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BEGKHOFF Introduction

1 Introduction

TwinSAFE includes several innovations that bring more functionality and performance to your safety
controller. A major innovation is that the functionality of the safety controller is integrated in each TwinSAFE
component. This means that you can, for example, use a TWinSAFE input component both as an input
component and the safety control integrated on it to use application-specific pre-processing.

This is tutorial 9 of a tutorial series.
The aim of this tutorial series is to familiarize you with the TwinSAFE innovations using individual examples.

This tutorial is about extending an existing SafeMotion Wizard project with SBT functionality.

1.1 Issue statuses
Version Comment
1.1.0 * New cover sheet
« Formula for torque calculation changed
1.0.0 e First released version
0.0.1 * First draft
1.2 Requirements

Meet the following requirements for this tutorial:
e TwinCAT 3 version = 3.1.4024.11
TwinCAT Safety Editor TE9000 = 1.2.1.1
TwinSAFE firmware = 03
AX8000 firmware = 0104; with default module ID active
Motor with integrated holding brake

1.3 Starting point

At the starting point of the tutorial
+ a TwinCAT 3 project with standard PLC exists,
« an EL6910 project exists,
» an AX8000 project exists.

SafeMotion Wizard Version: 1.1.0 5
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1.4 Demo system

141 Hardware

The demo system of this tutorial consists of the following hardware:

» CX for EtherCAT communication and the standard PLC controller
EL6910 as master TWinSAFE Logic
EL1918 with safe inputs for reading light barrier signals

Light barrier
AX8000-x2xx
Motor with integrated holding brake

1.4.2 Desired safety functionality

This tutorial describes the realization of the following safety functionality:
» Performing a brake test as requested from the standard PLC and the EL6910.

1.5 Approach SBT

1.5.1 Function
The Safe Brake Test is based on a direct interaction between the standard PLC and the safety.

Standard PLC TwinSAFE

1. Reach position for SBT

2. Lock brake

3. Build torque

4. Trigger SBT

5. Function block SBT

6. Evaluate feedback

The main part of the brake test consists of PLC code. In the standard PLC, the functional test is executed.
On the safety side, the brake test is monitored by a single safety-related function block.

6 Version: 1.1.0 SafeMotion Wizard



BEGKHOFF Introduction
1.5.2 Function block
q safeSBT 1 a5
FBSBT1 3
ba] SBT SBT
¥3] SBC In TestError (D)
¥a] SingleturnPos BrakeValid D]
}0] ActCurrentiq RemainingTime
¥3] MinCurrentlq 0
Inputs
Input Function
SBT Request SBT
SBC Information whether the brake is closed
SingleturnPos Safe position information
ActCurrentlq Torque-forming current
MinCurrentlq Minimum required torque for SBT
Outputs
Input Function
TestError Error during SBT
BrakeValid Test result
RemainingTime Remaining term until next SBT
1.5.3 Function block parameters
In the function block parameters you can make the following SBT settings.
E Parameter Setting
Brake Test Interval 28800
Max Duration 200
Max Position Deviation 0
Min Duration 10
Parameter Function
Brake Test Interval Maximum time between 2 runs (for example 1 time per 8 hours)
Max Duration Maximum time for SBT
Max Position Deviation |Maximum allowed deviation of position information
Min Duration Minimum time for test torque application
SafeMotion Wizard Version: 1.1.0 7
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Demonstration
2 Demonstration
2.1 Configure SBT

This chapter is about the configuration of the SBT functionality.

211 Add FBs

4 [ rLC
4 [0 SBT_PLC
4 [FZ] SBT_PLC Project
[ External Types
b [:3] References
[ DUTs
1 GVLs
4 [ POUs
“=| | MAIN (PRG}l
£3 VISUs
b g5 PlcTask (PlcTask)
2[5 SBT_PLC.tmc
P O{F SBT_PLC Instance

You see your TwinCAT 3 solution with the standard PLC, in which a State Machine is implemented, with

which the brake test is controlled.
Proceed as follows to configure SBT in terms of safety:

4 [ SBT_DEMONSTRATION_1
4 | SBT_DEMONSTRATION_1 Project
3] References
#8 Target System
b LA GVLs
e User FBs
b A ChA_ChB_Connection_Input
4 [ ChA_SBT
1 Alias Devices
ChA_SBT.sal
p A ChA_STO_SS1_ErrorHandling
b 3 ChB_STO_SS1_ErrorHandling
b A ChA_ChB_Connection_Output
SBT_DEMONSTRATION_1 Instance

1. Open file "ChA_SBT.sal”

8 Version: 1.1.0
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safeOpmode

safeRs

safeSr

safeTof

safeTon

safeTon2

safeTwohand

=1 safeXor

4 FunctionBlocks (integer)
Rk Pointer

safeAdd

safeCamMonitor

safeCompare

safeCounter

safeDiv

safeLoadSensing
safeMul

safeScaling

safeSLI

2. Add the block safeSBT to the network from the toolbox
3. Add FB safeLimit

4. Add FB safeOr

5. Add a second FB safeOr

6. Rename safeSBT as shown

7. Adjust the limit torque as shown

The SBT checks if there is more than the limit torque when the brake is applied. The calculation follows in
chapter Further information [»_24].

SafeMotion Wizard Version: 1.1.0 9
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8. Rename safeLimit
9. Adjust the maximum value and the minimum value as shown

The torque is limited by these values.

10. Rename the first safeOr

With the first safeOr block the signal is inverted and the SBT status is given to the outside.

10 Version: 1.1.0 SafeMotion Wizard
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L

11. Rename the second safeOr

With the second safeOr the SBT request is linked to the limit FB.

Project  Build Tmm

a-aaELoals-

led) 'g Save All (Ctrl+ Shift+S) [

12. Click on "Save all" in the menu bar to save the settings

SafeMotion Wizard Version: 1.1.0
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21.2 Link FB inputs

This chapter describes the linking of the inputs of the SBT functionality.

The procedure is identical for all inputs and is shown here as an example using the screenshots for one
input.

(i) safeSBT qb
SBT

F Add New Variable

Change Link
Clear Link(s)
K Goto Linked Element ’
Autolayout 4
E Show Page Break Preview 4

Change Execution Order of FBs
Show Online Value |

Show References

3 Cut Ctrl+X
[} Copy Ctrl+C
0] Paste Ctrl+V
X  Delete Del

E Validate
K Validate All

E p Properties Alt+Enter

1. Right click on an input
2. Click on “Change Link”

12 Version: 1.1.0 SafeMotion Wizard
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Map FunctionBlockPort: SBT.SBT to ...

Search: l | [V Search all levels
4 SBT_DEMONSTRATION_1 ~| Usage
4 GVLs\ChA.sgvl O Unused only
? STO_CMD (Type: BOOL, Size: 1 Bit) @® Used and unused
SS1_CMD (Type: BOOL, Size: 1 Bit) g
Eﬁ' Error_Ack_CMD (Type: BOOL, Size: 1 Bi D.lre[:ttlon
p STO_STATE (Type: BOOL, Size: 1 Bit) Out
 Error - AckReq_STATE (Type: BOOL, Size
o b STO_ERROR _STATE (Type: BOOL, Size: - Show Variable Types

j SAFEINPUTS_ERROR STATE (Type: BOC
’  BRAKE_ERROR STATE (Type: BOOL, Siz
, PRIFB_ERROR_STATE (Type: BOOL, Size
ENCODERVOLTAGE_ERROR_STATE  (Tyr
' PRIFB_POSITION VALID (Type: BOOL, €

.
'*‘m SBT_ CMD (Type: BOOL, Size: 1 Bit)

Selected Items Count: 1

3. Select variable
4. Confirm selection with “OK”

Matching Type
Matching Size

Function block ports

Local group
Other groups

ol SBC_LOCAL CMD (Type: BOOL, Size: 1 Variables
_] SBT_STATE_BRAKE_VALID (Type: BOOL, Local group
SBT_STATE_BRAKE_TESTERROR (Type: f Global Variables
T SBT_STATE (Type: BOOL, Size: 1 Bit)

I GVLs\ChB.sgvl

I G| ChA_ChB_Connection_Input

4 G| ChA_SBT

- ~LA ODT VY
< >

OK Cancel

5. Link inputs of FB1 according to steps 1 to 4 as shown in table

Before you continue with the linking at FB2, first change the data type of the input Analogin as follows:

safeLimit
SBT_lq_LIMIT

Autolayout
i0] AR UserFB Handling
ujl Mj Show Page Break Preview

@

»

E M Change Execution Order of FBs
Show Online Value
Show References
36 Cut Ctrl+X
[} Copy Ctrl+C
|| Paste Ctrl+V
XX Delete Del
Validate
Validate All
ﬁ Properties Alt+Enter
6. Right click on the input Analogin
7. Click on “Properties”
SafeMotion Wizard Version: 1.1.0 13
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Properties v 01 X
Analogln In Port v

[2]oe | £

E Documentation

Comment
E Function Block Input Settings
Channel Interface Activated
El Parameter Settings
Assigned Variable Name ChA.CURRENT Iq
DataType DINT v I
Max Start Deviation 0x0000 (0)
Port Name Analogln

8. Select “DINT” for DataType in the properties field

9. Go through steps 1 to 4 for the Analogln input of FB2
10. Go through steps 1 to 4 for the OrIn1 input of FB3
11. Click on input OrIn1

Properties » [ X
Orin1 In Port -

| #
E Documentation
Comment
B Function Block Input Settings
Channel Interface Activated

Single-Channel 1 Make Contact (NO) v

El Parameter Settings

Assigned Variable Name

DataType
Port Name

ChA.SBT_CMD

BOOL
Orin1

12. Select “Make Contact (NO)” in the properties field for single channel 1 to negate the signal

This results in the following links for the individual inputs of the FBs:

FB Input Variable

1 SBT SBT_CMD
SBC_In SBC_LOCAL _CMD
SingleturnPos PRIFB_SAFE_SINGLETURNPOSITION
ActCurrentlq CURRENT _Iq

2 Analogin CURRENT _Iq

3 Orin1 SBT_CMD

13. Click on “Save all” in the menu bar to save the settings

14
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21.3 Link FB outputs

This chapter describes the linking of the outputs of the SBT functionality.

The procedure is identical for all outputs and is exemplified here with the screenshots for one input.

LIMIT

1. Right click on an output
2. Click “Change Link”

Map FunctionBlockPort: SBT.TestError to ...

ChA

Add New Variable

Change Link

Clear Link(s)
Goto Linked Element
Autolayout
Show Page Break Preview
Change Execution Order of FBs
Show Online Value
Show References

{, Cut

[ Copy

&l Paste

X Delete

Ctrl+X
Ctrl+C
CtrleV
Del

Validate
Validate All
> Properties

Alt+Enter

Search:

] Search all levels

4 SBT_DEMONSTRATION_1
4 GVLs\ChAsgvl
Sk STO_CMD (Type: BOOL, Size: 1 Bit)
oAk SS1_CMD (Type: BOOL, Size: 1 Bit)
X% Error Ack CMD (Type: BOOL, Size: 1 Bit)
&l STO_STATE (Type: BOOL, Size: 1 Bit)
X Error_AckReq_STATE (Type: BOOL, Size: 1 Bit)
STO_ERROR _STATE (Type: BOOL, Size: 1 Bit)

@ BRAKE_ERROR_STATE (Type: BOOL, Size: 1 Bit)
,; PRIFB_ERROR_STATE (Type: BOOL, Size: 1 Bit)
‘%‘

g SBT_CMD (Type: BOOL, Size: 1 Bit)
gl SBC_LOCAL CMD (Type: BOOL, Size: 1 Bit)
o8 SBT STATE BRAKE VALID

oM SBT_STATE (Type: BOOL, Size: 1 Bit)
b GVLs\ChB.sgvl
b G| ChA_ChB_Connection_Input
4 G| ChA_SBT
4 ChA_SBT

Consionllnet CorArl  [Maamne AN Cimne 1 Dis)

SAFEINPUTS_ERROR _STATE (Type: BOOL, Size: 1 Bit)

s ENCODERVOLTAGE_ERROR STATE (Type: BOOL, Size: 1 Bit)
oM PRIFB_POSITION_VALID (Type: BOOL, Size: 1 Bit)

pe: BOOL, Size: 1 Bit

Usage
O Unused only
® Used and unused

Direction

i In

® QOut

Show Variable Types

Matching Type
Matching Size

Function block ports

Local group
Other groups

Variables

Local group
Global Variables

Clear Selected Items Count: 1

3. Select variable

oK Cancel

SafeMotion Wizard

Version: 1.1.0
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4. Confirm selection with “OK”

The following links result for the individual outputs of the FBs:

FB Output Variable

1 TestError SBT_STATE_BRAKE_TESTERROR
BrakeValid SBT_STATE_BRAKE_VALID
RemainingTime SBT_STATE_BRAKE_REMAINING_TIME

3 OrOut SBT_STATE

4 OrOut Monin4

5. Click on "Save all" in the menu bar to save the settings.

16 Version: 1.1.0 SafeMotion Wizard
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214 Connect FBs

Next, connect the FBs as follows:

1. Connect output OrOut of FB3 with input Orin1 of FB4
2. Connect output InLimit of FB2 with input OrIn2 of FB4
3. Click on “Save all” in the menu bar to save the settings

SafeMotion Wizard Version: 1.1.0 17
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21.5 Set deviation

The last step in the SBT configuration is to set the permitted deviation.

1. Click on the safeSBT block for this purpose

Properties v qx
FBSBT1 FBSBT -

B

E Documentation

Comment
B Info Data
Map Diag False
Map State False
E Misc
Order Of Execution 1
B Parameter Setting
Brake Test Interval 28800
Max Duration 200
[Miax Postion Devition ] !
Min Duration 10
E Properties
Function Name safeSBT
Instance Name SBT

2. Set the “Max Position Deviation” parameter in the properties field as shown in the figure
3. Click on “Save all” in the menu bar to save the settings

18 Version: 1.1.0 SafeMotion Wizard
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2.2 Download safety projects

mlti—Downioad Safety Project(s)

1. Click on “Multi-Download Safety Project(s)”

Multi-Download

a
Steps Select Valid Project(s)

Select Valid Project(s)

Downiload Project Name Physical Device CRCs

Target System Backup/Rest|
SAFEMOTION CONTROL  Term 3 (EL6910)

B 0x6942 | 0x6942 | Ox6942 | Ox6942  ELE910
SBT_DEMONSTRATION_1  Drive 13 [AX8206-0210-0104) [Jl] 0x0000 | 0x0000 | 0x8D40 | 0xB8D40  AXa91x

w ) 0 Depe

-

I Next !EI Cancel |

The “Select Valid Project(s)” window opens. Here you can see which safety projects you can download.
2. Select the safety projects that you want to download
3. Confirm selection with “Next”

Multi-Download

a
Steps General Download Settings

Complete Download

Download complete project data with default group customization settings (customization is possible after the download) and use
these login credentials for each project

Usermname: Administrator

Password: CLLLT LT

Please verify the Serial Number of each project:

Verified Project Name Physical Device Senal Number Target System Backup/Restore masters Backup/Restore ¢
v SAFEMOTION CONTROL  Term 3 (EL6910)

99999 EL6910 ») 0 Dependencies v “
v SBT_DEMONSTRATION_1  Drive 13 (AXB206-0210-0104) 2287874 AXB91x ¥} 0 Depende v
Back Next Cancel

4. Enter the username and password in the “General Download Settings” window

Default username: Administrator
Default password: TWinSAFE

5. Select the safety projects that you want to download
6. Confirm selection with “Next”

SafeMotion Wizard Version: 1.1.0 19
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Multi-Download

Steps Final Verification
Project Name Physical Device Downioad Result
Oriline fHine enfication
Result
F Vaan SAFEMOTION CONTROL  Term 3 (EL6910) jic Data » x V]
[ Mar Data FBA BA1 a
A7 { 13 ¥ 0 |
figured nliry ¥fline Verification
Jatasens R( RC Resuht
SBT_DEMONSTRATION_1  Drive 13 (AX8206-0210-0104) | Sale Logic Data 3648 o |
[Mapping Det TEE1 Q |

have manually verified the data shown here and | am aware, that the correct functionality must be tested manually

Target Sy Bax

ELGI1D I~

AXB91x (M

L_Nea | | concer |
7. Check the CRCs in the “Final Verification” window
8. If the CRCs match, click on the box to confirm the verification
9. Confirm window with “Next”
Mutti-Download n
Steps Activation
Login Credentials
Username: ministrator
Activation -
Activate Project Name Physical Device Target System Backup/Restore masters Backup/Restore slaves
v SAFEMOTION CONTROL  Term 3 (ELE910) ELES1D ¥ | 0 Dependencie ! () Dependencis
SBT_DEMONSTRATION_1 Drive 13 (AX8206-0210-0104) AXB91x ¥ 0 Dependencie w) pen i
L hge | | comce |

The “Activation” window opens, in which you activate the safety projects.
10. Enter the default password

11. Check if the safety projects are selected

12. Confirm selection with “Next”

20 Version: 1.1.0
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Multi-Download n
Steps Multi-Download Result
Activated Downloaded Project Name Physical Device Target System Backup/Restore Settings Backup/Restore ma|
Q 9 SAFEMOTION CONTROL  Term 3 (EL6910) £16910 < ¥ 0 Dependenci
Qo O SBT_DEMONSTRATION_1 Drive 13 (AX8206-0210-0104) Axgoix (@ ¥) 0 Dependenc

Muiti-Download Result

Lfne | [ cancer
13. Close the window “Multi-Download Result” with “Finish”
14.Click “Save all” in the menu bar to save the settings

Your safety projects are now downloaded and active.

SafeMotion Wizard Version: 1.1.0 21
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2.3 Control SBT

Proceed as follows to control an SBT:

4 PLC
4 SBT_PLC
4 [FZ] SBT_PLC Project
[ External Types
b [:3] References
[ DUTs
3 GVLs
4 [ POUs
=] MAIN (PRG)
£3 VISUs
b g5 PlcTask (PlcTask)
2[5 SBT_PLC.tmc
P Of} SBT_PLC Instance

1. Open the file “MAIN (PRG)” in the PLC folder

ChA SBTsal & X MAIN [Online] & X
TwinCAT_Demo_Project SBT_PLC.MAIN
Expression

* RUN

* EmorAck

# ChA_StanBrakeTest

* ChA_SBTR2mainingTime

# bOutputStageSafetyState

& OhA_BrakeTestPassed

* ChA_BrakeTestErmor

# ChA_TestSucceeded

SBT ChASBT_CM
ChASBT_STATE_BRAKE_TE.

ChASBY_STATE_BRAKE_VALID

BRI I

Axisl.ReadStatus();
CASE iscep( 0] oF

ChA SBTAS?EE_BRAKEVHE

seer8rakeTestc

i
s

= IF bTriggerBrakeTes:[I THEN i £
bTriggerBrakeTes-EN: = E;
istep{ W J:=10;
veecor R -
bErrorcodel fhi=t
cha_startBrakeTest RN ="
END_ 1P

1

LIMIT '
- fbBrakeControl |
Axis:i=Axisl ,

Exe :u!e-: =1

Mode[ SUEIER ¥ | =2_AX8000BraksMode .ok

Hili

= IP NOT fbBrakecontrol.Bus/fjiiif] A@ wot £
fbBrakelo 1{Axis:=Axisl , !:ecu’.aI
istep B J:=20;
ELSIF NOT fbBrakeControl.Busy AND £Li
fbBrakeControl (Axis:=Axisl , Executef]

Minimum Value
~1500
Maximum Value
1500

DO® <

2. Arrange view “MAIN (Online)” to the right of the network

i

=
s
o

®
B
®

Show Online Data

3. Click on “Show Online Data” in the menu bar to activate the online view

22 Version: 1.1.0 SafeMotion Wizard
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Autolayout »
User FB Handling »
Show Page Break Preview »
Change Execution Order of FBs
Show fgline Value
Show References
Collapse
Cut CrisX
Copy Ctri+C
Paste Cul+V
Validate
Validate All
A Properties Alt+Enter
4. Right click in the network
5. Click “Show Online Value”
You will now see the analog values of your application.
3
4 M ads riggerBrakaTeast-——-————- )
‘ IF bTriggerBrakeTes // define
7. bTriggerBrakeTes :=FALSE;
B istep[ W J:=10;
@ pErrorfiEE: = o
10 bErrorC sm" "
11]® ChA_StartBrakeTes =TRUE;
12 END_IP
13]
6. Set the value “bTriggerBrakeTest” to TRUE to trigger the brake test
SafeMotion Wizard Version: 1.1.0 23
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ChASBT CMD TRt
FALSE(0) ChASBT_STATE BRAKE_TE..
TRUE (1) ChASBT_STATE_BRAKE_VALID
28798 ChASBT_STATE_BRAKE RE..

ChASBT CMD  TRUE (1)
ChASBC_LOCALCMD  FALSE (0
ChAPRIFB_SAFE_SINGLET. 2392326144
ChA.CURRENT_Iq 998

ChA.CURRENT Ig 996

In the online view you can now see that the SBT is activated. In addition, the torque-forming current rises
above 900, the corresponding BrakeValid output is set to TRUE and the remaining time counts down the
time to the next SBT.

The safeLimit FB shows no error message, which shows a successful SBT.

24 Further information

Help with implementation
» Contact Drive Support for help with control from the standard PLC.
» Contact Safety Support for help with using SBT.

Determining the minimum torque

You must first determine the minimum Torque for SBT in functional control.
You calculate the torque in Safety using the following formula:

Torque , = Torque, *sqrt(2)

functional

24 Version: 1.1.0 SafeMotion Wizard






More Information:
www.beckhoff.com/twinsafe/

Beckhoff Automation GmbH & Co. KG
Hilshorstweg 20

33415 Verl

Germany

Phone: +49 5246 9630

info@beckhoff.com
www.beckhoff.com
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