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1 Scope of Configuration Tool

As example of the functionalities provided by a Configuration Tool, the TwinCAT 3.1 development
environment (also called XAE) will be used in this document.

In TwinCAT the EtherCAT master device and Configuration Tool functionalities are integrated in the
same software suite: an internal data format is therefore used to transfer the configuration from the
TwinCAT development environment to the master device.

The TwinCAT development environment can additionally be used to generate a standard, XML-based
ENI file according to the ETG.2100 specification, which can be provided to third-party EtherCAT master
devices which do not have an own Configuration Tool (see How-To: Generate and Export ENI File).

The installation of TwWinCAT 3.1 should take care of the following points:
a. TwinCAT 3.1 can be installed on both 32-bit and 64-bit Windows Operating Systems.

b. Although the TwinCAT 3.1 XAE is integrated in the Microsoft Visual Studio development
environment, a previous installation of the latter software is not necessary: in case no Visual
Studio installation is available on a PC, the TwinCAT 3.1 setup will install the Visual Studio shell.

c. TwinCAT 3.1 “Engineering” installation package has to be chosen, and the in installation should
be performed by selecting “Run as administrator” (Figure 1).

TwinCAT 3 Download

Software

I &= TETxx | Engineering I

£ TC1xxx | Runtime

Name Date modified Type Size

141060 SRR £10 £C0 1D

(@8 TC31-Full-Setup.3.1.4016.12.exe —
Open

) Run as administrator
Troubleshoot compatibility
[&  Edit with Notepad++

&  Sposta in Dropbox

Figure 1: installation of TwinCAT 3.1
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d. The TwinCAT Real-Time Ethernet Driver has to be installed on the network card which will be
used as EtherCAT master (Figure 2).

D€ TwinCAT Projectl - Microsoft Visual Studio (Administrator)

FILE EDIT VIEW PROJECT BULD DEBUG | TWINCAT | TWINSAFE PLC TEAM TOOLS TEST
@ -m-2 W[ 3% @ o | & Activate Configuration

w BB 2N @@ [<ocar | Restart TWinCAT System

2 Restart TwinCAT (Config Mode)
Solution Explorer

Reload Devices
Scan
Toggle Free Run State

Show Online Data

‘Tlesan

Show Sub Items

@

Security Management...

Access Bus Coupler/IP Link Register...
Update Firmware/EEPROM »

Show Realtime Ethernet Compatible Devices...
File Handling 3
Selected Irem »
EtherCAT Devices 4 Installation of TwinCAT RT-Ethernet Adapters ]
About TwinCAT

Ethernet Adapters Update List

% Installed and ready to use devicesliealine capable) 1
& Installed and 1eady to use devicesifor dema use only) I Instal
& Compatible devices )
M Incompslible devices
-

o e |
. I.} Uizabled devices Q

' Show Bindings

Figure 2: installation of the Real-Time Ethernet Driver

Note: If a network card is listed under “Incompatible devices”, this does not mean that it cannot
be used to test the EtherCAT communication: it only means that this card will provide only weak
real-time capabilities. For most of the testing purposes this is sufficient, therefore the driver can
be installed. If the installation was successfully completed, the network card will be moved under
the “Installed and ready to use devices” list:

e Compatible devices — Installed and ready to use devices (realtime capable)

e Incompatible devices — Installed and ready to use devices (for demo use only)
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e. New TwinCAT projects can be created based on the custom template (Figure 3).

ﬂ TwinCAT Projectll - Microsoft Visual Studio (Administrator)
FILE | EDIT VIEW PROJECT BUILD DEBUG TWINCAT TWINSAFE PLC TEAM TOOLS TE

e Ctrl+Shift+N
Open : Shifts Alt+ N
Add to Source Cantrol g Team Project..

Add » | B File.. Cirl+N
s Project From Existing Code..

b Recent NET Framework4.5 = Sort by: | Default
4 Installed

Search Installed Templates (Ctrl+E)

Type: TwinCAT Projects
4 Templates TwinCAT XAE System Manager
b Visual Basic Configuration
I Visual C#
I Visual C++
b Visual F2
SQL Server
PowerShell
b JavaScript
Python
I TypeScript
© Other Project Types
b TwinCAT Measurement

Samples

P Online

Figure 3: create a new TwinCAT project
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2 Creating an EtherCAT Configuration

An EtherCAT network configuration can be created both offline (i.e. by inserting devices manually) and
online (i.e. by scanning the connected devices).

2.1 Manual configuration

a. Click with the right mouse button on I/O — Devices, select “Add New Item...” and choose the
“EtherCAT Master” device (Figure 4). In case the TwinCAT Real-Time Ethernet Driver is
installed on more than one network card, a “Device Found At” pop-up will allow to select the
adapter which will be used as EtherCAT master; otherwise, the only network card on which the
driver is installed will be automatically configured as master device.

Search Solution Explorer (Ctrl+i) p-

] Solution TwinCAT Projectl2' (1 project)
4 o] TwinCAT Project12
b @l SYSTEM
MOTION
PLC

‘O Add New Item... Ins

0 Add Existing ltem... Shift+ Alt+ A

Export EAP Config File

. .
o8 g Insert Device (|

Paste
& Ok
Paste with Links I

Type:

- EtherCAT Slave
558 EtherCAT Automation Pratacol (Metwork Y ariables)
M3l EtherCAT Automation Protocol via ELEE01, EtherCAT
== EtherCAT Simulation
¥ Ethernst
&% Profibus DP

m

¥ Profinet
<A CANapen Target Type
== DeviceMet e
=== EtherNet/P r

41} SERCOS interface Device Found At
110 Beckhoff Lightbus

- LUSB

E2 Beckhoff Hardware

)
ak

@ Unused
(X1

Marme: Dewvice 1

Help

Figure 4: insert the EtherCAT Master device

The assignment of a network card to the EtherCAT master functionality can be checked, and in
case changed, at any time in the “Adapter” tab of the master device (Figure 5).

Solution Explorer X | RN T AR Source Control Explorer
@ o-s @ &= | General || Adapter § EtherCAT | Oniine | CoE - Online |
Search Solution Explorer (Ctrl+a) P~

@ Network Adapter
] Selution TwinCAT Projectll’ (1 project)

3 ) @ 05 (NDIS) @ PCl () DPRAM
4 “a TwinCAT Projectll
b (@l SYSTEM Description: Bluetooth Network Connection (Bluetooth Device {Personal Area
[e=e]
ET_CCmON Devics Name:  \DEVICE\{424ADZ84-45EB-43F 3-BDAC-930C5808FBEE}
e
[ C-+ MAC Address: a4 34d9bfc7db Compatible Dsvices..
4 /o
p 4,}-_.2 Devices IF Address: 0.00.0(0.0.0.0)
4 = Devicel (EtherCAT) [ Promiscuous Mode {use with Wireshark only)
=8 Image

*H Image-Info [C] Virtual Device Names

2 SyncUnits

4 Inputs (71 Adapter Refersnce
b [ Outputs
b [ InfoData
&% Mappings Freerun Cycle (ms): 4 B 10 Idle Task: 1/0 Ide Task -

Figure 5: check and change assignment of EtherCAT master to a network card
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b. Click with the right mouse button on the master device (or on an already configured slave), and
add a new slave device (Figure 6).

Selution Explorer R x
@l - &g &=
Search Solution Explorer (Ctrl+ )
17 Solution TwinCAT Projectll’ (1 project)
4 gl TwinCAT Projectll
b @ SYSTEM
[=] moTion

o L

herCAT)
O Add Newltem

TWIinCAT Projectll & X Source Control Explorer

EtherCAT | Oriine | CoE - Onine
@ Network Adapter
@OSMNDIS) O FC

Description. Blustocth Netwerk Connection (Blust

2 SyncUnif

X Remove
b Tanute

%% Image-It 7 Add Bxisting ftem...

Device Name: DEVICE\(424AD284-45EB-43F3-61
VAC Address: a4 34d9bic7db
1P Address: B
i 00000000 i therCAT Device ]
= 'scuous
Sevice | Sesich Hme:  Drive 1 Muliple: 1 |2
Shift+Alt- A
- Typs: | 8558 Beckhoff Autematon GmbH & Co. K& Cancel

&

Renu Electionics P
SET Power Systems
Tiamet Motion AG

B

[ ] ]

== EtheiCAT Technology Group

dlfes./Slols Beispiele Port
A
1 Lid
GmbH D
@ B [Ethemel]
C

[ Extended Information

[T Show Hidden Devices Show Sub Groups

Figure 6: insert an EtherCAT slave device

Note. In order to be recognized by the TwinCAT development environment, ESI descriptions of
slave devices shall be saved in the default directory C:/TwinCAT/3.1/Config/lo/EtherCAT/.

If the content of the TwinCAT default folder is changed (new files are added, old files are deleted,
files overwritten, content of one or more files is changed), the ESI database shall be reloaded
in order to make the changes available (Figure 7).

ﬂ TwinCAT Projectl] - Microsoft Visual Studio (Administrator)

FILE EDIT VIEW PROJECT BUILD DEBUG | TWINCAT | TWINSAFE PLC TEAM TOOLS TEST SCOPE  ANALYZE  WINDOW  HELP
ie-o|B-n-2 o | | | &f Activate Configuration Blease - | [TwinCAT RT p64) -|| 5 [starOutputi
Sy ql| ] c v, @‘ W ‘.-.l <Local> ER  Restart TwinCAT System | | | s =
0 " | Restart TwinCAT (Config Mode)
(L Solution Explorer > 1 -
S @ ‘ . =\I| B & Reload Devices
-:-in 2 = L= ""\ Scan
é Search Solution Explorer (Ctrl+) y @ Toggle Free Run State
o fa Selution 'TwinCAT Projectll’ (1 project) @ Show Online Data
I 4 L TwinCAT Projectll
b ﬂSYSTEM . Show Sub Items
&= moTIoN & Security Management...
PLC 55 . .
— E=] Access Bus Coupler/IP Link Register...
| saFeTy o i Z
Update Firmware/EEPROM 3
Show Realtime Ethernet Compatible Devices...
File Handling 3
I === Device 2 (EtherCAT)
23 Mappings Selected Item 3
EtherCAT Devices 4 Update Device Descriptions (via ETG Website)...
About TwinCAT I Reload Device Descriptions I

1

Figure 7: reload ESI database

Manage User Defined Whitelist...
Manage User Defined Blacklist...
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Note. In case ESI descriptions corresponding to different Revision Numbers of a device are
available, by enabling “Extended Information” and “Show Hidden Devices” it is possible to select
a specific device revision (Figure 8). Otherwise, the device with the highest Revision Number

will be added per default.

=%

Insert EtherCAT Device
Search: Marne: Multiple: 1 = oK
Type: [-ads EtherCAT Infrastructure components -
P Ethemet Port Multiplier CU25:)
Communication Terminals [ELEx=:] Part
Couplers N
erminal Couplers [BE1xxx]
Customer specific Terminals B

<

Panel Couplers

| EJ Coupler[E.Jussx]

Safety Teminalz

B EtherCAT Fieldbus Boxes [EPxmmx]
{|| EtherCAT £ Device

EtherCAT PC card

m

Eva Board (Interfaces|
Eva Board [Sample Source Demos]

i FE1111 16 Ch. Dig. In-/Output Z<pIl FB1111-0142-0100 (0457
Lig. Tnpul Zxk B 420407 (0457058 ]
B FE1111 32 Ch Dig. Output 2:M11 [FE1111-0142-0501 (04570962 /41
BB FE1111 SPI-Slave 26MIL [FE1111-01471-0601 (04570862 / 0259002
+- 58 FE1111 MCI3 DC 26011 [FE1111-0140-0501 (04570362 / 0321008
- Bl FR1111 MOAR DE 2abll FR11110140-1001 M4R7NRR? # N3RA00F T
11 3

I Estended Information

Show Hidden Devices I

@ B [Ethemet)

©

Show Sub Groups

Figure 8: show different Revision Numbers of a device

Note. For devices supporting more than two EtherCAT ports,

port the next device shall be appended (Figure 9).

Add EtherCAT device at port B (E-Bus) of Term 1 (EK1100)

it is possible to select on which

o2

Search:

Type

<4

Name: Tem 2 Multiple: 1 =
=M Digital Dutput Teminals [EL2xxx)] - Cancel

B EL2502 2Ch, /M output, 249

EL2521 1Ch. Pulze Train Output

EL2521-0024 1Ch. Pulse Train 24 DC Output
EL2521-0025 1Ch. Pulze Train 24% DC Output negative
EL2521-0124 1Ch. Pulse Train 24% DC Dutput Capture/Compare
EL2521-1001 1Ch. Pulse Train Output

EL2522 2Ch. Pulse Train Output

EL2535 2Ch. Pulze Width Curent Qutput (244, 14]
ELZ535-0002 2Ch. Pulze Width Current Dutput (244, 2 &)
EL2535-0050 2Ch. Pulze Width Cumrent Output (24, 50 ma)
ELZ2535-0100 2Ch. Pulss Width Current Dutput (244, 100 mé)]
EL2595 1Ch. LED constant current terminal

ELZ2002 2Ch. Dig. Output 24, 054,

ELZ004 4Ch. Dig. Output 24, 0.5

EL2008 BCh. Dig. Output 24, 054

EL2014 4Ch. Dig. Qutput 24, 0,54, Diagnostic

EL2022 2Ch. Dig. Output 24, 22

ELZ2024 4Ch. Dig. Output 24, 24

EL2024-0010 4Ch. Dig. Output 124, 24

EL2032 2Ch. Dig. Output 24, 24, Diagnostic

EL2034 4Ch. Dig. Output 24, 24, Diagnostic

F12042 2Ch Din Dutraat 24 44

n

*

|| Extended Information

|1 Show Hidden Devices

Figure 9: selection of output port

Show Sub Groups

Part
A

o]

@ E [EBus)

() C[Ethemet]
W2 0UT
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2.2  Automatic configuration

a. Click with the right mouse button on I/O — Devices, select “Scan” and confirm the hint which
automatically shows-up: the device called “EtherCAT”, corresponding to the master device
functionality, should be automatically selected(Figure 10). Then press “OK”.

Solution Explorer 1 x
@& e-- 8 &= Number  Devic
Search Solution Explorer (Ctrl+ () P~

[ Solution TwinCAT Projectll’ (1 project)
4 g TwinCAT Projectll

bl SYSTEM
MOTION
o rc
0| SAFETY
C++
4 F 10
" Devices
57 Mappi| ‘0 Add New ltem... Ins
Y3 Add Existing Item... Shift+Alt+A
Export EAP Config File
Microsat Visual Studio ==X

Paste Ctrl+V

Paste with Links HINT: Not all types of devices can be found zutomatically

1 new /O devices found ==
[|Devie 2 [EherCaT ] | [Lonalaren Cearmestin (nieif] Ethemet Eanmection] 0K
Select i
Unselect &1

Figure 10: automatically scan devices

Note. If “No new I/O devices found” is shown when starting a scan, the TwinCAT Real-Time
Ethernet Driver is not properly installed (Figure 11).

Microsoft Visual Studic  (SEm)

Mo new IO devices found

Figure 11: Real-Time driver not properly installed

In this case, it is suggested to check the driver installation first, as described above.

10
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If the network card is shown as “EtherCAT Automation Protocol” (instead as “EtherCAT”), this
means that the TwinCAT Real-Time Ethernet Driver is properly detected, but no hardware
connectivity with EtherCAT slaves is detected (Figure 12).

-

1 new I/O devices found

[S5=)
[]Device 1 [EtherCAT Automation Pratocal]  [Lacal Area Connection [Intel[R) Ethernet § oK

Cancel

Select Al
Unselect Al

Figure 12: hardware connection with slave devices missing

In this case, it is suggested to check the hardware connection between the EtherCAT devices,

b. Scan the slave devices (Figure 13).

' Y
Microsoft Visual Studio L—ﬁ
1:9 Scan for boxes

Figure 13: scan slave devices

Note. Pop-ups like in Figure 14 shown during the network scan mean that for one or more
detected slaves (identified by Vendor ID, Product Code and Revision Number) no corresponding
ESI description was found in the default TwWinCAT directory.

’
TwinCAT XAE

Mew device type found [ELSE00 | 8Bit Digital 1/0, 16Bit Analog Input_*5i11 - 'ELI800 | 8Eit Digital |/0, 168t Analog Input_W5il1").
Wendoild Oxe0000002 ProductCode 0x26483052 RevisionNo 0x20111

Use available online description instead [YES] or try to load appropriate descriptions from the web

[ Apply ta all [ s ] [ Mo ] [ Online ESI Update [Web access required)... ]

G

Figure 14: ESI description corresponding to slave identity missing

When answering “Yes” to the previous pop-up, the TwinCAT configurator will load the (default)
device description from the EEPROM Sl instead of loading it from the ESI file. Nevertheless, it
is always suggested to provide the correct ESI file for each device to the Configuration Tool.

11
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3 Testing an EtherCAT Configuration

The TwinCAT 3.1 development environment also allows to simply test the communication on the
EtherCAT network.

Here are reported a couple of general remarks which are independent from the specific operating mode:

a. All cycle times in TWinCAT are always expressed as multiple integers of the so-called “Base
Time”. The default value of the Base Time is 1 ms, but it can be changed in case the EtherCAT
communication needs to be tested with cycle times which are not a multiple integers of 1 ms
(Figure 15).

Solution Explorer

E TestProject # X
3

Settings | Oniine | Priortes | C+= Debugger | co@|le-sa|s -
Search Solution Explorer (Ctrl+a)
(] Router Memory (MByte): 32 =) -
& =l ¥ License
8 Available CPUs (Windows/Other): 1 |3 0 |3 [__Readfrom Target | [ Setontarget | P ) Real-Time ‘
g - - 4 B Tasks
cPU RT-CPU | Base Time [ cpu Limit [ Latency Warning | 4 [ Task2
%% Image
0 [V Default ] (none) ~l o B Inputs
& Vard6
[ Outputs
sz Routes
TcCOM Objects
MOTION
PLC
[# saFeTy
Ce+
4 4 Fro
66.6 ps 4 % Devices
Object RT-CPU ;éf,su 2 [ns) |Cycle Time (ms) | Cycle Ticks Priority A 4 = P_evl'cel (EtherCAT)
Task2 Default 0) ¥ |1 ms 10 ms 10 1 'a l:zg:-lnfo
/O Idle Task Default (0) ﬂ 1ms 1ms 1 11 b c SyncUnits

Figure 15: change TwinCAT Base Time

b. Once the communication has been started, the state of the network as well as of single slave
devices can be monitored in the “Online” tab of the master device (Figure 16).

Figure 16: monitor online state of the EtherCAT network

Selution Explorer AR 8 TwinCAT Projectll + X Source Control Explorer
G Ot | CIRAE -1 | |- |Genala|IMaptarlB.hei‘CﬁTlO”|i”e|CcE-Online|
Search Solution Explorer (Ctrl+ )
&1 Solution TwinCAT Projectll’ (1 project) o o ilame SES EE5
4 ;—I TwinCAT Projectll i ‘I. 1001 Term 1(EK1107) op 0,00
b [l SYSTEM #2 1002 Tem 2(EL1004) oP 0.0
MOTION "3 1003 Tem 3 (EL630D) oP 0.0
PLC W4 1004 Tem 4 (EL1304) oP 0.0
SAFETY B 5 1005 Tem 5(EL2904) oP 0.0
il e "6 1006 Tem 5(EL3102) oF 0.0
y o W 7 1007 Tem 7(EL4102) oP 0
2 Devi Bxe 1008  Evakit (EL9820) oP 0.0
4 SVCEs Vi k) 1009 Box 3 (BK1120) OP 0
4 3 Device 2 (EtherCAT)
28 Image
8 Image-Info
p )
P 2 SyncUnits Actual State: OP Counter Cyclic Queued
[ Inputs
b Oftputs [ nt | [PreOp | [SafeCp| [ Op | | Send Frames 25075  + 7661
b [ InfoData [ CearCRC | [ CearFrames | E:';?‘ /5o 1“”'" - ;1
: rames +
4 T Term1 (EKILON) [ Save Onling Data ] [Load Onling Data...] Tw/Fx Emors 1] ;0
b D
b WeState [C] Offine
i [ InfoData

12
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3.1 Free Run Mode

Free Run is a special state of Config Mode, in which the TwWinCAT development environment triggers in
user mode a cyclic communication with the EtherCAT network. Free Run is sufficient to test most of the
EtherCAT communication features, but if the network needs to work with the Distributed Clocks (see
DC (Distributed Clocks)): in this case, slaves working in DC-Synchronous mode could be prevented
from reaching the Operational state due to communication jitter (testing in Run Mode is suggested for
DC slaves, as described in Chapter 3.2).

a. Free Run operation can be started and stopped by means of the toggle command (Figure 17).
When Free Run is active, the TwinCAT blue Config Mode icon will blink in red.

M TwinCAT Projectll - Microsoft Visual Studio (Administrator) ¥3 0J Quicklaunch (Ctrl+Q) P - B x
FILE EDIT VIEW JECT BUILD DEBUG TWINCAT TWINSAFE PLC TEAM TOOLS TEST SCOPE  AMALVZE 1 Figini Alessandro ~
WINDOW  HELP

| @ - g W |9 - @ | » Attach.. - - [Release -| [TwincAT &T (64) -|2Ez

L Rt T e — | | ErEICENCE

Al TwinCAT Projectll + 3 Source Control Explorer

Solution Explorer
@ e--als-

Search Solution Explorer (Ctrl+ ) P~

@ Solution ‘TwinCAT Projectll’ (1 project)

General | Adapter | EtherCAT [ Online | CoE - Oniine |

© Network Adapter

Xoqi00]  Iai0jdy3 1aniag

. @OoSMDIS) O FCl (©) DPRAM
4 o] TwinCAT Projectll
13 ﬂ SYSTEM Description: Local Area Connection (Intel{R) Ethemet Connection
:‘L‘EHON Device Name: \DEVICE\{3DB32925-F38A-4D06-BC51-6AU51463CB0D}
& ey
[ cov MAC Address 84 7b b 0d 5e 5d Compaiible Devices
4 1o
4 %% Devices IP Address: 169.254 236,182 (255.255.0.0)
4 5% Device 2 (EtherCAT) 7] Promiscuous Mode fuse with Wireshark orly)
2% Ima
¥ Image

*8 Image-Info [ Virtual Device Names

b2 synclnits ® Adapter Refersnce
2 Inputs -
> [ Outputs
b [ InfoData
4 T Term1 (EK1101) Freerun Cycle {ms}: 4 = 170 Idle Task: 1/0 Idie Task -
b i
b WcState
P @ InfoData
b 3 Term 2 (EL1004) Mumber Box Name Address  Type InSize  OutSize E*
b ™ Term 3 (EL6900)
b ®E Termd (EL1904) Term 1 (EK1101) 1001 EK1101 20
b B Terms (EL2904) Term 2 (EL1004) 1002 ELL004 04 1
b % Term 6 (EL3102) Term 3 (EL6900) 1003 EL6900 20 20 1
b ® Term 7 (EL4102) Term 4 (EL1904) 1004 EL1904 6.0 60 1
" Term 10 (ELO0L1) Term 5 (EL2904) 1005 EL2904 6.0 80 1
b EvaKit (EL9820) Term 6 (EL3102) 1006 EL3102 20 1
b 5§ Box9 (BK1120) Term 7 (EL4102) 1007 EL4102 4.0 9
&% Mappings Term 10 (EL9011) EL9011

EvaKit (EL9820) 1008 EL9800 | 8Bit Digita... 6. . -

SLINGLYSGILIEY Team Explorer Class View

Error List

B |
Qutput Find Results 1

This item does not support previewing B

Figure 17: start/stop Free Run

b. If any configuration parameter is changed, and whenever the communication needs to be
restarted/refreshed, command “Reload Devices” shall be given in Free Run mode (Figure 18).

w TwinCAT Projectll - Microsoft Visual Studio (Administrator)

FILE EDIT VIEW PROJECT BUILD DEBUG  TWINCAT
WINDOW  H

Ik 74 BRI Y NIERE
B E2RE| @5 o> -
Solution Exp|g| Reload Devices | v I X

@le--a &= ‘

Figure 18: Reload Devices to refresh/restart communication in Free Run mode
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c. The default cyclic time in Free Run mode is 4 ms. This setting can be changed in the “Freerun
Cycle (ms)” text box of the master Adapter tab (Figure 19). The Free Run cycle time shall be
always a multiple integer of the TwinCAT Base Time.

Solution Explorer 'l TwinCAT Projectll & X Source Control Explorer
@l o--a| s -

Search Solution Explorer (Ctrl+ )

| General | Adapter JEtherCAT | Onling | GoE - Online

@) Network Adapter

2" o TwinCAT Pojectty @ 05 (NDIS) @ FCl ) DPRAM

[ ﬂ SYSTEM Description: Local Area Connection (Intel(R) Ethemet Connection
Device Mame: “DEVICE\{3DB32925-F38A-4D06-BC51-64051463CB0OD}
P Bus/Slot:
WA B 5

‘ 92, Devices IP Address: 169.254.236.182 (255.255.0.0)

4« = P:\.;iceE (EtherCAT) [ Promiscuous Mode {use with Wireshark only)
- mage [ Virtual Device Names

+8 Image-Info

2 SyncUnits () Adapter Reference
Inputs

B Outputs

& InfoData

T Term 1 (EK1101)

b D

I [ WcState

I [ InfoData

Adapter:

[

I Freerun Cycle {ms): 4 = I 1/0 Idle Task: 1/0 Idle Task -

Figure 19: configure cycle time in Free Run mode

3.2 Run Mode

When one or more slave devices need to work in DC-Synchronous mode, and in any case when the
communication wants to be tested under hard real-time conditions, Free Run could not be suitable due
to higher jitter values in user mode: in this case, it is recommended to operate the network in Run Mode
(the EtherCAT communication will take place in kernel mode).

a. Create a new real-time 1/0 Task (Figure 20).

Solution Explorer *1x
G| o-= @ &= onl
Search Solution Explorer (Ctrl+ () o~
fa] Solution ‘TwinCAT Projectll’ (1 project) L
4 ol TwinCAT Project1l
4 [ SysTEM
¥ License
b ) Real-Time
ChE =
%z Rofl 'O Add New Item... Ins
[B] Ted *a  Add Existing ltem... Shift+Alt+ A
[ g
-
Insert Task l u

winCAT Task

() TwinCAT Fast Cyclic Task

Figure 20: create an /O task
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Manually define a cyclic Input or Output variable for the I/O Task with a datatype matching the
datatype of a process data variable in the EtherCAT network: the datatype of the EtherCAT
variable can be directly checked in the project (Figure 21). The name assigned to the created

variable is not relevant.

Solution Explorer
@ e
Search Solution Explorer (Crl+ ) P
fa] Solution ‘TwinCAT Projectll’ (1 project)
4 ol TWinCAT Projectll
4 [l SYSTEM
A License
b @ Real-Time
4 B Tasks
4 [ Task2
*B [mage

al &=

‘O Add New Item...

W Outpu

Ins

Recalc Addresses

5%z Routes ‘

[E5] TcCOM Objects
[z moTION
PLC
SAFETY
[fd <+
4 UO
4 L Devices
4 == Device 2 (EtherCAT)
jg Image
jg Image-Info
- SyncUnits
Inputs
B Outputs
[ InfoData
T Term1 (EK1101)
p jin]
P [ WcState
p [ InfoData
4 j Term 2 (EL1004)

[

4

3

3 Channel 3
3 Channel 4
P [ WcState

P [ InfoData
b W Term 3 (EL6900)
b W Term 4 (EL1904)
b W Term 5 (EL2904)
b ™ Term 6 (EL3102)
> W Term7 (EL4102)
" Term 10 (ELS011)
b EE§ EvaKit (EL9820)
b 5 Box (BKI120)
&?) Mappings

r
General
Narme: Var 23 tultiple: =
Start Address: Epte: 0 = Bt $
[iata Type >Size Mame Space
ARRAY [0..0] OF BIT 0.1
EIT 0.1
ARRAY [0.0]OF BYTE 1
EITE 1
EDOL 1
BYTE 1
E_AxB000_P_0275_Activefeedbackand.. 1 £XB000
SINT 1
USINT 1
DPY2_TIMESTAMPSTATUS 2 10
Variable | Fags | Online

MName: Input

Type: -EIT 8071 100

Group Channel 1 Size: 01

Address: 13.0 User ID: o

Linked to

Comment:

Figure 21: creating a cyclic variable in the /0O Task
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Create a link between the software variable in the I/O Task and the hardware variable in the
EtherCAT process data (Figure 22).

Solution Explorer
@ o~

Search Selution Explorer (Ctrl+d)

al &=

fa] Selution ‘TwinCAT Projectll’ (L project)
4 o] TwinCAT Projecttl
4 (@ SYSTEM
¥ License
b @ Real-Time
4 E] Tasks
4 [E Task2
% Image

W Outputs
siz Routes
[&] TeCOM Objects

SAFETY
fed o+
4 Vo
4 L Devices
4 =% Device2 (EtherCAT)
j!), Image
* Image-Info
2 SyncUnits
Inputs
B Outputs
& InfoData
i Term1 (EK1101)
o)

[

[ WcState

LT T T

Term 2 (EL1004)

# Input
Channel 2
Channel 3
Channel 4
B WeState

v v v v

> 1 x

TwinCAT Projectll +® X

Soeurce Control Explorer

.

Search:

Variable | Alags | Online
Name: Var 23
Type: BIT ({18071395-0000-0000-0000-000000000010%)

"

10

P Devices

#4 Device 2 [EtherCAT)

] 2% SyncUnits

Tem 1 [EKT1101]

#1 WieState >
i

[ 15223, BIT [0.7]
v 1415243, BIT [0.7]

20 Input
----- npul 4 BT
----- #1 Input > 4119.2,BIT [0.1]
----- #1 Input > 11193, BIT [0.1]
----- #1 WeState > 15223, BIT[0.1]
----- #1 InputToggle > [X1524.3,BIT [0.1]
= Term 3 ELEI00)
----- #1 Login Active >

> 119.0 BIT [0.1]

1% 337, BIT [0.1]

----- #1 Input Size Mismatch > X400, BIT [0.1]
----- #1 Output Size Mismatch >[4 4001, BIT [0.1]
----- #1 TwPDO State > [ 406, BIT [0.1]

----- %1 T«PDOD Toggle > (<407 BIT [07]

----- #1 WeState > 15221, BIT[01]
----- #| InputToggle > 1%1524.1,BIT [0.1]
FE Tem 4 [EL1304)

| »

m

1

[

Show Variables

@ Unuzed

Uszed and unused

[T Exclude disabled
Exclude other Devices
Exclude same Image
| Show Tooltips

[ St by Address

Show Yariable Types
[ Matching Type
Matching Size
[ &0 Types

Arrap Mode
Offsets

[ Continuous
[ Show Dialag

“Warishle Mame

[T Hand aver
[] Take over

Cancel I ok I

Figure 22: create a link between 1/0O Task and EtherCAT network
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d. Activate configuration and start TWinCAT in Run Mode (Figure 23). The command “Activate
Configuration” shall be applied every time one or more parameters are changed in the
configuration and the changes need to be applied (similar from this point of view to “Reload
Devices” command in Free Run mode).

TwinCAT Projectll - Microsoft Vi
EDIT VIEW PROJECT B

colB- ot
YE B2\ E| w5
Solution Explorer

@& o-- @&

5
Microsoft Visual ShudioA [

. 4 (Old Configurations will be overwritten!)

I OK I [ Cancel ]

Microsoft Visual Stedio =

P
Iel Restart TwinCAT System in Run Mode
o

l [ Cancel

Figure 23: activate configuration and start TwWinCAT in Run Mode

e. The cycle time of the EtherCAT communication can be changed by changing the cycle time of
the linked 1/0 Task and reactivating the configuration (Figure 24).The cycle time shall be always
a multiple integer of the TwinCAT Base Time.

Solution Explorer X | BELI ARG e Source Control Explorer
fa) | - a | ) Task |Or1|ine I Parameter {Online)|
Search Solution Explarer (Ctrl+d) P~
Name: Task 2 Part: 301
&7 Solution 'TwinCAT Projectll' {1 project)
4 o TwinCAT Projectll Auto start Object Id:  Ix02010020
4 L@j SYSTEM [ Auto Priority Management Options

A License Priority: 1 o [ Disable

b @ Real-Time —
Cycle ticks: 10 10.000

4 B Tasks [LCycle ticks i | ms [ Create symbols

4 [ Task2 Start tick (modulo): ] 5 Include extemal symbols

"]
] + Image [ Separate input update
4 Inputs . n
Pre ticks: 0 =
F Var29 [C] Extem sync
@ Outputs 7] Waming by exceeding

Sia Routes Message box ) ) )

[T] TcCOM Objects . Floating point exceptions
MOTION Watchdog Cycles: 0 =
PLC
[ SAFETY -

Figure 24: configure cycle time in Run Mode
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Note. TwinCAT 3.1 provides a 7-day trial period for Run Mode, which can be extended for an arbitrary
number of times. In order to extend the trial license for other 7-days, it will be sufficient to copy the
5-charater code which will show-up when trying to activate the configuration (Figure 25).

i B
Enter Security Code . M
Please twpe the following 5 characters: oK,
oXWE2

———————————————

Figure 25; extend 7-days trial license

Note. In DC-Synchronous mode, the master jitter performances are fundamental to guarantee a proper
synchronization at a certain cycle time (see also How-To: Configure DC SYNC Shift Times). Under
“Advanced Settings...” of the EtherCAT Master it is possible to monitor the worst-case communication
jitter (Figure 26): this performance depends mainly on the hardware properties of the master platform
chosen. The minimum configurable communication cycle time in Run Mode should not be smaller than
3+4 times the maximum measured jitter value.

L O e DRI Source Control Explorer

‘ (I &l | &= ‘Geneml |Maptar| EtherCAT bn\ina I CnE-OnI\nel
on Explorer (Crl+ ) R -
Wetld 169.254 215.231.3.1 1 Advanced Setlings ||
1 "TwinCAT Projectll’ (1 project)
nCAT Projectll [ Export Configurstion File... ]
SYSTEM
¥ License [ Sync Unit Assignment... ]
' Real-Time [ Tonok ]
% Tasks Epo oy,
[ Task2 3 -
+m Imege Advanced Settings
rl Inputs .
[#- State Machine i i
# Var29 Diagnosis
=R T Outputs Deviation {ps) Count {neg) Percent fneg)  Percent (pos)  Count fpos)
outes
Bl TcCOM Objects fz ?; 12 g)g i
VIOTION ° ’ .
oy < 100 74 33 45
i ; <10 109 81 58 78
SAFETY &- Disgnosis <20 4 33 254 343
=T I <50 5 04 8.1 122
oo <100 0 0.0 0.3 4
= Devices 200 0 0.0 0.0 0
— Device 2 (EtherCAT) — <500 1] oo o0 ]
2 Image N >= 500 0 0.0 0.0 0
*H Image-Info e Sum M 527 473 637
b 2 SyncUnits -

Figure 26: estimation of worst-case master jitter performances
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4 References

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

document (including any amendments) applies.

ETG Standards
[1] ETG.1000.2: Physical Layer service definition and protocol specification
[2] ETG.1000.3: Data Link Layer service definition
[3] ETG.1000.4: Data Link Layer protocol specification
[4] ETG.1000.5: Application Layer service definition
[5] ETG.1000.6: Application Layer protocol specification

Other References

[6] IEC 61158-x-12 (all parts for type 12): Industrial communication networks — Fieldbus
specifications

[7] IEC 61784-2: Industrial communication networks — Profiles — Part 2: Additional fieldbus
profiles for real-time networks based on ISO/IEC 8802-3

[8] IEC 61800-7: Adjustable speed electrical power drives systems — Part 7: Generic interface
and use of profiles for power drive systems
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