs
• in the logic editor of the main module under Inputs for the relevant FX3-MOC1.

The bits from the main module to the FX3-MOC1 appear:
• in the logic editor of the FX3-MOC1 under Inputs
• in the logic editor of the main module under Outputs for the relevant FX3-MOC1.

The tag names for these bits are pre-populated with the name of the input, block, and
module (default name). This name can be changed if required.

The data is exchanged via the internal FLEXBUS+ bus.

Requirements for signals

WARNING
Unrecognized signals from the FX3-MOCx module
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Observe the time requirements for signals that are sent from the FX3-MOCx to the
main module.

The signals that are sent from an FX3-MOCx to the main module must meet the same
time requirements as all other signals. If the logic execution time of the main module is
more than 4 ms, a signal sent from the FX3-MOCx to the main module must continue
to have the same status for at least as long as the logic execution time of the main
module. This is necessary to ensure that this status can always be detected in the main
module logic.
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Switch-on delay in the main module logic

Following a transition to the Run status, there is a delay of up to 80 ms before logic
processing by the main module commences. This ensures that the logic of the main
module always has the latest valid signals of the expansion modules to work with. The
consequence of this is that all the data sent from the main module to the FX3-MOC1
remains set to 0 once the system has transitioned to the Run status for up to 80 ms
plus the logic execution time of the main module. This is particularly true of signals
that are transmitted by inputs to expansion modules and whose status is sent to the
FX3-MOC1 via the main module.

After switching on the FX3-MOC1, all motion values of the encoders are invalid for at
least 0.5 s. All the motion values of the encoder are then set to valid as soon as valid
data is available. As a result, the system only starts to evaluate the motion values in the
function blocks at the earliest once this period has elapsed. Until this point is reached,
the logic is executed at least once in the main module and the results of this process
are transmitted to the FX3-MOC1 so that current, valid values are available at the start
of the evaluation in the FX3-MOC1. These values affect factors such as the selection of
the permitted speed limit and the permitted direction of movement.

11.8 Module status bits of the FX3-MOC1

Overview

The module status bits for the expansion modules contain diagnostics data. This data
is refreshed approximately every 200 ms. Due to the longer refresh interval, this data
may not be consistent with the latest process data for the module.

Important information

WARNING
Non-secure or inconsistent data
The target safety-related level may not be achieved in the event of non-compliance.

► Only use secure data for safety-related applications.
► Only use the module status bits of the expansion modules for diagnostic purposes.

Module status bits of the FX3-MOC1

The module status bits of the FX3-MOC1 are available at the following locations:
• In the logic editor of the main module under Diagnostics, for use as inputs in the

logic program of the main module.
• In the Flexi Soft gateways in data set 3.
• In the RS-232 routing of the main module.

Table 108: Module status bits of the FX3-MOC1

Module status bit Description

Configuration is valid 0 = Configuration invalid
1 = Configuration valid

Encoder 1 is OK 0 = Error
1 = No error or not used

Encoder 2 is OK 0 = Error
1 = No error or not used

Teach position for encoder 1 is OK 0 = Error
1 = No error or not used

Teach position for encoder 2 is OK 0 = Error
1 = No error or not used
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Module status bit Description

User-defined MOC status bit 1 … 4 • User-defined module status bits

• Alarm generation

User-defined MOC monitor bit 1 … 16 • User-defined module monitor bits

• No alarm generation

The user-defined MOC monitor bits can be used, for example, to visualize the speed
values. The MOC monitor bits are transferred to a controller via a gateway without
needing to use process data bits from the FX3-MOC1 to the main module.

Further topics

• "Input data status and output data status", page 55

11.9 Overview of the function blocks in the FX3-MOC1

The Logic editor of the FX3-MOC1 uses function blocks to define the safety-related
logic. A configuration can include up to 25 function blocks.

Depending on the type of function blocks used, even a small number can result in the
available computing time in the logic execution cycle or the available memory capacity
being exceeded. These values are displayed in the Logic editor of the FX3-MOC1, on the
FB group info tab.

There are some function blocks for monitoring and others for logic functions and data
conversion. The following table lists all the function blocks that are available for the
FX3-MOC1:

Table 109: Overview of the function blocks in the FX3-MOC1

Function block name Description

Function blocks for monitoring

Position by reference V1
and
Position by reference (with
restore) V1

Used to generate an absolute position based on a relative
position (e.g. from an A/B incremental encoder) and a refer‐
ence signal (e.g. from a reference cam).
The Position by reference (with restore) V1 function block enables
you to save the absolute position value and to restore it when
resuming operation.

Position cross check V1 Compares position values from two different signal sources.
This makes it possible to achieve a higher level of safety.
For this purpose, the relative position values from both signal
sources are cross checked so that it is possible to evaluate
and monitor the standstill, direction of movement, and speed.
If absolute position values are available, these are also cross
checked so that it is possible to evaluate and monitor the
absolute position.

Speed monitoring V2 Enables speed and direction monitoring. The basic functions
are:

• Safe speed monitor (SSM)

• Safely limited speed (SLS)

• Safe direction (SDI)

• Safe operating stop (SOS)

• Monitoring of up to four different speed ramps during the
transition from a monitored speed to a lower speed
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Function block name Description

Position monitoring V1 The Position monitoring V1 function block is the central block for
all position, speed and direction monitoring functions within
an application. It contains the functions of the Speed monitor‐
ing V2 function block plus additional functions for position
evaluation and position monitoring.

• Safely-limited position (SLP)

• Safe cam (SCA)

• Safe speed monitor (SSM)

• Safely limited speed (SLS)

• Safe direction (SDI)

• Safe operating stop (SOS)

• Monitoring of up to four different speed ramps during the
transition from a monitored speed to a lower speed

Safe Stop V2 This is used to trigger and monitor a Safe Stop for a drive sys‐
tem. The drive has to be shut down in a controlled manner.
The stop ramp of a drive system is not usually safe. For this
reason, the Safe stop V2 function block monitors the actual
reduction in speed until the drive comes to a standstill.
Functions:

• Safe Stop 1 (SS1)

• Safe Stop 2 (SS2)

Typical application:

• Monitoring the shutdown and stopping behavior of a
machine

Function blocks for data conversion

UI8 to Bool V1 Converts an 8-bit integer value into a Boolean value.
Possible application: For connecting the Speed status ID output
of the Position monitoring V1 function block to Boolean signals
so that they can be forwarded to the main module.

Bool to UI8 V1 Converts a Boolean value into an 8-bit integer value.
Possible application: For connecting the Speed enable ID input
of the Position monitoring V1 function block to Boolean signals
from the main module.

Motion status to Bool V2 Converts the Speed status, the Relative position status, and the
Absolute position status from the data type Motion V2 to Boo‐
lean.

Speed to Bool V2 Converts the Speed and the Speed status from the data type
Motion V2 to Boolean.

Speed to laser scanner V2 Converts the Speed from the data type Motion V2 into a
format with cm/s scaling that is suitable for a SICK laser
scanner.

Function blocks for logic functions

NOT V1 Negation

AND8 V1 ANDing of up to 8 inputs, invertible

OR8 V1 ORing of up to 8 inputs, invertible
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11.10 Function blocks for monitoring

11.10.1 General principles

Reliability

Reliable Motion V2 signals are essential to safe monitoring. This is particularly true
for the position monitoring, speed monitoring and Safe stop functions. The required
level of reliability is achieved through the performance of plausibility checks on encoder
signals.

It is possible to do this in the following ways (individually or in combination):
■ One Sin/Cos encoder with Sin/Cos analog voltage monitoring in the FX3-MOC1
■ Two non-safe encoders with downstream speed cross check or position compari‐

son in the FX3-MOC1

Effect chain using the Motion V2 signal

The various function blocks are linked together via the Motion V2 signal. This contains
the values for speed, relative position and absolute position, as well as the relevant
validity status and the reliability status of the respective values.

The Speed monitoring and Position monitoring function blocks do not have a Motion
output. For this reason, the error reaction must be explicitly polled for these function
blocks via the relevant Monitoring status output and connected with a Safe stop func‐
tion block, for example. The Safe stop 2 is normally used for this. In the event of an
impermissible speed or direction of travel, this allows the drive to be stopped with
subsequent standstill monitoring without switching off the voltage supply.

In terms of the validity and reliability of the status bits, the following applies:
• 0 = invalid/unreliable/unknown
• 1 = valid/reliable
• Initial status when the Flexi Soft system transitions to the Run status = 0

The following explanations apply to the function block monitoring outputs:
• 0 = error detected
• 1 = OK (no error detected or status because relevant data is unreliable or invalid

at one of the inputs for Motion In)
• Initial status when the Flexi Soft system transitions to the Run status = 1

This means that, even if an error is detected at any point in the chain, the subsequent
function blocks will not indicate an error at their status outputs. This enables the user
to clearly identify the location of the error.

However, it also means that it is not possible to query the output status of the last block
in a chain to verify that no errors are present, i.e. that the data at the Motion In inputs is
valid and reliable.

Instead, it is necessary to query the reliability status of the Motion V2 signal at the end
of the chain. You can do this implicitly by using the Motion V2 signal at a safe stop
function block, for example, or explicitly using one of the following conversion function
blocks:

• Motion status to Bool V2
• Speed to laser scanner V2
• Speed to Bool V2

Alternatively, you can implicitly query the status data indicating invalid Motion V2 val‐
ues, such as:

• Speed status ID output (0 = invalid) of the speed monitor or position monitor
function blocks

• Position status ID output (0 = invalid) of the position monitor function block
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Inhibiting error messages and error responses

In some operating situations in which errors are expected, error messages and, if
necessary, the responses to those errors can be repressed.

Repress error message

Using the Repress error signal input on the Position comparison V1 function block and with
the optional input of the same name on the SSI encoder and on the Sin/Cos encoder
in the FX3-MOC1 logic, messages relating to the plausibility functions for the function
block and the encoder can be repressed. The following messages can be repressed:

• Entry in the diagnostics history (encoder and function block)
• Error messages in the module status bits (data set 3 of the gateways) (encoders

only)
• Display of the LED MS on the FX3-MOC1 (encoders only)

NOTE

• The Inhibit error indication input for the encoders appears in the logic editor of the
FX3-MOC1 under Outputs for the corresponding FX3-MOC1.

• If the Inhibit error indication input of the encoder is connected to an output of a
function block in the FX3-MOC1 module (rather than to a bit that originates from
the main module), the input will be delayed in its response by one logic cycle,
because it must evaluate the result of the function block from the previous cycle.

The error response, particularly the change of the status bits in the Motion out output, is
not affected by the Repress error signal input.

Inhibiting the error response

If the system is rendered safe by other means (e.g. protective door closed), it may be
expedient to inhibit the error response at the end of the signal chain, e.g. in production
phases with a very high potential for faults to occur. This can be achieved using the
Inhibit motion bits reaction input of the Safe stop V2 function block.

11.10.2 Programming examples

Evaluation of speed and standstill

Programming example 1: Evaluation of speed using two A/B incremental encoders
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Figure 162: Evaluation of speed using two A/B incremental encoders

Programming example 2: Evaluation of speed using a safe Sin/Cos encoder (e.g., DFS60S Pro)

Figure 163: Evaluation of speed using a safe Sin/Cos encoder (e.g., DFS60S Pro)
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Evaluation of speed, standstill and position

Programming example 3: Evaluation of position using two A/B incremental encoders, each with one reference
signal (cam) and reference run on each system start

Figure 164: Evaluation of position using two A/B incremental encoders, each with one reference signal (cam) and reference
run on each system start

Programming example 4: Evaluation of position using a safe Sin/Cos encoder (e.g., DFS60S Pro), a safe reference
signal (cam) and a reference run on each system start
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Figure 165: Evaluation of position using a safe Sin/Cos encoder (e.g., DFS60S Pro), a safe reference signal (cam) and a
reference run on each system start

Programming example 5: Evaluation of position using a safety encoder with absolute position (SSI+Sin/Cos
encoder) with initial reference run on commissioning of the machine
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Figure 166: Evaluation of position using a safety encoder with absolute position (SSI+Sin/Cos encoder) with initial reference
run on commissioning of the machine

Inhibiting error messages and error responses

Programming example 6: Inhibit error response using a safety encoder with absolute position (SSI+Sin/Cos
encoder)
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Figure 167: Inhibit error response using a safety encoder with absolute position (SSI+Sin/Cos encoder)

11.10.3 Position by Reference V1

Function block diagram

Figure 168: Inputs and outputs of the Position by reference function block (with and without
memory function) V1

General description

The Position by reference V1 function block is used for generating an absolute position
based on the following factors:

• A relative position (e.g., from a Sin/Cos encoder or an A/B incremental encoder)
• A reference signal (e.g., from a reference switch in combination with a reference

cam or an actuator operated by the user)

The absolute position is calculated by accumulating the relative position at the Motion
In input. The start value is always determined using a reference signal, which must be
clearly identifiable throughout the entire range of motion.

NOTE
The absolute position must not exceed the permitted data range, i.e., the maximum
possible value for the absolute position at the Motion out output (–231 … 231–1). Other‐
wise, the absolute position becomes invalid and referencing must be performed again.
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The Position by reference V1 function block is available both with and without a restore
function. The restore function allows the user to restore the absolute position after
an operational interruption without performing referencing again (see "Restoring the
absolute position", page 236).

Inputs of the function block

Table 110: Inputs of the Position by reference V1 function block

Input Description Signal value

Motion In To record the relative position of the monitored vehicle or
machine on an ongoing basis 

Motion V2 data, either directly
from an encoder or from
another function block; e.g.,
Position cross check V1.

Reference enable Starts and ends the reference process 1 = enable

Reference Sets the absolute position to the configured reference posi‐
tion. For a detailed description, see see "Referencing",
page 232.

Rising signal edge

Re-reference enable Starts and ends the re-reference process 1 = enable

Re-reference Sets the absolute position to one of the configured
Re-reference positions. For a detailed description, see see
"Re-reference", page 235.

Rising signal edge

Motion shift compensation Compensating a possible position shift when restoring the
absolute position after restarting the Flexi Soft system.

Motion V2 data, directly from
an encoder

Outputs of the function block

Table 111: Outputs of the Position by reference V1 function block

Output Description Signal value

Motion Out Motion data including the absolute position for use in subse‐
quent function blocks

Output of data from the
Motion In input, supple‐
mented by the value and the
status bits for the absolute
position

Reference acknowledge Indicates whether the start value for the absolute position has
been successfully set.

0 = No start value set
1 = start value set
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Function block parameters

Table 112: Parameters of the Position by reference V1 function block

Parameter Description Possible values

Referencing

Reference position Start value for calculating the absolute position –2,147,483,648 …
+2,147,483,647 digits =
• +/– 71,583 rpm

• +/– 8,590 m

Re-referencing

Re-reference position Values for re-referencing the absolute position –2,147,483,648 …
+2,147,483,647 digits =
• +/– 71,583 rpm

• +/– 8,590 m

Re-reference position toler‐
ance

Tolerance range for valid re-referencing 0 … 500,000,000 digits =
• 0 … 16,666 rev.

• 0 … 2,000,000 mm

Restoring the absolute position

Configuration CRC Internal parameter, not configurable, represents the configu‐
ration components required to restore the absolute position
after an operational interruption.

0000 to FFFF

Shift compensation

Tolerance Shift compensation Tolerance range for valid shift compensation 0 … 500,000,000 digits =
• max. 16,666 rev.

• max. 2,000,000 mm

• 0 = Deactivated

Referencing

The referencing process sets the absolute position of the function block to the start
value. This is determined by the Reference position parameter.

The referencing process is required in the following cases as a minimum:

When using the Position by reference function block (without restore function):
• Every time the Flexi Soft system has been restarted

When using the Position by reference function block (with restore function):
• During the initial commissioning of the machine
• Every time the FX3-MOC1 is replaced

The referencing procedure is started by a rising signal edge (0–1) at the Enable referenc‐
ing input and ended by a falling signal edge (1–0) at the Enable referencing input. A 1 in
the first execution cycle is evaluated as a rising edge.

At the beginning of the reference process, the absolute position at the Motion Out output
of the function block is set to invalid and unreliable.

A rising signal edge at the Reference input during an active reference process sets
the absolute position value to the starting value specified by the Reference position
parameter. The rising signal edge at the Reference input is accepted even if the Reference
enable input switches to 1 in the same cycle.

The Reference acknowledge output is then set to 1 and the function block starts calculat‐
ing the absolute position internally by using the relative position data at the Motion In
input. If several rising signal edges occur at the Reference input before the reference
process ends, the previously calculated values are discarded and the function block
restarts its calculations from the reference position.
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As a result, it is always the last rising signal edge that takes effect at the Reference
input. This may be the case if the reference cam is overrun multiple times during the
referencing procedure.

A falling signal edge (1–0) at the Enable referencing input ends the referencing procedure.
Additional rising signal edges at the Reference input have no further effect. It is only after
this point that the calculated absolute position is output at the Motion out output.

Figure 169: Referencing procedure

If a reference process is ended without a rising signal edge at the Reference input,
the absolute position value at the Motion Out output remains invalid and an entry is
generated for the diagnostics history.

NOTE
The Reliability reference signal parameter can be used to configure whether the signal
source for the Reference input is a reliable signal. If this is the case, and the relative
position data at the Motion In input is reliable, the absolute position at the Motion
Out output is also reliable. Otherwise, the reliability of the absolute position must be
checked separately; e.g., via a Position cross check V1 function block.

Duration of the reference signal
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In order to be detected reliably, the signal at the Reference input must be at least
as long as the logic execution time or the input updating time – whichever is higher.
This determines the maximum speed for the reference process, depending on the
mechanical width of the reference signal:

Maximum speed = width of the reference signal/input update time

Table 113: Maximum speed examples for the reference process

Type of
reference signal

Width of
reference signal

Logic execution time
or input updating time

Maximum speed

Zero pulse with
90° electrical period
(1 period = 360°),
with 1,024 periods
per revolution

1/4,096 revolutions 4 ms 0.061 rev/s =
3.6 rpm

20 ms 0.012 rev/s =
0.7 rpm

Proximity switch 1 cm 4 ms 2.5 m/s = 9 km/h

20 ms 0.5 m/s = 1.8 km/h

Referencing accuracy

Depending on the direction of movement, either the left or the right edge of the
reference cam can trigger a rising signal edge at the Reference input. If the direction
of movement during the reference process is unknown, the resulting absolute position
may feature an additional inaccuracy in the distance between the two switching points
of the reference cam. The Reference enable input can be used to control the reference
process in such a way that referencing is only carried out on the required side of the
reference cam.

The Direction status output of a Speed monitoring V2 or Position monitoring V1 function block,
for example, may be used for this purpose.

In order to ensure that the referencing process is accurate, the various signal propa‐
gation delays at the Motion in and Referencing inputs must be taken into account. If
the speed is not 0, the mechanical position may change as a result of the different
signal propagation delays before the rising signal edge at the Reference input becomes
effective.

If a Position cross check function block is used to cross check the absolute position
of this function block against the position signal of another source, the position shift
caused by inaccurate referencing may lead to an error, depending on the selected
position tolerance.

WARNING
Unintentional referencing
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Prevent unintentional referencing, e.g. via one of the following measures:
► Carry out a check using a second signal source (encoder) with the aid of a

Position comparison V1 function block.
► Limit the ability to set the Reference enable input to 1, e.g. release by a PLC

only during specific time windows.
► Pre-evaluate the signal for the Reference input, e.g. using a filter.
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Re-reference

A re-referencing run can be executed during operation to correct the absolute position
of the function block within a specific tolerance and to set the position to a pre-defined
Re-reference position. The Re-reference position tolerance parameter indicates the maximum
range around the re-reference position within which the re-referencing process can
correct the position. Up to eight different re-reference positions can be configured.

NOTE
If multiple re-reference positions are configured, the Re-reference position tolerance may
not exceed a quarter of the distance between the two closest reference positions.

Re-referencing can be performed only under the following conditions:
• The Enable re-referencing input is 1.
• The Enable referencing input is 0.

If these conditions are met and a rising signal edge occurs at the Re-reference input,
the function block checks that the current absolute position is within a configured
re-referencing range, i.e., that the position deviates from the nearest Re-reference position
by no more than the Re-reference position tolerance. If this is the case, the absolute
position is set to this Re-reference position. Otherwise, the re-reference signal is ignored.

No check is performed to determine whether a signal edge has occurred at the Re-refer‐
ence input of each configured re-reference range.

Re-referencing can be performed several times as long as the Re-reference enable input
is 1.

Unlike during referencing, the Motion Out output is not explicitly set to invalid during
re-referencing while the Enable re-reference input is set to 1. As a result, the Enable
re-reference input may remain static at 1 if re-referencing is to be performed on an
ongoing basis.

NOTE
The Reliability re-reference signal parameter can be used to configure whether the signal
source for the Re-reference input is a reliable signal. If this is the case, and the relative
position data at the Motion In input is reliable, the absolute position at the Motion Out
output is also reliable after re-referencing. Otherwise, the reliability of the absolute
position must be checked separately; e.g., via a Position cross check V1 function block.
This requires the Reliability reference signal parameter to be enabled as well.
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Figure 170: Re-referencing procedure

Re-referencing accuracy

Depending on the direction of movement, either the left or the right edge of the re-ref‐
erence cam can trigger a rising signal edge at the Re-reference input. If the direction
of movement during the reference process is unknown, the resulting absolute position
may feature an additional inaccuracy in the distance between the two switching points
of the re-reference cam. The Re-reference enable input can be used to control the re-refer‐
ence process in such a way that re-referencing is only carried out on the required side
of the re-reference cam.

In order to ensure that the re-referencing process is accurate, the various signal propa‐
gation delays at the Motion in and Re-referencing inputs must be taken into account. If the
speed is not 0, the mechanical position may change as a result of the different signal
propagation delays before the rising signal edge at the Re-reference input becomes
effective.

Restoring the absolute position

NOTE

• The function for restoring the absolute position is only available with the Position by
reference (with restore) V1 function block.

• The Position by reference (with restore function) V1 function block can only be used once
for each FX3-MOC1 module.

In the event of an operational interruption, the Position restore function enables you to
continue working with the same absolute position that was valid before the interruption,
without the need to perform a new reference process.

The most recently valid absolute position is recorded for this purpose. If the Flexi Soft
system is stopped, the recorded value is stored in the non-volatile memory of the
FX3-MOC1.
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NOTE
The system always saves the last valid position. In some cases, this means that the
absolute position can be restored even if the position value was invalid before the Flexi
Soft system was stopped (e.g., because the minimum supply voltage for the encoder
system fell below the required level faster than the supply voltage for the Flexi Soft
system).

The next time you start the Flexi Soft system, the stored value is restored and used
as the start value for the absolute position, provided that the following conditions are
met:
• The stored absolute position is valid.
• The relative position at the Motion In input is valid.

If you have successfully restored the absolute position, the Reference acknowledge output
is then set to 1 and the function block starts calculating the absolute position by using
the relative position data at the Motion In input.

NOTE
The restored absolute position is marked as unreliable in any case.

WARNING
Unreliable absolute position
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

One of the following measures must be implemented for a reliable absolute position:
► Carry out a plausibility check (e.g. using a second signal source for the absolute

position and a Position comparison V1 function block)
► Referencing with a reliable reference signal

Figure 171: Restoring the absolute position without shift compensation

Restoring the absolute position after changing the configuration

It is possible to restore the absolute position even if other parts of the Flexi Soft
configuration have been changed. This enables you to adapt the configuration during
commissioning, for example, without the need to perform a new referencing process
after each change.
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A configuration CRC is calculated for this purpose. This represents the configuration
components required to restore the position. If the value of the configuration CRC has
changed compared to a previous configuration, the stored absolute position is set to
invalid and referencing must be performed again:

The Configuration checksum is displayed as a parameter for this function block in the
report.

In the following cases, the stored absolute position is set to invalid and referencing
must be performed again:
• The configuration of this function block has been changed.
• The configuration of the encoder or the function blocks acting as sources for the

Motion in input or the Motion shift compensation input was modified.

NOTE
When a referencing procedure is started (Enable referencing input switches to 1), the
stored absolute position is set to invalid. An absolute position is only regenerated when
the referencing procedure is completed successfully.

Shift compensation

The optional Shift compensation function can be used to compensate for any minor
electrical counting inaccuracies at the Motion in input when the encoder is switched
on or off, or any minor mechanical shifts in position that occur during an operational
interruption. In addition to the source for the relative position (e.g., an A/B incremental
encoder), a source that also indicates the mechanical position – even if this position
changed during the operational interruption – is also required for the absolute position.
This generally takes the form of a second source that is installed for plausibility checks
(e.g., an SSI encoder or the SSI components of a safe SSI+Sin/Cos encoder).

To use the Shift compensation function, the second source must be connected to the
Motion shift compensation input. If this is the case, the absolute position at this input is
also stored in the non-volatile memory of the FX3-MOC1, and taken into account when
the Flexi Soft system is restarted or if the absolute position is restored.

The following conditions must be fulfilled when saving the values:
• The Shift compensation function is active.
• The absolute position at the Motion Out output is valid.

The following conditions must be fulfilled for restoring the values:
• The Shift compensation function is active.
• The stored absolute position is valid.
• The relative position at the Motion In input is valid.

If these conditions are not fulfilled for more than 60 seconds before saving, or after
the Flexi Soft system is restarted, then the stored shift compensation position is set
to invalid. In this case, the shift compensation function has failed. This means that
the absolute position which is issued at the Motion Out output is restored; if necessary,
without shift compensation.

If a valid absolute position was restored for shift compensation following a restart of
the Flexi Soft system, the function block compares this restored value with the current
valid position at the Motion shift compensation input. If the difference between these two
positions does not exceed the configured Shift compensation tolerance, then the absolute
position output at the Motion out output is corrected by this difference. If the configured
Shift compensation tolerance is exceeded, then the shift compensation system fails; the
absolute position output at the Motion out output is restored, where necessary, without
any shift compensation being applied.
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NOTE
Regardless of whether shift compensation has been successful, the restored absolute
position is always marked as unreliable.

Figure 172: Restoring the absolute position with shift compensation

NOTE
If the source for the Motion shift compensation input is also used to perform a position
comparison with the absolute position (calculated using the Position by reference V1
function block), this source acts as the sole source for the absolute position during the
operational interruption. 

WARNING
Malfunction due to faulty position detection
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Potential errors during the phase between the last valid position value before the
interruption and the first valid position value after the restart must therefore be
considered separately or excluded.

° Potential electrical errors can be excluded if the encoder for the Motion shift
compensation input is not supplied with power. For this reason, invalid position
values – both before the operational interruption and after the restart – are
only tolerated for a maximum of 60 seconds.

° Potential errors during operation can be detected using a Position comparison
V1 function block.

LOGIC PROGRAMMING IN MOTION CONTROL FX3-MOC1 11

8014519/1KOF/2023-09-08 | SICK O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 239
Subject to change without notice



11.10.4 Position Cross Check V1

Function block diagram

Figure 173: Inputs and outputs of the Position Cross Check V1 function block

General description

The Position cross check V1 function block compares position values from two different
signal sources. The associated performance checks are used to achieve a higher level
of safety, particularly when working with non-safe encoders.

This function block compares the absolute positions from both signal sources, as
long as both sources have a validity status of 1 (valid) and the monitoring mode for
the absolute position is activated (comparison mode = same detection direction or
opposite detection direction). If a positive result is obtained, the reliability status for the
absolute position, the relative position and the speed is set to 1 (reliable).

Otherwise, the relative positions are compared, as long as both positions have a validity
status of 1 (valid) and the function block is not deactivated (comparison mode ≠
deactivated). If a positive result is obtained, the reliability status for the relative position
and the speed is set to 1 (reliable). This means, for example, that the system can
execute a reference run at a safely limited speed even if the absolute position is invalid.

NOTE
The positions of both signal sources must always have a fixed ratio, with a small drift
tolerated.

Inputs of the function block

Table 114: Inputs of the Position cross check V1 function block

Input Description Signal value

Motion In 1
Motion In 2

For connection of two encoders, with a downstream Position by
reference function block if applicable.

Motion V2 data

Inhibit error indication Optional input; inhibits a diagnostics history entry if a position
cross check fails

0 = no inhibiting
1 = error indication inhibited

Reset Optional input; resets the monitoring functions of the function
block

Rising signal edge (0–1)

Enable tolerance limit 2 and
Enable tolerance limit 3

Optional inputs for selecting increased tolerances for the posi‐
tion cross check if needed.

0 = no enable
1 = enable

Outputs of the function block

Table 115: Outputs of the Position cross check V1 function block

Output Description Signal value

Motion Out Outputs the checked Motion V2 data for use in another func‐
tion block; e.g., Position monitor V1.
Depending on the function block configuration, it may be pos‐
sible to delay the output of the values.

Values from Motion In 1 if
they are valid, otherwise val‐
ues from Motion In 2. The valid‐
ity and reliability bits are set
depending on the results of
the position cross check.
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Output Description Signal value

Status Indicates whether the position cross check function has
failed; for example, in locating errors.
The initial status when the Flexi Soft system transitions to the
Run status is 1.
The output switches to 0 if the deviation determined during a
position cross check exceeds the selected position tolerance.
The output switches back to 1 when the determined deviation
is again lower than or equal to the selected tolerance, but only
after the Error recovery time of 1 s has elapsed.
If the relative position at the Motion in 1 input or the Motion
in 2 input becomes invalid, then the Status output immediately
switches to 1, as no evaluation can be performed in this state
and the error is further ahead in the signal path.

0 = error detected
1 = OK (no error detected or
status unknown)

Check done The output switches to 1 when the position comparison is
performed for the first time. The output switches back to 0
when the relative position at the Motion in 1 input or the Motion
in 2 input is invalid, meaning that position comparison cannot
be carried out.

0 = Position comparison not
performed
1 = position cross check exe‐
cuted

Reset possible Indicates whether resetting via the Reset input is possible. 0 = reset not possible
1 = reset possible

Warning limit status The output switches to 0 if the deviation determined during
the position cross check exceeds the Warning limit parameter.
The output switches back to 1 if the deviation determined is
lower than or equal to the Warning limit parameter.
The initial status when the Flexi Soft system transitions to the
Run status is 1.

0 = warning
1 = OK

Function block parameters

Table 116: Parameters of the Position cross check V1 function block

Parameter Description Possible values

Cross check mode

Cross check mode Defines the type of position cross check or deactivates the
function

• Deactivated

• Same direction detection

• Opposite direction detec‐
tion

• Relative position only

Motion In 1 position – Motion
In 2 position

Constant position difference between Motion in 1 and Motion
in 2 with position comparison running in the same direction
(comparison mode = same detection direction)

–2,147,483,648 … 
+2,147,483,647 digits =
• +/– 71,583 rev.

• +/– 8,590 m

Motion In 1 position + Motion
In 2 position

Constant position total of Motion in 1 and Motion in 2 with posi‐
tion comparison running in opposite directions (comparison
mode = opposite detection direction)

–2,147,483,648 … 
+2,147,483,647 digits =
• +/– 71,583 rev.

• +/– 8,590 m

Interpolation mode Activation of interpolation mode for position cross check • Disabled

• Active

Motion In 1 delay Displays the internal delay for Motion In 1 and Motion In 2 which
is active for internal evaluation and for producing the output
at the Motion Out output

0 … 4 ms

Motion In 2 delay

Position tolerances

Position tolerance limit 1 … 3 Permitted deviation during position comparison. If multiple
position tolerances are configured, these tolerances can be
selected using the optional Enable tolerance limit 2 … 3 inputs.

0 … 1,073,741,823 digits =
• +/– 35,791 rev.

• +/– 4,295 m
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Parameter Description Possible values

Warning limit If the warning limit is exceeded, the Warning limit status output
switches to 0

0 … 1,073,741,823 digits =
• +/– 35,791 rev.

• +/– 4,295 m

Relative position tolerance

Drift time Enables you to compensate for a slow change in distance
(drift) between the positions of two encoders during a relative
position cross check

1 … 60 s
0 = deactivated

Description of operation

The Position comparison V1 function block compares the position values at the Motion in
1 and Motion in 2 inputs. The function block can also take into account the tolerance
limits that can be configured by the user. Depending on the result of the comparison,
the function block sets the reliability bit at the Motion out output and switches the Status
output.

The Position cross check V1 function block compares the following position values:
• Two absolute position values (absolute position cross check):

This is useful for encoder systems that supply absolute position values, either
automatically (e.g., via an SSI interface) or based on a combination of A/B-incre‐
mental encoders and a referencing procedure using the Position by reference V1
function block.
The absolute position comparison can be configured to check whether the differ‐
ence between or the total of the two position values is within the expected toler‐
ance range. Deviations due to slippage or friction in the application must be within
the tolerance limits. For absolute position comparison, this can be achieved, for
example, using the Re-referencing function of the Position by reference V1 function
block.

• Two relative position values(relative position cross check):
The relative position cross check is only relevant if it is not possible to execute
an absolute position cross check. This can occur, for example, if there are no two
absolute position values that are valid, or if the Relative position only monitoring
mode is selected. A relative position cross check is therefore usually executed with
A/B incremental encoders.
Deviations due to slippage or friction in the application must be within the toler‐
ance limits. For relative position comparison, this can be achieved, for example,
using the Drift time or Reset functions of this function block.
Relative position comparison can also be used in applications that generate an
absolute position from a relative position and an initial referencing procedure. This
approach allows the user to control the relative position and therefore, implicitly,
the speed of the system too.

Figure 174: Position comparison with the same detection direction
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Figure 175: Position comparison with opposite detection directions

The absolute position must be valid at both inputs for an absolute position cross check;
the relative position must be valid at both inputs as a minimum for a relative position
cross check.

Position tolerances

Up to three different process tolerance limits can be configured:
• Position tolerance limit 1: Permanent position tolerance
• Position tolerance limit 2: First increased position tolerance
• Position tolerance limit 3: Second increased position tolerance

The increased position tolerances can be selected using the optional Enable tolerance
limit 2 and Enable tolerance limit 3 inputs.

Table 117: Selecting the position tolerance

Enable tolerance limit 3 input Enable tolerance limit 2 input Selected position tolerance

0 or input not activated 0 or input not activated Position tolerance 1

0 or input not activated 1 Position tolerance 2

1 Any (1 or 0) Position tolerance 3

The selected position tolerance limit is used for both the absolute position cross check
and the relative position cross check. However, the calculation method is different in
each case.

Absolute position cross check

In absolute position comparison, depending on the comparison mode selected, the
system calculates the deviation based on the difference between the values, or the
total of the two absolute position values. The resulting value is then compared with
the current position tolerance:
• Comparison in same direction: Deviation = (absolute position Motion in 2 – abso‐

lute position Motion in 1) – parameter Motion in 2 position – Motion in 1 position
• Comparison in opposite directions: Deviation = (absolute position Motion in 2 +

absolute position Motion in 1) – parameter Motion in 2 position + Motion in 1 position

If interpolation is active, the internal delay and interpolation values are taken into
account in the calculation.

The comparison is deemed successful if the absolute value of the relevant result does
not exceed the current position tolerance.

Both comparison modes are also compatible with periodic positions, e.g., for rotating
tables or eccentric presses.
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NOTE
The calculated deviation in the absolute position can be read in the online monitoring
system of the FX3-MOCx Logic editor and in the Flexi Soft data recorder (under Absolute
position deviation.

Relative position cross check

With relative position comparison, the difference between the relative position values
of both encoders is calculated on an ongoing basis. The calculation takes into account
whether the encoders are configured for the same or for opposite directions. This
means that the value of Motion 2 is reversed when the Opposite detection directions
comparison mode is configured.

The system checks whether the fluctuation in the difference is lower than twice the
position tolerance. For this purpose, it stores the highest and the lowest position differ‐
ence values. Half the difference between these two valuesis used as a cross check
value for the relative position cross check. The cross check is successful as long as this
half-difference is lower than the currently selected position tolerance.

Constant deviation between the two relative positions does not affect this calculation.
Something like this may occur if, for example, both sources have been valid at different
times.

NOTE

• In the case of the relative position cross check, the difference is halved due to the
deviating calculation method, so that the relative position cross check satisfies the
same criteria as the absolute position cross check.

• The calculated deviation in the relative position (half difference) can be read in the
online monitoring system of the FX3-MOCx Logic editor and in the Flexi Soft data
recorder (under Relative position deviation.

Warning limit

In addition to the position tolerance limits, you can configure a Warning limit.

The Warning threshold status output switches to 0 if the calculated deviation exceeds the
Warning threshold parameter during a position comparison. The output switches back
to 1 when the calculated deviation once again drops below or is equal to the Warning
threshold.

The Warning threshold status output can be used for applications in which a measured
position differs from the actual position due to slippage or friction and in which this
issue can be corrected via re-referencing (e.g., using the Re-referencing function of
the Position by reference V1 function block). This output indicates that re-referencing is
necessary before the position comparison fails.

Drift time

The Drift time allows the user to compensate for slow changes in distance (drift)
between the positions of the two encoders in relative position comparisons. Drift may
be caused by a number of factors, including slippage or friction in the application.

When the Drift time parameter is activated (Drift time > 0), the saved highest and
lowest values are continually adjusted to the actual measured value during the relative
position comparison. If the highest measured position difference is lower than the
highest saved position difference, the saved value is slowly reduced. The same applies
in reverse to the lowest saved position difference.

The speed at which the value changes depends on the value of the Drift time parameter.
The higher this value, the slower the speed at which the function works.
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The process of adjusting the value follows a filter function. When the difference in the
relative position remains constant, then the previously calculated deviation will have
almost completely evened out by the time three Drift times have elapsed.

Figure 176: Relative position comparison without drift time

Figure 177: Relative position comparison with drift time

As speed is calculated based on the relative position, by comparing the relative posi‐
tion, the system is, implicitly, also checking the speed.

When the Drift time parameter is used, the speed tolerance increases during the relative
position comparison. This means that the speeds of both sources for Motion in 1 and
Motion in 2 around the Drift time may differ without causing any error in the relative
position comparison. However, this only applies when no absolute position comparison
is performed (e.g., because this function is deactivated or cannot be executed).

The additional speed tolerance can be calculated using the following formula:

Additional speed tolerance = position tolerance/drift time

Table 118: Additional speed tolerance depends on drift time

Position tolerance Drift time Additional speed tolerance

1 mm 1 s 1 mm/s = 0.001 m/s

10 mm 1 s 10 mm/s = 0.01 m/s
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Position tolerance Drift time Additional speed tolerance

100 mm 1 s 100 mm/s = 0.1 m/s

90° = 1/4 rev 1 s 1/4 rev/s= 15 rpm

90° = 1/4 rev 10 s 1/40 rev/s= 1.5 rpm

WARNING
Increased speed tolerance through drift time
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Take into account the additional speed tolerance.

NOTE
The Drift time parameter has no influence on the absolute position comparison.

Interpolation mode

Depending on the encoders used, the detection time, the refresh interval, and the sig‐
nal propagation delay may differ at the two inputs. This point is of particular relevance
when different encoder types are used. For example, due to the transmission time for
SSI telegrams, an SSI encoder has a higher latency than an A/B incremental encoder.
In particular, an SSI encoder also may have different detection times in listener mode.

The Interpolation option can be used to minimize these influences:
• Influences due to different signal propagation delays are minimized on the basis of

the configured encoder type, by means of an internal delay affecting the path that
is faster for the cross check in each case.

• These variations in detection time are compensated for by the system retrospec‐
tively calculating an interpolated position value for each encoder in turn, based
on the two most recent position values; this calculated value is then compared
with the last position value of the other encoder. For this to take place, the system
must have previously recorded values that permit interpolation in combination
with the current position value. The Comparison done output indicates when this
condition is met for the first time following the Flexi Soft system’s transition to run
status.

Figure 178: Position comparison without interpolation
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Figure 179: Position comparison with interpolation

Output of the values for Motion In 1 and Motion In 2 at the Motion Out output may be
delayed by the interpolation. The effective delays for Motion In 1 and Motion In 2 are
shown in the report as the internal parameters Motion In 1 delay and Motion In 2 delay.

To execute a position comparison with the interpolation mode active, there must be
sufficient position values with regular refresh intervals available at both the Motion in 1
and Motion in 2 inputs.

Error detection time

The error detection time refers to the time it takes until an error which occurs at the
function block inputs is indicated at the following outputs:
• Motion Out (reliability bits of the relative or absolute position)
• Monitoring status

Among other things, the error detection time depends on whether the connected encod‐
ers are evaluated with or without interpolation. When interpolation is activated, the fault
detection time increases until an error is indicated at the Motion Out (reliability bit) and
Status outputs.

WARNING
Extended error detection time
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Take into account the extended error detection time.

Interpolation activated: Fault detection time is the larger value of …
a) Response time for signal path at Motion In 1 input + Motion In 1 delay parameter +

refresh interval of Motion In 2 input
b) Response time for signal path at Motion In 2 input + Motion In 2 delay parameter +

refresh interval of Motion In 1 input
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NOTE

• The refresh interval is the longest possible time until the Update status returns to
1 (valid) while the Absolute position status/Relative position status remains 1 (valid)
without changing. In SSI encoders, this is always the Max. data reception interval
parameter; in A/B incremental encoders and Sin/Cos encoders, it is always 4 ms.

• The refresh interval of the other input is relevant (Motion In 1/Motion In 2).

Interpolation deactivated: Fault detection time is the larger value of…
a) Response time of signal path for Motion In 1 input
b) Response time of signal path for Motion In 2 input

NOTE

• The refresh interval is not relevant in this case.
• Motion In 1 delay and Motion In 2 delay are always 0 in this case.

Response time for Motion Out

WARNING
Extended response time for Motion Out
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Take into account the extended response time.

If the Motion In 1 delay or Motion In 2 delay is not equal to 0, this delay must be taken into
account in the calculation of the response time of the signal path via Motion Out.

Generally, only the Motion in 1 delay will be relevant because, upon successful comple‐
tion of the position comparison, the value of Motion in 1 (which may be a delayed value)
is output to Motion out.

If only Motion Out is used for the further evaluation of Motion In 1 and Motion In 2, the error
detection time also determines the response time. In such cases, you must bear in
mind that, in the event of an error in the path for Motion in 1, an error response will only
be triggered at the Motion out (reliability bits) or Status output if the position comparison
fails. During this time, the system will continue to evaluate based on the false values
from Motion In 1 and Motion In 2 will not be taken into account.

Reset

If a position comparison fails, the Status output switches to 0 and the corresponding
reliability bits in Motion Out switch to 0 (unreliable). This status remains unchanged for
at least the duration of 1 s (Error recovery time) even if the position comparison is positive
again before this.

The Error recovery time is intended to ensure that detected faults can also be recognized
by slower evaluations, e.g., using the custom MOC status bits of the FX3-MOC1 via a
gateway (data set 3).

The time can be interrupted using the Reset input. A rising signal edge (0–1) at the Reset
input resets the monitoring functions of the function block. For this to take place, the
Reset possible output must be set to 1.

The Reset possible output is 1 if the following conditions are met: 
1. The relative positions at the Motion in 1 and Motion in 2 inputs are valid.
2. And

a) The absolute positions at the Motion in 1 and Motion in 2 inputs are valid.
Or

b) The comparison mode = relative position only.

11 LOGIC PROGRAMMING IN MOTION CONTROL FX3-MOC1

248 O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 8014519/1KOF/2023-09-08 | SICK
Subject to change without notice



Or
c) The calculated Relative position deviation is less than or equal to the selected

Position tolerance.

After resetting:
• The Error Recovery Time is fulfilled or expired.
• The internal values for the relative position comparison are reinitialized, i.e., they

are both set to the current relative position difference value. Consequently, the
calculated Relative position deviation is zero and the relative position comparison is
automatically positive.

The Error recovery time is also interrupted if either of the inputs Motion in 1 or Motion in 2
becomes invalid.

As a reset can only take place (the Reset possible output is 1) if it is not possible to
perform an absolute position comparison, the Status output switches back to 1 without
delay in the event of a reset.

Inhibit error indication

The Inhibit error indication input can be used to inhibit a diagnostics history entry if a
position cross check fails. This may be useful in certain operating situations where
faults or detection gaps are expected in order to minimize the impact of the fault.

As long as the Inhibit error indication input is set to 1, an error will not result in a
diagnostics history entry. If the Inhibit error indication input switches to 0 while an error is
still present, a corresponding error message is subsequently entered in the diagnostics
history.

The error response, particularly the change of the status bits in the Motion out output, is
not affected by the Repress error signal input.

11.10.5 Speed Cross Check V2

Function block diagram

Figure 180: Inputs and outputs of the Speed Cross Check V2 function block

General description

The Speed cross check V2 function block compares speed values from two different signal
sources. The checks performed are used to achieve a higher level of safety, particularly
when working with non-safe encoders.

Deviations in both measured values may occur continuously or temporarily due to
phenomena such as slip, abrasion, or mechanical coupling behavior. Consequently, this
function block offers various parameters that can be used to tolerate deviations of this
kind. In this way, unintended shutdowns can be avoided and machine availability can
be ensured.
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The following factors can be taken into account during evaluation:
• Permanently tolerated absolute speed difference or permanently tolerated speed

ratio (relative speed difference in %), e.g. caused by different levels of component
wear)

• Temporarily increased tolerance limits for the speed ratio, e.g. due to automation
process requirements such as cornering by an AGV

• Signs of the speed values when calculating the speed difference

Fault detection

WARNING
Incorrect configuration
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► As part of the safety assessment, consider the parameters used to configure the
Speed cross check V2 function block.

In accordance with generally recognized testing principles, test authorities usually stipu‐
late that the application must ensure the monitored unit performs a movement at least
once within the space of 24 hours. This movement must generate a signal change on
the encoder system so that the speed cross check function can use it as a basis for
detecting the relevant faults.

Inputs of the function block

Table 119: Inputs of the function block Speed cross check V2

Input Description Possible values

Motion In 1 For connecting two encoders. Data of type Motion V2

Motion In 2

Reset Optional input for error reset by an external sig‐
nal

• Inactive

• Active

Inhibit error indication Optional input, allows entry in the diagnostics
history to be suppressed if a speed cross check
fails

0 = no suppression
1 = error indication inhibited

Enable tolerance limit 2 Optional inputs that can be used to select
increased tolerances for the speed cross check
if required

• Inactive

• ActiveEnable tolerance limit 3

Outputs of the function block

Table 120: Outputs of the function block Speed cross check V2

Output Description Possible values

Motion Out Output of the checked Motion V2 data for use in
another function block, e.g. Speed monitoring V2.
Output of the values may take place after a delay
depending on the configuration of the function
block.

Depending on the Speed output mode
parameter. The bits for validity and
reliability are set depending on the
results of the speed cross check.
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Output Description Possible values

Status Indicates whether a speed cross check has
failed.
The initial status when the Flexi Soft system tran‐
sitions to the Run status is 1.
The output switches to 0 if the determined devia‐
tion exceeds the selected speed tolerance in a
speed cross check.
The output switches back to 1 when the deter‐
mined deviation is again lower than or equal to
the selected tolerance, but only after the Error
recovery time of 1 s has elapsed.
If the speed at the Motion In 1 input or the Motion
In 2 input becomes invalid, then the Status output
immediately switches to 1, as no evaluation can
be performed in this state and the error is further
ahead in the signal path.

0 = Error detected
1 = OK (no error detected or status
unknown)

Check done The output switches to 1 when the speed cross
check is performed for the first time. The output
switches back to 0 when the speed at the Motion
In 1 input or the Motion In 2 input is invalid, mean‐
ing that a speed cross check cannot be carried
out.

0 = speed cross check not per‐
formed
1 = speed cross check performed

Reset possible Indicate whether a reset is possible by the Reset
input

0 = reset not possible
1 = reset possible

Inhibit error with time monitoring The output switches to 0 if the Max. time without
encoder reliability monitoring is 0. The output oth‐
erwise corresponds to the Inhibit error indication
input.
This output can be connected to the Inhibit motion
bits reaction input of a downstream Safe stop
V2 function block to suppress the error reaction
there only for as long as the Max. time without
encoder reliability monitoring is not exceeded.

0 = Inhibit motion bits reaction input is
0 or Max. time without encoder reliability
monitoring has been exceeded
1 = Inhibit motion bits reaction input
is 1 and Max. time without encoder reli‐
ability monitoring has been exceeded

Function block parameters

Table 121: Parameters of the function block Speed cross check V2

Parameter Description Possible values

Speed cross check mode

Cross check mode Specifies whether a tolerance speed is to be cal‐
culated and whether the sign should be taken
into account for the calculation.

• No speed cross check

• With sign

• Without sign

Interpolation mode Activates interpolation for the speed cross check • Inactive

• Active

Motion In 1 delay Displays the internal delay for Motion In 1 and
Motion In 2 which is active for internal evaluation
and for producing the output at the Motion Out
output

0 … 4 ms

Motion In 2 delay

Limits for speed cross check

Absolute tolerance limit for speed
difference

Permanently permissible absolute speed differ‐
ence between Motion In 1 and Motion In 2.
Speed differences that exceed this limit are
taken fully into account.

0 … 32,767 digits =
• 0 … 16,383 rpm

• 0 … 32,767 mm/s
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Parameter Description Possible values

Speed ratio Tolerance limit 1 Permanent tolerance for the speed ratio (permis‐
sible relative speed difference in %) between
Motion In 1 and Motion In 2 based on the higher
of the two values

0 … 100%

Speed ratio Tolerance limit 2 Conditional increased tolerance for the speed
ratio (permissible relative speed difference in %)
between Motion In 1 and Motion In 2 based on the
higher of the two values.

• Enable via Enable tolerance limit 2 and Enable
tolerance limit 3 input

• Optional time limitation

0 … 100%

Speed ratio Tolerance limit 3

Max. time for tolerance limit 2 Maximum length of time for which Speed ratio
tolerance limit 1 may be exceeded while tolerance
limit 2 is valid

0 = infinite
4 … 60,000 ms in 4 ms increments

Max. time for tolerance limit 3 Maximum length of time for which Speed ratio
tolerance limit 2 may be exceeded while tolerance
limit 3 is valid

0 = infinite
4 … 60,000 ms in 4 ms increments

Speed output mode

Speed output mode Mode for calculation of the speed output at the
Motion Out output

• Speed of Motion In 1

• Higher speed of Motion In 1 or
Motion In 2

• Mean speed of Motion In 1 and
Motion In 2

Reset

Reset input Activates the optional Reset input which permits
errors to be reset by means of an external signal

• Inactive

• Active

Encoder reliability monitoring

Encoder reliability monitoring Activates a check to establish whether the sig‐
nals of the encoders were reliable (e.g. damage
during standstill)

• Inactive

• Active

Max. time without encoder reliability
monitoring

Maximum permitted time without exceeding the
parameterized speed threshold

• 1 … 168 h

Speed threshold Minimum speed for detection of encoder activity
for encoder reliability monitoring

• 1 … 32,767 mm/s

• 0 = infinite

Speed cross check mode

The Speed cross check mode determines whether a speed cross check is performed and
whether the sign is taken into account in this case when the speed values are cross
checked.

11 LOGIC PROGRAMMING IN MOTION CONTROL FX3-MOC1

252 O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 8014519/1KOF/2023-09-08 | SICK
Subject to change without notice



Figure 181: Speed cross check mode: Speed difference calculated with sign

Figure 182: Speed cross check mode: Speed difference calculated without sign

Interpolation mode

Depending on the encoders used, the detection time, the refresh interval, and the sig‐
nal propagation delay may differ at the two inputs. This point is of particular relevance
when different encoder types are used. For example, due to the transmission time for
SSI telegrams, an SSI encoder has a higher latency than an A/B incremental encoder.
In particular, an SSI encoder also may have different detection times in listener mode.

These influences can be minimized with the Interpolation option:
• Influences due to different signal propagation times are minimized depending on

the configured encoder type by internally delaying the faster path each case for
the check.

• These variations in detection time are compensated for by the system retrospec‐
tively calculating an interpolated speed value for each encoder in turn, based
on the two most recent speed values received; this calculated value is then
compared with the last speed value of the other encoder. For this to take place,
the system must have previously recorded speed values that permit interpolation
in combination with the current speed value. The Check done output indicates when
this condition is met for the first time following the Flexi Soft system’s transition to
run status.
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Figure 183: Speed cross check without interpolation

Figure 184: Speed cross check with interpolation

Output of the values for Motion In 1 and Motion In 2 at the Motion Out output may be
delayed by the interpolation. The effective delays for Motion In 1 and Motion In 2 are
shown in the report as the internal parameters Motion In 1 delay and Motion In 2 delay.

To execute a speed cross check with the interpolation mode active, there must be
sufficient speed values with regular refresh intervals available at both the Motion In 1
and Motion In 2 inputs.

Error detection time

The error detection time refers to the time that is required until a fault at the inputs of
the function block is displayed at the following outputs:
• Motion Out (bits for reliability of speed and relative position)
• Status
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Among other things, the error detection time depends on whether the connected encod‐
ers are evaluated with or without interpolation. When interpolation is activated, the fault
detection time increases until an error is indicated at the Motion Out (reliability bit) and
Status outputs.

WARNING
Extended error detection time
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Take into account the extended error detection time.

Interpolation activated: Fault detection time is the larger value of …
a) Response time for signal path at Motion In 1 input + Motion In 1 delay parameter +

refresh interval of Motion In 2 input
b) Response time for signal path at Motion In 2 input + Motion In 2 delay parameter +

refresh interval of Motion In 1 input

NOTE

• The refresh interval is the longest possible time until the Update status returns to
1 (valid) while the Absolute position status/Relative position status remains 1 (valid)
without changing. In SSI encoders, this is always the Max. data reception interval
parameter; in A/B incremental encoders and Sin/Cos encoders, it is always 4 ms.

• The refresh interval of the other input is relevant (Motion In 1/Motion In 2).

Interpolation deactivated: Fault detection time is the larger value of…
a) Response time of signal path for Motion In 1 input
b) Response time of signal path for Motion In 2 input

NOTE

• The refresh interval is not relevant in this case.
• Motion In 1 delay and Motion In 2 delay are always 0 in this case.

Response time for Motion Out

WARNING
Extended response time for Motion Out
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Take into account the extended response time.

If the Motion In 1 delay or Motion In 2 delay is not equal to 0, this delay must be taken into
account in the calculation of the response time of the signal path via Motion Out.

• If the Speed output mode parameter is set to Speed of Motion In 1, the response time
is calculated as follows:
Response time for signal path at Motion In 1 input + Motion In 1 delay parameter

• If the Speed output mode parameter is set to Higher speed of Motion In 1 or Motion In 2 or
to Mean speed of Motion In 1 and Motion In 2, the response time will correspond to the
greater of the two following values:

° Response time for signal path at Motion In 1 input + Motion In 1 delay parameter

° Response time for signal path at Motion In 2 input + Motion In 2 delay parameter

If only Motion Out is used for the further evaluation of Motion In 1 and Motion In 2, the
error detection time also determines the response time. In such cases, you must bear
in mind that, in the event of an error in the path for Motion In 1, an error response will

LOGIC PROGRAMMING IN MOTION CONTROL FX3-MOC1 11

8014519/1KOF/2023-09-08 | SICK O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 255
Subject to change without notice



only be triggered at the Motion Out (reliability bits) or Status outputs if the speed cross
check fails. During this time, the system will continue to evaluate based on the false
values from Motion In 1 and Motion In 2 will not be taken into account.

Permanently tolerated speed difference

The Absolute tolerance limit for speed difference parameter can be used to define the
permissible absolute speed difference with reference to the higher of the speed values
from Motion In 1 and Motion In 2. Speed differences that are less than the Absolute
tolerance limit for speed difference are evaluated as 0, i.e. are ignored. The purpose of this
is to avoid high speed ratios at low speeds. Otherwise, a low absolute speed difference
could lead to a high speed ratio because the speed being referenced is also low. Speed
differences that exceed this tolerance limit are taken fully into account.

Permanently tolerated speed ratio

The Speed ratio tolerance limit 1 parameter can be used to define the permissible speed
ratio with reference to the higher of the speed values from Motion In 1 and Motion In 2.
The higher of the two values is taken to be 100% and the defined speed ratio is limited
to 100%.

Figure 185: Permanently tolerated speed ratio

When the Flexi Soft system transitions to the Run status, the Status output is 1. As long
as no errors occur, the value of the output does not change.

The Status output switches to 0 when the permissible speed ratio (relative speed
difference in %) defined by the parameter Speed ratio tolerance limit 1 is exceeded. This
happens independently of the status of the Inhibit error indication input.

If the speed at the Motion In 1 input or the Motion In 2 input becomes invalid, then the
Status output immediately switches to 1, as no evaluation can be performed in this
state and the error is further ahead in the signal path.

Increased tolerance limit for the speed ratio

It is possible to increase the tolerance limit for the permissible speed ratio. The Speed
cross check V2 function block supports two additional tolerance limits with a conditional
increase. Each of these can be configured with its own maximum time period.

The Enable tolerance limit 2 and Enable tolerance limit 3 inputs must be activated in the
configuration dialog of the function block. Speed ratio tolerance limit 2 and Speed ratio
tolerance limit 3 are available only if these inputs are activated.

When the Enable tolerance limit 2 input is set to 1, it is permitted to exceed the value of
Speed ratio tolerance limit 1. In this case, the increased Speed ratio tolerance limit 2 is active.
The duration for the limit being exceeded can be limited by the Max. time Tolerance limit
2 parameter. A value of 0 ms here means infinite, i.e. no time limit. If the Speed ratio
tolerance limit 1 is exceeded for longer than the configured Max. time Tolerance limit 2, the
Status output switches to 0.
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The same applies to the third possible limitation: If the Enable tolerance limit 3 input
is set to 1, it is permitted to exceed the value of Speed ratio tolerance limit 2 and the
increased Speed ratio tolerance limit 3 is active. The duration for the limit being exceeded
can be limited by the Max. time Tolerance limit 3 parameter. A value of 0 ms here means
infinite, i.e. no time limit. If the Speed ratio tolerance limit 2 is exceeded for longer than the
configured Max. time Tolerance limit 3, the Status output switches to 0.

Speed ratio tolerance limit 3 is the highest increased tolerance limit for the speed ratio and
must never be exceeded.

Figure 186: Conditional increased tolerance limit for the permitted speed ratio with exceeded
tolerance limit
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Figure 187: Conditional increased tolerance limit for the permissible speed ratio with exceeded
time limit

For example, in the case of an AGV, the increased Speed ratio tolerance limit 2 allows the
difference in speed between two wheels to be tolerated during cornering. This means
that the vehicle control system can enable the Enable tolerance limit 2 input when the
vehicle is turning a corner. The increased Speed ratio tolerance limit 3 can be used to
tolerate very short speed differences, e.g. when a wheel spins briefly.

Speed output mode for output at the Motion Out output

The values of the Motion Out output are formed based on the Motion In 1 and Motion In 2
inputs and are dependent on the Speed output mode parameter in some cases.

NOTE
For the purposes of internal and evaluation and production of the output at Motion Out,
the two inputs Motion In 1 and Motion In 2 are delayed internally corresponding to the
parameters Motion In 1 delay and Motion In 2 delay. If the designation Motion In 1 input or
Motion In 2 input is used in the description, this refers to the possibly delayed value.

The following three cases are distinguished for output at the Motion Out output:
a) Both Motion In 1 speed status and Motion In 2 speed status are invalid (0).
b) Either Motion In 1 speed status or Motion In 2 speed status is invalid (0).
c) Both Motion In 1 speed status and Motion In 2 speed status are valid (1).

a. If both Motion In 1 speed status and Motion In 2 speed status are invalid (0), all values at
the Motion Out output are set to 0.

b. If either Motion In 1 speed status or Motion In 2 speed status is valid (0), the valid speed
value is output in each case independently of the Speed output mode parameter. The
following applies in this case:
• Motion Out speed status = 1 (valid)
• Motion Out speed reliability = 0 (unreliable)
• Motion Out speed = either Motion In 1 speed or Motion In 2 speed, depending on the

input at which the bit for Speed status is set to 1 (valid).
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NOTE
No cross check can be performed if only one signal is valid. For this reason, Motion
Out speed reliability and Motion Out relative position reliability are set to 0 (unreliable) in this
case.
Even if the information is deemed to be unreliable because it is only from one source,
the Safe Stop V2 function block still evaluates the speed when monitoring the stop
ramp, for example, in order to detect a situation where the ramp is exceeded and to
switch off the drive as early as possible in this error case.

The Update status at the Motion Out output is 1 (current) in this case if one of the
following cases applies:
• The Update status at at least one of the inputs Motion In 1 or Motion In 2 is 1 (current).
• Either Motion In 1 speed status or Motion In 2 speed status has just changed to invalid

(0) while the other input is set to 1 (valid). In this case, switchover to the speed
value of the still valid input takes place for output. Since the speed value at
the Motion Out output can change as a result, the Update status at the Motion Out
output is set to 1 (current) in the event of this switchover.

c. If both Motion In 1 speed status and Motion In 2 speed status are valid (1), the values at
the Motion Out output are formed as follows:

Table 122: Formation of Motion V2 data at the Motion Out output when both Motion In 1 speed status and Motion In 2 speed status
are valid (1)

Element Description

Speed Depending on Speed output mode parameter

The following settings are possible:
• Speed of Motion In 1
• Higher speed of Motion In 1 or Motion In 2
• Mean speed of Motion In 1 and Motion In 2

Speed status Always 1 (valid)

Speed reliability Depending on Cross check mode parameter:
• If the Cross check mode is set to With sign or Without sign, then this bit corresponds to the

Status output.
• If the Cross check mode is set to No cross check, then Speed reliability at the Motion Out output is

1 (reliable), if Speed reliability is also 1 (reliable) at both the inputs Motion In 1 and Motion In
2.

Relative position Depending on Speed output mode parameter (see below)

Relative position status 1 (valid) if both Motion In 1 relative position status and Motion In 2 relative position status are 1 (valid)

Relative position reliability If the Relative position status is 0 (invalid) at at least one of the inputs Motion In 1 or Motion In 2 0
(invalid), then this bit is 0 (unreliable).

If both Motion In 1 relative position status and Motion In 2 relative position status are 1 (valid), then
the bit is dependent on the Cross check mode parameter:
• If the Cross check mode is set to With sign or Without sign, then this bit corresponds to the

Status output.
• If the Cross check mode is set to No cross check, then Relative position reliability at the Motion Out

output is 1 (reliable), if Relative position reliability is also 1 (reliable) at both the inputs Motion
In 1 and Motion In 2.

Absolute position Always 0

Absolute position status Always 0 (invalid)

Absolute position reliability Always 0 (unreliable)

Update status Depending on Speed output mode parameter (see below)

Speed of Motion In 1

Speed at Motion Out output:
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With this setting, the Speed value at the Motion Out output corresponds to the Speed
value at the Motion In 1 input.

Figure 188: Speed output mode: Speed of Motion In 1

Speed of Motion In 1 is usually selected when there is a leading encoder with a higher
resolution and also a second encoder that is used for plausibility checks. In this case,
the values at the Motion In 1 input are used for further evaluation.

Update status at Motion Out output:

With this setting, the Update status at the Motion Out output corresponds to the Update
status at the Motion In 1 input.

Relative position at Motion Out output:

With this setting, the Relative position value at the Motion Out output corresponds to the
Relative position value at the Motion In 1 input.

Higher speed of Motion In 1 or Motion In 2

Speed at Motion Out output:

With this setting, the higher of the two speeds at the Motion In 1 and Motion In 2 inputs is
output at the Motion Out output.

Figure 189: Speed output mode: Higher speed of Motion In 1 or Motion In 2

The Higher speed of Motion In 1 or Motion In 2 setting should be selected if the higher value
from two encoders is to be used for further evaluation, e.g. because the speed of the
outer wheel of an AGV during cornering is of relevance (worst-case scenario).
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Update status at Motion Out output:

With this setting, the Update status at the Motion Out output is 1 (current) if the Update
status at at least one of the inputs Motion In 1 or Motion In 2 is 1 (current).

Relative position at Motion Out output:

If the parameter Speed output mode is set to Higher speed of Motion In 1 or Motion In 2, then
the relative position for the Motion Out output is calculated based on the speed value
for the Motion Out output. This means that the values for the relative position at the
inputs Motion In 1 and Motion In 2 are not used for calculation of the relative position at
the Motion Out output and only their respective validity status is evaluated. The Relative
position status at the Motion Out output can become 1 (valid) only if Relative position status
is also 1 (valid) at both the Motion In 1 input and the Motion In 2 input.

NOTE

• The resulting speed curve may be non-continuous if two opposing directions of
movement are involved.

• If the Speed output mode parameter is set to Higher speed of Motion In 1 or Motion In 2
or to Mean speed of Motion In 1 and Motion In 2 and the value at the Motion Out
output is used for standstill monitoring with standstill position tolerance (e.g. using
the Speed monitoring V2 function block), the standstill condition may be met even
though the relative positions at the Motion In 1 input and Motion In 2 input would not
meet the standstill condition when considered on their own. This case can occur
if the two encoders are moving in opposite directions and the resulting average
speed is considerably less than the speed of each individual encoder.

Mean speed of Motion In 1 and Motion In 2

Speed at Motion Out output:

With this setting, it is the average speed from the Motion In 1 and Motion In 2 inputs that
is output at the Motion Out output together with its sign.

Figure 190: Speed output mode: Mean speed of Motion In 1 and Motion In 2

The Mean speed of Motion In 1 and Motion In 2 setting is usually used when the average
speed from two encoders is of relevance for further evaluation because, for example,
it represents the speed at the central point of an AGV. With this setting, turning on
the spot (when both wheels are traveling at the same speed in opposite directions) is
evaluated as a standstill, for example.

Update status at Motion Out output:

With this setting, the Update status at the Motion Out output is 1 (current) if the Update
status at at least one of the inputs Motion In 1 or Motion In 2 is 1 (current).
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Relative position at Motion Out output:

If the parameter Speed output mode is set to Mean speed of Motion In 1 and Motion In 2, then
the relative position for the Motion Out output is calculated based on the speed value
for the Motion Out output. This means that the values for the relative position at the
inputs Motion In 1 and Motion In 2 are not used for calculation of the relative position at
the Motion Out output and only their respective validity status is evaluated. The Relative
position status at the Motion Out output can become 1 (valid) only if Relative position status
is also 1 (valid) at both the Motion In 1 input and the Motion In 2 input.

NOTE

• If the Speed output mode parameter is set to Higher speed of Motion In 1 or Motion In 2
or to Mean speed of Motion In 1 and Motion In 2 and the value at the Motion Out
output is used for standstill monitoring with standstill position tolerance (e.g. using
the Speed monitoring V2 function block), the standstill condition may be met even
though the relative positions at the Motion In 1 input and Motion In 2 input would not
meet the standstill condition when considered on their own. This case can occur
if the two encoders are moving in opposite directions and the resulting average
speed is considerably less than the speed of each individual encoder.

Resetting the function block

If a speed cross check fails, the Status output switches to 0 (error detected) and the
corresponding reliability bits in Motion Out switch to 0 (unreliable). This status remains
unchanged for at least the duration of 1 s (Error recovery time) even if the speed cross
check already produces a valid result again before this.

The Error recovery time serves to ensure that the speed cross check must first continu‐
ously supply a positive result for a minimum period before the associated reliability bits
in Motion Out are set to 1 (reliable) again. This also permits error detection by slower
evaluations, e.g. using the customized MOC status bits of the FX3-MOC1 via a gateway
(data set 3).

The optional Reset input can be used to cancel the Error recovery time. A rising signal edge
(0–1) at the Reset input resets the monitoring functions of the function block. For this to
take place, the Reset possible output must be set to 1.

The Error recovery time is also canceled if either of the inputs Motion In 1 or Motion In 2
becomes invalid.

The function block can be reset in two ways:
• Manual reset: If the Reset possible output is 1, then an error can be reset by a rising

signal edge at the optional Reset input. The Reset possible output is set to 1 if the
speed cross check is activated, the values at the Motion In 1 input and Motion In 2
input are valid and the speed ratio (relative speed difference in %) is lower than
the currently valid Speed ratio tolerance limit x.

• Automated reset: An error is reset if the speed cross check has continuously
supplied a positive result for at least a period of 1 s (Error recovery time).

NOTE
If the optional Reset input is not activated, it is not possible to manually reset an error
condition during operation.

Inhibit error indication

Using the Inhibit error indication input, it is possible to prevent an entry being made in
the diagnostics history when a speed cross check fails (Status output = 0). This can be
expedient in certain operating situations where faults or detection gaps are expected in
order to minimize the impact of a fault in a targeted way.
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If the Inhibit error indication input is 1, an error does not lead to an entry in the diagnos‐
tics history. If the Inhibit error indication switches to 0 while an error is still present, a
corresponding error message is subsequently entered in the diagnostics history.

The Inhibit error indication input does not have any influence on the Status output or the
reliability bits in the Motion Out output.

Encoder reliability monitoring

In accordance with generally recognized testing principles, test authorities usually
stipulate that the application must ensure the monitored unit performs a movement
at least once within the space of 24 hours. This movement must generate a signal
change on the encoder system so that the speed cross check function can use it as
a basis for detecting the relevant faults. The encoder reliability monitoring function
allows monitoring of whether the required movement has taken place, i.e. whether the
required minimum speed was reached during the required time interval.

Whether encoder reliability monitoring is required or not depends on the risk analysis.

The Max. time without encoder reliability monitoring can be set to a value of 1 hour to
168 hours (1 week) for different applications.

The required minimum speed for detection of a movement is set with the Speed threshold
parameter. If the speed at the Motion Out output falls below the Speed threshold, the timer
for the Max. time without encoder reliability monitoring starts to count down. The timer is
reset again when the speed at the Motion Out output exceeds the Speed threshold again.

The timer is also reset from the Stop status to the Run status after every transition, i.e.
after every time the supply voltage to the Flexi Soft main module is switched off and
back on. As a result, the total time during which the speed at the Motion Out output lies
below the speed threshold can be longer than the parameterized maximum time without
encoder reliability monitoring.

WARNING
Unrecognized encoder malfunction
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.
The target safety-related level may not be achieved in the event of non-compliance.

► Select a suitable value for the maximum time without encoder reliability monitoring.
When doing so, take into account that the timer is reset by switching the supply
voltage to the Flexi Soft main module off and back on.

Or:
► Ensure via the application that the required movement is performed in the

required time interval (without monitoring this via the encoder reliability monitoring
function).

If the timer reaches 0 before the speed at the Motion Out output exceeds the Speed
threshold again, the Status output switches to 0. The Status output is set to 1 again if the
speed at the Motion Out output subsequently exceeds the Speed threshold again and no
error occurs.
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11.10.6 Speed Monitor V2

Function block diagram

Figure 191: Inputs and outputs of the Speed Monitor V2 function block

General description

The Speed monitoring V2 function block can be used for speed and direction monitoring in
an application. It can essentially perform the following functions:

• Safe speed monitor (SSM)
• Safely limited speed (SLS)
• Safe direction (SDI)
• Safe operating stop (SOS)
• Monitoring of up to four different speed ramps during the transition from a moni‐

tored speed to a lower speed.

Speed monitor
• Maximum speed monitoring
• Monitoring the speed limits selected via the inputs Speed enable ID and, where

applicable, Ramp selection 1 and Ramp selection 2
• Direction monitoring, selected via the inputs Enable forward and Enable backward

The speed monitoring status is displayed at the Monitoring status output.

Inputs of the function block

Table 123: Inputs of the Speed monitoring V2 function block

Input Description Signal value

Motion In Data of type Motion V2 is expected, either directly from an
encoder or from another function block, e.g., Position Cross
Check V1.

Motion V2 data

Standstill acknowledge Optional input, activates internal standstill detection 0 = standstill detection deac‐
tivated
1 = standstill detection active

Enable forward and Enable
backward

Optional inputs which enable the relevant direction of move‐
ment.
If either of these inputs is not used, it means that the associ‐
ated direction of movement is permanently enabled.

0 = direction not enabled
1 = direction enabled
Input not used = Direction
permanently enabled

Speed enable ID Activates the permitted speed limit 0 … 255

Ramp selection 1 and Ramp
selection 2

Selection of up to four speed ramps with different gradients 0 or 1

NOTE
The Speed monitoring V2 function block requires data with a reliability status of 1 at the
Motion In input. The data must therefore be plausibility-checked, e.g., using a Sin/Cos
encoder with analog voltage monitoring or through the use of two encoders connected
to a Position comparison function block.
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Outputs of the function block

Table 124: Outputs of the Speed monitor V2 function block

Output Description Signal value

Monitoring status The Monitoring status output indicates the combined status of
the various monitoring functions (AND connection).
If the status is unknown; i.e., if the relevant data at the Motion
In input is unreliable or invalid, the output switches to 1.
The initial status when the Flexi Soft system transitions to the
Run status is 1.

0 = error detected
1 = OK (no error detected or
status unknown)

Ramp active Indicates whether a speed ramp is active 0 = No ramp active
1 = speed ramp active

Direction status Indicates the direction of movement. No change during stand‐
still.
If the status is unknown; i.e., if the speed at the Motion In input
is unreliable or invalid, the output switches to 0.
The initial status when the Flexi Soft system transitions to the
Run status is 0.

0 = Forwards or status
unknown
1 = Backwards

Standstill Indicates whether the standstill condition is fulfilled (either
standstill speed and/or standstill position, taking into account
the filter and acceptance criteria such as the Maximum speed
filter distance parameter, the Standstill approval input, and the
Standstill speed acceptance time parameter).
If the status is unknown; i.e., if the relevant data at the Motion
In input is unreliable or invalid, the output switches to 0.
The initial status when the Flexi Soft system transitions to the
Run status is 0.

0 = No standstill or status
unknown
1 = standstill

Speed status ID Indicates which speed range the current speed at the Motion
in input corresponds to. This is not affected by the speed limit
currently active for monitoring.

0 … 10
0 = speed invalid or unrelia‐
ble
1 = standstill
2 … 10 = speed range 2 … 10

Max. speed enabled Indicates whether the highest configured speed limit is active
(selected via the Speed enable ID) input. This is not affected by
the current speed at the Motion in input.

0 = Maximum speed not ena‐
bled
1 = Maximum speed enabled

Function block parameters

Table 125: Parameters of the Speed monitor V2 function block

Parameter Description Possible values

Standstill monitoring

Standstill speed monitoring Activates the Standstill speed monitor function • Deactivated

• Active

Standstill speed Defines which speed still counts as a standstill 0 … 32,766 digit =
• 0 … 16,383 rpm

• 0 … 32,766 mm/s

Standstill speed acceptance
time

Defines the uninterrupted period of time for which the Stand‐
still speed may not be exceeded

0 … 248 ms in 4 ms incre‐
ments

Standstill position monitoring Activates the Standstill position monitoring function • Deactivated

• Active

Standstill position tolerance Defines which relative position change still counts as a stand‐
still during standstill monitoring.
While the Standstill position tolerance is not exceeded, the speed
is not taken into account even if it is greater than the Standstill
speed.

0 … 500,000,000 digit =
• 0 … 16,666 rev.

• 0 … 2,000,000 mm
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Parameter Description Possible values

Standstill acknowledge Activates the optional Standstill acknowledge input • Deactivated

• Active

Speed ranges

Max speed limit Defines the maximum speed that is allowed to occur within
the system

1 … 32,767 digit =
• 0.5 … 16,383 rpm

• 1 … 32,767 mm/s

Speed limit 1 Speed limit 1 always corresponds to the standstill speed 0 … 32,766 digit =
• 0 … 16,383 rpm

• 0 … 32,766 mm/s
Speed limit 2 … 9 Up to 9 speed limits, including standstill speed

Maximum distance for speed
filter

Defines the distance that the drive is allowed to travel despite
exceeding the current speed limit before the excess speed
causes the system to switch off.

0 … 65,534 digits (position) =
• max. 2.18 rev.

• max. 262 mm

• 0 = Deactivated

Ramp for speed limit transitions

Delay time until start of ramp How long the function block expects there to be no response
from the system; i.e., the length of time for which it does not
expect a delay ramp

0 … 248 ms in 4 ms incre‐
ments

Ramp configuration (ramp
steepness, speed transitions
1 … 4)

Increment for the reduction in speed when changing from a
higher active speed enable ID to a lower one, selected via
the Speed enable ID input. You can define up to four different
ramps.
The Speed reduction and the Duration of the speed reduction are
entered.

0 … 2,147,418,112 digit =
• 0.5 … 16,383 (rpm)/ms

• 1 … 65,535 (mm/s)/ms

• 0 = No ramp

Optional inputs

Speed enable ID Activates the optional Speed enable ID input • Disabled

• Active

Enable forward Activates the optional Enable forward input • Disabled

• Active

Backward enable Activates the optional Enable backward input • Disabled

• Active

Monitoring functions

The Monitoring status output is set to 1 if one of the following conditions is met:
• No error detected
• Status unknown, because the speed at the Motion in input is unreliable or invalid

When the Flexi Soft system transitions to the Run status, the Monitoring status output is
1.

The Monitoring status output switches to 0 whenever any of the following monitoring
functions produces a result of 0:
• Maximum speed monitoring
• Monitoring of speed limits, selected via the Speed enable ID input
• Direction monitoring

The Monitoring status output switches back to 1, if one of the following conditions is
met:
a) All associated monitoring processes are fulfilled.
b) The speed at the Motion in input is unreliable or invalid.

The Monitoring status output is usually connected to the Safe stop 2A input of the Safe stop
V2 function block. This means that an impermissible speed or direction will result in a
stop.
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Speed monitoring functions

The functions for monitoring the Max. speed and the Speed limits can be used to imple‐
ment the safely-limited speed (SLS) function. For transitions from a higher to a lower
speed limit, Speed ramps can be configured.

Monitoring of the speed limits

The optional Speed enable ID input activates the permissible speed limit. The input will
accept a UI8 value (0 … 255). To connect the input to Boolean signals, use the Bool to
UI8 V1 function block.

If the current speed at the Motion in input is greater than the active speed limit, then the
Monitor status output is set to 0.

NOTE

• The values 0 and 1 at the Speed enable ID input activate standstill monitoring. If
neither standstill speed monitoring nor standstill position monitoring is activated,
then the Monitoring status output always remains at 0 (error), unless the speed at
the Motion in input is unreliable or invalid.

• Any value above the number of configured speed limits activates the maximum
permitted speed.

Standstill acknowledge

The optional Standstill approval input can be used to deactivate internal standstill detec‐
tion. If this input is used, the Standstill and Speed status ID outputs can only switch to 1 if
both the standstill condition is met and the Standstill approval input is 1. This applies to
standstill detection with Standstill speed and to standstill detection with Standstill position
tolerance.

The internal standstill detection with Standstill speed and, if applicable, Standstill speed
acceptance time and Standstill position tolerance functions independently of the Standstill
approval input.

Maximum distance for speed filter

This function can be used to tolerate short-term increases or decreases in speed. The
Maximum distance for speed filter parameter determines the extent to which exceeding the
relevant speed limit is tolerated (filtered). This involves configuring a maximum distance
that the drive may additionally travel despite exceeding the relevant speed limit.

As this is not a time-based filter, this function does not increase the response time.
Instead, the current speed is used to calculate the additional distance that will be
covered before the next logic execution cycle, assuming that the speed remains the
same (anticipated additional distance); this value is then added to the additional dis‐
tance that has already been traveled. If the total is larger than the Maximum speed filter
distance parameter, the breach of the speed limit will no longer be tolerated. This means
that if the speed limit has been exceeded to the extent that the Maximum speed filter
distance will be exceeded in the next cycle, the breach of the speed limit becomes active
immediately.

The calculated additional distance is reduced by falling below the speed limit. This also
applies if the speed corresponds exactly to the speed limit. In this case, the calculated
additional distance is diminished at the latest after 32 logic execution cycles, and the
full tolerance is available again.

This function affects the following speed limits:
• Standstill speed monitor
• Speed monitor, selected via the Speed enable ID input
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The function affects the following outputs:
• Standstill output
• Speed status ID output

Figure 192: Maximum speed filter distance

NOTE
At the Speed status ID output, the function also takes effect if the lower speed limit for
the current speed range is not met. The  output only changes to another value after the
tolerance specified by this filter function has been exceeded.
Exception: If the speed at the Motion In input becomes unreliable, the Speed status ID
output immediately switches to 0 (invalid).

11.10.7 Position Monitor V1

Function block diagram

Figure 193: Inputs and outputs of the Position Monitor V1 function block

General description

The Position monitor V1 function block is the central block for all position, speed, and
direction monitoring functions within an application. It contains the functions of the
Speed monitor V2 function block and additional functions for position evaluating and
monitoring.

The Position monitor V1 function block can essentially perform the following functions:

• Safely-limited position (SLP)
• Safe cam (SCA)
• Safe speed monitor (SSM)
• Safely-limited speed (SLS)
• Safe direction (SDI)
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• Safe operating stop (SOS)
• Monitoring of up to four different speed ramps during the transition from a moni‐

tored speed to a lower speed.

Speed monitor
• Maximum speed monitoring
• Monitoring the speed limits selected via the inputs Speed enable ID and, where

applicable, Ramp selection 1 and Ramp selection 2
• Direction monitoring, selected via the inputs Enable forward and Enable backward

The speed monitoring status is indicated at the Speed monitor status output.

Position monitoring

Selected via the relevant active Speed position profile:
• Speed limit monitoring including standstill monitoring
• Direction monitoring
• Value of the Position cam output for each position range

The position monitoring status is indicated at the Position monitor status output.

The combined status of the monitoring function is displayed at the Monitoring status
output (AND operation). This means that the effective speed limit is always the lowest
speed limit selected (via the Speed enable ID or the speed enable ID based on the active
Speed position profile).

Inputs of the function block

Table 126: Inputs of the Position monitor V1 function block

Input Description Signal value

Motion In Data of the type Motion V2 is expected, either directly from an
encoder or from another function block, e.g. Position compari‐
son V1.

Motion V2 data

Standstill acknowledge Optional input, activates internal standstill detection 0 = standstill detection deac‐
tivated
1 = standstill detection active

Enable forward and Enable
backward

Optional inputs which enable the relevant direction of move‐
ment.
If either of these inputs is not used, it means that the associ‐
ated direction of movement is permanently enabled.

0 = direction not enabled
1 = direction enabled
Input not used = direction
permanently enabled

Speed enable ID Activates the permitted speed limit 0 … 255

Ramp selection 1 and Ramp
selection 2

Selection of up to four speed ramps with different gradients 0 or 1

Inhibit position monitor Optional input, for temporarily inhibiting the position monitor‐
ing functions; e.g., if the absolute position is unreliable or
invalid.

0 = position monitor active
1 = position monitor inhibited

Profile selection 1 and Profile
selection 2

Switching between two different speed-position profiles 0 or 1

NOTE
The Position monitoring V1 function block requires data with a reliability status of 1 at the
Motion In input. The data must therefore be plausibility-checked, e.g., using a Sin/Cos
encoder with analog voltage monitoring or through the use of two encoders connected
to a Position comparison function block.
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Outputs of the function block

Table 127: Outputs of the Position monitor V1 function block

Output Description Signal value

Monitoring status The Monitoring status output indicates the combined status of
the Speed monitor status and Position monitor status outputs (AND
connection).
If the status is unknown; i.e., if the relevant data at the Motion
In input is unreliable or invalid, the output switches to 1.
The initial status when the Flexi Soft system transitions to the
Run status is 1.

0 = error detected
1 = OK (no error detected or
status unknown)

Ramp active Indicates whether a speed ramp is active 0 = No ramp active
1 = speed ramp active

Direction status Indicates the direction of movement. No change during stand‐
still.
If the status is unknown; i.e., if the speed at the Motion In input
is unreliable or invalid, the output switches to 0.
The initial status when the Flexi Soft system transitions to the
Run status is 0.

0 = Forwards or status
unknown
1 = Backwards

Standstill Indicates whether the standstill condition is met (standstill
speed and/or standstill position, taking into account the filter
and acceptance criteria such as the Maximum distance for speed
filterparameter, the Standstill acknowledge input, and the Standstill
speed acceptance time parameter)
If the status is unknown; i.e., if the relevant data at the Motion
In input is unreliable or invalid, the output switches to 0.
The initial status when the Flexi Soft system transitions to the
Run status is 0.

0 = No standstill or status
unknown
1 = standstill

Speed status ID Indicates which speed range the current speed at the Motion
in input corresponds to. This is not affected by the speed limit
currently active for monitoring.

0 … 10
0 = speed invalid or unrelia‐
ble
1 = standstill
2 … 10 = speed range 2 … 10

Max. speed enabled Indicates whether the highest configured speed limit is active
(selected via the Speed enable ID) input. This is not affected by
the current speed at the Motion in input.

0 = Maximum speed not ena‐
bled
1 = Maximum speed enabled

Position status ID Indicates the current position range depending on the abso‐
lute position at the Motion in input.

0 … 63
0 = position invalid or unrelia‐
ble
1 … 63 = Current position
range

Position CAM Can be configured for each position range in each speed-posi‐
tion profile. For implementing an electronic cam circuit

0 or 1

Speed monitor status • Maximum speed monitoring

• Speed limit and standstill monitoring, selected via the
inputs Speed enable ID and, where applicable, Ramp selection
1 and Ramp selection 2

• Direction monitoring, selected via the inputs Enable forward
and Enable backward

If the status is unknown; i.e., if the relevant data at the Motion
In input is unreliable or invalid, the output switches to 1.
The initial status when the Flexi Soft system transitions to the
Run status is 1.

0 = error detected
1 = OK (no error detected or
status unknown)
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Output Description Signal value

Position monitor status Selected via the active speed-position profile:
• Speed limit monitoring including standstill monitoring

• Direction monitoring

If the status is unknown, i.e., if the relevant data at the Motion
in input is unreliable or invalid, or if the Repress position monitor‐
ing input is 1, then the Position monitoring status output switches
to 1.
The initial status when the Flexi Soft system transitions to the
Run status is 1.

0 = error detected
1 = OK (no error detected,
status unknown, or position
monitor inhibited)

Speed enable ID according to
profile

Indicates the speed limit that applies to the current position
range, dependent on the active Speed position profile.
If no speed limit has been selected for the current position
range, the maximum speed is permitted according to the
active Speed position profile. In this case, the output value is
31.

0 = invalid
1 = standstill
2 … 9 = Speed limit 2 … 9
31 = preset
255 = position monitor inhib‐
ited or no configured profile

Function block parameters

Table 128: Parameters of the Position monitor V1 function block

Parameter Description Possible values

Standstill monitoring

Standstill monitoring Activates the Standstill speed monitor function • Deactivated

• Active

Standstill speed Defines which speed still counts as a standstill 0 … 32,766 digit =
• 0 … 16,383 rpm

• 0 … 32,766 mm/s

Standstill speed acceptance
time

Defines the uninterrupted period of time for which the Stand‐
still speed may not be exceeded

0 … 248 ms in 4 ms incre‐
ments

Standstill position monitoring Activates the Standstill position monitoring function • Deactivated

• Active

Standstill position tolerance Defines which relative position change still counts as a stand‐
still during standstill monitoring

0 … 500,000,000 digit =
• 0 … 16,666 rev.

• 0 … 2,000,000 mm

Standstill acknowledge Activates the optional Standstill acknowledge input • Deactivated

• Active

Speed ranges

Max speed limit Defines the maximum speed that is allowed to occur within
the system.

1 … 32,767 digit =
• 0.5 … 16,383 rpm

• 1 … 32,767 mm/s

Speed limit 1 Speed limit 1 always corresponds to the standstill speed 0 … 32,766 digit =
• 0 … 16,383 rpm

• 0 … 32,766 mm/s
Speed limit 2 … 9 Up to 9 speed limits, including standstill speed

Maximum distance for speed
filter

Defines the distance that the drive is allowed to travel despite
exceeding the current speed limit before the excess speed
causes the system to switch off.

0 … 65,534 digits (position) =
• max. 2.18 rev.

• max. 262 mm

• 0 = Deactivated

Ramp for speed limit transitions

Delay time until start of ramp How long the function block expects there to be no response
from the system; i.e., the length of time for which it does not
expect a delay ramp

0 … 248 ms in 4 ms incre‐
ments
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Parameter Description Possible values

Configuration of ramps
(ramp steepness, speed tran‐
sitions 1 … 4)

Increment for the reduction in speed when changing from a
higher active speed enable ID to a lower one, selected via
the Speed enable ID input. You can define up to four different
ramps.
The Speed reduction and the Duration of the speed reduction are
entered.

0 … 2,147,418,112 digit =
• 0.5 … 16,383 (rpm)/ms

• 1 … 65,535 (mm/s)/ms

• 0 = No ramp

Position ranges

Position limit 1 … 62 Up to 62 different position limits can be defined. The range
that corresponds to the current absolute position at the Motion
in input is output at the Position status ID output.

–
2,147,483,648 … +2,147,48
3,647 digits =
• +/– 71,583 rpm

• +/– 8,590 m

Speed-position profiles

Profile mode Defines whether the speed-position profiles are activated
depending on direction or independently of the direction.

• Direction-independent

• Direction-dependent

Speed-position profile 1 … 2 The following can be defined for each position range:
• Permitted speed (Speed enable ID according to profile)

1 = Standstill
2 … 9 = Speed limit 2 … 9
31 = preset

• Status of the Position cam output

• Permitted direction of movement

–

Optional inputs

Speed enable ID Activates the optional Speed enable ID input • Disabled

• Active

Enable forward Activates the optional Enable forward input • Disabled

• Active

Backward enable Activates the optional Enable backward input • Disabled

• Active

Repress position monitoring Activates the optional Inhibit position monitor input • Disabled

• Active

Monitoring functions

The Monitoring status output indicates the combined status of the Speed monitor status
and Position monitor status outputs (AND connection).

The Monitoring status output is usually connected to the Safe stop 2A input of the Safe stop
V2 function block. This means that an impermissible speed or direction will result in a
stop.

The Speed monitor status output is the result of
• Maximum speed monitoring
• Speed limit and standstill monitoring, selected via the inputs Speed enable ID and,

where applicable, Ramp selection 1 and Ramp selection 2
• Direction monitoring, selected via the inputs Enable forward and Enable backward

The Speed monitoring status output is set to 1 (OK) upon transitioning to the Run status.
The value switches to 0 (error detected) when one or more of the associated monitoring
processes fail. The value switches back to 1 if one of the following conditions is met:

a) All the associated monitoring functions have been performed.
b) The speed at the Motion In input is unreliable or invalid.
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The Position monitor status output is the result of
• Monitoring of the speed limits including standstill monitoring, selected via the

active speed position profile
• Direction monitoring, selected via the active speed position profile

The Status position monitoring output is 1 (OK) by default. The value switches to 0 (error
detected) when one or more of the associated monitoring processes fail. The value
switches back to 1 if one of the following conditions is met:

a) All the associated monitoring functions have been performed.
b) The position at the Motion In input is unreliable or invalid.
c) The Repress position monitoring input is 1.

Speed monitoring functions

The functions for monitoring the Max. speed and the Speed limits can be used to imple‐
ment the safely-limited speed (SLS) function. For transitions from a higher to a lower
speed limit, Speed ramps can be configured.

Monitoring of the speed limits

The optional Speed enable ID input activates the permissible speed limit. The input will
accept a UI8 value (0 … 255). To connect the input to Boolean signals, use the Bool to
UI8 V1 function block.

If the current speed at the Motion in input is greater than the active speed limit, then the
Monitor status output is set to 0.

NOTE

• The values 0 and 1 at the Speed enable ID input activate standstill monitoring. If
neither standstill speed monitoring nor standstill position monitoring is activated,
then the Monitoring status output always remains at 0 (error), unless the speed at
the Motion in input is unreliable or invalid.

• Any value above the number of configured speed limits activates the maximum
permitted speed.

Standstill approval

The optional Standstill approval input can be used to deactivate internal standstill detec‐
tion. If this input is used, the Standstill and Speed status ID outputs can only switch to 1 if
both the standstill condition is met and the Standstill approval input is 1. This applies to
standstill detection with Standstill speed and to standstill detection with Standstill position
tolerance.

The internal standstill detection with Standstill speed and, if applicable, Standstill speed
acceptance time and Standstill position tolerance functions independently of the Standstill
approval input.

Position monitoring

Position monitoring can be used to implement the safely-limited position (SLP) and safe
cam (SCA) functions.

You can define up to 62 position limits, allowing a maximum of 63 position ranges. The
ID of the current position range is output at the Position status ID output based on the
current absolute position at the Motion In input.

Table 129: Position ranges in the FX3-MOC1

Condition Position sta‐
tus ID

The absolute position at the Motion In input is invalid or unreliable 0
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Condition Position sta‐
tus ID

No position limits are configured.
Or:
The absolute position at the Motion In input is ≤ Position limit 1

1

Position limit 1 < absolute position at the Motion In input ≤ Position limit 2 2

… …

Position limit 61 < absolute position at the Motion In input ≤ Position limit 62 62

Absolute position at the Motion In input > Position limit 62 63

Position-dependent monitoring using speed-position profiles

You can configure two Speed-position profiles that allow different speeds or directions of
movement depending on the current position.

Figure 194: Speed position profile

Configuring speed-position profiles
► First, configure the required speed limits and position limits.
► Activate the desired Profile mode on the Speed-position profiles tab.
► Using the Edit selection button, activate editing mode for the position profile that

you wish to edit and select the highest permissible speed for each position range
in the matrix. Permissible speed ranges below the speed limit are shown in green.

NOTE
The profile you are editing is always shown on the display. Using the visibility
selection field, the second profile can be shown on the display. The permissible
speed ranges for the second profile are shown in gray.
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NOTE

• The Monitoring status output is the combined status of the Speed monitoring status
and Position monitoring status outputs (AND operation). This means that the effective
speed limit is always the lowest speed limit selected (via the Speed enable ID or the
speed enable ID based on the active Speed position profile).
For example, the profile can be used to set the permitted speed for normal opera‐
tion for the various position ranges and, if necessary, to switch to a lower speed
or standstill monitoring via the Speed enable ID input (e.g., for troubleshooting or in
set-up operation).

• The speed ramps are taken into account when the speed is specified via the Speed
enable ID input, as the system must react if the speed limit is reduced due to
external influences. On the other hand, monitoring by means of the Speed enable ID
takes place without the speed ramps taken into account, because the system can
predict the transition to a lower speed limit in another position range.

• Position-dependent direction monitoring: In the Speed position profile, the permitted
direction of movement can be enabled depending on the position. If the current
status is not standstill (standstill output is 0) and if the current direction of move‐
ment is not enabled, the Position monitoring status output switches to 0.
Since the Monitoring status output is the combined status of the Speed monitor status
and Position monitor status outputs (AND connection), this means that a direction of
movement is only permitted if it is enabled by one of the Enable forward or Enable
backward inputs, and is specified by the speed-position profile.

Safe cam (SCA)

In each speed position profile, the value of the Position cam output can be individually
defined for each position range (0 or 1). This allows this output to be used to implement
electronic cams.

► On the Speed-position profiles tab, activate editing mode for the required profile and
select or do not select the Position cam option for each position range. Selected
position cams are displayed in green.

If the relevant profile is active and the vehicle or the machine enters a position range
that has an active position cam, the Position cam output switches to 1. If the vehicle or
the machine enters a position range that has no active position cam, the Position cam
output switches to 0.

11.10.8 Safe Stop V2

Function block diagram

Figure 195: Inputs and outputs of the Safe Stop V2 function block

General description

The Safe Stop V2 function block is used to trigger and monitor the safe stop of a drive
system. The drive has to be shut down in a controlled manner. The braking torque of the
drive can be used to bring the drive to a standstill in a shorter period of time than an
uncontrolled stop could.
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The stop ramp of a drive system is not usually safe. For this reason, the Safe stop
V2 function block monitors the actual reduction in speed until the drive comes to a
standstill.

Inputs of the Safe Stop V2 function block

Table 130: Inputs of the Safe stop V2 function block

Input Description Signal value

Motion In Data of type Motion V2 is expected, either directly from an
encoder or from another function block, e.g., Position Cross
Check V1.

Motion V2 data

Safe stop 1A and
Safe stop 1B

For triggering the Safe Stop 1 function Falling signal edge (1–0)

Safe stop 2A and Safe
stop 2B

For triggering the Safe Stop 2 function Falling signal edge (1–0)

Ramp selection 1 and Ramp
selection 2

Selection of up to four stop ramps with different gradients 0 or 1

Reset Optional input for resetting the function block after a Safe
stop

Rising signal edge (0–1)

Repress motion bit response Prevents a Safe stop 0 being triggered if the speed at the
Motion in input is unreliable or invalid.

0 = no inhibiting
1 = error response inhibited

Outputs of the Safe Stop V2 function block

Table 131: Outputs of the Safe Stop V2 function block

Output Description Signal value

Enable torque Switches off the torque of the drive system, e.g., via the
External device monitoring function block or (if available) via the
safety capable inputs on the drive system for switching off the
torque.

0 = switch off
1 = enable

Enable brake Switches off the voltage supply for the mechanical brake
(where applicable), e.g., via the External device monitoring func‐
tion block.

0 = switch off
1 = enable

Amplifier off Triggers switch-off of the amplifier and the drive torque plus –
where applicable – engagement of the brake.

0 = switch off
1 = enable

Stop request Triggers the stop ramp of the drive. 0 = stop requested
1 = No stop

Ramp active Indicates whether a stop ramp is active. 0 = No ramp
1 = ramp active

Status Indicates whether the torque of the drive has been switched
off due to an impermissible speed or movement.
If the status is unknown; i.e., if the relevant data at the Motion
In input is unreliable or invalid, the output switches to 1.
The initial status when the Flexi Soft system transitions to the
Run status is 1.

0 = error detected
1 = OK (no error detected or
status unknown)

Reset possible Indicates whether a reset can be performed via the Reset
input or either the Safe Stop 1A or Safe Stop 1B inputs.

0 = reset not possible
1 = reset possible

NOTE
The drive system can be controlled via the Enable torque, Enable brake, Amplifier off, and
Stop request outputs of the function block.
The Amplifier off and Stop request outputs allow, for example, the drive system to be
informed of the imminent safety response, giving it a chance to respond itself in a
controlled manner before being switched off by the safety path.
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Function block parameters

Table 132: Parameters of the Safe Stop V2 function block

Parameter Description Possible values

Stop ramps

Delay time until start of ramp Amount of time by which the beginning of the stop ramp
should be delayed to take into account the drive system
response time in the event of a stop request

0 … 248 ms in 4 ms incre‐
ments

Stop ramp speed offset Optional speed addition to the start value of the stop ramp.
Prevents the stop ramp from being exceeded accidentally;
e.g., due to mechanical vibrations.

0 … 32,766 digits =
• 0.5 … 16,383 rpm

• 1 … 32,766 mm/s

• 0 = Deactivated

Steepness of stop ramp 1 … 4 Increments of speed reduction You can define up to four
different ramps.
The Speed reduction and the Duration of the speed reduction are
entered.

0 … 2,147,418,112 digit =
• 0.5 … 16,383 (rpm)/ms

• 1 … 65,535 (mm/s)/ms

• 0 = No ramp

Standstill monitoring

Standstill speed Defines which speed still counts as a standstill 0 … 32,766 digit =
• 0 … 16,383 rpm

• 0 … 32,766 mm/s

Standstill position tolerance Defines which relative position change still counts as a stand‐
still during standstill monitoring.
While the Standstill position tolerance is not exceeded, the speed
is not taken into account even if it is greater than the Standstill
speed.

0 … 500,000,000 digit =
• max. 16,666 rev.

• max. 2,000,000 mm

• 0 = Deactivated

Maximum distance for speed
filter

Specifies the distance that the drive can travel, despite
the maximum permitted speed being exceeded, before the
exceeding of the maximum speeds leads to a switch off.

0 … 65,534 digit (position) =
• max. 2.18 rev.

• max. 262 mm

• 0 = Deactivated

Off delays for Safe stop 1

Off delay for Enable brake Off delay for deactivating Enable brake based on when the
Amplifier off output is switched off

0 … 248 ms in 4 ms incre‐
ments

Off delay for Enable torque Off delay for deactivating Enable torque based on when the
Amplifier off output is switched off

0 … 248 ms in 4 ms incre‐
ments

Description of operation

Drive systems usually have various “escalation levels”. The Safe Stop V2 function block is
used to implement the higher escalation levels.
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Table 133: Typical escalation levels of a drive system

Level Possible trigger Control actions (not
safe)

Safety functions

1 • Access to hazard‐
ous area required
(e.g., warning field
of an electro-sen‐
sitive protective
device interrupted)

PLC reduces the control
value for the speed of
the drive; e.g., via field‐
bus

Monitoring of the speed ramp by the
Speed monitor V2 or Position monitor V1
function block

2 • Speed exceeds
speed ramp

• Protective field of
an electro-sensitive
protective device
interrupted

• Emergency stop
pushbutton pressed

Drive system travels
along stop ramp; e.g.,
using a digital input

Monitoring of the stop ramp (Safe
Stop 1 or Safe Stop 2) by the
Safe Stop V2. function block. The
stop ramp is typically faster than
the speed ramp associated with the
Speed monitor V2 and Position monitor
V1 function blocks.

3 • Speed exceeds stop
ramp

Brake engages, drive
system amplifier
switched off

Deactivation of braking force energy
and drive energy (Torque off), either
via a cable or by using the inputs for
switching off the torque on the drive

Activation of the outputs on system start

When the Flexi Soft system transitions to the Run status, all outputs except Ramp active
and Reset possible switch to 1 if the following conditions are fulfilled:
• The speed at the Motion in input is reliable or the optional Repress motion bit response

input is 1.
• All of the used Safe stop X inputs are 1.
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Figure 196: Conditions for activating the outputs

Maximum distance for speed filter

This function can be used to enable the system to tolerate short-term increases in
speed. The Maximum speed filter distance parameter defines the extent to which any
breach of the relevant speed limit will be tolerated (filtered). The parameter specifies
the maximum length of the route that the drive may continue to travel in spite of the
fact that the applicable speed limit has been exceeded.

As this is not a time-based filter, this function does not increase the response time.
Instead, the current speed is used to calculate the additional distance that will be
covered before the next logic execution cycle, assuming that the speed remains the
same (anticipated additional distance); this value is then added to the distance that
has already been traveled. If the total is larger than the Maximum speed filter distance
parameter, the breach of the speed limit will no longer be tolerated. This means that if
the speed limit has been exceeded to the extent that the Maximum speed filter distance
will be exceeded in the next cycle, the breach of the speed limit becomes active
immediately.

The calculated additional distance is reduced by falling below the speed limit. This also
applies if the speed corresponds exactly to the speed limit. In this case, the calculated
additional distance is diminished at the latest after 32 logic execution cycles, and the
full tolerance is available again.
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The Maximum distance for speed filter function is active during the following phases:
• Monitoring of the stop ramp
• Temporary standstill monitoring after Safe Stop 1
• Permanent standstill monitoring after Safe Stop 2

Figure 197: Maximum distance for speed filter function

Status output

The Status output indicates whether the drive torque has been switched off due to an
impermissible speed or movement during a stop sequence. The Status output is 0 if
one of the following conditions is met:
• The permissible speed is exceeded during stop ramp monitoring.
• The standstill condition is not met during standstill monitoring.

Reset possible output

The output Reset possible indicates whether a reset can be performed via the Reset
input or either the Safe Stop 1A or Safe Stop 1B inputs. The Reset possible output is set to
1 if all the following conditions are met:
• The function block is in the Standstill monitoring or Torque off status.
• All Safe Stop 2x inputs in use are set to 1.
• At most, one of the Safe Stop 1x inputs in use is set to 0.
• The Speed reliability value at the Motion in input is 1 (reliable) or the Repress motion bit

response input is in use and is 1.

In all other cases, the Reset possible output is set to 0.

Repress motion bit response

If the speed at the Motion in input becomes unreliable (Speed reliability = 0), e.g., due to a
monitoring function within a function block located further along the signal path, a Safe
stop 1 is triggered. However, the speed information remains in use until monitoring of
the stop process commences. The speed continues to be evaluated if the speed value
at the Motion in input is unreliable, but valid. If the speed at the Motion in input becomes
invalid (Speed status = 0), then a Safe stop 0 is triggered, i.e., the system immediately
switches to Torque off status.
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This response can be repressed using the optional Repress motion bit response input. If
the Repress motion bit response input is 1, the function block continues to respond as
though the speed values at the Motion in input are valid and reliable.

Figure 198: Repress motion bit response

WARNING
Restricted error detection
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Note that the use of the optional Repress motion bit response input in combination
with a speed cross check function block or a position comparison function block
leads to restricted error detection.

► Secure the plant using additional measures, e.g. a protective door.
► Make sure that all errors to be considered are detected.

In accordance with generally recognized testing principles, test authorities usually stipu‐
late that the application must ensure the monitored unit performs a movement at least
once within the space of 24 hours. This movement must generate a signal change on
the encoder system so that the speed cross check or position comparison function can
use it as a basis for detecting the relevant faults.

Safe stop 0, Safe stop 1, and Safe stop 2

The Safe stop V2 function block supports three stop categories as defined in
IEC 61800-5-2 and IEC 60204-1.

In the case of the Safe stop 0 (SS0) function, the drive system torque is switched off
immediately. The function block executes a Safe stop 0 when the stop ramp conditions
are not fulfilled or when the stop ramp cannot be monitored because the speed at the
Motion In input is invalid.

Stop category 1 and stop category 2 differ in terms of how the stop ramp ends. In the
case of the Safe stop 1 (SS1) function, the drive system torque is switched off after the
drive has come to a standstill.
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Figure 199: Principle of operation for Safe Stop 1

NOTE
The safe stop 1 function corresponds to a controlled stop in accordance with
IEC 60204-1, stop category 1.

In contrast to this, the Safe Stop 2 (SS2) function keeps the torque enabled, although
the standstill condition is monitored. This enables the drive to perform holding control.

Figure 200: Principle of operation for Safe Stop 2

NOTE
The Safe Stop 2 function corresponds to a controlled stop in accordance with
IEC 60204-1, stop category 2.

The two stop categories are divided into the following phases:

11 LOGIC PROGRAMMING IN MOTION CONTROL FX3-MOC1

282 O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 8014519/1KOF/2023-09-08 | SICK
Subject to change without notice



Table 134: Phases of Safe Stop 1 and Safe Stop 2

Phase Safe Stop 1 Safe Stop 2

1 Wait for stop request

2 Delay time for beginning of stop ramp

3 Monitoring of the stop ramp

4 Temporary standstill monitoring after Safe
Stop 1

Permanent standstill monitoring after
Safe Stop 2

5 Switch off torque

11.10.8.1 Safe stop 1

Figure 201: Monitoring function of Safe stop 1

1 Delay time until start of ramp
2 Stop ramp speed offset
3 Steepness of stop ramp 1 … 4
4 Off delay for Enable brake
5 Off delay for Enable torque

Phase 1: Wait for stop request

The Safe stop V2 function block offers two optional inputs for each stop mode. A falling
signal edge at any of these inputs triggers the corresponding stop mode, i.e., the delay
time for the stop ramp starts running and the Ramp active output is switched to 1.

LOGIC PROGRAMMING IN MOTION CONTROL FX3-MOC1 11

8014519/1KOF/2023-09-08 | SICK O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 283
Subject to change without notice



If a Safe stop 2 occurs first and then a Safe stop 1 is also triggered during one of the
subsequent phases, the Safe stop 1 function has priority. This means that phase 5 of
the Safe stop 1 function (switch off torque) will definitely be triggered.

Figure 202: Safe stop 1 after Safe stop 2

1 Delay time until start of ramp
2 Stop ramp speed offset
3 Steepness of stop ramp 1 … 4
4 Off delay for Enable brake
5 Off delay for Enable torque

As soon as a stop is triggered, the Stop request output is set to 0. This output should be
used to trigger the stop ramp of the drive system. This is generally a non-safe signal.

Phase 2: Delay time for beginning of stop ramp

The Delay time until start of ramp parameter can be used to configure a delay time for the
beginning of the stop ramp. This should correspond to the amount of time it takes the
drive system to respond to a stop request.

During this phase, the highest absolute speed is measured and used as the basis for
the stop ramp start value. If no delay time has been configured (Delay time until start of
ramp = 0), the current speed at the time of triggering is used as the start value instead.

At the start of this phase, the Ramp active output is switched to 1.
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Phase 3: Monitoring of the stop ramp

The value of the Stop ramp speed offset parameter is added to the highest absolute speed
(i.e., without a sign) that was measured during phase 2. The total is used as the start
value for the stop ramp. In this way, the stop ramp is adapted to the current speed.

Monitoring of the stop ramp means that speed limiting begins with the start value
and is then constantly reduced in accordance with the Ramp steepness parameter. The
speed of the drive continuously compared to the current speed limiting. The optional
configurable Maximum speed filter distance is taken into account.

If the speed of the drive exceeds the maximum permitted speed during stop ramp
monitoring, stop ramp monitoring is immediately terminated and the function block
switches to Torque off status. The Enable torque, Enable brake, Amplifier off, and Status
outputs are immediately set to 0.

While the stop ramp is being monitored, the Ramp active output remains set to 1.

Up to four stop ramps with different increments can be defined. A ramp can be selected
using the Ramp selection 2 and Ramp selection 1 inputs.

NOTE
The internal value of the stop ramp can be recorded in the data recorder.

Table 135: Selection of the stop ramp

Input values Selected ramp

Ramp selection 2 Ramp selection 1

0 0 Ramp steepness 1 (fastest ramp)

0 1 Ramp steepness 2

1 0 Ramp steepness 3

1 1 Ramp steepness 4 (slowest ramp)

NOTE
Any change to the input values also affects any stop ramp that happens to be active
when this change occurs.
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Figure 203: Selection of the stop ramp

NOTE
If a non-configured ramp is selected, then a ramp with infinite steepness is effected, i.e.
the monitoring of the stop ramp ends (taking into account any configured delay) and the
Ramp active input is set to 0.
This case can occur if only three ramps are configured and ramp 4 is selected (both
inputs ramp selection x = 1) which is not configured.

If the speed limit is not exceeded, the monitoring of the stop ramp finishes as soon
as the ramp ends. This is the case if the speed limit is the same as the configured
standstill speed. This also applies if the drive previously reached the standstill speed,
i.e. the monitoring of the stop ramp is not ended prematurely in this case either.

Once the stop ramp ends, the Ramp active output is set to 0. Furthermore, the current
position is recorded as a reference for the standstill position monitoring. If there is
no valid relative position value available at this point in time, then standstill position
monitoring is not possible even if the relative position value becomes valid during the
subsequent standstill monitoring. In this case, only the standstill speed monitoring is in
effect.

Phase 4 of Safe stop 1: Temporary standstill monitoring after Safe stop 1

Phase 4 begins when the stop ramp has ended and the drive has reached the standstill
speed. During a Safe stop 1, the Amplifier off, Enable brake and Enable torque outputs are
all set to 0. An optional delay can be applied for the purpose of deactivating the Enable
brake and Enable torque outputs.

• The Amplifier off output is deactivated immediately.
• Deactivation of the Enable brake output is delayed by the amount of time defined by

the Switch-off delay for enable brake parameter.
• Deactivation of the Enable torque output is delayed by the amount of time defined

by the Switch-off delay delay for enable torque parameter.

If the drive system is equipped with a brake, the Switch-off delay for enable torque parame‐
ter is usually set to a higher value than the Off delay for enable brake parameter, i.e., the
torque is only switched off once the brake has been triggered. This is particularly useful
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for applications that involve heavy loads and where the torque is required to maintain
the position so that the weight of the load does not cause the axis to move. In this case,
the drive must be blocked by the brake before the torque is switched off.

During a Safe stop 1, phase 5 Switch off torque begins after the Off delay for enable torque
ends.

During phase 4, the speed and, if necessary, the relative position are monitored at the
Motion in input. If neither the standstill monitoring with Standstill speed or the standstill
monitoring with Standstill position tolerance are fulfilled or deactivated at any point during
this process, phase 5 Switch off torque is triggered immediately. The optional configura‐
ble Maximum speed filter distance is taken into account.

If Standstill position monitoring is active, the current speed is no longer taken into account
even if it is greater than the Standstill speed. This remains the case until the Standstill
position tolerance is exceeded or the relative position becomes unreliable.

Phase 5 Switch off torque (Stop 0) is also triggered if the speed at the Motion in input
becomes invalid (Speed status = 0).

Resetting of Safe stop 1 during phase 4

During phase 4, the outputs can be reactivated by a rising signal edge at either the
Safe Stop 1A or Safe Stop 1B input, or by a rising signal edge at the Reset input, subject to
the following conditions:
• All of the Safe stop X inputs are set to 1.
• The speed at the Motion in input is valid and reliable or the optional Repress motion

bit response input is 1.

The current speed is not taken into account. Consequently, a reset is possible even if
the drive is still moving. This also applies to stops that have been triggered because the
speed at the Motion In input was invalid or unreliable.

Phase 5: Switch off torque

In phase 5, the Enable torque, Enable brake, and Amplifier off outputs are always deacti‐
vated without any further delay.
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11.10.8.2 Safe stop 2

Figure 204: Monitoring function of Safe stop 2

1 Delay time until start of ramp
2 Stop ramp speed offset
3 Steepness of stop ramp 1 … 4

The first three phases of Safe stop 2 are the same as the first three phases of Safe
stop 1:
• "Phase 1: Wait for stop request", page 283
• "Phase 2: Delay time for beginning of stop ramp", page 284
• "Phase 3: Monitoring of the stop ramp", page 285

Phase 4 of Safe stop 2: Permanent standstill monitoring after Safe stop 2

Phase 4 begins when the stop ramp has ended and the drive has reached the standstill
speed. With a Safe stop 2, the Amplifier off, Enable brake, and Enable torque output remain
set to 1.

During phase 4, the speed and, if necessary, the relative position are monitored at the
Motion in input. If neither the standstill monitoring with Standstill speed or the standstill
monitoring with Standstill position tolerance are fulfilled or deactivated at any point during
this process, phase 5 Switch off torque is triggered immediately. The optional configura‐
ble Maximum speed filter distance is taken into account.
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If Standstill position monitoring is active, the current speed is no longer taken into account
even if it is greater than the Standstill speed. This remains the case until the Standstill
position tolerance is exceeded or the relative position becomes unreliable.

Phase 5 Switch off torque (Stop 0) is also triggered if the speed at the Motion in input
becomes invalid (Speed status = 0).

If a falling signal edge occurs at any point before or during phase 4 of Safe stop 2 at
either of the Safe stop 1 inputs, phase 4 of Safe stop 1 (Temporary standstill monitoring
after Safe stop 1) is triggered. This means that a Safe stop 1 always takes priority over
a Safe stop 2.

Resetting of Safe stop 2 during phase 4

If the optional Reset input is used, a Safe stop 2 can be reset during phase 4 by a rising
signal edge at the Reset input, if the following conditions are fulfilled:
• All of the used Safe stop inputs are 1.
• The speed at the Motion In input is valid and reliable.

If the optional Reset input is not used, a Safe stop 2 can only be reset by first triggering
phase 5 and then ensuring that the conditions for resetting phase 5 are fulfilled.

Exceptions

If the normal sequence is not adhered to, the following exceptional cases may occur:

• If the speed exceeds the speed limit for the stop ramp, the Amplifier off, Enable
brake, and Enable torque outputs are deactivated immediately. This is a Safe stop 0
or phase 5 with a Safe stop 1.

Figure 205: Exception – Stop ramp exceeded
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• If the standstill condition is not or is no longer fulfilled at any point during standstill
monitoring following a Safe stop 1 or Safe stop 2, the Amplifier off, Enable brake, and
Enable torque outputs are immediately deactivated.

Figure 206: Exception – Standstill condition not met during standstill monitoring

11.11 Function blocks for data conversion

11.11.1 UI8 to Bool V1

Function block diagram

Figure 207: Inputs and outputs of the UI8 to Bool V1 function block
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General description

The UI8 to Bool V1 function block converts an 8-bit integer value (UINT8) at Input 1
into Boolean. Output 1 through Output 8 provide the converted value in Boolean format.
All this function does is convert the data type so that the data can be connected to
Boolean signals.

Truth table for the UI8 to Bool V1 function block

Table 136: Truth table for the UI8 to Bool V1 function block

Input 1 Output 8 Output 7 Output 6 Output 5 Output 4 Output 3 Output 2 Output 1

0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 1

2 0 0 0 0 0 0 1 0

3 0 0 0 0 0 0 1 1

4 0 0 0 0 0 1 0 0

… … … … … … … … …

253 1 1 1 1 1 1 0 1

254 1 1 1 1 1 1 1 0

255 1 1 1 1 1 1 1 1

11.11.2 Bool to UI8 V1

Function block diagram

Figure 208: Inputs and outputs of the Bool to UI8 V1 function block

General description

The Bool to UI8 V1 function block converts an 8-bit Boolean value at Input 1 through Input
8 into an integer value (UINT8). Output 1 provides the converted value as an integer.
All this function does is convert the data type so that the data can be connected to
Boolean signals.

Truth table for the Bool to UI8 V1 function block

Table 137: Truth table for the Bool to UI8 V1 function block

Input 8 Input 7 Input 6 Input 5 Input 4 Input 3 Input 2 Input 1 Output 1

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1 1

0 0 0 0 0 0 1 0 2

0 0 0 0 0 0 1 1 3

0 0 0 0 0 1 0 0 4

… … … … … … … … …

1 1 1 1 1 1 0 1 253

1 1 1 1 1 1 1 0 254

1 1 1 1 1 1 1 1 255
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11.11.3 Motion Status to Bool V2

Function block diagram

Figure 209: Inputs and outputs of the Motion Status to Bool V2 function block

General description

The Motion Status to Bool V2 function block converts the relevant status (validity and
reliability) for the speed, the relative position, and the absolute position and the update
status at the Motion in input to Boolean values. All this function does is convert the data
type so that the data can be connected to Boolean signals.

Outputs of the function block

Table 138: Outputs of the Motion status to Bool V2 function block

Output Value Meaning

Speed status 0 Invalid speed

1 Valid speed

Speed reliability 0 Unreliable speed

1 Reliable speed

Relative position status 0 Invalid relative position

1 Valid relative position

Relative position reliability 0 Unreliable relative position

1 Reliable relative position

Absolute position status 0 Invalid absolute position

1 Valid absolute position

Absolute position reliability 0 Unreliable absolute position

1 Reliable absolute position

Refresh status 0 Refresh status not current

1 Refresh status current

11.11.4 Speed to Bool V2

Function block diagram

Figure 210: Inputs and outputs of the Speed to Bool V2 function block
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General description

The Speed to Bool V2 function block converts the speed value and the speed status at
the Motion in input from data type Motion V2 into Boolean values. All this function does
is convert the data type so that the data can be linked to Boolean signals, e.g., for
the purpose of transmitting the speed value to the main module. The speed status is
also output at the Speed status output, and the speed reliability is output at the Speed
reliability output.

Function block parameters

Table 139: Speed to Bool V2 function block parameter

Parameter Description Value range

Number of speed bits Number of Boolean outputs
used for the speed

8 … 12

Speed bit x outputs

The Speed bit 15 to Speed bit 0 outputs correspond to the bits of the speed value at the
Motion In input, in digits in the internal representation and with a sign in binary format.

Table 140: Speed bit x output of Speed to Bool V2 function block

Speed value in digits Binary speed value
(Speed bit 15 … 0 outputs)

Resolution for
rotary move‐
ment type

Resolution for
linear move‐
ment type

–32,767 1000 0000 0000 0001 1 digit =
0.5 rpm

1 digit =
1 mm/setc. etc.

–1 1111 1111 1111 1111

0 0000 0000 0000 0000

1 0000 0000 0000 0001

etc. etc.

32,767 0111 1111 1111 1111

Number of speed bits

If not all speed bits are required, the number of outputs used can be reduced using
the Number of speed bits parameter. The function block checks whether the speed can be
indicated by the used speed bits. If the speed exceeds the value that can be indicated,
all outputs are switched to 0.

Table 141: Permitted speed values depending on the number of speed bits

Number of speed bits Maximum possible
output value (+/–)

[digits]

Maximum permitted
speed (+/–) at the
Motion in input with
rotary movement

[rpm]

Maximum permitted
speed (+/–) at

the Motion in input
with linear movement

[mm/s]

16 32,767 16,383 32,767

15 16,383 8,191 16,383

14 8,191 4,095 8,191

13 4,095 2,047 4,095

12 2,047 1,023 2,047

11 1,023 511 1,023

10 511 255 511

9 255 127 255

8 127 63 127
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NOTE
The Speed bit 15 output represents the sign and is required to display negative values.
This means that the outputs Speed bit 14 to Speed bit 7 are optional, depending on the
Number of speed bits.

Speed status output

The value of the Speed status output corresponds to the speed status at the Motion In
input.

Table 142: Speed status output in the Speed to Bool V2 function block

Value Meaning

0 Invalid speed.
Or:
The speed at the Motion In input exceeds the value that can be indi‐
cated via the configured Number of speed bits.

1 Valid speed

Speed reliability output

The value of the Speed reliability output corresponds to the speed reliability at the Motion
In input.

Table 143: Speed reliability output in the Speed to Bool V2 function block

Value Meaning

0 Unreliable speed.
Or:
The speed at the Motion in input exceeds the value that can be indi‐
cated via the configured Number of speed bits.

1 Reliable speed

11.11.5 Speed to laser scanner V2

Function block diagram

Figure 211: Inputs and outputs of the Speed to laser scanner V2 function block

General description

The Speed to laser scanner V2 function block converts the speed at the Motion in input into
a Boolean value with cm/s scaling. The 12 outputs from Speed bit 11 to Speed bit 0 are
available for this purpose. The speed status is also output at the Speed status output,
and the speed reliability is output at the Speed reliability output.

The converted speed value can, for example, be output to a SICK laser scanner con‐
nected via EFI so that the scanner can use it to switch over the monitoring case based
on the speed.
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NOTE
An encoder with linear movement must be connected to the Motion in input. Encoders
with rotary movement cannot be used.

Function block parameters

Table 144: Speed to laser scanner V2 function block parameter

Parameter Description Value range

Number of speed bits Number of Boolean speed
outputs used

8 to 12

Speed bit x outputs

The Speed bit 11 to Speed bit 0 outputs correspond to the speed value at the Motion In
input, converted into cm/s and in signed binary format.

Table 145: Speed bit x output of Speed to laser scanner V2 function block

Speed in cm/s Binary speed value
(Speed bit 11 … 0 outputs)

–2,048 1000 0000 0000

… …

–1 1111 1111 1111

0 0000 0000 0000

1 0000 0000 0001

… …

2,047 0111 1111 1111

Number of speed bits

If not all speed bits are required, the number of outputs used can be reduced using
the Number of speed bits parameter. The function block checks whether the speed can be
indicated by the used speed bits. If the speed exceeds the value that can be indicated,
all outputs are switched to 0.

Table 146: Permitted speed values depending on the number of speed bits

Number of speed bits Maximum possible output
value (+/–) [cm/s]

Maximum permitted speed
(+/–) at the Motion in input

[digits]

12 2,047 20,470

11 1,023 10,230

10 511 5,110

9 255 2,550

8 127 1,270

NOTE
The Speed bit 11 output represents the sign and is required to display negative values.
This means that the outputs Speed bit 10 to Speed bit 7 are optional, depending on the
Number of speed bits parameter.

Speed status output

The value of the Speed status output corresponds to the speed status at the Motion In
input.
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Table 147: Speed status output in the Speed to laser scanner V2 function block

Value Meaning

0 Invalid speed.
Or:
The speed at the Motion in input exceeds the value that can be indi‐
cated via the configured Number of speed bits.

1 Valid speed

Speed reliability output

The value of the Speed reliability output corresponds to the speed reliability at the Motion
In input.

Table 148: Speed reliability output in the Speed to laser scanner V2 function block

Value Meaning

0 Unreliable speed.
Or:
The speed at the Motion in input exceeds the value that can be indi‐
cated via the configured Number of speed bits.

1 Reliable speed
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11.12 Logical function blocks

11.12.1 NOT V1

Function block diagram

Figure 212: Inputs and outputs of the NOT V1 function block

General description

The value at the output is the inverted value of the input. If, for example, the input is set
to 1, the output is set to 0.

Truth table

Table 149: Truth table for the NOT V1 function block

Input Output

0 1

1 0
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11.12.2 AND8 V1

Function block diagram

Figure 213: Inputs and outputs of the AND8 V1 function block

General description

The output is set to 1 when all the evaluated inputs are 1. Up to eight inputs are
evaluated.

Each input can be individually inverted. At an inverted input, a 0 works in the same way
as a 1 and vice versa.

Function block parameters

Table 150: Parameters of the AND8 V1 function block

Parameter Possible values

Number of inputs 2 to 8

Invert input x Every input of this function block can be inverted.

Truth tables

The following explanations apply to the truth tables in this section:
• “x” signifies “any” (0 or 1).

Table 151: Truth table for AND evaluation with two inputs without inversion

Input 1 Input 2 Output

0 x 0

x 0 0

1 1 1

Table 152: Truth table for AND evaluation with eight inputs without inversion

Input 1 Input 2 Input 3 Input 4 Input 5 Input 6 Input 7 Input 8 Output

0 x x x x x x x 0

x 0 x x x x x x 0

x x 0 x x x x x 0

x x x 0 x x x x 0

x x x x 0 x x x 0

x x x x x 0 x x 0

x x x x x x 0 x 0

x x x x x x x 0 0

1 1 1 1 1 1 1 1 1
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11.12.3 OR8 V1

Function block diagram

Figure 214: Inputs and outputs of the OR8 V1 function block

General description

The output is set to 1 when any of the evaluated inputs are 1. Up to eight inputs are
evaluated.

Each input can be individually inverted. At an inverted input, a 0 works in the same way
as a 1 and vice versa.

Function block parameters

Table 153: Parameters of the OR8 V1 function block

Parameter Possible values

Number of inputs 2 to 8

Invert input x Every input of this function block can be inverted.

Truth tables

The following explanations apply to the truth tables in this section:
• “x” signifies “any” (0 or 1).

Table 154: Truth table for OR evaluation with two inputs without inversion

Input 1 Input 2 Output

0 0 0

1 x 1

x 1 1

Table 155: Truth table for OR evaluation with eight inputs without inversion

Input 1 Input 2 Input 3 Input 4 Input 5 Input 6 Input 7 Input 8 Output

0 0 0 0 0 0 0 0 0

1 x x x x x x x 1

x 1 x x x x x x 1

x x 1 x x x x x 1

x x x 1 x x x x 1

x x x x 1 x x x 1

x x x x x 1 x x 1

x x x x x x 1 x 1

x x x x x x x 1 1
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12 Encoder in Motion Control FX3-MOC1

To configure an encoder that is connected to the Motion Control FX3-MOC1, select
Edit... from the encoder’s context menu or double-click on the encoder using the left
mouse button. The Element settings window opens.

For additional information about connecting and configuring encoders, please see the
operating instructions titled “Flexi Soft Modular Safety Controller Hardware”.

12.1 Functions for all encoder types

The functions described here are available for all types of encoder.

12.1.1 General parameters of the encoder on the FX3-MOC1

Table 156: General parameters of the encoder on the FX3-MOC1

Parameter Description

Scaling of the measurement system see "Scaling of the measurement system", page 300

Counting direction see "Encoder counting direction", page 301

Encoder connection type see "Encoder connection type and ID code monitoring",
page 301

Encoder voltage supply see "Encoder connection type and ID code monitoring",
page 301

Inhibit error message see "Inhibit error message", page 301

12.1.2 Scaling of the measurement system

The scaling of the measurement system defines the ratio between the information from
the encoder and the mechanically driven part (number of increments per revolution or
per millimeter, depending on type of movement).

On the basis of this scaling, the information supplied by the encoder is converted so
that the internal motion signal always has uniform mapping. This means the use in the
logic independently of the measurement system scaling is possible.

The resolution of the calculated speed depends on the scaling of the measurement
system; i.e., the resulting speed value is always a multiple of the speed resolution. The
lower the resolution of the encoder system, the lower the speed resolution; i.e., the
coarser the divisions. The calculated speed resolution should always be significantly
less than the speeds configured in the function blocks.

NOTE
The scaling can be calculated directly in the configuration window taking into account a
gear factor and a mechanical factor.

Figure 215: Resolution of the calculated speed as a function of the measurement system scaling
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12.1.3 Encoder counting direction

The count direction determines if the identified change in position is evaluated as
positive (normal) or negative (inverted). This parameter can be used to adjust the
count direction for encoders that count in the opposite direction due to their mounting
position.

The definition of the signal sequence that applies for a normal count direction with
A/B incremental encoders and with Sin/Cos encoders is provided in the technical data
section for the Motion Control module in the operating instructions entitled “Flexi Soft
Modular Safety Controller Hardware”.

12.1.4 Encoder connection type and ID code monitoring

Encoder voltage supply

The choice of voltage supply (FX3-MOCx or External) does not affect how the device
works. Based on what is selected, only the wiring example is adjusted accordingly in the
Safety Designer report.

Encoder connection type

The encoder connection type determines whether an encoder connection box is used
for the encoder. Depending on what is selected here, ID code monitoring is either
activated or deactivated for the encoder connection box. The wiring example is also
adjusted in the report.

ID code monitoring

Each encoder connection box contains an ID code, along with the outputs for the
encoder voltage supply that comes from FX3-MOC1 (ENC1_24V or ENC2_24V). If a
connection type involving at least one encoder connection box is selected in the config‐
uration (e.g., FX3-EBX1, FX3-EBX3, or FX3-EBX4), the FX3-MOC1 checks this ID code on
a cyclical basis.

To do this, the FX3-MOC1 switches the voltage supply to ENC1_24V and ENC2_24V on
and off alternately at 4 ms intervals. The encoder remains oblivious to this because
the supply voltages are combined via diodes. The ID code of the encoder connection
box is then measured via the switched-off supply. If the ID code measurement function
detects an invalid value, the status bits are set to invalid in the motion data of the
associated encoder. This happens when ENC1_24V / ENC2_24V or the shared 0 V volt‐
age supply (ENC_0V) is interrupted between the FX3-MOC1 and the encoder connection
box.

The status bits become valid again when the following conditions are met without
interruption for at least the duration of the Error Recovery Time: 6)

• The ID code monitoring function detects valid values.
• Any other checks conducted likewise return positive results.

With the help of the ID code monitoring function, an interruption in the shared 0 V
ENC_0V voltage supply or in the shared connecting cable that runs between the FX3-
MOC1 and the encoder connection box can be detected.

12.1.5 Inhibit error message

The error reset time for the status bits is set to 1 second by default. Using the Repress
error signal input, the error reset time can be reduced to 0.14 seconds.

The error reset time is accurate to +/– 20 ms.

6) The Error Recovery Time is 0.14 s or 1 s depending on the configuration.
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The input is always evaluated after 0.14 s has elapsed. If the input is set to 1 at this
time, the error reset time has expired. If it is set to 0 at this time, the normal error reset
time is 1 s.

The Repress error signal input can also be used to repress error messages from the
encoder:

• Entry in the diagnostics history
• Error messages in the module status bits (data set 3 of the gateways)
• Display of the LED MS on the FX3-MOC1

This may be useful in certain operating situations where faults or detection gaps are
expected in order to minimize the impact of the fault.

The error response, particularly the change of the status bits in the Motion out output, is
not affected by the Repress error signal input.

Example applications:
• Overhead conveyors with code band for position detection: At locations where a

code gap is expected (e.g., at a diverter), activate the Repress error signal input.
• Production phases with very high potential for faults (e.g., welding processes)

If safety is guaranteed through other measures (e.g., a closed safety door), then the
Repress motion bits response input in the Safe stop V2 function block can be used to
repress the error response at the end of the signal chain.

NOTE

• The Repress error signal input for the encoder appears in the Logic editor of the
FX3-MOC1-under “Outputs” for the corresponding FX3-MOC1.

• If the Repress error signal input of an encoder is connected to an output of a function
block in the FX3-MOC1 module (rather than to a bit that originates from the main
module), the input will be delayed in its response by one logic cycle, because it
must evaluate the result of the function block from the previous cycle.

12.2 A/B incremental encoder

With this type of encoder, there are no specific parameters or monitoring functions. To
achieve the desired level of safety function blocks of the FX3-MOC1 can be used to
check the information (motion data) provided by the encoder (see "Logic programming
in Motion Control FX3-MOC1", page 215).

12.3 Sin/Cos encoder

12.3.1 Special parameters for Sin/Cos encoders

Table 157: Special parameters for Sin/Cos encoders

Parameter Description

Sin/Cos analog voltage monitoring see "Sin/Cos analog voltage monitoring", page 302

Increased resolution see "Sin/Cos resolution enhancement", page 310

12.3.2 Sin/Cos analog voltage monitoring

This function is used to identify errors in the encoder system. This can be particularly
helpful in the case of applications where an axis is to be monitored using just one
Sin/Cos encoder. When Sin/Cos analog voltage monitoring is activated, the system
checks whether the ratio between the sine and cosine voltage is as it should be.

If the Sin/Cos analog voltage monitoring function detects invalid voltage ratios, the
reliability bits are set to unreliable in the motion data of the associated encoder.
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The status bits become valid again when the following conditions are met without
interruption for at least the duration of the Error Recovery Time: 7)

• The Sin/Cos analog voltage monitoring function detects valid ratios.
• Any other checks conducted likewise return positive results.

WARNING
Using unsuitable encoders
The target safety-related level may not be achieved in the event of non-compliance.

► Only use suitable encoders.
► Make sure that the encoder characteristics specified by the manufacturer will

continue to apply to further deliveries or that you will be kept informed of any
changes.

► Make sure that all errors to be considered are detected or can be prevented.

NOTE
IEC 61800-5-2 offers possible support for the errors to be considered.

The following must typically be obtained from the encoder manufacturer for this
purpose:
• An implementation manual containing specific usage requirements for achieving a

particular level of safety

or
• Information on the encoder design and the effects of errors on the Sin/Cos signals

During Sin/Cos analog voltage monitoring, the relationship between the sine and
cosine voltages is checked based on two criteria:
• Vector length
• Signal deviation

Monitoring of the vector length

If the ideal sine and cosine voltage values are transferred to an XY coordinate system,
they describe a circle. Mathematically, the radius of the circle (vector length) is calcu‐
lated from √ (sine² + cosine²).

Figure 216: Monitoring of the vector length

This monitoring criterion is used to check whether the vector length is within the
anticipated tolerance band. The specific limits that apply to this monitoring function are
provided in the technical data section for the Motion Control module in the operating
instructions entitled “Flexi Soft Modular Safety Controller Hardware”.

7) The Error Recovery Time is 0.14 s or 1 s depending on the configuration.

ENCODER IN MOTION CONTROL FX3-MOC1 12

8014519/1KOF/2023-09-08 | SICK O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 303
Subject to change without notice



Monitoring of the signal deviation

This monitoring criterion is used to check whether the sine signal exhibits the antici‐
pated signal deviation when the cosine signal has changed by at least the minimum
vector length that is expected. In the same way, the signal deviation of the cosine signal
is checked when the sine signal has changed.

Figure 217: Monitoring of the signal deviation

This monitoring criterion even enables fault patterns to be detected in cases where
either the sine signal or the cosine signal is affected by a stuck-at fault, but the
resulting signal is still within the tolerance band (green circle) meaning that the fault
cannot be detected by monitoring the vector length (see the second example in the list
of possible fault patterns).

Example fault patterns

The following table shows some example fault patterns where the relationship between
the sine and cosine voltage is not as required. Here ...

ΔSin = differential voltage between Sin+ and Sin– on Motion Control module

ΔCos = differential voltage between Cos+ and Cos– on Motion Control module

Table 158: Possible fault patterns during Sin/Cos analog voltage monitoring

Fault pattern Possible causes of faults

• Break in the encoder connection

• No light emitted by transmitting diode

• Internal encoder voltage supply is faulty
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Fault pattern Possible causes of faults

• Stuck-at fault affecting sine or cosine signal

• Interruption of or change in the Sin_Ref or
Cos_Ref voltage

• Interruption of or change in the Sin_Ref or
Cos_Ref voltage
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Fault pattern Possible causes of faults

• Internal encoder voltage supply is too low

• Not enough light emitted by transmitting
diode

• Too much light emitted by transmitting
diode

• Sine or cosine gain factor is too low, e.g.
due to change in resistance
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Fault pattern Possible causes of faults

• Increased filter time due to increase in
resistance

• Cross-circuit between Sin+ and Cos+

• Cross-circuit between Sin– and Cos–

• Cross-circuit between Sin and Cos in the
case of encoders with Sin_Ref and Cos_Ref

• Change in the internal encoder reference
voltage source for Sin_Ref and Cos_Ref
with the result that the analog output stage
of the encoder approaches the saturation
limit and half-waves are partially or fully
clipped.

12.3.3 Limits of Sin/Cos analog voltage monitoring

This section covers all applications with Sin/Cos encoders when the following condi‐
tions apply:

• A separate encoder is used to monitor each axis.
and

• Sin/Cos encoders with Sin_Ref and Cos_Ref output signals are used.
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Table 159: Examples of Sin/Cos encoder signals

Sin/Cos encoder signals Examples for encoder

Sin_Ref and Cos_Ref are DC voltages, typically
2.5 V DC

• SKS36S

• SKM36S

Note:
If just one encoder of this kind is going to be
used to monitor an axis, supplementary error
control measures are required; e.g., shared
use of the encoder signals for electronic com‐
mutation of the drive system.

• DFS60S Pro

Note:
Encoders of this kind do not require any of the
supplementary fault control measures descri‐
bed here.

Supplementary fault control measures

If the final two examples from the list of possible fault patterns shown in table 158
cannot be completely ruled out for the encoders that are being used, supplementary
measures must be implemented to control these faults.

This is necessary because the values might only leave the tolerance band (green
circle) briefly in the case of certain faults and the FX3-MOCx module might not be
able to detect this in the event of high signal frequencies. If this happens, there is no
guarantee that the FX3-MOCx module will be able to determine the speed or relative
position correctly.

The following options are available for supplementary fault control:
• Fault detection by means of additional plausibility checks
• Shared encoder signals for electronic commutation of the drive system and fault

detection based on safe status within the process

Error detection by means of additional plausibility checks

Another signal from the process can be evaluated in combination with the logic of
the Motion Control module and main module in order to check the plausibility of the
encoder motion signal. For example, a signal that evaluates the status of the drive can
be used for this purpose (drive moving/drive not moving).
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Shared use of encoder signals for electronic commutation

WARNING
Changes in the drive system
The target safety-related level may not be achieved in the event of non-compliance.

► Have the manufacturer confirm the relevant properties of the drive system.
► Check if changes in the drive system (e.g. due to product updates or reconfigura‐

tion) affect the common use of the encoder signals for electronic commutation.

If the encoder is used for the Motion Control module and also for drive control, you can
verify that the specified fault patterns reliably lead to a safe drive status (e.g., standstill
or reduced torque). This is possible if one of the basic functional requirements of the
drive system is that the encoder must determine the pole positions correctly in order for
the rotary field to be generated, and if stationary commutation also results in a drive
system standstill (synchronous drive).

In the case of encoders with Sin/Sin_Ref and Cos/Cos_Ref (Sin_Ref and Cos_Ref are
DC voltages, typically 2.5 V DC), the encoder signals for electronic commutation of the
drive system have to be shared. In this case, the polarity position is coupled directly and
electronically with the current vector requirement for the three-phase rotary field. It is
therefore assumed that if the commutation is stationary, the drive system will also be at
a standstill.

NOTE
In encoders with Sin+/Sin– and Cos+/Cos– (Sin– and Cos– are inverted voltages of
Sin+ and Cos+), there is no requirement to share encoder signals for the electronic
commutation of the drive system.

The following table shows how the relevant error patterns can be simulated in order to
check the effect on the drive system.

Table 160: Simulating error patterns for Sin/Cos encoder signals

Error pattern Error simulation

► Insert a series resistance of approximately
100 Ω in the sine signal line and in the
cosine signal line running from the encoder
to the drive system. The purpose of this is
to prevent damage to the encoder.

► To activate simulation of the error, establish
a connection (cross-circuit) between the
sine and cosine signals.
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Error pattern Error simulation

► Insert a series resistance of approximately
100 Ω in the sine signal line and in the
cosine signal line running from the encoder
to the drive system. The purpose of this is
to prevent damage to the encoder.

► Connect diodes and a voltage regulator.
Adjust the voltage regulator in line with the
peak sine and cosine output voltage (typi‐
cally 3 V).

Sin

Sin_Ref

Cos

Cos_Ref

0 V

3 V … 2 VV

► To activate simulation of the error, reduce
the voltage of the voltage regulator until the
anticipated error pattern emerges (typically
at around 2 V).

For this check, we recommend the following procedure:

► Install the circuit components for simulating the error but do not activate them.
► Check that the drive system is functioning correctly. The purpose of this is to

verify whether simply installing the circuit components for error simulation without
activating them is sufficient to bring about a safe status.

► Activate error simulation.
► Check the anticipated error pattern (by measuring with an oscilloscope).
► Check the anticipated effect on the drive system (safe status).

12.3.4 Sin/Cos resolution enhancement

This function is available for Sin/Cos encoders and is relevant for Sin/Cos encoder sys‐
tems with a low resolution that can produce wider result stepping for speed detection.
When resolution enhancement is activated, the number of counting points is increased
by a factor of four, thereby improving the resolution of speed detection.

NOTE
This option has no effect on position formation (relative position value). The position
shown in the diagram is an internal value used solely for calculating the speed.
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Table 161: Sin/Cos resolution enhancement

Without resolution enhancement (deacti‐
vated)

With resolution enhancement (activated)

If – before Sin/Cos resolution enhancement is applied – the speed detection resolution
is already less than or equal to the speed value mapped internally in the Motion data
type (1 digit = 0.5 rpm or 1 mm/s), this option has no effect even when activated.

12.4 SSI encoder

The functions described here are available for SSI encoders (SSI master, SSI listener).

12.4.1 Special parameters for SSI encoders

Table 162: Special parameters for SSI encoders

Parameter Description Possible values

Data transmission rate Data transmission rate for the clock output as SSI
master

• 0 = listener

• 100 … 1,000 kBaud

Number of bits for the entire SSI
protocol frame

Number of clock cycles for a single transmission 8 … 62

Number of leading bits Number of leading bits that do not contain position
data

0 … 54

Number of position data bits Number of bits containing the relevant position
data bits

8 … 32

Double data transmission For selecting whether the position value should be
transmitted once or twice using an SSI protocol
frame

• Transmission of a single position
value

• Duplicate transmission of the
position value

Number of bits between the posi‐
tion data bits

Only available with duplicate transmission of the
position value

0 … 30

Data encoding Data encoding for the position data bits • Binary

• Gray

Error bit evaluation Monitoring of error bits supplied by the encoder
in the SSI protocol frame. For each individual bit,
you can specify whether the error status should be
represented by a 1 or a 0.

For each bit that is not a position
data bit
• 1 = error

• 0 = error

Max. data reception interval Maximum time within which valid position data is
expected to arrive

4 … 100 ms
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Parameter Description Possible values

Maximum speed jump Enables the filtering of faulty SSI telegrams • Disabled

• 1 … 32,767 digit_speed

° 0.5 … 16,383 rpm

° 1 … 32,767 mm/s

Maximum position jump For controlling system-related position jumps • Disabled

• 1 … 500,000 digit_position

° max. 16.6 rpm

° max. 2,000 mm

Value range for encoder incre‐
ments

For adjusting to the encoder value range • Full range

• 10 … 2Number of position data bits – 1

Position type Type of position in the SSI telegram • Relative

• Absolute

Periodic position length Value for overflow with periodic position • Disabled

• 1 ... 230 digit_position (half the
position range)

Position origin Adapt the position origin value if the absolute posi‐
tion range extends into the negative range

• If Periodic position active (> 0):
(1 – Length of periodic posi‐
tion) … 0

• Otherwise: Full position range

Teach position For teaching an original position Position value range of the encoder

12.4.2 Double data transmission

Double data transmission

Certain SSI encoders support multiple transmission of the position data. This means
that the same encoder data is output again, provided that the clock gap between the
data packages (monoflop time) is not exceeded. This makes it possible to detect data
that has been corrupted by transmission faults, for example.

The FX3-MOC1 supports duplicate transmission of the position data. When duplicate
data transmission is activated, the FX3-MOC1 checks whether the two position data
values in the received SSI protocol frame are identical. If they are not identical, the
position data in this SSI protocol frame is ignored. All other SSI telegrams arriving in the
same 4 ms logic cycle of the FX3-MOC1 are also ignored.

You can find Information on how motion data from the associated encoder is affected
in the “Maximum data reception interval” section.

Figure 218: Transmission of a single position value
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Figure 219: Duplicate transmission of the position value

1 Number of bits for the entire SSI protocol frame
2 Number of leading bits
3 Number of position data bits
4 Number of bits between the position data bits

12.4.3 Error bit evaluation

As well as including the position data bits in the SSI protocol frame, certain SSI encod‐
ers also transmit error bits that represent the results of internal monitoring functions
performed by the encoder. Such error bits can be evaluated with the FX3-MOCx. For
each individual bit, you can specify whether the error status should be represented by
a 1 or a 0. If an error status is detected for one or more of the selected error bits, the
position data within this SSI protocol frame is ignored.

12.4.4 Filtering speed jumps

This function is used to filter invalid SSI telegrams that signal changes in speed which
cannot occur in the application due to faults.

The value for the Maximum speed jump parameter must therefore be higher than the
change in speed that is actually possible in the application within the Max. data reception
interval.

The Filter speed jumps function is used to ignore invalid SSI telegrams. All other SSI
telegrams arriving in the same 4 ms logic cycle of the FX3-MOC1 are also ignored.

The Max. data reception interval parameter must be set to at least 8 ms so that SSI
telegrams can initially be ignored without an error response.

12.4.5 Monitoring of maximum position jumps

This function is used to control system-related position jumps.

Example application: Overhead conveyor tracks with code band for position monitoring

This function can be used in locations where a code jump is expected (e.g., at a diverter
or at the meeting point between the end and the start of the code band).

In these areas, the sensor will normally signal the position in these areas by means
of the SSI interface without any special treatment. In the FX3-MOC1 this leads to
high speed values because the speed is calculated based on the change in position
per interval of time. These increased speed values can in turn result in an unwanted
response from the speed monitoring function.

Using the function Monitoring of maximum position jumps, this can be prevented by deliber‐
ately triggering an error response, thus forcing a re-initialization of the SSI encoder
evaluation within the new position range.

If the FX3-MOC1 detects higher position jumps, the SSI telegrams are ignored until the
change in position relative to the last valid (not disregarded) position is back within the
range defined by the Maximum position jump parameter.
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Ignoring the SSI telegrams will start the timer for the monitoring of the Max. data
reception interval. If the parameter for the Max. data reception interval is set to a value
greater than 4 ms, the (here desirable) error response is delayed accordingly. Once
the Max. data reception interval has elapsed, the status bits in the motion data of the
associated encoder are set to invalid.

The status bits become valid again when the following conditions are met without
interruption for at least the duration of the Error Recovery Time: 8)

• The position jump between the current and the previously received position value
is smaller than the Maximum position jump parameter.

• Any other checks conducted likewise return positive results.

Under these circumstances, it is useful to use the following functions:
• Input Repress error message of the SSI encoder for shortening the duration of the

error response.
• Input Repress error response of the Safe Stop V2 function block for repressing the error

response at the end of the signal chain, if safety is established by other measures.

NOTE
Verification of the position jump applies in Relative Position mode as well as in Absolute
Position mode. Overruns in the value range of the relative position of the Motion V2 data
are irrelevant here.

12.4.6 Maximum data reception interval

This function enables the system to tolerate invalid position data temporarily by relying
on the most recently valid position data in the meantime. The results of all relevant
monitoring functions must remain valid for longer than the Max. data reception interval at
least once. If not, the status bits are set to invalid in the motion data of the associated
encoder.

In the case of the SSI encoder, the following monitoring functions affect the Max. data
reception interval:

• SSI protocol frame not received or not received in full (only applies to SSI listener)
• Double data transmission
• Error bit evaluation
• Filtering of speed jumps
• Maximum position jump monitoring

The status bits become valid again if all monitoring functions are met without interrup‐
tion for at least the duration of the Error recovery time 9):

NOTE
In SSI listener mode, only ever one SSI protocol frame is evaluated within the 4 ms
cycle. Further SSI protocol frames transmitted within the same cycle are not evaluated.

12.4.7 Position range

Position type

The Position type parameter specifies whether the position in the SSI telegram is a
relative position or absolute position.
• A relative position means that the traveled path can be reproduced, but the

mechanical position is not clear. This is mainly due to the fact that the relative
position start value in the Motion V2 data of the encoder always starts with 0,
regardless of the mechanical position.

8) The Error Recovery Time is 0.14 s or 1 s depending on the configuration.
9) The Error recovery time is 0.14 s or 1 s depending on configuration.
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As long as there is no error status, only the relative position values and speed
values in the SSI encoder’s Motion data are valid. The absolute position values are
always invalid.

• An absolute position means that the position value is clear for any possible
mechanical position in the application. This also applies after the measuring
system has been restarted.
As long as there is no error status, the absolute position values including the
relative position values, and the speed values in the SSI encoder’s Motion data
are valid.

If the Absolute setting is selected for the Position type, then the system checks whether
the absolute position range has been exceeded; i.e., if there has been an overflow. An
overflow occurs when the position has jumped by half the position range or more.

If an overflow of the absolute position range is detected, the SSI telegrams are ignored
until the position change is not in an overflow state, based on the last valid (not
disregarded) position.

Ignoring the SSI telegrams starts the timer for monitoring the Max. data reception interval.
If the Max. data reception interval parameter is set to a value greater than 4 ms, the error
response is delayed accordingly. After the Max. data reception interval has expired, the
status bits are set to invalid in the Motion data of the associated encoder.

The status bits become valid again if the following conditions are met without inter‐
ruption for at least the duration of the Error recovery time 10):
• There was no overflow between the current and the previously received position

value.
• Any other possible monitoring functions likewise deliver positive results.

If the Absolute setting is selected for the Position type, additional options are available to
determine the absolute position range:

Value range for encoder increments

The Value range for encoder increments parameter defines the value range for the encod‐
er’s position if the possible value range is not being used fully according to the number
of position data bits (Position Data Width parameter in the SSI settings).

For example, at 14 position data bits, the maximum possible value range is 16,384
increments. However, if the encoder has a value range of 10,000 increments, then
this can be configured accordingly using the Encoder increments value range parameter, to
ensure that the speed calculations are accurate in the event of an overflow of the value
range.

Position origin

The Position origin parameter can be used to adapt the position origin value if the
absolute position range also extends into the negative range.

10) The Error recovery time is 0.14 s or 1 s depending on configuration.
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Figure 220: Position origin

Periodic position length

The Periodic position length parameter is intended for applications in which the mechani‐
cal position is a periodic position, i.e., where the start and end of the position range are
located at the same point. This situation may occur, for example, with round table or
mechanical presses, where the mechanical position repeats every 360°.

When the periodic position length is reached, the MOC continues counting using the
origin value (position origin).

The periodic position length must be a whole number divisor of the encoder position
range. The encoder position range is displayed in the SSI settings area.

Example:

Encoder position range: 819,200 mm

Periodic position length: 200 mm, 400 mm, 600 mm

819,200 mm / 200 mm = 4096 ✓ Valid
819,200 mm / 400 mm = 2048 ✓ Valid
819,200 mm / 600 mm = 1,365.34 Invalid

Figure 221: Periodic position length

12.4.8 Teach position

The Teach position function is used to electronically calibrate the encoder position. This
is necessary, for example, in applications with rotary encoders; in such applications,
the mechanical installation position of the encoder is not calibrated or cannot easily be
calibrated to a high degree of precision.

Using the Teach position function, the required position offset can be taught in (Teach), to
achieve the required position value at the Motion Out output in the installed position.
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The Reference position parameter indicates the desired position value. In the event of
a rising signal edge at the Teach input, the FX3-MOC1 calculates the required position
offset and stores it in the FX3-MOC1 (EEPROM). In order for the teach-in process to be
successful, the SSI encoder must receive valid data. This means that the validity status
of the relative position at the Motion Out output of this encoder is 1 (valid).

Once the teach process has been completed successfully, the saved offset value is
always applied, including at the next system start (transition of the Flexi Soft system to
Run status).

After a rising signal edge at the Teach input, the absolute position at the Motion Out out‐
put becomes invalid. If the teach-in process was successful, it becomes valid again
after 1.5 s at the latest.

If the Teach input is in use and the configuration of the SSI encoder is changed, then
the teach process must be carried out again to ensure that a valid absolute position is
maintained at the Motion Out output. This includes the first-time activation of the input.

Referencing accuracy

In order to ensure that the referencing process is accurate, the various signal propaga‐
tion delays of the SSI telegrams and the Teach input must be taken into account. If the
speed is not 0, the mechanical position may change as a result of the different signal
propagation delays before the rising signal edge at the Teach input becomes effective.
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13 FX3-ANA0 analog input module

NOTE
Safety Designer supports FX3-ANA0 analog input modules with firmware version
≥ V2.00.0.

Description

The FX3-ANA0 analog input module is used for monitoring an analog process variable
with one or two sensors.

The valuesof the two input channels are continuously compared in order to check the
plausibility. The two channels must not deviate from one another by more than one
configurable discrepancy value. If the permissible difference is exceeded, a sensor
error is generated and the enable bit is set to 0.

After the plausibility check, the FX3-ANA0 checks whether the value measured by the
sensors is within a configurable process range. If this is the case, the FX3-ANA0 sets
the enable bit that is sent to the main module to 1. If the sensors’ measured value
exceeds or falls below one of the configured limits, the FX3 ANA0 sets the enable bit to
0.

Up to 15 different process ranges can be configured. It is possible to switch from one
process range to another process range during operation.

Furthermore, the total observable value range can be divided into up to 15 signal
ranges. The FX3-ANA0 sends the number of the signal range in which the current
measured value is located to the main module. This number can then be used for
functions such as process control.

Sensors

WARNING
Ineffectiveness of the protective device due to selection of unsuitable sensors
The target safety-related level may not be achieved in the event of non-compliance.

► Select suitable sensors.
► Take suitable measures against the sensors’ systematic errors and common

causes of error.

Choosing the right sensors is crucial to achieving the desired safety integrity level
(SIL) and performance level (PL). Systematic faults and common cause faults (CCF), in
particular, need to be minimized in this case.

Sensors featuring diverse redundancy are supported for the safe measurement of a
process variable. The characteristic lines of the sensors are standardized in the module
for this purpose. The standardized measured values of the two sensors are compared
with one another in order to check their plausibility.

Uniformly redundant sensors can also be used. In this case, the characteristic lines of
both sensors must have identical configurations.

Depending on the process variable, a time delay can occur at sensors which are
attached at a distance from one another within a local area, or which have different
transceivers. This transit time difference can be taken into account during the plausibil‐
ity check.

Instead of two redundant sensors, an individual single-channel or dual-channel safety
sensor can be used. A single-channel safety sensor must be connected in series to
both inputs.
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Configuration steps

1. Add an FX3-ANA0 to the Flexi Soft project in the hardware configuration.
2. From the elements catalog, drag either two single-channel or one dual-channel

analog signal transmitter to the FX3-ANA0 sensor inputs.
3. Double-click on the FX3-ANA0 to open the configuration dialog for the module.
4. Configure the Input signals of the connected sensors.
5. Configure one fixed process range or up to 15 variable Process ranges for the

application.
6. Configure up to 15 different Signal ranges for the application (optional).

Fault detection

WARNING
Unclear fault detection by the sensors
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► As part of the safety assessment, the parameters used to configure the FX3-ANA0
must be considered.

In accordance with generally recognized testing principles, test authorities usually stipu‐
late that the application must ensure the monitored unit performs a signal change at
least once within the space of 24 hours. This signal change must be conditioned so
that the faults to be considered can be detected via a comparison of the analog values.

13.1 Input signals

The basic parameters for the plausibility check and the assessment of the data sent by
the sensors are entered under the input signal.

The process variable to be monitored must be dynamic. If the physical values are
virtually static, a short circuit or cross-circuit may not be detected at the sensor or at
the input of the module.

WARNING
Impairment of the safety function due to short-circuit or cross-circuit
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► If necessary, carry out daily tests to rule out short-circuits or cross-circuits at the
sensor or at the input of the module.

Unit

The unit of the process variable to be monitored is entered here, e.g. °C or Bar.

The unit is the same for all the sensors connected to the module.

Characteristic curves

Two support points for calculating the characteristic curve must be entered for each
connected sensor. The characteristic curve is calculated according to the following
linear equation:

y = m × x + b

• m = gradient
• x = current measured value of the sensor
• b = offset
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Figure 222: Calculation of the characteristic curve

The gradient and offset result from the support points entered. The gradient indicates
the ratio of the measured value to the sensor signal in milliamperes. The offset corre‐
sponds to the measured value for an assumed sensor signal of 0 mA.

The maximum monitorable range is calculated based on the standardized characteris‐
tic curve of the sensors. The result of the calculation is shown at the bottom on the
record card.

NOTE

• Only sensors with a standardized power interface in accordance with EN 61131-2
5.3.1 with a signal strength of 4 to 20 mA can be connected and evaluated. This
range cannot be changed.

• Values outside of a signal strength range between 3.5 and 20.5 mA are inter‐
preted as sensor errors.

• The input signal originating from the sensors must have a linear correlation with
the process variable to be measured.

• Sensor AI1 must not have a falling characteristic curve.
• The maximum monitorable range is the value range which can be checked for

plausibility by both sensors without either sensor exceeding or falling below a
signal strength of 4 to 20 mA. The maximum monitorable range is not identical to
the process range permissible for the application.

• If you are using uniform sensors, the characteristic curves must have identical
configurations.

• Instead of two redundant sensors, one single-channel or dual-channel safety sen‐
sor can also be used. If only one sensor is used, then only the characteristic curve
of that sensor can be configured. Further parameters described in this section
(delay, discrepancy time monitoring, integration) are not required in this case.

Delay from sensor AI1 to sensor AI2

Using two sensors can lead to runtime differences in the sensor signals; this may
be due to factors such as runtime differences in the sensor electronics or the two
sensors being mounted in separate locations. Therefore, the evaluation of the signal
from sensor AI1 may need to be delayed. In this case, the sensor with the shorter
runtime must be connected to AI1 and the sensor with the longer runtime to AI2.
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The delay affecting sensor AI1 can be adjusted in 4 ms increments from 0 to 252 ms.

If a delay is configured for sensor AI1, then the delayed value of sensor AI1 is used for
both the consolidation of the measured values and the plausibility check. This can lead
to an increase in the response time of the Flexi Soft system.

WARNING
Extension of the response time
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Take into account the delay for sensor AI1 when calculating the response time.

Discrepancy monitoring

For the plausibility check, the standardized measured values of both sensors (taking
into account the delay for sensor AI1 if applicable) are compared to one another. The
permissible difference between the two sensors serves to observe any discrepancies
resulting from the measurement accuracy. The values must not differ by more than the
permanently permissible difference which can be configured here.

A limited permissible increased difference and the discrepancy time – i.e., the permitted
duration of the increased difference – can be configured as an option.

The discrepancy time can be adjusted from 0 to 65,532 ms in 4 ms increments.

WARNING
Impairment of the fault detection due to discrepancy monitoring
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Keep the values for the permanently permissible difference as well as, where applica‐
ble, for the temporarily permissible increased difference and the discrepancy time as low
as possible.

The discrepancy error reset time depends on the configured discrepancy time. The discrepancy
error reset time is five times the discrepancy time, but at least 1,000 ms and maximum
65,532 ms. If the discrepancy time is set to 0, the discrepancy error reset time is 65,532 ms.

Table 163: Discrepancy error reset time depending on the discrepancy time

Discrepancy time Discrepancy error reset time

0 ms 65,532 ms

4 … 200 ms 1,000 ms

204 … 13,104 ms 5 × discrepancy time

13,108 … 65,532 ms 65,532 ms

Error status

If at least one of the two measured values is outside the signal strength range of 3.5 to
20.5 mA or a discrepancy error occurs, the FX3-ANA0 goes into the error state. In this
case the module sets the bits for Signal range, Enable, and Sensor status to 0.
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A discrepancy error occurs in the following cases:
• The measured values of sensor AI1 and sensor AI2 differ by more than the unlim‐

ited permissible difference. There is no limited permissible increased difference configured
and/or the discrepancy time is set to 0 (not illustrated).

• The measured values from sensor AI1 and sensor AI2 deviate from one another
for longer than the configured Discrepancy time and by more than the Permanently
permissible difference, without the configured Limited permissible increased difference
being exceeded (figure 223, case II).

Figure 223: Exceeding the unlimited permissible difference and discrepancy time

• The measured values from sensor AI1 and sensor AI2 deviate from one another by
more than the Limited permissible increased difference (figure 224).

t
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Figure 224: Exceeding the limited permissible increased difference

1 Unlimited permissible difference (+/–)
2 Limited permissible increased difference (+/–)
3 Discrepancy time
4 Discrepancy error reset time
5 Discrepancy status
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Resetting an error status

A fault is reset if both signals are within the current process range again, differ from
one another by less than the permanently permissible difference, and this status persists
for at least the discrepancy error reset time. The FX3-ANA0 then begins to evaluate the
measured values again according to the configuration, and sets the bits for Signal range,
Enable and Sensor status to the appropriate values.

The Discrepancy reset time depends on the configured Discrepancy time, see "Discrepancy
monitoring", page 321.

WARNING
Uncontrolled machine restart due to consecutive sensor errors
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Use the logic program to prevent the machine or plant from restarting automati‐
cally after a discrepancy error due to the re-issued approval from the FX3-ANA0.

► Asses the Sensor status input in the logic program and connect it with a correspond‐
ing reset function.

► Check the sensors and inputs after a discrepancy error occurs.

Value for process and signal range monitoring

This parameter determines how the process variable relevant for further evaluation
is calculated using the measurement results from the sensors when a valid signal is
received. The following options are available:
• Sensor AI1 (S1)
• Sensor AI2 (S2)
• Maximum value of S1 and S2
• Minimum value of S1 and S2
• Average value of S1 and S2

13.2 Process ranges

The process range check can be used to monitor whether the measured value is within
adjustable process limits.

The FX3-ANA0 can operate either with a fixed process range or with up to 15 variable
process ranges. A process range consists of two configurable values, the minimum value,
and the maximum value of the permissible value range.

NOTE
The minimum and the maximum values of a process range must not fall outside the
maximum observable range. The latter depends on the type of sensors used, and is
calculated by the FX3-ANA0 based on the sensors’ characteristic curves.

Fixed process range

If the Fixed process range option is activated, the FX3-ANA0 works with the values config‐
ured there as the minimum and maximum values.

If the tested and valid input signal of the connected sensors falls within the process
range, the FX3-ANA0 sets the enable bit to 1. If the signal falls below the configured
minimum or above the configured maximum values, the FX3 ANA0 sets the enable bit to 0.
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Figure 225: Behavior of the FX3-ANA0 with fixed process range

1 Upper limit of the current measuring range 20 mA
2 Lower limit of the current measuring range 4 mA
3 Upper process range limit (maximum, configurable)
4 Lower process range limit (minimum, configurable)
5 Enable

If the Fixed process range option is activated, any process range that is selected in the main
module logic is ignored.

Variable process range

If the FX3-ANA0 is configured with the Variable process range option, it is possible to
switch between up to 15 different process ranges during operation using the logic
program in the main module.

Each process range that is to be used must be activated, and the minimum and maximum
values of the process range must be configured.

One of the activated and configured process ranges can be selected using the four
process range bit x outputs of the FX3-ANA0 in the main module logic editor. Here, bit 3
represents the most significant bit and bit 0 represents the least significant bit.

Table 164: Selecting the process range in the FX3-ANA0

Process range
FX3-ANA0 outputs in the logic editor

Process range bit
3

Process range bit
2

Process range bit
1

Process range bit
0

0001 0 0 0 1

0010 0 0 1 0

0100 0 1 0 0

0101 0 1 0 1

… … … … …
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Figure 226: Behavior of the FX3-ANA0 with variable process range

NOTE
If no process range is selected (all process range bits = 0), or if a process range that is
not activated in the FX3-ANA0 configuration is selected, this results in a violation of the
process range. In this case, the FX3-ANA0 sets the enable bit to 0.

13.3 Signal ranges

The maximum observable range can be divided into up to 15 signal ranges. In addition to the
process range check, this enables you to determine more precisely in which value range
the sensor value is located. For this purpose, the FX3-ANA0 sends the number of the
current signal range to the main module.

Figure 227: FX3-ANA0 signal range check with 6 configured signal ranges
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NOTE

• The signal range check does not depend on the result of the process range check
or on the enable bit value.

• The number of the current signal range is always transmitted as long as a valid
signal is present.

• If the sensor value is invalid – in the event of a sensor or discrepancy error, for
example – the FX3-ANA0 sets the number of the signal range to 0.

• If the sensor value is exactly on the limit between two signal ranges, the higher of
the two signal ranges is active.

By default, only a single signal range is configured with number 1. The associated
signal range limits are identical to the upper limit and the lower limit of the maximum
observable range.

Configuring additional signal ranges

► Click to select an existing signal range.
► Click the up arrow to insert another signal range above the selected one.
► Click the down arrow to insert another signal range below the selected one.
► If necessary, change the values of the new signal range limit.
► If applicable, enter a name for the new signal range limit.

NOTE
The minimum and maximum signal range limits cannot be changed. They correspond to
the limits of the maximum observable range.

Deleting signal ranges

► Click to select an existing signal range.
► Click the Delete button to delete the selected signal range.

NOTE
The minimum and maximum signal range limits cannot be deleted.

Coding of signal ranges

The coding of the signal ranges determines how the number of the current signal range
is transmitted to the main module. The coding also determines how many bits the
signal range number sent to the main module is comprised of, and how many signal
ranges can be configured.

Table 165: Coding of signal ranges

Coding Max. number of signal ranges Number of bits

1-of-n (name) 7 7

Binary 15 4

Leveling 7 7

Inverse leveling 6 7

NOTE
To select the coding 1-of-n, activate the Name option.

1-of-n (name)

With 1-of-n coding, a bit is assigned to each signal range. A maximum of seven signal
ranges are available.
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The advantage of this coding is that each bit can be assigned a tag name.

Table 166: 1-of-n coding of signal ranges

Number 1) Bit pattern
Signal range

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

7 1000000 1 0 0 0 0 0 0

6 0100000 0 1 0 0 0 0 0

5 0010000 0 0 1 0 0 0 0

4 0001000 0 0 0 1 0 0 0

3 0000100 0 0 0 0 1 0 0

2 0000010 0 0 0 0 0 1 0

1 0000001 0 0 0 0 0 0 1

1) Number 0 is invalid or represents an error.

Binary

With binary signal range coding, the number of the current signal range is transmitted
to the main module as a binary value. Four bits are used; Signal range bit 3 is the
highest-value bit.

With this coding, the maximum number of up to 15 signal ranges are available. How‐
ever, no tag names can be used.

Table 167: Binary coding of signal ranges

Number 1) Bit pattern
Signal range

Bit 3 Bit 2 Bit 1 Bit 0

15 1111 1 1 1 1

14 1110 1 1 1 0

13 1101 1 1 0 1

… … … … … …

2 0010 0 0 1 0

1 0001 0 0 0 1

1) Number 0 is invalid or represents an error.

Leveling

With leveling coding, the seven used bits are activated in ascending order. A maximum
of seven signal ranges are available.

Leveling coding is typically used in applications to measure fill levels. As the fill level
rises, all the thresholds that are exceeded are flagged up as active.
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Table 168: Leveling coding of signal ranges

Number 1) Bit pattern
Signal range

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

7 1111111 1 1 1 1 1 1 1

6 0111111 0 1 1 1 1 1 1

5 0011111 0 0 1 1 1 1 1

4 0001111 0 0 0 1 1 1 1

3 0000111 0 0 0 0 1 1 1

2 0000011 0 0 0 0 0 1 1

1 0000001 0 0 0 0 0 0 1

1) Number 0 is invalid or represents an error.

Inverse leveling

With inverse leveling coding, the seven used bits are deactivated in ascending order. A
maximum of six signal ranges are available.

As is the case with leveling coding, inverse leveling coding is typically used in applica‐
tions to measure fill levels. As the fill level rises, all the thresholds that are exceeded
are signaled as deactivated.

Table 169: Inverse leveling coding of signal ranges

Number 1) Bit pattern
Signal range

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

6 1000000 1 0 0 0 0 0 0

5 1100000 1 1 0 0 0 0 0

4 1110000 1 1 1 0 0 0 0

3 1111000 1 1 1 1 0 0 0

2 1111100 1 1 1 1 1 0 0

1 1111110 1 1 1 1 1 1 0

1) Number 0 is invalid or represents an error.

13.4 Additional configuration

Averaging

A smoothed average based on several samples is generated for the purpose of evaluat‐
ing the sensor signals. This is used to compensate for interference impulses and to
obtain more reliable values.

Automated average value formation

This is the default setting. The FX3-ANA0 averages 32 scans per processing cycle
(4 ms).

Manual configuration of the averaging

There are two ways to adjust the averaging:
• The number of analyzed cycles can be increased to a maximum of 25.

The more cycles are analyzed, the less sensitive the response of the FX3-ANA0 to
changes in the sensor signal. This can compensate for signal fluctuations caused
by interference.
32 scans per cycle are always used for this setting.
When averaging over several cycles, the response time of the FX3-ANA0 is
increased by the cycle time (4 ms) per analyzed cycle.
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WARNING
Extension of the response time
The dangerous state may not be stopped or not be stopped in a timely manner in
the event of non-compliance.

► Take into account the number of analyzed cycles when calculating the total
response time of the Flexi Soft system.

For detailed information on calculating the Flexi Soft system response time, please
refer to the operating instructions titled “Flexi Soft Modular Safety Controller Hard‐
ware”.

• The number of scans for averaging can be reduced. If this option is activated, then
an average of the selected number of scans is generated per cycle. The maximum
value corresponds to the default setting of 32 scans. The averaging over several
cycles is not active in this case, i.e. only one cycle is analyzed at a time.
If the number of scans is reduced, the FX3-ANA0 will be more sensitive to changes
in the sensor signal. This may be particularly necessary if even slight changes in
the signal must be registered quickly or if quick successive strong fluctuations of
the signal are expected.

Hiding status bits 16 to 31

The status bits 16 to 31 of the FX3-ANA0 continuously provide the measured value, e.g.
for forwarding via a gateway. EtherCAT gateways (FX0-GETC) interpret these bits as error
bits. Every change to one of these bits is therefore seen as an error.

The status bits 16 to 31 of the FX3-ANA0 can be hidden to prevent error messages
from the EtherCAT gateway.
► Select the option Hide status bits 16 to 31.
✓ The status bits 16 to 31 of the FX3-ANA0 are set to the static value 1.

13.5 The FX3-ANA0 in the logic editor

Inputs

The FX3-ANA0 provides the following safety capable inputs:

Table 170: FX3-ANA0 inputs in the logic editor

Input Description

Signal range bit 0 to 6 For more information on the transmission of the number of the current
signal range, see "Signal ranges", page 325

Enable 1 = No error. All of the following conditions are met:

• All sensor signals are valid.

• There are no discrepancy errors.

• The measured value falls within the current process range.

0 = error: At least one of the specified conditions has not been met.

Sensor status 1 = No error. All of the following conditions are met:

• All sensor signals are valid.

• There are no discrepancy errors.

0 = sensor error: At least one of the specified conditions has not been
met.
Note: If the enable bit is set to 0, the sensor status can be used to deter‐
mine if the error was caused by a sensor error or a valid measured
value outside the process range.
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WARNING
Uncontrolled machine restart due to consecutive sensor errors
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Use the logic program to prevent the machine or plant from restarting automati‐
cally after a discrepancy error due to the re-issued approval from the FX3-ANA0.

► Asses the Sensor status input in the logic program and connect it with a correspond‐
ing reset function.

► Check the sensors and inputs after a discrepancy error occurs.

Outputs

The FX3-ANA0 provides the following safety outputs:

Table 171: FX3-ANA0 outputs in the logic editor

Output Description

Process range bit 0 to 3 For selecting the process range, see "Process ranges",
page 323

13.5.1 Module status bits of the FX3-ANA0

Overview

The module status bits for the expansion modules contain diagnostics data. This data
is refreshed approximately every 200 ms. Due to the longer refresh interval, this data
may not be consistent with the latest process data for the module.

Important information

WARNING
Non-secure or inconsistent data
The target safety-related level may not be achieved in the event of non-compliance.

► Only use secure data for safety-related applications.
► Only use the module status bits of the expansion modules for diagnostic purposes.

Module status bits of the FX3-ANA0

Table 172: Module status bits of the FX3-ANA0

Module status bit Description

Configuration is valid 1 = Configuration valid
0 = Configuration invalid

Sensor AI1 lower input range OK 1 = No error
0 = Error: Measured value from sensor AI1 is
below the permissible range (< 3.5 mA)

Sensor AI1 upper input range OK 1 = No error
0 = Error: Measured value from sensor AI1
exceeds the permissible range (> 20.5 mA)

Sensor AI2 lower input range OK 1 = No error
0 = Error: Measured value from sensor AI2 is
below the permissible range (< 3.5 mA)

Sensor AI2 upper input range OK 1 = No error
0 = Error: Measured value from sensor AI2
exceeds the permissible range (> 20.5 mA)
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Module status bit Description

Sensor AI1 lower process range OK 1 = No error
0 = Error: Measured value from sensor AI1 is
below the minimum value of the current proc‐
ess range

Sensor AI1 upper process range OK 1 = No error
0 = Error: Measured value from sensor AI1
exceeds the maximum value of the current
process range

Sensor AI2 lower process range OK 1 = No error
0 = Error: Measured value from sensor AI2 is
below the minimum value of the current proc‐
ess range

Sensor AI2 upper process range OK 1 = No error
0 = Error: Measured value from sensor AI2
exceeds the maximum value of the current
process range

Discrepancy status OK 1 = No error
0 = Discrepancy error

Lower process range limit OK 1 = No error
0 = Error: Consolidated signal from the sensors
is below the minimum value of the current
process range

Upper process range limit OK 1 = No error
0 = Error: Consolidated signal from the sensors
exceeds the maximum value of the current
process range

Measured value bit 0 … 15 1) Analog value of the consolidated signal from
the sensors
Note: The consolidated, scaled value is trans‐
ferred in digits. Bit 0 is the lowest-value bit and
bit 15 is the highest-value bit.
The value of the bits can be found in the
report.
The sensor value can also be calculated using
the following formula:
Sensor value = measured value × m / 2,500 +
b

• Measured value = The digital value of
measured value bit 0 – 15.

• m = gradient of sensor AI1 2)

• b = offset of sensor AI1

The values for the gradient and offset of sen‐
sor AI1 can be taken from the report.

Input data status Corresponds to the safe input sensor status
1 = No error. All of the following conditions are
met:

• All sensor signals are valid.

• No discrepancy error is present.

0 = Sensor error: At least one of the specified
conditions is not met.

1) If the Flexi Soft system contains gateways, the measured value is made permanently available to these
gateways. EtherCAT gateways (FX0-GETC) may interpret the measured value as an error. For this reason,
if an FX0-GETC is used, the alarm memory in the control system must be either read out on an ongoing
basis or these bits must be hidden.
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2) Sensor AI1 is the leading sensor. For this reason, the gradient of sensor AI1 must be used to convert the
measured value, irrespective of the sensor merging settings configured under Input signals.

13.6 The FX3-ANA0 in the data recorder

You can record one analog measured value in the data recorder per FX3-ANA0. The
following data is available:
• Sensor AI1, filtered
• Sensor AI2, filtered
• Sensor AI1, delayed
• Consolidated measured value
• Sensor AI1, unfiltered (last sample)
• Sensor AI2, unfiltered (last sample)

NOTE
The analog measured values of the FX3-ANA0 can be selected on the Diagnostics tab.

In addition, all the FX3-ANA0 inputs, outputs, and diagnostic bits that are available in
the logic editor can be recorded in the data recorder.

In total, up to 4 channels can be recorded.

13 FX3-ANA0 ANALOG INPUT MODULE
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14 Transferring the configuration

Overview

At first, the safety controller configuration only exists as a project, namely as a Flexi Soft
configuration file. The configuration must be transferred to the system plug via the main
module.

Important information

NOTE
The system plug and the main modules communicate via a internal interface. Directly
connecting a computer to the system plug is not possible. Data can only be transferred
to/read from the system plug using a compatible main module.

Transferring the configuration

During transfer to the system plug, the configuration data is checked for compatibility
and can be subsequently verified. In addition, optional write protection can be applied
to the data.

Safety Designer can be used to transfer configuration data to any number of Flexi Soft
system plugs.

The configuration data, including the verification and, if applicable, write protection
information that was set when the first safety controller was configured, is copied
exactly.

14.1 Protecting the configuration with a password

The configuration of a Flexi Soft system can be protected against unauthorized loading.

1. Under Configuration, Main module, click on Password protection.
2. Select the option Load only as authorized client.
✓ The configuration can now only be transferred after logging in as an Authorized

client, see "User groups", page 22.

14.2 Transferring project data to the safety controller

Once it has been transferred, the configuration data is read back from the system plug
if verification has been activated in Safety Designer (see "Verifying the configuration",
page 334).

NOTE
It takes a little while for the configuration data to be read back from the system plug;
the system plug must not be disconnected while this is happening. Safety Designer
displays a corresponding warning while the operation is in progress.

14.3 Compatibility check

For each module that is to be configured, the configuration data contains an electronic
type code and a version code. During transfer, each module checks whether it is
compatible with the configuration data. The compatibility check relates purely to the
functional part of the module concerned, not to the type of hardware (the terminal
design is not taken into account, for example).

If the compatibility check produces a negative result, a corresponding error message is
generated within the module concerned and in the main module.
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NOTE
In Safety Designer, some modules are stored with different version numbers and this
means that a compatible module can be selected from a list below the relevant module.

14.4 Verifying the configuration

Once the configuration has been successfully transmitted to the controller, the Flexi
Soft system can be verified. This involves reloading the transmitted configuration from
the Flexi Soft system and comparing it with the project data. If the data matches, it
is displayed in a report. If the user confirms that the data is correct, the system is
considered to be verified.

If the configuration is verified, the Flexi Soft system automatically switches to the Run
status when the voltage supply is switched on. If the configuration is not verified, the
system remains set to the Stop status after switch-on (CV LED on main module flashes)
and must be started using Safety Designer.

Verifying the configuration
► Click on the Verify button. A report containing the current configuration is created

and displayed in the Verification report window. The report can be saved as a PDF or
printed out.

► Check whether the displayed configuration is correct and is identical to the
expected configuration.

► If the check was successful, click on Confirm. The system is then classed as
verified.

NOTE

• The configuration of connected elements is not part of the Flexi Soft system
verification. Connected devices must be verified separately where applicable. For
information about this, please refer to the operating instructions for the devices in
question.

• The Verified or Not verified status is indicated by the yellow CV LED on the Flexi
Soft main module lighting up continuously and is displayed in the Safety Designer
device window, as well as under Overview and under Configuration in the information
area.

• The verification flag is copied when the data is read back into the system plug and
is automatically transferred to every safety controller where this configuration is to
be duplicated.

• To verify the configuration, you must log in as an authorized client.
• If the configuration that is read back differs from the one in the Safety Designer

project, a corresponding message is displayed. In this case, it is not possible to
verify the configuration.

• If you change a configuration after it has been verified, the status is reset to “Not
verified”.
Exception: If you do not make any safety-related changes (e.g., if you change the
gateway name, the IP address of the gateway, or the port number for a TCP/IP
socket connection), the configuration remains verified.

14.5 Activating write protection for the configuration in the controller

A verified configuration can be protected against accidental changes by applying write
protection. Write protection can be set/canceled in Safety Designer with the Lock but‐
ton.
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Write protection is automatically copied across when the data is transferred to the sys‐
tem plug and is automatically applied to every safety controller where this configuration
data is to be duplicated.

14.6 Configuration checksums

In Safety Designer, various checksums are shown in the report and on the hardware
configuration information page. The following checksums exist:

• Flexi Soft checksum:
This checksum covers the configuration for the relevant Flexi Soft system, i.e.,
the configuration of all Flexi Soft modules including the logic program. The device
firmware and hardware version used has no effect on the checksum.

• Flexi Soft checksum (verified):
The Flexi Soft checksum (verified) is the Flexi Soft checksum that applied at the
time of the most recent verification. If the Flexi Soft checksum and the Flexi Soft
checksum (verified) are identical, the configuration of the Flexi Soft system is
classed as verified.

• Total checksum: The same value as the Flexi Soft checksum

NOTE
Each of these checksums exists both within the project and within the system plug of
the respective Flexi Soft station. The checksums within the system plugs correspond
to those checksums within the project that applied when the configuration was last
transferred from the project to the system plug of the station concerned.
Each checksum is four bytes long.
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15 Device statuses in the Flexi Soft system

The Flexi Soft system recognizes various device statuses during operation. Some device
statuses require intervention by the user, e.g., changing from the Stop status to the Run
status with the help of Flexi Soft Designer. Other statuses are based on the internal
self-test performed by the Flexi Soft system, e.g., Internal error. The following table
provides a summary of the device statuses within the Flexi Soft system.

Table 173: Device statuses and LED indicators on the main module

Meaning Notes

MS LED

o Supply voltage is out of range Switch on voltage supply and check at termi‐
nals A1 and A2.

Ö Red/
green (1 Hz)

Self-test in progress or system
initializing

Please wait…

Ö Green
(1 Hz)

System is in Stop status. Start the application in Safety Designer.

Ö Green
(2 Hz)

Identification in progress (e.g.,
for Flexi Link)

–

O Green System is in Run status. –

Ö Red
(1 Hz)

Invalid configuration Check the module type and version of all mod‐
ules (main module and the expansion mod‐
ules) whose MS LED Ö is flashing red/green.
Adjust the configuration if necessary.
For more detailed diagnostic information, use
Safety Designer.

Ö Red
(2 Hz)

Serious error in the system,
probably in this module. The
application was stopped. All out‐
puts have been switched off.

Switch the voltage supply off and then on
again. If the error persists after repeating the
off-on process several times, replace the mod‐
ule.
For more detailed diagnostic information, use
Safety Designer.

O Red Serious error in the system,
probably in a different module.
The application was stopped. All
outputs have been switched off.

Switch the voltage supply off and then on
again. If the error persists after repeating the
off-on process several times, replace the mod‐
ule that is showing the Ö red (2 Hz) signal.
Otherwise, use the diagnostic functions in
Safety Designer to pinpoint the module con‐
cerned.

CV LED

o Configuration in progress Please wait…

Ö Yellow
(2 Hz)

Saving configuration data in sys‐
tem plug (non-volatile memory)

Do not interrupt the voltage supply until the
save process has been completed.

Ö Yellow
(1 Hz)

Unverified configuration Verify the configuration.

O Yellow Verified configuration –

15.1 Changing the device status

Certain status changes within the Flexi Soft system are triggered manually in Safety
Designer. These changes to the device status are as follows:
• A switch from the Stop to the Run status
• A switch from the Run to the Stop status
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To change the device status, click on the Stop application or Start application button.
Safety Designer must be connected to the Flexi Soft system for this.

Table 174: The Start and Stop buttons

Button Function Description

Start Sets the Flexi Soft system to the Run status

Stop Sets the Flexi Soft system to the Stop status

NOTE
If the configuration is verified, the Flexi Soft system automatically switches to the Run
status when the voltage supply is switched on. If the configuration is not verified, the
system must be manually switched to the Run status using Safety Designer.

15.2 Behavior on system startup

When the Flexi Soft safety controller transitions from the Stop status to the Run status,
the system behaves as follows:

• The First logic cycle status bit of the main module remains set to 1 for the duration
of the logic execution time. This status bit is available in the Logic editor as an
input element of the main module.

• All timers and statuses – including error statuses of function blocks – are reset.

15.3 Software-controlled reset of the main module

It is possible to reset the main module via the software (i.e., without interrupting the
voltage supply) if Safety Designer is connected to the main module.

Carrying out a software-controlled reset
► Switch to Hardware configuration.
► In the context menu of the main module, select the Software reset command.
► If necessary, enter the password to log in as an authorized client.
► A confirmation prompt appears. Click on Yes to reset the main module.

NOTE
When you reset the main module, the status of the Flexi Soft station outputs may
change.

WARNING
Output status change during reset
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Before resetting the main module, check whether the status of the system is safe.
► Before resetting the main module, check whether the reset could lead to a danger‐

ous state.
► The Software reset command may only be used if the hazardous area has been

visually inspected, there is no one within the hazardous area, and nobody will be
able to access it while the main module is being reset.

NOTE
If the configuration is verified, the main module automatically returns to the Run status
once the reset has been completed. If the configuration is not verified, the main module
must be manually restarted using the configuration software.
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16 Commissioning

Before proceeding with technical commissioning, the process of configuring the Flexi
Soft system must have been completed.

16.1 Wiring and voltage supply

NOTICE
Incorrect connection
The device may be damaged in the event of non-compliance.

► When connecting the Flexi Soft system, remember to observe the technical data in
the operating instructions titled “Flexi Soft Modular Safety Controller Hardware”.

► Connect the individual field devices to the corresponding connections.
► Switch on the voltage supply. As soon as the supply voltage is present at connec‐

tions A1 and A2 of the FX3-CPUx main modules or the FX3-XTIO modules, the Flexi
Soft system performs the following steps automatically:

° Internal self-test

° Load saved configuration

° Test validity of loaded configuration
► Check each safety capable input, test/signal output, and safety output to deter‐

mine whether they are behaving as required for the application. The diagnostic
information provided by the Flexi Soft LEDs will help you to validate the individual
field signals.

► Check that the external circuitry, the wiring, plus the choice of control devices and
the manner in which they have been arranged on the machine meet the required
safety level.

► Remedy any faults (e.g., incorrect wiring or crossed signals) at each safety capable
input, test/signal output, or safety output.

If these steps cannot be completed successfully, the system does not go into operation.
In the event of an error, an LED indicator outputs a corresponding signal (see operating
instructions titled “Flexi Soft Modular Safety Controller Hardware”) and the Flexi Soft
system sets all the transmitted values to 0 or Low.

16.2 Transferring the configuration

Once you have configured the hardware and logic in Safety Designer and have checked
that everything is correct, transfer the configuration from Safety Designer to the Flexi
Soft system, see "Transferring the configuration", page 333.

16.3 Thorough technical check and commissioning

The machine or system that is being protected by a Flexi Soft safety controller may
only be commissioned once all safety functions have undergone a thorough technical
check with successful results. Only qualified safety personnel are allowed to perform
the thorough technical check.

The checklist for the thorough technical check includes the following points:

► Clearly mark all connecting cables and plug connectors on the Flexi Soft system
to avoid mix-ups. The Flexi Soft system features several connections of the same
design. Therefore, you must make sure that no unplugged connecting cables get
connected to the wrong connection point.

► Verify the configuration of the Flexi Soft system.
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► Check the signal paths and make sure that they have been correctly integrated
into higher-level controllers.

► Check that data is transmitted correctly from and to the Flexi Soft safety controller.
► Check the logic program of the safety controller.
► Fully document the configuration for the entire system and individual devices, plus

the results of the safety inspection.
► Fully check the safety functions of the machine or system. Make sure that the

safety functions work without any problems.
► Activate write protection for the Flexi Soft system configuration to prevent the

configuration from being overwritten accidentally. This stops any further changes
from being made until write protection is explicitly canceled.
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17 Diagnostics

The Flexi Soft system provides the following diagnostic tools:
• Data recorder
• Error history
• Online display of the module status bits

17.1 Data recorder

General description

You can use the Data Recorder to record the input and output signals of a Flexi Soft
system during operation. This function can be used, for example, to document the
Flexi Soft system validation process or to troubleshoot a system that starts behaving
strangely.

The data recorder consists of the following elements:

• Toolbar
• Channel configuration window, which displays the recorded input and output signals

on a timescale. You can display markers for the purpose of measuring the time
between two points of the recording.

• Channels and options window. This contains the following elements:

° Tabs for selecting which input, output, and diagnostic data (“channels”) you
want the data recorder to record.

° Control window for configuring the recording conditions (trigger and trace
configuration). Recording can either commence right away or subject to the
fulfillment of a trigger condition that you can configure.

° Control window for starting and stopping the recording process.

WARNING
Configuration, diagnostics or operation errors due to several simultaneous configura‐
tion connections
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Dot not establish concurrent configuration connections to a Flexi Soft system. This
applies regardless of the configuration software used and the selected interface
(RS-232, Ethernet, USB).

17.1.1 Toolbar

Table 175: The data recorder toolbar

Import recorded data from file

Export recorded data to file

Delete recorded data

Delete data recorder configuration

Show or hide markers

Zoom in

Zoom out
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Reset view to original size, i.e., the entire recording time is displayed

17.1.2 Status and control

Table 176: Data recorder status displays

Recording status: Recording running

Recording status: Waiting for trigger

Recording status: Recording stopped

Recording status: Data not yet retrieved from device

Not connected

No data recorder configuration present

Configuration for recording differs from configuration in device

Project configuration differs from configuration in device

Imported data displayed

Invalid data recorder configuration

Table 177: Data recorder controls

Start recording

Stopping recording

Start retrieving data from the device

17.1.3 Configuring the data recorder

Select data

1. In the window for selecting inputs, outputs, and diagnostics, select the channels
whose values you want to record and drag them over to the visualization window.
Restrictions

° You can record a maximum of 16 channels.

° In addition to recording data for the main module, you can record data for a
maximum of two expansion modules (e.g., FX3-MOCx, FX3-ANA0).

° You can record a maximum of four channels per expansion module.

° You can record one analog value per FX3-ANA0.
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NOTE

• All the channels under Inputs and Outputs, plus all those marked with an
“i” under Diagnostics are shown from the perspective of the main module.
Changes to the values of these channels are only registered when they arrive
at the main module.

• The channels that are shown from the perspective of the FX3-MOCx modules
can be found under Diagnostics.

• The data recorder records the values that are sent and received by the
respective module (main module or FX3-MOCx). This may mean that more
values are recorded than are processed by the module’s logic program. For
example, very brief changes in the input signals are still recorded by the data
recorder even though they are not registered by the logic.

• You can tell which values have been processed by the logic program by
looking at the logic cycles. These are visualized by means of colored bars.

2. Go to the visualization window and sort the selected channels into the required
order using drag and drop.

3. You can remove selected channels from the visualization window again by drag‐
ging and dropping them into the recycle bin.

Recording method

There are two possible recording methods:
• Continuous: The data is recorded constantly. Older data in the device is overwrit‐

ten by more recent data. Consequently, it only makes sense to use this setting if
the Flexi Soft system is connected to Safety Designer and the Data recorder view
is open.
If the data is not retrieved quickly enough from the Flexi Soft system, partial
data loss may occur. Lost data is highlighted on the display by means of the
Non-guaranteed values status. This data is identified using a pale line.
To stop continuous recording, you must press the Stop recording button.

• Trigger: Recording only commences when a configurable trigger condition is fulfilled.
Please be aware of the following when using trigger-based recording:

° Trigger-based recording does not require the Flexi Soft system to remain
permanently connected to Safety Designer. Once recording has commenced,
Safety Designer may be disconnected from the system.

° The Flexi Soft system records the data continuously, but only generates a
snapshot once the trigger event actually occurs. A certain amount of data
surrounding the trigger event is saved during this process.

° The length of the saved recording depends on how many channels and what
types of channel are being recorded and the number of signal changes that
occur. For example, non-Boolean data takes up more memory space than
Boolean data.
When recording two speed values, for instance, 2,500 signal change points
may be recorded with trigger-based recording – resulting in a recording time
of at least 10 seconds. When recording four position values, 1,000 signal
change points may be recorded – resulting in a recording time of at least four
seconds.
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° At the end of the recording process, the data recorder stops. If the trigger
event occurs again, no new recording process is triggered. If you do want a
new recording process to commence, you must first restart the data recorder
using Safety Designer.

° The recording can be retrieved by pressing the Start retrieving data from the
device button after you have re-established the connection to Safety Designer.
This deletes it from the Flexi Soft system. This means that a recording can
only be retrieved once.
When a new recording commences, any previous recording that is still stored
in the device will be deleted.

1. Go to the Trigger trace config selection window and specify whether the recording
should commence right away (Continuous) or only when a particular trigger condition
is fulfilled.
If the recording is to be started by a trigger condition, steps 5 to 7 must be
followed as well.

2. Select the trigger channel from the selection list. You can select any channel in the
visualization window. The selected trigger channel is identified by a green arrow
in the visualization window. By default, the first channel that you dragged into the
visualization window is selected as the trigger channel.

3. Configure the trigger condition. This depends on the data type of the selected trigger
channel:
Possible trigger conditions for Boolean data:

° Trigger channel is 1.

° Trigger channel is 0.

° Rising signal edge (transition from 0–1) on trigger channel.

° Falling signal edge (transition from 1–0) on trigger channel.
Possible trigger conditions for non-Boolean data:

° Trigger channel value is below a configurable threshold.

° Trigger channel value is above a configurable threshold.

° Trigger channel value rises above a configurable threshold.

° Trigger channel value drops below a configurable threshold.
4. Configure the recording time before trigger event.

This setting refers to the number of signal changes. The actual recording time prior
to the trigger event (like the overall recording time) cannot be defined in advance.
It depends on the:

° Overall recording time

° The number of signal changes between when the data recorder is started
and when the trigger event occurs

° The number of signal changes between when the trigger event occurs and
when recording ends

Deleting the data recorder configuration in Safety Designer

► Go to the toolbar and click the Delete data recorder configuration button to delete the
entire data recorder configuration in Safety Designer.

NOTE
■ The software immediately deletes the data recorder configuration in Safety

Designer without displaying a confirmation prompt.
■ Only the data recorder configuration in Safety Designer is deleted. If a data

recorder configuration has been saved in the Flexi Soft system, this will be
retained and you can reload it by pressing the Start retrieving data from the device
button.
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17.1.4 Recording data

Prerequisites

• The Flexi Soft system must be in the Run status and be connected to Safety
Designer.

• The configuration in Safety Designer must match the one saved in the Flexi Soft
system.

Start recording

► Go to the Status/Control window and click the Start recording button. If continuous
recording has been configured, recording commences immediately. Otherwise,
recording will commence when the configured trigger condition is fulfilled.
If Safety Designer is connected to the Flexi Soft system during recording, the
recorded data is displayed in the visualization window immediately.

NOTE
Whenever a recording process commences, any existing data in the RAM is deleted. If
this data is still required, you must back it up with the Export function before starting a
new recording process.

Stopping recording

► Go to the Status/Control window and click the Stop recording button.

NOTE
Trigger-based recording stops automatically as soon as the available memory in the
device is full.

17.1.5 Exporting, importing, and deleting data

Exporting data

► Go to the toolbar and click on the Export trace data to file button.
► Select a storage location, enter a file name, and click on Save. The current RAM

data is saved as a CSV file and can be viewed and evaluated using a program
such as Microsoft Excel.

Importing data

► Go to the toolbar and click on the Import trace data from file button.
► Select the file that you want to import and click on Open. The saved data is loaded

and displayed. The status of the imported data is displayed in the control window.

NOTE
When data is imported, the current data in the data recorder gets overwritten and the
data recorder configuration is deleted.

Deleting data

► Go to the toolbar and click on the Delete recorded data button to delete the data
stored in the RAM.

17.1.6 Visualizing data

The recorded data is displayed in the visualization window. The scale for the recorded
values is located on the left of each channel. Non-Boolean data is automatically scaled
to the available magnitude of the channel.
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When you hover the mouse pointer over a point on one of the recorded curves, a
pop-up window appears. This displays the exact point in time in milliseconds and the
measured value.

If data is missing, e.g., because it could not be retrieved quickly enough from the
device, the curve continues as normal but the status of the affected data is identified
as Non-guaranteed by using a paler line. When you hover the mouse pointer over a
measuring point of this kind, a pop-up window appears. This gives the reason for
the Non-guaranteed status. (This information is lost when the data is exported, but the
Non-guaranteed status is retained.)

You can use the three zoom icons on the toolbar to zoom in, zoom out, or reset the view
to its original size (entire recording time is displayed).

You can also access the zoom functions by right-clicking in the display area:

► Right-click and drag the mouse to the right to zoom in on the highlighted area.
► Right-click and drag the mouse to the left to reset the view to its original size.

In addition to displaying the recorded data, the data recorder also shows the duration
of the logic cycles as vertical bars (depending on the zoom level). This enables you to
work out which output signal has been affected by which input signal. The duration of
the logic cycles may vary from one module to another. So that you can tell them apart
more easily, the logic cycles of each module are displayed in different colors.

NOTE
It is the status of the inputs at the start of the logic cycle that determines what happens
in the logic program from a processing perspective. This input status goes on to affect
the status of the outputs at the end of the same logic cycle. If a signal change occurs at
an input while the logic is being executed, this change cannot be applied to the outputs
until the subsequent logic cycle. By contrast, a signal change at an input is registered in
the recording by the data recorder at the exact moment when it occurs.
Consequently, changes to output signals cannot be interpreted based on the status
of the concurrent input signals because these may have changed while the logic was
being executed. Instead, you must look to see what the status of the input signals was
at the start of the respective logic cycle.

There is a timescale underneath the channels. The time of the current slot is displayed
above the scale and the total recording time appears below it. Depending on the zoom
level, the currently displayed slot may also be shown as a blue area.

You can use the Show/Hide markers button on the toolbar to display two markers. You
can move these with the mouse for the purpose of measuring the exact time between
two points of the recording.

17.2 Error history

If there is a connection to the Flexi Soft system in place, then you can carry out diag‐
nostics on the system. You can find the error history for the modules under Diagnostics.

The error history is a list of all warnings, error messages, and other messages in the
system. Clicking an entry in the list selects this and displays the details of the selected
message.

Table 178: Meaning of diagnostic information in the main module

Keyword Description

Code Hexadecimal error code

Description Error description
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Keyword Description

Time stamp Total operating time of the main module up until the point when the error
occurred (days:hours:minutes:seconds)

Local time Time when the error occurred (system time of the computer).
This value is not displayed in the case of historical errors.

Power-up cycles Total number of times the main module has been powered up to date

Type Error type (e.g., information, warning, recoverable error, serious error)

Source Module that detected the error

Category Module component that detected the error

Info Internal information about the error

Occurrence coun‐
ter

Number of times this error has occurred.
If an error occurs several times in succession, the most recent instance is
saved and the occurrence counter incremented accordingly

Power-on hours Operating time since the main module was last switched on. This value is
reset whenever a restart is performed

Operating hours Total operating time of main module

Block Diagnostic memory area in the main module
8 = RAM (volatile memory, error occurred during the current operating
phase)
88 = EEPROM (non-volatile memory, error occurred during an earlier operat‐
ing phase)

Register Index number in diagnostic memory area

CPU channel Internal hardware channel (A or B) of the module that detected the error

NOTE
For a list of the most important error codes, possible causes, and possible trouble‐
shooting measures, please see the operating instructions titled “Flexi Soft Modular
Safety Controller Hardware”.

Toolbar

Figure 228: Toolbar for the Diagnostics view

In the toolbar, the following commands are available:
• Refresh: Read the current list of messages from the system
• Delete: Delete all messages (only possible as authorized client)
• Settings: Activate the Automatic refresh function and the desired refresh rate
• Show history: Show or hide older messages still saved in the system
• Filter: Show or hide different types of messages

NOTE
The diagnostic messages are also included in the report. This feature can be used to
save or print the messages (see "Report", page 26).

17.3 Displaying the module diagnostic bits

When Safety Designer is online (i.e., is connected to the system), then the diagnostic
bits for each module and their current values are displayed under Configuration.
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Exporting the module diagnostic bits

► In the hardware configuration, click on the Settings button. The Settings dialog box
opens.

► Go to the Export module status tab and click on the Export button. A file selection
window opens.

► Select the destination for the export file, enter a name for the export file, and click
on Save. The module status bits are saved as a CSV file.

17.4 Troubleshooting

WARNING
Malfunction of the protective device
The dangerous state may not be stopped or not be stopped in a timely manner in the
event of non-compliance.

► Immediately put the plant/machine out of operation if it is not possible to clearly
allocate the fault and safely remedy it.

► After remedying a fault, carry out an effects analysis and check all affected safety
functions.

Current error messages and error codes are displayed under Diagnostics if you have
established a connection to the Flexi Soft system. For additional information, see
"Diagnostics", page 340.

The operating instructions titled “Flexi Soft Modular Safety Controller Hardware” con‐
tains a list of the LED error indicators and the associated error codes, possible causes
of errors, and troubleshooting measures.
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18 Troubleshooting

18.1 Possible faults

Important information

NOTE
If a fault can result in an undesired valid status, you should evaluate the associated
status bits in the logic to initiate suitable measures.

Possible faults and their causes

Table 179: Faults in the logic

Fault Responses Causes

Voltage supply A1 / A2
of the main module is
lower than the operat‐
ing range

• Safety controller switches to the
Supply voltage is out of range status

• Module supply voltage is OK module
status bit = 0

• Status indicators are off

• Fault in the voltage supply

• Line break

• Interruption due to a fuse

Voltage supply of the
main module is higher
than the operating
range

• Safety controller switches to the
serious error status

• Internal tests module status bit = 0

• Fault in the voltage supply

• Short-circuit to other voltage-
carrying line

Table 180: Faults in the safety capable inputs (I)

Fault Responses Causes

Electro-mechanical
switch/safety switch
(EMSS), non-contact
safety sensors, test‐
able single-beam
photoelectric safety
switches, Flexi Loop:
safety capable input is
Low instead of High

• Process data bit of the affected
input = 0

• Short-circuit to another line
e.g., GND

• Error in the sensor

• Line break

Electro-mechanical
switch/safety switch
(EMSS), non-contact
safety sensors, test‐
able single-beam
photoelectric safety
switches, Flexi Loop:
test pulses from the
associated test output
X are not detected
correctly (short-circuit
detection)

• Process data bit of the affected
input = 0

• Input data status diagnostic bit = 0

• Module status bit of the affected
Input Ix OK input = 0

• Short-circuit to other voltage-
carrying line

• Error in the sensor (for exter‐
nally tested sensors)

Dual-channel elec‐
tro-mechanical
safety switch
(EMSS), ESPE: equiv‐
alent/complementary
safety capable inputs
exhibit different/the
same values.

• Process data bit of the affected
input = 0

• Input data status diagnostic bit = 0

• Module status bit of the affected
Inputs Ix, ly dual-channel evaluation is
OK input = 0

• Short-circuit to another line
e.g., GND

• Error in the sensor

• Line break

• Discrepancy time

• Sequence error
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Fault Responses Causes

Safety pressure mats:
safety capable input
is Low instead of test
pulse signal from the
associated test output
X

• Process data bit of the affected
input pair = 0

• Input data status diagnostic bit = 0

• Module status bit of the affected
Input Ix OK input = 0

• Line break
Test output → sensor

• Line break
Sensor → safety capable
input

Safety pressure mats:
only one of the two
safety capable inputs
is High instead of test
pulse signal from the
associated test output
X

• Process data bit of the affected
input = 0

• Input data status diagnostic bit = 0

• Module status bit of the affected
Inputs Ix, ly dual-channel evaluation is
OK input = 0

• Short-circuit to other voltage-
carrying line

Internal error detected
in input evaluation

• Safety controller switches to the
serious error status

• Internal tests module status bit = 0

• Internal device error

Table 181: Faults in the safety outputs (Q)

Fault Responses Causes

Auxiliary voltage sup‐
ply A1 / A2 for the
safety outputs is lower
than the operating
range

• All safety outputs of the module
are switched off

• Output data status diagnostic bit =
0

• Module supply voltage is OK module
status bit = 0

• Fault in the voltage supply

• Line break

• Interruption due to a fuse

Auxiliary voltage sup‐
ply A1 / A2 for
the safety outputs is
higher than the oper‐
ating range

• Internal tests module status bit = 0

• Module supply voltage is OK module
status bit = 0

• Fault in the voltage supply

• Short-circuit to other voltage-
carrying line

Output voltage level
is Low instead of
High when the output
is “On”, overload/over‐
current1) 2)

• Associated output/associated
output pair is switched off

• Depending on the load, the
affected output may pulsate tem‐
porarily until the final switch-off

• Output data status diagnostic bit =
0

• Output X short-circuit to Low module
status bit = 0

• Short-circuit or resistance
drop under load

• Short-circuit to another line
e.g., GND

Output voltage level is
High instead of Low
when the output is
“Off”3)

• All safety outputs of the module
are switched off

• Output data status diagnostic bit =
04)

• Output X short-circuit to High module
status bit = 0

• Short-circuit to other voltage-
carrying line

Test pulses are not
detected correctly
when the output is
“On”3) 5)

• Short-circuit to other voltage-
carrying line

• Capacitive load too high
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Fault Responses Causes

Internal error detected • Safety controller switches to the
serious error status

• Internal tests module status bit = 0

• Internal device error

• Capacitive load too high

1) Depending on the voltage supply used, an overcurrent can also result in the voltage supply dropping out.
2) Reset of the error: set the process data bit of the safety output to 0.
3) Reset of the error: the process data bits for all safety outputs of the module are simultaneously 0 and the

output level is Low.
4) In the case of a High instead of a Low on a safety output, the supply to all safety outputs is switched off

internally. If the cause of a short-circuit is in the wiring to 24 V, then the affected signal remains High and
all other signals switch to Low.
Check if this is an undesired but valid signal value for the receiver, e.g., for the switching of the
monitoring case of a SICK safety laser scanner by means of a complementary signal.

5) Depending on the size of the capacitive load, this may lead in certain cases to an incorrect interpretation
as an internal error since the effect on the output voltage is only temporary.

Table 182: Faults in test outputs (X), non-safe outputs (Y)

Fault Responses Causes

Voltage supply A1 / A2
for the test outputs is
lower or higher than
the operating range

See voltage supply A1 / A2 of the main module. The test outputs are
supplied from the voltage supply of the main module.

Output voltage level
is Low instead of
High when “On”, over‐
load/overcurrent1)

• Associated output/associated
output pair are switched off tem‐
porarily (thermal overload limit‐
ing).

• No status indicator or diagnostic
message available for this fault.

• Short-circuit or resistance
drop under load

• Short-circuit to another line
e.g., GND

Output voltage level is
High instead of Low
when “Off”

• No status indicator or diagnostic
message available for this fault.

• Short-circuit to other voltage-
carrying line

1) Depending on the voltage supply used, an overcurrent can also result in the voltage supply dropping out.

Serious error status

Consequences of the serious error status:
• All applications are stopped.
• All safety outputs are switched off.
• All process data are 0
• Evaluation of the diagnostic bits and module status bits in the logic is no longer

possible.
• Only limited diagnostics can be performed in the serious error status.

Alternatives to resetting the serious error status:
• Restart by switching the voltage supply off and on again
• Software reset using the configuration software

Complementary information

The status indicators and diagnostic messages may provide additional information.

Further topics

• "Module status bits of the main module", page 55
• "Input data status and output data status", page 55
• "Module status bits of the expansion modules", page 56
• "Device statuses in the Flexi Soft system", page 336
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19 Deinstallation

NOTE
For information on uninstalling the software, please refer to the “Safety Designer Con‐
figuration Software” operating instructions (SICK part number 8018178).

DEINSTALLATION 19
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20 Glossary

AGV Automated guided vehicle

CCF Common cause failure. Failures of various units due to a single
event, whereby these failures do not cause each other.

Control input A control input receives signals, e.g. from the machine or from
the control. Use of control inputs is how the protective device
receives information about the conditions at the machine, e.g., if
there is a change of operating mode. If the protective device is
configured appropriately, it will activate a different monitoring case
after receiving a new control input.

The control input information must be transmitted reliably. Gener‐
ally, at least 2 separate channels are used to do this.

Depending on the device, a control input can be realized as a
static control input or a dynamic control input.

Dangerous state A dangerous state is a status of the machine or facility, where
people may be injured. Protective devices prevent this risk if the
machine is operated within its intended use.

The figures in this document always show the dangerous state of
the machine as movement of a machine part. In practice, there
are different dangerous states, such as:

• Machine movements

• Electrical parts

• Visible and invisible beam

• A combination of multiple hazards

EDM External device monitoring

EFI-pro EFI-pro 11) is an Ethernet-based network for general and safety-
related data communication.

EFI-pro allows for easy device identification, addressing, configura‐
tion, and diagnostics.

Devices can exchange data via EFI-pro, such as control signals,
safety-related shut-off signals, and diagnostics data.

An EFI-pro network can have various structures (topologies), e.g.,
with cables running from one central device to all the others (star
topology) or with cables running from one device to the next (line
topology). Different topologies can be combined within one EFI-pro
network to form a hybrid topology.

Electro-sensitive protective
device

An electro-sensitive protective device is a device or system of
devices for safety-related detection of people or parts of the body.

It is used to protect people from machines and facilities that pose
a risk of injury. It triggers the machine or facility to adopt a safe
state before a person is exposed to a hazardous situation.

Examples: Safety light curtain, safety laser scanner.

ESPE Electro-sensitive protective device

EtherCAT EtherCAT® (Ethernet for Control Automation Technology) is an
Ethernet-based network used in industrial automation.

With the Safety over EtherCAT® (FSoE, FailSafe over EtherCAT)
protocol extension, EtherCAT® is also suitable for safety-related
data communication.

11) Enhanced Function Interface-pro based on EtherNet/IP™ – CIP Safety™.
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EtherNet/IP EtherNet/IP™ (EtherNet Industrial Protocol) is an Ethernet-based
network used in industrial automation.

EtherNet/IP™ implements the CIP™ (Common Industrial Protocol)
based on the Ethernet and TCP/IP protocol family.

EtherNet/IP™ with the CIP Safety™ protocol extension is also suit‐
able for safety-related data communication.

External device monitoring The external device monitoring (EDM) monitors the status of down‐
stream contactors.

In order to use external device monitoring, positively guided con‐
tactors must be used to switch off the machine. If the auxiliary
contacts of the positively guided contactors are connected to the
external device monitoring, the external device monitoring checks
whether the contactors switch correctly when the OSSDs are
switched off.

Hazardous area Hazardous area is any space within and/or around machinery in
which a person can be exposed to a hazard. (ISO 12100)

Incremental encoder An incremental encoder generates electrical pulses proportional
to a movement. Various physical quantities can be derived from
these pulses, e.g. speed and distance covered.

Monitoring case A monitoring case indicates the machine status to the sensor.
Generally, one field set is assigned to each monitoring case.

The sensor receives a defined signal for the current machine
status. When a signal change occurs, the sensor activates the
monitoring case and thereby the field set that is associated with
the new machine status.

PL Performance level (ISO 13849)

PROFINET PROFINET (Process Field Protocol) is an Ethernet-based network
used in industrial automation.

With PROFIsafe , PROFINET is also suitable for safety-oriented
data communication.

Protective field The protective field is the area in which the test object specified
by the manufacturer is detected by the electro-sensitive protec‐
tive equipment (ESPE). As soon as the electro-sensitive protective
device detects an object in the protective field, it switches the
associated safety outputs to the OFF state. This signal can be
passed to controllers resulting in the dangerous state coming to
an end, e.g. to stop the machine or the vehicle.

GLOSSARY 20

8014519/1KOF/2023-09-08 | SICK O P E R A T I N G  I N S T R U C T I O N S | Flexi Soft in the Safety Designer 353
Subject to change without notice



Reset When a protective device has sent a stop command, the stopped
state must be maintained until a reset device is activated and the
machine can be restarted in a second step.

The reset brings the protective device back to the monitoring state
after it has sent a stop command. The reset also quits the start-up
or restart interlock of a protective device, so that the machine can
be restarted in a second step.

The reset must only be possible, when all safety functions and
protective devices are functional.

The reset of the protective device must not introduce any move‐
ment or dangerous situations itself. The machine is only permitted
to start after the reset once a separate start command has been
sent.

• Manual resets are performed using a separate, manually oper‐
ated device, such as a reset pushbutton.

• Automatic resets by the protective device are only permitted in
special cases, if one of the following conditions is met:

° It must not be possible for people to be in the hazardous
area without triggering the protective device.

° It must be ensured that no people are in the hazardous
area during or after the reset.

Resolution The resolution of an active opto-electronic protective device (also
known as the sensor detection capability) is the minimum size of
an object for it to be reliably detected.

Response time The protective device’s response time is the maximum time
between the occurrence of the event leading to the sensor’s
response and supply of the switch-off signal to the protective devi‐
ce’s interface (for example OFF state of the OSSD pair).

Restart interlock The restart interlock prevents the machine from automatically
starting up, for example after a protective device has responded
while the machine is operating or after changing the machine’s
operating mode.

The restart interlock can be implemented in the protective device
or in the safety controller.

A command to reset the protective device must be given, for
example using a reset pushbutton, before the machine can be
restarted.

Safety function Function of a machine whose failure can result in an immediate
increase of the risk(s). (ISO 12100)

Safety output A safety output provides safety-related information.

Safety outputs are OSSDs, for example, or safety-related informa‐
tion on a safety-related network.

SIL Safety integrity level

Stop Category 1 Robot motion is stopped with power available to the robot to
achieve the stop and then removal of power when the stop is
achieved. It is a controlled stop, where the robot will continue
along the programmed path. Power is removed as soon as the
robot stands still.

Stop Category 2 A controlled stop with power left available to the robot. The safe‐
tyrelated control system monitors that the robot stays at the stop
position.
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Warning field The warning field monitors larger areas than the protective field.
Simple switching functions can be triggered with the warning field,
e.g. a warning light or an acoustic signal can be triggered if a
person approaches, even before the person enters the protective
field.

The warning field must not be used for safety applications.
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