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Introduction

TwinCAT software is used to configure Beckhoff PLCs and can also allow for configuration of a PC as a real time control unit.
The ABB MicroFlex €190 and MotiFlex €180 motion control servo drives provide integrated EtherCAT functionality for real-time
Ethernet control. A Beckhoff PLC or a PC with a suitable EtherCAT network adapter (“a soft PLC") can be used as an EtherCAT
master to control one or more ABB motion drives.

This application note will cover how to use TwinCAT System Manager to define the hardware setup suitable for an ABB motion
drive connected either to a PLC or a soft PLC over EtherCAT. It will also show how the TwinCAT System Manager can be used
to perform moves on the drive. For the purposes of creating this document a MicroFlex e190 was used, but the principles and
actions required are identical for MotiFlex €180.

Pre-requisites
You will need to have the following to work through this application note:

e  Mint Workbench build 5854 or later (see new.abb.com/motion for latest downloads and support)

e A MicroFlex €190 (or MotiFlex €180) drive with build 5867.4.0 firmware or later

e A PC or laptop capable of running the TwinCAT software v2.11 or later (check out the TwinCAT website for details on
system requirements).

e Either a Beckhoff PLC or a PC suitable for use as a soft PLC (check out the TwinCAT website for details on system
requirements).

This application note assumes that you have already commissioned the drive. That is to say you have been through the
commissioning wizard to define the motor and application settings (ensuring that the drive is setup for ‘Real-time Ethernet’ mode
of operation and that the rotary switches are set to ‘00’ to select EtherCAT mode for the real-time Ethernet ports) and have then
auto-tuned (and fine-tuned if necessary) the control loops for the drive. Details on commissioning the drive can be found in the
relevant drive installation manual.

Drive set-up and ESI file

An EtherCAT Slave Information (ESI) file contains the identity and features of the drive, and can be used by EtherCAT
configuration tools such as TwinCAT to describe a device to the manager. Since build 5714.4.0 of firmware the motion drives
have supported the EtherCAT EEPROM standard. This allows EtherCAT configuration tools such as TwinCAT to read an
EtherCAT device’s EEPROM to find all the suitable information it would normally find from an ESI file. This means that it is not
essential for the ESI file to be provided to TwinCAT.
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However, the current EtherCAT EEPROM specification does not define all the ESI fields for the EEPROM. This means there are
a couple of items you would find in an ESI that are not in the EEPROM:

e Distributed Clock mode
e  Start-up commands

It is therefore preferable to use the available ESI file if possible.

The paragraph below details how to get an ESI file from a motion drive, this is not required for the EEPROM method. If you are
going to read from the EtherCAT EEPROM you can skip to the section titled ‘System manager (TwinCAT hardware setup)’.

Launch Mint Workbench and select the ‘EtherCAT’ icon in the toolbox (seen in the bottom left of the screen). After

L ] a few seconds the EtherCAT screen will appear. On the ‘Summary’ tab click the ‘Save As..." button in the ESI File
section. Give the file a name (it is best to include the drive’s firmware version in the name somehow) and save the
file to the following location:

C:\TwinCAT\IO\EtherCAT.

The TwinCAT software will need restarting if you already had TwinCAT System Manager running at this point. This is so that it
can load the new ESiI file for the motion drive. A different ESI file is required for each drive firmware version. If you update to a
previously unused firmware version you may need to save the new ESI file to the correct location. The correct ESI file can
always be uploaded from the drive being used or an offline drive project and is saved in an .xml format. The ESI files can also
be downloaded from the product support page within the motion support website...

http://new.abbmotion.com/support/SupportMe/default.asg?

System manager (TwinCAT hardware setup)
If TwinCAT is installed on your PC you should see an icon in the notification area like this...

Bonry e

Click the icon and select ‘System Manager’ to launch the application (It can also be launched by going to Programs>TwinCAT
System>TwinCAT System Manager).

If you have used TwinCAT System Manager before it will open up your last project, go to File>New to start a new project...

] Untitied - TwinCAT System Manager T . T e et
=i Eciteidctions iAWiewrs Options:isHlp - - -
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B NC - Configuration General | Boot Settings

B PLC - Configuration

-# :: L’.;‘;‘ 1 el TWACAT System Manager |
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TwinCAT Evaluation
v2.11 [Build 2237)
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Target system

The bottom right hand corner of the screen above displays the current target system and mode of operation. Our screenshot
shows that the target system is currently the local PC (plus its address) and that it is in Config mode. We will now go through
how to change the target to an actual PLC, if you don’t have a PLC and want to use the PC as a soft PLC then skip this next
section and go to the ‘I/O devices’ section.

To change the target system click on the ‘Choose target..." button on the ‘General’ tab, this will open another window which will
list any existing connections that have been previously made. Click on the ‘Search (Ethernet)’ button on the right hand side then
the ‘Broadcast search’ button in the top right hand corner of the next window, this will tell TwinCAT to search the network for
TwinCAT compatible devices. Once the search is finished you should see a list of devices, one of these will be your PC and any
others will be TwinCAT devices on the network...

Choaose Target System ﬂ

: -Local- [192.168.137.50.1.1) ] oK

Search [Ethemet]...

Search [Fieldbuz]...

[] 5et as Default

Al

Connection Timeout [g]: a}

5

Highlight your PLC named CX-xxxxxx, the number will be the last 6 digits of the MAC-ID 1 as printed on the label of the PLC.
Click the IP address button in the bottom left hand corner and then click the ‘Add route’ button. You will be presented with a
login window, depending on your PLC operating system your login password will vary:

Operating system User name Password
Windows CE Administrator | None (blank)
Windows Administrator | ‘1’
Embedded

After entering the login detail an ‘X’ should appear in the ‘Connected’ column next to the highlighted PLC. Click the ‘Close’
button and you should see your PLC listed as a target system. Highlight the PLC and click OK. You should now see the
previous TwinCAT screen (above) but the info in the bottom right hand corner will indicate you are connected to the PLC in
Config mode. If you have any problems with these steps please refer to the TwinCAT documentation or contact Beckhoff for
technical support.

I/O devices

At this point you should have the motion drive connected to your PLC or soft PLC EtherCAT port with a suitable EtherCAT cable
(EtherCAT uses a straight through type Ethernet cable). With either your soft PLC or actual PLC selected as the target system
you now need to highlight /0O Devices’ listed in the tree on the left hand side of the screen, right click on this and select ‘Scan
Devices'.

Click ‘OK’ to confirm that you realise that all devices may not be found automatically and then you should see a dialog box
similar to the one shown below (the actual text in this dialog will vary depending on whether you are using a PC or a PLC)...
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ak

[7]Device 2 [EtherCAT]  [Local Area Connection 2 (TwinCAT -Intel PCI Ethernet]

Select Al
Unzelect Al

If you have any additional I/O devices on your PLC or PC / soft PLC you may see them listed here too. Ensure the correct
EtherCAT device is ticked. Click ‘OK’ and then ‘Yes’ to scan for boxes. Scanning for boxes will find devices connected to the
EtherCAT network.

When the ABB motion drive is found you will see a message pop-up. If you do not have the ESI file installed into TwWinCAT it will
look like the message shown below...

Mo davice lyps Found [MictaFles: o130 - MicroFlax o190 Buld 5358 3 [CoE ]
| Wendedd 0bb7 ProductCode (k2e1 Revisontlo DiiBacl0l

Use avalsble anline desciphon nstesd

] Appiyto al

If you see this dialog click ‘Yes’ to read the required information from the drive EEPROM. At this point you should now see the
same dialog that will appear if TwinCAT finds a device for which an ESl file is already installed...

Click “Yes' to append the axis to the NC-Configuration within TwinCAT.
You will now be asked if you wish to activate ‘Free Run mode’....Click ‘No’. Your TwinCAT System Manager screen should now
look like the one below showing you your motion drive and an axis linked to this drive....
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| File Edit Actions View Options  Help
DFed SR R2 M8 |8 e s
o1l SYSTEM - Configuration
= I NC - Configuration

SREe =aR@Fes?

=-[B MC-Task 1 S4F
B NC-Taskl 5VE
o NC-Task 1-Image
£5] Tables
= i A
13 i Aois 1
W PLC - Configuration
= WA VO - Cenfigunation
= B8 10 Dences
= 5 Device 2 (EtherCAT)
=fa Device 2-Image
o Device 2-Ebnage-
- § Inputs
-l Outputs
w-§ InfoDats

= @l Mappings

-

- | Doive ] (MicroFles €190)

il MC-Task 1 S4F - Device 2 (EtherlAT)
@l NC-Task 1 SAF - Device 2 (EtherCAT) - Info

Hame
Troe
Commert:

Devvice 2 (EtheCAT) & 2
EtherCAT

Conate symboly [7]

Murmber
i1

Box Narme
D 1 (MiicroFlex €150)

Address  Type In Size Ot Size
ey MicroFlex: €190 60 &0

E-Bus {ma)




Application note

Drive settings

Using TwinCAT with ABB motion drives

AN00203

Click on the drive in the left hand window and select the EtherCAT tab in the right hand window. Now select the ‘Advanced
Settings’ button which will open the window shown below.

= General
Behavior
Timeout Settings
Identification
FMMU 7 5
Init Commands

- Mailbox

[+ Distributed Clock

i ESC Access

Behawvior

Startup Checking
] Chicke Vender id
| Check Revision Number

] Check Seral Number

Check ldertfieston

Process Diata
| Use LRD/LWR instead of LRW
¥l Inchude WC State Bfs)
| Frame Repeat Support
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Mo Autolnc - Use 2. Address
Watchdog
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] Set SM Watchdog (Reg, 420h):
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(¥ Reinit after Commurnication Emor
¥] Log Communication Changes

Final State

el ) SAFEOP in Config Maode

) SAFEOP € PREQOF D INIT
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W] Inchude Ads Address
Include AGE Netld

¥] Include DC Shift Times

2453
0

Make sure the ‘Wait for WcState is Ok’ box is ticked in the top right hand corner section labeled ‘State Machine’.

While in this same ‘Advanced Settings’ screen if you are using the EEPROM mode (i.e. you have not installed an ESI file) then
you will need to make some additional changes. If you are using an ESI file please skip ahead to the section titled ‘Axis

settings’.

As previously mentioned, when using EEPROM mode this currently misses the Distributed Clock settings and start-up

commands.

To enable the Distributed Clock select Distributed Clock in the tree on the left of your already open Advanced Settings window.
Tick the two boxes highlighted below and click OK.

=) General
Behavior
. Timeout Settings
- Identification
i FMMU / 5M
" Init Commands
i Mailbox

A8 Distributed Clock

7 ESC Access

Distributed Clock

Cyclic Mode
Operation Mode:
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Synic Unit Cycle {us):
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[ Based on Input Reference
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To enter start-up commands select the drive in the device tree and then go to the ‘Startup’ tab. Click the ‘New’ button at the
bottom of the top right pane and enter the information shown below

| D ata [hexbin):

e =[5

Tranzition 0
Bi-+P [ Indlex (e 5002
Cancel
WP-+5 5P Sublndex[deck O
[s»0 o8 | Walidate [ Complete &ccess
o100 | Hex Edi...

AR

|E0mment: Give EtherCAT coﬁtrol 1 Edit Entry...
Index Narne Flags Walue i
1000 MNMT_DeviceType_LI32 RO 0x00020192 [131474) 4
1001 ERR_EmoRegister_LIA ROP
1003 MMT_ManufactDevMame VS RO
1009 MMT_ManufactHwiers WS RO
1004 MMT_ManufactSwiiers_WS RO
+-1010:0 MMT_StoreParam _REC *1«
+--1011:0 MMT_RestoreDefParam REC »>1¢
+-1018:0 MNMT_ldentityObject_REC >d4
+- 10F3:0 DGM_DiagnogisHistony REC »21¢
10F8 Sv5_LocalTime_LIG4 ROP
+ - 1600:0 PDO_Receivetd apping_0_all32 »24
+-1400:0 PLO_Tranzmittd apping_0_ALI32 r24
+- 1C00:0 SM_CommunicationT ppe_al18 »d< o
g | == m———— un = | ¥

In the example above we have entered:

Index (hex): 5002
Data (hexbin): 01 00
Comment: Give EtherCAT control

Repeat this process to add a second start-up command using:

Index (hex): 6060
Data (hexbin): 08
Comment: Cyclic Synchronous Position

The startup command list will now have two additional entries

Give EtherCAT control
Cyclic Synchronous Posttion

€ rs CoE (x5002:00 (<0001 (1)
@ Ps CoE (<6060:00 (08 (8)

Axis settings

The next things to configure are the axis settings including scale factors and user units.

Click on ‘Axis 1’ and then select the ‘Settings’ tab from the window on the right. Select the user units required, the default is mm,
mm/s, etc. Next expand ‘Axis 1’ by clicking on the + symbol and click on ‘Axis 1_Enc’, then select the ‘Parameter’ tab in the
window on the right...
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B v oy o T =lE

File Edit Actions View Optiens Help )
DESH SR 2nR(H3 Havdd ot e2ei@ELAes?
- Bl SYSTEM - Configuration
H | Paramet
.8 NC - Configuration General | NC-Encoder | Farameter | Time Compensation | Online
=-[B1 MC-Task1 SAF
MNC-Task 1 SVEB -
s NC-Task 1-Image - Encoder Evaluation: |
7 Tables Invert Encoder Counting Direction FALSE _ﬂ B
-2 Aes Scaling Factor 0.0001 F mm/INC
=l —':I;]' Position Bias 0.0 E mm
[ Axis1_Enc T . T T
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- &1 Inputs Encoder Mask (maximum encoder value)  0xFFFFFFFF D L
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.58 /0 Devices - Limit Switches:
EI 5= Device 2 (EtherCAT) .Soft Position Limit Minimum Maonitoring .FALSE '. B |
: ~=ja Device 2-Image Minimurn Position 00 F mm
= Device 2-Image-Info Soft Position Limit Maximum Monitoring FALSE _ﬂ B
&t Input i | 1 ]
ﬂ On::up:ts Maximum Position 0.0 F mm B
w-§ InfoData + _F\rten | | |
- § Drivel (MicroFlex €190) + | Homing: R
Bﬁ Mappings < 1L} | r
g5 NC-Task 1 SAF - Device 2 (FtherCAT)
&8 NC-Task 1 SAF - Device 2 (EtherCAT) - Info [ Downiond | [ Upload ] [ GgondAl | [ ColapsAl | [ SckctAl |
Ready CX-0FF130 (192.168.59451.1) |C

Enter the correct scale factor for your axis. For example if you have a 2,500 line (10,000 counts/rev) encoder on your motor
connected to a 5:1 gearbox with a pulley on the output that moves a conveyor 200mm for one rev of the pulley your scale factor
will be:

200 mm / (5 x 10,000 cts/rev) = 0.004 mm/count (or mm/INC)

Also, on this same screen, you need to set ‘Encoder Sub Mask (absolute range maximum value)’ to OXFFFFFFFF. This tells
TwinCAT that the drive can handle 32bit absolute positioning.

Now click on ‘Axis 1" and select the ‘Parameter’ tab in the window on the right. Under the ‘Velocities’ section of the list you can
enter suitable speed values for the axis. ‘Reference velocity’ is used when performing a position type move. The fast and slow
manual velocities are used to set the speed for the fast and slow jog buttons (we will see these later).

The ‘Dynamics’ section allows you to set accel and decel rates...

[wae [[uni

- Welocities:
Reference Welocity Z200.0 mmys
Maximurn Velocity 2000.0 mmy’s
Manual Yelocity (Fast) &00.0 mmy’s
Manual Welocity (Slow) 100.0 mrmy's
Calibration Velocity (kowards plc cam) 30.0 mmys
Calibration Velocity {off plc cam) 30.0 mmys
Jog Increment (Forward) 5.0 mm
Jog Increment (Backward) 5.0 mm
- Dwnamics:
Acceleration 1500.0 mmfs2
Deceleration 1500.0 mmysZ2
Jerk 2250.0 mmys3
Fast Axis Stop Signal Type {optional) 'OFF (default) ;I
Fast Acceleration (optional) 0.0 mmys2
Fask Deceleration {optional) 0.0 mmfs2
Fast Jerk (optional) 0.0 mmys3
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Cycle time
The final setting we need to consider is the EtherCAT cycle time, this is set using two different parameters. The first parameter
can be set by expanding the ‘SYSTEM — Configuration’ branch of the tree on the left and then highlighting ‘Real-Time Settings’.

P 7 T oy

File Edit Actions View [.‘rpt'tuns Help
‘nf_

v SN ® e EQFELL €D T
=B E SYSTEM - Conflguratmn ==
— | | Setti Online
. A Real-Time Settings o Ejorkies

[B® Additional Tasks | Base Tme: | 1ms
%% Route Settings
...... L TCOM Objects
= ' MC - Configuration
=1 MC-Task1 SAF
MC-Task 1 SVB

hd ll Router Memory (kByte): 2048

CPU Limt () 80 B

| Fast Tick (special Task required)

Interval: - |
[ Latency Waming

Above [ps): 0 =

250ps is the minimum cycle time for the ABB motion drives so this would be the minimum base time. For our example we have
set a base time of 1ms. We can now go to the second setting used for the EtherCAT cycle time, expand ‘NC — Configuration’
and highlight ‘NC-Task 1 SAF’ in the tree on the left. In the window on the right you should see a box allowing you to set ‘Cycle
ticks’ and next to this the cycle time. In the screen shot below we have set ‘Cycle ticks’ to 2 making our cycle time 2ms (1ms
base time x 2 cycle ticks).

B Untitled - TwinCAT System Manager - 'CX-OFF130' E@g

File Edit Actions View Options Help

DF@Fd/El[rmEEdMb Ig v H# B BN ® e eqQ@EL TS0
E- ﬂ SYSTEM - Configuration a_|+|+|

i@ Real-Time Settings F Task | Retain | Online
[B% Additional Tasks
X% Route Settings

Name: NC-Task 1 SAF Port: 501

£, TCOM Objects
=+-JB NC - Configuration
NC-Task 1 5VB
.= NC-Task 1-Image
L[] Tables
B:is Axes

-l Axis1

|| Auto start
|| Autto Priority Management
Priority: 4

[ Start tick {modula): 0 $~I
|| Separate input update

Fre ticks:

Options
1/ at task begin

[ Disable
[ Create symbals

[l Include extemal symbols

Q. Axis1_Enc == [] Bxtem symc
""‘.ﬂ Axic 1 Drive [T Waming by exceeding
ol Aois1_Ctr ["] Message bax
@1 Inputs
$§. Outputs
. PLC - Configuration
=% - 170 - Configuration
E| B8 1/0 Devices
: = Device 2 (EtherCAT)
+ Device 2-Image
i.=fa Device 2-Image-Info
G- @1 Inputs

m

Comment:

Note that the EtherCAT cycle time must be a binary multiple of 250us (250us, 500us, 1ms, 2ms, 4ms, 8ms, etc...)

Activate configuration
Once all these settings are correct we need to activate the configuration. This requires that we click 3 buttons:

B s T sy s 0

Eile Edit Actions View Options Help

= e WA o

From left to right we click ‘Generate mappings’, then ‘Check configuration’ and finally assuming no errors occurred after the
previous two button presses click ‘Activate configuration’. After clicking ‘Activate configuration’ you will see a window asking you
to confirm you want to activate the configuration as old configurations will be overwritten, click ‘OK’. You will then get another
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window asking if you want to restart TwinCAT in Run Mode, click ‘OK’ to do this. The box in the bottom right hand corner of
TwinCAT should turn green and read ‘RTime n%’ or ‘Running’ to indicate that TwinCAT is now in run mode.

Performing moves
Now that we are in run mode we can try and move the axis. To do this we can use the online tab, click on Axis 1 listed in the
tree on the left then select the ‘Online’ tab in the window on the right...

B Untitled - TwinCAT System Manager - 'CX-OFF130' 1— =2
File Edit Actions View Options Help
DEw | O B = e E(dE e E R |[EQlE e 5 7
=-Bl SYSTEM - Configuration . - . - - -
L:I' NS C gt |Geneml | Settings I Pamme‘terl D:mamlcsl Online | Functlnnsl Couplmg' Compensatlonl
: \ 0 0000 Setpoint Posttion: [mm]
| . 0.0000
ILag Distance (min/max):  [mm] Actual Velocity: [mm./s] Setpoint Velocty:  [mm./s]
0.0000 (0.000. 0.000) 0.0000 0.0000
Ovemide: [%] Total / Control Qutput:  [%] Emor:
- 0.0000 % 0.00/ 0.00% 0 (D)
Bl PLC - Configuration Status fog.) Status {phys.) Enabling
= /0 - Configuration [ Ready [FINOT Moving [ Coupled Mode [ Controller
E‘ﬂ 1/0 Devices [T Calibrated [] Moving Fw []In Target Pos. []Feed Fw
=== Device 2 (EtherCAT) [ Has Job [ Moving Bw [7]In Pos. Range [] Feed Bw
+ Device 2-Image
+ Device 2-Image-Info Cortroller Kv-Factor: [mm./s./mm] Reference Velocity: [mm.fs]
E' &1 Inputs L H i ﬂ
E‘l Outputs Target Position: [mm] Target Velocity: [mm/s]
- § InfoData 0 1 D
G- § Drivel (MicroFlex €190)
=& Mappings ——| - | + | ++| - - ® | —n|
g5 MC-Task 1 SAF - Device 2 (EtherCAT) F1 EZ F3 F4 F8& F9
i"ﬁ MC-Task 1 SAF - Device 2 (EtherCAT) - Info
|
| I

Server (Port) Timestamp Message

€ TwinCAT Sys... 26/01/2018 15:46:51 156 ms  Saving configuration of COM server TcEventLogger!
O TwinCAT Sys.. 20/01/2018 15:46:50 687 ms  TwinCAT Systemn Restart initiated from AmsNetld: 192.168.137.50.1.1 port 33058,

.

Ready

CX-0FF130 (192.168.59.45.1.1) ;'

Note — Please ensure you have tuned the drive using Mint Workbench before you try to use TwinCAT to move the motor.

The large number at the top is the position of the axis in user units. If you rotate the shaft of the motor by hand you should see
this number count up/down.

To enable the axis click the ‘Set’ button on the right hand side in the ‘Enabling’ section. A window will appear with some tick
boxes, click the ‘All’ button to enable them all. The drive should now be enabled and we can use the yellow coloured buttons
along the bottom to jog the axis. We set the fast and slow manual velocities previously that control the speed of these jog
buttons, a single +/- (F3/F2) indicates the slow jog either forward or back and the double ++/-- (F4/F1) indicates a fast jog.
®/F5 and @/F6 are go and stop buttons respectively -these are used in conjunction with the target position and target velocity
boxes to move to a given position at a given velocity.

®/F8 is the reset button and can be used to clear errors on the drive.

—*+*/F9 is used to perform a homing sequence. Please refer to the TwinCAT documentation for details on available homing
methods.

The next tab along is called ‘Functions’ and allows you to perform repeated moves, reversing sequences, sinusoidal motion, etc.
More detail on these functions is available in the TwinCAT documentation.
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PLC program

PLC programs are written using another of the TwinCAT tools called ‘PLC Control'. This can be started by right clicking on the
TwinCAT icon in the system tray. Please refer to the TwinCAT documentation for details on writing PLC programs. Once you
have a PLC program you can append it to a TwinCAT System Manager project by right clicking on ‘PLC — Configuration’ in the
tree on the left and selecting ‘Append PLC project’. Once you have appended a PLC program to the project you can then link
PLC variables to PLC I/O or data. Further details on appending PLC programs can be found in the TwinCAT documentation.

Contact Us

For more information please contact your © Copyright 2014 ABB. Al rights reserved.
local ABB representative or one of the following: Specifications subject to change without notice.

new.abbmotion.com
new.abb.com/drives
new.abb.com/drivespartners
new.abb.com/PLC

EtherCAT® is a registered trademark and patented technology, licenced by Beckhoff Automation GmbH, Germany
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