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BEGKHOFF Foreword

1 Foreword

1.1 Product overview EtherCAT-junctions
CU1123 [» 14] EtherCAT-junction 3-port, RJ45

CU1123-0010 [»_14] EtherCAT-junction 3-port, RJ45, Extended Distance
CU1124 [» 14] EtherCAT-Abzweig 4-port, RJ45

CU1128 [» 18] EtherCAT-junction

1.2 Notes on the documentation

Intended audience

This description is only intended for the use of trained specialists in control and automation engineering who
are familiar with the applicable national standards.

It is essential that the documentation and the following notes and explanations are followed when installing
and commissioning these components.

It is the duty of the technical personnel to use the documentation published at the respective time of each
installation and commissioning.

The responsible staff must ensure that the application or use of the products described satisfy all the
requirements for safety, including all the relevant laws, regulations, guidelines and standards.
Disclaimer

The documentation has been prepared with care. The products described are, however, constantly under
development.

We reserve the right to revise and change the documentation at any time and without prior announcement.
No claims for the modification of products that have already been supplied may be made on the basis of the
data, diagrams and descriptions in this documentation.

Trademarks

Beckhoff®, TwinCAT®, TwinCAT/BSD®, TC/BSD®, EtherCAT®, EtherCAT G®, EtherCAT G10°, EtherCAT P,
Safety over EtherCAT®, TwinSAFE®, XFC®, XTS® and XPlanar® are registered trademarks of and licensed by
Beckhoff Automation GmbH. Other designations used in this publication may be trademarks whose use by
third parties for their own purposes could violate the rights of the owners.

Patent Pending

The EtherCAT Technology is covered, including but not limited to the following patent applications and
patents: EP1590927, EP1789857, EP1456722, EP2137893, DE102015105702 with corresponding
applications or registrations in various other countries.

EtherCAT.

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

CU1123-00x0, CU1124, CU1128 Version: 2.4 5
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Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

The reproduction, distribution and utilization of this document as well as the communication of its contents to
others without express authorization are prohibited.

Offenders will be held liable for the payment of damages. All rights reserved in the event of the grant of a
patent, utility model or design.
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1.3 Safety instructions

Safety regulations

Please note the following safety instructions and explanations!
Product-specific safety instructions can be found on following pages or in the areas mounting, wiring,
commissioning etc.

Exclusion of liability

All the components are supplied in particular hardware and software configurations appropriate for the
application. Modifications to hardware or software configurations other than those described in the
documentation are not permitted, and nullify the liability of Beckhoff Automation GmbH & Co. KG.
Personnel qualification

This description is only intended for trained specialists in control, automation and drive engineering who are
familiar with the applicable national standards.

Description of instructions

In this documentation the following instructions are used.
These instructions must be read carefully and followed without fail!

A DANGER

Serious risk of injury!
Failure to follow this safety instruction directly endangers the life and health of persons.

Risk of injury!
Failure to follow this safety instruction endangers the life and health of persons.

A CAUTION

Personal injuries!
Failure to follow this safety instruction can lead to injuries to persons.

NOTE

Damage to environment/equipment or data loss
Failure to follow this instruction can lead to environmental damage, equipment damage or data loss.

@& Tip or pointer
1 This symbol indicates information that contributes to better understanding.

~
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1.4 Documentation issue status
Version Comment
2.3 » Update chapter “Version identification of EtherCAT devices”
» Update Technical data
+ CU1123-0010 added
* Chapter “Disposal” added
2.2 » Update chapter “Technical data”
» Update renderings
» Update structure
2.1 * New title page
+ CU1123 and CU1124 added
» Update structure
20 » Migration
1.0 » Addenda
 First public issue
0.1 * Preliminary version
8 Version: 2.4 CU1123-00x0, CU1124, CU1128
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1.5 Version identification of EtherCAT devices
1.5.1 General notes on marking
Designation

A Beckhoff EtherCAT device has a 14-digit designation, made up of

« family key
* type

* version

* revision

Example Family Type Version Revision

EL3314-0000-0016 |EL terminal 3314 (4-channel thermocouple |0000 (basic type) |0016
(12 mm, non- terminal)
pluggable connection
level)

ES3602-0010-0017 |ES terminal 3602 (2-channel voltage 0010 (high- 0017
(12 mm, pluggable measurement) precision version)
connection level)

CU2008-0000-0000 |CU device 2008 (8-port fast ethernet switch) |0000 (basic type) (0000

Notes

* The elements mentioned above result in the technical designation. EL3314-0000-0016 is used in the
example below.

» EL3314-0000 is the order identifier, in the case of “-0000” usually abbreviated to EL3314. “-0016” is the
EtherCAT revision.

* The order identifier is made up of
- family key (EL, EP, CU, ES, KL, CX, etc.)
- type (3314)
- version (-0000)

» The revision -0016 shows the technical progress, such as the extension of features with regard to the
EtherCAT communication, and is managed by Beckhoff.
In principle, a device with a higher revision can replace a device with a lower revision, unless specified
otherwise, e.g. in the documentation.
Associated and synonymous with each revision there is usually a description (ESI, EtherCAT Slave
Information) in the form of an XML file, which is available for download from the Beckhoff web site.
From 2014/01 the revision is shown on the outside of the IP20 terminals, see Fig. “EL5021 EL terminal,
standard IP20 10 device with batch number and revision ID (since 2014/01)”.

» The type, version and revision are read as decimal numbers, even if they are technically saved in
hexadecimal.

CU1123-00x0, CU1124, CU1128 Version: 2.4 9
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1.5.2 Version identification of CU Switches

The serial number/ data code for Beckhoff IO devices is usually the 8-digit number printed on the device or
on a sticker. The serial number indicates the configuration in delivery state and therefore refers to a whole
production batch, without distinguishing the individual modules of a batch.

Structure of the serial number: KK YY FF HH Example with serial number 12 06 3A 02:
KK - week of production (CW, calendar week) 12 - production week 12

YY - year of production 06 - production year 2006

FF - firmware version 3A - firmware version 3A

HH - hardware version 02 - hardware version 02

Cu1521

EtharCAT meda
converter, mutimode
fiber aptic

BTH: 00007 sul
Ser, Mo 48200 c € @
Mada in GERMAKY

Fig. 1: CU1521 switch with serial number 4820/ and the unique Beckhoff Traceability Number (BTN)
00007su0

1.5.3 Beckhoff Identification Code (BIC)

The Beckhoff Identification Code (BIC) is increasingly being applied to Beckhoff products to uniquely identify
the product. The BIC is represented as a Data Matrix Code (DMC, code scheme ECC200), the content is
based on the ANSI standard MH10.8.2-2016.

Fig. 2: BIC as data matrix code (DMC, code scheme ECC200)

The BIC will be introduced step by step across all product groups.

Depending on the product, it can be found in the following places:
» on the packaging unit
« directly on the product (if space suffices)
» on the packaging unit and the product

10 Version: 2.4 CU1123-00x0, CU1124, CU1128
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The BIC is machine-readable and contains information that can also be used by the customer for handling
and product management.

Each piece of information can be uniquely identified using the so-called data identifier

(ANSI MH10.8.2-2016). The data identifier is followed by a character string. Both together have a maximum
length according to the table below. If the information is shorter, spaces are added to it. The data under
positions 1 to 4 are always available.

Following information is possible, positions 1 to 4 are always present, the other according to need of
production:

Posi-| Type of Explanation Data Number of digits Example
tion |information identifier |incl. data identifier
1 Beckhoff order Beckhoff order number |1P 8 1P072222
number
2 Beckhoff Traceability | Unique serial number, |SBTN 12 SBTNk4p562d7
Number (BTN) see note below
3 Article description Beckhoff article 1K 32 1KEL1809
description, e.g.
EL1008
4 Quantity Quantity in packaging |Q 6 Q1
unit, e.g. 1, 10, etc.
5 Batch number Optional: Year and week |2P 14 2P401503180016
of production
6 ID/serial number Optional: Present-day 518 12 515678294
serial number system,
e.g. with safety products
7 Variant number Optional: Product variant |30P 32 30PF971, 2*K183
number on the basis of
standard products

Further types of information and data identifiers are used by Beckhoff and serve internal processes.

Structure of the BIC

Example of composite information from positions 1 to 4 and with the above given example value on position
6. The data identifiers are highlighted in bold font:

1P072222SBTNk4p562d71KEL1809 Q1 515678294

Accordingly as DMC:
TITLIT I

Fig. 3: Example DMC 1P072222SBTNk4p562d71KEL1809 Q1 518678294

BTN

An important component of the BIC is the Beckhoff Traceability Number (BTN, position 2). The BTN is a
unique serial number consisting of eight characters that will replace all other serial number systems at
Beckhoff in the long term (e.g. batch designations on IO components, previous serial number range for
safety products, etc.). The BTN will also be introduced step by step, so it may happen that the BTN is not yet
coded in the BIC.

CU1123-00x0, CU1124, CU1128 Version: 2.4 11
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This information has been carefully prepared. However, the procedure described is constantly being further
developed. We reserve the right to revise and change procedures and documentation at any time and with-
out prior notice. No claims for changes can be made from the information, illustrations and descriptions in
this information.

1.5.4 Electronic access to the BIC (eBIC)

Electronic BIC (eBIC)

The Beckhoff Identification Code (BIC) is applied to the outside of Beckhoff products in a visible place. If
possible, it should also be electronically readable.

Decisive for the electronic readout is the interface via which the product can be electronically addressed.

K-bus devices (IP20, IP67)

Currently, no electronic storage and readout is planned for these devices.

EtherCAT devices (IP20, IP67)

All Beckhoff EtherCAT devices have a so-called ESI-EEPROM, which contains the EtherCAT identity with
the revision number. Stored in it is the EtherCAT slave information, also colloquially known as ESI/XML
configuration file for the EtherCAT master. See the corresponding chapter in the EtherCAT system manual

(Link) for the relationships.

The eBIC is also stored in the ESI-EEPROM. The eBIC was introduced into the Beckhoff I/O production
(terminals, boxes) from 2020; widespread implementation is expected in 2021.
The user can electronically access the eBIC (if existent) as follows:
« With all EtherCAT devices, the EtherCAT master (TwinCAT) can read the eBIC from the ESI-EEPROM
o From TwinCAT 4024.11, the eBIC can be displayed in the online view.

> To do this,
check the checkbox "Show Beckhoff Identification Code (BIC)" under
EtherCAT — Advanced Settings — Diagnostics:
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o The BTN and its contents are then displayed:

e ke ImsCd] s [ - i
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L] L o N ] [] ]
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E ]
Nk v ] = 4 e
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o Note: as can be seen in the illustration, the production data HW version, FW version and
production date, which have been programmed since 2012, can also be displayed with "Show
Production Info".
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* In the case of EtherCAT devices with CoE directory, the object 0x10E2:01 can additionally by used to
display the device's own eBIC; the PLC can also simply access the information here:

o The device must be in SAFEOP/OP for access:

Index

Name

1000 Deace bype

1008 Dwdize name

1003 Hardware vermson

1004 Software vereon

1008 Bootloader verson
10170 Festors defoult parameters

|- 10180 ety
= 10E2D Mandachurerspeciic idertiicaton C,
TEZOT  Sublinde 001

*- 10F0:0 Bavckoop parssneter handing
+ 10F3:0 Diagrioats Hestoey

10F8 Actual Tera Stamp

333888838838 §F

Value

Da015E 1389 (2254 2607)
ELMI708-0000

(1]

i}

J0NIT0

*» 1«

34w

0
TPISE44Z5E THOD0H ek TKELMITDE
»1x

> 2 ¢

e 1 702 Ve

Q1 2P422001000016

o the object Ox10E2 will be introduced into stock products in the course of a necessary firmware

revision.

* Note: in the case of electronic further processing, the BTN is to be handled as a string(8); the identifier

"SBTN" is not part of the BTN.
» Technical background

The new BIC information is additionally written as a category in the ESI-EEPROM during the device
production. The structure of the ESI content is largely dictated by the ETG specifications, therefore the
additional vendor-specific content is stored with the help of a category according to ETG.2010. ID 03
indicates to all EtherCAT masters that they must not overwrite these data in case of an update or

restore the data after an ESI update.

The structure follows the content of the BIC, see there. This results in a memory requirement of

approx. 50..200 bytes in the EEPROM.
» Special cases

o If multiple, hierarchically arranged ESCs are installed in a device, only the top-level ESC carries

the eBIC Information.

o If multiple, non-hierarchically arranged ESCs are installed in a device, all ESCs carry the eBIC

Information.

o If the device consists of several sub-devices with their own identity, but only the top-level device is
accessible via EtherCAT, the eBIC of the top-level device is located in the CoE object directory
0x10E2:01 and the eBICs of the sub-devices follow in 0x10E2:nn.

Profibus/Profinet/DeviceNet... Devices

Currently, no electronic storage and readout is planned for these devices.

CU1123-00x0, CU1124, CU1128
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2 CU1123-00x0, CU1124 - Product description

2.1 Introduction

Fig. 4: CU1123, CU1123-0010, CU1124

EtherCAT hub, 3-port / 4-port, RJ45

Line, tree or star — EtherCAT supports almost any topology. The 3-port CU1123 and CU1123-0010 and the
4-port CU1124 EtherCAT junction provide compact solutions to cascade an EtherCAT network. Where
junctions with several ports need to be implemented outside of the EtherCAT Terminal system, the DIN rail-
mountable EtherCAT junctions can be used instead of the EK1122 EtherCAT Coupler and the 8-port
CU1128 EtherCAT junction.

Port 1 is the input port for the EtherCAT network.

Additional EK1100 Couplers or EtherCAT Box modules can be connected via the ports

» 2 and 3 of the EtherCAT junctions CU1123 and CU1123-0010,
* 2, 3 and 4 of the EtherCAT junction CU1124

The EtherCAT junctions are connected via RJ45 ports with direct display of link and activity status.

CU1123, CU1123-001, CU1124 - Hot-Connect

In conjunction with TwinCAT or other suitable EtherCAT masters, the CU1123, CU1123-0010 and CU1124
EtherCAT junctions permit the connection or disconnection of EtherCAT strands while the network is in
operation (Hot Connect). The device cannot be used as a standard Ethernet switch.

CU1123-0010

Using the extended distance connection [P_16], distances of up to 300 m can be bridged between two
Extended Distance stations. If only one connection of the two stations is configured for Extended Distance
(e.g. connecting EtherCAT Box modules), the maximum distance between the stations is 100 m. The
EtherCAT branches are connected via RJ45 ports featuring link and activity status indicators.

14 Version: 2.4 CU1123-00x0, CU1124, CU1128
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CU1123-00x0, CU1124 - Product description

2.2 Technical

data

Technical data

CU1123-0010 ‘CU1123

cu1124

Task in the EtherCAT system

Coupling of EtherCAT junctions

Transmission medium

Ethernet/EtherCAT cable
(min. CAT 5, 4-wire, AWG22), |shielded
shielded

Ethernet/EtherCAT cable (min. CAT 5),

Bus interface

3 x RJ45 3 x RJ45

4 x RJ45

Distance between stations

Max. 300 m (extended
distance connection [>_16])

max. 100 m (100BASE-TX)

Protocol EtherCAT
Distributed Clocks yes

Delay approx. 1 us per port
Data transfer rates 100 Mbit/s

Power supply

via three-pole spring loaded terminal (+, -, PE)

Supply voltage 24 Vg (-15 % 1 20 %)
Current consumption typ. 100 mA
Weight approx. 220 g ‘approx. 220 g ‘approx. 240 g

Dimensions without connector
(WxHxD)

approx. 35 mm x 98 mm x 77.5 mm

Mounting [» 31]

on 35 mm mounting rail (EN 60715)

Permissible ambient temperature
range during operation

0°C ... +55°C

Permissible ambient temperature
range during storage

-25°C ... +85°C

Permissible relative humidity

95 %, no condensation

Vibration/shock resistance

conforms to EN 60068-2-6 / EN 60068-2-27

EMC immunity/emission

conforms to EN 61000-6-2 / EN 61000-6-4

Protection class

IP20

Installation position

variable

Approvals/markings

CE, EAC, UKCA

CU1123-00x0, CU1124, CU1128
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BECKHOFF

2.3 Notes on Extended Distance connection

Using components which support the Extended Distance connection, distances of up to 300 m can be
bridged (for connections between two Extended Distance components). These components are marked with
“extended distance” both in chapter “Technical data” and on the respective RJ45 sockets of the component.
In the TwinCAT System Manager “Extended Distance” is part of the type designation (tab “General”, “Type”).

Topologies with Extended Distance components, distances up to 300 m

Distances of up to 300 m can be bridged between two Extended Distance components. Possible topologies
are shown in the following figure.

=300 m
3 Cu1123

1 11
i 1 ] Aoi0 -0 @ 0010
: -.- .r- - J | H . ]
e ] I
"y ¥ ] -

® @ ® ® 6

EK1101 EH1121 EK1101  EH
<000 10

I -
-

<300 m EK1101 EK11M CcuUiiz3 EK1101 CuU1123
40 0040 0010 010 0010
[ | : 3 :
- 1 . ] 5 | |

Fig. 5: Topologies with Extended Distance components, distances up to 300 m

Topologies with Extended Distance components, distances up to 300 m

No. in the figure above 1t Component 2" Component

1 EK1101-0010 EK1101-0010

2 EK1121-0010 EK1101-0010

3 EK1101-0010 CU1123-0010

4 EK1121-0010 CU1123-0010

5 CU1123-0010 EK1101-0010

6 CU1123-0010 CU1123-0010

16 Version: 2.4 CU1123-00x0, CU1124, CU1128
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Not permitted topologies with Extended Distance components

The EK1121-0010 EtherCAT junction cannot be used as a 2™ component because the EtherCAT port is not
an output port. The following figure shows not permitted topologies with Extended Distance components.

EH‘I‘I'H

e | e
x@  40)

ER1121 EK11i1
-0 0010

EK1101 cui123
0010 AN

Fig. 6: Not permitted topologies with Extended Distance components

Not permitted topologies with Extended Distance components

No. in the figure above

1st Component

2" Component

1

EK1101-0010

EK1121-0010

2

EK1121-0010

EK1121-0010

3

CU1123-0010

EK1101-0010

Topologies with Extended Distance- and Standard components, distances up to 100 m

If only one connection of the two Components is configured for Extended Distance, e.g. a connection
between a standard EtherCAT Coupler (EK1100) and an EtherCAT Coupler with Extended Distance
connection (EK1101-0010), the maximum distance between the stations is 100 m. In the following figure the
standard components are marked with a “*”. Standard components are detected automatically. The
parameterization of the EtherCAT ports is not necessary. Examples of possible topologies are shown in the
following figure.

EKA100° EHH‘IH EK{110°

S
@@@

=100 m EK1101

B[k

EtherCAT EK1101
bax® 0010

Fig. 7: Topologies with Extended Distance- and Standard components, distances up to 100 m

Not permitted topologies with Extended Distance components, distances up to 100 m

No. in the figure above 1st Component 2" Component

1 EK1100* EK1101-0010

2 EK1121-0010 EtherCAT Box*

3 EK1100* EK1101-0010

CU1123-00x0, CU1124, CU1128 Version: 2.4 17
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3 CU1128 - Product description
3.1 Introduction
BECKHOFF
cu1128 ﬁ E
2 3
*g
[ &
IN/1 ﬁl_’ ‘_lE 4 - E
8 5
X7
L ¥ | *_r Lnk
T E Aot
© Pover EE
EE
T

Fig. 8: CU1128

EtherCAT hub

Line, tree or star: EtherCAT supports almost any topology. If a star topology requires several junctions at a
particular point, the 8-way CU1128 EtherCAT hub can be used instead of several EK1122 devices.

Port 1 is the input port for the network.

At ports 2 to 8 further EK1100 or EtherCAT Box modules can be connected. The EtherCAT junctions are
connected via RJ-45 sockets with direct display of link and activity status.

In conjunction with TwinCAT or other suitable EtherCAT masters the CU1128 also supports coupling and
uncoupling of EtherCAT segments during operation (hot-connect). The device cannot be used as a standard
Ethernet switch.

18 Version: 2.4 CU1123-00x0, CU1124, CU1128
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3.2 Technical data

Technical data

cu1128

Task in the EtherCAT system

Coupling of EtherCAT junctions

Transmission medium

Ethernet/EtherCAT cable (min. CAT 5), shielded

Bus interface

8 x RJ45

Distance between stations

max. 100 m (100BASE-TX)

Protocol EtherCAT
Distributed Clocks Yes

Delay approx. 1 us per port
Data transfer rates 100 Mbaud

Power supply

via three-pole spring loaded terminal (+, -, PE)

Supply voltage

24 Ve (18 Ve 10 30 Vo)

Current consumption

from HW 08: typ. 140 mA
before: typ. 185 mA

Weight

approx. 430 g

Dimensions without connector (W x H x D)

approx. 122 mm x 100 mm x 38 mm

Mounting [P 33]

on 35 mm mounting rail (EN 60715)

Permissible ambient temperature range during

from HW 08: -25 °C ... +60 °C (extended temperature

storage

operation range)
before: 0°C ... + 55°C
Permissible ambient temperature range during -40°C ... + 85°C

Permissible relative humidity

95 %, no condensation

Vibration/shock resistance

conforms to EN 60068-2-6 / EN 60068-2-27

EMC immunity/emission

conforms to EN 61000-6-2 / EN 61000-6-4

Protection class

P20

Installation position variable
Approvals/markins CE, EAC, UKCA
UL [» 37]

CU1123-00x0, CU1124, CU1128
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A Basic principles

4.1 Basic function principles

The CU112x are infrastructure devices without controllable input/output data (I/O). It can be used

* as a junction point for conducted Fast Ethernet, in order to connect EtherCAT terminal stations, drives
or any other EtherCAT slaves to drop lines.

+ as distributed clock reference clock (see notes [P _79]).

They have no I/0 and no CoE directory and are not parameterizable. The core functions of the link control
and distributed clocks synchronization are mapped by the ESCs.

CU1123-00x0, CU1124 - Structure

The CU1123-00x0 supports three RJ45-Ports and the CU1124 supports four RJ45-Ports. For this purpose
an internal communication-IC (ESC) is used. The following figure shows the structure of the internal ESC-
Ports (A, B, C, D) and the designation of the connection sockets (CU1123-00x0: X1 ... X3, CU1124: X1 ...
X4).

CU1123-00x0 CuU1124
| |
| X3

4 ry
@ﬁ%%@ Eﬁg%@
=

Fig. 9: CU1123, CU1124 - diagram

Please note:

« port X1 is always the input for the EtherCAT traffic in the CU1123-00x0 and CU1124.
« the other ports X2..X3 (CU1123-00x0), X2...4 (CU1124) should be used as outputs.
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CU1128 - Structure

In order to provide eight EtherCAT connections, the CU1128 has three internal communication ICs (ESCs),
which are connected in series internally. For this reason the CU1128 appears as three individual slaves in
the EtherCAT configurator, although they are located in one housing. The interrelationship between the
internal ESC ports (A, B, C, D) and the descriptions of the connection sockets (1..8) is as follows:

—{2—{—{s—
4 4 4
IN [1]—%.3;5.355.9'9» 8]

vV VvV
— {5 {7 —

Fig. 10: CU1128 - diagram

Accordingly, three devices are displayed in the TwinCAT System Manager:

EI- [ - Configuration

- B 1/0 Devices General I Adapter I EtherCAT - Online I CoE - Online I
==& Dievice 4 (EtherCAT)
..ufm Device 4-Image MNa | addr | Mame | state | CRC
+ Device 4-Image-InF|:| -P;+1 1007 Box 1 [ELH 1 EB] aF 0,00
- &1 Inputs W2 1002 Tem 2 (CU1128) arF 0.0.0
G- @) Outputs 31003 Tem 3 (CU1128) ar 0
-8 InfoData

iy Box 1 {CU1128)
- § InfoDaka
T State
by Term 2 {CU1128)
- E-§ InfoData
-] State
-sds Term 3 (CU1128)
=% InfoData
T State

Fig. 11: Three slaves in the TwinCAT System Manager

Please note:
« port 1 is always the input for the EtherCAT traffic in the CU1128.
» the other ports 2..7 should be used as outputs.
« itis not permitted to delete subdevices once the CU1128 has been configured.

For differentiation see also EEPROM Update [» 87].

CU1123-00x0, CU1124, CU1128 Version: 2.4
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CU1128 - Topological configuration

With the CU1128, special attention should be paid to the sequence of the EtherCAT slaves. Since the
CU1128 has seven junction ports, drop lines connected to ports must and can be clearly identified in
practice. If incorrect information is provided in the configuration (TwinCAT System Manager file *.tsm), the
system cannot start.

For each EtherCAT device the System Manager indicates at which Previous Port it is connected, i.e. the
name of the connected port (B to D) of the previous slave. This also applies for the internal connections
between the ESCs in the CU1128:

s Box 1 (CU1128) EtherCAT Adde [T [1002 = Advanced Settings... |
=-§ InfoDats S _ Iﬁ

o Shate |dentification Walue: |0 =

El..L Term 2 (CU1128) Previous Port; IB::::-: 1([CU128]-C 'I

=- # InfoData

Lol State
sy Term 3 (CU1128)
- § InfoData

. &l State

Fig. 12: Previous port of the second ESC in the CU1128

In fig. Previous port of the second ESC in the CU1128, for example, it is stated that the second ESC in the
CU1128 “Box 17, called “Term 2”, is connected to ESC 1 Port C; cf. Fig. CU1128 - diagram. This setting
cannot be changed, since it is defined by the CU1128 device.

In general, however, it is changeable if a pluggable coupler, EtherCAT Box or similar is present in the
configuration; see Fig. Set the Previous Port for an EK1100. Then,

+ drag & drop with the mouse can then be used in the System Manager to set up the general position in
the 1/0O system.

« the previous port in the “fine adjustment” can be selected, if several options are available.

[+ & Infolata
|5_|---+'L B 1 (CLI1128) General EtherCAT | Oriine |
El‘ Infolrata
Ll State Type: IEK'HEIEI EtherCAT Coupler [24 E-Bus]
s Term 2 (CUT128) Product/Revision:  |EK1100-0000-0017 [044c2¢52 / 00110000)
! -8 InfoData
© Gt State Auto Inc Addr IFFFE
iRl Term 4 (EK1100) EtherCaT addr ™ |1nn3 = Advanced Settings... |
s Term 3 (CU1128)
=& InfoData [dentifization 4alue; IEI 3:
-9 State Previous Port: | Temn 2 (CUT128] - B =]

Fig. 13: Set the Previous Port for an EK1100

In fig. Set the Previous Port for an EK1100, the coupler “Term 4” is set up as successor to the ESC2 “Term
2”. Both free ports of the ESC2 (B and D, see Fig. CU1128 - diagram) are thus available in the previous port
selection of the EK1100; B is selected here.

The System Manager detects whether ports can technically and actually be connected by means of the port
property, i.e. Ethernet or E-bus in the ESI/XML device descriptions. The internal connections in the CU1128
are E-bus connections, the eight ports on the other hand are Ethernet, see fig. CU1128 - diagram.

See also notes for configuration setup [» 811.
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4.2 Basic function principles of EtherCAT junctions

Some Beckhoff EtherCAT devices can be used for junctions in the EtherCAT segment. These include
EK1122, EK1521, EP1122 or also CU112x. In the following examples only the EK1122 is used. The
technical and system characteristics of the other devices are similar.

EtherCAT handling in the slaves

With EtherCAT as fieldbus protocol a wide range of bus topologies can be used: line, star and tree topology,
with redundancy support even ring topology. The simplest topology is the line topology, in which each
EtherCAT slave passes the data on to the only next slave; see following Fig. EtherCAT line topology.

WLLLEITLL
*gﬁ%&ﬁﬁ i

Fig. 14: EtherCAT line topology

When using, for example, EK1100 EtherCAT Couplers, a junction and thus a type of tree topology is
possible; see following Fig. Line topology with extensions.

Fig. 15: Line topology with extensions

The basic principle is that internally the Ethernet frame(s) with the EtherCAT protocol data continue to be
transported in a logical ring:

» the EtherCAT master sends the frame on the two outgoing lines of the Ethernet cable
« this frame passes each slave once,
 is reversed by the last slave in the logical sequence

» and is returned to the master through each EtherCAT slave via two return lines of the Ethernet cable
without further processing.
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At short cycle times in the order of 50 us at 20,000 Ethernet frames are in transit in the EtherCAT system
every second, plus acyclic organizational frames. The master awaits the return of the sent frames, which
return the device input data to the master, for example. Telegram transfer between slaves is link-based: An
EtherCAT slave will only forward a frame if a 'link' signal to the next device is present. Normally it can be
assumed that the downstream device correctly processes each EtherCAT telegram and returns or process it
at the end.

The crucial factor for forwarding EtherCAT telegrams is that a link signal is reported only from one slave to
the next if both slaves are actually ready for real-time participation in data processing. Specifically, this
means that an EtherCAT slave should not open the respective Ethernet port until it is ready to receive and
forward an Ethernet frame immediately.

A switch or router is usually used for standard Ethernet traffic forwarding. Any collisions or frame losses are
compensated through frame repetition in the higher level protocol layers (e.g. TCP). This mode is generally
not used for EtherCAT due to the short cycle times and the real-time requirement. Some Ethernet devices
such as special switches, for example, report a link to the remote terminal even if they will only be ready for
data processing in a few milliseconds. This behavior is particularly noticeable in media converters from
100Base-TX (copper) to 100Base-Fx (optical fiber), which may report a link to the preceding EtherCAT slave
even if the optical fiber connection is interrupted, depending on the setting on the copper side.

Fast link detection is therefore a central component of each ESC (EtherCAT slave controller, hardware
processing unit for the EtherCAT protocol). According to the EtherCAT specification an ESC can have and
control one to four ports. Via an open port it can handle outgoing and incoming Ethernet traffic. The direction
of data flow in a fully configured ESC is shown in Fig. Direction of data flow in the ESC — the data in the
EtherCAT datagrams are thereby processed only between Ports 0 (A) and 3 (D) in the EtherCAT processing
unit.

A‘F‘or1$ ]
(o
Auto-
Forwarder
"purtﬁnn-e;
EtherCAT N \\Qj
//—' Processing Unit ¥ pert T ciosed ¥ %
Loopback function
3 A = - T
| ﬁ?é : % £ £ s ; y
Por 0 & Egz § £ EtherCAT 2 § § Port 1
{a) it BB Slave Contraller gz il | .8 )
‘: =—| % 8l —=239—
N3 /4 5
k\ Loopback function
\ .I‘_H pot 2 closed : :_/"/
N 7
purtzm-en‘
10
Aute-
Farwarder
FPor2 |
()

Fig. 16: Direction of data flow in the ESC
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Ideally link detection and therefore port handling in the ESC should be fast enough that lost frame events are
avoided even at 100 ys cycle time. Nevertheless, at least one lost frame can never be ruled out if a
connection is disconnected while an Ethernet frame is in transit on this line and in the bus segment
downstream of the separation point.

Implementation: EL terminal

A standard EtherCAT slave such as a Beckhoff EL terminal has two ports:

+ one for incoming frames (port 0 [A])
+ and one for outgoing frames (e.g. port [D]).

The other two ports are internally closed in the ESC. An EtherCAT telegram enters the processing unit via
port 0 (A)/top and is forwarded to the next slave via port 3 (D)/left, if a link to this port exists - see green
arrows. This is the case if a further EL terminal is connected to the right.

If no link exists, the frame is forwarded to port 1(B) via the purple route. This and port 2 (C) have no link and
therefore return the frame to port 0 (A), where the frame leaves via the same Ethernet port through which it
arrived at the slave. This is the case if the terminal acts as end terminal.

An EtherCAT device with a single port is therefore only of limited use, since it can only be used as end
device.

Implementation: EK1100 EtherCAT Coupler

Three of the four available ports in the EK1100 EtherCAT Coupler are used, thus enabling a connection to
the right to terminals and via an RJ45 socket to further couplers; cf. Fig. “Line topology with extensions
[»_237". In the EK1100 the processing unit is not used for process data exchange.

Implementation: EK1121-0010 EtherCAT junction, Extended Distance

As in the EK1100, three ESC ports can be connected in these junctions: Two via E-bus within the terminal
and one via the RJ45 sockets with Ethernet configuration.

Implementation: EK1122 EtherCAT junction

In the EK1122 all four ESC ports can be connected - two via the internal E-bus and two via the RJ45 sockets
with Ethernet configuration. In the TwinCAT System Manager the link statuses of ports 0, 1, 2 and 3 are

shown by the online display — they are designated there as ports A, B, C and D; see Fig. “Topology display
for interrupted line [P 28]".

Implementation: EK1521 / EK1521-0010 / EK1561 EtherCAT junction

As in the EK1100, three ESC ports can be connected in these junctions: Two via E-bus within the terminal
and one via the SC socket/versatile link and optical fiber cable/POF line.

Implementation: CU1123-00x0 EtherCAT junction

In the CU1123-00x0 EtherCAT junction three of the four available ports can be connected via the RJ45
sockets.

Implementation: CU1124 EtherCAT junction

In the CU1124 EtherCAT junction all four available ports can be connected via the RJ45 sockets.

Implementation: CU1128 EtherCAT junction

The CU1128 integrates three ESCs, which means eight ports in total are available to users. The three ESCs
are interconnected via E-bus.
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Example configuration with EK1122

The following section describes the link characteristics under TwinCAT and its representation in the System
Manager.

+- Bl S¥STEM - Configuration . :
B8 1uC - Corfiguration General | Adapter | EtherCaT | Online | CoE - Online
B PLC - Configuration
= - I/C - Configuration Mo Addr | Mame State CRC
—- B 1/0 Devices 1 1001 Termm 1 [EK1700] oF 0.0
-7 Device 4 (EtherCAT) H 2 1002 Term 2 [EK1122] ap
== Device 4-Image (] 31003 Term 3 [EK1700] oF n.o
== Device 4-Image-Info : 11004 Term 4 [EL310Z2) oF 1]
- 4T Inputs § .5 1005  Term 3(EK1700) oF n.o
+- § Outputs : " 1008 Term B [EL4732) op 1]
5 § InfoData .j 71007 Tem 7 (EL101Z) oF n.o
=1 Term 1 (EK1100) § 8 1008 Temm 8[EL2004] oF 1]
+- % InfoData
=1- M2} Term 2 (EK1122)
+- 4§ InfoData
—-[fi Term 3 (EK1100)
+- @ InfoData
+ ™ Term 4 (EL3102) Atz State: oF Counter Cyclic Queved
= i Term S (EK1100 -
L oo || (00 (o) (0] (G ] | pedfons 71 ¢ 54
+- M Term 6 (EL4732) [ ClearCRC | [ ClearFrames | %Dj::‘FTEITIES g : g
i w/Fu Errors
: .j IZ:: ; EEEE;?; [ Save Online Data ] [Lu:uad Online Data...]
| Term 11 (L9011} ] Offfine
i"ﬁ Mappings

Fig. 17: Example configuration

The TwinCAT online topology shows the wiring scheme, see Fig. Online Topology. The EK1122 is selected,
so that further information is shown. The green bars above the slaves indicate the correct RUN state in all
slaves.
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I Topologie
ansicht  Offline  Online

Online Configuration

&

| Online || Process Data

Mame: Klemme 2 (EK1122) |

Type: EK1122 |

EtherCaT Addr (1002

Auto Inc &ddr |FFFF
| dertity
Vendor Id 2| FevisionNe [0x00100000
Product Code: 0=04622c52 Serial N C=00000000

Praduct/Fevision: |EK1122-0000-0016 |

Fig. 18: Online topology

An error is now generated by disconnecting the connection between the upper RJ45 socket (X1) and the
EL3102 device. Within a few us the ESC in the EK1122 detects the lost link and automatically closes the
affected port. This has the effect that the next incoming EtherCAT telegram is immediately forwarded to port
D (port 3) and the EL4732. The link is thus missing here and the System Manager marks this in the online
display; see following Fig. Example configuration with interrupted cable.
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BBl 5STEM - Configuration

BB nC - Configuration

B® PLC - Configuration
= - I} - Configuration

=B 1}0 Devices

| Device 4 (EtherCAT)
=f= Device 4-Image
== Device 4-Image-Info
%T Inputs
‘l Oukputs
Infolata
Term 1 (EK1100)
InfoData
Term 2 (EK1122)
& InfoData
[i Term 3 (EK1100)
# InfoData
H Term 4 (EL3102)
[i Term s (EK1100)
& InfoData
B Term & (EL4732)
§ Term 7 (EL1012)
B Term & (EL2004)
| Term 11 (EL3011)

&8 Mappings

-

0
&

- B8

m

General | &dapter | EtherCaT | Onling | CoE - Orline
Mo Addr | Mame State CRC
[ 1 1001 Term 1 [EKI700] apP n.a
21002 Temn 2 [EK1122) 0P LHE_MIS D 0,00
] 31003 Term 3 [EK1100) [MIT MO_COkM 0.a
711004 Term 4 [EL3102) IMIT HO_CORM 1]
[§ 51005 Tem 5(EK1100] apP n.a
B 1006 Tem 6 [EL4732] oP 1]
j 7 1007  Temn 7[EL1012) aP 0.a
HE 2 1002 Term B (EL2004) oP i
Actual State: oF Counter Cyclic Hueued
p g . Send Framez 16322 + 7153
[ It ] [F're Elp] [SafEDp] [ Op ] Frames / zec 249 + 77
[ ClearCRC | [ ClearFrames | | LostFrames 0 + 0
Tu/BeEmars 0 0

[ Save Online Data ] [Lu:uad Online Data...]

Delete Online Data | [] Difline

Fig. 19: Example configuration with interrupted cable

The System Manager messages can be interpreted as follows:

* Address 1002 - EK1122: “OP LNK:MIS D”: The slave is in OP state, although a link is missing at port D
(3) that should be present according to the configuration

* Address 1003 - EK1100: “INIT NO_COMM?”: Since communication with this slave is interrupted its state

is shown as INIT
e Address 1004 - EL3104: ditto

@& Logger output

The logger output can be displayed in the lower part of the System Manager (Display — Show Log-
ger Output). This may be helpful for diagnostic purposes (for link interruptions and other situations).

In the topology display any slaves affected by interruption are shown with a red border, see the following Fig.

Topology display for interrupted line.
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I Topology

Wiew  Offline  Online

Online Configuration

EtherCaT I:|ﬂ|lﬁl3| Process Data

State Machine

[ [ it ] [ Safe-Op ] [ Boaotstrap ]
[ Fre-Op ] [ Op ] [ Clear Ermar ]
Current State: |DP LMK_MIS D |

Fequested State; |EIF' |

Crz Ermor Counters

Fig. 20: Topology display for interrupted line

In Fig. "Example configuration [» 26]” and Fig. "Example configuration with interrupted cable” [ 28] note the
display of acyclic frames, see the following Fig. Comparison of the frame displays in the System Manager.

N Addr | MName CRC Mo Addr | MName State CRC
[ 1 1001 Temm 1 [EK1100) 0.0 £ 1001 Temm 1 [EK1100) Z 0.0
iz 1002 Tem 2 (EK1122) iz 1002 Tem 2 (EK1122) 0P LME_MIS D 0,00
[f 31003 Tem 3 (EK1100) 0.0 [f 31003 Tem 3 (EK1100) INIT MO_COMM 0.0
%1004 Tem 4 (EL3102) ] %1004 Tem 4 (EL3102) ]
[{ 51005 Tem 5 (EK1100) 0.0 [{ 51005 Tem5(EK1100) 0,0
B 006 Tem G [EL473Z) ] B 1006 Tem G [EL4732) oF ]
§7 1007 Tem7(EL1012) 0.0 §7 1007 Tem7(ELIOZ) oF 0.0
B8 1008 Temm 8 (EL2004) ] B8 1008 Temm 8 (EL2004) op 0

Actual State: op Counter Cyclic Oueued  Actual State: aF Counter Cyclic Queued
: Send Frames 7131 : Send Frames 16922
It Pre-0 Sale-0 u] It Pre-0 Safe-0 u]
[ L ] [ = |:-] [ = p] [ E ] Frames / sec 247 @ [ L ] [ = |:-] [ = p] [ E ] Frames / zec 249 @
[ CearCAC | [ ClearFrames | | LostFrames O [ CearCAC | [ ClearFrames | | LostFrames O
" 1T - 1T

Tu/RuEmmore 0 /o0 T=/Rw Erore 0 ]

= — - . ' I 1 = — - . ' I 1

Fig. 21: Comparison of the frame displays in the System Manager

The image on the left shows a small number (2) of acyclic frames sent by the master during the respective
second - all slaves are operating properly. The image on the right shows a significant increase (currently 77
acyclic frames/sec): The EtherCAT master has quickly detected that not all slaves are properly taking part in
the data exchange. Once the master has located the fault, it continuously tries to restore the connection.
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Reconnection

Once the connection has been restored, the EK1122 reports to the master that a link is present again at port
D (3). The EtherCAT master will then make its process data available again for this section. One the
preparations are complete, it will instruct the EK1122 to re-open port D (3) for regular data exchange. Cyclic
and acyclic data traffic with the other EtherCAT slaves continues normally.

@ External access to EtherCAT diagnostics

1 The system offers a wide range of options for accessing status and diagnostic information and
EtherCAT master functions from the PLC. Almost all information displayed by the System Manager
online can also be retrieved via ADS (see figures on this page). System Manager functions can also
be triggered via PLC or ADS. Please refer to the relevant sections in the Beckhoff Information Sys-
tem and the notes on EtherCAT diagnostics.
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5 Mounting

5.1 CU1123-00x0, CU1124 - Mounting and removal

The CU1123-00x0 and CU1124 EtherCAT junctions are fastened on the mounting surface with the aid of a
35 mm DIN rail (according to EN 60715).

@ Mounting rail installation

1 Please ensure that the CU1123-00x0 und CU1124 is pushed on until it makes contact with the
mounting rail and audibly clicks into place on the mounting rail. See chapter Recommended mount-

ing rails [»_32].

Mounting
» Fit the mounting rail to the planned assembly location.
+ Position the device in the mounting rail with the spring at the top of its latching flange (1)
» Push the lower side of the device (2) against the mounting surface until it latches on the mounting rail.
 Attach the cable.

T 2.:

¢

Fig. 22: Mounting

Removal
* Remove all the cables.
» Pull the strap on the underside of the device (1) downwards with a screwdriver
 Pull the device upwards away from the mounting surface (2)

3 e ' 23

4

Fig. 23: Removal
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511 Recommended mounting rails

Terminal Modules und EtherCAT junctions CU1123-00x0 and CU1124 can be snapped onto the following
recommended mounting rails:

* DIN Rail TH 35-7.5 with 1 mm material thickness (according to EN 60715)
« DIN Rail TH 35-15 with 1.5 mm material thickness
* DIN Rail TH 35-15 with 2.2 mm up to 2.5 mm material thickness
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5.2 CU1128 - Mounting and removal

The CU1128 EtherCAT hub is fastened to the mounting surface with the aid of a 35 mm mounting rail
(according to EN 60715).

Mounting
» Fit the mounting rail to the planned assembly location.
» Suspend the device on the mounting rail with the spring on the lower side of its latching flange.
* Press the device upwards (1).

» Press the upper side of the device (2) against the assembly surface until it latches in the mounting rail.
+ Attach the cable.

e o .'I"\-'. .
| ==_ E

i

Fig. 24: Mounting

Removal
* Remove all the cables.
* Press the device upwards (3).
« Pull the other side of the device (4) away from the assembly surface.

q | e
| ] 1

= q

4 A

zf 2

Fig. 25: Removal
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5.3 Cabling of power supply

Pin configuration of the spring loaded terminal

CU1123-00x0, cu1128
Cu1124

- PE - PE

ov ov

24\ 24

Fig. 26: Pin configuration of the spring loaded terminal

54 Dimensions

@ Space requirement in the control cabinet
* The RJ45 connector increase the depth depending on their design and the Ethernet cable used.

+ Above the mounting rail an additional height of approx. 10 mm is required to enable latching
[»_33] of the switch onto the rail.

CU1123-00x0, CU1124
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Fig. 27: CU1123-00x0, CU1124 dimensions
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Fig. 28: CU1128 dimensions
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5.5 LED Displays

CU1123-00x0, CU1124 - LEDs

I
RUN X1
N
-®
LNK/ACT

: m

Fig. 29: CU1123-00x0, CU1124 LEDs
» The green RUN-LED indicates the state of the EtherCAT State Machine. It is located at the top of the
first RJ45-port (X1).

« The green LNK/ACT-LEDs indicate the current state of each channel. They are located at the bottom of
each RJ45-port.

LED Color Display Description
RUN green off State of the EtherCAT State Machine [>_68]: INIT = initialization of the terminal
flashing State of the EtherCAT State Machine: PREOP = function for mailbox communication and differ-

ent default settings set

single flash  |State of the EtherCAT State Machine: SAFEOP = verification of the Sync Manager [ 70] chan-
nels and the distributed clocks.
Outputs remain in safe state

on State of the EtherCAT State Machine: OP = normal operating state; mailbox and process data
communication is possible
flickering State of the EtherCAT State Machine: BOOTSTRAP = a firmware is loaded
LNK/ACT |green off No connection
on Connection available (link)
flashing Data transfer (act)

CU1128 - LEDs

© Power

L

Fig. 30: CU1128 - Power LED, LNK/ACT-LED

» The green Power LED indicates the presence of the supply voltage (24 V.).

« The green LNK/ACT-LEDs indicate the current state of each channel. They are located at the bottom of
the RJ45-ports X1...X4 and on the top of the RJ45-ports X5...X8.

LED Color Display Description

LNK/ACT |green off No connection
on Connection available (link)
flashing Data transfer (act)
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UL notice

Application

Beckhoff EtherCAT modules are intended for use with Beckhoff's UL Listed EtherCAT Sys-
tem only.

Examination

For cULus examination, the Beckhoff I/O System has only been investigated for risk of fire
and electrical shock (in accordance with UL508 and CSA C22.2 No. 142).

For devices with Ethernet connectors
Not for connection to telecommunication circuits.

pRR

Basic principles

UL certification according to UL508. Devices with this kind of certification are marked by this sign:

L
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5.7 Disposal

Products marked with a crossed-out wheeled bin shall not be discarded

with the normal waste stream. The device is considered as waste

electrical and electronic equipment. The national regulations for the
=mmmm  disposal of waste electrical and electronic equipment must be observed.
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6 Commissioning

6.1 Quick start

No special measures are required for commissioning the CU112x EtherCAT components.

Install the CU112x components as described in chapter Mounting and wiring [P_31].
Notes on the configuration setting can be found in chapter Configuration in the TwinCAT System Manager
[»81]

6.2 TwinCAT Development Environment

The Software for automation TwinCAT (The Windows Control and Automation Technology) will be
distinguished into:

* TwinCAT 2: System Manager (Configuration) & PLC Control (Programming)

« TwinCAT 3: Enhancement of TwWinCAT 2 (Programming and Configuration takes place via a common
Development Environment)

Details:
* TwinCAT 2:

o Connects I/O devices to tasks in a variable-oriented manner
o Connects tasks to tasks in a variable-oriented manner
o Supports units at the bit level
o Supports synchronous or asynchronous relationships
o Exchange of consistent data areas and process images
o Datalink on NT - Programs by open Microsoft Standards (OLE, OCX, ActiveX, DCOM+, etc.)

o Integration of IEC 61131-3-Software-SPS, Software- NC and Software-CNC within Windows
NT/2000/XP/Vista, Windows 7, NT/XP Embedded, CE

o Interconnection to all common fieldbusses

o More...

Additional features:

* TwinCAT 3 (eXtended Automation):
o Visual-Studio®-Integration
> Choice of the programming language
o Supports object orientated extension of IEC 61131-3
o Usage of C/C++ as programming language for real time applications
o Connection to MATLAB®/Simulink®
> Open interface for expandability
o Flexible run-time environment
o Active support of Multi-Core- und 64-Bit-Operatingsystem
> Automatic code generation and project creation with the TwinCAT Automation Interface
> More...

Within the following sections commissioning of the TwinCAT Development Environment on a PC System for
the control and also the basically functions of unique control elements will be explained.

Please see further information to TwinCAT 2 and TwinCAT 3 at http://infosys.beckhoff.com.
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6.2.1 Installation of the TwinCAT real-time driver

In order to assign real-time capability to a standard Ethernet port of an IPC controller, the Beckhoff real-time
driver has to be installed on this port under Windows.

This can be done in several ways. One option is described here.

In the System Manager call up the TwinCAT overview of the local network interfaces via Options — Show
Real Time Ethernet Compatible Devices.

File Edit Actions View Help

0= w & | Show Real Time Ethernet Compatible Devices...

Fig. 31: System Manager “Options” (TwWinCAT 2)

This have to be called up by the Menu “TwinCAT” within the TwinCAT 3 environment:

o0 Example_Project - Microsoft Visual Studio (Administrator)

File Edit View Project Build Debug | TwinCAT | TwinSAFE PLC Tools Scope Window Help
Pl e S A | & 3 | 9| B Activate Configuration |
_m ﬂ & : 8 ﬂ | n z .\ @ [ E  Restart TwinCAT System

= F‘.estartTwiﬂ"_"_l <i/IP Link Register...

upuaie Firmware/EEPROM k
Show Realtime Ethernet Compatible Devices... R
Fiie Handling k
EtherCAT Devices 4
About TwinCAT

Fig. 32: Call up under VS Shell (TwinCAT 3)

The following dialog appears:

Installation of TwinCAT RT-Ethernet Adapters

— Ethernet Adapters

Eﬂ Installed and ready to use devices
B8 LAN3 - TwinCAT Intel PCI Ethernet Adapter (Gigait) Iristal
- 100M - TwinCTAT -Intel PCI Ethemnet Adapter

; Bid

B8 16 - TwinCAT-Intel PCI Ethemet Adapter (Gigabit] 4 |

- H@ Compatible devices Urkind |

-H8 Incompatible devices

- EHE Dizabled devices Enable |
Disable |

[ Show Bindings
Fig. 33: Overview of network interfaces

Interfaces listed under “Compatible devices” can be assigned a driver via the “Install” button. A driver should
only be installed on compatible devices.

A Windows warning regarding the unsigned driver can be ignored.

Alternatively an EtherCAT-device can be inserted first of all as described in chapter Offline configuration
creation, section "Creating the EtherCAT device” [P 49] in order to view the compatible ethernet ports via its
EtherCAT properties (tab “Adapter”, button “Compatible Devices...”):

40 Version: 2.4 CU1123-00x0, CU1124, CU1128



BEGKHOFF Commissioning

(+-Bf8 5¥STEM - Configuration : O
' NC - Configuration _E_General_il-ﬁ-daptﬂl| EtherCAT | Onling | CoE - Online
- B PLC - Configuration ®
: 3 ; Metwork, Adapter
E' I} - Configuration
= 1jO Devices () 05 [NDIS) PO () DPRAM
| -7 |Device 1 (EtherCAT - A .
= Mal:llpings { ) Description: [1G (IntellR) PROA000 P Metwork Connection - Packet Sched |
Device Mame: i"-.D EVICES{ZESRATCZ-AFES-4862-498 8-FCODE 2444BF 0} i
PCI Bus/Slot ! M Search... |
MAC Address: 00 01 0505 (354 | | Compatible Devices... ||
IP Address: |169.254.1.1 (255 255.0.0] i

Fig. 34: EtherCAT device properties(TwinCAT 2): click on “Compatible Devices...” of tab “Adapte™

TwinCAT 3: the properties of the EtherCAT device can be opened by double click on “Device .. (EtherCAT)”
within the Solution Explorer under “1/O”:

4 Fvo
4 ‘ﬂ% Devices
» |7 Devicel (EtherCP&

After the installation the driver appears activated in the Windows overview for the network interface
(Windows Start — System Properties — Network)
-4 1G Properkies E|EJ

General |.-’-'-.uthentiu:atiu::n ( .ﬁ.dvanced_i

Connect uging:

i B TwinCATIntel PCI Ethemet Adapter | |

Thiz connection uzes the following kems:
[+ ;| b Fiar b [t 3 i I
.@ File and Printer Sharing for Microzoft Metworks :
vl (105 Packet Scheduler |
i
|

¥ %= TwinCAT Ethernet Pratocol | |
< |
[ [natall... ] [ Uninstall ] [ Froperties ]
Dezcription

Allovwz pour computer o access resources o a Microzoft
niebwarl.

Show icon in notification area when connected
Matify me when thiz connection haz limited or no connectivity

ak. ] [ Cancel

Fig. 35: Windows properties of the network interface

A correct setting of the driver could be:
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— Ethernet f—'-.u:lapters

Installation of TwinCAT RT-Ethernet Adapters

IIpdate List

El l-"° L.-'-‘-.N "v"erl:undung Tme.-'-‘-.T Intel PCl Ethernet Adapter [Gigabit)
------ i [W] vt TwinCAT Ethernet Protocol

l-'b Compatible devices

l;b' I_rj_cumpatil:ule devices

: ----- ;E" LaM-Aerbindung 2 - Intel[R] 82573LM Gigabit Metwark Connection

¥ Digabled devices

Fig. 36: Exemplary correct driver setting for the Ethernet port

Other possible settings have to be avoided:

[zt

Bird

Hrbind

Enable

Dizable

¥ Show Bindings
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Installation of TwinCAT RT-Ethernet Adapters (5]
- Ethernet Adapters Update List l
a1 d and ready to uze . :
=-&F LANAerbindung 2 - Intel[Fl] BEETEILM Gigabit Metwork Connection Izt I
- TwinCAT Ethernet Pratocal for all Metwork, Adapters B I
g TwinCAT RE-Ethemet Intermediate Driver acha
-8 LAN-Verbindung - TwinCAT-Intel PCI Ethernet Adapter (Gigabit) e ]
i [Wf] i TwinCAT Ethemet Protocol for all Metwark Adapters
b [ 38 TusinCAT RtEthemet Intermediate Driver Enable |
----- l‘-'f' Compatible devices ;
----- ¥ |ncompatible devices Disable I
----- ¥ Disabled devices
WRONG: both driver enabled Bl

?-'fns.t'a.i lation of TwinCAT RT-Ethern ej&..ﬁcdapi':ers

b l_-'l" Dizabled devices e
izable

- Ethernet Adapters Ipdate List !
: * Inztalled and ready to use devices T
EII‘-'_'r Compatible devices a5l |
EI---'I-'F LAN-erbindung - TwinCAT-ntel PC Ethernst Adapter [Gigabit) B !
R Dg TwinCAT Rr-Ethemet Intermediate Driver —
E|='_F Incompatible devices Irbird |
i EI---'I-'F LANAerbindung 2 - Intel(R] 82579LM Gigabit Metwork, Connection
------ .g TwinCAT RE-Ethemet Intermediate Driver Enabls 1

WRONG: Intermediate enabled

¥ Show Bindings

TInstallation of TwinCAT RT-Ethernet Ad apters

— Etheret ddapters Update List

=l
T Irstalled and ready to use devi — !
¥ Compatible devices Instal _|
- lil" LasM A erbindung - TwinCAT -ntel PCI Ethemet ddapter [Gigabit) - !
‘ i [ -2 TwinCAT Ethemet Protocol for all Metwork Adapters
EII‘-;I‘ Ilrju_:u:umpatible devices |Inbind |
i El---:'i?' LAMYerbindung 2 - IntellR] 825790 Gigabit Metwark Connection
! i ] e TwinCAT Ethemet Protocol for &ll Metwark &dapters Enatle i
L l_:!‘ Dizabled devices :
Dizable J

WRONG: enabled for all network adapters

[ ¥ Show Bindings

Installation nff;l;w'iahifiﬁil%:ﬁ'i"'—f{hern'et'.ﬁidap."cers ll:
— Ethemet Adapters Update List !
| ﬁ"’i Inztalled and ready to use des =

Compatible devices Instal _|
l_-'ll" LasM A erbindung - Intel(R] 825741 Gigabit Mebwork, Connection Bind !

Incompatible devices
: li'll" LaM-Yerbindung 2 - Intel[R] 825791 Gigabit Metwork, Connection [Irbind I

¥ Dizabled devices
; 3 3 Enable i
WRONG: no TwinCAT driver
Dissble |
[ [ Show Bindings

Fig. 37: Incorrect driver settings for the Ethernet port
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IP address of the port used

& I[P address/DHCP

1 In most cases an Ethernet port that is configured as an EtherCAT device will not transport general
IP packets. For this reason and in cases where an EL6601 or similar devices are used it is useful to
specify a fixed IP address for this port via the “Internet Protocol TCP/IP” driver setting and to disable
DHCP. In this way the delay associated with the DHCP client for the Ethernet port assigning itself a
default IP address in the absence of a DHCP server is avoided. A suitable address space is
192.168.x.x, for example.

General |-Em_er.‘|-t.icaticun || Advanced |

Connect uging:
BE TwinCAT-Intel PCl Ethernet Adapter [ ‘ Corfigure...

Thiz connection uzes the following items:

JB1 05 Packet Scheduler il
% TwinCAT Ethernet Protocol
] Internet Protocol [TCRAF] |

¢ | B3

Iretall. |triirvzkall Froperties

Internet Protocol (TCEP/IP) Properties

Gerneral |

You can get IP settings azsigned automatically if vaur netwaork, suppar
thiz capability. Otherwize, you need o azk vour network: administrator
the appropriate P zethings.

"3 Obtain an IP address autormatically
I@l Idze the following |F address: I

IP address: (163254, 1 .1 |

Fig. 38: TCP/IP setting for the Ethernet port
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6.2.2 Notes regarding ESI device description

Installation of the latest ESI device description

The TwinCAT EtherCAT master/System Manager needs the device description files for the devices to be
used in order to generate the configuration in online or offline mode. The device descriptions are contained
in the so-called ESI files (EtherCAT Slave Information) in XML format. These files can be requested from the
respective manufacturer and are made available for download. An *.xml file may contain several device
descriptions.

The ESI files for Beckhoff EtherCAT devices are available on the Beckhoff website.

The ESI files should be stored in the TwinCAT installation directory.

Default settings:
* TwinCAT 2: C:\TwinCAT\IO\EtherCAT
¢ TwinCAT 3: C:\TwinCAT\3.1\Config\lo\EtherCAT

The files are read (once) when a new System Manager window is opened, if they have changed since the
last time the System Manager window was opened.

A TwinCAT installation includes the set of Beckhoff ESI files that was current at the time when the TwinCAT
build was created.

For TwinCAT 2.11/TwinCAT 3 and higher, the ESI directory can be updated from the System Manager, if the
programming PC is connected to the Internet; by

« TwinCAT 2: Option — “Update EtherCAT Device Descriptions”
* TwinCAT 3: TwinCAT — EtherCAT Devices — “Update Device Descriptions (via ETG Website)...”
The TwinCAT ESI Updater is available for this purpose.

& ESI

The *.xml files are associated with *.xsd files, which describe the structure of the ESI XML files. To
update the ESI device descriptions, both file types should therefore be updated.

Device differentiation
EtherCAT devices/slaves are distinguished by four properties, which determine the full device identifier. For
example, the device identifier EL2521-0025-1018 consists of:

« family key “EL”

* name “2521”

+ type “0025”

« and revision “1018”

Name
1
(ELEE21-0025-10718)
—
Revisian

Fig. 39: Identifier structure

The order identifier consisting of name + type (here: EL2521-0010) describes the device function. The
revision indicates the technical progress and is managed by Beckhoff. In principle, a device with a higher
revision can replace a device with a lower revision, unless specified otherwise, e.g. in the documentation.
Each revision has its own ESI description. See further notes.
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Online description

If the EtherCAT configuration is created online through scanning of real devices (see section Online setup)
and no ESI descriptions are available for a slave (specified by name and revision) that was found, the
System Manager asks whether the description stored in the device should be used. In any case, the System
Manager needs this information for setting up the cyclic and acyclic communication with the slave correctly.

-

TwinCAT Systern Manager

Mew device type found [EL2521-0024 - 'EL2521-0024 1K, Pulze Train 248% DC Ausgang').
ProductRevizion EL2521-0024-1016

Ilze available online description instead

[7] Apply to al [ Y'es ] [ MHa ]

Fig. 40: OnlineDescription information window (TwinCAT 2)

In TwinCAT 3 a similar window appears, which also offers the Web update:

TwinCAT XAE

Mew device type found [EL2521-0024 - 'EL2521-0024 1K. Pulze Train 24% DC Auzgang'].
ProductRevizion EL25621-0024-1016

I1ze available online description ingtead [YES] or try to load appropriate descriptions from the web

[T] &pply to al ’ ez ] [ Mo ] [ Online ESI Update [web access required)... ]

Fig. 41: Information window OnlineDescription (TwinCAT 3)

If possible, the Yes is to be rejected and the required ESI is to be requested from the device manufacturer.
After installation of the XML/XSD file the configuration process should be repeated.

NOTE

Changing the “usual” configuration through a scan

v' If a scan discovers a device that is not yet known to TwinCAT, distinction has to be made between two
cases. Taking the example here of the EL2521-0000 in the revision 1019

a)no ESl is present for the EL2521-0000 device at all, either for the revision 1019 or for an older revision.
The ESI must then be requested from the manufacturer (in this case Beckhoff).

b)an ESl is present for the EL2521-0000 device, but only in an older revision, e.g. 1018 or 1017.
In this case an in-house check should first be performed to determine whether the spare parts stock al-
lows the integration of the increased revision into the configuration at all. A new/higher revision usually
also brings along new features. If these are not to be used, work can continue without reservations with
the previous revision 1018 in the configuration. This is also stated by the Beckhoff compatibility rule.

Refer in particular to the chapter “General notes on the use of Beckhoff EtherCAT IO components” and for
manual configuration to the chapter “Offline configuration creation [»_497".

If the OnlineDescription is used regardless, the System Manager reads a copy of the device description from
the EEPROM in the EtherCAT slave. In complex slaves the size of the EEPROM may not be sufficient for the
complete ESI, in which case the ESI would be incomplete in the configurator. Therefore it's recommended
using an offline ESI file with priority in such a case.

The System Manager creates for online recorded device descriptions a new file
“OnlineDescription0000...xml" in its ESI directory, which contains all ESI descriptions that were read online.
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CnlineDescriptionCache00000002 , xmil

Fig. 42: File OnlineDescription.xml created by the System Manager

Is a slave desired to be added manually to the configuration at a later stage, online created slaves are

indicated by a prepended symbol “>” in the selection list (see Figure Indication of an online recorded ESI of
EL2521 as an example).

Add FierCAT deace at peet B (F-fas) of Tewn 1 b |
Semich oz Mam= Tem 2 Mulipl= 1 & oK
T | 2 B Backbol Adonlion Gtk & Co KD ] Cancs
F .Ii - L
= 3 Digtal Dupot Teminels [EL 20w Pail
B ELINCE2CH D Dot 24y 05 8 BB
-B3 EL20M 4Ch. Dig. Dulpt 247 . 054 ¥ !
®§h2032 2h Dig Dutper 24, 24 Disg "
251 1K Fubs Tian Ausgeng et

| E dmndsd Infonmation |} S Hidd e Disrvicoms | Shaowe Sub Groupe

Fig. 43: Indication of an online recorded ESI of EL2521 as an example
If such ESI files are used and the manufacturer's files become available later, the file OnlineDescription.xml
should be deleted as follows:

+ close all System Manager windows

« restart TwinCAT in Config mode

* delete “OnlineDescription0000...xml”

 restart TwinCAT System Manager

This file should not be visible after this procedure, if necessary press <F5> to update

@ OnlineDescription for TwinCAT 3.x

1 In addition to the file described above “OnlineDescription0000...xml”, a so called EtherCAT cache
with new discovered devices is created by TwinCAT 3.x, e.g. under Windows 7:

Co\WrsaryUSERNAME M ppData\Roaming \BeckhoMTwinCA T omponensiBase\EtherCA T Cache xm |

(Please note the language settings of the OS!)
You have to delete this file, too.

Faulty ESI file

If an ESI file is faulty and the System Manager is unable to read it, the System Manager brings up an
information window.

Ternk AT Syster Marwser =5

Micrersortt Visusl Studio ]|

E ] EeCRT de o= 1
B i Ency carsing EteiCAT device desorpsan
S Fila T oA T4 eAE e DA T Bt ol EL R20anl
Dimics EL S 3 Flo GATrAT o e GAT Bk ol ELo
POD <k L ke aredreedd 1o o Pk B e M o g le
(lgxup:fufw wgnoeed ey it oy meaH PO Siehe Us' & assagred 1o o nod exsding Sy bsnegs irstares (1|
[Dsroriptiory will be ipnoesd
% ] 3

Fig. 44: Information window for faulty ESI file (left: TwinCAT 2; right: TwinCAT 3)
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Reasons may include:

+ Structure of the *.xml does not correspond to the associated *.xsd file — check your schematics
» Contents cannot be translated into a device description — contact the file manufacturer
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6.2.3 OFFLINE configuration creation

Creating the EtherCAT device

Create an EtherCAT device in an empty System Manager window.

| ]
fie; SO Ve oo e 1 > @l SYSTEM i Add NewItem.. Ctrl Shift+A
OSsH|sR| i Banihd| 3 I i i Add Existing kem... Shift-ARA
& SYSTEM - Configuration b PLC
B8 NC - Configuration I [E saFeTy Export EAP Canfig File
B® PLC - Configuration @ Lo % Sean
= [ /O - Configuration | . Vo
) /O Devices l - ﬁé .Déyicesf iy Paste Ctri+V
88 Mappings —’M| ' B ﬁ'\:, Mappings Paste with Links

Fig. 45: Append EtherCAT device (left: TwWinCAT 2; right: TwinCAT 3)

Select type “EtherCAT” for an EtherCAT 1/O application with EtherCAT slaves. For the present publisher/
subscriber service in combination with an EL6601/EL6614 terminal select “EtherCAT Automation Protocol
via EL6601”.

Type: -0 Beckhoff Lightbus
-8 Profibus DP

"'I%? Prafinet

--4:iII CAMopen

F_.—E- Devicehlet / Ethemet | /P
&-fff SERCOS interface
-5 EtheiCAT
- HIEE

== EtherCAT Slave

ﬂﬂ EtherCAT Automation Protocol via ELEE0T, EtherCAT
&V Ethemet

Fig. 46: Selecting the EtherCAT connection (TwinCAT 2.11, TwinCAT 3)

Then assign a real Ethernet port to this virtual device in the runtime system.

Deyice Found At [x]

ok,
1000 [IntellR] PRO/00WE Metwork, Connection - Packet Scheduler Mi _
L&M3 [Intel[R] 82541ER Based Gigahit Ethermnet Controller - Packet Scf|
1G [Intel[R) PRO/1000 PM Mebwork Connection - Packet Scheduler Mil
%) Unused
@FY

Fig. 47: Selecting the Ethernet port

This query may appear automatically when the EtherCAT device is created, or the assignment can be set/
modified later in the properties dialog; see Fig. “EtherCAT device properties (TwWinCAT 2)”.
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(- Bl 5¥STEM - Configuration - ST R,
B8 N - Configuration _E_General_il-ﬁ-daptﬂl| EtherCAT | Onling | CoE - Online

----- B PLC - Configuration

E-' I} - Configuration @ Network Adapter

=B 1/0 Devices (% 05 NDIS) QPO (O DPRAM

| -7 |Device 1 (EtherCAT 5 e e - e .

= Mal:llpings { :II Description: [1G [IntelR] PROA000 P Metwork Connection - Packet Sched |
Device Name:  [\DEVICEV{2E55A7C2-AF68-4842-A3B6-7CODE 2844BF 0} i
PCI Bus/Slat ! L b Search... |
MAL Address: 00 01 05 05 £9 54 | [ Compatible Devices... |
IP Address: 1163 254 11 (255 265.0.0) i

[ Pramiscuous Mode [use with Metmonw/ireshark anly)

[ ¥irtual Device Mames

'-':‘.' Adapter Reference
Adapter;

Freemn Cycle [ms). |4 5

Fig. 48: EtherCAT device properties (TwWinCAT 2)

TwinCAT 3: the properties of the EtherCAT device can be opened by double click on “Device .. (EtherCAT)”
within the Solution Explorer under “1/O”:
P e
4 "L Devices
» |7 Devicel (EtherCP&

@ Selecting the Ethernet port

1 Ethernet ports can only be selected for EtherCAT devices for which the TwinCAT real-time driver is
installed. This has to be done separately for each port. Please refer to the respective installation

page [P 40].

Defining EtherCAT slaves

Further devices can be appended by right-clicking on a device in the configuration tree.

M 'O - Configuration |« &Ko
B LD Devicss | a TS Dedoss
« W (EESYIEEEY]) - preeerren |i =% DewierL [FRRSCATE 2 | Add Bow kam.. Cot=Shiftai |
= Mappings i 4 l; B Mappngs 3 3 [eg
3 Dulate Darsicn i Add Badtng Bam.. |
Ll ® e

Fig. 49: Appending EtherCAT devices (left: TWinCAT 2; right: TwinCAT 3)

The dialog for selecting a new device opens. Only devices for which ESI files are available are displayed.

Only devices are offered for selection that can be appended to the previously selected device. Therefore the
physical layer available for this port is also displayed (Fig. “Selection dialog for new EtherCAT device”, A). In
the case of cable-based Fast-Ethernet physical layer with PHY transfer, then also only cable-based devices
are available, as shown in Fig. “Selection dialog for new EtherCAT device”. If the preceding device has
several free ports (e.g. EK1122 or EK1100), the required port can be selected on the right-hand side (A).

Overview of physical layer

» “Ethernet”’: cable-based 100BASE-TX: EK couplers, EP boxes, devices with RJ45/M8/M12 connector
« “E-Bus”: LVDS “terminal bus”, “EJ-module”: EL/ES terminals, various modular modules
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The search field facilitates finding specific devices (since TwinCAT 2.11 or TwinCAT 3).

= —_ - _
Seach | g T lamer Teami1 Hultiple: T b [ oF !
T | @ B Backkall Auamalun BmbH & o KiS ] =
#-3 =15
# ode EtheeTAT Infrasmuchas pomponents s

T Ethervet Post buliphefCLZ e
+ ﬁl Communcakon Temireals [ELEaks|
=-f Srstem Couplas
| CET 000004 EfherCAT Poweer supp (28 E-Bu|

v~ ERT1O0EdeCAT Coupla E-Eug|
ERT101 EtheiCAT Coupler E-Eus, 11 swabchl
ER1200- 5000 EtherTAT Prwer suppin (28 E-Bua|
EETE41 EthaaCAT Couplen (24 E-Bus. POF. (D svalch]
- I’ EF1E14 EtbmCAT |0-Couge [18 E-Bus, 4 Ch. D In, 3mes, 4 Ch. D Dul 245, 0,54]
i B ERASIE EtheTAT 10 Couper (18 E-Bus, BCh. Dig In, 3ms, ¢ Ch. Dig Oul 244, 0,54)

[ ERIECE EberDAT I0-Couden (1A E-Bus. #Ch Dag In,3ms. BCH. g Ot 240 154
-5 EEVEEEOM0E a7 I0-Covpler (10 EBus, B TR Dig Dok 240 0050)

Teminal Couplers [BET e, ILsnacB110]

Cuzlomer 2 pachic Teimiwk
i3 Pansl Couplaz
| EJ ConpbetiE Jisad)

[| EN100EheCAT Copler (224 E-Hug|
iR ety Taimina:
+-q EtherCAT Fizldbus Beosess [EPqnx| -

=

‘@ B |Etwimal|

cona=

o —

. ==F

_iErd.um:l-udIril:url-ull:lrl I Bheae Hidden Devces #|Shom Sub Gmoupe

Fig. 50: Selection dialog for new EtherCAT device

By default only the name/device type is used as selection criterion. For selecting a specific revision of the
device the revision can be displayed as “Extended Information”.

fudd EtherCAT device ot port B [E-Bus} of Term T (EK100) =
Gearch:  nES521 Mame- Tam2 Mupe 1 Bl ok 1
T -+ 838 Beckhoff Aulomaion GméH k Co, K5 I .
M Digha oot Taminals [EL 2]
B FI 250 10h Puke Tran Dutpul [ELZ521 0000 022) Aok

B EL2SHM-0024 1Ch. Pubse Train 240 OC Dulp LE-oo2d 102 )
B ELZN-00257Ch Puee Tran 24 DC Quiput megative |ELZE21-00251021]
--B| ELZSZ10124 1Ch Pulse Tran 289 DC Dulpt Ceplurs/Compars EL252140124-0020) C[Elheeres]

Bl EL2SH-1001 1Ch. Pulse Train Dutpag (EL2 524910001040 wIOUT

| Extmyacded Information | Bl Hiddes Devices |# Shyon Suh Gioups

@ B [E-Bu)

Fig. 51: Display of device revision

In many cases several device revisions were created for historic or functional reasons, e.g. through
technological advancement. For simplification purposes (see Fig. “Selection dialog for new EtherCAT
device”) only the last (i.e. highest) revision and therefore the latest state of production is displayed in the
selection dialog for Beckhoff devices. To show all device revisions available in the system as ESI
descriptions tick the “Show Hidden Devices” check box, see Fig. “Display of previous revisions”.
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Add EtherCAT device at port B (E-Bus) of Term 1 (EK1100])

| 82|
Search: 82521 Marme: Tem 2 Multiple: 1 : [ = ]
Type: EI---% Beckhoff Autamation GrbH & Co. KG - [ Cancel ]
Ellj Digital Output Terminals [ELZxxx]
=™ EL2521 1Ch. Pulse Train Dutput [MEL2521-0000-1022) Part

B EL2521 1Ch. Pukse Train Outpit (EL2521-0000-0000)
B EL2521 1Ch. Pulse Train Output (EL2521-0000-1016)
B EL2521 1Ch. Pulse Train Output (EL2521-0000-1017) _
B EL2621 1Ch, Pulse Train Output [EL2521-0000-1020) © L Etnernet
B EL2521 1Ch. Pulse Train Output (EL2521-0000-1021) 2ot

B EL2521-0024Wh, Pulss Train 24 DC Output (EL2521-0024-1021)

B EL2621.002INCh Pulse Train 24 DC Output (EL2521-0024-10716)
L 2501 (T, Bulss Tsain 204 DT Qb (FL2521-0024-1017] N

Estended Information Show Hidden Devices [ Shaw Sub Groups

@ B [E-Bus]

Fig. 52: Display of previous revisions

@ Device selection based on revision, compatibility

1 The ESI description also defines the process image, the communication type between master and
slave/device and the device functions, if applicable. The physical device (firmware, if available) has
to support the communication queries/settings of the master. This is backward compatible, i.e.
newer devices (higher revision) should be supported if the EtherCAT master addresses them as an
older revision. The following compatibility rule of thumb is to be assumed for Beckhoff EtherCAT
Terminals/ Boxes/ EJ-modules:

device revision in the system >= device revision in the configuration

This also enables subsequent replacement of devices without changing the configuration (different
specifications are possible for drives).

Example

If an EL2521-0025-1018 is specified in the configuration, an EL2521-0025-1018 or higher (-1019, -1020) can
be used in practice.

MName

| ——|

(EL2521-0025-1018)
—
Revision

Fig. 53: Name/revision of the terminal

If current ESI descriptions are available in the TwinCAT system, the last revision offered in the selection
dialog matches the Beckhoff state of production. It is recommended to use the last device revision when
creating a new configuration, if current Beckhoff devices are used in the real application. Older revisions
should only be used if older devices from stock are to be used in the application.

In this case the process image of the device is shown in the configuration tree and can be parameterized as
follows: linking with the task, CoE/DC settings, plug-in definition, startup settings, ...
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Fig. 54: EtherCAT terminal in the TwinCAT tree (left: TwinCAT 2; right: TwinCAT 3)
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6.2.4 ONLINE configuration creation

Detecting/scanning of the EtherCAT device

The online device search can be used if the TwinCAT system is in CONFIG mode. This can be indicated by
a symbol right below in the information bar:

+ on TwinCAT 2 by a blue display “Config Mode” within the System Manager window: Sisliss]
» on TwinCAT 3 within the user interface of the development environment by a symbol 7

TwinCAT can be set into this mode:

» TwinCAT 2: by selection of ) in the Menubar or by “Actions” — “Set/Reset TwinCAT to Config
Mode...”

« TwinCAT 3: by selection of B3 in the Menubar or by “TwinCAT” — “Restart TwinCAT (Config Mode)”

# Online scanning in Config mode

The online search is not available in RUN mode (production operation). Note the differentiation be-
tween TwinCAT programming system and TwinCAT target system.

The TwinCAT 2 icon ( ] ) or TwinCAT 3 icon ( L) ) within the Windows-Taskbar always shows the
TwinCAT mode of the local IPC. Compared to that, the System Manager window of TwinCAT 2 or the user
interface of TwinCAT 3 indicates the state of the target system.

ETTTANI0N TwinCAT target syslam mode
—— _‘_.-f‘

TTwinCAT local systam mode =~
Fig. 55: Differentiation local/target system (left: TWinCAT 2; right: TwinCAT 3)

Right-clicking on “I/O Devices” in the configuration tree opens the search dialog.

- SYSTEM - Configuration | a Vo
- NC - Configura m, Append Device.. | % Devices| (51 Add New ltem... Ctrl+Shift+ A
-4 PLC - Configur = | &9 Mappin = o _
=8 1/O - Configura . I el Add Existing Item... Shift+Alt+A
4 5" Import Device... I
® - J1/0 Devices ! Export EAP Canfig File
[ Paste Ctrl+V : B Paste Ctrl+V
BB Paste with Links Alt+Ctrl+V : Paste with Links
i

Fig. 56: Scan Devices (left: TwinCAT 2; right: TwinCAT 3)

This scan mode attempts to find not only EtherCAT devices (or Ethernet ports that are usable as such), but
also NOVRAM, fieldbus cards, SMB etc. However, not all devices can be found automatically.

h HIMT) Mk gl bypes of dewiges can be fonid subonatically HINTI Mot all Tppes of devioes can bef ound autornatsce iy

ok | [ temes | Lot || Coce |

Fig. 57: Note for automatic device scan (left: TwinCAT 2; right: TwinCAT 3)
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Ethernet ports with installed TwinCAT real-time driver are shown as “RT Ethernet” devices. An EtherCAT
frame is sent to these ports for testing purposes. If the scan agent detects from the response that an
EtherCAT slave is connected, the port is immediately shown as an “EtherCAT Device” .

-~ "

4 new I/ 0 devices found

[W|C =vice 1 [EtherCAT)

Device 3 [EtherCAT]  [Local Area Connection [TwinCAT -Intel PCl Ethernet &)
[ Device 2 [IUSE) Cancel
Device 4 [MOV/DP-RAM)

1]

Select All

DERE

Unzelect Al

Fig. 58: Detected Ethernet devices

Via respective checkboxes devices can be selected (as illustrated in Fig. “Detected Ethernet devices” e.g.
Device 3 and Device 4 were chosen). After confirmation with “OK” a device scan is suggested for all selected
devices, see Fig.: “Scan query after automatic creation of an EtherCAT device”.

@ Selecting the Ethernet port

1 Ethernet ports can only be selected for EtherCAT devices for which the TwinCAT real-time driver is
installed. This has to be done separately for each port. Please refer to the respective installation

page [ 40].

Detecting/Scanning the EtherCAT devices

@ Online scan functionality

1 During a scan the master queries the identity information of the EtherCAT slaves from the slave
EEPROM. The name and revision are used for determining the type. The respective devices are lo-
cated in the stored ESI data and integrated in the configuration tree in the default state defined
there.

Name
1
(ELZ521-0025-1018)

—
Revision

Fig. 59: Example default state

NOTE

Slave scanning in practice in series machine production

The scanning function should be used with care. It is a practical and fast tool for creating an initial configu-
ration as a basis for commissioning. In series machine production or reproduction of the plant, however, the
function should no longer be used for the creation of the configuration, but if necessary for comparison
[»_59] with the defined initial configuration.Background: since Beckhoff occasionally increases the revision
version of the delivered products for product maintenance reasons, a configuration can be created by such
a scan which (with an identical machine construction) is identical according to the device list; however, the
respective device revision may differ from the initial configuration.

Example:

Company A builds the prototype of a machine B, which is to be produced in series later on. To do this the
prototype is built, a scan of the 10 devices is performed in TwinCAT and the initial configuration “B.tsm” is
created. The EL2521-0025 EtherCAT terminal with the revision 1018 is located somewhere. It is thus built
into the TwinCAT configuration in this way:

CU1123-00x0, CU1124, CU1128 Version: 2.4 55



Commissioning BEGKHOFF

General | EtherCAT | nCc I Process Data | Startup | CoE - Online | Online|

Type: ELZ2521-0025 1Ch. Pulse Train 24V DC Output negative

Product/Revision:  EL2521-00251018)(09133052 / 0X¥a0013)

Fig. 60: Installing EthetCAT terminal with revision -1018

Likewise, during the prototype test phase, the functions and properties of this terminal are tested by the
programmers/commissioning engineers and used if necessary, i.e. addressed from the PLC “B.pro” or the
NC. (the same applies correspondingly to the TwinCAT 3 solution files).

The prototype development is now completed and series production of machine B starts, for which Beckhoff
continues to supply the EL2521-0025-0018. If the commissioning engineers of the series machine production
department always carry out a scan, a B configuration with the identical contents results again for each
machine. Likewise, A might create spare parts stores worldwide for the coming series-produced machines
with EL2521-0025-1018 terminals.

After some time Beckhoff extends the EL2521-0025 by a new feature C. Therefore the FW is changed,
outwardly recognizable by a higher FW version and a new revision -1019. Nevertheless the new device
naturally supports functions and interfaces of the predecessor version(s); an adaptation of “B.tsm” or even
“B.pro” is therefore unnecessary. The series-produced machines can continue to be built with “B.tsm” and
“B.pro”; it makes sense to perform a comparative scan [P _59] against the initial configuration “B.tsm” in order
to check the built machine.

However, if the series machine production department now doesn’t use “B.tsm”, but instead carries out a
scan to create the productive configuration, the revision -1019 is automatically detected and built into the
configuration:

General | BtherCAT |DC I Process Data | Startup | CoE - Online |

Type: EL2521-0025 1Ch. Pulse Train 24V DC Output r

Product/Revision:  EL2521-002501019)(05453052 / 0¥b0015)

Fig. 61: Detection of EtherCAT terminal with revision -1019

This is usually not noticed by the commissioning engineers. TwinCAT cannot signal anything either, since
virtually a new configuration is created. According to the compatibility rule, however, this means that no
EL2521-0025-1018 should be built into this machine as a spare part (even if this nevertheless works in the
vast majority of cases).

In addition, it could be the case that, due to the development accompanying production in company A, the
new feature C of the EL2521-0025-1019 (for example, an improved analog filter or an additional process
data for the diagnosis) is discovered and used without in-house consultation. The previous stock of spare
part devices are then no longer to be used for the new configuration “B2.tsm” created in this way. b if series
machine production is established, the scan should only be performed for informative purposes for
comparison with a defined initial configuration. Changes are to be made with care!

If an EtherCAT device was created in the configuration (manually or through a scan), the 1/O field can be
scanned for devices/slaves.

I Tl AT byabwrn Sarmga | | Hhﬂ:li'luhdﬂ TR |
Ig Lcon For booma ﬂ Scan for bocoanm

Vs M e s

Fig. 62: Scan query after automatic creation of an EtherCAT device (left: TwinCAT 2; right: TwinCAT 3)
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Fig. 63: Manual triggering of a device scan on a specified EtherCAT device (left: TwinCAT 2; right:
TwinCAT 3)

In the System Manager (TwinCAT 2) or the User Interface (TwinCAT 3) the scan process can be monitored
via the progress bar at the bottom in the status bar.

| Scanning... [ N r=mote-PLE [123 45 E7.83.1.1]  fConfig Modg

Fig. 64: Scan progressexemplary by TwinCAT 2

The configuration is established and can then be switched to online state (OPERATIONAL).

----- --\._i_.-.-. e Tﬁ B “i.-a-_u-_.- uﬁl:-“i -,i.- T EJ- _
a Activate Fres Run ﬂ i crivsbe Free An
Y || Ho e | Mo

Fig. 65: Config/FreeRun query (left: TwWinCAT 2; right: TwinCAT 3)

In Config/FreeRun mode the System Manager display alternates between blue and red, and the EtherCAT
device continues to operate with the idling cycle time of 4 ms (default setting), even without active task (NC,
PLC).

TwinCAT 2.x | TwinCAT 3.x
[ Fice Fun [REEERUEN i 1iode ' [PRAELEN |

Fig. 66: Displaying of “Free Run” and “Config Mode” toggling right below in the status bar

ﬁiﬁ'ﬁ'-i@;b'i'é Ol [l e b BB ZW a0 o> B
Genersi EMerCAToqal free Run Stare (Ciies))

Fig. 67: TwinCAT can also be switched to this state by using a button (left: TwinCAT 2; right: TwinCAT 3)

The EtherCAT system should then be in a functional cyclic state, as shown in Fig. Online display example.
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Fig. 68: Online display example

Please note:

« all slaves should be in OP state
« the EtherCAT master should be in “Actual State” OP

“frames/sec” should match the cycle time taking into account the sent number of frames
* no excessive “LostFrames” or CRC errors should occur

The configuration is now complete. It can be modified as described under manual procedure [»_49].

Troubleshooting

Various effects may occur during scanning.

* An unknown device is detected, i.e. an EtherCAT slave for which no ESI XML description is available.
In this case the System Manager offers to read any ESI that may be stored in the device. This case is
described in the chapter “Notes regarding ESI device description”.

* Device are not detected properly
Possible reasons include:

o faulty data links, resulting in data loss during the scan
o slave has invalid device description

The connections and devices should be checked in a targeted manner, e.g. via the emergency
scan.

Then re-run the scan.
=B I[}0 Devices
SR ACcvice 4 (EtherCAT)
-I- Device 4-Image
== Device 4-Image-Info
- 8T Inputs
[ @) Outputs
-8 InfoData
|_|:|i Box 1 (P30165940 R59302651)

Fig. 69: Faulty identification

In the System Manager such devices may be set up as EKO00O or unknown devices. Operation is not
possible or meaningful.
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Scan over existing Configuration

Change of the configuration after comparison

With this scan (TwinCAT 2.11 or 3.1) only the device properties vendor (manufacturer), device name and
revision are compared at present! A “ChangeTo” or “Copy” should only be carried out with care, taking into
consideration the Beckhoff IO compatibility rule (see above). The device configuration is then replaced by

the revision found; this can affect the supported process data and functions.

If a scan is initiated for an existing configuration, the actual I/O environment may match the configuration
exactly or it may differ. This enables the configuration to be compared.

; A TR, __ﬁ_

= S!._Eh-n'_
ﬂ Coanif U o i5 id entiod ﬂ Configundion & ientical
x| o= ]

e

Fig. 70: Identical configuration (left: TwinCAT 2; right: TwinCAT 3)

If differences are detected, they are shown in the correction dialog, so that the user can modify the
configuration as required.

Check Configuration A _:'..(..1

Foied Iharms: Di.ﬂﬂﬂ‘} I Eﬂ'ﬁﬂlﬂdlw
2l Tem3IEKII00} [EKI100-0000-0017] i 4 2 [ Tem [EKI1100) [EK1100-0000-0017]
LB Ten B [ELSI0T) [ELS101-0000-1079] | B TenZ [ELS101) [ELS101-D000-1079]
B Tam7[EL2521) [EL2521-00001015) Dialete » LB TemS[ELZS21) [EL2521-0000-1016]
B Teom B(EL3351) [ELIST-00000016] — B Tesm 4 ELSO1T)
LB Tem 9 ELINT)
» Copy Bedoe >

>x Coppad »»

bl

s

Fig. 71: Correction dialog

It is advisable to tick the “Extended Information” check box to reveal differences in the revision.
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Color |Explanation

green |This EtherCAT slave matches the entry on the other side. Both type and revision match.

blue This EtherCAT slave is present on the other side, but in a different revision. This other revision can
have other default values for the process data as well as other/additional functions.

If the found revision is higher than the configured revision, the slave may be used provided
compatibility issues are taken into account.

If the found revision is lower than the configured revision, it is likely that the slave cannot be used.
The found device may not support all functions that the master expects based on the higher
revision number.

light This EtherCAT slave is ignored (“Ignore” button)
blue

red » This EtherCAT slave is not present on the other side.

 ltis present, but in a different revision, which also differs in its properties from the one specified.
The compatibility principle then also applies here: if the found revision is higher than the
configured revision, use is possible provided compatibility issues are taken into account, since
the successor devices should support the functions of the predecessor devices.
If the found revision is lower than the configured revision, it is likely that the slave cannot be
used. The found device may not support all functions that the master expects based on the
higher revision number.

@ Device selection based on revision, compatibility

1 The ESI description also defines the process image, the communication type between master and
slave/device and the device functions, if applicable. The physical device (firmware, if available) has
to support the communication queries/settings of the master. This is backward compatible, i.e.
newer devices (higher revision) should be supported if the EtherCAT master addresses them as an
older revision. The following compatibility rule of thumb is to be assumed for Beckhoff EtherCAT
Terminals/ Boxes/ EJ-modules:

device revision in the system >= device revision in the configuration

This also enables subsequent replacement of devices without changing the configuration (different
specifications are possible for drives).

Example

If an EL2521-0025-1018 is specified in the configuration, an EL2521-0025-1018 or higher (-1019, -1020) can
be used in practice.

MName
| p— |
(EL2521-0025-1018)
| I—|

Revision

Fig. 72: Name/revision of the terminal

If current ESI descriptions are available in the TwinCAT system, the last revision offered in the selection
dialog matches the Beckhoff state of production. It is recommended to use the last device revision when
creating a new configuration, if current Beckhoff devices are used in the real application. Older revisions
should only be used if older devices from stock are to be used in the application.

In this case the process image of the device is shown in the configuration tree and can be parameterized as
follows: linking with the task, CoE/DC settings, plug-in definition, startup settings, ...
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Fig. 73: Correction dialog with modifications

Once all modifications have been saved or accepted, click “OK” to transfer them to the real *.tsm

configuration.

Change to Compatible Type

TwinCAT offers a function Change to Compatible Type... for the exchange of a device whilst retaining the

links in the task.

[ & 58 Desced EheaT)

= B [revice 1 EtherC AT
|
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b AT w Spperl B
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Fig. 74: Dialog “Change to Compatible Type...”
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(left: TWinCAT 2; right: TwinCAT 3)

The following elements in the ESI of an EtherCAT device are compared by TwinCAT and assumed to be the
same in order to decide whether a device is indicated as "compatible":

- Physics (e.g. RJ45, Ebus...)

- FMMU (additional ones are allowed)

- SyncManager (SM, additional ones are allowed)

- EoE (attributes MAC, IP)

- CoE (attributes Sdolnfo, PdoAssign, PdoConfig, PdoUpload, CompleteAccess)

- FoE

- PDO (process data: Sequence, SyncUnit SU, SyncManager SM, EntryCount, Ent-ry.Datatype)

This function is preferably to be used on AX5000 devices.

Change to Alternative Type

The TwinCAT System Manager offers a function for the exchange of a device: Change to Alternative Type
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Fig. 75: TwinCAT 2 Dialog Change to Alternative Type

If called, the System Manager searches in the procured device ESI (in this example: EL1202-0000) for
details of compatible devices contained there. The configuration is changed and the ESI-EEPROM is
overwritten at the same time — therefore this process is possible only in the online state (ConfigMode).

6.2.5 EtherCAT subscriber configuration

In the left-hand window of the TwinCAT 2 System Manager or the Solution Explorer of the TwinCAT 3
Development Environment respectively, click on the element of the terminal within the tree you wish to
configure (in the example: EL3751 Terminal 3).

M i |
WML
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Fig. 76: Branch element as terminal EL3751

In the right-hand window of the TwinCAT System Manager (TwinCAT 2) or the Development Environment
(TwinCAT 3), various tabs are now available for configuring the terminal. And yet the dimension of
complexity of a subscriber determines which tabs are provided. Thus as illustrated in the example above the
terminal EL3751 provides many setup options and also a respective number of tabs are available. On the
contrary by the terminal EL1004 for example the tabs “General”, “EtherCAT”, “Process Data” and “Online”
are available only. Several terminals, as for instance the EL6695 provide special functions by a tab with its
own terminal name, so “EL6695” in this case. A specific tab “Settings” by terminals with a wide range of
setup options will be provided also (e.g. EL3751).

“General” tab

General | BherCATI Process Data I Startup I CoE - Online I Online I

MName: [ Tem & (EL5001) Id: |4 i

Type: |EL5001 1Ch. SSI Encoder

Comment: ;I
[ Disabled Create symbalz [T

Fig. 77: “General” tab
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Name

Id

Type
Comment
Disabled
Create symbols

“EtherCAT" tab

Name of the EtherCAT device

Number of the EtherCAT device

EtherCAT device type

Here you can add a comment (e.g. regarding the system).
Here you can deactivate the EtherCAT device.

Access to this EtherCAT slave via ADS is only available if this control box is
activated.

General EtherCAT | Process Data I Startup I CoE - Online I Cnline I

Type: |EL5001 1Ch. 551 Encoder

Product/Revision: IEL&DH'I-D[PDD—DDDD

Auto Inc Addr: IFFFD

BtherCAT Addr: ™ I 3: Advanced Settings... |
Previous Port: [Term 5 (EL6021) - B =]

http:/Awww beckhoff de/endlish/default htm?EtherCAT/EL 5001 htm

Fig. 78: “EtherCAT” tab

Type
Product/Revision
Auto Inc Addr.

EtherCAT Addr.

Previous Port

Advanced Settings

EtherCAT device type

Product and revision number of the EtherCAT device

Auto increment address of the EtherCAT device. The auto increment address can
be used for addressing each EtherCAT device in the communication ring through
its physical position. Auto increment addressing is used during the start-up phase
when the EtherCAT master allocates addresses to the EtherCAT devices. With
auto increment addressing the first EtherCAT slave in the ring has the address
0000,,,. For each further slave the address is decremented by 1 (FFFF,.,, FFFE,.,
etc.).

Fixed address of an EtherCAT slave. This address is allocated by the EtherCAT
master during the start-up phase. Tick the control box to the left of the input field in
order to modify the default value.

Name and port of the EtherCAT device to which this device is connected. If it is
possible to connect this device with another one without changing the order of the
EtherCAT devices in the communication ring, then this combination field is
activated and the EtherCAT device to which this device is to be connected can be
selected.

This button opens the dialogs for advanced settings.

The link at the bottom of the tab points to the product page for this EtherCAT device on the web.

“Process Data” tab

Indicates the configuration of the process data. The input and output data of the EtherCAT slave are
represented as CANopen process data objects (Process Data Objects, PDOs). The user can select a PDO
via PDO assignment and modify the content of the individual PDO via this dialog, if the EtherCAT slave

supports this function.
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General | EtherCAT Process Data | Startup | CoE - Oniine | Online |

Sync Manager: PDO List:
5M | Size | Type | Flags Index | Size | Mame | Flags | 5M | 51
0 246 MbocCit (bc 1400 50 Channel 1 F 1]
1 246 Mbocin
2 0 Outputs
3 B Imputs
PO Assignment (b1C13): FPDO Content (b1 A00):
[0 1AD0 ihdex | Size  |Offs [ Name | Type | Defaut hex
Gkc3101:01 1.0 00 Status BYTE
k310102 4.0 10 Value UDINT
RO
~ Download Load PO info from device |
v PDO Assignment
~ o Sync Unit Assignment ... |
¥ PDO Corfiguration

Fig. 79: “Process Data” tab

The process data (PDOs) transferred by an EtherCAT slave during each cycle are user data which the

application expects to be updated cyclically or which are sent to the slave. To this end the EtherCAT master
(Beckhoff TwinCAT) parameterizes each EtherCAT slave during the start-up phase to define which process
data (size in bits/bytes, source location, transmission type) it wants to transfer to or from this slave. Incorrect
configuration can prevent successful start-up of the slave.

For Beckhoff EtherCAT EL, ES, EM, EJ and EP slaves the following applies in general:

» The input/output process data supported by the device are defined by the manufacturer in the ESI/XML
description. The TwinCAT EtherCAT Master uses the ESI description to configure the slave correctly.

» The process data can be modified in the System Manager. See the device documentation.
Examples of modifications include: mask out a channel, displaying additional cyclic information, 16-bit
display instead of 8-bit data size, etc.

* In so-called “intelligent” EtherCAT devices the process data information is also stored in the CoE
directory. Any changes in the CoE directory that lead to different PDO settings prevent successful
startup of the slave. It is not advisable to deviate from the designated process data, because the
device firmware (if available) is adapted to these PDO combinations.

If the device documentation allows modification of process data, proceed as follows (see Figure Configuring

the process data).

» A: select the device to configure

» B:in the “Process Data” tab select Input or Output under SyncManager (C)

» D: the PDOs can be selected or deselected

* H: the new process data are visible as linkable variables in the System Manager
The new process data are active once the configuration has been activated and TwinCAT has been
restarted (or the EtherCAT master has been restarted)

» E:if a slave supports this, Input and Output PDO can be modified simultaneously by selecting a so-
called PDO record (“predefined PDO settings”).
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Fig. 80: Configuring the process data

# Manual modification of the process data

1

According to the ESI description, a PDO can be identified as “fixed” with the flag “F” in the PDO
overview (Fig. Configuring the process data, J). The configuration of such PDOs cannot be

changed, even if TwinCAT offers the associated dialog (“Edit”). In particular, CoE content cannot be
displayed as cyclic process data. This generally also applies in cases where a device supports
download of the PDO configuration, “G”. In case of incorrect configuration the EtherCAT slave usu-
ally refuses to start and change to OP state. The System Manager displays an “invalid SM cfg” log-
ger message: This error message (“invalid SM IN cfg” or “invalid SM OUT cfg”) also indicates the

reason for the failed start.

A detailed description [»_70] can be found at the end of this section.

“Startup” tab

The Startup tab is displayed if the EtherCAT slave has a mailbox and supports the CANopen over EtherCAT
(CoE) or Servo drive over EtherCAT protocol. This tab indicates which download requests are sent to the
mailbox during startup. It is also possible to add new mailbox requests to the list display. The download
requests are sent to the slave in the same order as they are shown in the list.

CU1123-00x0, CU1124, CU1128
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General | EtherCAT | Process Data  Startup | CoE - Oniine | Online |

Transition | Protocal | Imdex | Data | Comment

P53 CoE (e 1C12:00 (0 (D) clear sm pdos (k1C12)

PS> CoE (e 1C13:00 (b0 (D) clear sm pdos {1C13)

PS5z CoE B 1C13:01 (e1ADD (BE5E)  download pdo (elC13:07 index

<P5> CoE e 1C13:00 Q01 (1) download pdo (e1C13 court
towve g Mave Down Mew... Delete... Edit...

Fig. 81: “Startup” tab

Column Description

Transition Transition to which the request is sent. This can either be

« the transition from pre-operational to safe-operational (PS), or
« the transition from safe-operational to operational (SO).

If the transition is enclosed in “<>” (e.g. <PS>), the mailbox request is fixed and cannot be
modified or deleted by the user.

Protocol Type of mailbox protocol

Index Index of the object

Data Date on which this object is to be downloaded.

Comment Description of the request to be sent to the mailbox

Move Up This button moves the selected request up by one position in the list.

Move Down This button moves the selected request down by one position in the list.
New This button adds a new mailbox download request to be sent during startup.
Delete This button deletes the selected entry.

Edit This button edits an existing request.

“CoE - Online” tab

The additional CoE - Online tab is displayed if the EtherCAT slave supports the CANopen over EtherCAT
(CoE) protocol. This dialog lists the content of the object list of the slave (SDO upload) and enables the user
to modify the content of an object from this list. Details for the objects of the individual EtherCAT devices can
be found in the device-specific object descriptions.
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General I EtherC.ﬁ.TI Process Data I Statup  CoE - Online |Online I

Update List | [ futo Update
Advanced.. | [AIObjects
Index | MName | Flags | Value
1000 Device type RO (0000000 (D)
10028 Device name RO EL50071-0000
1009 Hardware version RO V00.01
1004 Saoftware version RO Voo .08
=1-1011:0 Festore default parameter R 1<
1011:01  Sublndex 001 RW 1]
=l 1018:0 |dentity object RO =4«
1018:01  Vendorid RO (0000002 (2)
1018:02 Product code RO (13893062 (327757506)
1013:03 Revision number RO (e 0000000 (D)
1018:04  Seral number RO (0000001 (1)
=1 1AMD:0 TxPDO 001 mapping RO > 2 <
1A00:01  Subindex 001 RO (3101:01, 8
1A00:02  Subindex D02 RO (:3101:02, 32
= 1C00:0 SM type RO =42
1C00:01  Sublndex 001 RO e (1)
1C00:02  Sublndex 002 RO 2 (2)
1C00:03  Sublndex 003 RO b3 (3)
1C00:04  Sublndesc 004 RO el (4)
=I-1C13:0 SM 3 PDO assign (inputs) RW > 1<
1C13:01  Sublndex 001 RW [ 1400 (6656)
=1--3101:0 Imputs RO P 52
3101:01  Status ROP (bcd 1 (65)
3101:02  Value RO P (0000000 (D)
=- Feature bits >4 <
4061:01  disable frame emor RW FALSE
4061:02 enbale power failure Bit R FALSE
406703 enable inhibit time R FALSE
4067:04 enable test mode R FALSE
4066 55|-coding Rw Gray code (1)
4067 S55lbaudrate R B00 kBaud (3)
4063 S554rame type RW Muttiturn 25 bit (0)
4069 S55rame size R (019 (25)
AD6A Data length RW (D018 (24)
40:E Min. inhibit time[ps] R G000 (09

Fig. 82: “CoE - Online” tab

Object list display

Column Description

Index Index and sub-index of the object

Name Name of the object

Flags RW |The object can be read, and data can be written to the object (read/write)
RO |The object can be read, but no data can be written to the object (read only)
P An additional P identifies the object as a process data object.

Value Value of the object

Update List The Update list button updates all objects in the displayed list
Auto Update If this check box is selected, the content of the objects is updated automatically.

Advanced

The Advanced button opens the Advanced Settings dialog. Here you can specify which
objects are displayed in the list.
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Advanced Settings Ed

' Online - via 500 Information

= Offline - wia ED'S File

Dictionary

All Objects

M appable Objects [R«PDO]
t appable Objectz [TxPDO]
Backup Objects

Settings Objects

Browze, . |
0k, I Cancel |

Fig. 83: Dialog “Advanced settings”

Online - via SDO Information

Offline - via EDS File

“Online” tab

If this option button is selected, the list of the objects included in the object
list of the slave is uploaded from the slave via SDO information. The list
below can be used to specify which object types are to be uploaded.

If this option button is selected, the list of the objects included in the object
list is read from an EDS file provided by the user.

General | EtherCAT | Process Data | Startup | CoE -Oriine  Online |

~ State Machine
it I Bootstrap |
Cument State: jop
PreOp | safe0p |
Regquested State: ICIF'
Op | Clear Emar |
—DLL Status
Part A: ICan‘ier 4 Open
Part B: ICan'ier / Open
Fart 2 IN::- Camier / Closed
Part [0 IH::- Camier / Closed
— File Access over BtherZAT
Download... I Upload...

Fig. 84: “Online” tab
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State Machine

Init This button attempts to set the EtherCAT device to the Init state.

Pre-Op This button attempts to set the EtherCAT device to the pre-operational state.
Op This button attempts to set the EtherCAT device to the operational state.
Bootstrap This button attempts to set the EtherCAT device to the Bootstrap state.
Safe-Op This button attempts to set the EtherCAT device to the safe-operational state.
Clear Error This button attempts to delete the fault display. If an EtherCAT slave fails during

change of state it sets an error flag.

Example: An EtherCAT slave is in PREOP state (pre-operational). The master now
requests the SAFEOP state (safe-operational). If the slave fails during change of
state it sets the error flag. The current state is now displayed as ERR PREOP.
When the Clear Error button is pressed the error flag is cleared, and the current
state is displayed as PREOP again.

Current State Indicates the current state of the EtherCAT device.
Requested State Indicates the state requested for the EtherCAT device.
DLL Status

Indicates the DLL status (data link layer status) of the individual ports of the EtherCAT slave. The DLL status
can have four different states:

Status Description

No Carrier / Open No carrier signal is available at the port, but the port is open.
No Carrier / Closed No carrier signal is available at the port, and the port is closed.
Carrier / Open A carrier signal is available at the port, and the port is open.
Carrier / Closed A carrier signal is available at the port, but the port is closed.

File Access over EtherCAT

Download With this button a file can be written to the EtherCAT device.
Upload With this button a file can be read from the EtherCAT device.

“DC” tab (Distributed Clocks)

General I EtherCATI Seftings DC | Process Data I Startup I CoE - Online I Diag Histnr'_.rl Online I

Operation Mode: IDC-S*_mchmn (input based) j

Advanced Settings... |

Fig. 85: “DC” tab (Distributed Clocks)

Operation Mode Options (optional):
* FreeRun
* SM-Synchron
* DC-Synchron (Input based)
» DC-Synchron
Advanced Settings... Advanced settings for readjustment of the real time determinant TwinCAT-clock

Detailed information to Distributed Clocks is specified on http://infosys.beckhoff.com:

Fieldbus Components — EtherCAT Terminals — EtherCAT System documentation — EtherCAT basics —
Distributed Clocks
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6.2.5.1 Detailed description of Process Data tab

Sync Manager

Lists the configuration of the Sync Manager (SM).

If the EtherCAT device has a mailbox, SMO is used for the mailbox output (MbxOut) and SM1 for the mailbox
input (MbxIn).

SM2 is used for the output process data (outputs) and SM3 (inputs) for the input process data.

If an input is selected, the corresponding PDO assignment is displayed in the PDO Assignment list below.

PDO Assignment

PDO assignment of the selected Sync Manager. All PDOs defined for this Sync Manager type are listed
here:

« If the output Sync Manager (outputs) is selected in the Sync Manager list, all RxPDOs are displayed.
+ If the input Sync Manager (inputs) is selected in the Sync Manager list, all TxPDOs are displayed.

The selected entries are the PDOs involved in the process data transfer. In the tree diagram of the System
Manager these PDOs are displayed as variables of the EtherCAT device. The name of the variable is
identical to the Name parameter of the PDO, as displayed in the PDO list. If an entry in the PDO assignment
list is deactivated (not selected and greyed out), this indicates that the input is excluded from the PDO
assignment. In order to be able to select a greyed out PDO, the currently selected PDO has to be deselected
first.

@ Activation of PDO assignment
1 v" If you have changed the PDO assignment, in order to activate the new PDO assignment,

a) the EtherCAT slave has to run through the PS status transition cycle (from pre-operational to
safe-operational) once (see Online tab [»_68]),

b) and the System Manager has to reload the EtherCAT slaves

&y -
( =%| button for TWinCAT 2 or * button for TwinCAT 3)

PDO list

List of all PDOs supported by this EtherCAT device. The content of the selected PDOs is displayed in the
PDO Content list. The PDO configuration can be modified by double-clicking on an entry.

Column Description

Index PDO index.

Size Size of the PDO in bytes.
Name Name of the PDO.

If this PDO is assigned to a Sync Manager, it appears as a variable of the slave with this
parameter as the name.

Flags F Fixed content: The content of this PDO is fixed and cannot be changed by the
System Manager.
M Mandatory PDO. This PDO is mandatory and must therefore be assigned to a

Sync Manager! Consequently, this PDO cannot be deleted from the PDO
Assignment list

SM Sync Manager to which this PDO is assigned. If this entry is empty, this PDO does not take
part in the process data traffic.

SuU Sync unit to which this PDO is assigned.

PDO Content

Indicates the content of the PDO. If flag F (fixed content) of the PDO is not set the content can be modified.
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Download

If the device is intelligent and has a mailbox, the configuration of the PDO and the PDO assignments can be
downloaded to the device. This is an optional feature that is not supported by all EtherCAT slaves.

PDO Assignment

If this check box is selected, the PDO assignment that is configured in the PDO Assignment list is
downloaded to the device on startup. The required commands to be sent to the device can be viewed in the

Startup [P _65] tab.
PDO Configuration

If this check box is selected, the configuration of the respective PDOs (as shown in the PDO list and the
PDO Content display) is downloaded to the EtherCAT slave.

6.3 General Notes - EtherCAT Slave Application

This summary briefly deals with a number of aspects of EtherCAT Slave operation under TwinCAT. More
detailed information on this may be found in the corresponding sections of, for instance, the EtherCAT
System Documentation.

Diagnosis in real time: WorkingCounter, EtherCAT State and Status

Generally speaking an EtherCAT Slave provides a variety of diagnostic information that can be used by the
controlling task.

This diagnostic information relates to differing levels of communication. It therefore has a variety of sources,
and is also updated at various times.

Any application that relies on 1/O data from a fieldbus being correct and up to date must make diagnostic
access to the corresponding underlying layers. EtherCAT and the TwinCAT System Manager offer
comprehensive diagnostic elements of this kind. Those diagnostic elements that are helpful to the controlling
task for diagnosis that is accurate for the current cycle when in operation (not during commissioning) are
discussed below.

A Application |—" Application error

]
Jn
0
S EtherCAT . I
g Fieldbus ———— Diagnosis fieldbus/Master — FrmXwcState
Ha Frmxﬁtate
i
g
Diagnosis fieldbus/Slave =~ [———— WcState
EtherCAT

slave Fkt. Status

— \ Diagnosis function/Slave E‘;
State

Fig. 86: Selection of the diagnostic information of an EtherCAT Slave

In general, an EtherCAT Slave offers
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« communication diagnosis typical for a slave (diagnosis of successful participation in the exchange of
process data, and correct operating mode)
This diagnosis is the same for all slaves.

as well as
 function diagnosis typical for a channel (device-dependent)
See the corresponding device documentation

The colors in Fig. Selection of the diagnostic information of an EtherCAT Slave also correspond to the
variable colors in the System Manager, see Fig. Basic EtherCAT Slave Diagnosis in the PLC.

Colour Meaning

yellow Input variables from the Slave to the EtherCAT Master, updated in every cycle

red Output variables from the Slave to the EtherCAT Master, updated in every cycle

green Information variables for the EtherCAT Master that are updated acyclically. This means that
it is possible that in any particular cycle they do not represent the latest possible status. It is
therefore useful to read such variables through ADS.

Fig. Basic EtherCAT Slave Diagnosis in the PLC shows an example of an implementation of basic EtherCAT
Slave Diagnosis. A Beckhoff EL3102 (2-channel analogue input terminal) is used here, as it offers both the
communication diagnosis typical of a slave and the functional diagnosis that is specific to a channel.
Structures are created as input variables in the PLC, each corresponding to the process image.

-f 1/O - Configuration B8 PLC - Configuration
=-E8 T/O Devices =-%¢ Demo
£-=% Device 1 (EtherCAT) -I- Demo-Image
--=f= Device 1-Image =1 Standard
== Device 1-Image-Info =gt Inputs
- gt Inputs =& MAIN.astEL3102channels
A - §l Qutputs é---&r MAIN.astEL3102channels[1]
=& InfoData @T wStatus
=- Term 1 (EK1100) T wvalue
---. InfoData Iﬁ---&T MAIN.astEL3102channels[2]
=™ Term 2 (EL3102) o %! wstatus
= & Al Standard Channel 1 ot wvalue
--@T Status E-&T MAIN.StEL3103skaveDiag
B ot Value @T bwcState
=T Al Standard Channel 2 —@p] Wotate
-1 Status £ g1 stAmsAdr
T Value =& netld
=-§ WcState %1 netld[0]
C - L%l WcState 4 I &1 netld[1]
=% ImoData | = _—— | i i %7 netid[2]
gfstae |~ | &7 nettd[3]
D =t AdsAddr | " | &1 netld[4]
a@tnetd [ %t netld[5]
----- &1 netld[0] - &1 port
----- %1 netld[1] - @l Outputs
----- %7 netld[2]
----- 1 netld[3]
----- %t netid[4]
----- 1 netId[5]
..... %l port

Fig. 87: Basic EtherCAT Slave Diagnosis in the PLC

The following aspects are covered here:
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Code |Function Implementation Application/evaluation

A The EtherCAT Master's diagnostic infor- At least the DevState is to be evaluated for
mation the most recent cycle in the PLC.
updated acyclically (yellow) or provided The EtherCAT Master's diagnostic informa-
acyclically (green). tion offers many more possibilities than are

treated in the EtherCAT System Documenta-
tion. A few keywords:
* CoE in the Master for communication
with/through the Slaves
» Functions from TcEtherCAT.lib
* Perform an OnlineScan

B In the example chosen (EL3102) the Status In order for the higher-level PLC task (or cor-
EL3102 comprises two analogue input « the bit sianifications may be responding control applications) to be able to
channels that transmit a single function found in ?he device y rely on correct data, the function status must
status for the most recent cycle. documentation be evaluated there. Such information is

therefore provided with the process data for
+ other devices may supply |the most recent cycle.
more information, or none
that is typical of a slave

C For every EtherCAT Slave that has cyclic |WcState (Working Counter) In order for the higher-level PLC task (or cor-
process data, the Master displays, using 0: valid real-time communication in responding control applications) to be able to
what is known as a WorkingCounter, tHe last cvcle rely on correct data, the communication sta-
whether the slave is participating success- 4 tus of the EtherCAT Slave must be evaluated
fully and without error in the cyclic ex- 1. invalid real-time communication |there. Such information is therefore provided
change of process data. This important, el- This may possibly have effects on with the process data for the most recent cy-
ementary information is therefore provided the process data of other Slaves cle.
for the most recent cycle in the System that are located in the same Syn-

Manager cUnit
1. atthe EtherCAT Slave, and, with
identical contents
2. as a collective variable at the
EtherCAT Master (see Point A)
for linking.

D Diagnostic information of the EtherCAT State Information variables for the EtherCAT Mas-
Master which, while it is represented at the current Status (INIT..OP) of the ter that are updated acyclically. This means
slave for linking, is actually determined by Slave. The Slave ml'J'St be in OP that it is possible that in any particular cycle
the Master for the Slave concerned and (=8) V\}hen operating normall they do not represent the latest possible sta-
represented there. This information cannot P 9 Y tus. It is therefore possible to read such vari-
be characterized as real-time, because it |AdsAddr ables through ADS.

 is only rarely/never changed, The ADS address is useful for
except when the system starts up  |communicating from the PLC/task
o . . via ADS with the EtherCAT Slave,
« s itself determined acyclically (e.g. e.g. for reading/writing to the CoE.
EtherCAT Status) The AMS-NetID of a slave corre-
sponds to the AMS-NetID of the
EtherCAT Master; communication
with the individual Slave is possible
via the port (= EtherCAT address).

Diagnostic information

It is strongly recommended that the diagnostic information made available is evaluated so that the applica-
tion can react accordingly.

CoE Parameter Directory

The CoE parameter directory (CanOpen-over-EtherCAT) is used to manage the set values for the slave
concerned. Changes may, in some circumstances, have to be made here when commissioning a relatively
complex EtherCAT Slave. It can be accessed through the TwinCAT System Manager, see Fig. EL3102, CoE
directory:
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General | EtherCAT | DC | Process Data I Startup CoE - Online | Online |

Update List | [T AutoUpdste [+ Single Update [v
Advanced... | |
Add to Startup... | |Oﬁ|ine DCata Module OD (Aol
Index MName Flags WValue
+-6010:0 Al lnputs Ch.2 RO >17 <
+-6401.0 Channels RO »2<
- 8000:0 Al Settings Ch.1 RW >24 <
8000:.01 Enable user scale Rw FALSE
8000:02 Presentation RW Signed (0)
8000:05 Siemens bits Rw FALSE
Enable filter
8000:07 Enable limit 1 RW FALSE
8000:08 Enable limit 2 RW FALSE
S000:0A Enable user calibration Rw FALSE
8000:0B Enable vendor calibration  RW TRUE

Fig. 88: EL3102, CoE directory

# EtherCAT System Documentation

1 The comprehensive description in the EtherCAT System Documentation (EtherCAT Basics --> CoE

Interface) must be observed!

A few brief extracts:

* Whether changes in the online directory are saved locally in the slave depends on the device. EL

terminals (except the EL66xx) are able to save in this way.
» The user must manage the changes to the StartUp list.

Commiissioning aid in the TwinCAT System Manager

Commissioning interfaces are being introduced as part of an ongoing process for EL/EP EtherCAT devices.
These are available in TwinCAT System Managers from TwinCAT 2.11R2 and above. They are integrated
into the System Manager through appropriately extended ESI configuration files.
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Fig. 89: Example of commissioning aid for a EL3204

This commissioning process simultaneously manages
* CoE Parameter Directory
» DC/FreeRun mode
« the available process data records (PDO)
Although the “Process Data”, “DC”, “Startup” and “CoE-Online” that used to be necessary for this are still

displayed, it is recommended that, if the commissioning aid is used, the automatically generated settings are
not changed by it.

The commissioning tool does not cover every possible application of an EL/EP device. If the available setting
options are not adequate, the user can make the DC, PDO and CoE settings manually, as in the past.

EtherCAT State: automatic default behaviour of the TwinCAT System Manager and manual operation

After the operating power is switched on, an EtherCAT Slave must go through the following statuses

- INIT
- PREOP
- SAFEOP
- OP

to ensure sound operation. The EtherCAT Master directs these statuses in accordance with the initialization
routines that are defined for commissioning the device by the ES/XML and user settings (Distributed Clocks
(DC), PDO, CoE). See also the section on "Principles of Communication, EtherCAT State Machine" in this
connection. Depending how much configuration has to be done, and on the overall communication, booting
can take up to a few seconds.

The EtherCAT Master itself must go through these routines when starting, until it has reached at least the
OP target state.

The target state wanted by the user, and which is brought about automatically at start-up by TwinCAT, can
be set in the System Manager. As soon as TwinCAT reaches the status RUN, the TwinCAT EtherCAT
Master will approach the target states.
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Standard setting

The advanced settings of the EtherCAT Master are set as standard:
» EtherCAT Master: OP

» Slaves: OP
This setting applies equally to all Slaves.

il SYSTEM - Confiquration
W N - Corfiquran Ganaral | Adspler EIRerCAT | Onfing | CoE - Orfine |

W PLC - Ceonfiguration
-8 0 - Configuration

= W@ U0 Devices Advanced Setings..|
- = Device 1 (EtherCAT)

<~ Device 1-dmage Advanced Settings

Mt fosazua

<= Device 1-Image-Info
- gl puts ?'S-ETE' Machine Hagter gl‘."ﬁlﬁgﬂ
i 4L Outputs I st Settngs r—————
i § InfoData | *-Save Settings R
=-8 Term 1 (EX1100) 4 Cydc Frames : .
= 4 InfoData - Distributed Clocks " 'PREOF
P-4 Term 2 (ELI102) ([ fEOE Support OSAFEDE"
# 8 Term 3 (FLGGBE) i F_I:E-:Iun-:laruq.r | g
a& Mappngs # Emesgency .
Do [+ Siayal PRE-DP unbl
Sync Task starlad

Fig. 90: Default behaviour of the System Manager

In addition, the target state of any particular Slave can be set in the “Advanced Settings” dialogue; the
standard setting is again OP.

=Bl SYSTEM - Confguration

B NC - Confguratian Genaral MTIDE |Pm-auanm|Et-1p|EuE-ﬂnhm!Ehﬁnn|

M PLC - Configuraton I_?' e

= A 10 - Corfiguration L 20 P i1 T

= W O Devices ProducfRevision  |EL3MR-0006-0017

| B-== Device | (EtherCAT) S

: g 1 Image Sl Inc Sddr 5 i

[ s Dvice 1-Image-info EthaeCAT Addr [ [MH2 = | t Arfvane =0 Setings | |

| =5 Inputs ] —

| @ outputs
A R W
| BB Term 1 (EX1100) [Bhautor e

i £ - Stetup Chetsng————— —SalaMadma

| i InfoData Tmeout Settngs || ;

' + % Term 2 (EL3102} ARt Fe Chetk Vandor d [/ Aubs Rudtois Statas

- %1 Term 3 (ELOGSH) FMMLE / SM ¥ . Chack Froduci Cods I Wakdor Westak s Ok

| ﬂﬂil::lru y

: : wacmm'ﬁ [ Chets Feveica Number | [+ Reing ster Communkaton Emor
¥ Distributed Ciook | =1 | ¥ LogGommunicanon Changes
1 BSC Arress | Check Sanal Mamber
; “Final 13k
I Ehe s [deificatss & op ~ SAFEQP nCanbgMods
" SAFEQR - T PRECH T

Fig. 91: Default target state in the Slave

Manual Control

There are particular reasons why it may be appropriate to control the states from the application/task/PLC.
For instance:
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« for diagnostic reasons
 to induce a controlled restart of axes
* because a change in the times involved in starting is desirable

In that case it is appropriate in the PLC application to use the PLC function blocks from the TcEtherCAT.lib,
which is available as standard, and to work through the states in a controlled manner using, for instance,
FB_EcSetMasterState.

It is then useful to put the settings in the EtherCAT Master to INIT for master and slave.

Tclhilities lib*31.1.17 14:11:32
TcEtherCAT lib 510,10 12:25:58
STANDARDLIE 5698 12:03:02

SB austeineg

"'DEDE Interface
"'DEDnversiDn Functions

BT Distributed Clocks
"'DEtherL“.f-‘n.T Cornrnands
"'[_:]Etherl_“.-'-‘-.T Diagrostic

" B~ £ JEtherCAT State Machine I
FB_EcGetalslaveStates [FB]
FB_EcGettdazterState [FB]
FB_EcGetSlaveState [FE]
FB_EcFReqgtdasterState (FE]
FB_EcReqslaveState [FE]
FB_EcSethazterState [FE]
""" =| FB_EcSetSlaveState [FB)
[ TJFoE Interface

Fig. 92: PLC function blocks

Note regarding E-Bus current

EL/ES terminals are placed on the DIN rail at a coupler on the terminal strand. A Bus Coupler can supply the
EL terminals added to it with the E-bus system voltage of 5 V; a coupler is thereby loadable upto 2 A as a
rule. Information on how much current each EL terminal requires from the E-bus supply is available online
and in the catalogue. If the added terminals require more current than the coupler can supply, then power
feed terminals (e.g. EL9410) must be inserted at appropriate places in the terminal strand.

The pre-calculated theoretical maximum E-Bus current is displayed in the TwinCAT System Manager as a
column value. A shortfall is marked by a negative total amount and an exclamation mark; a power feed
terminal is to be placed before such a position.
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. Genelall Adapter EtherCAT | Gnlinel CoE - Online

Netid: [1043214921 Advanced Settings..
Number | Box Name | Address| Type | In Size | Out 5... | E-Bus (..
1 Term 1 (EK1100) 1001 EK1100

M2 Term 2 (EL3102) 1002  EL3102 8.0 1830
"3 Term 4 (EL2004) 1003  EL2004 0.4 1730
" a Term 5 (EL2004) 1004  EL2004 0.4 1630
"5 Term 6 (EL7031) 1005  EL7031 8.0 8.0 1510
e Term 7 (EL2808) 1006  EL2808 1.0 1400
7 Term 8 (EL3602) 1007  EL3602 12.0 1210
s Term 9 (EL3602) 1008  EL3602 12.0 1020
M9 Term 10 (EL3602) 1009  EL3602 12.0 830
" 10 Term 11 (EL3602) 1010 EL3602 12.0 640
11 Term 12 (EL3602) 1011 EL3602 12.0 450
" 12 Term 13 (EL3602) 1012 EL3602 12.0 260
" 13 Term 14 (EL3602) 1013  EL3602 12.0 70
M 14 Term 3 (EL6688) 1014  FEL6688 22.0 240!

Fig. 93: lllegally exceeding the E-Bus current

From TwinCAT 2.11 and above, a warning message “E-Bus Power of Terminal...” is output in the logger
window when such a configuration is activated:

Message
E-Bus Power of Terminal ‘Term 3 (EL6688)" may to low (-240 mA) - please check!

Fig. 94: Warning message for exceeding E-Bus current

Caution! Malfunction possible!

The same ground potential must be used for the E-Bus supply of all EtherCAT terminals in a terminal block!
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6.4 Distributed clocks reference clock

The distributed clock unit in the CU112x EtherCAT components is activated by default. The CU112x can
therefore be used as distributed clocks (DC) reference clock. The use as DC reference clock is explained
below using the example of CU1128.

The EtherCAT reference clock should be located near the start of the system hierarchy, in particular before
flexible components (HotConnect). It is therefore advisable to use couplers or junction components such as
the CU1128 as DC reference clock.

Without further settings, the TwinCAT System Manager uses the first DC-capable terminal/coupler as the
reference clock; see Fig. example topology with EL7201 as reference clock.

B e
=1l 11 - Cofigration a2
=B 100 D = S Maching Dasdribaneit Clocks

_ =/ = Devie 4 {EthercaT) ok o
I e || Seesiea B
s Dorvicn o-Iniaga-Jfa || #- Cvde Pramas F Autoratc DC Mods Sekectian
I 0 i} T Topuka H* ==
EERR -l Cuiputs EE Suppart e {iC e
F-§ It [rRacrrAney R JIELTAN
e ke Bax L {TULI2E] - Bra ey I o :
+ Bl Neponos Bl P 1 | nb I ke et ot
'I'L—l';l—hi.'l' -0 g B T
Bl r T 1

Fig. 95: example topology with EL7201 as reference clock

If the junction with the EL7201 was uncoupled, e.g. due to topology changes during machine runtime or a
fault, the EtherCAT system would lose its reference clock. Central components should therefore deal with
this function.

Under Advanced settings for first CU1128 (ESC1), tick the Use as potential Reference Clock checkbox.
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=B 5¥STEM - Configuration
' MiZ - Configuration
! PLZ - Configuration
E! 1/ - Configuration Type:

=B 10 Devices Froduct/Revision:  |CUT128-0000-0000 (04685432 / 00000000)
—]-=%= Device 4 (EtherCAT)

.adm Device 4-Image Auto Inc Addr: IEI

-} Device 4-Imags-Info EtherCAT Adde [ [l00T = | Advanced Settings... |
QT Inputks -

- § Outputs | dentification alue: IEI 3

General EtherCAT |I:Inline|

|I:L|'| 128 Bx EtherCAT junction

§ InfoData Previous Port: IMaster j
ks |Box 1 (CU1128)
Infoliata Advanced Settings

Distributed Clock

i Term 2 (EK1101)

Tk [+ General
Fl-ds Term 6 (CUL128) -

L, Term 25 (CL1 128 Distributed Clock,
* erm 25 ) - ESC Access ~ Cyclic Mode
g5 Mappings .
Operation Mode: | j
[~ Enable Sync Unit Cycle [ps]: I
—SYNC O
CycleTime [psi——— 7 [ Shift Time [ps]:
% Sunc Unit Cycle I vI e Tnadficiaad I
= User, Defined + SYMEDCycle

| | 2
™| Bazed on nput Referenee

. |
I~ Enzble SYHE D = |—

~STRC 1

1 Sune Unit Cocle I vI Eycle Time [l I
£ SYHE 0 Cycle I "I Shift T (sl I

™| Enable SYHE T

¥ Use az potential Feference Clack

Fig. 96: activating the CU1128 DC function

Once activated, TwinCAT selects the CU1128 as reference clock.
- Bl S¥STEM - Configuration

I = _ : ; Generall Adapter  EtherCAT Dnlinel CaE - Online
ﬂ .gli?iri ﬂj ' MC Canflguratpn |
A _| BB PLC - Configuration -
&8 1/0 - Configuration Netid: [17217.408051 |  Advanced Seftings.. |
B H =B 1/0 Dewi
H .'j :i .'.FJ ﬁ_{# DZ::EZS‘} (EtherCAT) Export Configuration File... |

IE?_:PJ i=fm Device 4-Image-Info

- §T Inputs RS N Distributed Clocks
I;I I;I I:I - @l Outputs - Cyclic Frames
; stribted

‘ InfoData skribke: = [ DC Mode
E"';" Box 1 (CU1128) EoE Support ¥ Automatic DC Mode Selection
& InfoData i Redundancy .
o7 Termz (EK1101)  E-Emergency ¥ DCinuse
+ks Term € (CULLZ8) | [ Diagnsis Refererce Clock: |[Bow1 CO1128) |
[E-as Term 25 (CUL128)

Fig. 97: CU1128 as reference clock

This function can be activated in components, refer here to the notices in the EK7700 documentation.
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6.5 Configuration of the CU1128 in the TwinCAT System
Manager

Like any other EtherCAT slave, the CU1128 can be configured in two different ways in the TwinCAT System
Manager:

« if it already exists and is available online and connected to the configuration PC: through scanning
« if it does not exist: through manual configuration setup

See chapter Configuration [»_40].

Since the CU1128 with its three integrated slaves is a little different from other slaves, some further
information is provided below.

Configuration setup through online scan

From TwinCAT 2.10 b1340 (and therefore also TwinCAT 2.11 and higher) the CU1128 is detected during the
scan, and the main device plus the two slaves (CU1128-0001 and CU1128-0002) are created.

Eli [} - Configuration

--=fm Dievice 4-Image = Append Box...
== Device 4-Image Append EtherCAT Cmd

[ & Inputs :
- ] Outputs M Delete Device

-8 InfoData
g5 Mappings

(R} Online Reset
‘Eﬁ COnline Reload {Config Mode onl)
Cnline Delete (Config Mode anly)

fﬁ Export Device, .,

ﬁ“‘ Import Box, ..

Scan Boxes...

Fig. 98: Scanning EtherCAT devices in Config mode

To check, make sure in the topology view (see Fig. CU1128 topology display in the System Manager) that
the CU1128 is displayed as three junctions in one level.
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- B SYSTEM - Configuration
- HEM MC - Configuration
. PLC - Corfiguration

General | Adapter  EtherCAT |I:Inline| CoE - Online |

E! Ij0 - Configuration Metld:

=18 10 Devices
=% Device 4 (EtherCAT)

-I- Device 4-Image
.=}= Device 4-Image-Info
; %T Inputs

-l Outputs

-8 InfoData

b Box 1 (CUL128)

F-§ InfoData

Yiew CFfline  Online

|1 F217. 405051 Advanced Settings... |
Export Configuration File... |
Sync Unit Azzignment. .. |

e—

| Topology... | I

Il Topology

S Term 2 (EK1101)
H-

F-$§ Wostate
&-§ InfoData

2,

-5 Term 4 (EL7201)

(- "% Term 5 (EL7201)
LB Term 13 (ELO01LY
s Term & (C111128)
‘ Infolata
=-f Term 7 (EK1100)
7§ InfoData
i Term 3 (EL1004)
M Term 14 (EL0L1)
b Term 9 (C1128)

H-§ InfoDatka

= Term 10 (EK1100)
B~ & InfoData
M Term 11 (EL2002)
=M. Term 12 (EK1110)

e

Fig. 99: CU1128 topology display in the System Manager

=

&M Term 3 (ELZ202) H .ﬂ

L gl

For comparison, the following figure shows an incorrect display, caused by inadmissible relocation of the

slaves in the configuration, for example.

ks
e
i

Fig. 100: CU1128 topology display

sk

Manual configuration setup

For manual configuration setup of the CU1128 and attached devices, the correct ESI/XML file must be

present, see here [P 49].

The process in detail:

L —

Device 4 (EtherCAT)
-I- Device 4-Image
-I- Device 4-Image-1
EEI---%T Inputs

Fig. 101: Right-click and select Append Box

Append Box. ..
Append EtherCAT Crnd
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A new device is added in the Ethernet layer. The port specification in the selection dialog plays an important
part in the following; see Fig. Selection of the main device CU1128-000 on the right-hand side: it indicates at
which outgoing port of the selected device the new device is to be connected. The selection options depend
on the hardware (Ethernet or E-bus) available at ports A, B, C, D. In this example only Ethernet, port B is
available at the EtherCAT master.

Insert EtherCAT Device

Search: I Mame: |Term 1 M ultiple: |-| = | oK. I
Tope: = % Beckhaff Autamation GmbH Cancel |
EI..L EtherCAT Infraztructure components
: fogly CU1128 Bx EtherCAT junction  [CUT1280000{0000 (04685432 /00001 Port
H Ethermet Port kultiplierCLI25wx] 4

g8 Communication Terminals (ELGsxwx)
A i Systerm Couplers

Terminal Couplers [BE s, [Lewen-B110] =10
Custormer specific Terminalz
Panel Couplers

Safety Terminalz

B8 EtherCAT Fieldbus Boses [EPHxmx) CC

" B [Ethemet]

(- B8 FtherCAT PC card

- Drives

& EvaBoard [Interfaces)

E¥ EvaBoard [Sample Source Demos)

-8 EtherCAT Pigoyback controller boards [FE15344)

1| | ©

[ Extended Information [ Show Hidden Devices [T Show Sub Groups

Fig. 102: Selection of the main device CU1128-0000

The revision number can be shown in the selection dialog by ticking Extended Information.

# Inserting CU1128

To add a CU1128 to a configuration, always use DeviceEtherCAT -> AppendBox and then move it
to the required position in the configuration via drag and drop.

|- = Device 4 (EtherCAT)
-I- Device 4-Image
== Device 4-Image-Info
EEI---%T Inputs
EEI---‘.I, Cukputs
-8 InfoData
S-ade Term 1 {CU1128)
+-§ InfoData
[#-d Term 2 (CU1128)
[#-4by Term 3 fCU1128)

Fig. 103: Added CU1128 with secondary devices Dev A and Dev B

The PreviousPort field of the secondary devices indicates that they are connected to port C of the previous
device.
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- - L Rl
El ]:IIICl - ':l:ll'lﬁgurati':lrl General EtherCAT | Online I
=B /0 Devices
55 Device 4 (EtherCAT) Type: L1128 Bx EtherCAT junction - Dev &

-I- Device 4-Image o
== Device 4-Image-Info Product/R evision: IELI'I'I2E-EIEIEI'I 0000 (04635432 4 000000071]

- T Inputs Auto Ine Addr. FFFF

B+ @ Outputs :
5§ InfoDats EtherCAT Addr [~ [0 — Advanced Settings.. |
El-ads Term 1 (CUL128) |dentification b alue: IEI 3:

- § InfoData
2B T 2 (CLI1125)
ok Term 3 (CU1128)

Previous Port: [Tem 1 (CUT128)-C =

Fig. 104: Previous port specification for CU1128, ESC2

Topology view shows the three devices as a chain:

AR

Fig. 105: CU1128 in Topology view

Adding further CU1128 devices

It is common for further devices to be connected to the outgoing ports of the CU1128 at this stage. This is
explained below, using a further CU1128 as an example. Make sure that the correct connection point is
selected.

El' I/ - Configuration
Elﬂ I/ Devices
=B A Ccvvice 4 (EtherCAT)
+ Device 4-Image M append Box...
~=fa Device +-Image- Append EtherCAT Crd
EEI---%T Inputs
- @l Outputs ¥ Delete Device
-8 InfoData
Sl-ads Term 1 (CUL125 @ Crline Reset
& InfoData %ﬁ Online Reload (Config Mode only)
s Term 2 {CU1 online Delete (Config Mode anly)
s Term 3{cU1

Fig. 106: Adding further CU1128 devices

Add the CU1128-0000 via DeviceEtherCAT.

= Devee  (ahercan
= Device 4-Image-Info Search: IELH 128 M arne: ITerm 4 Multiple: |1 :I | oK, I

%T Inputs

"I' Outputs Type: % Beckhoff Sutomation GmbH Cancel |
‘ InfoData -+s EtherCAT Infrastucture companents
by Term 1 (CU1128) ‘abs CUT128 B EtherCAT junction (CU1128-0000-0000 (04585432 / 000GDI

- § InfoDats
FE-ad Term 2 (CU1128)
b Term 3 (CU1128)

Lo}

(¥ B [Ethemet)

Fig. 107: Selecting the CU1128-0000

The new Term4 is added after the existing CU1128.
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|- =% Device 4 (EtherCAT)
-I- Device 4-Image
== Device 4-Image-Info
EEI---%T Inputs
EEI---.J. Cukpuks
-8 InfoData
S-ade Term 1 {CUL128)
‘ Infalata
b Term 2 (CU1128)
El-abs Term 3 (CU1128)
I & InFu:uData

I ‘ InFu:uData
#-ads Term 5 (CU1128)
H-ads Term 6 (CU1128)

Fig. 108: Added CU1128

Then use drag and drop to move it to the required position. In this example the intention is to connect it to
port 4 of the CU1128, i.e. port D of ESC2 = Term2. This can be specified via PreviousPort.

|- =¥ Device 4 (EtherCAT)

+ Dievice 4-Image At [ne Addr: IFFFE

~-=4a Device 4-Image-Info EtherCAT Addr [ |1uua =] Advanced Settings... |
- &1 Inputs
- ‘l Cukputs |dentification & alue: IEI 5
- § InfoData Previous Port: Tem 2 [CU1128) - D -
Shads Term 1 (CU1128) I J

H-§ InfoData
=-ads Term 2 (CU1128)
. ®-§ InfoData
(SR 7 4 (L1 12E)
-8 InfoData
[#-4ds Term 5 (CU1128)
: #-ads Term 6 (CU1128)
=-as Term 3 (CU1128)
&-§ InfoData

Fig. 109: Selecting PreviousPort after moving the CU1128

Select Topology view to verify the configuration.

oA e e A 8
b

Fig. 110: Topology display for 2x CU1128

CU1123-00x0, CU1124, CU1128 Version: 2.4 85



Commissioning BECKHOFF

Further EtherCAT devices

Other EtherCAT devices with Ethernet hardware can also be connected to any ports via AppendBox.

Slabs Term 1 (CUL128)
&8 InfoData
Sy Term 2 (CU1128)
- InfoData
Sady Term 4 (CU1128)
+-§ InfoData
-+l Term 5 (CLU1128)
(I Ty 5 (LI 125
-8 InfoData M append Bo...
[y Term 3 (CU1128)

Append Module. ..

Fig. 111: Adding further devices

Only Ethernet devices can be connected to a CU1128. Therefore, please make sure that Ethernet is
selected under Port (see Fig. Adding a device, right).

=W O Devices
| 559 Dwvices + [EXhesr<CaT) A FEherTA T devics at pord B {Bdsrmet) of Tees B{CLT12E)
g Dovdon 4-Dage ——— =
s Deane 4-Im e -k e sescty [ER11] Nave  [Tem? Hufpsr 1 =] | aE i
=8 ks -
[ # I ol Jyp 21 55 Heckhol & uorssion BrkH o el |
s ‘ InFriwts =1l Gty i
| S L Temd (ELHLER) - Foat
IR Infabata i EETI B | akh i
| =+ by Temn 2 (CUT120 =N ;I-Ilﬁl'-' zpmc e Tasrnak
| i7-%§ Wlelaxa EET] [0-00C0 Elhan CAT Cougalan |22 E-Buc. 4k patv. o) =
E i T A (0L b [ {Edmrat]
| H- g Infobaty
| H-4k 15 1112 W B Ethamnai]
A i shfiame i)
I v 1 Ettvamel]
L, TermEeCUi1E |

Fig. 112: Adding a device

Sequence:

* A: once the CU1128 has been selected

» B: and one of the Ethernet ports has been selected,
« C: the new device can be selected.

The E-Bus port (see Fig. Port selection for CU1128) cannot be chosen, because the next CU1128 secondary
device is attached to it.

= B 1/ Dwvicas
<. P Carvica 4 (E:harCAT] Al Bt CAT dovion ab gort B {Fthersat) of Tes 5 [OUL 128}
| o Dt e 4-[remges _ .
| D g 1rdn fnath (ER11 Hamee  [Teme Hutgh: 51 = | o I
9 gl Irgekn
- i Culpts Topsr =1 B Beokkud faloanaition GnbH Coapned !
E-§ Infobuta B Syt Coples
&by THrm 1oL 128D § EEA1 D0 EhaiCAT Couple |24 E Eutl P
q § Infchsis W EET1DN EfsCAT Caupks |24 EBus. D ieich] -
= ke Tz (NI LEH] E ™ Cyone oo Teminek ;
- 4§ hfcData I EF11 D0-D0A0EtharCA T Conpder (2% E Hur, 84 gade rea ) ~
[=-ake Taw # [CLIIEY D Ethans]
& 1rdolas: &
i+
s TRITE S B [E femrad]
- EITE |
i1 B Infoiuss i GIEAuw]
#-E TemTEEILDI
A -ade Tom 3 (oULLIE]

Fig. 113: Port selection for CU1128
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7 Appendix

7.1 EEPROM Update

The CU1128 features three internal EtherCAT slave controllers (ESCs). This means that three EEPROMs
are available for write access. These are different in the CU1128, since all three ESCs have different port
technologies (Ethernet or E-Bus); see Fig. The three internal ESC names of the CU1128.

B -pL [CUT128) [CL7 28-0000-0000]
= +bs (CU1128) [CU1122-0001-0000)
“ogde [CUT128) [CU1128-0002-0000]

Fig. 114: The three internal ESC names of the CU1128

The main slave is the CU1128-0000, in this case revision -0000. The two following internal slaves are
CU1128-0001 and CU1128-0002.

The EEPROM can be updated via the EEPROM Update dialog in the System Manager. This is only
necessary in special cases and should only be done if instructed by Beckhoff support/service.

B Marme

Term 10 {CU1128) !
Term 11 (CU1128) FPGA Update, ..

Firrmuare Update. ..

Fig. 115: EEPROM Update TwinCAT

All three internal ESCs can be write-accessed sequentially, followed by an off/on restart, in order to load the
EEPROM. For assignment in the TwinCAT selection dialog, see Fig. Currently available EEPROM
descriptions for CU1128 and assignment.

x
Available EEPROM Degcriptions: v Show Hidden Devices ok I
=2 Beckhoff Automation GrbH -
i, . Cancel
=-M  Digital Qutput Terminals [EL2xxx)
| Box Mame L:_|.>L EtherCAT Infrastructure components
Box 9 (CU1125) < =SV | |11 28 Ev EtherCAT junction (CL1128-0000-0000 (04555432 / 00000000])

0000 04685432 / 000Q00C1])

Term 10 {CU1123) - il CUT128 Bx EtherCAT junction {Dev &] [CU1128
Term 11 (CU1125) s CUT128 By EtherCAT junction {Dev B| [CU1128]0002|0000 (04685432 / D000000Z])

Fig. 116: Currently available EEPROM descriptions for CU1128 and assignment

Dev A is intended for ESC2 CU1128-0001, Dev B for ESC3, CU1128-0002.
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7.2 Support and Service

Beckhoff and their partners around the world offer comprehensive support and service, making available fast
and competent assistance with all questions related to Beckhoff products and system solutions.

Beckhoff's branch offices and representatives

Please contact your Beckhoff branch office or representative for local support and service on Beckhoff
products!

The addresses of Beckhoff's branch offices and representatives round the world can be found on her internet
pages: https://www.beckhoff.com

You will also find further documentation for Beckhoff components there.

Beckhoff Support
Support offers you comprehensive technical assistance, helping you not only with the application of
individual Beckhoff products, but also with other, wide-ranging services:

e support

+ design, programming and commissioning of complex automation systems

+ and extensive training program for Beckhoff system components

Hotline: +49 5246 963 157
Fax: +49 5246 963 9157
e-mail: support@beckhoff.com
Beckhoff Service

The Beckhoff Service Center supports you in all matters of after-sales service:
* on-site service
* repair service
 spare parts service
* hotline service

Hotline: +49 5246 963 460
Fax: +49 5246 963 479
e-mail: service@beckhoff.com
Beckhoff Headquarters

Beckhoff Automation GmbH & Co. KG

Huelshorstweg 20

33415 Verl

Germany

Phone: +49 5246 963 0

Fax: +49 5246 963 198

e-mail: info@beckhoff.com

web: https://www.beckhoff.com
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More Information:
www.beckhoff.com/en-us/products/i-o/infrastructure-
components/cuxxxx-epxxxx-ethercat-components/

Beckhoff Automation GmbH & Co. KG
Hilshorstweg 20

33415 Verl
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