BECKHOFF

SafeMotion Wizard

SLP with automatic referencing

9/8/2021 | Version: 1.0.0







BEGKHOFF Table of contents

Table of contents

T 1141 oY 11T 1 e o SO 5
Tl ISSUE STAIUSES ...ttt e e oo oottt et e e e e e e e e e e nn e teere e e e e e e e e e aaannnrenneees 5
I (Yo 011 =T 0 0= o OO 5
IR TS = 14 11T T oo 11 o | A PRSP 5
(R B =Y g o TS V] (= o PSP URR PP 6

1.4.1 [ F= T 0 1 T = SRS 6
14.2 Desired safety fUNCHONAIIY ..........oooiiiiiii e 6
LR T N o] o {0 7= Vo] o I PSPPSR 6
1.5.1 Recording the iNi SIGNaIS. .........eeiiii e 6
1.5.2 Transmission t0 the AXB000.........oo it e e e e e e e e e e e e e e anes 7
1.5.3 Setting the referenCe POINT..........cco i e e 7

72 1= 4 Lo 4 =3 1 - 1o 8
2.1 LINK referencCe SIgNal ..........ouviiiiiiiiiie et e e e e e e e e e e e e aaaaaaaas 8
2.2 Configure referenCe DENAVION ..........oi i 12
2.3 Download Safety PrOJECES ...coiiiiiiiiiie ittt e e e e e e e 14
A O o 1ot =1 (=Y (=Y o Tl o [ USSP 17
2.5 Additional iNfOrmMation ............eeeeii e e e e e e aeees 24

SafeMotion Wizard Version: 1.0.0 3



Table of contents BECKHOFF

4 Version: 1.0.0 SafeMotion Wizard



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 10 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 adding automatic referencing to an existing SafeMotion Wizard project with SLP
functionality.

1.1 Issue statuses
Version Comment

1.0.0 * First released version
0.0.1 e First draft

1.2 Requirements

Meet the following requirements for this tutorial:

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

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 with SLP functionality exists.

SafeMotion Wizard Version: 1.0.0 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

1.4.2 Desired safety functionality

This tutorial describes the realization of the following safety functionality:

» Configuration of SLP (Safe Limited Position) with automatic referencing.
1.5 Approach

1.5.1 Recording the ini signals

AonOut || SLP_REF_ChB

+ Use of safe inputs of the EL1918 on the EL6910 for recording the ini signals
» Accumulation of the ini signals to the reference signal
« Transmission of the reference signal to the AX8000

6 Version: 1.0.0 SafeMotion Wizard
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1.5.2 Transmission to the AX8000

Qutputs
Message Size: | 11 Bytes (4 Bytes Safe Data)

Name Type Size Position [_] Map Info Data
STO_ChA BIT 0.1 0.0
SS1_ChA BIT 0.1 0.1
0.5 0.2
Error_Ack_ChA BIT 0.1 0.7
1.0 1.0
STO_ChB BIT 0.1 2.0
SS1 _ChB BIT 0.1 2.1
| sSLP_REF_ChB BIT 0.1 22 [] |
04 23
Error_Ack_ChB BIT 0.1 27
04 3.0
SLP_1_ChB BIT 0.1 34 L
0.3 35

» Expansion of the process image on the output side of the EL6910 by inserting an additional bit
» Corresponding change on the AX8000

1.5.3 Setting the reference point
Qutputs
Message Size: ‘ 32 Bytes Data
Name Type Size Position [] Map Info Data
0.1 17.6
0.1 77
20 18.0
ChB_PriFb_Enable BIT 0.1 200 =
| ChB PrifFb ErrAck BIT 0.1 201 =4
I ChB_PriFb_SetRef BIT 0.1 20.2 - I
e 15 203
ChB_SecFb_Enable BIT 0.1 220 L]
ChB_SecFb_ErrAck BIT 0.1 22 =
ChB_SecFb_SetRef BIT 0.1 993 [

» Extension of the process image on the input side of the AX8000 by inserting an additional bit
» Link to the ChB_PriFb_SetRef signal of the internal process image

SafeMotion Wizard Version: 1.0.0 7
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Demonstration
2 Demonstration
2.1 Link reference signal

4 T}[_EJ SLP_Automatic_Reference
4 @ SLP_Automatic_Reference Project
=] References
"g Target System
b LA GVLs
i User FBs
b A ChA_ChB_Connection_Input
[, ChA_STO_SS1_ErrorHandling
2% ChB_SLP_1
Alias Devices
ChB_SLP_1.sal
p 3 ChB_STO_SS1_ErrorHandling
b 4 ChA_ChB_Connection_Output
SLP_Automatic_Reference Instance

A W

1. Open file “ChB_SLP_1.sal’

You will see the already configured SLP functionality.

Autolayout 3
User FB Handling >
Show Page Break Preview »
Change Execution Order of FBs

Show Online Value

Show References

2. Right click in the network

3. Click on “Network” via the “Add After” field to add another network

Collapse
Add After » Network
Add Before ’
& Cut Ctrl+X
! Copy Ctrl+C
Paste Ctrl+V
X Delete Del
Validate
Validate All
M Properties Alt+Enter

8 Version: 1.0.0
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| Foolbox

‘ Search Toolbox

p Comments

p Connections

4 FunctionBlocks (boolean)
Pointer

safeAnd
safeConnShutdown
safeDecouple

safeEdm

8 =l =] ~

safeEstop

safeMon

S safeMuting

4. Open toolbox
5. Add a safeMon module to the new network

6. Rename FB

The next step is to link the block. The procedure is identical for all inputs and outputs and is illustrated here
using the screenshots for one input as an example.

SafeMotion Wizard Version: 1.0.0 9
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'ﬁ Add New Variable

o Change Link
Clear Link(s)

E Goto Linked Element >
Change InPort Settings

K Autolayout 4

E Show Page Break Preview

Change Execution Order of FBs D]
Show Online Value
D]
Show References
: 3 Cut Ctrl+X
E ()} Copy Ctrl+C
(] Paste Ctrl+V !
] X Delete Del L
Validate
Validate All
p 4 Properties Alt+Enter
7. Right click on an input
8. Click on “Change Link”
10 Version: 1.0.0 SafeMotion Wizard
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Map FunctionBlockPort: SLP_REF.Monin1 to ...

Search:

4 SLP_Automatic_Reference
4 GQVLs\ChB.sgvl

K™ SLP_1_REF_CMD (Type: BOOL, Size: 1 Bi
G| ChA_ChB_Connection_Input

I G| ChA_STO_SS1_ErrorHandling
G
4

t)

| ChB_SLP_1
ChB_SLP_1
1 SLP_1_ChB
4 1| SLP_1
® Error (Type: BOOL, Size: 1 Bit)

¢ BelowMin (Type: BOOL, Size: 1

4 [T] Network1
4 1| SLP_REF
® Error (Type: BOOL, Size: 1 Bit)
¢ MonDelOut (Type: BOOL, Size:
I G| ChB_STO_SS1_ErrorHandling
I G| ChA_ChB_Connection_Output

< >

® AboveMax (Type: BOOL, Size: 1

Selected Items Count: 1

9. Select variable
10. Confirm selection with “OK”

This results in the following links for the inputs and outputs of the safeMon module:

: Search all levels

Usage
(® Unused only
(0 Used and unused

Direction
® |n
Out

Show Variable Types

Matching Type
Matching Size

Function block ports

Local group
Other groups

Variables

Local group
Global Variables

OK Il Cancel

Input/Output Variable

Monln1 SLP_1_REF_CMD
MonIn2 ACK_REFERENCE_STD
MonOQOut SIGNAL_TO_SDF

Project Build Debug TwinCA

a-aufE]xaalo.

led) -~ ; Save All (Ctrl+Shift+S) |

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

SafeMotion Wizard

Version: 1.0.0
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2.2 Configure reference behavior

4 @ SLP_Automatic_Reference
4 @ SLP_Automatic_Reference Project
[«a] References
»8 Target System
b A GVLs
ud UserFBs
4 757 ChA_ChB_Connection_Input
4 [57 Alias Devices
Ml ERR_ACK FSoE Connection.sds
Ml REFERENCE_STD.sds
ﬂiﬂ RUN FSoE Connection.sds
SAFEMOTION FSoE Connection.sds
L 2 Target System.sds
ChA_ChB_Connection_Input.sal
b L4 ChA_STO_SS1_ErrorHandling
b 3 ChB_SLP_1
bz ChB_STO_SS1_ErrorHandling
b L2 ChA_ChB_Connection_Output
SLP_Automatic_Reference Instance

1. Open the “Target Systems.sds” file
2. Open the “Internal Safety Parameters” tab

Under C3C2:0 you will find the reference settings for ChB.

In the following you must make the parameter settings.

4 C3C2:.0 Ch B SAFEDRIVEFEEDBACK Primary Feedback Referencing Settings >24<
| €3C2:01  Operation Mode Referencing disabled (0) |
C3C2:11 Reference SafePostion Singleturn 0x00000000 (0)
C3acz:12 Reference SafePosition Multiturn 0x00000000 (0)
C3C2:13 Speed at Reference Position 0x00000000 (0)
C3C2:14 Maximum Singleturn Referenced SafePosition 0x00000000 (0)
C3C2:15 Maximum Multiturn Referenced SafePosition 0x00000000 (0)
C3C2:16 Minimum Singleturn Referenced SafePosition 0x00000000 (0)
C3ac2:.17 Minimum Multiturn Referenced SafePosition 0x00000000 (0)
C3C2:18 Deviation Startup Position 000000000 (0)

3. Double click on “C3C2:01 Operation Mode”

@ Set Value Dialog X
Dec 0 | oK
Hex: ‘ 0x00 ‘ Cancel
Enum: Referencing disabled v

Referencing disabled

Automatic Referencing, Set Reference Position disabled

Binary:
Y Automatic Referencing, Set Reference Position enabled

Bit Size:

Manual Referencing

r

4. Select “Automatic Referencing, Set Reference Position enabled” in the “Enum” drop-down menu
5. Confirm selection with “OK”

12 Version: 1.0.0 SafeMotion Wizard
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For the other parameters, the procedure is identical and is shown here using the screenshots for one
parameter as an example.

4 C3C2:.0 Ch B SAFEDRIVEFEEDBACK Primary Feedback Referencing Settings >24<
C3C2:01 Operation Mode Automatic Referencing, Set Reference Position enabled (2)
C3C2:11 Reference SafePostion Singleturn 0x00000000 (0)
C3C2:12 Reference SafePosition Multiturn 0x00000000 (0)
€3C2:13 Speed at Reference Position 0x00000000 (0)
C3C2:14 Maximum Singleturn Referenced SafePosition 0x00000000 (D)
C3C2:15 Maximum Multiturn Referenced SafePosition 0x00000000 (0)
C3Cc2:16 Minimum Singleturn Referenced SafePosition 0x00000000 (0)
C3c2:17 Minimum Multiturn Referenced SafePosition 0x00000000 (0)
C3Cc2:18 Dewiation Startup Positien 0x00000000 (0)

6. Double click on the desired parameter

@l Set Value Dialog

Dec: 2504785919 )

X
el
Hex: 0x9S4BFFFF

Bool: o || 2 |

Binary: ‘FF FF 4B 95 \ \4
Bit Size: 0108 O16®320640 7

7. Enter the corresponding value in the “Dec” field
8. Confirm window with “OK”

Enter the following values for the parameters:

Parameter Value

C3C2:11 Reference safePosition Singleturn 2504785919
C3C2:12 Reference safePosition Multiturn -1
C3C2:13 Speed at Reference Position 2000
C3C2:15 Maximum Multiturn Referenced SafePosition 20
C3C2:17 Minimum Multiturn Referenced SafePosition -20

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

SafeMotion Wizard Version: 1.0.0 13
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2.3 Download safety projects

mlti—Downioad Safety Project(s)

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

Multi-Download n
Steps Select Valid Project(s)
Seloct Vaitd Projectix) Download Project Name Physical Device CRCs Target System Backup/Res
SAFEMOTION CONTROL  Term 6 (ELE910) I 0:DE56 | OxDESE | OxDES6 | 0xDESE  ELET0 v
SLP_Automatic_Reference Drive 10 (AX8206-0210-0104) [} 0x0000 | 0xBF6A | OxBF6A | OxBFGA  AXB91x v

=] (o]

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 ﬂ

Steps General Download Settings

Compiete Download

G D S gs Downioad complete project data with default group customization settings (Customization is possible afier the download) and use
these login credentiais for each project:

Username Administrator

Password: sssssses

Please verify the Serial Number of sach project:

Verified Project Name Physical Device Senial Number Target System Backup/Restore masters Backup/Restore
L4 SAFEMOTION CONTROL  Term 6 {EL6910) 99999 EL6910 e ependence v epende
v SLP_Automatic_Reference Drve 10 (AXB206-0210-0104) 2287874 AXBI1x - ependencie v

B || New |  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”

14 Version: 1.0.0 SafeMotion Wizard
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Multi-Download n
Steps Final Verification
Project Name Physical Device Download Result Target Sy Ba
nhigured Onhing frling Venficator
ata 4 ( Re=sult
Sasl Varcusos SAFEMOTION CONTROL  Term 6 (EL6910) e Logic Data WASC4 <9 ELE910
vor oo | @
nfigure nlhne " ifica
latas CR( ( eyl
SLP_Automatic_Reference Drive 10 (AX8206-0210-0104) jic Data OxEDE4 InEOE4 o AXBO1Ix
o 2

lluumﬂbnﬁﬁtd&cdﬂ:ﬂwmhﬂlanmthcmmwwmhmmw
[ T
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”

Multi-Download ﬂ
Steps Activation

Login Credentials

Username: Administrator
Activation
Activate Project Name Physical Device Target System Backup/Restore masters Backup/Restore slaves
] SAFEMOTION CONTROL  Term 6 (EL6910) EL6910 v ependenci v} 0 Depender
SLP_Automatic_Reference Drive 10 (AXB206-0210-0104) AX891x v ependencie ¥ 0 Dependencie

l ﬂ E I Cancel

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”

SafeMotion Wizard Version: 1.0.0 15



Demonstration BEGKHOFF

Multi-Download n
Steps Multi-Download Result
Activated Downloaded Project Name Physical Device Target System Backup/Restore Settings Backup/Restore me
o O SAFEMOTION CONTROL  Term 6 (EL6910) £16310 < %) 0 Dependen

o O SLP_Automatic_Reference Drive 10 (AX8206-0210-0104) Axa91x 9 %) 0 Depender

Muiti-Download Result

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.

16 Version: 1.0.0 SafeMotion Wizard
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24 Check referencing

Activate the axis as follows:

4 MOTION
4 NC-Task 1 SAF
[E2 NC-Task 15vB
*8 Image
Tables
Objects
4 3 Axes
b E= Axis 1
b Axis 2

1. Open “Axis 2"
General Semngs Parameter Dymrmc Functions Coupling Compensabon

W - 4 | Setpoint Posiion_ [mm]
et 0.0001 2000
Lag Distance (min/max) [mm] Actual Velocity [mm/s] Setpoint Velocity  [mm/s]
00000 (0.000. 0.000)| | 00027 0.0000|
Ovemde [*%] Total/Control Output [%] Emor
00000 %/ | 000/ 000% | 0 (0x0)|
Status (log ) Statws (phys) Enabling
[[JReady NOT Moving [CJcoupled Mode [CJcontroller
[(calibrated [ IMoving Fw In TargetPos [_JFeedFw
[[JHas Job [(IMoving Bw In Pos Range [(JFeedBw
Controller Kv-Factor [mm/s/mm)] Reference Velocity [mmys)
[ 4 813043 :
Target Position: [mm] Target Velocity [mmys]

0 I

|
wow W B E

2. Open tab “Online”
3. Click on “Set”

Set Enabling X ‘

comﬁhl “
Feed Fw :
[[]Feed Bw Cancel |

Ovemde [%)

C N

4. Close window with “All”

SafeMotion Wizard Version: 1.0.0 17
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General Sefings Parameter Dyrwm@Fm Coupling Compensation

~ Setpoint Posiion [mm]
| 0.0001 ~ T
Lag Distance (min/max) __[mm] Actual Velocity. [mm/s] SetpontVelocity _[mm/s
_ 0.0000 (0000. o.oouﬁ [ 00036, | ooong]
Ovemnde %] Total/ControlOutput __ [%] Emor_ -
| moooood [ 000/ 000%| | 13000 (0x4650)|
Staws (log ) Stawus (phys ) Enabling
[(IReady [“INOT Moving [(]coupled Mode [~ Controlier
[Jcalibrated [ JMoving Fw [“]in TargetPos [vIFeed Fw
[[JHas Job [CIMoving Bw [“]in Pos Range [“IFeed Bw
Controller Kv-Factor [mm/s/mm] Reference Velocity [mmys]
(] 4 813043 |
Target Position: [mm) Target Velocity: [mmys]

5. Click “F8” to reset the error

General Semings Parameter Dynamics Onht:owlhg Compensaton
Sefpoint Position [mm

Iy 0.0133 | 20001

Extended Start
Start Mode: Absolute v | |Shn |}|
Target Possion 625 [mm] Stop
Target Velocity 240 [mm/s]

[CJAcceleration 1050 [mm/s2)
[(]Deceleration: 0 [mmVs2]  Lagt Time [s]
ek 0 fmmvs3] | 0.00000

Raw Dnve Output
Output Mode Percent v Stant
Ouput Value 0 IO

SetActual Posion

Absohute v o | Set

Set Target Position

Absolute v [ | Set

6. Open the tab "Functions”
7. Enter the position at “TargetPosition” as shown
8. Click on “Start”

Now check the referencing:

18 Version: 1.0.0 SafeMotion Wizard
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4 @ SLP_Automatic_Reference

4 @ SLP_Automatic_Reference Project

=] References
"g Target System
b LA GVLs
i User FBs
b A ChA_ChB_Connection_Input
b 4 ChA_STO_SS1_ErrerHandling
4 [z ChBSLP_1
1 Alias Devices
ChB_SLP_1.sal
p 3 ChB_STO_SS1_ErrorHandling
b 4 ChA_ChB_Connection_Output
SLP_Automatic_Reference Instance

9. Open file “ChB_SLP_1.sal”

v Q] ® v o

Show Online Data

10. Click on “Show Online Data” in the menu bar to activate the Online View

Autolayout »
User FB Handling »
Show Page Break Preview 0

Lhanoe Execution Order of

ShovT\inane Value

Show References
Collapse

Validate
Validate All

M Properties Alt+Enter

11.Right click on the network
12. Click “Show Online Value”

SafeMotion Wizard Version: 1.0.0
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ChB PRIFB_SAFE_REFSINGL.. 0
ChE.PRIFB_SAFE_REFMULTL.. 0

exasurs persosmon v [ TASE ] §

You see that the command from the EL6910 arrives correctly. Furthermore, you see at the safeSLP block
that the command ChB.PriFb_REFPOSITION_VALID is still on FALSE.

4 "§ Term 7 (EK1122)
> @ InfoData .

4 T Term 9 (AX8620-000¢ X
b =5 PSM Controlword

Change Link...
Clear Link(s)
Go To Link Variable

: :::so::a | Take Name Over from linked Variable
4 1 Drive 10 (AX8206 Move Address..
4 1 Device | Online Write 0
5 S e
b [ FSoE Slavey—3_Online Write..
b [ Standard i *3 Force...
P BHFSIOGICIN X Release Force
b W FSof Slave Add to Watch
4 W Standard C
% Standa Remove from Watch

| EStanda' 8 Add to Scope

13.In the process image right click on “SLP_ACK_STD”

14. Click on “Online Force”

20

Version: 1.0.0
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Set Value Dialog X
Float
Bool 0 ﬂ Hex Edt..

- "

Bit Suze f@'«l O O 0Ox Os4 O"‘

15. In the window “Set Value Dialog” click at bool “1”

You see in the newly added safeMon module that the acknowledgment is available and the signal is
transferred to the process image.

16. Right click on “SLP_ACK_STD”
17. Click on “Online Force”

Set Value Dialog X
Dec L | oK

Hex ) Cancel
Float

Bool @ 1 HexEda .
Binary: 01 '

BitSue @ O O O Os4 O?.

18. Click in the window “Set Value Dialog” at bool “0”

1

- W (Change Link..
> R FSLOGIC Output

>l ehik Clear Link(s)
p h Ch A AxisMain | Go To Link Variable
> B Ch A AxisMain ¢ Take Name Over from linked Variable

P L Ch A PositionCa
> W Ch A Interpolate

4 q ChB Online Write
b 3 ChBAxisMain i #3  Online Force...

> W Ch B AxisMain § ¢ Reiew Force
P 1 Ch B PositionC

Move Address

> W ChB Interpolatc ~ Add to Watch
> @ InfoData Remove from Watch
> W WcState B AsdoScope

B - aF L ARS A

19.Right click on “SLP_ACK_STD”
20. Click on “Release Force”

SafeMotion Wizard Version: 1.0.0 21
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In the safeSLP block you see that the command ChB.PriFb_REFPOSITION_VALID is now TRUE and you

have successfully referenced.

Next, let the engine proceed as follows:
21.Open “Axis 2”

General Sefings Parameter Dynamics OnlmeComhng Compensaton

N 625.0038 [ e

Extended Stan

Start Mode: I Reversing Sequence I |stae |

Target Possonl 625 [mm] S:a'ﬁ

Target Velocity 240 [mmys)

Target Postion2 625 [mm]

Idle Time 3 5 Last Time [s)

3.14000

Raw Drve Output

Output Mode Percent v Stant

Output Value 0 [%] Stop

SetAcwal Posibon
Absolute v 0 Set

Sel Target Postion
Absolute v 0 Sel

22.0Open tab “Functions”

23. Select “Reversing Sequence” in the drop-down menu of Start Mode
24 Enter position and time according to the figure

25. Click on “Start”

26. Open file “ChB_SLP_1.sal”

22 Version: 1.0.0
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CABSLE 1 CMD  TRUE 1)
ChEPRIFR_SAFE_REFSINGL. Miosiaom

ChaPRIFS_SAFE_REFMULTL. ]
Ch PRIFE_REFPOSITION V.. TIUIE (1)

CNBSLP_1_REF CMD  TRUR (1]
CABACK REFERENCE STD  FALSE i)

FALSE i)  ChA SIGNAL TO SDF

Based on the values, you can now see how the motor traverses.

SafeMotion Wizard Version: 1.0.0
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2.5 Additional information

If it is necessary to move the axis in switched-off state

— automatic referencing

If the position information is invalid after startup

— manual referencing — new download

— automatic referencing — reference run

If it is necessary to move the axis while the safety project is running

— no problem

24 Version: 1.0.0
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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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