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Implementing a C-887 Pl Controller in TwinCAT 3.1 for Motion and
Activation of new Coordinate Systems

For more information on TwinCAT MC2 libraries refer to the Beckhoff Information System
(http://infosys.beckhoff.com/content/1033/tcplclib tc2 mc2/index.htmI?id=4786081293094367280).

EtherCAT® is registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany.

TwinCAT® is a registered trademark of and licensed by Beckhoff Automation GmbH.

The software products provided by Pl are subject to the General Software License Terms of Physik Instrumente
(P1) GmbH & Co. KG and may contain and/or use third-party software components. Further information can be
found in the General Software License Terms and in the Third-Party Software Notes on our website.

The example described in this document can be found in the \Samples\EtherCAT\TwinCAT directory of the PI
software CD delivered with your Pl controller.

1 Prerequisites

m C-887 controller with Pl software CD (in the scope of delivery) and user documentation (short instructions,
in the scope of delivery, or user manual, available from our website).

m Pl hexapod with user documentation (short instructions, in the scope of delivery, or user manual, available
from our website).

®  You have installed the C-887 controller and the hexapod according to the installation instructions in the
user documentation.

B You have executed test motions of the hexapod according to the instructions in the user documentation of
the C-887 controller.

m  TwinCAT 3.1 XAE
You have copied the EtherCAT Device Description file (EDS) for your controller from the \EDS directory of
the Pl software CD into the TwinCAT IO configuration directory (e.g.
“C:\TwinCAT\3.1\Config\lo\EtherCAT").
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2 Set Up a new TwinCAT Project and add the Controller

m  Start with an empty TwinCAT project.
®  Add your EtherCAT master device and adjust its adapter settings.

Dq PIHexapodMewC5 - Microsoft Visual Studio (Administrator)
FILE EDIT VIEW PROJECT BUILD DEBUG  TWINCAT  TWINSAFE PLC TOOLS SCOPE  WINDOW  HELP

-o|B-m-2 %P a9 -] p Atach. - |Release -] TwinCAT RT (64) -] 8|

BB 2G| @5 <Locab - %] - | | | |
Solution Explorer PIHexapodNew(C5s + X
@ o-a|s = General | Adapter | EtherCAT | Onine | CoE - Online |
Search Solution Explorer (Ctrl+ ) P~
Mame: Device 1 (EtherCAT) id: 1
] Solution 'PIHexapodMewCS' (1 project)
4 “a PIHexapodNewCs Object Id: (03010010
4 ﬂ SYSTEM Type: EtherCAT Master
MOTION
PLC Comment: fa.
| SAFETY
[ c++
4 FHro
4 L Devices -
Z i De.\.rice 1 (EtherCAT) [ Disabled Create symbols []
a1 Mappings
=3
m  To add a Pl controller click the Scan button

Or
m  Add the controller manually as a new device (right-click at the EtherCAT master device 2 Add new item)
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Insert EtherCAT Device =

-

Search: M ame; Diive 2 Multiple: 1 = [ 0k, ]

EKI501-0100 EtherCAT Coupler [24 E-Bus, Fe-Mulibode, media cor -« [ Cancel
EK1541 EtherCAT Coupler [24 E-Bus, POF, ID switch)
EK18714 EtherCAT 10-Coupler [14 E-Busz, 4 Ch. Dig. In, 3ms, 4 Ch. O Part
EK1813 EtherCAT 10-Coupler 114 E-Buz, 8 Ch. Dig. In, 3ms, 4 Ch. Di
EK1828 EtherCAT 10-Coupler [14 E-Bus, 4 Ch. Dig. In, 3ms, 8 Ch. Oi
EK1828-0010 EtherCAT 10-Coupler (14 E-Bus, 8 Ch. Dig. Out 244, 0
Terminal Couplers [BE e, [Lxems-B170]

B Customer specific Terminals 3
86 Panel Couplers © 8 Eheney

Tvpe:

i
i
i

[ EJ CouplerElumms)
H Sabety Terminal: C
B8 EtherCAT Fieldbus Boxes [EPxs)
B8 EtherCAT P Fieldbus Boxes [EPPRasx)
84| EtherCAT C¥ Device
BB FtherCAT PC card )
a | Drives 3
K Eva Board [Interfaces)
l-"' Ewa Board [Sample Source Demos)
. w EtherCAT Piggyback controller boards [FE 145
=-PI Physik, Instrumente [PI GmbH u Co. KG
=PI Pl He:-:apu:ud Spstern
. N2 C-287 EtherCaT ||_|_|E| —
4| 1 3
[T Extended Information [7] Show Hidden Devices Show Sub Groups
B Let TwinCAT automatically append the linked axes to a NC configuration
EtherCAT drive(s) added [
Append linked axis to: 3 iquratior:
(71 CMC - Configurati
E anniguration
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W PIHexapodMew(C5 - Microsoft Visual Studic (Admir
FILE EDIT MIEW  PROJECT BUILD  DEBUG

ie-o|B-o-L W |
VE|E$ @|@'f.-_|<anal>

Solution Explorer
@ o-a| & =
Search Solution Explorer (Ctrl+ )

fa] Solution 'PIHexapodNewCS' (1 project)
4 ol PiHexapodMewCs
bl SYSTEM
b MOTION
PLC
(43 SAFETY
E C++
4 F o
4 L Devices
4 == Devicel (EtherCAT)
*E Image
"E Image-Info

Inputs
B Outputs
& InfoData
PT Drive 1 (C-887)
BT Module1 (CSP)
PT Module 2 (CSP)
PI Module 3 (CSP)
PI Module 4 (C5P)
PI Module 5 (C5P)
PI Module 6 (C5P)
E WeState
& InfoData
[ 2:1 Mappings

b VOV OV

v v v Vv v v v

m Thus the position inputs and outputs of the PI controller modules are mapped automatically to the NC
axes.

m  For a manual mapping, map the position inputs and outputs of the axis to the corresponding NC axis as
follows:

2.1 Position Inputs

Statusword:

MOTION -> NC-Task 1 SAF -> Axes -> Axis X -> Drive -> In -> nStatel and nState2. Do this for each axis.
PLC -> PIHexapodNewCS -> PIHexapodNewCS Instance -> Main.stPIHexapod.nStatusWord

(press and hold Ctrl to select more than one item)

For nState2 set an offset of 8 bits.
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Pl

7| Attach Variable Statuswerd (Input)

Search:

E Show Variables

E!---_;?’ nDatalny
-] nDataln?[0]
-] nDataln?1]

nD ataln2

nD ataln3
-] nDataln3[0]
...... #1 nDataln3[1]
nD atalnd
-1 nDatalnd[0]
] nDatalnd[1]
=% nDatalng
-] nDataln5[0]
w1 mDatalng1]
= nDatalng
4] nDatalnE(0]
] nDatalng[1]
H-fg dis 't
H-fg fis 2
H-fg dis 1
H-fg dis W
H-rde Bis W

O o O O e OO

- PIHexapodiewCs

-1 PIHexapodMewCs Instance

' FAIN.

Bl stPIHexapod
i Z ns

>
>

>
>

B 174.

IB164.0 LINT [2.0]
1B 16E.0. LIMT [2.0]

IB 1720 LINT [2.0]
0, UINT [2.0]

1B 180.0. LINT [2.0]
IB 1820 LINT [2.0]

1B 154.0, LINT [2.0]
|B 186.0, UINT [2.0]

|B 188.0, UINT [2.0]
|B 130.0, UINT [2.00

|B 132.0, UINT [2.0]
IB 134.0, UINT [2.00

@ Unused
() Uzed and unuzed
7] Exclude dizabled
Exclude other Devices
Exclude same Image
Show Toaltips
[ Sart by &ddress
Show Variable Types
7] Matching Type
[¥] Matching Size
[ &0 Types

Aray bode
Offzets

[ Continuous
[] Show Dialog

Yariable Mame / Comment

/| |Hand over
A | Take over

m

1

[ Cancel ] [ (]9

-

B | Vanable Size Mismatch

Linked W ariable: nStatel
Size

Linked % ariable: g

Own ¥ ariable: 16

Overlapped:

[ Size and Offzet in bits |

L

-

B | Vanable Size Mismatch

— -
Linked Variable: nStated

Size Offzet
Linked Wanable: g 1]
Own % ariable: 16 8 =

:

Overlapped: a =

[ Size and Dffset inbits |
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Position actual value:

MOTION -> NC-Task 1 SAF -> Axes -> Axis X -> Enc -> In -> nDataln1. Do this for each axis.

5| Attach Variable Position actual value (Input) @
Seendi s | ShowVanables
:] @ Uruszed
i () Uzed and uruzed
[T Exclude disabled
3 Exclude other Devices
1 Exclude same Image
A Show Tooltips
EallnDatainl > UINTARR2 [4.0] [] 5ot by Address
#1 nDataln2 > [B132.0, UINTARRZ [4.0] .
% rDatand > 1B 1400, LINTARRZ [4.0] Shaw Va”_ab'e Topes
#| rDatalnd > |B 1440, LINTARRZ [4.0] [T Matching Tupe
# rDataln5 > 1B 148.0, UINTARRZ [4.0] Matching Size
# rDatalnG > 1B 1520, UINTARR2 [4.0] [T &l Types
- nDataln? > 1B 164.0, UINTARRZ [4.0] Array Mode
S f Drive
E|;°>’ In Offsets
# rDataln2 > 1B1720, UINTARRZ [4.0] [] Contiruous
# rDataln3 > 1B180.0, UINTARRZ[4.0] [] Showe Dialog
#1 rDatalnd > B 184.0, UINTARR2 [4.0] )
1 rDatalnS > 1B 1880, LINTARRZ [40] Variable Mame / Comment
-] pDatalné > I8 192.0, UINTARR2 [4.0] 41| Hand over
g Auis Y [T] 4[] Take aver
-4 Enc
B?’ .n - [ Cancel l [ DK

Following error actual value:

MOTION -> NC-Task 1 SAF -> Axes -> Axis X -> Drive -> In -> nDataln1. Do this for each axis.

5| Attach Variable Following error actual value (Input) @
Search: Show Wariables
@ Unused
= MOTION i ) Uzed and unused
il i [ Exclude disabled
= ﬁg_%;e;m w L Exclude other Devices
£ Ene Exclude same Image
LB In i Show Tooltips
C#l rDatain2 > 1B 1320, UINTARR2 [4.0] [ Sort by Address
----- #1 nDatalnd > |B 1400, UINTARRZ [4.0] .
----- #1 rDatalnd > 1B 1440, INTARR2 [4.0] Cliaus VeI Uipes
----- #| nDatalns > IB 1480, UINTARRZ [4.0] [ Matching Type
----- F rDatalné > 1B 1520, LINTARR2 [4.0] [V Matching Size
I # rDateln? > 1B 164.0, LINTARRZ [4.0] 7] &)l Types
E“’““* Drive Array Mode
nDatalnl > Offsets
----- #1 nDataln2 > 1B 1720 UINTARRZ[4.0] [ Continuous
----- #1 nDatalnd > 1B 180.0, LINTARRZ [4.0] [7] Show Dialog
----- #1 rDatalnd > 1B 1340, UINTARRZ [4.0] .
----- #1 rDatalns > 1B 188.0, LINTARR2 [4.0] Variable Name 7 Comment
----- F rDatalné > B 1920, UINTARR2[4.0] /[ Hand over
-k A Y [T # ] Take aver
El-3 Enc
: E‘? - In - [ Cancel l [ oK.
Physik Instrumente (Pl) GmbH & Co. KG, Auf der Roemerstrasse 1, 76228 Karlsruhe, Germany Page 6/ 35

Phone +49 721 4846-0, Fax +49 721 4846-1019, Email info@pi.ws, www.pi.ws

MOTION | POSITIONING



mailto:info@pi.ws
http://www.pi.ws/

User Manual

AO000T0075, valid for C-887 controller with EtherCAT interface

FRIE, SSc, BRo, 2/24/2020

2.2 Position Outputs

Controlword:

MOTION -> NC-Task 1 SAF -> Axes -> Axis X -> Drive -> Out -> nCtrl1 and nCtrl2. Do this for each axis.

For nCtrl2 set an offset of 8 bits.

Search:

7| Attach Variable Controlward (Output)

Show Wariables

E3

[ & Dinive
e Out

B--;&;r nD ataOut2

[Z)-E& nD

E—]---:&sft D atalutd

E—j—-;&;r nD ata0uts

= rData0uts

> OB 300.0,UINT [20]
(B 302.0, UINT [2.0]

Lol nDataOu3(0] > 0B 308.0, UINT [2.0]
B nData0uw3(1] > QB 310.0, UINT [2.0]

B nDataDutdl0] > QB 3120 UINT [2.0]
Lol nDataOutd[1] > 0B 3140, UINT [2.0]

@ Unuged

) Uged and unuzed

[ Exclude disabled
Exclude other Devices
Exclude zame Image
Show Tooltips

7] Sort by Address

L | »

Show Yanable Tupes
7] Matching Type
Matching Size
] &0 Types

Array Mode
Offzets
[] Continuous
[ Show Dialag

Y ariable Mame / Camment

ol nDataluwtB[0] = OB 3160, UIMT [2.0] 4| | Hand aver
-l nDatalutB[1] > OB 318.0, UINT [2.0] | Take awer

B rDatalutB(0] > DB 3200.UNT[20] | [ gancel | [ oK

.

B ° Variable Size Mismatch

i

Linked " ariable: a

O W ariable: 16
Overlapped: a
[5

Linked " ariable: nCtil
Size Offzet

=
L1

-

ize and Offzet in bitz |

_

L — —

-

B ' Variable Size Mismatch

i

Linked ' ariable; a8

Own W ariable: 16
Overlapped: 8
[5

Linked ' ariable; niCtl2

Size Oiffzet

-
-

ize and Offzet in bits |

0

IH

Cancel
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Target Position:

MOTION -> NC-Task 1 SAF -> Axes -> Axis X -> Drive -> Out -> nDataOut1. Do this for each axis.

Search:

7| Attach Variable Target position (Output)

()

E Show Variables
@ Unused

g8, £
- D
- Out

(- Az

e
live

----- - [EEEI Y]
----- B rData0utz
----- e rData0ut3
----- & nDataOutd
----- e nData0uts
----- B rData0uts

nc

=-#8- Out

----- B rData0utl
----- e rData0utz
----- & nData0ut3
----- & nData0utd
----- B rData0uts
----- e rData0uts

W W v v B

R N

0B
(B 300.0,
QB 308.0,
QB 3120,
(B 3160,
(B 3200,

(B 5320,
QB 536.0,
(B 604.0,
(B E08.0,
QB 6120,
QB 616.0,

. UINTARRZ [4.0]

UINTARRZ [4.0]
UINTARRZ [4.0]
UINTARRZ [4.0]
UINTARRZ [4.0]
UINTARRZ [4.0]

UINTARRZ [4.0]
UINTARRZ [4.0]
UINTARRZ [4.0]
UINTARRZ [4.0]
UINTARRZ [4.0]
UINTARRZ [4.0]

4

1

|3

() Uzed and unuzed

[7] Exclude disabled
Exclude other Devices
Exclude same Image
Show Toaltips

[ Sart by Address

m

Show Yariable Types
[7] Matching Type
Matching Size
[] &0 Types
Array Mode
Offzets
|| Continuous
] Show Dialog
Y ariable Mame / Comment

A1 |Hand over

[/ [E] Take over

v || Canesl | [ DK
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3 Adjust Axis Parameters

m  Now adjust the NC axis parameter configuration as follows:

3.1 Axis Velocity and Acceleration

Adjust the velocity and acceleration according to the documentation of the hexapod. Do this for each axis.

Iﬂ PIHexapodNew(s - Microsoft Visual Studio (Administrator) Y1 | QuickLaunch (Ctrl+Q) Pl - O x
FLE EDIT VIEEW PROJECT BULD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE WINDOW  HELP
o | B-o-a R X9 -] » At - [Release  +|[TwinCATRT (64) -] | 5% [ nstatusword s EaeED- .
wEBE2 @[> -] | | | e e i | 5 5
Solution Explorer AN PiHexapodewCs & X -
& o-&| 5 - General | Settings | Parameter | Dynamics | Oniine | Functions | Coupling | Compensation |
Search Solution Explorer (Ctrla-) P
7 Soltion PHesapodNencS' 1 projecd
4 il PHexpodNenCs - Maximum Dynamics:
bl SvsTEM Reference Velocity 22000 m..
4 MOTION Maximum Velocity 20000 m..
4 B NeTask1sap Maximum Acceleration 150000 m..
[E1 NC-Task1 SVB
e Maximum Deceleration 150000 m..
= Image
7 Tables Default Dynamics:
[ Objects Default Acceleration 1500.0 m..
a
4 e Axes Default Deceleration 15000 m..
b s Axisl
b sk Axic 2 Default Jerk 22300 m..
b dmp Axis3 +  Msnual Motion and Homing:
b Bo Axis 4 +  Fast Axis Stop:
b 2 Axis 5 + | Limit Switches:
b B Axis6 + | Monitoring:
& pLC f
T safeTy + | Setpoint Generator:
IE Cot + NCI Parameter:
-
b o mem
Download Upload Epand Al Collapse Al Seleci Al
Error List - 1 x
Y -| 3 0Eors | ¢ 0Warnings 0 Messages | Clear Search Error List P~
Description 4 File Line Column | Project

3.2 Encoder Parameter for Axes

Set Scaling Factor and Reference System of NC axes to suitable values (for details, see controller
documentation). Do this for each axis.
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ﬂ PIHexapodNew(S5 - Microsoft Visual Studio (Administrator)

FILE EDIT VIEW PROJECT BUID DEBUG TWINCAT TWINSAFE PLC TOOLS
o|m-u-ua e ERNET
wlE B \@‘@‘T.;l:
Solution Explorer - 1
6 o-als -
Search Solution Explorer (Ctrl+g) p-

fa] Selution "PIHexapodNewCS' (1 project)
4 ol PHexapodNewCs
b |l svsTEM
4 MOTION
4 |8 NC-Task1 SAF
[Z1 NC-Task1 5v8
*® Image
[ Tables
Objects
4y Axes
4 Bof Axis1
b § Enc
b a] Drive
tay, Ctrl
3 Inputs
b [ Outputs
b B Axis2
b sk Axis3
boEs Axisd
b sk Axis5
b Bt Axis6

-

H
=
S

Y1 | Quick Launch (Ctrl+Q) Pl - B x
SCOPE  WINDOW  HELP
[Release -] [TwinCATRT (64) ~|| 5" [ nstatusword ReREeED- .
‘ ‘ === = =
PHexapodNewCS & X -
General | NC-Enceder | Parameter | Time Compensation | Online |
| [Parameter Offfine Value Online Value Unit [
= Encoder Evaluation:
Invert Encoder Counting Direction FALSE |
Scaling Factor Numerator m..
Scaling Factor Deneminator (default: 1.0) 10
Position Bias 0.0 mm
Modulo Factor (e.g. 360.0%) 3600 mm
Telerance Window for Module Start 00 mrn
Encoder Mask (maximum encoder valug) OxFFFFFFFF
Encoder Sub Mask (absolute range maximum ... 0x000FFFFF
Reference System ‘INCREMENTAL' =]
Limit Switches:
Soft Position Limit Minimum Monitoring FALSE =l
Minimum Position 00 mm
Soft Position Limit Maximum Monitoring FALSE ~|
Maximum Position 00 mm
- -
[ Download | [ Upload | [ BpandAl | [ Colapss Al | [ Selsct Al
Error List i x
T - 0 Errors ! 0'Warnings 0 Messages | Clear Search Error List P~
Description & File Line Column  Project

4 Create a PLC Project for a Simple PTP Motion

m Create a new standard PLC project.

m  Add the following libraries to the references section of the PLC project:

10 -> Tc2_EtherCAT

Motion -> PTP -> Tc2_MC2

Motion -> NCI -> Tc2_NCI

Motion -> NCI -> Tc2_PlcInterpolation
System -> Tc2_Utilities
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- "
Add Library 1

Enter a string for a fulltext search in all libraries...

2 BuildingAutomation

ommunication
ontroller
DataAccess
ntern

Tc2_Coupler

Company

Beckhoff Automation GmbH

Tc2_FEtherCAT

Beckhoff Automation GmbH

Te2_loFunctions
T2 _KL85xx
Te2_SUPS
Tc3_EtherCATExtSync
== Math
Measurement

Beckhoff Automation GmbH
Beckhoff Automation GmbH
Beckhoff Automation GmbH
Beckhoff Automation GmbH

m

OK ] [ Cancel

m Create a new Data Unit Type (DUT) with the identifier “ST_PIHexapod” as structure and add the following

variables:

TYPE ST PIHexapod

STRUCT
stX
stY
stz
stU
stV
StW
nModeOfOperation AT
nModeOfOperationDisplay AT
nStatusWord AT
WorkCSPDO AT
ToolCSPDO AT
bHomed
bEnabled

END STRUCT

END TYPE

AXIS REF;

AXIS REF;

AXIS REF;

AXIS REF;

AXIS REF;

AXIS REF;

BYTE := 0;

: BYTE 0;

$I* : UINT := 0;

ARRAY [1..6] OF DINT
ARRAY [1..6] OF DINT
BOOL := FALSE;

BOOL := FALSE;

m  Copy the following variables to the window for the local variables of the MAIN PLC program:

PROGRAM MAIN

VAR
stPIHexapod
fbPower
fbHome
fbSetAndActivateCSHexapod
fbMove
nState

(* add "NetID"

NetID T AmsNetId

of EtherCAT Master and
:= '172.16.56.19.2.1";

Physik Instrumente (Pl) GmbH & Co. KG, Auf der Roemerstrasse 1, 76228 Karlsruhe, Germany

ST PIHexapod;

FB PowerHexapod;

FB HomeHexapod;

FB SetAndActivateCSHexapod;
FB MoveHexapod;

UDINT := 0;

"EtherCAT address
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SlaveAddr : UINT := 1001;
END VAR

m  Copy the following code to the MAIN PLC program (error handling has to be extended in the MAIN PLC
program and each function block):

(*(c)2017-2019 Physik Instrumente (PI) GmbH & Co. KG

Software products that are provided by PI are subject to the General Software License
Agreement of Physik Instrumente (PI) GmbH & Co. KG and may incorporate and/or make use of
third-party software components.

For more information, please read the General Software License Agreement and the Third
Party Software Note linked below.
General Software License Agreement:
http://www.physikinstrumente.com/download/EULA PhysikInstrumenteGmbH Co KG.pdf
Third Party Software Note:
http://www.physikinstrumente.com/download/TPSWNote PhysikInstrumenteGmbH Co KG.pdf

This sample was created with TwinCAT version v3.1.4022.4

PLC-axis parameters in mm, mm/s, mm/s2 and mm/s3
set scaling factor of NC-axes to suitable value (for details see controller documentation)

Sample program to demonstrate:

- homing of hexapod

- configuration of customized coordinate systems
- movement of hexapod axis

Error handling is missing and the sample is not complete to run a machine.

*)

stPIHexapod.stX.ReadStatus
stPIHexapod.stY.ReadStatus
stPIHexapod.stZ.ReadStatus
stPIHexapod.stU.ReadStatus
stPIHexapod.stV.ReadStatus
stPIHexapod.stW.ReadStatus

’

’

’

()
()
O
()
();
()

’

CASE nState OF

(* power on *)

fbPower (

bEnable:= TRUE,

fOvr:= 100.0,

stPIHexapod := stPIHexapod );

IF stPIHexapod.bEnabled THEN
nState := 10;
END IF

10:
(* homing *)
fbHome .bExecute:= TRUE;

IF fbHome.bDone THEN
fbHome .bExecute:= FALSE;
nState := 20;
END IF
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20:

30:

40:

50:

Physik Instrumente (Pl) GmbH & Co. KG, Auf der Roemerstrasse 1, 76228 Karlsruhe, Germany

(* reset coordinate system ¥*)

fbSetAndActivateCSHexapod.Work[1l
fbSetAndActivateCSHexapod.Work[2
fbSetAndActivateCSHexapod.Work[3
fbSetAndActivateCSHexapod.Work[4
fbSetAndActivateCSHexapod.Work[5
fbSetAndActivateCSHexapod.Work[6
fbSetAndActivateCSHexapod.Tool[1
fbSetAndActivateCSHexapod.Tool [2
fbSetAndActivateCSHexapod.Tool [3
fbSetAndActivateCSHexapod.Tool [4
fbSetAndActivateCSHexapod.Tool[5
fbSetAndActivateCSHexapod.Tool [6

Ne Ne Ne  Ne Ne Ne Ne Ne Ne Ne N

O O O O O O O O O o o o

~e

]
]
]
]
]
]
]
]
]
]
]
]

fbSetAndActivateCSHexapod.bExecute := TRUE;

IF fbSetAndActivateCSHexapod.bDone THEN
fbSetAndActivateCSHexapod.bExecute :=
nState := 30;

END IF

(* move *)
fbMove.PosX := 5;
fbMove.bExecute := TRUE;

IF fbMove.bDone THEN
fbMove.bExecute := FALSE;
nState:= 40;

END IF

(* move ¥*)
fbMove.PosX := 0;
fbMove.bExecute := TRUE;

IF fbMove.bDone THEN
fbMove.bExecute := FALSE;
nState:= 50;

END IF

(* activate coordinate system ¥*)
fbSetAndActivateCSHexapod.Work[1l
fbSetAndActivateCSHexapod.Work[2
fbSetAndActivateCSHexapod.Work[3
fbSetAndActivateCSHexapod.Work[4
fbSetAndActivateCSHexapod.Work[5
fbSetAndActivateCSHexapod.Work[6
fbSetAndActivateCSHexapod.Tool[1
fbSetAndActivateCSHexapod.Tool [2
fbSetAndActivateCSHexapod.Tool [3
fbSetAndActivateCSHexapod.Tool [4
fbSetAndActivateCSHexapod.Tool[5
fbSetAndActivateCSHexapod.Tool [6

Ne  Ne Ne

~e

Ne  Ne  Ne Ne

|
© O O O OO0 WO oo o o

O ~e
~.

]
]
]
]
]
]
]
]
]
]
]
]

O ~e
~.

FALSE;

fbSetAndActivateCSHexapod.bExecute := TRUE;

Phone +49 721 4846-0, Fax +49 721 4846-1019, Email info@pi.ws, www.pi.ws

MOTION

POSITIONING

Page 13 /35



mailto:info@pi.ws
http://www.pi.ws/

User Manual PI

AO000T0075, valid for C-887 controller with EtherCAT interface
FRIE, SSc, BRo, 2/24/2020

IF fbSetAndActivateCSHexapod.bDone THEN
fbSetAndActivateCSHexapod.bExecute := FALSE;
nState := 60;

END IF

60:
(* move ¥*)
fbMove.PosX := 5;
fbMove.bExecute := TRUE;

IF fbMove.bDone THEN
fbMove.bExecute := FALSE;
nState:= 70;

END IF

70:
(* move *)
fbMove.PosX := 0;
fbMove.bExecute := TRUE;

IF fbMove.bDone THEN
fbMove.bExecute := FALSE;
nState:= 80;

END IF

80:
nState := 20;

END CASE

fbHome (stPIHexapod := stPIHexapod) ;

fbMove (stPIHexapod := stPIHexapod) ;

fbSetAndActivateCSHexapod (stPIHexapod := stPIHexapod, sNetId := NetID, nSlaveAddr :=
SlaveAddr) ;

m Create a new PLC function block (Add -> POU...) named “FB_PowerHexapod” and copy the following
variables to its window for the local variables:

FUNCTION BLOCK FB PowerHexapod

VAR INPUT
bEnable : BOOL := FALSE;
fovr : LREAL;

END VAR

VAR OUTPUT
bError : BOOL := FALSE;
nErrorId : UDINT := 0;

END VAR

VAR IN OUT
stPIHexapod : ST PIHexapod;

END VAR

VAR
fbPowerX : MC Power;
fbPowerY : MC Power;
fbPowerz : MC Power;
fbPowerU : MC Power;
fbPowerVv : MC Power;
fbPowerw : MC Power;

END VAR
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®  And copy the following code to the “FB_PowerHexapod” function block:

(* ToDo: extend error handling *)
(* Enable all six hexapod axes *)

fbPowerX (
Axis:= stPIHexapod.stX ,
Enable:= bEnable ,
Enable Positive:= bEnable,
Enable Negative:= bEnable,
Override:=fOvr ,
BufferMode:= ,
Status=> ,
Busy=> ,
Active=> ,
Error=> ,
ErrorID=> );

fbPowerY (
Axis:= stPIHexapod.stY ,
Enable:= bEnable ,
Enable Positive:= bEnable,
Enable Negative:= bEnable,
Override:=fOvr ,
BufferMode:= ,
Status=> ,
Busy=> ,
Active=> ,
Error=> ,
ErrorID=> );

fbPowerZ (
Axis:= stPIHexapod.stZ ,
Enable:= bEnable ,
Enable Positive:= bEnable,
Enable Negative:= bEnable,
Override:=fOvr ,
BufferMode:= ,
Status=> ,
Busy=> ,
Active=> ,
Error=> ,
ErrorID=> );

fbPowerU (
Axis:= stPIHexapod.stU ,
Enable:= bEnable ,
Enable Positive:= bEnable,
Enable Negative:= bEnable,
Override:=fOvr ,
BufferMode:= ,
Status=> ,
Busy=> ,
Active=> ,
Error=> ,
ErrorID=> );

fbPowerV (
Axis:= stPIHexapod.stV ,
Enable:= bEnable ,
Enable Positive:= bEnable,
Enable Negative:= bEnable,
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Override:=fOvr ,
BufferMode:= ,
Status=> ,
Busy=> ,
Active=> ,
Error=> ,
ErrorID=> );
fbPowerW (
Axis:= stPIHexapod.stW ,
Enable:= bEnable ,
Enable Positive:= bEnable,
Enable Negative:= bEnable,
Override:=fOvr ,
BufferMode:= ,
Status=> ,
Busy=> ,
Active=> ,
Error=> ,
ErrorID=> );

IF fbPowerX.Error THEN

bError := TRUE;
nErrorId := fbPowerX.ErrorID;
ELSE

IF fbPowerX.Status AND fbPowerY.Status AND fbPowerZ.Status AND fbPowerU.Status AND
fbPowerV.Status AND fbPowerW.Status THEN

stPIHexapod.bEnabled := TRUE;
ELSE
stPIHexapod.bEnabled := FALSE;
END IF
END IF

m Create a new PLC function block (Add -> POU...) named “FB_HomeHexapod” and copy the following
variables to its window for the local variables:

FUNCTION BLOCK FB HomeHexapod

VAR INPUT
bExecute : BOOL := FALSE;
END VAR
VAR OUTPUT
bBusy : BOOL := FALSE;
bDone : BOOL := FALSE;
bError : BOOL = FALSE;
nErrorId : UDINT := 0;
END VAR
VAR IN OUT
stPIHexapod : ST PIHexapod;
END VAR
VAR
nState : UDINT := O;
fbSetPos : FB SetPosHexapod;
END VAR

®  And copy the following code to the “FB_HomeHexapod” function block:

(* ToDo: extend error handling *)

CASE nState OF
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IF bExecute THEN
bBusy := TRUE;
bDone := FALSE;
nState := 10;
END IF
10:
(* set Mode of Operation to 6 and wait until Mode of Operation Display switches to 6 *)
stPIHexapod.nModeOfOperation := 6;
IF stPIHexapod.nModeOfOperationDisplay = 6 THEN
nState := 20;
END IF

20:

(* wait until homing move is finished *)
(* Statusword has to be set as 1010000100111 *)
IF (stPIHexapod.nStatusWord AND 5159) = 5159 THEN
stPIHexapod.bHomed := TRUE;
nState := 30;

END_IF

30:

(* set hexapod absolute positions to 0 ¥*)
fbSetPos.PosX := 0.0;

fbSetPos.PosY :=
fbSetPos.PosZ :=
fbSetPos.PosU :=
fbSetPos.PosV :=
fbSetPos.PosW := g
fbSetPos.Execute := TRUE;

’
’
’

’

O O O O O
O O O O O

IF fbSetPos.bError THEN
nState := 9999;
ELSE
IF (fbSetPos.bDone) THEN
fbSetPos.Execute := FALSE;
nState := 40;
END IF
END IF

40:
(* set Mode of Operation to 8 and wait until Mode of Operation Display switches to 8 *)
stPIHexapod.nModeOfOperation := 8;
IF stPIHexapod.nModeOfOperationDisplay = 8 THEN
nState := 50;
END IF

50:

bBusy := FALSE;

IF NOT bExecute THEN
nState := 0;
bDone := FALSE;

ELSE
bDone := TRUE;

END IF
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9999:

bError := TRUE;

nErrorId := fbSetPos.nErrorId;
END CASE
fbSetPos (stPIHexapod :=

stPIHexapod) ;

m Create a new PLC function block (Add -> POU...) named “FB_MoveHexapod” and copy the following

variables to its window for the local variables:

FUNCTION BLOCK FB MoveHexapod
VAR IN OUT

stPIHexapod ST PIHexapod;
END VAR
VAR INPUT
bExecute BOOL := FALSE;
PosX LREAL := 0;
PosY LREAL 0;
PosZ LREAL 0;
PosU LREAL 0;
PosV LREAL 0g
PosW LREAL O g

(* default parameters,
VelX
VelY
VelZz
VelU
Velv
VelW
AccX
AccY
Accz
AccU
AccV
AccW

END VAR

VAR OUTPUT
bBusy
bDone
bError
nErrorId

END VAR

VAR
fbMovX
fbMovY
fbMovZz
fbMovU
fbMovV
fbMovW

nState
END VAR

please adapt according to hexapod type!

*)

LREAL 1g
LREAL 1g
LREAL 1g
LREAL 1g
LREAL 1g
LREAL 1g
LREAL 10;
LREAL 10;
LREAL 10;
LREAL 10;
LREAL 10;
LREAL 10;
BOOL := FALSE;
BOOL := FALSE;
BOOL := FALSE;
UDINT := 0;

MC MoveAbsolute;
MC MoveAbsolute;
MC MoveAbsolute;
MC MoveAbsolute;
MC MoveAbsolute;
MC MoveAbsolute;

UDINT := 0;

m  And copy the following code to the “FB_MoveHexapod” function block:

(* ToDo:

extend error handling ¥*)
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CASE nState OF
0:
IF bExecute THEN
bBusy := TRUE;
bDone := FALSE;
nState := 10;
END IF

10:

IF VelX < 0.1 THEN
VelX := 1;

END IF

IF AccX < 0.1 THEN
AccX := 1;

END IF

IF VelY < 0.1 THEN
VelY := 1;

END IF

IF AccY < 0.1 THEN
AccY := 1;

END IF

IF VelZ < 0.1 THEN
VelZ := 1;

END IF

IF AccZz < 0.1 THEN
AccZ := 1;

END IF

IF VelU < 0.1 THEN
VelU := 1;

END IF

IF AccU < 0.1 THEN
AccU := 1;

END IF

IF VelV < 0.1 THEN
VelV := 1;

END IF

IF AccV < 0.1 THEN
AccV := 1;

END IF

IF VelWw < 0.1 THEN
VelW := 1;

END IF

IF AccW < 0.1 THEN
AccW := 1;

END IF

Physik Instrumente (Pl) GmbH & Co. KG, Auf der Roemerstrasse 1, 76228 Karlsruhe, Germany

fbMovX.
fbMovX.
fbMovX.
fbMovX.

fbMovY.
fbMovY
fbMovY
fbMovyY.

fbMovZz.

Position:
Velocity:

Acceleration:= AccX;
Execute:=

Position:

.Velocity:
.Acceleration:= AccY;
Execute:=

Position:

= PosX;
= VelX;

bExecute;

= PosY;
= VelY;

bExecute;

= PosZ;

’

’
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fbMovZ.Velocity:= VelZ;
fbMovZ.Acceleration:= AccZ;
fbMovZ.Execute:= bExecute;
fbMovU.Position:= PosU;
fbMovU.Velocity:= VelU;
fbMovU.Acceleration:= AccU;
fbMovU.Execute:= bExecute;
fbMovV.Position:= PosV;
fbMovV.Velocity:= VelV;
fbMovV.Acceleration:= AccV;
fbMovV.Execute:= bExecute;
fbMovW.Position:= PosW;
fbMovW.Velocity:= VelW;
fbMovW.Acceleration:= AccW;
fbMovW.Execute:= bExecute;

IF fbMovX.Done AND fbMovY.Done AND fbMovZ.Done AND fbMovU.Done AND fbMovV.Done AND
fbMovW.Done THEN

fbMovX.Execute:= FALSE;
fbMovY.Execute:= FALSE;
fbMovZ.Execute:= FALSE;
fbMovU.Execute:= FALSE;
fbMovV.Execute:= FALSE;
fbMovW.Execute:= FALSE;
nState := 500;
END IF

IF fbMovX.Error OR fbMovY.Error OR fbMovZ.Error OR fbMovU.Error OR fbMovV.Error OR
fbMovW.Error THEN

fbMovX.Execute:= FALSE;
fbMovY.Execute:= FALSE;
fbMovZ.Execute:= FALSE;
fbMovU.Execute:= FALSE;
fbMovV.Execute:= FALSE;
fbMovW.Execute:= FALSE;
nState := 9999;
END IF
500:
bBusy := FALSE;
IF NOT bExecute THEN
nState := 0;
bDone := FALSE;
ELSE
bDone := TRUE;
END IF
9999:

(* an error occurred *)
(* error handling is still missing *)

bError

nErrorId

Physik Instrumente (Pl) GmbH & Co. KG, Auf der Roemerstrasse 1, 76228 Karlsruhe, Germany

TRUE;
fbMovX.ErrorId;
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END CASE

fbMovX ( Axis:=stPIHexapod.
fbMovY ( Axis:=stPIHexapod.
fbMovZ ( Axis:=stPIHexapod.
fbMovU ( Axis:=stPIHexapod.
fbMovV ( Axis:=stPIHexapod.
fbMovW ( Axis:=stPIHexapod.

stX ),
stY )
stz )
stU ),
stV ),
stW ) ;

FUNCTION BLOCK FB SetAndActivateCSHexapod
VAR IN OUT

stPIHexapod

END_ VAR
VAR INPUT

bExecute
sNetId
nSlaveAddr
Work
Tool

END_ VAR
VAR OUTPUT

bBusy
bDone
bError
nErrorId

END_ VAR

VAR

END

Physik Instrumente (Pl) GmbH & Co. KG, Auf der Roemerstrasse 1, 76228 Karlsruhe, Germany

nState
nHsk
bufferWork
bufferTool
i

fbSdoWriteWorkX
fbSdoWriteWorkY
fbSdoWriteWorkZ
fbSdoWriteWorkU
fbSdoWriteWorkV
fbSdoWriteWorkW
fbSdoWriteToolX
fbSdoWriteToolY
fbSdoWriteToolZ
fbSdoWriteToolU
fbSdoWriteToolV
fbSdoWriteToolW
fbSdoWriteHsk

fbSetPos

fbTimerl:
VAR

TON;

ST PIHexapod;

BOOL := FALSE;

T AmsNetId;
UINT;

(*
ARRAY [1l..6] OF LREAL;
ARRAY [1..6] OF LREAL;

BOOL := FALSE;
BOOL := FALSE;
BOOL := FALSE;
UDINT := 0;
UDINT := 0;
DINT := 1;

ARRAY [1..6] OF DINT;
ARRAY [1..6] OF DINT;
INT;

FB EcCoESdoWrite;
FB EcCoESdoWrite;
FB EcCoESdoWrite;
FB EcCoESdoWrite;
FB EcCoESdoWrite;
FB EcCoESdoWrite;
FB EcCoESdoWrite;
FB EcCoESdoWrite;
FB EcCoESdoWrite;
FB EcCoESdoWrite;
FB EcCoESdoWrite;
FB EcCoESdoWrite;

FB EcCoESdoWrite;

FB SetPosHexapod;

Create a new PLC function block (Add -> POU...) named “FB_SetAndActivateCSHexapod” and copy the
following variables to its window for the local variables:

(* NetId of EtherCAT Master ¥*)
Port Number of EtherCAT Slave *)

And copy the following code to the “FB_SetAndActivateCSHexapod” function block:
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(* ToDo: extend error handling *)

CASE nState OF

0:

10:

20:

30:

Physik Instrumente (Pl) GmbH & Co. KG, Auf der Roemerstrasse 1, 76228 Karlsruhe, Germany

IF bExecute THEN

bBusy := TRUE;

bDone := FALSE;

nState := 10;

fbTimerl (PT:=T#100MS) ;
END IF

(* set Mode of Operation to 0 and wait until Mode of Operation Display switches to 0

stPIHexapod.nModeOfOperation := 0;

IF stPIHexapod.nModeOfOperationDisplay = 0 THEN
nState := 20;

END IF

FOR i := 1 TO 6 DO
bufferWork([i] := LREAL TO DINT (Work[i] * 1000);
bufferTool[i] := LREAL TO DINT (Tool[i] * 1000);

END FOR

nState := 30;

(* write Work coordinate system to SDOs *)
fbSdoWriteWorkX (

sNetId := sNetId,

nSlaveAddr := nSlaveAddr,
nIndex := 16#5000,

nSubIndex =1,

pSrcBuf = ADR (bufferWork[1l]),

cbBuflLen SIZEOF (bufferWork[1]),
bExecute := bExecute

)
fbSdoWriteWorkY (

sNetId := sNetId,

nSlaveAddr := nSlaveAddr,

nIndex := 16#5000,

nSubIndex = 2,

pSrcBuf := ADR (bufferWork([2]),
cbBufLen := SIZEOF (bufferWork([2]),
bExecute := bExecute

)
fbSdoWriteWork? (

sNetId := sNetId,

nSlaveAddr := nSlaveAddr,

nIndex := 16#5000,

nSubIndex = 3,

pSrcBuf := ADR (bufferWork[3]),
cbBufLen := SIZEOF (bufferWork([3]),
bExecute := bExecute

)7
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fbSdoWriteWorkU (
sNetId := sNetId,
nSlaveAddr := nSlaveAddr,
nIndex = 16#5000,
nSubIndex = 4,
pSrcBuf := ADR (bufferWork([4]),
cbBuflen = SIZEOF (bufferWork[4]),
bExecute = bExecute
);
fbSdoWriteWorkV (
sNetId = sNetId,
nSlaveAddr := nSlaveAddr,
nIndex = 16#5000,
nSubIndex = 5,
pSrcBuf := ADR (bufferWork[5]),
cbBuflen := SIZEOF (bufferWork[5]),
bExecute = bExecute
)
fbSdoWriteWorkW (
sNetId = sNetId,
nSlaveAddr := nSlaveAddr,
nIndex := 16#5000,
nSubIndex 1= 6,
pSrcBuf = ADR (bufferWork[6]),
cbBuflLen = SIZEOF (bufferWork[6]),
bExecute := bExecute

)

IF NOT fbSdoWriteWorkX.bBusy AND NOT fbSdoWriteWorkY.bBusy AND NOT
fbSdoWriteWorkZ.bBusy AND NOT fbSdoWriteWorkU.bBusy AND NOT fbSdoWriteWorkV.bBusy AND NOT
fbSdoWriteWorkW.bBusy THEN

IF NOT (fbSdoWriteWorkX.bError OR fbSdoWriteWorkY.bError OR
fbSdoWriteWorkZ.bError OR fbSdoWriteWorkU.bError OR fbSdoWriteWorkV.bError OR
fbSdoWriteWorkW.bError) THEN

(* write successful *)

bError := FALSE;
nErrorId := 0;
nState:= 40;
ELSE
(* write failed *)
bError := TRUE;
IF fbSdoWriteWorkX.bError THEN
nErrorId := fbSdoWriteWorkX.nErrId;
ELSIF fbSdoWriteWorkY.bError THEN
nErrorId := fbSdoWriteWorkY.nErrId;
ELSIF fbSdoWriteWorkZ.bError THEN
nErrorId := fbSdoWriteWorkZ.nErrId;
ELSIF fbSdoWriteWorkU.bError THEN
nErrorId := fbSdoWriteWorkU.nErrId;
ELSIF fbSdoWriteWorkV.bError THEN
nErrorId := fbSdoWriteWorkV.nErrId;
ELSIF fbSdoWriteWorkW.bError THEN
nErrorId := fbSdoWriteWorkW.nErrId;
END IF
nState := 9999;
END IF
fbSdoWriteWorkX (bExecute := FALSE):;
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fbSdoWriteWorkY (bExecute := FALSE) ;
fbSdoWriteWorkZ (bExecute := FALSE) ;
fbSdoWriteWorkU (bExecute := FALSE) ;
fbSdoWriteWorkV (bExecute := FALSE):;
fbSdoWriteWorkW (bExecute := FALSE):;
END IF
40:
(* write Tool coordinate system to SDOs *)
fbSdoWriteToolX (
sNetId = sNetId,
nSlaveAddr := nSlaveAddr,
nIndex = 16#5001,
nSubIndex =1,
pSrcBuf := ADR (bufferTool[1l]),
cbBuflen := SIZEOF (bufferTool[1l]),
bExecute = bExecute
)
fbSdoWriteToolY (
sNetId = sNetId,
nSlaveAddr := nSlaveAddr,
nIndex := 1645001,
nSubIndex = 2,
pSrcBuf = ADR (bufferTool[2]),
cbBuflLen = SIZEOF (bufferTool[2]),
bExecute := bExecute
);
fbSdoWriteToolZ (
sNetId = sNetId,
nSlaveAddr := nSlaveAddr,
nIndex = 16#5001,
nSubIndex = 3,
pSrcBuf := ADR (bufferTool[3]),
cbBuflen := SIZEOF (bufferTool[3]),
bExecute = bExecute
)
fbSdoWriteToolU (
sNetId = sNetId,
nSlaveAddr := nSlaveAddr,
nIndex := 1lo#5001,
nSubIndex = 4,
pSrcBuf := ADR (bufferTool[4]),
cbBuflen := SIZEOF (bufferTool[4]),
bExecute := bExecute
)
fbSdoWriteToolV (
sNetId := sNetId,
nSlaveAddr := nSlaveAddr,
nIndex := 1645001,
nSubIndex := 5,
pSrcBuf := ADR (bufferTool[5]),
cbBuflLen := SIZEOF (bufferTool[5]),
bExecute := bExecute
)
fbSdoWriteToolW (
sNetId = sNetId,
nSlaveAddr := nSlaveAddr,
nIndex := 1lo#5001,
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nSubIndex 1= 6,
pSrcBuf := ADR (bufferTool[6]),
cbBufLen = SIZEOF (bufferTool[6]),

bExecute := bExecute
)7

IF NOT fbSdoWriteToolX.bBusy AND NOT fbSdoWriteToolY.bBusy AND NOT
fbSdoWriteToolZ.bBusy AND NOT fbSdoWriteToolU.bBusy AND NOT fbSdoWriteToolV.bBusy AND NOT
fbSdoWriteToolW.bBusy THEN

IF NOT (fbSdoWriteToolX.bError OR fbSdoWriteToolY.bError OR
fbSdoWriteToolZ.bError OR fbSdoWriteToolU.bError OR fbSdoWriteToolV.bError OR
fbSdoWriteToolW.bError) THEN

(* write successful *)

bError := FALSE;

nErrorId := 0;

nState:= 50;

ELSE

(* write failed *)

bError := TRUE;

IF fbSdoWriteToolX.bError THEN
nErrorId := fbSdoWriteToolX.nErrId;

ELSIF fbSdoWriteToolY.bError THEN
nErrorId := fbSdoWriteToolY.nErrId;

ELSIF fbSdoWriteToolZ.bError THEN
nErrorId := fbSdoWriteToolZ.nErrId;

ELSIF fbSdoWriteToolU.bError THEN
nErrorId := fbSdoWriteToolU.nErrId;

ELSIF fbSdoWriteToolV.bError THEN
nErrorId := fbSdoWriteToolV.nErrId;

ELSIF fbSdoWriteToolW.bError THEN
nErrorId := fbSdoWriteToolW.nErrId;

END IF

nState := 9999;

END IF

fbSdoWriteToolX (bExecute := FALSE) ;
fbSdoWriteToolY (bExecute := FALSE)
fbSdoWriteToolZ (bExecute := FALSE):;

)
)
)

fbSdoWriteToolU (bExecute := FALSE

fbSdoWriteToolV (bExecute := FALSE

fbSdoWriteToolW (bExecute := FALSE
END IF

50:
(* write handshake for Work CS to SDOs *)
nHsk := 1;
fbSdoWriteHsk (
sNetId = sNetId,
nSlaveAddr := nSlaveAddr,
nIndex = 16#5010,
nSubIndex =1,
pSrcBuf := ADR (nHsk),
cbBufLen := SIZEOF (nHsk),
bExecute := bExecute
)
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IF NOT fbSdoWriteHsk.bBusy THEN
IF NOT fbSdoWriteHsk.bError THEN
(* write successful *)

bError := FALSE;
nErrorId := 0;
nState:= 60;
ELSE
(* write failed *)
bError := TRUE;
IF fbSdoWriteHsk.bError THEN
nErrorId := fbSdoWriteHsk.nErrId;
END IF
nState := 9999;
END IF
fbSdoWriteHsk (bExecute := FALSE) ;
END IF
60:
(* write handshake for Tool CS to SDOs *)
nHsk := 1;
fbSdoWriteHsk (
sNetId = sNetId,
nSlaveAddr := nSlaveAddr,
nIndex := lo#5010,
nSubIndex = 2,
pSrcBuf = ADR (nHsk),
cbBufLen = SIZEOF (nHsk),
bExecute := bExecute
)
IF NOT fbSdoWriteHsk.bBusy THEN
IF NOT fbSdoWriteHsk.bError THEN
(* write successful *)
bError := FALSE;
nErrorId := 0;
nState:= 70;
ELSE
(* write failed *)
nState := 9999;
END IF
fbSdoWriteHsk (bExecute := FALSE):;
END IF
70:
(* wait for click, slave controller needs some time to finish internal calculations
*)
fbTimerl.IN := TRUE;
IF fbTimerl.Q THEN
nState := 80;
fbTimerl.IN := FALSE;
END IF
80:
(* set position to new actual position *)
fbSetPos.PosX := stPIHexapod.stX.NcToPlc.ActPos;
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fbSetPos.PosY := stPIHexapod.stY.NcToPlc.ActPos;
fbSetPos.PosZ := stPIHexapod.stZ.NcToPlc.ActPos;
fbSetPos.PosU := stPIHexapod.stU.NcToPlc.ActPos;
fbSetPos.PosV := stPIHexapod.stV.NcToPlc.ActPos;
fbSetPos.PosW := stPIHexapod.stW.NcToPlc.ActPos;
fbSetPos.bClearPositionlag := TRUE;
fbSetPos.Execute := TRUE;

IF (fbSetPos.bDone) THEN
fbSetPos.Execute := FALSE;
nState := 90;

END IF

90:
(* set Mode of Operation to 8 and wait until Mode of Operation Display switches to 8

stPIHexapod.nModeOfOperation := 8;

IF stPIHexapod.nModeOfOperationDisplay = 8 THEN
nState := 100;

END IF

100:

bBusy := FALSE;

IF NOT bExecute THEN
nState := 0;
bDone := FALSE;

ELSE

bDone TRUE;

END IF

9999:
(* an error occured *)
bError := TRUE;
IF fbSdoWriteHsk.bError THEN
nErrorId := fbSdoWriteHsk.nErrId;
END IF

END CASE

fbSetPos (stPIHexapod := stPIHexapod) ;
fbTimerl () ;

m Create a new PLC function block (Add -> POU...) named “FB_SetPosHexapod” and copy the following
variables to its window for the local variables:

FUNCTION BLOCK FB SetPosHexapod

VAR IN OUT
stPIHexapod : ST PIHexapod;
END VAR
VAR INPUT
Execute : BOOL := FALSE;
PosX : LREAL := 0.0;
PosY : LREAL := 0.0;
PosZ : LREAL := 0.0;
PosU : LREAL := 0.0;
PosV : LREAL := 0.0;
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PosW : LREAL := 0.0;
bClearPositionLag : BOOL := TRUE;

END VAR

VAR OUTPUT
bDone : BOOL := FALSE;
bError : BOOL := FALSE;
nErrorId : UDINT := 0;

END VAR

VAR
fbSetPosX 8 MC SetPosition;
fbSetPosY g MC SetPosition;
fbSetPosZ g MC SetPosition;
fbSetPosU g MC SetPosition;
fbSetPosV 8 MC SetPosition;
fbSetPosW 8 MC SetPosition;

END VAR

m  And copy the following code to the “FB_SetPosHexapod” function block:

(* ToDo: extend error handling *)
(* Set position for all hexapod axes to 0.0 *)

fbSetPosX.Options.ClearPositionlag:= bClearPositionLag;
fbSetPosY.Options.ClearPositionLag:= bClearPositionLag;
fbSetPosZ.Options.ClearPositionLag:= bClearPositionLag;
fbSetPosU.Options.ClearPositionlLag:= bClearPositionLag;
fbSetPosV.Options.ClearPositionLag:= bClearPositionLag;
fbSetPosW.Options.ClearPositionlag:= bClearPositionlag;

fbSetPosX (
Axis:= stPIHexapod.stX ,
Position:= PosX ,
Mode:= FALSE,
Execute:= Execute,
Busy=> ,
Done=> ,
Error=> ,
ErrorID=> );

fbSetPosY (
Axis:= stPIHexapod.stY ,
Position:= PosY ,
Mode:= FALSE,
Execute:= Execute,
Busy=> ,
Done=> ,
Error=> ,
ErrorID=> );
fbSetPosZ (
Axis:= stPIHexapod.stZ ,
Position:= PosZ ,
Mode:= FALSE,
Execute:= Execute,
Busy=> ,
Done=> ,
Error=> ,
ErrorID=> );
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fbSetPosU (
Axis:= stPIHexapod.stU ,
Position:= PosU ,
Mode:= FALSE,
Execute:= Execute,
Busy=> ,
Done=> ,
Error=> ,
ErrorID=> );

fbSetPosV (
Axis:= stPIHexapod.stV ,
Position:= PosV ,

Mode:= FALSE,

Execute:= Execute,

Busy=> ,

Done=> ,

Error=> ,

ErrorID=> );
fbSetPosW (

Axis:= stPIHexapod.stW ,

Position:= PosW ,

Mode:= FALSE,

Execute:= Execute,

Busy=> ,

Done=> ,

Error=> ,

ErrorID=> );

IF fbSetPosX.Error THEN
bError := TRUE;
nErrorId := fbSetPosX.ErrorID;
ELSE
IF fbSetPosX.Done AND fbSetPosY.Done AND fbSetPosZ.Done AND fbSetPosU.Done AND
fbSetPosV.Done AND fbSetPosW.Done THEN
bDone := TRUE;
ELSE
bDone := FALSE;
END IF
END IF

The final PLC structure should look like this:
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ﬂ PIHexapodMewCs - Microsoft Visual Studio (Administrator)
HLE EDIT MEW PROJECT BUILD DEBUG  TWINCAT  TWINSAFE PLC
fe-o|B-n-ad| XTal9 - - atach. -
Y| B2 8| @5 <Local -| - ¥ | PHexapodNewCs
Solution Explorer

@& o-a| & =
Search Solution Explorer (Cirl+)

9] Solution 'PIHexapodMewCS' (1 project)
4 ol PHexapodMewCs
b @l SYSTEM

=]

b [3 External Types
b [:3] References
4 [ DUTs
ﬁ'l: ST_PIHexaped (STRUCT)
E3 GVLs
4 [ POUs
& FB_PowerHexapod (FB)
FB_HomeHexapod (FB)
FB_MoveHexaped (FE)
FB_SetAndActivateCSHexapod (FB)
FB_SetPosHexapod (FB)
[3 VISUs
[ Ej PlcTask (PlcTazk)
O} PIHexapodNewCS Instance
7] SAFETY
[ied C++
b [F o

m  Build the PLC project once to make the new variables visible (a task configuration will be created
automatically).

w PIHexapodMewCs - Microsoft Visual Studic (Administrator)
FILE EDIT VIEW PROJECT | BUILD | DEBUG  TWINCAT TWINSAFE PLC TOOLS SCOPE  WINDOW  HELP
g |8 - -2 Wl | Build Solution Ctrl+Shift+B

E c @| W Rebuild Solution
Clean Solution

Solution Explorer
@& o-a| & =
Search Solution Explorer (Ctrl+ )

4 ol PIHexapodNewCs

Fe

Build PIHexapodMew(CS (PIHexapodMewCS\PIHexapodMewCS)
Rebuild PIHexapodMNew(CS (PIHexapodNewC5\PIHexapodNew(5)

Clean Selection

Batch Build...
bl SYSTEM
b MOTION Configuration Manager...
4 PLC Check all objects [PIHexapodNew(CS]

i PIHexapodMewCS

= X 3 Fosi : LREAL := 0;
4 =] PIHexapodMNewCS Project 10 Posl . = 0:
b [ External Types o
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m  Link MOTION axis to the corresponding PLC axis reference. Do this for each axis:

b PiHexapodhewCs - Microsoft Visual Studio (Administrator)

FLE EDIT VW PROJECT BULD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE  WINDOW  HELP

e-c|B-o-2Ld|dE |9 -C | » Atach. - [Release  ~| [TwinCAT RT (64) -] | &% [nstatusword memEeBEE-.
gl o I = | 00| 2L | [<Local 1

Solution Explorer

@ o-a| &=

| e i | <

* |PHexapodNewCs

FB_PowerH

FB_ HomeHexapod

FB_SetAndActivateCSHexapod exapod

General | Settings ‘ Paramaerl Dynam\clenhnel Funmunsl Couphngl Campensatien‘

Search Selution Explorer (Ctrl+u) P -
Link To 110 rive 1(C-887) # A
1 Solution ‘PIHe@pedNewCs' (1 project)
4 7 PHexspodNewCSs I | Pod stX (PIHexapodNewCS Instance)
b @l SYSTEM
a MOTION Ads Type: | CANopen DS402/Profile MDP 742 fe.g. EinerCAT CoFE Dive) -
4[] NC-Task1 SAF )

[ NC-Task15vB Unit mm ~  Display {Onfy)

5% Image Fostion:  []um [ Modula

] Tables Velocty: [T mm/min

Objects

4 T Aves Result

4 B Auisl Fosiion Velocity Acceleration Jeskc
b % Enc mm mm/s mm/s2 mm/s3
b 2] Drive

fag Ctrl
b Inputs Pudis Cycle Time / Access Divider
b [ Outputs Divider 1 2| Cycle Time ms): 2,000
: x“; Modulo 0 Z
is . )
7| Select Axis PLC Reference (*Axis 1"

Bt Axisd ( ) @
B Axis5 =

B} Axis6

Cancel

o) Unused

Al

PIHexapodMNewCS
PlHexapodhlewCs Project
[ External Types
|2 References
(& DUTs

ﬁ'& ST_PIHexapod (STRUCT)
3 GVLs
4 [ POUs
1&] FB_PowerHexapod (FB)
FB_HemeHexaped (FB)
FB_MoveHexapod (FB)
FB_SetAndActivateCSHexapod (FB)
FB_SetPosHexaped (FE)
MAIN (PRGY

2

S

m Link the nModeOfOperationDisplay variable to Modes of operation display of Module 1:
PLC -> PIHexapodNewCS -> PIHexapodNewCS Instance -> Main.stPIHexapod.nModeOfOperationDisplay

D¢ PIHexapodNewCs - Microsoft Visual Studio (Administrator) W1 | QuickLaunch (Ctrl-Q) P - B x

FLE EDIT MEW PROJECT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE WINDOW  HELP

‘@-o B - P L E - @ -] b osttach.. - [Release | | TwinCAT RT (64) -|| 57 nststuswor R rREe RO,
BIE2 <O ® | [<loch -] - [PHeapodNencs - 3l | | i | L N

- o x PHexapodNewCS +

Solution Explorer

@ o-als= [ Vanzble [ Fags | Orie]
Search Solution Explorer (Ctrl+ii) P~
Name: Modes of operation display
FB_SetAndActivateCSHexapod (FB) -
FB_SetPosHexapod (FB) Type BYTE
] MAIN (PRE) Group: TPDO Size 0
[ VISUs
%2 PlHexapodNewCS.tme Address 127 @<7F) User ID: 0
b PIcTssk (PleTask) MAIN stPIHexapod nModeCOperation Display . PlcTask Inputs . PlHexapod
b O PlHexapodNewCs Instance
[ sarFETY Comment:
[ c++
4 Fwo
4 *3 Devices
4 = Devicel (EtherCAT)
*¥ Image
#% Image-Info
> 2 SyncUnits ADS Irfo Fort: 11, 1Grp: (3040010, I0ffs: (:x8000007F, Len: 1
b Inputs
b B Outputs
b @ InfoData Ful Name:  TIID"Device 1 (EtherCAT) Diive 1(C-887) Modue 1(CSP) TxPDO Modes
4 PI Drivel (C-887)
4 PI Modulel (C5P)

4 [ TwPDO
Statusword
Error List ~ 1 X

41 Following error actual value
b M RPDO Y -| @ 0Enors | 4 1Waming | @19 Messages | Clear Search Error List p-

PI Module 2 (CSP) Description = File Line Column  Project
PI Module 3 (CSP)
PI Module 4 (CSP)
PI Module 5 (CSP)
PI Module6 (CSP)
W WeState
& InfoData
4 &% Mappings
@y NC-Task 1 SAF - Devicel (EtherCAT) 1
7, NC-Task 1 SAF - Device 1 (EtherCAT) Info S

vevvwvww

This item does not support previewing
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Pl

I

7| Attach Variable Modes of operation display (Input)

Search: E

: %PIHexapndNewES

-3t PIHexapodhewCs Instance
[EATER

E stPIHexapod.

= all i odel (0 perationDis

4 i |

-

Show Warnables

@ Unuszed

) Uged and unused

7] Exclude disabled
Exclude other Devices
Exclude same Image
Show Tooltips

[ 5art by Address

Show Variable Types
[ Matching Type
Matching Size

[ &l Types
Array Mode

Offzets

[ Continuous

[ Show Dialog

‘Warniable Mame / Comment

! Hand orver

14 [C] Take over

[ Cancel ] [ Ok
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m Link the ModeOfOperation variable to Modes of operations of Module 1:
PLC -> PIHexapodNewCS -> PIHexapodNewCS Instance -> Main.stPIHexapod.nModeOfOperation

Dd PIHexapodNewCs - Microsoft Visual Studio (Administrator) Y1 | Quick Launch (Ctrl+Q) Pl - O x
HLE EDIT VIEW PROECT BULD DEBUG TWINCAT TWINSAFE PLC IOOLS SCOPE  WINDOW  HELP
i@-o|B-a-2 RN XAA]9 -] » Atach. - [Release  =| | TwinCAT RT (64) ~|| & [nstatusword [ RermE=eED- .
i ElE 2 A @@ | <o | < % [PiHexapodNewcs - k| | === - <
Solution Explorer BT 5 SetPosHexspod FB_SetAndActivsteCSHexapod 5_Mov PlHexapodMewCs + X =
@ | © - &l \ Y. Variable | Flags | Oniine
Search Salution Explorer (Ctrl+i) P~
Mame: Wodes of operstion
5] FB_SetAndActivateCSHexped (FE)
FB_SetPosHexapod (FB) Type BYTE
] MAIN (PRG) Group RPDO Size: 0
[ visus
Address: 73 (0ed9) User 1D 0

215 PHexapodNewCS.tme
b 5 PlcTask (PlcTask)
b O} PIHexapodMewCS Instance
4 saFETY
[Ged cos
4« Fvo
4 % Devices
4 = Devicel (EtherCAT)
*8 Image

MAIN stPIHexapod nModeOfOperation . Ple Task Outputs . PIHexapodNent

Comment:

*8 Image-Info
2 SyncUnits
Inputs
W Outputs
& InfoData
PI Drive 1 (C-887)
4 PI Module1 (CSP)
4 T«PDO
4 Statusword
1 Modes of operation display
i Position actual value
4 Follawing error actual value
4 [ RxPDO T - 0 Errors 1 1Waming | @ 19 Messages | Clear Search Error List P~

Controlward i Description & File Line Column  Project
=™ Modes of operation

- Target position
PIL Module 2 (C5P)
B Module 3 (CSP)
PL Module 4 (CSP)
)
)

ADS Infor Port: 11, IGp: 0x3040010, IOffs: 031000049, Len: 1

Full Name: TID Device 1 (EtherCAT) " Drive 1(C-887)"Module 1({C5P) RxPDO " Mode:

AT T T

Error List X

PI Module 5 (CSP
PI Module 6 (CSP
& WecState
& InfoData

e v wwwvw

s not support previewing

5| Attach Variable Modes of operation (Qutput) @

Search: E] S_hnw “Yariables

- @ Unused
) Uzed and unused
[] Exelude disabled
Exclude ather Devices
Exclude zame [mage
Show Tooltips
WTE [1.0] [] Sort by Address

Show Wariable Tepes
[T] Matching Type
Matching Size
[] &l Types
Array Mode
Offzets
[ Continuous
[7] Show Dialag
Warnable Mame / Comment

A1 | Hand over

[T/ 7] Take aver

[ Cancel ] [ Ok ]

Physik Instrumente (Pl) GmbH & Co. KG, Auf der Roemerstrasse 1, 76228 Karlsruhe, Germany Page 33 /35
Phone +49 721 4846-0, Fax +49 721 4846-1019, Email info@pi.ws, www.pi.ws

MOTION | POSITIONING



mailto:info@pi.ws
http://www.pi.ws/

User Manual PI

AO000T0075, valid for C-887 controller with EtherCAT interface
FRIE, SSc, BRo, 2/24/2020

m Link the nStatusWord variable (additionally to nStatel and nState2) to Statusword of Module 1:
PLC -> PIHexapodNewCS -> PIHexapodNewCS Instance -> Main.stPIHexapod. nStatusWord

m  Finally the links for the Input variables should look like this:

Size
Name Type [Byte] | Linked to
Statusword UINT 2 MAIN.stPIHexapod.nStatusWord, nState1, nState2
1 MAIN.stPIHexapod.nModeOfOperationDisplay . PlcTask Inputs .
Axis X Modes of operation display | BYTE PIHexapodNewCS Instance . PIHexapodNewCS
Position actual value DINT 4 nDataln1 . In . Inputs . Enc . Axis X . Axis X . Axes . NC-Task 1 SAF
Following error actual value | DINT 4 nDataln1 . In . Inputs . Drive . Axis X . Axis X . Axes . NC-Task 1 SAF
Statusword UINT 2 nState1, nState2
Axis Y Modes of operation display | BYTE
Position actual value DINT 4 nDataln1 . In . Inputs . Enc . Axis Y . Axis Y . Axes . NC-Task 1 SAF
Following error actual value | DINT 4 nDataln1 . In . Inputs . Drive . Axis Y . Axis Y . Axes . NC-Task 1 SAF
Statusword UINT 2 nState1, nState2
Axis Z Modes of operation display | BYTE
Position actual value DINT 4 nDataln1 . In . Inputs . Enc . Axis Z . Axis Z . Axes . NC-Task 1 SAF
Following error actual value | DINT 4 | nDataln1. In . Inputs . Drive . Axis Z . Axis Z . Axes . NC-Task 1 SAF
Statusword UINT 2 nState1, nState2
i i 1
Axis U Modes of operation display | BYTE
Position actual value DINT 4 nDataln1 . In . Inputs . Enc . Axis U . Axis U . Axes . NC-Task 1 SAF
Following error actual value | DINT 4 nDataln1 . In . Inputs . Drive . Axis U . Axis U . Axes . NC-Task 1 SAF
Statusword UINT 2 nState1, nState2
Axis V/ Modes of operation display | BYTE
Position actual value DINT 4 nDataln1 . In . Inputs . Enc . Axis V . Axis V . Axes . NC-Task 1 SAF
Following error actual value | DINT 4 nDataln1 . In . Inputs . Drive . Axis V . Axis V . Axes . NC-Task 1 SAF
Statusword UINT 2 nState1, nState2
Axis W Modes of operation display | BYTE
Position actual value DINT 4 nDataln1 . In . Inputs . Enc . Axis W . Axis W . Axes . NC-Task 1 SAF
Following error actual value | DINT 4 nDataln1 . In . Inputs . Drive . Axis W . Axis W . Axes . NC-Task 1 SAF
WcStateOut BIT 0.1
WocStateln BIT 0.1 | nState4, nState4
InputToggle BIT 0.1 | nState4, nState4
linked | state UINT 2
automatically
by TwinCAT | AdsAddr AMSADDR
Chn0 USINT 1
4 nDcOutputTime . In . Inputs . Drive . Axis 6 . Axis 6 . Axes . NC-Task 1
DcOutputShift DINT SAF
4 nDclnputTime . In . Inputs . Enc . Axis 6 . Axis 6 . Axes . NC-Task 1
DclnputShift DINT SAF
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m  Finally the links for the Output variables should look like this:

Controlword UINT 2 | nCtrl1, nCtrl2
. 1 MAIN.stPIHexapod.nModeOfOperation . PlcTask Outputs .
Axis X Modes of operation BYTE PlHexapodNewCS Instance . PIHexapodNewCS
4 nDataOut1 . Out . Outputs . Drive . Axis X . Axis X . Axes . NC-Task 1
Target position DINT SAF
Controlword UINT 2 nCtrl1, nCtrl2
Axis Y Modes of operation BYTE 1
4 nDataOut1 . Out . Outputs . Drive . Axis Y . Axis Y . Axes . NC-Task 1
Target position DINT SAF
Controlword UINT 2 nCtrl1, nCtrl2
Axis Z Modes of operation BYTE 1
4 nDataOut1 . Out . Outputs . Drive . Axis Z . Axis Z . Axes . NC-Task 1
Target position DINT SAF
Controlword UINT 2 nCtrl1, nCtrl2
Axis U Modes of operation BYTE 1
4 nDataOut1 . Out . Outputs . Drive . Axis U . Axis U . Axes . NC-Task 1
Target position DINT SAF
Controlword UINT 2 nCtrl1, nCtrl2
Axis V Modes of operation BYTE 1
4 nDataOut1 . Out . Outputs . Drive . Axis V . Axis V . Axes . NC-Task 1
Target position DINT SAF
Controlword UINT 2 nCtrl1, nCtrl2
Axis W Modes of operation BYTE 1
4 nDataOut1 . Out . Outputs . Drive . Axis W . Axis W . Axes . NC-Task 1
Target position DINT SAF
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