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Legal information

Use of application examples
Application examples illustrate the solution of automation tasks through an interaction of several
components in the form of text, graphics and/or software modules. The application examples are
a free service by Siemens AG and/or a subsidiary of Siemens AG (“Siemens”). They are non-
binding and make no claim to completeness or functionality regarding configuration and
equipment. The application examples merely offer help with typical tasks; they do not constitute
customer-specific solutions. You yourself are responsible for the proper and safe operation of the
products in accordance with applicable regulations and must also check the function of the
respective application example and customize it for your system.
Siemens grants you the non-exclusive, non-sublicensable and non-transferable right to have the
application examples used by technically trained personnel. Any change to the application
examples is your responsibility. Sharing the application examples with third parties or copying the
application examples or excerpts thereof is permitted only in combination with your own products.
The application examples are not required to undergo the customary tests and quality inspections
of a chargeable product; they may have functional and performance defects as well as errors. It is
your responsibility to use them in such a manner that any malfunctions that may occur do not
result in property damage or injury to persons.

Disclaimer of liability
Siemens shall not assume any liability, for any legal reason whatsoever, including, without
limitation, liability for the usability, availability, completeness and freedom from defects of the
application examples as well as for related information, configuration and performance data and
any damage caused thereby. This shall not apply in cases of mandatory liability, for example
under the German Product Liability Act, or in cases of intent, gross negligence, or culpable loss of
life, bodily injury or damage to health, non-compliance with a guarantee, fraudulent
non-disclosure of a defect, or culpable breach of material contractual obligations. Claims for
damages arising from a breach of material contractual obligations shall however be limited to the
foreseeable damage typical of the type of agreement, unless liability arises from intent or gross
negligence or is based on loss of life, bodily injury or damage to health. The foregoing provisions
do not imply any change in the burden of proof to your detriment. You shall indemnify Siemens
against existing or future claims of third parties in this connection except where Siemens is
mandatorily liable.
By using the application examples you acknowledge that Siemens cannot be held liable for any
damage beyond the liability provisions described.

Other information
Siemens reserves the right to make changes to the application examples at any time without
notice. In case of discrepancies between the suggestions in the application examples and other
Siemens publications such as catalogs, the content of the other documentation shall have
precedence.
The Siemens terms of use (https://support.industry.siemens.com) shall also apply.

Security information
Siemens provides products and solutions with industrial security functions that support the secure
operation of plants, systems, machines and networks.
In order to protect plants, systems, machines and networks against cyber threats, it is necessary
to implement — and continuously maintain — a holistic, state-of-the-art industrial security concept.
Siemens’ products and solutions constitute one element of such a concept.
Customers are responsible for preventing unauthorized access to their plants, systems, machines
and networks. Such systems, machines and components should only be connected to an
enterprise network or the Internet if and to the extent such a connection is necessary and only
when appropriate security measures (e.g. firewalls and/or network segmentation) are in place.
For additional information on industrial security measures that may be implemented, please visit
https://www.siemens.com/industrialsecurity.
Siemens’ products and solutions undergo continuous development to make them more secure.
Siemens strongly recommends that product updates are applied as soon as they are available
and that the latest product versions are used. Use of product versions that are no longer
supported, and failure to apply the latest updates may increase customer’s exposure to cyber
threats.
To stay informed about product updates, subscribe to the Siemens Industrial Security RSS Feed
at: https://www.siemens.com/industrialsecurity.
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1 Introduction

1
1.1

Introduction

Overview

This application example describes how to implement the following safety functions
of the system with the Safety Integrated Functions of SINAMICS S120 and a
SIMATIC S7-1500 F CPU.

1.

If an emergency stop mushroom pushbutton is actuated or the safety door is
opened in automatic mode ("serviceMode = FALSE"), the drive should be
brought to a standstill as quickly as possible.

The Safety Integrated Functions "Safe Stop 1 (SS1 = STOP B)" initiates and
monitors the braking process of the drive. STOP A (Safety Integrated Function
"Safe Torque Off" (STO & STOP A)) is triggered after the deceleration time
has elapsed or when the speed falls below a parameterizable speed.

In service mode ("serviceMode = TRUE"), the drive should move at reduced
speed when the safety door is open.

The Safety Integrated Function "Safely-Limited Speed (SLS)" monitors whether
the motor exceeds the specified speed limit. If the speed is exceeded, STOP B
is initiated with a subsequent STOP A.

Figure 1-1: Overview of components
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The safety-relevant data between the SINAMICS S120 drive and the higher-level
SIMATIC S7-1500 F-CPU controller is exchanged via a PROFIsafe telegram.
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1 Introduction

The application example describes the following aspects:
Configuring SINAMICS S120 with Startdrive

Configuring PROFIsafe telegrams

Configuring Safety Integrated Functions in the drive

Creating an F program for Safety Integrated Functions

Evaluating the Safety Information Channel in the standard program

Commissioning Safety Integrated Functions

1.2 Components used

This application example was created with the following hardware and software
components:

Note

Table 1-1: Components used

The components marked in light blue correspond to the components of the
SINAMICS S120 training case with the article number "6ZB2480-0BA00".

Component Quantity Article number Note
CPU 1511F-1 PN 1 6ES7511-1FK02-0AB0O Firmware V2.6
F-DI 16X24V DC 6ES7526-1BH00-0ABO -
SINAMICS Control 1 6SL3040-1MAQ01-0AA0 Firmware V5.2
Unit CU320-2 PN
SINAMICS S120 1 6SL3130-6AE15-0AA0 -
Smart line module
SINAMICS S120 1 6SL3120-2TE13-0AA0 -
Double motor module
Sensor module SMC20 6SL3055-0AA00-5BA1 -
Synchronous motor with 1FK7022-5AK71-1AGO -
incremental encoder
without DRIVE-CLIQ
interface
Synchronous motor with 1 1FK7022-5AK71-1LGO -
absolute encoder and
with DRIVE-CLIQ
interface
STEP 7 Professional 1 6ES7822-1..05-.. -

V15.1

STEP 7 Safety Advanced
V15.1

6ES7833-1FA15-0YH5 -

Components of the application example

This application example consists of the following components:

Table 1-2 Components of the application example

Component

File name

Documentation

109749224 SafetyS120_TO_Axis_DOC_v14_en.pdf

TIA Portal project

109749224 _SafetyS120_TO_Axis_PROJ_v14.zip

Controlling the Safety Integrated Functions of SINAMICS S120
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1 Introduction

Using the TIA Portal Project

When using the TIA Portal project, the hardware exchange must be acknowledged
after downloading the SINAMICS configuration. Proceed as follows:

1.

© ©® N o

Establish an online connection to the drive unit and open the editor for the
drive parameters.

Navigate to "Drive Functions > Safety Integrated > Function Selection”.
Start the safety commissioning by clicking on the "Edit" button.

End the safety commissioning by clicking on the "Stop processing" button.
This recalculates the safety checksums.

LIS
0: -0

b Bas zatio
¥ Opendoopiclosed-loop control
Function selection

~ Drive functions
Brake control
w Safety Integrated

[EFunction selection:

Actual value acquisition {_.

|Extended / Advanced Functions [+ [with encader [+]

Control type:

Control
‘via PROFIsafe "l [ Basic functions via enboard terminals

LERERLLALE

Teststop

To save the parameters in the ROM, click on "Safe the data of all drive objects
retentively".

B =
~
b Bas nete o
» Openavupiclosedoop control (]
~ Drive functions 9
Brake contral (]

Repeat steps 1 to 5 for the second drive.
Disconnect the online connection to the drive unit.
Load the drive device into the project.

Save the project.

Controlling the Safety Integrated Functions of SINAMICS S120
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2 Basics

2
2.1

Basics

Safety Integrated Functions

SINAMICS S120 distinguishes between Safety Integrated Basic Functions, Safety
Integrated Extended Functions and Safety Integrated Advanced Functions. The
Safety Integrated Basic Functions are included in the standard scope of the drive.

A license is required for each drive for the Safety Integrated Extended Functions

and the Safety Integrated Advanced Functions.

The following Safety Integrated Functions are integrated in SINAMICS S120 drives

according to DIN EN 61800-5-2;

Table 2-1: Safety Integrated Functions of SINAMICS S120 according to DIN EN 61800-5-2

Name Function Description
STO Safe Torque | Safely disconnects the torque-generating motor power
(& STOP A) Off supply.
@ The restart interlock prevents it from restarting. (Category 0
9 stop function according to EN 60204-1)
§ SS1 Safe Stop 1 | Fast and safely monitored stopping of the drive on the OFF3
L | (2STOPB) ramp. Transition to STO when a delay time has expired or
% the shutdown speed has been reached. (Category 1 stop
3 function according to EN 60204-1)
SBC Safe Brake | SBC is used only when there is a motor brake.
Control SBC always responds in conjunction with STO.
SS2 Safe Stop 2 | Fast and safely monitored stopping of the drive on the OFF3
(& STOP C) ramp.
Transition to SOS when a delay time has expired; the drive
remains in closed-loop control. (Cat. 2 stop function
according to EN 60204-1)
SOS Safe The function is used for safe monitoring of a drive's standstill
(2 STOP D) Operating position; the drive remains in closed-loop control.
Stop When SOS is active, personnel can enter, for example,
protected machine areas without shutting down the machine.
SLS Safely Safe monitoring of a drive's speed.
o Limited Configurable shutdown response when the limit value is
S Speed violated.
e This enables the machine operator, in service mode, to
T slowly move a drive while the safety door is open. You can
3 switch between four SLS levels.
2 The limit value of the first SLS level can be additionally
5}: specified by PROFIsafe telegrams 901 and 902. This allows
w dynamic modification of the SLS limit value during operation.
SSM Safe Speed | Safely indicates if the speed value falls below a speed limit
Monitor (n < ny)
SDI Safe Safely monitors the direction of motion (positive and
Direction negative direction).
Configurable shutdown response when moving the drive in a
non-released direction.
SLA Safely- Safely Limited Acceleration monitors (the same as SLS) the
Limited acceleration, and intervenes when a limit value is violated.
Acceleration | SLA cannot prevent that the acceleration threshold is briefly
exceeded.

Controlling the Safety Integrated Functions of SINAMICS S120
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2.2

2.3

Name Function Description
SBT Safe Brake | Checks the holding torque of up to two brakes.
Test With the functions SBC and SBT a safe break can be
realized.

The Safe Brake Test (SBT) is a diagnostic function that is
included in the list of Safety Integrated Extended Functions
for organizational reasons only.

SLP Safely Safely monitors the positioning range.

Limited Configurable shutdown response when the drive exits the
Position position range.

SP Safe Transfers the safe position values to a higher-level fail-safe
Position controller via a PROFIsafe telegram.

SCA Safe Cam The "Safe Cam" function outputs a safe signal if the drive is
within a specified position range. It facilitates the realization
of safe axis-specific range detection.

Advanced Functions

Interaction between Safety Integrated Functions and
the technology objects

The technology objects (TOs) speed, positioning and synchronous axes support
the "Safety Integrated Basic Functions” of the drive. A triggering of the Basic Safety
Function is detected by the TO and a corresponding warning is issued (technology
alarm 550 - alarm reaction: follow-up setpoints) or alarm (technology alarm 421 -
alarm reaction): Withdraw enable) is displayed.

In the user program, the "Enable" input of the "MC_Power" Motion Control
instruction must not be set to "FALSE" especially for technology alarm 550.

After acknowledgement and release of the drive by the actual safety function, the
technology alarm can be acknowledged on the relevant TO by the Motion Control
instruction "MC_Reset". The TO is then automatically enabled if
"MC_Power.Enable" = "TRUE" has remained.

The "Safety Integrated Extended / Advanced Functions" are not independently
supported by the TO. In this case, the user program must react accordingly, e.g.
reduce the speed when SLS is selected.

Safety Information Channel

The Safety Information Channel (SIC) is transmitted from the drive to the controller
via the SIEMENS telegram 700 and contains the status word S_ZSW1B and the
SLS velocity limit S_V_LIMIT_B.

With the SIC, the status of the Safety Integrated Functions can be evaluated in the
standard program.

If, for example, SLS or SOS was selected at the drive, the controller must react
accordingly within a delay time set in the drive. In the case of SLS, the user
program must delay the technology object at least to the speed limit transferred in
S_V_LIMIT_B. If the speed is exceeded after the delay time has elapsed, the stop
reaction set as a safety error reaction is executed by the drive.

Table 2-2 Structure of the telegram 700

PZD Received data Transmit data Parameter in the drive
PzD1 - S _ZSWi1B r9734
PzD2
S V_LIMIT_B r9733[2]
PzD3

Controlling the Safety Integrated Functions of SINAMICS S120
Entry-ID: 109749224, V1.4, 09/2019 8
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2.4

241

Configuring SINAMICS S120 drive

Automatically detecting device configuration of the drive

As of TIA Portal V15, you can automatically detect and read out the device
configuration of the SINAMICS S120 drive.

The "Detection of the device configuration” function reads out the actual topology
of your drive and transfers this as the starting point for offline configuration in your
Startdrive project. The wizard automatically detects existing modules and DRIVE-
CLiQ circuits and creates the corresponding Drive Objects (DOs) and connections
in the project.

To automatically recognize and read the device configuration, proceed as follows.
The description assumes that an S7-1500 F-CPU has already been configured in
your project.

1. Open the network view.

2. Select a SINAMICS S120 drive (Control Unit CU320-2 PN) in the hardware
catalog.

|; Topology view ||5g-h Network view |rf Device view

(J—f Metwork nu Connections | H|

PLC 1
CPU1511F-1 PN

—1 D e
L)

| Options

-
v | Catalog

|<Search> ‘@ -
[ Filter Profile: _ -

A _[l Drives & starters
» [l SIRIUS motor starters and soft starters

Ea|e;ea alempIey E’—

Drive unit_1
$120 CU320-2 PN )
Not assigned B ~ 32 SINAMICS drives
» [32 SINAMICS G110M
» [32 SINAMICS G120
» [32 SINAMICS G120C
» [32 SINAMICS G120D
» [32 SINAMICS G120P
» [32 SINAMICS G130
» [3 SINAMICS G150
¥ [ SINAMICS MV y
~ [ SINAMICS 5120
~ [ Control Units

4 CU320-2 PN/v

» ’;; SINAMICS 5150

» [ SINAMICS 5210
<] [

~ | Information

s|oo} auljug EH

snselk\win

saueiq & ”

Device: P A

@ CU320-2 FN

Arti 55 13040-1MAD1 Do
\

version: 5.2 -

Select the firmware version.

Insert the drive into the project using Drag & Drop.
Open the device view of the drive.

Right-click on the drive to open the context menu.

N o o krow

Click on the menu item "Detection of the device configuration".

Controlling the Safety Integrated Functions of SINAMICS S120
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|; Topology view ‘EE-,J Network view  |[JIf Device view

d#  [orive unit_1 (5120 cuz202 =] ) "“”U' =
f 6

M cut Crrlex
25| Copy Crl+C

75| Paste crlsv
Crl+) @23
Go offline =)

configuration

Show catalog Cerl+Shift+C

T

1]
The topology of the drive is read out.

To transfer the assembilies to your offline project, click on the "Create" button.

Detection of the device configuration %

Drive object type for all O Universal fvectar)
motor controllers:

: O Can be selected

[ Parallel connection view

Module Drive object type Componenttype | Identification DRIVE-CLIQ connection
!;5' Mon-assignable components
w [52 Drive control SINAMICS §
4E Drive unit_1 5120 CU320-2 PN [ | LED flashing
~ g2 Inputioutput object_1 TE30 (Terminal Board)
4E TB30_10 b}
~ [52 Drive axis_1 High dynamic (serva)
4 Motor_Module_2 DR D LED flashing X200 < Drive controliDrive unit_1/...
~ 3E Motor_SMI_9 MOT
~ 3E Encoder_8 ENC
4 SMI20_7 SM D LED flashing X500 = Drive axis_1/Motor_Modul...
> |42 Drive axis_2 High dynamic (serva)
4E Motor_Module_3 DR D LED flashing Internal <= Drive axis_1/Motor_Mod...
~ 3 Motor_1 MOT
= EAMeasL.:rmg system_1 ENC _ L . o -
[<] 1] |
8 i

Create Cancel

Result: The actual topology has been transferred to the project.
Since the motor encoder is connected via SMC20, the electronic nameplate of
the second motor cannot be read out automatically.

Controlling the Safety Integrated Functions of SINAMICS S120
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9. Select the second motor module and select the motor type in the motor module

properties.
|§, Properties ”"A.‘. Info @ || % Diagnostics ‘
General
* General I b | Filter £
Project information () 1PHZ induction motors
v Motor_Module_3 [DMM] O 1PH4 induction motors
)} General (O 1PH7 induction motors E
Motor Module -Selection - O 1PHB induction motors
- Motor_1 [MOT] L O 1FE1 synchronous motors
b General I O 1FE2 synchronous motors
4l O 1FG1 synchronous motors
» Motor details 1 O 1FK6 synchronous motors
b Measuring system_1 [ENC] 3 1FK7 synchronous motors
O 1FT6 synchronous motors
10. Then select the motor in the properties.
[« Properties | ?%i}Info | %/ Diagnostics
General
b General [
» Wotor_Module_3 [DM] Motor - selection - 1FK7
w Motor_1 [MOT]
b General Basic parameterization: @
¥ Motor details :
» Measuring system_1 [ENC] [ Select... | Article number Rated speed Rated power | Encoder
Y WG <Filters <Filter=
() 1FK7022%AK71%ABx 60000rpm 038 kw 2048, 1 Vpp. AB CD R
N\ O 1FK70220AK7 4B 6,000.0rpm 038 kw 2048, 1 Vpp, AlB CID R
T ®  1FK7022-%AKT71-XAGX 60000rpm 038 kw 2048, 1 Vpp. AB CD R
() 1FK70229AK74-xAGX 6,000.0rpm 038 kw 2048, 1 Vpp, AlB CID R

11. Then select SMC20 as encoder in the second motor module in the properties.

|§Propertie5 ""_i.'.lnfo ”ﬂDiagnostics |

General

b General
» Motor_Module_3 [DMM]
w Motor_1 [MOT]

¥ Genersl

> >  Encoder evaluation - Selection

Basic parameterization: @
Motor - selection - 1FK7

¥ Motor details
* Measuring system_1 [ENC]
b General

®

—\t

lect... | Article number
<Filter=

6513055-0AA00-5 B¢
() 65L3055-0AA00-55x

[=2eu00g) S S =EElE= SMC20 Sensor Module Cabinet

SME120 Sensor Medule External

-

Measuring system details
w Encoder evaluation_1 ...

b General

revaluation -

Controlling the Safety Integrated Functions of SINAMICS S120
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12. Connect the drive to the PLC.

...J49224_Safety120_TO_Axis » Devices & networks — i EX

|E"" Topology view ”ﬁg‘b Network view @f Device view |

Ef Network: "" Connections | HM connection

Drive unit_1

PLC_1
CPU 1311F-1 PN D 5120 CU320-2 PN

24.2 Configuring drive telegrams

By selecting a telegram you define the process data which are transferred between
the drive and the PLC.

Follow the steps below:
1. Select the "Telegram configuration” folder in the drive properties.

2. For the cyclic data transmission to the controller for "Send" and "Receive",
select the telegram "SIEMENS telegram 105" for both axes.

3. Use "Add telegram > Safety Integrated telegram™ to add the telegram
"PROFIsafe telegram 30" for both axes.

Set the F target address in the telegram configuration.

Safety actual value

Drive Partner

Name |DriveAxds1Red—TeIegrams | -+ |PLC_1 |
Role |De\rice | |C0ntr0|ler |

IPaddress | 192 . 168 .0 . 10 192 168 .0 .1
Telegram | PROFIsafe telegram 30 [+

I F-address | 10 | | 1 | I
Slot |2 |

Startaddress |PZD 1 [~] [11000 |
Length |6 bytes| |6 bytes|

Extension |— | |— |

4. Add the Safety Information Channel with "Add telegram > Add Safety
Integrated supplementary telegram”. To do this, select the SIEMENS telegram
700 for both axes.

5. For the cyclic data transmission for "Send" and "Receive" select the telegram
"SIEMENS telegram 390" for "DriveControl". The telegram is required to
acknowledge errors.

Controlling the Safety Integrated Functions of SINAMICS S120
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6. If necessary, set the addresses of the telegrams.

| ©, Propertie: %} Info | 2] Diagnostics
| General | e
¥ General N
~ Drive unit_1 [5120 CU320... GO oo Saton
> I
~ PROFINETinterface [X1% Name tem | Link | Telegram Length extension | Type Farmer Partner data ares
Ethernetaddressey Send (Actual value) A SIEMENS telegram 390 2 words 0 words - CD PLC_1
» Telegram configuration e_ Receive (etpoint) A SIEMENS telegram 290 2 words 0 words & PLC1
» Advanced aptions
Module parameters ~ TB30_nputioutputTelegrams 2
Hardware identifier Send (Acwal value) A Free wlegram 1 words  — - o PLC1
> Ethernet commissioni.. Receive (Setpoint) A Free telegram 1 words - o PLC1
General <Add
Ethemetaddresses A e DriveAxis 1Red-Telegrams s
g '\, Send Safety Integrated tel.. A PROFisafe telegram 30 6 byes  — - Fo PLC
" Receive Safety Integrated .. #  PROFIsafe telegram 30 6 bytes - + FD PLC1
I N Send (Acwal value) A SIEMENS telegram 105 10 words 0 words = CD PLC_1
Receive (Setpoint) A SIEMENS telegram 105 10 words 0 words & €D PLC1
o— Send Supplement (Actual A SIEMENS telegram 700 3 words  — “+ o PLC1
~ Drive/is2Blue Telegrams 4
Send Safety Integrated tel.. A PROFisafe telegram 30 6 bytes  — -+ Fo@ PLC 1
== Receive Safety Integrated .. A PROFisafe telegram 30 6 bytes  — - FD PLC_1
Send (Acwal value) A SIEMENS telegram 105 10 words 0 words - €D PLC1
e_ Receive (Setpoint) A SIEMENS telegram 105 10 words 0 words & €D PLC 1
a

7. Save the configuration.
8. Download the configuration into the drive and save the parameters in the

ROM.

Controlling the Safety Integrated Functions of SINAMICS S120
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2.5 Programming basic safety functions

To control the safety functions, proceed as follows:

1. Open your F program and insert the instruction "ESTOP1" from the Task Card
"Instructions > Safety functions" via Drag&Drop.

2. Connect the "E_STOP" input with the emergency stop mushroom pushbutton.
3. Connect the input "ACK" with the acknowledge bit.

#instESTOR1

ESTOP1 —'o

= EN

Wo.0
“eStop” —E_STOP —e o]
rue == ACK_NEC Q_DELAY = ...
“GlobalData”™. ACK_REQF— -
safetyAck — ack —e DIAG
T&#100ms TIME DEL ENO —

Insert the instruction "SFDOOR" via Drag&Drop.
5. Connect the inputs "IN1" and "IN2" with the safety door contacts.

6. Connect the inputs "QBAD_IN1" and "QBAD_IN2" with the value status of the
safety door contacts.

7. Setthe input "OPEN_NEC" (opening required during start-up) to "false".
8. Connect the input "ACK" with the acknowledge bit.

#instSFDoor

SFDOOR —o
- ==EN
o 1
"safetyDoor”™ = |y —e
H0 .2
*safetyDoor2” —|N2 —e
W21
“safetyDoor1Vs" =8 QBAD_IM1 —e
W22
“safetyDoor2Vs" —0{ gBEAD_IN2 _e Qp—falze
false — QPEN_NEC o ACK_REQ |— falze
rue — ACK_NEC DIAG|— B+ 16500
"GlobalData™.ackSafety — AcK —e ENO—

9. Insert the instruction "ACK_GL" via Drag&Drop.

10. Connect the input "ACK" with the acknowledge bit.
With a positive edge at this input, each F periphery is reintegrated after a
communication failure.

¥DB4
“instGlobalAck™

ACK_GL —-e
@
"GlobalData”.

1
safetyAick — ACK _GLOB  ENO f—
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3

Note

3.1

3.2

3.2.1

Engineering

The application example uses the function blocks from the application example

"LAxisBasics" to control the axes.
"LAxisBasics - Simple control of the TO "axis" in the SIMATIC S7-1500".

https://support.industry.siemens.com/cs/ww/en/view/109749348

For the following procedures, the steps correspond to the numbers in the graphs.

Configuring the safety telegram

How to configure the safety telegram "PROFIsafe telegram 30" is described in

chapter 2.4.2 under Point 3.

Configuring Safety Integrated Functions in the drive

Before you configure the Safety Integrated Functions in the drive with Startdrive,

the following conditions must be met:

e Commissioning of the drive is complete

e For SLS, the closed-loop controller settings should be optimized.
e The drive must not be in the "Operation" state.

e The PG/PC is connected online with the drive.

Configuring Safety Integrated Extended Functions

To configure the Safety Integrated Extended Functions, proceed as follows:

1. Establish an online connection to the drive and open the editor for the drive

parameters.

+ 3 Drive unit_1[5120 cuz2o-2 PNl [
IIY Device configuration
Y% Online & diagnostics
» [32 DriveControl a
= [ DriveAxis1Red
o— ﬁ’ Parameter i
Vit Commissioning
ﬁ Diagnostics
» 32 DriveAxis2Blue

2. Navigate to "Drive Functions > Safety Integrated > Function Selection”.
3. To start the safety commissioning, click on the "Edit" button.
4. Select "Extended / Advanced Functions with encoder via PROFIsafe".

-
L
» Basic parameterization e'—,f ).
» Opendoopiclosed-loop control &
w Drive functions 2 Function selection i
Brake control o
~ Safetyintegrated -
kY negra - “ 2 ‘Enendedfﬁdvanced Functions |" ‘wwlh encoder |"
; >
Actual value acquisition i... s Contral hpe:
Control 7 . )
| via PROFisafe [+] [ Basic functions via onboard terminals
Teststop 7

Controlling the Safety Integrated Functions of SINAMICS S120
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3.2.2 Actual value acquisition / mechanical system configuration

The Safety Integrated monitoring limits refer to the load side. After configuring the

mechanical system, you can use the actual limits; further calculations are not

necessary.

By default, a linear axis is set for the mechanical system. A linear axis converts a
motor's rotary motion into linear motion using a leadscrew. A rotary axis can also
be set; however, the application example does not use this axis type.

Due to this setting, a linear motion is assumed on the load side. As a result, all

motion monitoring limits are specified in mm/min / all position monitoring settings

are specified in mm.

To configure "Actual value acquisition / mechanical system", proceed as follows:
1. Navigate to "Actual value acquisition / mechanical system".

2. Configure the mechanical system as follows:

"Axis type" "Linear axis"
"Leadscrew pitch": 10 mm

"Load revolutions" 1
"Encoder revolutions" 1

Actual value acquisition | ical system

Gear unit between load and encoder:

2 Function view

e .
@
2|
L]
)
2

Topelogy [1-e
Lesdscrew pitch

10.0000 mm
Acceptencoder data

[ Reversal af the load direction of ratation
Load revolutions
1

1200000 ms
0.00000 ms

- Motor encoder —
'g Pulse number 512 }W‘m
g s Sl
Note The "Accept encoder data" button is available online. This allows you to copy the

encoder parameters from the basic system to the corresponding safety

parameters.

Controlling the Safety Integrated Functions of SINAMICS S120
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3.2.3 Configuring Safety Integrated Function Safe Stop 1 (SS1)

To configure SS1 in the drive, proceed as follows:
1. Click on the pictogram for SS1.

[ Function view [ Parameter view
o2 2
rol (]
#|| Function selection
Skt tegroted 7 [Extended /Advanced Functions [+] [with encoder [=] Neritoring cycle
- G 7
SR ? Control type:
551
= :) [ via PROFIsafe [+] [ Basic functiens via enbeard terminals
sos 4
sLs 4 Stop functions Brake functions Motion monitoring Position monitoring
SSM 4
Actual value acquisition ... 2| v _sm
Control | g }«ll—‘ t LS @ e
Teststop 2
Enter password 4 v sm Y
Function sta 2 [(Vss1 ’ L: [ ser [V ssm "J&, [ste
b Messages (] / L
» Friction characteristic (] mom——
Control logic & [v]ss2 ’ I:\ \ Dsoi Osea
» Communicat tion (-] =
= ’ e ‘:\

2. Parameterize SS1 as follows:

"Braking response™: "SS1 with OFF3"
The drive is braked with the OFF3 ramp.

- "Monitoring": "with SBR"
With brake ramp monitoring.

- "Delay time SS1 -> STO active": "11000 ms"

Note To ensure that the drive, after selecting SS1, can decelerate to a standstill before
STO is activated, the selected delay time for triggering STO must be greater than
the "ramp-down time (OFF3)". This enables the drive to decelerate on the OFF3
ramp from any speed of the work process before STO is activated and the drive
coasts.

3. Click on the "Monitoring" icon.

Braking response @
[0] 551 with OFF3 — Mﬂmlur\r‘

-
S 0\ \.

wllh SBR STO active

\:} Function view || Parameter view

551

—m— <No connections> | I

D Alarm acknowledgment via STO

Delay time
551 > STO active

1

Stop response B

11,000.00 ms

Controlling the Safety Integrated Functions of SINAMICS S120
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4,

Note

Parameterize the braking ramp to monitor braking on the OFF3 ramp. The
braking ramp should be roughly parallel to the OFF3 ramp.

The braking ramp's slope depends on the "reference velocity" and the "braking
ramp monitoring time".

The OFF3 ramp refers to the motor side. The OFF3 ramp's slope depends on
the "maximum speed" and the "ramp-down time (OFF3)". This means: For
lower setpoint speeds, the motor decelerates to a standstill faster than
specified in the "ramp-down time (OFF3)".

In the application example, the maximum motor speed is used for the
"maximum speed". The "reference velocity" is calculated from the "maximum
speed" and the mechanical system settings for leadscrew pitch (10 mm/red)
and gear between load and encoder (1:1) (see Chapter 3.2.2). As a result, the
same time can be used for the "braking ramp monitoring time" and the "ramp-
down time (OFF3)".

- "Reference velocity": 100,000 mm/min
- "SBR velocity limit": 5 mm/min

- "STO shutdown speed": 5 mm/min

- "Delay time™": 100 ms

- "Braking ramp monitoring time™: 10 s
- "Ramp-down time (OFF3)": 10 s

- "Maximum speed": 10,000 rpm

Confirm your settings by clicking on "OK".

SBR (safe braking ramp)
re Remp-down time (OFF3) 10.000 s
Reference velocity
100.000.0000 mmimin Maximum speed | 10,000.000 rpm
SBR
SBRvelocitylimit \ STO
5.00 mmi/min
STO shutdown speed
5.00 mmi/min
>
Delaytime t
100.00 ms
Braking ramp monitaring time
ho.0o =
The settings in this mask are valid for the S51 and 552 safetyfunctions.
If no SAMISBR velocity limit (p9568 = 0) is entered, the value of SSMvelocity limit (p9546) acts also as the velocity limit for SAMISER.

The large time values were chosen deliberately. Due to these values,
decelerating to a standstill on the OFF3 ramp takes longer; this allows you to
better analyze the signals in the trace recordings (see Chapter 3.4.3).

Controlling the Safety Integrated Functions of SINAMICS S120
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3.24 Configuring Safety Integrated Function Safely-Limited Speed (SLS)

To configure SLS in the drive, proceed as follows:
1. Open the parameters of the "DriveAxis1Red" drive.
2. Click on the pictogram for SLS.

|23 Function view [ Parameter view

B
b Basic

+ Open-oopiclosed-oep control

o2

= Drive functions Function selection

Brake control

~ Safetylntegrated
-
STO/SBC
551
552
s0s
SLS
SSM
Actual value acquisition /..

Wonitoring cycle 12.00000 ms

|Extended | Advanced Functions [*] [withencoder [+

Control type:

[ via PROFIsafe [+] [Jeasic functions via onboard terminals

Stop functions Brake functions Motion menitoring Position monitering

s

Mso (PR O D Mas )] Osr D

Mss1 Cser D s )h Clste D
" e o e
s

Control

Teststop

Enter password

Function status
b Messages i monitoring func...
» Friction characteristic
Control logic ss2
» Cemmunication

OAVFLLILLRLRLLRRLLRORO0

(mES

[¥]sos

3. Configure SLS as follows:

- "Delay time Select SLS -> SLS active": 500 ms
If SLS is selected, the monitoring only becomes effective after the delay
time has elapsed. Within this time, the actual speed must be below the
(selected) limit value, otherwise the configured stop reaction is triggered.

- "Speed limit (Level 1)": 1,200 mm/min
1,200 mm/min = 20 mm/s

- "Stop response (Level 1)": STOP B
If the speed limit is exceeded, STOP B (SS1) is triggered.

- Open the STOP B (SS1) settings by clicking on the "Configuration” button.

\ﬂ» Function view | =] Parameter view

2 a
SLS
Delaytime
Select SLS = 5LS active
SelectSLS q
’ E 1]
Speed limit Stop response
Selection Configuration PROFlsafe override
Level 1 1,200.00 mmimin [1]5ToP B - [0] Inhibit [~ om
Level 2| 1,000.00 mmimin | [[2]STOPC [+] @ — 01 _
Level 3| 2,000.00 mmimin | [[2]STOFC [~] @ — 10 Q
Level 4| 3,000.00 mmimin |  [[2] STOPC [] - 11
set velocity limitation
SLS level
>
80.000 % » X
Gear ratio
& 4
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3.2.5

To configure SOS in the drive, proceed as follows:
Open the parameters of the "DriveAxis2Blue" drive.
Click on the icon for SOS.

1.
2.

Configuring Safety Integrated Function Safe Operating Stop (SOS)

|23 Function view

LI
» Basic parameterization
» Opendoopiclosed-oop control
~ Drive functions
grake contral
- SaferyIntegrated

R Function selection;

STO [SBC

SSh
Actual value acquisition J...
Control
Teststop
Enter password
Function status
» Messages / monitoring func...
b Friction characteristic
Control logic
» Communication

& A

Function selection

:E| Parameter view

| Extended  Advanced Functions

[¥] [withenceder

Control type:

[ via PROFIsafe

VBOAFILLULRRLLRLRLLLRLOLO0

[v]sos

3. Configure SOS as follows:

Stop functions

[vlsTo [sec
[Vl ss1 [ seT

"Delay time SOS -> SOS active": 750 ms

Brake functions

=]
i

sLs

[*] [ Basic functions via onboard terminals

Motion monitoring

SSM }&.

=
=

Wonitoring cycle 12.00000 ms

Position monitoring

If SOS is selected, the monitoring only becomes effective after the delay

time has elapsed. Within this time the motor must be stopped and remain

in control.
505

=

Select 505

{:‘— 50S active

Delay time
505 =505 active standstill tolerance 505
0 N 505
| -
i 505
75000 ms 1.000 mm

- "Standstill tolerance SOS": 1mm
Once the motor has been stopped, the configured tolerance must not be
exceeded. If the standstill tolerance is exceeded, STOP B is activated in
the drive, followed by STOP A.

Controlling the Safety Integrated Functions of SINAMICS S120
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3.2.6

3.3

Note

Configuring the test stop

Proceed as follows to configure the test stop:
1. Navigate to "Test stop".

2. Close the switch by clicking on the button.
- The test stop is performed automatically each time the drive is restarted.

3. Set the time interval for performing dynamization and testing of the drive-
integrated safety motion monitoring functions. To maintain the guaranteed
failure probability of the safety functionality of the SINAMICS, the test stop
must be performed at least once a year
(8760 hours).

4. To end the safety commissioning, click on "Stop processing".

L A S
b Basic parameterization O 2
» Open-ooplclosedloop contrel L] )
~ Drive functiens #|| Testy
Brake control (]
 SEiEy gy & SclooFtop of the extended
» Function s rd Nirereme
Actual valu I.. rd
1 7 | '— Timer test stop
Centrol & e
7 X
Enter password rd 1
Function status 4 Execute test S(Dp Tz 876000 h
A ' automatically during ramp-up
b Messages | monitering func... L] T Gy T
b Friction characteristic (]

5. To save the parameters in the ROM, click on "Safe the data of all drive objects

retentively".
ﬂ ?-. =
etz °
3 Dpen pc\osed\oop control 1]
 Drive functions (]
Brake control o

6. Switch the drive off and back on.

Controlling and evaluating Safety Integrated Functions

The SINAMICS Safety Integrated Functions are controlled via PROFlsafe. The
"LDrvSafe" library provides failsafe function blocks (FBs) and PLC data types for
this purpose, depending on the PROFIsafe telegram used (30, 31, 901, 902, 903)
for simple control and evaluation of the Safety Integrated Functions.

In the user program, the FBs and PLC data types are used for the configured
PROFIsafe telegram 30.

Further information on the function blocks of the "LDrvSafe" library can be found
in the application example "SIMATIC - Fail-safe LDrvSafe library for controlling
Safety Integrated Functions of the SINAMICS drive family".

https://support.industry.siemens.com/cs/ww/en/view/109485794
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To control and evaluate the Safety Integrated Functions, proceed as follows:

Inserting library elements
1. Open the library "LDrvSafe".

2. Insert the following FBs from the library into the folder "Program blocks" via
Drag&Drop:

"LDrvSafe_SinaSTlg30Control"
- "LDrvSafe_SinaSTlg30Status"

3. Add the following PLC data types from the library to the "PLC data types"
folder, using Drag&Drop:

- "LDrvSafe_typeSinaSTIg30Control"
- "LDrvSafe_typeSinaSTIg30Status"

w || LDrvsafe_v2.2.1_Vi5.1
b 3] Types
~ || Master copies
b [t:| 57-1200F
¥ |zz| 57-1500F
b %] General
¥ |t:| PROFIsafe Control
~ |tz| Control word
¥ |tz| Telegram 30
e 2 LDrvSafe_SinaGTig30Control
2 LDrvSafe_SinaSTig30Control
lii! LDneSafe_typesina GTig30Control
e_ lii! LDrvSafe_typeSinaSTig30Control
tz| Telegram 31
tz| Telegrarm 900
(=

tz| Telegram 901

b
»
»
» [Ez| Telegram 902
b [i:z| Telegram 903
=] Status word
¥ |iz| Telegram 30
9 2 LDrvSafe_SinaGTlg305tatus
2 LDrvSafe_SinaSTlig305tatus
It LDrvSafe_typeSinaGTlg305tatus
e_ I LDrvSafe_typeSinaSTlg305tatus
Telegram 31
Telegram 900
tz| Telegram 2901

=
ES
ta
ES

- v v v

t=| Telegram 902
b |tz| Telegram 903
¥ |iz| Safety InfolContral Channel
» %] Control word
 |t:] Status word
b [i:z| Telegram 700
b [Ez| Telegram 701

Creating tags
1. Open the tag table.

2. Create two tags per drive with the PLC data types
"LDrvSafe_typeSinaSTIg30Control" and "LDrvSafe_typeSinaSTIg30Status".
The start addresses of the tags (1) must be the same as the start address (2)
of the corresponding telegram in the hardware configuration.

Controlling the Safety Integrated Functions of SINAMICS S120
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< » statusSafetyfods1Red "LDrvSafe_typeSinaSTig305tatus™| %11000.0 —@
< b ctriSafetyfods1Red "LDrvSafe_typeSina5Tig30Control| %01000.0
< » statusSafetyfds2Blue "LDrvSafe_typeSinaSTig305tatus”| %I1006.0
< » crrisafetyfds2Blue "LDrvsafe_typeSinasTig30Caontrel| %0Q1006.0
~ DriveAis1Red-Telegrams 3
Send SafetyIntegrated tel.. M PROFisafe telegram 30 6 bytes — =+ FCD PLC_1
Receive SafetyIntegrated .. A PROFisae telegram 30 6 bytes  — « FCD PLC_1
Send (Actual value) M SIEMENS telegram 105 10 words 0 words = CD PLC_1
Receive (Setpoint) A SIEMENS telegram 105 10 words 0 words &= CD PLC_1
Send Supplement (Actual .. M SIEMENS telegram 700 3 words — -+ PLC_1
~ DriveA eTelegrams 4
Send SafetyIntegrated tel.. A PROFisae telegram 30 6 bytes  — -+ F-CD PLC_1
Receive Safety Integrated .. M PROFisafe telegram 30 6 bytes — + FCD PLC_1
Send (Actual value) A SIEMENS telegram 105 10 words 0 words = CD PLC_1
Receive (Setpoint) A SIEMENS telegram 105 10 words 0 words &= CD PLC 1
Send Supplement (Actual .. M SIEMENS telegram 700 3 words — -+ PLC_1

Calling library blocks

1.

Insert the FB "LDrvSafe_SinaSTIg30Status" into your F program.
This FB is used for simple evaluation of the Safety Integrated Functions of
SINAMICS S via PROFIsafe telegram 30.

Connect the input "SinaSTIg30Status" with the tag "statusSafetyAxis1Red"
defined in step 4.

Connect the outputs of the FBs.
#instSinaSTig305tatusA
xas1Red
e_ %B29011 e
"LDnSafe_SinaSTlg305tatus”

"GlobalData” .axs[0].
safetyFaultictive — saferyFaultActive
STOactive — lse
SSlactive —

552active —
S0Sselected
S0OSactive
SL5active

SLPactive

SLAactive

9 SDIpositiveActive

= EN SDInegativeActive

PA1000.0 SSMactive — falze
“statusSafetyfods 1Red” SinaSTig30Status . ENQ —

Insert the FB "LDrvSafe_SinaSTIg30Control" into your F program.
This function block is used for simple controlling of the Safety Integrated
Functions of SINAMICS S via PROFIsafe telegram 30.

Connect the safe signals of the FBs "ESTOP1", "SFDOOR" and "serviceMode"
with the Safety Integrated Function SS1 at the block input.

Connect the safe signal of the FBs "SFDOOR" and "serviceMode" with the
Safety Integrated Function SLS at the block input.

Connect the acknowledgement bit with "ackSafetyFaults" at the block input.

Connect the output "SinaSTIg30Control" with the tag "ctrlSafetyAxis1Red"
defined under point 4.

Controlling the Safety Integrated Functions of SINAMICS S120
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*GlobalDats".
senvicelode — &

#instSFDoor.Q — 3% —_

#INStESTOPT Q — 3¢ -
| -

e #iNstSFD0Or.Q =

“GlobalDats”.

e serviceMode —o sk A

o-

~—EN
true — STO
551

TUE =552
true — 5085
5L

true — SLP
trus —SLA

#instSinasTig30Control
Axis1Red

%¥B29001
“LDnsafe_SinaSTig30Control”

trus — SDipasitive PI1000.0

true — SDInegative
== “GlobalData" ackSafety— ackSaferyFaults

SinaSTig30Control — “ctrlSafetyfods 1Red”
ENO —

The unused safety functions (STO, SS2, SOS, SLP, SLA, SDIpositive and
SDInegative) are deselected in the default setting.

9. Repeat steps 1 - 8 for the second axis and connect the safe signal of the FBs
"SFDOOR" and "serviceMode" with the Safety Integrated Function SOS at the

block input in step 6.

3.4 Responding to a selected Safety Integrated Function

If a Safety Integrated Function SOS or SLS has been selected, the controller of the
drive must react accordingly before the delay time expires, before the drive carries

out a stop reaction autonomously.

Note This document and example project describe the response to the Safety
Integrated Functions SOS and SLS. The recommendations for the other Safety
Integrated Functions can be found in the chapter "Safety Functions in the Drive"
of the function manual "S7-1500 Motion Control V4.0 in the TIA Portal V15"

https://support.industry.siemens.com/cs/ww/en/view/109749262/102819887115

34.1 Reading out the Safety Information Channel

The Safety Information Channel must be monitored cyclically in the standard user
program. In chapter 3.1 the SIEMENS telegram 700 has already been added for
both drives. This section describes how the data can be read out, monitored and
reacted to in the user program for the selected Safety Integrated Function.

Inserting library elements
1. Open the library "LDrvSafe".

2. Insert the FB “LDrvSafe_SinaTlg700Status” from the library into the folder

"Program blocks" via Drag&Drop.

3. Add the PLC data type “LDrvSafe_typeSinaTlg700Status” from the library to
the "PLC data types" folder, using Drag&Drop.
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w | L] LDrvSafe_v2.2.1_W15.1
b 5] Types
= Master copies

Ez| 57-1200F
57-1500F

1 -

Ex]
b |tz| General
b |tz PROFIzafe Control
¥ |iz| Safety InfoiControl Channel
» t:z| Control word
¥ |i:| Status word
¥ |i:| Telegram 700
e— 2 LDrvsafe_SinaTlg700Status
— I LDrvsafe_typeSinaTig7005tatus
b |E:| Telegram 701
b [tz] Winder
b Lz S7-1500F Software Controller

Calling library blocks

1. Insertthe FB "LDrvSafe_SinaTlg700Status" into your standard user program.
This FB is used for simple evaluation of the Safety Information Channel.

2. Connect the input "hardwareld" with the hardware identifier of the SIEMENS
telegram 700.
The hardware identifier can be found in the telegram configuration of the drive.

[ Properties | " Info [ %] Diagnostics |

J General |

» General [| » > DriveAds1Red-Telegrams [=]
~ PROFINETinterface [X150]
General

Send Supplement (Actual value)

Ethernet addresses

Drive Parter
~ Telegram configuration
+ Drive contralTelegr.. Name |Drivesds1RedTelegrams | =+ [rca ]
» TB30-Telegrams Role |Device ] | controller ]
 Driverds 1RedTeleg. IPaddress | 192 . 168 .0 .5 192 .168.0 .1
Send SafetyIntegr...
Telegram | SIEMENS telegram 700 [+
Receive Safetyin...
slot [4

Send (Actual value)

Startaddress [PZD 11 [1700 ]

Receive (Setpoint) -

I
Length [3 words

Send Suppleme... E B words |
b DriveAxs2Blue-Telegr... L
r Extension |— - ]
b Advanced options f
Wodule parameters
Hardware identifier Organization black | (Automatic update) -
P BT AT = Process image [ Automatic update [~
@—| Hartvar Kendter ] —
%813
"InstLDrvSafe_
SinaTlg700Status_
FAoxdsRed”
%WFB29201
e 1Dnl§af57§ina]197()0§ialus'
valid
busy
status
saferyFaultActive
STOactive
55 lactive
552active
SOSselected
S0Sactive
e —EN 5L5selected
true = enable SLSactive
\ 275 SLAactive
; D;;:gﬁlrma‘{ SDipositiveselected
interface~Drivefxs1Red SDinegativeSelected
_SIEMENS_teleg,._ SLSlimit 620
" — hardwareld - ENO —
3. Repeat steps 1 and 2 for the second axis.
4. Download the PLC project to the controller.
3.4.2 Detection of a selected Safety Integrated Function

The status word "S_ZSW1B" of the Safety Information Channel indicates whether
the Safety Integrated Function is selected and/or active. In the user program, the
"Selected" bits of the configured Safety Integrated Functions must be monitored
and responded to.

Controlling the Safety Integrated Functions of SINAMICS S120
Entry-ID: 109749224, V1.4, 09/2019 25



© Siemens AG 2019 All rights reserved

3 Engineering

3.4.3

Possible reactions

Each Safety Integrated Function requires a different reaction. For the Safety
Integrated Functions SOS and SLS described here, the reaction can consist of
either replacing the motion task or changing the speed override. Select a suitable
procedure according to your application.

Replacing motion task

An active motion task can be replaced by a new Motion Control instruction. The
active Motion Control instruction is aborted (CommandAborted = True) and can no
longer be continued. The replacing Motion Control instruction can also be replaced
after deselecting SOS or SLS by restarting the original Motion Control instruction.

An active speed specification with the Motion “MC_MoveVelocity” Motion Control
instruction can, for example, be replaced by another Motion Control instruction with
the speed limit from the Safety Information Channel.

Stopping the drive can be implemented with the MC_Halt motion control
instruction.

Adapting the velocity override of the technology object

3.5

The tag <TO>.Override.Velocity is a percentage correction (0.0 to 200%) of the
specified velocity, for example the target velocity of a Motion Control instruction.
This usually has the value 100.0%. Reducing the override reduces the speed but
does not abort the Motion Control instruction. If the Safety Integrated Function is no
longer selected and the F periphery has been acknowledged, the override can be
reset again. The Motion Control instruction is then continued with the specified
target velocity.

An override change is effective immediately and is followed with the dynamic
settings effective on the Motion Control instruction.

Pausing an active Motion Control instruction can be realized by setting 0.0.

Changing the velocity setpoint for SLS

If the safety door is opened in service mode in the included example project, the
safety program selects SLS. The drive should then run at reduced speed. To do
this, the target speed must be reduced in the user program as soon as SLS is
selected. This is the only way to ensure that the axis is decelerated in good time
before the drive signals “SLS enabled” after a delay time.

After deselecting SLS, the drive is to be accelerated to the original speed after
acknowledging the F peripherals.

If automatic mode is active and the safety door is open, the FB
"LDrvSafe_SinaSTIg30Control" selects SLS. The drive must now be decelerated to
the speed limit within the set delay time.

Response in the user program

In the user program, monitor the "SLSselected" bit of the FB
"LDrvSafe_SinaTlg700Status”. In "SLSlimit" the effective speed limit is transferred.

In the user program, react within the configured delay time as described in 3.4.3.
Depending on the application, for example, the current motion control instruction
can be replaced or adapted to the velocity override.

In the following example, the velocity override is reduced according to the
transferred SLS velocity limit when SLS is selected.
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Flgure 3-1 Reduction of the veloc:|ty override

/ Set 3low 3peed, if door i3 open and service mode active

135 .-Juis d"
16 | ELSE

12 |END IF;

"RxislRed".Overr

".51L51limit / (#NORMALIZATION_FACTOR / "AxislRed".Actor.DriveParameter.ReferenceSpeed) * 10;
16440000000 | DWord

y) / "LAxisBasics_AxisDataBlock™.axis[0].axisControl.axisControlCommand.jogVelocity:

ide.Velocity := 100.0; // reset wvelocity override if SLS is no longer selected

NOTICE

Ensure that the closed-loop controller settings have been optimized for the used
drives. Otherwise the SLS stop reaction may be triggered due to speed
fluctuations. In the example in Eigure 3-1, the speed limit was additionally
calculated with a factor of 0.95 as the reference speed.

3.6

Stopping the drive with SOS

If Safe Operating Stop (SOS) has been selected, the drive must be stopped within
the SOS delay time. The drive then remains in closed-loop operation and standstill
monitoring is active. This means that protected machine areas can be entered by
service personnel without the machine having to be switched off.

If automatic mode is active and the safety door is open, SOS is selected by the FB
"LDrvSafe_SinaSTlg30Control". The drive must now be stopped within the set
delay time.

Response in the user program

In the user program, monitor the "SOSselected" bit of the FB
"LDrvSafe_SinaTlg700Status”. After decelerating the drive to standstill, it must
remain in control (MC_Power.Enable = true). Otherwise the motor may move and
the standstill monitoring activates STOP B followed by STOP A.

In the user program, react within the configured delay time as described in 3.4.3.
Depending on the application, the drive can, for example, be stopped by the Motlon
Control instruction MC_Halt or the velocity override set to 0.0.

In the following example, the velocity override is set to 0.0 if SOS is selected.

Abblldung 3-2 Stopplng the drive if SOS is selected

f door is open and service mode actiwve

a".serviceMode AND

3 "InstlDr - S5inaTlg7005tatus_hxisBlue".505selected THEN

4 "AxisiBlue™.0verride.Velocity := 0.0; // set wvelocity override to 0 if 505 is selected

5 | ELSE

6 "AxisZ2Blue™.0verride.Velocity := 100.0; // reset velocity override if 505 is no longer selected
7 |END IF:
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3.7 Testing Safety Integrated Functions

Note The "LAxisBasics" library is used to move the axes in the application example.

https://support.industry.siemens.com/cs/ww/en/view/109749348

Monitoring table
You can control the application example via the watch table

"WatchTableAxis1Red".
Figure 3-3: "WatchTableAxis1Red" watch table
i Name Address  Display f...
Il AxisPositions
2 "LAxisBasics_MxsDataBlock” axs[0].axsData.axisPositions position Floating...
3 “LAxisBasics_AwxisDataBlock™.axis[0].axisData.axisPositions velocity Floating...
4 | li ConmandCom
5 "LAxisBasics_AxsDataBlock” axis[0].axsControl axis ControlCommand.powerEnable —@ Bool
6 "LAxisBasics_AxisDataBlock®.axis[0].axisControl.axsControlCommand.resetExecute o ol
7 "LAxisBasics_AxisDataBlock™ .axis[0].axisControl.axis ControlCommand.homeExecute —@ Qool
8 "LAxisBasics_AxsDataBlock™ axis[0].axsControl.axis ControlCommand.jogForwa rd oI
9 "LAxisBasics_fxdsDataBlock™ axis[0].axsControl.axis ControlCommand jogBackward Bool
10 | /i Actual and set velocity for service and auto mode
11 "LAxisBasics_fxisDataBlock™ axic[0].axsControl axis ControlCommand jogVelocity _@ating,,,
12 "Axis 1Red” Velocity —@ loating...
13 | il set service mode
14 “GlobalData™ serviceMode Bool
15 | ii safety acknowledge and status information
16 "GlobalData".ackSafety _@ Bool
17 “Main_safety_RTG1_DB.instESTOP1.Q @ Bool
18 "Main_Safety RTG1_DE".instESTOF1.ACK_REQ @ Bool
19 "Main_Safety RTG1_DB".instSFDoor.Q _@ Bool
0 “Main_Safety RTG1_DB".instSFDoorACK_REQ —@ Bool
“InstLDrvSafe_SinaTlg700Status_AxisRed” safetyFaultActive _@ Bool

Il Status safetyintegrated functions

ok

"statusSafetyfds 1Red” STOactive %I1000.0 Bool
“statusSafetyfods 1Red” . SS1active %I11000.1  Bool
5 "statusSafetyfuds 1Red” SLSactive %11000.4 Bool

o

Il Absolute position
"AxisExtDataBlock™ axis[0].moveAbs moveAbsCommand.moveAbsExecute Bool

"#AxisExtDataBlock” axs[0].moveAbs moveAbsCommand.moveAbsPosition Floating...

MR ROR R R R MR
i A

|~

You can use the watch table to perform the following functions:

e  Switch on the axis (1).

¢ Acknowledge error (2).

e Reference axis (Homing) (3).

e Move the axis forwards (4) and backwards (5) in jog mode.

e Specify speed for the service mode (6) and monitor actual speed (7).
e Activate service mode (TRUE) / activate automatic mode (FALSE) (8).
e Acknowledge emergency stop (9).

e Observe the output signals of the "ESTOPL1" instruction (10).

e Observe the output signals of the "SFDOOR" instruction (11).

e Observe internal event (PROFIsafe) of the axis (12).

e Observe the status of the Safety Integrated Functions (PROFIsafe) (13).
e Absolute positioning of the axis (14).

Controlling the Safety Integrated Functions of SINAMICS S120
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3.7.1 Start drive via watch table

The axis must be in motion so that the behavior of the Safety Integrated Functions
can be observed and analyzed.

To rotate the axis in jog mode, proceed as follows.

1.
2.

Unlock the emergency stop mushroom pushbutton and close the safety door.

Open the watch table "WatchTableAxis1Red" (Figure 3-3) or
"WatchTableAxis2Blue" and activate "Monitor all”.

Acknowledge the emergency stop by setting the tag "ackSafety" (9) to "TRUE".
Then set "ackSafety" (9) back to "FALSE".

The status of the parameter outputs "Q" of the safety instructions "ESTOP1"
(10) and "SFDOOR" (11) becomes "TRUE".

The status of the "safetyFaultActive" bit of both axes becomes "FALSE".

If there are errors on the axes, set the tag "resetExecute” (2) to "TRUE".
Then set "resetExecute” (2) back to "FALSE".

Switch on the axes by setting the tag "powerEnable” (1) to "TRUE".

Start the motor by setting the tag "jogForward" (4) or "jogBackward" (5) to
"TRUE".

Alternatively, the axis can also be moved absolutely to the position
"moveAbsPosition” with the tag "'moveAbsExecute” (14).

3.7.2 Testing Safety Integrated Function Safe Stopl (SS1)

To test SS1, proceed as follows:

1.

Open the trace "TracelAxislRedSS1" in the drive. The trace records the
speeds and status signals of the drive. The trace is triggered when SS1 is
selected. SS1 corresponds to bit 1 (1) of the drive's status signals.

Signals
Name Address Data type  Color
1 |4 DriveAxs1Red.5l motion diagnostics velocity[Load-side velocityactual . 3.r9714[0] FLOAT -Red
2 | <@ Drivefxis1Red. Sl motion diagnostics velocityfActual SAMISBR velocity ... 3.r9714[1] FLOAT -Liqht Green
3 4@ Drivefeds1Red. Sl Motion drive-integrated status signals (Control Unit)  3.ra722 BIT_ENU... - Fure Cyan
4 RGB(D, O, ...
[<] I NEY

Recording conditions

Trigger mode: |Trigger on tag |V|

Trigger tag: |Dri*.re,l'-.>ds1 Red .5l Motion dri\;e-integratedﬂﬂ |E 9722 |

il S EEEEEEDE
— pyee 1:
I N EEEEEEEE
— _ e EEE0EE00

>

Cycle: |0.37500 |$| ms (min.0.125 ms)
Recording duration (a): ms {max 2047 .875 ms) E Use max recording duration
Fretrigger (b): |200.000 ms

Start the trace recording.
Start the motor as described in chapter 3.7.1.
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4,

Activate automatic mode by setting the tag "serviceMode" (8) to "FALSE" in the
observation table. (SS1 is only triggered in automatic mode when the safety
door is opened).

To trigger SS1, press the emergency stop mushroom pushbutton or open the
safety door in automatic mode.

The trace shows the following:

a. As soon as SS1 is active, the drive is braked at the OFF3 ramp.

b. After the delay time has elapsed, monitoring of the brake ramp is activated.
It is monitored that the motor does not exceed the set brake ramp (SBR)
during braking.

c. STO s triggered if the braking speed falls below the STO switch-off speed.

& Bo00 V Legend =

E 35003 L . Sl motion disgnostics velocity[Load-side velocity actual value on the Control Unit] (mmi/min}

% 50003 i . 5| motion disgnostics velocitylActual SAMISER velocity limit en the Contrel Unit] {(mmimin}

E 4500

7 4000

= 3500

_E 3000

E 2500

‘g; 2000

E‘ 1500

2 1o00d

i 500

@ 0d—— |
1 (a) | ' e L
o4 H ‘ STO or safe pulse supy tive
1 —
Q,Q 551 active

—I)‘E —3‘1 II) 3‘1 IJIE 3‘3 IJI-‘l IJIE 3‘6 f)l' 3‘5 3‘9 1‘ 1‘1 1‘2 1‘3 1‘-‘! 1‘5 1‘6 1‘.' 1‘5
[s] ‘Autumatlc "l
d. STO can also be triggered beforehand by the expiration of the "Delay time

Sl motion diagnostics velocityLoad-side v,..

SS1->STO"

In the example, the delay time has been reduced to 300 ms.
The drive then coasts down.

v

Legend x
. 51 motion diagnostics velocitylLoad-side velocity actual value on the Control Unit] (mmimin)

. 51 mation diagnostics velocityActual SAMISER velacity limit on the Control Unit] (mmimin}

—TJ‘E —3‘1 fIJ 3‘1 fJIE 3‘3 3‘4 fJIE JIE JI." DIS 3‘9 1I TIT 1‘3 1‘3 1‘-1 1‘5 1‘6 1"‘ 1‘5
[s] Automatic [+]
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3.7.3 Testing Safely-Limited Speed (SLS)

To test SLS, proceed as follows:

1.

Open the trace "Trace2Axis1RedSLS" in the drive. The trace records the
speeds, status signals and control signals of the drive. The trace is triggered
on SLS. SLS corresponds to bit 4 (1) of the drive's control signals.

Signals

Name Address Data type  Color

DriveAxis 1Red .51 motion diagnostics velocity[Load-side velocityactual . 3.r9714[0] FLOAT - Red
DriveAxis 1Red .51 motion diagnostics velocity[Actual SLS velocity limit ... 3.r9714[2] FLOAT -Liqht Green
DriveAxiz 1Red 5| Motion drive-integrated status signals (Control Unit)  3.r9722 BIT_ENU... - Fure Cyan
DriveAxis 1Red 51 Motion control signals integrated in the drive 3.r9720 BIT_ENU... - Magenta

RGE(D, .. [=]

dagpé

(<] i B

Recording conditions

Trigger mode: |Trigger ontag |V|
Trigger tag: |Dri\.re,l‘-,\ds1 Red.5| Motion antriebsintegriﬂﬂﬂ |E.|'9'ZC |
ry
Byte 0: [0 H==)S)
N ayte 1: (S =EEE

— ayte 2: [ -1

I ayte 3: [\

»
>

Cycle: |0.75000 | %| ms (min.0.125 ms)
Recording duration (a): | 3072.000 E ms {max 3072 ms)
Pretrigger (b): |200.000| ms

Start the trace recording.
Start the motor as described in chapter 3.7.1.

Activate service mode by setting the tag "serviceMode" (8) to "TRUE" in the
watch table. (SLS is only triggered in service mode when the safety door is
opened).

To trigger SLS, open the safety door in service mode.

Trace2Axis 1RedSLS [Installed traces]

[ Use max recording duration

8i1/2017 1:21:02.548PM

Legend b
. Sl motion diagnostics velocity[Load-side velacity actual value on the Control Unit] (mmimin)

. Sl motion diagnostics velocity[Actual 5L velocity limit on the Control Unit] {mmimin}

Sl motion diagnostics velocity|Load-side velodty a...

T
0.2 0.1 0 a1 0.2 03 04 05 06 07 0.8

[s] |)‘-.utumatic |"

The trace shows the following:

a. SLSis selected as soon as the safety door is opened in service mode. The
drive is braked to the speed limit received from the Safety Information
Channel (6).
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b. After the "SLS->SLS active delay time" has elapsed, SLS is activated.
From this point on, the speed is safely monitored to the configured value of
20 mm/s.
If the velocity exceeds the configured value, SS1 is triggered in the
application example.

o

In the following figure, the "Delay time SLS->SLS active" that was selected
was too short (10 ms) After the delay time has elapsed, the actual speed is
not below the configured limit value.

- The configured stop reaction SS1 is triggered.

d. STO will be triggered after the "Delay time SS1->STO" (300 ms) has
elapsed. The drive then coasts down.

Trace2Axis1RedSLS [Installed traces]

9/21/2017 9:17:05.947 AM

6000 v

5500 ; Legend b4
50003 . Sl motion diagnostics velocity]Load-side velocity actual value on the Control Unit] (mmimin}
45003 i B 5! motion diagnestics velocity[Actual SLS velacity limit on the Control Unit] (mmimin)

sl rnotion diagnosties veloeity|Load-side velo,..

T T T
02 0.1 o 01 0.2 03 04 05 0.6 07 0.8 09 1
[s] Autornatic |'|
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3.74 Testing Safe Operating Stop (SOS)

To test SOS, proceed as follows:

1. Open the trace "Trace3Axis2BlueSOS" in the drive. The trace records the
speed and the Safety Information Channel status word (S_ZSW1B) of the
drive. The trace is triggered by a rising edge of the status word bit 5 "SOS

"
selected".
Signals
Name Address Data type Color Comment
1 Dri‘.re,l‘-..\ds2BIue.SI motion diaqnostics‘.relocit',f.. 4.r9714[0] FLOAT -Red EI
2 4@ Drivefxis2Blue 51 SafetyInformation Channel sta.. 4.r9734 BT ENUMERAT... [ Bue
s 4 RGE(D, ..

Recording conditions

Trigger mode: |Trigger on tag |V|

Trigger tag: |Dri‘.re,l‘-.>ds2BIue.SI Safety Information Cha|ﬂﬂ |—' r9734.5

Event: | Rizing edge |V|
rs

F 3

»
>

Cycle: |0.75000 |%| ms (min.0.125 ms)
Recording duration (a): |8191.500 E ms (max 8191.5 ms) @ Use max recording duration
Pretrigger (b): |200.000 ms

2. Start the trace recording.
3. Start the motor as described in chapter 3.7.1.

4. Activate service mode by setting the tag "serviceMode" (8) to "TRUE" in the
watch table. (SOS is only triggered in service mode when the safety door is
opened).

5. To trigger SOS, open the safety door in service mode.
The trace shows the following:

a. The drive is stopped as soon as the safety door is opened in service mode.

b. After the safety door has been closed and the F peripherals acknowledged,
the movement is continued.

o000 ¥

Legend X

. Sl motion diagnostics velocity[Load-side velocity actual value on the Control Unit] {(mm/min}

s000] |
al Sa}—(bQ
14
J | 505 selected
b T T T T T T T T T T T
o i 2 3 4 5 & 7 8 9 10
s] [ Automatic [~

c. Inthe following figure, the "Delay time SOS->SOS active" that was
selected was too short (150 ms) After the delay time has elapsed, the drive
is not yet stopped:

- With "SOS active" the standstill monitoring is also activated. Since the
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drive has not yet been stopped, STOP B is triggered by the standstill

monitoring.
30000 v

—
—
.

100004

5000

Legend X

. 51 motion diagnostics velocity[Load-side velocity actual value on the Control Unit] {(mmimin}

505 selected

T T T T T T T
03 035 04 045 05 055 06 065 07 075 08 085 09 095
[s] [ Automaric [+

d. After the drive has been stopped by STOP B, STOP A is triggered and the

drive is disabled.
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4 Appendix

4
4.1

Appendix

Service and support

Industry Online Support

Do you have any questions or need assistance?

Siemens Industry Online Support offers round the clock access to our entire
service and support know-how and portfolio.

The Industry Online Support is the central address for information about our
products, solutions and services.

Product information, manuals, downloads, FAQs, application examples and videos
— all information is accessible with just a few mouse clicks:
support.industry.siemens.com

Technical Support

The Technical Support of Siemens Industry provides you fast and competent
support regarding all technical queries with numerous tailor-made offers

— ranging from basic support to individual support contracts. Please send queries
to Technical Support via Web form:

www.siemens.com/industry/supportrequest

SITRAIN - Training for Industry

We support you with our globally available training courses for industry with
practical experience, innovative learning methods and a concept that’s tailored to
the customer’s specific needs.

For more information on our offered trainings and courses, as well as their
locations and dates, refer to our web page:
www.siemens.com/sitrain

Service offer

Our range of services includes the following:
e Plant data services

e Spare parts services

e Repair services

e On-site and maintenance services

e Retrofitting and modernization services
e Service programs and contracts

You can find detailed information on our range of services in the service catalog
web page:
support.industry.siemens.com/cs/sc

Industry Online Support app

Controlling the Safety Integrated Functions of SINAMICS S120
Entry-1D: 109749224, V1.4, 09/2019

You will receive optimum support wherever you are with the "Siemens Industry
Online Support" app. The app is available for Apple iOS and Android:
support.industry.siemens.com/cs/ww/en/sc/2067
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4.2 Links and literature

Table 4-1

No.

Topic

\1\

Siemens Industry Online Support
https://support.industry.siemens.com

\2\

Link to the entry page of the application example
https://support.industry.siemens.com/cs/ww/en/view/109749224

\3\

SIMATIC - Failsafe library LDrvSafe to control the Safety Integrated functions of the
SINAMICS drive family

https://support.industry.siemens.com/cs/ww/en/view/109485794

\4\

"LAxisBasics - Simple control of the TO "axis" in the SIMATIC S7-1500".
https://support.industry.siemens.com/cs/ww/en/view/109749348

\5\

SINAMICS S120 Safety Integrated functional manual
https://support.industry.siemens.com/cs/ww/en/view/109740018

\6\

SIMATIC S7-1500 S7-1500 Motion Control V4.0 in the TIA Portal V15
https://support.industry.siemens.com/cs/ww/en/view/109749262

4.3 Change documentation

Table 4-2

Version

Date

Change

V1.0

11/2017

First version

V11

06/2018

Upgrade to TIA Portal V15

V1.2

06/2018

Changes in the documentation

V1.3

01/2019

Small correction

V14

08/2019

Extension for Safety Information Channel and SOS
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