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Requirements

Training modules: TM210, TM500

Software: Automation Studio 3 with SafeDESIGNER Toolset

Hardware: CPU with POWERLINK V2 Interface / Interface card
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Introduction

1. INTRODUCTION

The training module "ASIST SafeDESIGNER" will help to familiarize you
with the SafeDESIGNER.

Throughout this training course, we will deal with the aspects of safety-
oriented application development and explain the features available in
Automation Studio and in SafeDESIGNER.

We will also go over the documentation requirements of the safety
application and at the end we will implement a realistic sample project with
a standard and safety application.
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Fig. 1: SafeDESIGNER

Using a programmable safety solution opens up new possibilities for
handling errors. SafeDESIGNER enhances Automation Studio by including
all of the functions needed for developing a simple, efficient and cutting-
edge safety application.
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Introduction

1.1 Objective

The goal of this training module is to become familiar with using
SafeDESIGNER as well as the procedure and aspects involved in
developing a safety-oriented application.

You will receive an overview of the features available in Automation Studio
and SafeDESIGNER.

You will learn about the documentation requirements of a safety
application.

You will also learn how to create a safety application and how to perfectly
configure the application to meet your own requirements.

Configuration in Automation
Studio

- /SafeDESIGNER

|pam—

ASiST SafeDESIGNER

_Commissioning and Maintenance

_Developing a Safety Application

'Example Project

Fig. 2: Overview

Caution:

In order to correctly implement a safety application, the applicable
regulations and standards absolutely must be adhered to in all phases
of the safety application's life cycle. This training module only covers
the use of SafeDESIGNER. Therefore, this training module can in no
way replace a sound safety education.
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Configuration in Automation Studio

2. CONFIGURATION IN AUTOMATION STUDIO

From the safety standpoint, Automation Studio manages all of the modules
for the safety-relevant components.

From the Automation Studio standpoint, the SafelO modules act like
functional input and output modules with hidden complexity. Variables can
be connected to the available I/O channels, which are used like normal 1/Os
in the standard application.

Administration involves the following points:

* Adding the SafeLOGIC
» Safety application name

» Data exchange between standard CPU and SafeLOGIC via
communication channels

* Adding the SafelO modules
» Assigning the SafelO modules to the SafeLOGIC
* Access to available I/0 data from the safety components

Note:

Automation Studio Version 3.x with the SafeDESIGNER toolset is
required for developing.

X2¥ Link

PLC [===-4 sl |s0

x
=
el
T BC | SI |so Safel OGIC ID: 1
= SafeLOGIC ID; 1 SafeModule ID: 3
O Safehodule 1D: 2
a

SafeLOGIC

SafeLOGIC ID: 1

Safefodule 1D: 1

Fig. 3: Possible configuration

The SafeLOGIC builds a virtual network around itself. A unique
SafeLOGIC ID must be assigned for each SafeLOGIC. The SafeMODULE ID
represents the number of individual modules in the network. The
SafeLOGIC always has the SafeMODULE ID 1.

Each inserted SafelO module must be assigned a SafeLOGIC. The
SafeLOGIC ID of the corresponding SafeLOGIC is specified. A unique
SafeMODULE ID for the network is then assigned for each module.
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Configuration in Automation Studio

2.1 Adding the SafeLOGIC
The SafeLOGIC is the central collection point for all safety data.

It is added to a POWERLINK interface in Automation Studio. This can be an
interface right on the CPU (e.g. X20 CPU) or on an interface card (e.g.
IF789).

The defined node number for the POWERLINK network must be configured
using the wizards. Additionally, the version of the SafeDESIGNER to be
used is also determined when adding the name of the safety application.

The SafeLOGIC ID is used later to assign the SafelO modules to a
SafeLOGIC. This number is automatically assigned by the system, but can
be changed if necessary.

Note:

Multiple SafeLOGICs can be configured and used in an Automation
Studio project.

PLC

FOWERLINK

SafeLOGIC

Mode number: 1
SafelOGIC 1D 1
SafeModula 1D: 1
Projectnamea: Parth

Fig. 4: Possible SafeLOGIC configuration
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Configuration in Automation Studio

Open the settings for the POWERLINK interface by right-clicking on
CPU:Open Powerlink.

Ord safetyTest /Configl - Autemation Studio

Fle Edt View Insert Open FProject Online Tools Window Help

EHI 2B o~ [ XegG

[Project Explorer < x|

Model no. | st |
ENGTE]

Open Software Configuration
Open Permanent Yariables
Open Variable Mapping

Open Serial

ﬂ Open Ethernet

Open Powerlink

Open LISE

Open ¥25% Link

Open Yirtual Panels

Open 1j& Mapping

Open AR Configuration

Open IF1 Serial Configuration
Open IFZ Ethernet I/0 Mapping
Open IFZ Ethernet Configuration
Open IF3 Pawerlink 1)0 Mapping

c 3 Fo iguration
Open IF6 ¥2X IO Mapping
Open IF& X2X Configuration

Open Profiler
Open Logger

Insert ...
Delete

Update System Components

(5o T [ &ster

Enzhle
Djsable
Propetties ...

Fig. 5: Opening the POWERLINK configuration

Set the operating mode to POWERLINK V2 and save the settings.

Mame |Value | Description
= %g IF3 H20CP1484 (Powerlink)
----- 4 Operating mode POWERLIME W vl
""" a ® MTU size Ethermet
..... a ® Baudate POWERLINK '
POWERLINK

= POWERLIME parameters
----- @ Activate POWERLIMNE comm... on

..... @ Cycle time [ps] 2000
----- @ Multiplexing prezcale 8
..... @ Mode managing node

B Advanced
[ Ethernet parameters
----- @ Activate Ethernet communica... on

..... @ Mode enter [P address ..
----- @ Intemet address
..... 4 Subnet Mask 255.0.0.0

B IM& parameters

----- @ Activate online communication  off

----- 4@ Port number 11161
----- @ IMA node number 1

Fig. 6: Powerlink configuration

The SafeLOGIC can now be added to the POWERLINK interface.
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Configuration in Automation Studio

Open the POWERLINK interface by right-clicking on CPU:Open Powerlink.

U safetyTest /Config] - Automation Studio
File Edi Yiew Insert Window  Help

SA=N- MY N P

[Project Explorer

Gpen Projert Online  Tools

— x|

| st [
|

Model no
Clam  PLCT

©pen Software Configuration
Open Permanent ¥ariables
©pen Wariable Mapping

Open Serial

©pen Ethernet

Qpen USE

Open 52% Link

Open virtual Panels

©pen If0 Mapping

©Open AR Configuration

©pen IFL Serial Configuration
©pen IFZ Ethernet 1/0 Mapping
©pen IFZ Ethernet Configuration
Open IF3 Powerlink 1O Mapping
Open IF3 Powerlink Configuration
apen IF6 ¥2% 10 Mapping

Open IF6 %2% Configuration

©pen Prafiler
Open Logger

Insert ...
Delete

Update System Companents

5 Tio [aster

Enatile
Disatle
Properties ...

Fig. 7: Opening the POWERLINK interface

Open the wizard for adding a new module by right-clicking:Insert.

Uil safetyTest/Config] - Automation Studio - [PLC1.CPU [Powerlink]]
_f File Edit View Insert Open Project Online Tools Window Help

BHGF P BRE o[ XesLaE D

Praject Explorer - %] Slave Moduls | Seve Badl
Model no [ st [] (5% w2
Sl FLCT Ly ”"‘""“"_F
BB RACLTAEE k
TR T Delete
< GoTo
Use 2 Properties...
9

Fig. 8: Inserting a New Module

Select SafeLOGIC Plus (X20SL8001) from the following dialog box.

Select controller module ed
Model no. | Description a|
T BBVPrmeosannoors ACUPOSUli power supply unit
ERE] System B&R K20

r Show customized

H20BCO0B3
H20BC10832
®20BCH083
=205L8000
=20 (1

HET
RE7BCA321
HETRCE321-1
B Powerlink Devices
EPLY2ICH
KEB Combivert FS
Powerlink
bus Devices

B Mod
L~ Modbus TCP Slave

kil

%20 Bus Controller Powerdink

%420 Bus Contraller Powerlink, 15
220 Bus Contraller POMWE
%20 Safell

IF
RLINK, b
OGIC EPL 24y
B 61 S_EPL
System BER BT

Bus Contioller Powerdink.
%67 Bus Controller Powerlink.
Pawerlink Devices

EPL+2 inteligent Cartroller
KEB Combivert F5

Generic Powerlink Station
Modbus TCP/IP Devices
Generic Madbus Station

r

proucts

= Insert module

€ Replace module

< Back

| e |

Cancel

Fig. 9: Select SafeLOGIC

Continue with the wizard by clicking on Next.
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Configuration in Automation Studio

The following view is then shown, which is used to add the node number
for the SafeLOGIC.

- Module: 5LB001
System Powerlink Devices
Type Powerlink contraller
Modsl rumber 20516001
Module address: none

Backplane number:  none
Address: none

| Enlter node number [

This number must canespond with the
dial switch seting on the module

cBack | [ Hews 1] Cancel

Fig. 10: Setting node numbers

Continue with the wizard by clicking on Next.

The wizard can be used to enter the name of the safety application, the
SafeDESIGNER version to be used and the SafeLOGIC ID.

Select Module 21X
Select the file where to store the configuration for the
e module:

Select the function model for the new module:

| detauit |

Enter the name of the SafeDESIGNER project assigned
10 this Safel OGIC module:

Safel OGIC-1

Select the SafeDESIGNER version:

|222203.228 =l
Enter Safel OGIC ID

[1

caoe | [ Fosh ] Cancel

Fig. 11: SafeLOGIC settings

Note:

The SafeLOGIC ID is automatically assigned by the system, but can be
changed if necessary.

Close the wizard by clicking on Finish.
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Configuration in Automation Studio

The Automation Studio configuration for SafeLOGIC can be opened by
right-clicking on SafeLOGIC:Open 1/0 Configuration.

Ol safetyTest/Configl - Automation Studio

Fil= Edit Vew Insert Open Project Online Tools  Windo

PG| BB~ XeddG

| Project Explarar - x|

Model no. I Slat |
Elpe  PLCT
H2OCP148E PLC
Lse 1 IF4

Open If0 Mapping

Open Profiler
Cpen Logger
Open SafeDESIGMER

Insert ...
Delete

G0 To Master

Enafile
Disable:
Properties ...

Fig. 12: Opening the SafeLOGIC configuration

The following view appears for configuring the SafeLOGIC.

POWERLIME, parameters
@ Mode controlled node
@ Responze timeout [us] 25
@ Multiplesed station off
@ Function model default Module's operating mode
By 5 General
- @ Module supervized an Service mode if there is no hardware madule
@ Mode uzed az IP gateway 240
@ SafelOGICID 1
g % SafeMODULE ID 1
-y @ SafeDESIGMER project Safel0GICA
4 Safe Runtime verzion
-y i SafeDESIGMER version 253.203.249
CPU to Safel0GIC communication Conzumed by this SafelL0GIC
4 Mumber of BOOL channelz g
@ Mumber of UIMT channels i}
@ Mumber of UDINT channels i}
El- Safel DGIC to CPU communication Froduced by this Safel OGIC for other CPU s
@ Mumber of BOOL channels 8
@ Mumber of UIMT channels i}
@ Mumber of UDINT channels i}

Fig. 13: SafeLOGIC configuration
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Configuration in Automation Studio

The configuration editor is used to configure communication channels
between standard CPU and SafeLOGIC. There are data points consumed by
the SafeLOGIC (input) and data points produced by the SafeLOGIC (output).

| PLc
-
222
2l |§’
HER
2e) 8
|
| L safeLOGIC

Fig. 14: Communication channels CPU — SafeLOGIC

Among other things, this makes it easy to transfer the signal from an
unsafe acknowledge button to the SafeLOGIC.

The SafeLOGIC I/O Mapping can be opened by right-clicking on
SafeLOGIC:Open I/0O Mapping.

Ol safetyTest,Configl - Autemation Studio

Fle Edit View Insert Open Project  Orline  Tools  Wino
S H@|E BR[o o [ X oote

Project Explorer - x|

Model no. [ skt |
Ems PLC

=20CP1486 PLC
UsE 1 IF4
= IF4£
USB 2 IF5
= IF5¢
551

g
Open 1O Cunfl\;uret\t%

Qpen Profiler
OpenLogger
Open SafeDESIGHER

Insert .,
Delete

Go Ta Master

Enable:
Disable
Properties ...

Fig. 15: Opening the SafeLOGIC I/O Mapping

The following view appears for linking the individual I/O channels with
variables.

a1
UDINT 5]

LDINT o

UDINT ]

UDINT 5]

X UDINT 5]

+@ UDID_figh UINT 5]
@: B00LI0T BOOL 5]
@ B00L102 BOOL e
@ BOOLI3 BOOL o}
@ B00L104 BOOL [T
@ B00L105 BOOL 5]
@ B00LI06 BOOL o
@ BooL107 BO0L ]
@ B00L108 BOOL 5]
+® BODLO0T BOOL 5]
+© BODLORZ BOOL o
+@ BOOLOD BO0L ]
+® BODLONY BOOL 5]
+® BODLOKS BOOL 5]
+© BODLOG EBOOL [F]
& BODLOD? BOOL [T
+® BODLOKS BOOL 5]

Fig. 16: SafeLOGIC I/O Mapping
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Configuration in Automation Studio

The I/O Mapping allows you to connect variables to the individual
configured communication channels.

The number of communication channels between the standard CPU and
SafeLOGIC can be set as desired using the SafeLOGIC configuration.

bw thiz Safel OGIC

| Conszurmed

v @ Mumber of UINT charnels
v @ Mumber of UDINT channels 2

Safel0GIC to CPU communication Produced by this 5afel DGIC for other CPUs
@ Mumber of BOOL channels a

v % Mumber of UINT channels 2

v @ Mumber of UDINT channels 2

Fig. 17: SafeLOGIC communication channels

Note:

The communication channels between the standard CPU and
SafeLOGIC are not transferred securely.

Example: Adding SafeLOGIC

Create a new Automation Studio project with an X20 CPU.

Add a SafeLOGIC standard (X20SL8000) to a POWERLINK interface.
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Configuration in Automation Studio

2.2 Adding the SafelO modules

The SafelO modules can be added right to an X2X Link interface or behind
a POWERLINK bus connector.

Note:

Safety modules can be mixed with normal modules as needed.

The SafeLOGIC ID is used to assign the individual SafelO modules to a
SafeLOGIC.

X2X Link

o PLC [F===-- st S0
x
=
E:I BC | 81 |50 Safel OGIC ID: 1 SafelLOGIC ID: 1
% SafeModule ID: 2 SafeModule 1D; 3
o
o

— SafeLOGIC

Safel OGIC ID: 1

Safefodule ID: 1

Fig. 18: Possible configuration of SafelO modules

Open the X2X Link interface by right-clicking on CPU:Open X2X Link.

Ul safetyTest/Configl - Automation Studio
File Edit Yiew Insert Open Project ©nline Toaols  Window

Pedg t 2R~ | Xeddp

|Project Explarer - x|
todel no. | Slot |
Elmrs PLCT

Open Software Configuration
5 < Open Permanent Variables
o LSpz “Pen Variable Mapping

= Open Serial

g‘ Open Ethernet

QS ®205L801  ©pen Powerlink
Open WSE
ap Link.
©pen Yirkual Pan
Open [}0 Mapping
Open AR Canfiguration
©pen IF1 Serial Configuration
©pen IFZ Ethernet I/0 Mapping
Open IF2 Ethernet Configuration
©pen IF3 Pawerlink If0 Mapping
©pen IF3 Powerlink Configuration
Open [F6 X2X I}O Mapping
Open IF6 %2% Configuration

Open Profiler
Open Logger

Insett ...
Delete

Update System Components

G T [Master

Enable
Disable
Properties ...

Fig. 19: Opening the X2X Link interface
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Configuration in Automation Studio

Open the wizard for adding a new module by right-clicking:Insert.

Slave Module I Slave Backplanel Connectiorl Description

EERL

'—ﬁﬁm—“

Delete

G o
Properties. .,

Fig. 20: Inserting a New Module
Select an SI module (e.g. X20S12100) from the following dialog box.

select controller module 21X

Model no, | Desciiption -~
00T 4 Digital Inputs 24 VDL, Sink. IEC 6
x20014372 4 Digital Inputs 24 WDC, Source J
X20DI4653 4 Digital Inputs, 100-240VAC
20014760 4 Namur IN, 805 VDD
*20DIE371 E Digital Inputs 24 WDC, Sink, [EC £
320016372 & Digita! Inputs 24 VDL, Source. [EC
¥20DIEEEE € Digital Inpute, 100-1 20VAC
%20D19371 12 Digital Inputs 24 VDL, Sink, IEC 1
320D13372 e
2 20151 2 00

2011 gital 4, 20, 24 CAT4
20804120 00 St Digital 41 244 240 CAT
wE7DIT371 B Inputs 24 VDL, <1 ms

HEFDIT371.L08 16 Inputs 24 VDC, <1 ms
KEFDHATILI2 16 Inputs 24 VOC. <1 ms

Digital out Digital output modules
70/108.50-11 9 0utputs 24 VDC /01 A
THNA BO-12 A Mutouts 24 WNC /N1 4 ~
r Show customized 1 | ’_I
products
' Insert moduls | Feplace module

o | [ mews | Cancdl |

Fig. 21: Selecting an S| module

Continue with the wizard by clicking on Next.

The wizard can be used to assign the SafelO module to a specific
SafeLOGIC. This is done using the SafeLOGIC ID. The SafeMODULE ID can
be changed if necessary.

Select Module 2lx|
Select the file where to store the corfiguration for the
new module:

Select the function madel for the new module:

defaut =
Select S afel OGIC 1D
I |

Enter SafeMDDULE D:

|2

caak | Finsh []  Cancel

Fig. 22: SafelO settings

Note:

The SafeMODULE ID is always assigned automatically by the system,
but can be changed if necessary.

Close the wizard by clicking on Finish.
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Configuration in Automation Studio

The SafeMODULE ID can be changed manually if a module is mapped, but
should contain the old SafeMODULE ID.

| S | ‘ o ‘ A SafelO module (SafeMODULE ID 4) should be
mapped from one bus connector to another.

§ g mﬁﬁ The system automatically assigns a consecutive

& *| _ww  SafeMODULE ID number if the module is deleted
: and a new module is added. This must be changed
it to 4 manually.

Fig. 23: SafeMODULE ID
This makes it possible to exchange a SafelO module

without affecting the safety application because the
SafeMODULE ID does not change.

The Automation Studio configuration for SafelO module can be opened by
right-clicking on SafelO:Open I/O Configuration.

Ot safetyTest/Configl - Automation Studio

File Edit ‘Wiew Insert Open Project Online Tools ‘Window

fBEHg d B oo Xe ddm

[Project Explorer - =]

Model no | slot | Desci

Claw  PLCT
®20CP1488 PLC x20QY
Use1 IF4
IF4.£
USE z IF5
IF5.£
551
><2US Laao1 PLC %20 §
“05C Open Ijo Mapplng I
atio

Open Profiler
Cpen Logger

Insert..,
Delete

G0 To Master

Enable
Disable
Properties ...

Fig. 24: Opening the configuration of the SafelO module

The following view appears for configuring an SI module.

Description
- é¢ Function model default Module’s operating mode
- General
@ Module supervised ah Service mode if there iz no hardware module
@ Module information off Additional module infarmation
@ input ghatus information off additional input status information
- @ state number of 2-channel evaluation  off state number information of 2-channel evaluation
- @ SafelOGICID 1
- @ SafeMODULE ID 2

Fig. 25: Safe input configuration

The status of the module's multi-channel analysis can be accessed. The
corresponding status numbers can be found in the user's manual.
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Configuration in Automation Studio

The following view appears for configuring an SO module.

MName |\u‘a|ue | Description
By op [FEST2 | ®20502120
p @ Function madel default Module’s operating made
ey B General
» @ Module supervised an Service mode if there is no hardware module
~ @ Module information off Additional madule information
@ output status information off Additional output status information
@ restart inhibit state infarmation off Provide restart inhibit state infarmation
~ @ Physical state infarmation off Pravide read back values for all channels
- @ SaleLOGICID 1
ey @ SaleMODULE 1D 3
@ max switching frequency channel 1 1 Hz max switching frequency
e @ mar switching frequency channel 2 1 Hz max switching frequency
= Output signal path
# @ DigitalOutputdl direct
- @ DigitalD utputD2 direct

Fig. 26: Safe output configuration

The required switching frequency of the output can be defined for each SO
module channel. An internal check is made, after a specific amount of time
has elapsed (depending on the switching frequency), to determine if the
output was really switched off and the output must be 0 during this time
before it can be turned on again. Incorrect configuration of the switching
frequency can cause unintentional errors to occur.

Fig. 27: Switching frequency

Note:

Make sure that this switching frequency is supported by the connected
actuator.

On an output module, the approval principle can be defined additionally for
each individual channel. The output channel is either shown or hidden in
the I/0O Mapping depending on the set approval principle.

L

Mame |Value | Description

= 1 %m IFESTZ %20502120
» @ Function madel default Module’s operating mode
-

General

@ Module supervised an Service mode if there iz no hardware madule
@ Module infarmation off Additional madule infarmation
@ output status information off Additional output status information
@ restart inhibit state information off Provide restart inhibit state information
« & Physical state information off Provide read back walues for all channels
@ SafelOGICID 1
@ SafeMODLLE ID 3
@ max switching frequency channel 1 1Hz max switching frequency
@ max switching frequency channel 2 1Hz max switching frequency

Dutput sighal path

- @@ DigitalOutputdl direct ‘I

@ DigialDuputl2 f

direct
via Satel OGIC

Fig. 28: Approval settings in Automation Studio
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Configuration in Automation Studio

Two different settings can be made for the approval principle:

» ‘"direct": Output channel is visible in the I/O Mapping
» ‘"via SafeLOGIC": Output channel is hidden in the I1/O Mapping

,direct” Wvia SafelLOGIC”

PLC SO as PLC S0

Process Control from CPU Constant TRUE
Quiput Quiput
& . & =

Safe Cantrol from SafelOGIC Safe Control from Safel OGIC
SafeLOGIC SafeLOGIC
Release Qutput Release Output

Fig. 29: Approval principle

The restart inhibit status of each channel can be accessed. The
corresponding status numbers can be found in the user's manual.

The 1/0 Mapping for a SafelO module can be opened by right-clicking on
SafelO Module:Open I/O Mapping.

Ol safetyTest /Configl - Autemation Studio
File Edit Wiew Insert Open Project Online Tools  ‘Wine

HER-R= - IR RN

[Project Explorer ~ x|

Model no. [IEEl
ENGTE]
H2OCF1486 FLC
USB 1 IF4
IF4.
UsB 2 IF5
IF5.€
9 551
&: 20518001 PLC

open IjO Configuratlo§

Open Profiler
Open Logger

INSErt .
Delete

50 To Master

Enable
Disable
Properties ..,

Fig. 30: Opening the I/0O Mapping for a SafelO module

The following view for an S| module appears for accessing the individual
I/O channels with variables.

24D, <50 us switching delay, sink
24D, <50 us switching delay, sink

+ SafeDigitallnputll BOOL
+@ SafeDigitallnputdz BOOL

Equivalent FUE channel 1/2
Antivalent FUB channel 1/2

+ SafeEquivalentlnputl02  BOOL
+ Safedntivalentinputd10z  BOOL

DE @E

Fig. 31: 1/0 Mapping of an SI module
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Configuration in Automation Studio

The 1/0 Mapping can be used to connect variables to the individual inputs
or to the automatic multi-channel analysis provided.

.Equivalent’ OR ,Antivalent

mputify _____SU______ ||
nput2 ), o _ _ ______ | |
it

|

| Equivalent

{— S onamela 5 EquivaleniOut H—
L = channeis

Discrepancy Time

Input 1 Sl

Input 2

[ Automation Stuia | [ Automation Studio |

Fig. 32: Multi-channel analysis

Note:

The multi-channel analysis is configured automatically in
SafeDESIGNER.

The following view for an SO module appears for accessing the individual
I/O channels with variables.

Channel Hame |D§t_§ Tupe | Task Class [PV or Channel Name | Inverse [Source Fi_IE |Descﬂphnn [1]

JHoduleDk |BOOL ] todule statuz [1 = module present]

&+ DigitalDutputl BOOL [}
&+ Digitaldutput02 BOOL [}

Fig. 33: 1/0 Mapping of an SO module

The I/O Mapping can be used to connect variables to the individual
outputs, depending on the set approval principle.

Example: Adding SafelO modules

Add an S| module and an SO module on the X2X Link interface of the
X20 CPU in your project.
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Configuration in Automation Studio

2.3 Cross Link Task

The Cross Link Task is used to copy data from the local X2X-Link or from
another POWERLINK network to the POWERLINK network which contains
the SafeLOGIC. A cycle time can be defined in Automation Studio for this
copy procedure.

Note:

The Cross Link Task runs on the CPU.

Right-click on the CPU, select Properties and go to the Timing tab to reach
the mask for defining the cycle time.

System Software Properties 5[

Resounces | File: Devices | Time S_l,lnchronisationl Internet File S_I,Jsteml
><20CF'1484| Memor_l,.ll S_I,Jsteml Hebootl Communication  Timitg

@ Software for B&R 2000 PLC
Systerm timer ICPU Timer j
System tick (CPU-Timer) | 1000 ¢

& ultiple valie of systemn tmer cycle (1000 ps I—_I
| Dividing walue of sytem timer cycle (1000 p:]

Idle taskclas: IC_'.JcliC #2 j

Taskelass idle time I

¥ Use default
Duration

Tolerance

(1] Cancel | Help |
Lt

Fig. 34: Cross Link Task cycle time
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SafeDESIGNER

3. SAFEDESIGNER
SafeDESIGNER represents the core of the safety programming.

The SafeDESIGNER is used to create the safety application, which will run
on the SafeLOGIC, and to configure the individual modules. To do this, all
of the safety-related components that are assigned to the corresponding
SafeLOGIC are automatically taken from the Automation Studio
configuration.

The safety application (i.e. SafeDESIGNER) can be opened for the selected
SafeLOGIC by right-clicking on SafeLOGIC:Open SafeDESIGNER.

Ul safetyTest/Configl - Automation Studio

File Edit Wiew Insett Open Project Online  Tools

s dg|) BRo o[ Xe.

| Project Explorer v x|

Madel no. I Slot |
=] FLCY
X20CF1486 PLC
Use1 IF4
IF4.5
Use2 IF5
5 IFE.E
551

g

.

Gz ng” ?2 Sapf'"g .
e pen Ij0 Configuration

Open Prafiler
Open Logger
Open SafeDESIGHER

ISErt o
Delete

Go Ta Master

Enatle
Disable
Properties ...

—_— T

Fig. 35: Opening SafeDESIGNER

The SafeDESIGNER is started and a login window is displayed.

odelro:

SaieMODULE D: -
mpot e

For Help, press I

Fig. 36: SafeDESIGNER - Login window
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Note:

You will be requested to create a user ("Administrator" group) the first
time the SafeDESIGNER is started.

The SafeDESIGNER functions are available after logging in successfully
(username and password), depending on the user's rights.

[earurmtren —;‘[ & Toolbar E|
.00 4 | oot |
Oraon_s I e
& a0 i dirsd |
DS )
20 Wizard S
o i
s e
& CTUD “l:i‘
o oo = Workspace
W EQ
£0 5 __'21 =
EjeTy e
SF_MogeSelectar™ (=5
briigy Rl [
= Logeai PO Asing]
18] man™ '\_’.
mrr-i-w'f
B
= Lot
Project —
Structure
| o
Module Parameter Message Window

10 Mapping

Fig. 37: SafeDESIGNER
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Various basic functions such as compiling, establish online communication,
etc., can be performed using the horizontal toolbar in SafeDESIGNER.

5
Zoom In Zoom Out J Project Tree | Editifzand SafePLC

% .8

Toggle W3 | Global dec!

Messages  HReferences Compile |\/ariablesl...

Fig. 38: Horizontal toolbar

e Zoom In, Zoom Out: Zooming

* Project Tree: Project view window shown / hidden

e Edit Wizard: Edit Wizard shown / hidden

 Messages: Message window shown / hidden

» XReferences: Window for cross-references

« Toggle WS: Toggle between worksheet and local declaration
* Global declarations: Show global declaration

e Compile: Compile safety application

» Variable status: Show variable status (monitor mode)

« SafePLC: Open communication window for SafeLOGIC

The vertical toolbar is only enabled when the focus is in the worksheet.
This toolbar can be used to perform various basic functions for the graphic

editor.
* Mark: Set mark (2
* Connect: Draw connection between function e
blocks =
* Undo: Undo last action =5
« Variable: Create new variable =
* Insert comment: Insert comment to worksheet

* Network: Inserta LD network

* Right, Left, Parallel, Add coil right, Left powerrail, o
Right powerrail, Contact type: Commands in a ot
LD network

Fig. 39: Vertical toolbar

Note:

Help for the SafeDESIGNER can be called up using the F1 key or via
?:Contents.

TM510 ASIST SafeDESIGNER



SafeDESIGNER

A safety application is developed in SafeDESIGNER by following these
steps:

* Program safety functions

* Link the I/O channels

» Configure the modules

» Establish online communication and perform a download
* Application diagnostics

* Create documentation

1 2 3 4 5 6

Pragramming VO Connection  Parameterization Download Diagnose Documentation

Fig. 40: Creating a safety application
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3.1 Program safety functions

The programming interface in SafeDESIGNER is a graphic editor, which
supports the programming languages LD and FUB. The programming
languages can be used together as needed.

In addition to the graphic editor, the programming interface also includes
an Edit Wizard, for managing the safety application's function blocks and a
window showing the current project structure.

o 5 =
[alFusandrs o |1
Name. - +
aaaaaa
& DD
T ADD_S )
W AND e
I+ AND_S 2]
ECTD \rizble
Endu il
T e
ToTs
FE X
T CTuD_S | e |
T EN_DUT
®EQ Fight
TE0S _';| -
« » Left
B3 Libraries T
) lector Farsll
Polm Stop_SF
i L5 PLCopen_SF_Dem o
E1-E3 Logical FOUs
[0] Main® e
Lt pouera
-
o pone
S
aaaaaaaaa

1«1 | LILI

& wan |

Fig. 41: Programming interface

Note:

The safety application is a Single Task System. That means that
everything is programmed in one worksheet (Main).

You can create your own function blocks. This will be explained in
greater detail later in the training module.

Strict data type separation is used when programming in SafeDESIGNER.
There are normal and safe data types.

Normal data types Bit Safe data types Bit
BOOL 1 SAFEBOOL 1
BYTE 8 SAFEBYTE 8
WORD 16 SAFEWORD 16
UINT 16 SAFEINT 16
TIME 32 SAFETIME 32
DWORD 32 SAFEDWORD 32
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Note:

It is possible to convert safe data types into normal data types.

3.1.1 Edit Wizard

The Edit Wizard can be used to add the available function blocks to the

worksheet.
roup:

<all FUs and FBs> i
Name I -
bt 0

THaDD_S

& AND b
THaMD_S

&0

Endn vl

&ECTU

s

W CTUD

fFcTun_s

THEN_OUT

&*EQ

THEn.S =

N _>|J

Fig. 42: Edit Wizard

The function block view can be grouped (e.g. show all safe FUBs, show all
normal FUBs, show all FUBs from a certain library).

Group:

<all FUs and FBs> =
<all FUs and FBs> =

<PLCapen_EStop_SF>

«PLCopen SF_Demox

<5F_Mnde‘55lect§

FUs/FBs iz
Safe FUs/FBs sl

WD Counts
fFeros Count
&Y Counk
TFCTus Counts
& CTUD Counte
fFCTun_s Count
THEN_OUT Enable

Fig. 43: Group Edit Wizard

Note:

Normal function blocks are displayed with red in accordance to IEC
61131-3, safe function blocks are displayed with yellow in accordance
to IEC 61131-3.

Function blocks from the PLCopen Safety Library are marked with a red
S and yellow background.
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3.1.2 Adding a FUB to the worksheet

A drag & drop function is provided for adding a function block to the
worksheet.

To do this, you must first select the corresponding function block in the
Edit Wizard.

Group: ’T
[ <all FUs and FEs> =l Mk
[Mame [l . = B
orne
& a0D ) _ . +
THAD0_S | o
E ] e
H
&LTD farable:
Engu B e
:!: ETu INEEr comm. ...
TCTuS e
W CTUD i
{FCTUD 5 Netuori
TFEN_DUT -
e _rior |
i;r EOD 5 ;IJ "
Left.
= @ Libraries -
[ @ SF_ModeSelectar ol
L PLCopen_EStop_SF*
% PLCopen_SF_Demo® ﬂ—(.)
-3 Logical POUs fdd ol gt
(0] Main® i

Fig. 44: Selecting a function block in the Edit Wizard

This function block can now be dragged into the worksheet by holding
down the left mouse button and dropped by releasing the mouse button.

Group: Iy
<all FUs and FBs> - LR
Mame — [a[ =
ot
B oo o
THADD_S | =]
B AND Uil . _ A g
=
| CTD wariable -
fCrns
! cTu Insert com...|
frcrus
i CcTup fir]
T cTuns e |
IFEN_OUT HE
®;EQ Fighe
Left
=3 Libraries oy
LB SF_MadsSelector i
[ PLCopen EStop SF*
L PLCopen_SF_Demo® 4
E1-23 Logical POUs el il igie
(8] Main® i

Fig. 45: Dragging a function block into the worksheet
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The function block is inserted at the desired position by left-clicking.

Gioup: N
<all FUs and FBs> ~ Mk
Name =
&0 onne
T ADD_S o AND S
W END Unde .,
TaNDS 2
&CI0 “ariable
fFcios — S
o e :
Forus Vheas curne,
& CTUD A
TCTun_s Hexwork
THEN_OUT o
®E0 Fight
e _.|—| P
Lkt
- Libraries -
12 5F_ModeSelector i
L& PLCopen EStop SF*
L& PLCopen SF_Dema™ !
-3 Logical POUs A eoil gt
(] Main® o

Fig. 46: Function block added to the worksheet

If a more complex function block (e.g. emergency stop from the PLCopen
Safety library) is added, then a dialog box appears for creating a respective
instance variable with the respective data type.

5I
TN
Matme SF_EmergencyS‘tnp_1| - C |
Data type SF_EmergencyStop LI
Group Scope
Description & Local
| Global
£ Constant

Fig. 47: Instance variable for a function block

3.1.3 Insert a New Variable

The Variable button is provided in the toolbar for adding a new variable.

‘Jariable

Fig. 48: Button for adding a new variable

A wizard is opened for setting the variable name, data type and scope for
the variable.

x
‘ | ok g, |
Mame x
| Cancel
Data type SAFEBOOL |
Group Scope
Usage A & Local
Description
E=c ikl " Global
Init
 Constant

Fig. 49: Settings for the variable
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The Scope parameter can be used to choose between 3 different settings:

e Local: for the current worksheet
e Global: for an I/0O channel
« Constant: Constants

Note:

The wizard can also be opened via Object:Variable.

Local variables are only used in the current worksheet. To do this, the
Scope parameter is set to "Local" and the name and data type of the
variable are defined.

x

| oK

ame “ariabl C | i

Data typs SAFEBOOL 4””08

Group Scope

Usage WAR & Local

Dezcription

: i " Global

Init
" Constant

Fig. 50: Adding local variables

The variable is added at the current cursor position after the dialog box has
been confirmed.

fa

Connect

s-Variabll-=

K

=]
Fig. 51: Variable in the worksheet

The Toggle WS button is used to toggle between the Code view and the
Declaration view of the current worksheet.

Taggle Wi

Fig. 52: Buttons for toggling the view
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All of the declared local variables from the worksheet are displayed in the
declaration view.

| [k Mame I Data type I Usage I Drescription I It | Diag
s =] HewGroup
o 2 atiakll [saFEBOOL [var [ [ '
Conmert

Fig. 563: Local variable declaration

Global variables are only used for I/O channels. To do this, the Scope
parameter is set to "Global" and the name and data type of the variable are
defined.

Yariable x|

| oK. |

Mame Safelnputi | - C i

Data type SAFEBOCL Ll

Group e Group Scope

Description " Local

Init

AutoEN_OUT [T ) Globel
 Constart

Fig. 54: Adding global variables

The variable is added at the current cursor position after the dialog box has
been confirmed.

-
= Safelnputl =

o N
Undo

Fig. 65: Variable in the worksheet

Note:

A global variable must always be assigned an I/O channel. Global
variables that are not connected to an I/O channel will cause an error
message when compiling.

The Wizard can also be used to add constants to the worksheet. To do this,
the Scope parameter is set to "Constant" and a pre-defined constant is
selected.

x
oK %_l
Mame SAFETRUE - Cancel
Diata type 4 ol —I
EE Scope
" Local
" Global

& Constant

Fig. 56: Adding constants
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The variable is added at the current cursor position after the dialog box has
been confirmed.

2 B
Unda

Fig. 57: Constants in the worksheet

Note:

Constants can be added for different data types using
DATATYPE#VALUE (e.g. SAFETIME#duration for a time constant).

3.1.4 Linking a function block

Click on and mark a variable to link it to an input or output.

Connect . ANDis

Fig. 58: Marking a variable

The variable can now be moved in the worksheet by holding down the left
mouse button.

Connect . . . . ANDis

5 eSS I
Undo

—

Fig. 569: Moving a variable

Release the left mouse button to link the variable with an input or output.

Connect AND_S

Fig. 60: Variable linked with input
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A function block's output is often linked with the input of the next function
block. These type of connections can be made using the Connect button.

Fig. 61: Button for drawing connection lines

L AND_S
testl— e

AND_S
test2—

T
!

T

£

Camiment

Fig. 62: Example for connection lines

The Connect button must be pressed before drawing a connection line
from the output to the input of the next AND function block.

The cursor changes in the worksheet after the button has been pressed.

y

ek AND_S
o testl— e

- : : AND_S

Untio t_eStz__ o Iy — -

g ) N -
Wle . -

?

fes]

Comment

Fig. 63: Changed cursor

Now move the cursor to the output, left-click and drag to the input. A
wizard helps draw the line.

it AND_S

——

Connect teSt 17
: : - | AND_S
i test2—
= | . . 2 —

| 315

“ariable

£

Comiment

Fig. 64: Drawing a connection line
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Release the left mouse button to mark the final connection line in the

worksheet.
&
erk AND_S
e testl—
- . - |AND_S
e test2—; R | o
E= o
?
£ I}L:— _
Comment.

Fig. 65: Finished connection line

Example: Adding a function block

Add an AND function block to the worksheet. Link an input with a local
variable.

3.1.5 Insert comment to worksheet

The Insert Comment button can be used to add a comment at the current
cursor position.

B
Inzert com.™

Fig. 66: Button for adding a comment

A window is opened for entering text including various text options.

il 1 _>l:I
Cancel Help Font>s | I Addfame.

Fig. 67: Adding a comment

A separate window is opened for making various text settings.

The comment is added at the current cursor position after the window has
been confirmed.

- Test comment

Fig. 68: Adding a comment in the worksheet
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3.2 Linking I/O channels

The 10 Mapping window is used to establish an interface between the
safety-relevant components in Automation Studio and SafeDESIGNER. This
window can be reduced to the configured safety components.

The 10 Mapping window can be used to link variables that are used in the
safety application with the I/O channels of the modules.

Charnel Name_/ sot | Wariable CPU Wariable | Commen t
=% 5Ll SafelOGIC 1D 1
- ® 5L1.5M1 IF3.5T1 #205L6001
ZsllsMz TFE.STH 420512100
5L1.5M3 IF6.5T2 20502120

Fig. 69: 10 Mapping window

Note:

The |0 Mapping window mirrors the SafeLOGIC virtual network
explained earlier.

All channels that have a yellow arrow are safety-relevant and must
reference to safe data types.

The data is sorted according to the different buttons selected.

ﬁ Channel Name . o Slot | variable [ cPUvariable |
EEFET by sa

Fig. 70: Sort IO Mapping window

The safety components are sorted in the "Channel Name" column according
to their SafeMODULE ID.

The physical position of the safety components is listed in the "Slot"
column. This display is for information purposes and cannot be changed in
SafeDESIGNER.

The "Variable" column contains the name of the I/O data point in the safety
application.

The "CPU Variable" column contains the name configured in Automation
Studio for the /O data point.
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3.2.1 SafeLOGIC (SL)

The configurable communication channels are available for the SafeLOGIC.
Additionally, access to the machine option parameters is available in a
SafeLOGIC Plus variation.

Channel Mame 4 | Slat | Yarigble | CPLI Yatighle |
=3 Bl Safel ol 1D 1
=-&]% 5L1.5M1 IF3.5T1 %205L5001
----- @ 5L1.5M1.BOOLO01
----- @ 5L1.5M1.BOOLO0Z
----- @ SL1.5M1.BOOLO0S
----- @ SL1.5M1.BOOLO04
----- & 5L1.5M1.BOOLO0S
----- & 5L1.5M1,BOOLO0G
----- @ SL1.5M1,BOOL007
----- @ 5L1.5M1,BOOLO0S
--op@ SL1,5M1, SafeMachineOption0d
oo 5L1,5M1, SafeMachineOptiondl
oo 5L1,5M1, SafeMachineCptiondZ
oo 5L1,5M1, SafeMachineCptiond3
oo 5L1,5M1, SafeMachineOptiond4
oo 5L1,5M1, SafeMachineCptiondS
- 5L1,5M1 . SafeMachinedptionds
ol 5L1.5M1. SafeMachinedptiond?
ol 5L1,5M1. SafeMachineOptionds
ol 5L1,5M1. SafeMachinedptiondd
ol 5L1,5M1. SafeMachinedptionia
ol 5L1.5M1. SafeMachineOptionl 1
o 5L1,5M1. SafeMachineOption1z
o S5L1.5M1.SafeMachineCption 3
o 5L1.5M1. SafeMachineCption 14
-0 5L1,5M1. SafeMachinedption 1S
[+ F 5L1.5M2 IF6.5T1 X203Iz2100
[+ SL1.5M3 IF6.5T2 K20502120

Fig. 71: 10 Mapping - SafeLOGIC

Note:

Machine option parameters will be explained in greater detail when
covering the SafeLOGIC parameters.

3.2.2 Safe Input

The individual input channels are available for a Safe Input module.
Additionally, the multi-channel analysis can also be accessed as well as the
module status information.

= Channel Marne i | Slok | Yariable |CPLI Yariable

SafelOGIC ID 1
-ES SL1.5M1 F3.5T1 %205L8001

g ; SL1.5M2 IF6.5T1 20502100

opl 5L1,5M2, SafeDigitallnput0l Inputl

oo SL1,SM2, SafeDigitallnput0z Inputz

-opl 5L1,5M2, SafeEquivalentInput010z

oo 5L1,5M2, SafedntivalentInput0 102

- op@ 5L1,5M2, SafeChanneiok0l

- op@ 5L1,5M2Z, SafeChannelOk0z

oo SL1,5M2, SafeEquivalentOK0102

ool 5L1,5M2, SafefntivalentOk0102

[]---ﬁ SL1.5M3 IF6.5T2 ®20502120

Fig. 72: 10 Mapping - Safe Input
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3.2.3 Safe Output

The individual output channels are available for a Safe Output module as
well as acknowledgement of the automatic restart inhibit. In addition,
status information about the module can also be accessed.

:‘ Channel Marne i | Slok: | Yariable | CPU Wariable |
Safel OGIC ID 1
£ sL1.5M1 IF3.5TL ¥205L8001
m-ES 5L1.5mz TF&.5T1 ®Z0SIZ100
E-£ly SL1.5M3 TF6.5T2 ®AS0Z120

@ SL1,5M3, SafeDigitalOutputol
@ 5L1,5M3, SafeDigitalOutputD2

- op@ 5L1,5M3, SafeChannelOK0l
o 5L1,5M3, 3afeChannelok0z

- op@ 5L1,5M3, SafeCurrentOkO1

@ 5L1,5M3, SafeCurrentOK0Z
@ SL1,5M3 PhysicalStateChannelol
- o@ 5L1,5M3, PhysicalStateChannel02

Fig. 73: 10 Mapping - Safe Output

3.2.4 Linking an I/O channel with a new variable

An |/O channel must first be selected in the IO Mapping window before it
can be linked with a variable.

Channel Marne i | Slak | Wariable | CPL Yariable
= 5L Safel OGIC ID 1
® 5L1.5M1 IF3.5T1 20518001
EI g SL1.5Mz2 IFG.5T1 *203I2100

SafeDigitallnput0l Inpukl

--cpf 5L1.5M2, SafeDigitallnputDz Inputz
o SL1,5M2, SafeEquivalentInput010z
- 5L1,5M2 SafedntivalentInputd 102

E I T, Lo B o - B P

Fig. 74: Marking an I/O channel

This I/0 channel can now be dragged to the worksheet by holding down
the left mouse button.

K1)
& v |

Fig. 75: Dragging the 1/0 channel into the worksheet

ASiST SafeDESIGNER  TM510 37



SafeDESIGNER

After releasing the mouse button, the familiar dialog box is opened for
declaring a variable for this I/O channel for the safety application.

9
| oK ! |
SafeDigitalinput] C |
Data type SAFEROOL 4”“3
Group Soope
Description  Local
% Global
= Constant
— Object type:
& \ariable " Contact " Cail Type:l vl

Fig. 76: Declaring a variable for the I/0 channel

Note:

In the event that a variable was already specified for an input in
Automation Studio, the Wizard automatically suggests this as the
variable name. Changing the variable name in Automation Studio later
on does not affect the safety application in any way.

The variable can be placed in the worksheet after the dialog box has been
confirmed.

K1

Fig. 77: Placing a variable

The variable position is set by left-clicking the mouse.

+ SafeDigitallnput1 -

3

Kl

Fig. 78: Variable in the worksheet
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In the 10 Mapping window, the variable name of the safety application is
added to the corresponding I/O channel.

:‘ Channel Mame 4 | Slak | Yariable | CPL Yatiable |
=35 5L1 SafelOGIC ID 1
-] sL1.5m1 IF3.5T1 %205L8001
: TF6.5T1 %20512100

3L1.5M2

eDigitalInputdl Safeligitallnputl  Inputl

o 5L1.5M2, 5aFeDigitallnput0z Inputz
o 5L1,5M2, 5afeEquivalentInput0102
Leop 5L1,5M2, 5afedntivalentInputd102

Fig. 79: 1/0 channel with the name of the variable

The Global declaration button is used to change to the declaration view for
global variables.

‘ Glneu.% |

Fig. 80: Button for global declaration view

All global variables are displayed in the declaration view. The "Terminal"
field shows the link to the I/O channel.

| Neme | Dotawpe |  Desoipion | Terminal | it | Aue
El TiewGroup
2 @y [SateDigtalnput! | SAFEBOOL | SL1 52 SafeDi | [

P Man (2 Glohal Vais

Fig. 81: Global declarations

3.2.5 Linking an I/O channel with an existing variable

As explained earlier, global variables that you have created must be linked
with an I/0O channel.

The Global declaration button is used to change to the declaration view for
global variables.

Global decl®

Fig. 82: Button for global declaration view
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A global variable that is not connected with an I/O channel is displayed
with a red terminal field.

I Mame I [ ata type I Description | Terminal I It |.t'-\uto

1 =

Fig. 83: Global declarations

An |/O channel must first be selected in the IO Mapping window before a
link can be established with a variable.

Channel Mame i | Slak: | Yariable | CPL Yariable |

SafelOGIC ID
IF3.5T1 #205L5001
IF6.5T1 A205Iz2100
Inputl
Inputz

feDigitalinput0l
.SafeDigitalInputdz
e 5L1.5M2 . 5afeEquivalentInput0102

Fig. 84: Selecting an I/O channel

The 1/0O channel is clicked and dragged to the variable's terminal field.

I MHame I [ata type | Description | Terminal I it I Auta |

1 =
2 @ [SafeDigitallnput!  [SAFEBOOL | [SL1 5M2 Safeligitalnputd? | [ =

Fig. 85: Variable linked with 1/0 channel

In the 10 Mapping window, the variable name of the safety application is
added to the corresponding I/O channel.

:‘ Channel Mame f| Slat | Yarigble | CPLI Yatighle |

=5 5L Safel OGIC ID 1

SL1.5M1 IF3.571 A205L5001
SL1.5M2 IF&.5T1 A205I2100
=45 SR FeCigitallnputol Safeligitallnputl  Inputl
@ SL1.5M2, Safeligitalinputdz Inputz
o SL1.5M2,SafeEquivalentInput0102

EE A =LY - VRN N, ST, T T

=
s

Fig. 86: 1/0 channel with the name of the variable

Example: 1/0 link

Link the input of the function block created earlier with an input channel
and the output with an output channel.

1 2 3 4 5 6

Pragramming VO Connection  Parameterization Download Diagnose Documentation

Fig. 87: Creating a safety application
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3.3 Configure the modules

The parameters for a component can be defined using the parameter editor
by selecting a safety component in the |0 Mapping window.

hodel no. X205L8001
Description:

SaleMODULEID: 1

Imprt fil:

| Value

|Basic Release
|2000

aul
i ves
5000

5 5000
ime_us [5000

|200
|200
ieTime_us |0
ime_us 50000
pion00 Ci
oFF
oFF
GFF
GFF
GFF
GFF
Cid
oFF
oFF
oFF
oFF
oFF
Cid
Cid
GFF

Fespnsa_ T peants Y, commsonns ) ALt/

Fig. 88: Parameter editor

Note:

The "ALL" tab should always be enabled in the parameter editor in order
to see all of the required parameters.

3.3.1 General parameters

Min_required_FW_Rev — Minimal required Firmware Revision
Specifies the minimum firmware version required.

Optional
Specifies whether or not the module is optional.

External UDID
External machine configuration

Synchronous_Network_Only- Synchronous network
Specifies whether the network (cycle times) is synchronous

Max_X2X_CycleTime_us - Maximum X2X cycle time
Maximum X2X cycle time that can be set in the standard application

Max_Powerlink_CycleTime_us — Maximum POWERLINK cycle time
Maximum POWERLINK cycle time that can be set in the standard
application
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Max_CPU_CrossLinkTask_CycleTime_pus — Maximum crosslink task cycle
time

The crosslink task runs on the standard CPU and is used to copy data from
the X2X Link and POWERLINK interface.

Maximum crosslink task cycle time that can be set in the standard
application

Min_X2X CycleTime_us — Minimum X2X cycle time
Minimum X2X cycle time that can be set in the standard application

Min_Powerlink_CycleTime_us — Minimum POWERLINK cycle time
Minimum POWERLINK cycle time that can be set in the standard
application

Min_CPU_CrossLinkTask_CycleTime_yus - Minimum crosslink task cycle
time

The crosslink task runs on the standard CPU and is used to copy data from
the X2X Link and POWERLINK interface.

Minimum crosslink task cycle time that can be set in the standard
application

Worst_Case_Response_Time_pus — Worst case response time
Safety Response Time Calculation

1. Enter values in white fields, time values are always in ps

x2x Pwerlink Pwerlink Pwerlink Pwerlink x2x
Safelo BCD083 cPU SafeLOGIC] cPU BC0083 Safel0
] ] I ] I ]
communi-

communi-

1.000 no 1.000 1.000 o 1.000
1.000 no 1.000 1.000 o 1.000
twork yes yes |

[ netwol
[SafeLOGIC cycle time 2000
[Number of paket loss on network 0 L 1 [

Fig. 89: Response time

3.3.2 Specific SafeLOGIC parameters

Cycle_Time_pus - Cycle time
This parameter is used to define the cycle time (in us) of the safety
application.

Commissioning - Option parameter

These parameters can be used to implement variable machine options.
They can be enabled or disabled during commissioning. The individual
option parameter channels are located in the IO Mapping window by
SafeLOGIC, and can therefore be integrated right into the safety
application.
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3.3.3 Specific Sl parameters

Puls_Mode - Pulse mode

* 'internal": This setting is used to apply the module's own clock
generation. It is used in one-channel and two-channel switches.

Pulse 1
Input 1
Pulse 2
Input 2
Pulse 3

Input 3

Pulse 4

Input 4

Fig. 90: Pulse mode "internal"

» ‘"external": This setting is used for multi-channel switches and very
long cable lengths.

Pulse 1 Pulse 1

Input 1 Input 1

Pulse 2 Pulse 2

22 Input 2

Pulse 3 Pulse 3

Input 3 Input 3

Pulse 4 Pulse 4

Input 4

Input 4

Fig. 91: Pulse mode "external"

Note:

All of the switch's channels that are being used must be configured to
"external”.

* '"no Pulse": This setting is used for active sensors (light curtain, laser
scanner). The module's clock generation is disabled with this setting.
Any gaps in the test for the connected OSSD outputs must be
masked out with the filter parameters.

24V
Pulse 1

Input 1

Pulse 2

Input 2

Pulse 3 24V

Input 3

Pulse 4

Input 4

1

Fig. 92: Pulse mode "none"

ASiST SafeDESIGNER  TM510



SafeDESIGNER

Filter_Off_us - Filter for Low time
This parameter is used for the High-Low transition. For example, it can be
used for OSSD signals to bypass the Low time.

Filter_On_pus - Filter for High time

This parameter is used for the Low-High transition. These parameters can
be used to extend High-signals that are too short so that they can be
detected by the system.

Discrepancy_Time_us - Discrepancy time
Used for multi-channel analysis and determines with which time interval
the two switching elements should change their state.

Note:

Multi-channel analysis is handled automatically by the system. A check
is made to determine which channel of the multi-channel analysis will
be used in the safety application.

3.3.4 Specific SO parameters

Disable OSSD - Disable OSSD (Output Switching Sensor Device)
This parameter can be used to disable the internal automatic switch-off test
for the channels.
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3.4 Online communication and download

With the Compile button, the safety application is compiled, assigned a
unique CRC number and can then be transferred to the SafeLOGIC.

Compile

Fig. 93: Button for compiling

A message window is used to show the compiling progress.

Generating code ... 2]
—————————— Frontend End ----------
————————— Backend Begin ----------

Reading assemblies...

Creating instance tree...

Generating varisbles and debug list...
Generating code...
Generating memory compare list...

Generating code image...
Success fully finished

Backend End
Creating project checksum table ...
0 Error(s), 0 Warningis)

3 <[ » ] Build £ Errars i ¥Warnings Ji Infos A_SafePLC Errors J\ Print

Fig. 94: Message window

The safety application can now be transferred to SafeLOGIC via online
communication.

There are a few ways to establish online communication with the
SafeLOGIC:

» Direct connection (point-to-point)
e Via the standard CPU

Direct connection

192.168.100.xxx

)

192.168.100.4

SafeLOGIC
————————— —+| Mode number: 4

Fig. 95: Online via direct connection

An IP address is set on the PC from the address area of the POWERLINK
network (192.168.100.xxx). The SafeLOGIC always has the defined node
number as the last digit in the IP address.
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Via the standard CPU

192.168.75.30x
= —

|

192.168.75.xxx

‘m
L

192.168.102.4

SafeLOGIC
MNode number: 4

———————— —— )
POWERLINK Ling 2

POWERLINK Line 1
|
+

192.168.101.4

SafelLOGIC
Node number: 4

_________________"’f

r
+[

Fig. 96: Online via the standard CPU

If available, a direct connection (point-to-point) to the standard CPU can be
used to establish online communication to the SafeLOGIC. To do this, the
standard CPU automatically routes the data.

The route to the SafeLOGIC via the standard CPU must be specified on the
PC. A Windows command is provided for this purpose.

P Route zu SL.bat - Notepad

File Edit Format Wiew Help
fFoute add 192.168.101.0 mask 255.255.255.0 192.168.75.147

* route add: Windows command for adding a route

 192.168.101.0: Target network (in this case the POWERLINK network
on the first line)

* mask: Subnet mask
e 255.255.255.0: Subnet mask

« 192.168.75.147: Gateway (in this case, the IP address of the standard
CPU)

TM510 ASIST SafeDESIGNER



SafeDESIGNER

Click on Online:TCPIP communication settings to open the online

communication settings.

Online Window 2
* 2% variable status
| ) SafeplC...

Fi0
STRG+F10

Cnline Lagout,, .

TCPIF communicakion sektings

_—

Fig. 97: Open the online communication settings

A dialog box is opened for configuring the online communication settings.

x x
' 5L directly connected " 5L directly connected
) 51 communication through ER- CRL ) 51 communication through ER- CRL
= Manual configuration {* hanual configuration
POWERLIME
Port number P address address Tirmeout Port number P address Tirmeout
| Gooo0 | 192168100 K | 2000 | 50000 | 132168101 [ 2000
Drefault | QK. Cancel | Drefault | QK. & I Cancel |
Y

Fig. 98: Direct connection

Fig. 99: Via the standard CPU

The SafePLC button is used to open the communication window for

SafeLOGIC.

SafePLC

Fig. 100: Button for opening the communication window

The SafeLOGIC states are shown in color after the communication window

has been opened. A yellow background indicates that the SafeLOGIC is in
Run[Safe] state. A red background means that the SafeLOGIC is in

Run[Debug] state.

=
Safe Debug

State: Run [Safe]

Start Stop
Farmat Halt
Dowrload Upload

Info Errar,

Fig. 101: Run[Safe] state

Fig. 102: Run[Debug] state
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The Debug and Safe buttons can be used to switch between states.
The following actions are possible in the Run[Safe] state:

* Debug: Changes to the Run[Debug] state

* Info: Displays information

* Upload: Uploads project sources to the SafeDESIGNER
» Error: Displays error information

Change to the Run[Debug] state to perform a download.

A notification appears when changing from the Run[Safe] state to the
Run[Debug] state, indicating that you are leaving the safe state.

Il SafeDESIGNER x|
9 Switching to debug-mode means leaving the safe mode of operation.
. )
The hackground color of the control dislag must burn e red, otherwis the transition Falled.
‘ou must ensure that no harm can be caused by any intentional or Faulty operation of SafePLC,
Kesp in mind that SafePLC will not stap operation autamatically when switched ta debug-made.
Please read the safety manual for 3 detailed description.
Da you really want to switch to debug-made?

Fig. 103: Output window

The following actions are possible in the Run[Debug] state:

» Safe: Changes to the Run[Safe] state

» Stop: Stops the program execution - Stop[Debug] state
e Halt: Pauses the program - Halt[Debug] state

* Upload: Uploads project sources to the SafeDESIGNER

* Info: Displays information

e Error: Displays error information

The SafeLOGIC must be stopped (in Stop[Debug] state) to perform a
download.

sorencSalb]

e T

Fig. 104: Stop[Debug] state
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The following actions are possible in the Stop[Debug] state:

« Safe: Changes to the Run[Safe] state

» Start: Starts the safety application 2 Run[Debug] state
* Halt: Pauses the program - Halt[Debug] state
 Download: Downloads the safety application

* Upload: Uploads project sources to the SafeDESIGNER
* Info: Displays information

» Error: Displays error information

The safety application can now be downloaded. A dialog box appears for
defining the execution routines after the download and for storing the
project source.

Download Options

Application Program

@ Juto restart

" Manual operation

[T Archive project sources on SafePLC
ok ‘E ! Cancel |

Fig. 105: Download options

» Auto restart: The safety application is automatically started after
restart

* Manual operation: The safety application must be started manually
via the communication window

* Archive project sources on SafePLC: The sources are saved on the
SafeKEY

A notification appears after a successful download.

SafeDESIGMER x|

': Download succeeded!

YOUWILL HAVE TO EMSURE WITH A FUMCTIONAL TEST
THAT EVERY MEW OR CHANGED SAFETY FUNCTION 15 WORKING CORRECTLY.

FILL IN THE DIALOG ‘PROJECTINFORMATION'!

Fig. 106: Successful download
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The safety application runs automatically when the SafeLOGIC is restarted
or must be started manually via the communication window and the
Run[Debug] state.

Example: Compiling and downloading

Compile your project, establish a direct connection to the SafeLOGIC
and perform a download.

1 2 3 4 5 6

Pragramming VO Connection  Parameterization Download Diagnose Documentation

Fig. 107: Creating a safety application
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3.5 Application diagnostics

SafeDESIGNER provides a few possibilities for performing diagnostics in
the safety application:

* Checking the I/O status bits

e Checking the variable status (monitor mode)
* Forcing variables

» Executing the safety application in cycles

« Logbook

3.5.1 Checking the I/O status bits

Each channel contains one bit of information about the state of the channel
or the multi-channel analysis.

Additional information about the current and the physical current is
provided for SO modules.

Channel Name. U [ slot [ Variable | CPU Yariable Channel Mame o | Skt | wenable | cPuvariable |
-9 AL SafelOGIC 1D 1 ER T S5afelOGICID L
® sL1smL IF3.5T1 20518001 ® 515 Fa.sTL 20518001
H 420512100 3 sLish2 1F6.5T1 20514100
%9 5L1,5M2.5afeDighallnputdL SafeDigitallnputl  InputL & 2050212
(Input02

%20502120
@6 5L1.5M2,
& 5L1.5M2,
& 5L1,3M2.5afel
% 5L1,5M2,5afeChannelok 0l

4 5L1,5M2,5afeChanneloK 12

28 5L1,5M: KO102

Input2
alentnputoinz

6 5L1,5M2.SafeAntivalentOKD102
=5 5L1.5M3 TF6.5T2 %20507120

Fig. 109: SO status information
Fig. 108: Sl status information

Note:

The status information channels must be used in the worksheet to
receive data.

3.5.2 Checking the variable status

The SafeDESIGNER has a sort of monitor mode, similar to Automation
Studio. It can be enabled using the Variable status button.

Fig. 110: Button for enabling variable status

Now, the current value of each variable will be displayed in the graphic
editor.

AND_S
Inputl— —0Output
0

0
Input2:
0

Fig. 111: Variable status enabled
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3.5.3 Forcing variables

It is possible to force variables, as in Automation Studio. To do this,
variable status (monitor mode) must be enabled and you must change to
the Run[Debug] state.

Caution:

Forced variables can cause dangerous circumstances on the machine.
Therefore, always make sure that the machine is appropriately secured.

Double-clicking on the variable will open a wizard for activating the force
procedure.

Debug: CPU x|

Force/0 Value displ

‘ Input] || & Decimal

& TRUE © FALSE ‘

Puss || Fisstins
s Help
Heseth list
e

Fig. 112: Forcing variables

This action must be confirmed by the user. A notification window warns of
the potential risks.

SafeDESIGNER =l

§\  Overwriting or Forcing cf veriables may lead ko the starting of machines|
Continue?

L]l |

Fig. 113: Activate forcing

The forced variables are represented by a different color in the graphic

editor.
AND_S AND_S
Inputi—+— —Output Inputl1 —?utput
0
Input2 Input2—+—
0 1 1 1

Fig. 114: Forced variables | Fig. 115: Forced variables Il

If you switch to the Run[Safe] state via the communication window, then all

forced variables are reset and a corresponding notification window
appears.

Ml SafeDESIGNER x|

@y Switching to safe-mode means resetting the Force list
\.J 3

and if in state RUN' reinitiating of all wariables

The backaround color of the control dislog must burn to yellow,
atherwise the transition Failed,

Do you really want to switch to safe-mode?

o]

Fig. 116: Message window indicating that forced variables will be reset
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3.5.4 Executing the safety application in cycles

SafeDESIGNER allows running the safety application in cycles (single cycle)
for testing purposes.

To do this, you must first change to the Run[Debug] state and then to the
Halt[Debug] state using the Halt button.

Fig. 117: Halt[Debug] state

The following actions are possible in the Halt[Debug] state:

Stop: Stops the program execution, Stop[Debug] state
Single cycle: Safety program runs 1 time

Continue: Safety program runs cyclically

Info: Displays information

Error: Displays error information

The safety application runs one time by pressing the Single cycle button.

Note:

Press Continue to change back to the Run[Debug] state.

Example: Application diagnostics

Test and diagnose your safety application using the methods explained.
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3.5.5 Logbook

The system keeps a logbook of the safety-related components which can
be accessed via Automation Studio.

The following entries are made in this logbook:

* Exchanging the modules

» Configure the modules

e Application download

* Firmware download

« Changes to the Fail Safe state

Note:

The logbook can be accessed by selecting Open:Logger and then
selecting the module $arlogsaf.
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3.6 Create documentation

SafeDESIGNER can be used to create documentation for the safety
application.

Click on Project:Project Information to open the documentation interface.

Project Bulld Objects Layout Online Wi
#3) Add Function Block
iiiﬂl Add Library

I Compare project sources, .,

Defrag 10 adddress range. ..

Praoject Infarmatian...

Options... STRG+0

Fig. 118: Opening the documentation interface
An interface is opened for entering data relevant to the documentation.

il

{ Waiifaciiier’] Project| Resposile Persons | Safety Functions | Commissioning check fist| History |

==

Fig. 119: Project documentation

The documentation options in SafeDESIGNER consist of the following
aspects:

» Manufacturer: Details about the machine manufacturer

*  Project: Information about the safety application

* Responsible Persons: Persons responsible

» Safety Functions: List of safety functions

« Commissioning check list: List to help during commissioning
» History: Safety application history
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Note:

It is recommended to always fill out the yellow fields.
Gray fields can be filled out as desired.

3.6.1 Manufacturer

Data about the machine manufacturer such as name, address and contact
information is entered here.

il st | Rsposl Prons | SaelyFncions | Canisring check | Fiay |

=N )

Fig. 120: Manufacturer

3.6.2 Project

Data about the machine and the safety application, such as the machine
name and machine number, is entered here.

The project data is automatically maintained by the system.

Maraiocturer {Fidke!| Rese | ions | Comrisson | Histon |

=] )

Fig. 121: Project
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Note:

The unique CRC number of the safety application is also stored here.

3.6.3 Responsible Persons

This tab contains a list of the persons responsible for the project, such as
the project manager, safety application, safety application testers, etc.

[T [ |

Fig. 122: Responsible Persons
3.6.4 Safety Functions
The safety functions configured for the machine are entered here.

You can see here if a safety function was successfully tested during
integration (see V-model).

Fig. 123: Safety Functions
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3.6.5 Commissioning check list

This list should provide some help for the validation.

This is where the safety application programmer can enter the data, which
must be taken into consideration during commissioning such as network
connections, cabling, etc.

|

Fig. 124: Commissioning check list

3.6.6 History

The history text for the safety application is managed on the History tab.
The respective CRC number, and other information regarding changes is
entered for each revision.

Manufactser | Project| Resposible Persons | Sefely Functons | Commissioning check ist [FRfai |

s

Fig. 125: History
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The project documentation can be printed once the project information has
been filled out.

Click on File:Print Project.

[Ele Edit View Project Buld Online 2

" [ Mew Project... STRGHN
(& Open Praject { Unzip Project... STRGHO

H Save Project As | Zip Project As...

I, Delete Project...

B 5ave STRG+S
Close

Ewent Log...

User manager ..

& print.., STRGHE
[, Print Prewiew
Prink Setup...

1 Ciiprojectst, .\ SafeLOGIC-1
2 Cpraojectst. . \PLC1\Machines
3 Clprajects), . |5afel OGIC-1
4 CH\Program Files), . .jdemoz

-
B

Exit

Fig. 126: Printing documentation

A new window is opened where individual sections of the documentation
can be selected.

Print Project x|
v/ Global Cross References Pagelayout Texts.
w|Local Cross References s )

v Program L‘
v| Project Infarmation

w140 Mapping Help

v|S afety Parameters

Fig. 127: Selecting documentation sections

These include:

» Table of contents: Table of contents

* Global cross references: Global cross references

* Local cross references: Local cross references

* Program: Main worksheet and self-made function blocks
* Project information: Project information

+ |/O mapping

» Safety parameters: Module settings and parameters

The Pagelayout Texts button can be used to make additional settings for
the documentation.

1 2 3 4 5 6

Pragramming VO Connection  Parameterization Download Diagnose Documentation

Fig. 128: Creating a safety application
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3.7 Event Logger

SafeDESIGNER has an integrated Event Logger for automatically recording
specific user actions.

The Event Logger can be accessed via File:Event Log.

,E\I Edit Misw Project Buld Online %
W) st STRGHN
= Open Praject [ Unzip Project... STRE+0O
= Save Project As | Zip Project As..,

| Delete Project...

[ M zave STRGHS
Close

User manager...

& print... STRGHE
(& Print Preview

Print Setup. .

Prink Projeck...

1 C\projectst. . \Safel OGIC-1

2 C:\projectst. .. \PLCT | Machines
3 Ci\projects). . |5afel OGIC-1

o 4 Ci\Program Filesi, . idemaZ

Exit

Fig. 129: Opening the Event Logger

A new window is opened where the Event Logger entries are displayed.

] Project Event Log x|
Dt [ Time: [ Event [ User I -
E- 07.03.2007 132237 Global variables declaration changed. (CRC: FCBFCDS1) hagera
07.032007 132233 POU Main' variables declaration changed. [CRC: FCBFCDE1) hagera
E- 07.032007 121345 Global variables declaration changed. (CRC: COFFB2DE] hagera —
E- 07.03.2007 1308:53 Global wariables declaration changed. (CRC: DOBE10B2) hagera
07.032007 13:00:50 POU Main": variables declaration changed. [CRC: BSBAZ3TA) hagera
E- 07.03.2007 125241 Project compiled. [CAC: BF1BA736) hagera
07.032007 125226 POU Main" code changed. (CRC: 00000000) hagera
07.03.2007 125225 POU 'Main’: variables declaration changed. [CAC: FCBFCDS1) hagera
E- 07.032007 125219 Global variables declaration changed. (CRC: FCBFCDST) hagera
E- 07.03.2007 125139 Global variables declaration changed. (CRC: 2319D4B8) hagera
E- 05.03.2007 11:25:12 Global variables declaration changed. (CRC: FEIF48CC) hagera
E- 05032007 11:24:57 Global variables declaration changed. [CRC: 212C0843) hagera
E- 05.03.2007 11:24:42 Global wariables declaration changed. [CRC: 38219F72) hagera
E- 05032007 11:24:36 Global variables declaration changed. [CRC: BFDAB4E3) hagera
E-UZ.UB 2007 11:3237 Praject compiled. [CAC: FEECBTFO) hagera
02032007 11:32:27 POU Main" code changed. [CRC: 3C2DFOE3) hagera
E- 02.03.2007 11:3225 Global variables declaration changed. (CRC: 13477570) hagera
E- 02032007 11:3212 Global variables declaration changed. [CRC: 234DE0AD] hagera
E- 02.03.2007 11:32.09 Global variables declaration changed. (CRC: 9E345022) hagera
02032007 11:31:41 POU Main" code changed. [CAC: ABCF2085] hagera LI
System Events Viewesport. | Export Fiter Reset | [ Cose |

A

Fig. 130: Event Logger records
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3.8 Adding a LD network

The Network button is provided in the toolbar for adding a network.

i
Metwia

Fig. 131: Inserting a LD network

A network is inserted to the worksheet at the current cursor position.

I Y

Fig. 132: Network added to worksheet

Variables must now be connected to the network elements. A wizard is
opened by double-clicking on the element.

The scope must be set to "Local" to link a local variable. A new variable can
be created or a previously declared variable can be defined using the drop-
down menu.

x
| o, |
Mame Va\ue1| ;I C |
Data type SAFEBOCL LI
Group Scope
Usage WAR & Local
Description
~
it Global
" Constant

" Object typ

€ Yariable  Coil

Type: |- |- hd I

& Contact

Fig. 133: Wizard for linking local variables

The variable is connected to the element after the dialog box has been
confirmed.

001 Valuel
) 1|

Fig. 134: Variable linked with element

M
o
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The scope must be set to "Global" to link an I/O variable. A new variable

can be created or a previously declared variable can be defined using the
drop-down menu.

T
I I o |

Matne SafeDigitallnput hd
L = Cancel
Data type

Group &) Testinput

Scope
Description 0 (L]
Init

o EN_OUT [ ¥ Gilobal

" Constant

Obiject yp
’7(- ariahle % Contact € Coil Type: |4 |- 'I

Fig. 135: Wizard for linking global variables

Note:

The variable must have been declared first or linked later with an I/O
channel.

The variable is connected to the element after the dialog box has been
confirmed.

001 SafeDiqitaIInput 1
? -

Fig. 136: Variable linked with element

3.8.1 Network with function block

It is also possible to group more complex networks with a function block

TON S 1

001 SafeDigitallnputt RN SafeDigitalOutput |
i 1| N Q >

PT ET|= |
2

Fig. 137: Complex network with function block

To do this, a network must first be added to the worksheet.

Ia)
A

Fig. 138: Inserting a network

Left-click to select the middle part of the network.

1 | ‘! |
10

Fig. 139: Select network
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This part of the network is deleted using the Delete key.

0?|014| — '—C>—i

Fig. 140: Part of network deleted

A function block can now be added to the middle of the network.

TON S
Q01 R TON_S R
’i — 2 IN Qfes & (
+ PT ET|[=
. ” ..

Fig. 141: Function block added

T

The respective connection lines must now be drawn using the Connect
button.

TON S
TON_S

2 ] | IN Q " |

s -

| *— PT ET[=
?

Fig. 142: Drawing connection lines

A time constant must still be connected to the PT input. Double-click on the
input to open a wizard. The scope to set to constant. A time constant is
defined with "safetime#duration".

Jrariable |

| | [ ery |
Name [satetime#ss I=|| Cancel
s —1 | o |

o
 Local
" Global

¥ Constant

Fig. 143: Creating time constants

The respective network elements are then linked with variables.

TON S
TON_S

SafeDigitalOutput |
afeDigitalOutpu

001 SafeDiqitaIInputl
? 1 N Q |
I h _safetime#5s—— PT_ ET[+

[t ?

Fig. 144: Finished network

Example: Inserting a LD network

Add a network to your project, add a basic function block to the network
and link local variables or I/O channels.
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3.9 Creating your own function block

You can create your own function blocks in SafeDESIGNER to hide
functionalities or to use the same code repeatedly.

Right-click in the project view to open the menu for creating function
blocks.

-2 Libraries

o L@ SF_ModeSelector
L& PLCopen_EStop_SF
% FLCopen_SF_Demo

Mew Function Block. . .

Fig. 145: Creating a new function block

A dialog box is opened for defining the name of the function block.

B
Mame:
|MyBlack
[0]:4 I Cancel | Help |

Fig. 146: Defining the function block name

The function block appears in the project view after confirming this dialog
box.

B3 Libraries

© Ll 5F_ModeSelector
L&Y PLCapen_EStop_5F°
% PLCoper_SF_Demo”
=423 Logical POUs

(0] Main®

Fig. 147: Own function block in the project view

Note:

The function block is programmed in a separate worksheet.
It can directly access I/O variables.
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Double-click on the function block in the project view to open the

worksheet for programming. The programming languages LD and FUB are
once again provided.

The type of usage can be defined for the corresponding variable in the
variable declaration. You can choose between a local variable, an input or

an output.
]
| i3 |

Name Input Cancel
Ciata type SAFEBOOL L‘
Group - Scope
Usage AR b * Lacal
Desctiption WAR " Global

Init

WAR_OUTPLIT

" Constant

Fig. 148: Variable declaration in the function block

Function blocks can be added directly using the Edit Wizard.

AND_S
Inputl—

Input2—

AND_S
——0Output

- Input3—;

Fig. 149: Own function block

The created function block can be added using the Edit Wizard. To do this,
the project name must be selected in the Edit Wizard for the group.

Group:
<all FUs and FBs> -

<all FUs and FBs> -
¢PLCopen_EStop SFy I—
<PLCopen SF_Demo>
< Safel DGIC-T:

FlUs/FBs sy

Safe FUs/FBSs S
W|CTD Cainte
frcio_s Counts
&|CTU Countt
TFCTU_S Counte
& CTUD Counts
ToTun_s Counte
TFEN_OUT Enable _
i F

Fig. 150: Group Edit Wizard
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Now, all of the function blocks that you have created are shown in the Edit
Wizard and can be added directly to the main worksheet.

Group:

| <Salel OGIC-1> =l

e

Fig. 151: Own function blocks

An instance variable is required.

x
Lo gl
Hame piyBlack 1] | Cancel
Data type MyBlock
Group MewwGroup Scope
De=cription & |ocal

) Global

) Constant

Fig. 152: Creating an instance variable

The inputs and outputs can be linked as shown earlier.

MyBlock_1
MyBlock

+— Inputl Output —=-

+— Input2

+— Input3
?

+

Fig. 153: Own function block in the work sheet

Example: Creating your own function block

Create a basic function block, use it in your worksheet and test its
functionality.
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Commissioning and service

4. COMMISSIONING AND SERVICE

This section will cover a few different scenarios involving commissioning
and maintenance.

The SafeLOGIC has a user interface that consists of status LEDs and a
operating mode switch. This interface is used to display states and to
perform various actions.

ENTER

Fig. 154: SafeLOGIC user interface

4.1 Status LEDs

LED Color Status Description
R/E Off Boot phase
Green On Application found and executed
Blinking Application found, but CPU is stopped
Yellow On SafeDESIGNER in DEBUG mode
Blinking SafeDESIGNER in debug mode,
application stopped
Blinking quickly No application found on the SafeKEY
ENTER Green On Authorization missing
Blinks for 0.8 s Confirmation of correct entry
Blinks for 5 s Faulty operation
MXCHG Yellow Off Module configuration OK
r] |_I Exchange of 1 module detected
_ l—l —l I— Exchange of 2 modules detected
I_I |_| |_| | f |_ Exchange of 3 modules detected
I_l I_l [] | | I_ Exchange of 4 modules detected
I_I |_| |_ I_I |_ Exchange of more than 4 modules

detected

%

Missing module detected

FW-ACKN Yellow Off Firmware configuration OK
Blinking Firmware must be confirmed
On SafeKEY must be confirmed
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FAIL Red
X X X Boot phase, loading of the firmware,
status when SafeKEY is missing
Complete HW test (max. duration
X X X approx. 5 s)
Initialization and start up of the
X X X firmware
X Preoperational state
Operational state
X X X Fail-safe status of the entire module
SKEY Yellow Off No access to the SafeKEY
Blinking Access to the SafeKEY

4.2 Operating mode switch

The operating mode switch is used to set the operating mode.

Switch position Operating mode Description
FW-ACKN Acknowledge Firmware Exchange Firmware
SK-XCHG SafeKEY exchange Exchange SafeKEY
SK-COPY SafeKEY copy Copy configuration file from the SafeKEY
SCAN Scan Perform module scan
Test Test Perform LED test
1,2,3,4,n Module exchange Confirms a module exchange with 1, 2, 3, 4 or more
than 4 modules
Note:

More information can be found in the User's Manual.
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4.3 Starting up the system

e Structure hardware
e Create Compact Flash or perform download (standard CPU)
» Starting up the entire system

* Wait for firmware update (lasts approximately 3x as long because
there is 3x more data)

« SafeKEY is empty (no application) —the F A L LEDs on the
SafeLOGIC are lit red
The r LED on the module is lit green, the channel LEDs red and SE is
off

Note:

A different reaction/blinking can be expected if the SafeKEY is not
empty.

* Get online on the SafeLOGIC via the standard CPU

« Download safety application

« LED FW-ACKN lit (SafeKEY must be acknowledged)

* Acknowledge SafeKEY (set SK-XCNG and confirm with ENTER)
* Automatic SafeLOGIC reboot

» MXCHG LED blinking (indicates the number of new modules)

 Acknowledge new modules, (set 1, 2, 3, 4, or n and confirm with
ENTER)

* Module data is written to the SafeKEY

e« LED FW-ACKN blinking

* Acknowledge firmware, set FW-ACKN and confirm with ENTER
* Confirmed firmware version is saved to the SafeKEY

* Automatic SafeLOGIC reboot

* Modules are lifted

» Standard application and safety application running

e Perform comprehensive test

4.4 Module missing

The system checks the safety-relevant hardware configuration in a time
interval set by the system. A quickly blinking MXCHG LED indicates that a
missing module has been detected.
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4.5

4.6

4.7

Module exchange

The system checks the safety-relevant hardware configuration in a time
interval set by the system. Any new modules found are signaled by
SafeLOGIC.

* MXCHG LED blinking (indicates the number of new modules)

Note:

If more modules were replaced than were signaled, then you can start a
manual run-through using the SCAN button.

This could occur on larger machines where the automatic scan takes a
long time

* Acknowledge new modules, set 1, 2, 3, 4, or n and confirm with
ENTER

* Run test on the affected machine part

Replace SafeLOGIC

» Replace SafeLOGIC

Insert old SafeKEY

MXCHG LED blinking 1x slowly

Acknowledge new SafeLOGIC, set 1 and confirm with ENTER
No test required

Note:

A SafeLOGIC firmware update might take place.

Safety application update

* Old SafeKEY is inserted

e Set SK-COPY and confirm with ENTER

* The configuration data is copied from the SafeKEY to RAM
« Remove old SafeKEY

* Insert new SafeKEY

* Confirm with ENTER

* System restarts

* Run test on the affected machine part
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4.8 Firmware update

* The Compact Flash contains a new firmware version

e Wait for firmware update

 FW-ACKN blinking

* Acknowledge firmware, set FW-ACKN and confirm with ENTER
* Modules are lifted

* Perform comprehensive test
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5. DEVELOPING A SAFETY APPLICATION

72

A model for the safety life cycle is defined with different phases in EN IEC

61508.

n Concept

v

Overall scope
definition

v

Hazard and risk
analysis

v

4 Overall safety
requirements

v

Safely requirements
allocation

v

ﬁl

¥ L 4

Overall planning

Safety-related

systems:
E/EPES

Realisation

Overall Owerall | Overall
operation and 7 safety installation and
8 issioning

planning planning I planning

(see EE/PES

safety lifecycle)

Overall ir

Safety-related External risk
reduction
facilities
‘ Realisation |

Realisation

1
and commissioning

v

Overall safety

validation

v

systems: other
technology
Back to appropriate
overaif safety Kfecycle
phase

Overall operation
maintenance a. repair

Overall modification
and retrofit

¥

Decommissioning
or disposal

Fig. 155: Safety life cycle according to EN IEC 61508-1

The picture above shows the total safety life cycle that must be used as a
basis for fulfilling the standard. If a different safety life cycle is used, this
must be determined while planning the functional safety.

Concept

The purpose of the concept phase is to develop a degree of understanding
of the machine (EUC - Equipment Under Control) and its environment. This
makes it possible to perform the other activities of the safety life cycle in a

satisfactory manner.

A few requirements in this phase:

e« Determine sources the danger
¢ Get information about determined hazards
* Get information about current safety regulations

« Documentation
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Definition of application area

The machine's limitations (EUC) as well as the application area of the
hazard and risk analysis (environmental risks, etc) is determined in this
phase.

A few requirements in this phase:

e Physical equipment must be determined
* External events must be determined
« Subsystems that are associated with the hazards must be determined

» Accident-causing events (i.e. component malfunction, human error,
etc.) must be determined

« Documentation

Hazard and risk analysis

The purpose is to determine the potential hazards and dangerous
occurrences for all reasonably foreseeable circumstances, including
operating errors and incorrect usage. Another goal is to determine the
sequences of events and the risks associated with the determined
dangerous occurrences (Performance Level, Safety Integrity Level).

A few requirements in this phase:

e Perform hazard and risk analysis

 The elimination of hazards must be taken into consideration

e Circumstances for hazards must be determined

 Sequences of events that can cause hazards must be determined
* Probability of dangerous occurrences and effects

» The risk for every determined dangerous occurrence must be
evaluated and estimated

« Documentation and maintenance

Complete safety requirements

The purpose of this section is to specify the complete safety requirements
and external equipment for reducing risks in order to achieve the necessary
functional safety.

A few requirements in this phase:

« Safety functions for functional safety
 Necessary risk reduction
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Assignment of safety requirements

In this phase, the specified safety requirements are assigned for the
designated safety-related systems. Furthermore, each safety function is
also assigned a PL or SIL level.

A few requirements in this phase:

» Safety-related systems must be determined for achieving functional
safety

» Each defined safety function must be assigned to the designated
safety-related systems

Planning of total operation and complete maintenance

A plan is developed for the operation and maintenance of the safety-related
systems. This ensures the necessary functional safety during operation as
well as required maintenance.

A few requirements in this phase:

e Setup aplan
+ Routine maintenance activities
* Planning for maintenance

Planning the complete safety validation
In this phase, a plan is developed to simplify the complete safety validation
of the safety-related systems.

A few requirements in this phase:

* Details about when the validation must take place
* Persons responsible for performing validation

* Necessary environmental conditions

» Pass/fail criteria

Planning of the total installation and total commissioning

The purpose of this section is to develop a plan for the controlled
commissioning of the safety-related systems in order to ensure that the
necessary functional safety is achieved.

A few requirements in this phase:

* Installation / commissioning schedule
* Installation / commissioning personnel
* Installation / commissioning procedure
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Implementation
Safety-related systems are created that meet the safety requirement
specifications.

A few requirements in this phase:

e Compliance with EN IEC 61508-2 (hardware)
e Compliance with EN IEC 61508-3 (software)

Total installation and total commissioning
The safety-related systems are installed and put into operation.

A few requirements in this phase:

» Documentation of the installation / commissioning activities
» Rectification of failures and incompatibilities
« Commissioning activities in accordance with the defined plan

Complete safety validation
The purpose of this phase is to obtain validation confirming that the safety-
related systems meet the specifications of the total systems requirements.

A few requirements in this phase:

« Validation activities in accordance with the defined plan
* Documentation
* Reaction to the expected and actual results

Total operation, total maintenance and repairs

The goal is to operate, maintain and repair the safety-related systems in
order to ensure the necessary functional safety. The necessary
organizational measures are defined here.

A few requirements in this phase:

« Plan for maintenance

* Procedures for operation, maintenance and repairs
(see EN IEC 61508-2)

* Procedures for operation and servicing of software
(see EN IEC 61508-3)
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76

Complete modification and complete upgrading
The goal is to ensure appropriate functional safety both during and after
the execution of the modification and upgrading phase.

A few requirements in this phase:

* Planning of the procedures for modification and upgrading activities
e Carry out an effects analysis
* Chronological documentation

Decommissioning and withdrawal from service

The goal is to ensure appropriate functional safety, under the
circumstances, during and after the activities performed for
decommissioning or withdrawing from service.

A few requirements in this phase:

» Effects analysis for decommissioning

* Description of activities required for decommissioning or withdrawal
from service

* Plan for shutdown and dismantling
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6. EXAMPLE PROJECT

Control of a circular saw is an example for a small safety application.
The following safety components are available for the machine:

» E-stop switch (second SI module, channel 3 & 4)

* Operating mode switch (first S| module, channel 1 & 2)

» Start/Stop button (acknowledge button) (first S| module, channel 3)
» Light curtain (second SI module, channel 1 & 2)

PC X20CP1484

X200IF1072
Safe Digital
In
X20D19371
X20008321

]

@I”

SafelLOGIC

POWERLINK

X20PS9400

Safe Digital
Ot

+| Safe Digital
In

X20D19371

X20D08321

®

X20BC0083

=‘_L
-

Fig. 156: Machine structure

The enable output for a motor is controlled by the safety application.
The following hardware is available for the machine:

 1x X20 CPU

* 1x SafeLOGIC

» 2x Safe Digital Input

* 1x Safe Digital Output
e X20 slice(s)

Task: Creating the project

Create a new project using the provided hardware.
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6.1 Safety Requirements Specification (SRS)
The following safety functions must be implemented:
» E-stop switch function

* Operating mode switch function
* Light curtain function

6.1.1 E-stop switch function
The following function must be implemented:

* Acknowledge not necessary after startup

» Acknowledge required via the acknowledge button after unlocking
the E-stop

¢ Simultaneousness within 200ms

6.1.2 Operating mode switch function
The following function must be implemented:
* Acknowledge not necessary after startup
* 2 possible operating modes are used (manual, automatic)

* The operating modes can be switched directly without acknowledge
« The maximum time for an invalid state can be 250ms

6.1.3 Light curtain function
The following function must be implemented:

* Acknowledge not necessary after startup

» Acknowledge required via the acknowledge button after the light
curtain has been passed-through

* Simultaneousness within 300ms
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6.1.4 Interaction of functions

Two operating modes are implemented:

 Manual operation
e Automatic operation

Note:

Make sure that an E-stop will shut off the output in all operating modes.

Manual operation

The following applies if manual operation is selected using the operating
mode switch:

 The output is only enabled by the safety application as long as the
Start/Stop button is pressed and the safety features have not been
violated

e The light curtain is not enabled in this operating mode

» A safety feature violation must be acknowledged via a positive edge
of the Start/Stop button

Automatic operation

The following applies if automatic operation is selected using the operating
mode switch:

 The output is always enabled by the safety application as long as
none of the safety features has been violated

e The light curtain is enabled in this operating mode

» A safety feature violation must be acknowledged via a positive edge
of the Start/Stop button

Note:

The channel for the approval principle can be used for control in the
standard application.
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6.2 Programming the safety application

Task: Programming the safety application

Program the function specified in the SRS using the respective functions
blocks from the PLCopen Safety Library.

Use the function blocks SF_EmergencyStop, SF_ModeSelector and
SF_ESPE.

Be sure to take the automatic restart inhibit of the SO module into
consideration.

Note:

A more detailed description of the function blocks can be found by
right-clicking on the FUB:FB/FU Help.

6.3 Configure the modules

Task: Configure the modules

Define the module parameters according to the connected safety
components (E-stop, light curtain).

6.4 Download and commissioning

Task: Download and commissioning

Establish an online connection with the SafeLOGIC (via the standard
CPU), format your SafeKEY and then download your safety application.

Startup your safety application.
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6.5 Diagnostics and module replacement

Task: Diagnostics and module replacement

Test the functionality of your safety application.

Replace a module (module or SafeLOGIC from your neighbor) and test
your application.
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7. SUMMARY

You are now familiar with the B&R Integrated Safety Technology concept
and can apply it to your machines.
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POWERLINK
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ACOPOSmulti SafeMC ACOPOS
mult S8 POWERLINK

TOVRReinland

safety technology

Fig. 157: B&R integrated safety technology

You know the steps between Automation Studio and SafeDESIGNER for
creating a simple or complex safety application.

You understand the procedure for creating a safety application.
You are able to easily create documentation for your safety application.
You have programmed your own safety functions.

You are familiar with the procedure for commissioning and maintaining the
safety technology.
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8. APPENDIX

8.1 Possible solution for the sample project

EmergencyStop | Emmmamaed 0
withrestartinhibit  CeHamee  Cweafe 0 | pww) Outputfor motor
SI_EmergencyStop—]{ S EStopIn S EStop " S0 Maotor
s L Restart inhibit
S B bt | LT NI of output.
m‘“""‘—{ N |, . o SATEGOOL T0 G001 .
e A Mode "SETUP" & - - - et TREGADGUEL
o OMEEEEEE— . start/Stop button pressed SR
Mode selector g scvae Reasyl+ . mmE . . . o
with 2 modes st setun—| S modeo s .
SI_Aute—| 5_Made1 sh - Ststastop— .
..+ 5. Mode2 5 Modezsel|s -
) | 5 Moded 5_ModedSell o
. ] 5 Moder s . A
SAFETRUE | S Uniock s o8 Mode "AUTO" &
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151
Lightcurtain e | s Reayl s
with restart inhibit o igmeotain | s espe 10 s esee ou
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Fig. 158: Possible solution to the sample project
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Overview of training modules

TM200 - B&R Company Presentation **

TM201 - B&R Product Spectrum **

TM210 - The Basics of Automation Studio

TM211 — Automation Studio Online Communication
TM212 — Automation Target **

TM213 — Automation Runtime

TM220 - The Service Technician on the Job
TM223 — Automation Studio Diagnostics

TM230 - Structured Software Generation

TM240 - Ladder Diagram (LAD)

TM241 - Function Block Diagram (FBD)

TM246 — Structured Text (ST)

TM247 — Automation Basic (AB)

TM248 — ANSI C

TM250 — Memory Management and Data Storage
TM260 — Automation Studio Libraries |

TM261 - Closed Loop Control with LOOPCONR

TM400 - The Basics of Motion Control

TM410 - The Basics of ASiM

TM440 - ASiM Basic Functions

TM441 — ASiM Multi-Axis Functions

TM445 — ACOPOS ACP10 Software

TM446 - ACOPOS Smart Process Technology
TM450 — ACOPOS Control Concept and Adjustment
TM460 - Starting up Motors

TMA480 — Hydraulic Drive Control

TM500 — The Basics of Integrated Safety Technology
TM510 — ASiST SafeDESIGNER

Appendix

TM600 — The Basics of Visualization
TM610 — The Basics of ASiV

TM630 - Visualization Programming Guide
TM640 — ASiV Alarm System

TM650 — ASiV Internationalization

TM660 — ASiV Remote

TM670 — ASiV Advanced

TM700 — Automation Net PVI
TM710 — PVI Communication
TM711 - PVI DLL Programming
TM712 — PVIServices

TM730 - PVI OPC

TMB800 — APROL System Concept

TM810 — APROL Setup, Configuration and Recovery
TM811 — APROL Runtime System

TM812 — APROL Operator Management

TM813 — APROL XML Queries and Audit Trail
TM830 — APROL Project Engineering

TM840 — APROL Parameter Management and Recipes
TM850 — APROL Controller Configuration and INA
TM860 — APROL Library Engineering

TM865 — APROL Library Guide Book

TM870 — APROL Python Programming

TM890 — The Basics of LINUX

**) see Product Catalog
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