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BEGKHOFF Foreword

1 Foreword

1.1 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.

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.

EK1000 Version: 1.1 5
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1.2 Notes on information security

The products of Beckhoff Automation GmbH & Co. KG (Beckhoff), insofar as they can be accessed online,
are equipped with security functions that support the secure operation of plants, systems, machines and
networks. Despite the security functions, the creation, implementation and constant updating of a holistic
security concept for the operation are necessary to protect the respective plant, system, machine and
networks against cyber threats. The products sold by Beckhoff are only part of the overall security concept.
The customer is responsible for preventing unauthorized access by third parties to its equipment, systems,
machines and networks. The latter should be connected to the corporate network or the Internet only if
appropriate protective measures have been set up.

In addition, the recommendations from Beckhoff regarding appropriate protective measures should be
observed. Further information regarding information security and industrial security can be found in our

https://www.beckhoff.com/secquide.

Beckhoff products and solutions undergo continuous further development. This also applies to security
functions. In light of this continuous further development, Beckhoff expressly recommends that the products
are kept up to date at all times and that updates are installed for the products once they have been made
available. Using outdated or unsupported product versions can increase the risk of cyber threats.

To stay informed about information security for Beckhoff products, subscribe to the RSS feed at https://
www.beckhoff.com/secinfo.

6 Version: 1.1 EK1000
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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.

~

EK1000 Version: 1.1
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14 Documentation issue status
Version Modifications
1.1 » Update chapter “Foreword”
* Update structure
1.0 » 1% public issue
0.2 * Addenda, corrections
0.1  First preliminary version

8 Version: 1.1 EK1000
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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.

EK1000 Version: 1.1 9
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1.5.2 Version identification of EK Couplers

The serial number/ data code for Beckhoff 1O 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

BECKHOFF

EKTI0N
Ser. Mr: 41130204
Rev, Mr.:0815

Beckhaff dulofration GribH & Ca KG
Huslehoretweg 2 /0. 518 Verl
Mgk in Garmarnsy £ www Beckhalf com

Fig. 1: EK1101 EtherCAT coupler with revision 0815 and serial number 41130206

10 Version: 1.1 EK1000
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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

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.

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

EK1000 Version: 1.1 1
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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|lUnique 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 51S678294
Accordingly as DMC:

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 10 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.

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.

12 Version: 1.1 EK1000
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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, box modules) 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 3.1 build 4024.11, the eBIC can be displayed in the online view.

o To do this,
check the checkbox "Show Beckhoff Identification Code (BIC)" under
EtherCAT — Advanced Settings — Diagnostics:

TwinCAT Project30 4 X

General Adapter  BtherCAT | Online  CoE - Online

Advanced Settings
Netid: 169.254.124.140.2.1 P

State Machine Online Yiew
Cyclic Frames

Export Corfiguration File

L. Distributed Clocks [[]0000 ‘ESC Rev/Type’ ~ | [oo00 Add
et Aot . Eof Support (] 0002 ESC Buid o]
] []0004 ‘SM/FMMU Crt’
Topology. i Redundancy :l D006 Ports/DPRAM" D Show Change Courters
0008 Fertres’ (State Changes / Not Present)
(0010 Phys Addr
Fame Cmd  Ader len  WC  Snclnt  Gukms  Ubicato 0012 Corfigured Siion Als’
[]0020 Register Protect’
WMo WR 01000000 1 1 cdefa> 4000 10030 hecess Protect
WMo BRD  x000000130 2 2 4000 017 (0040 'ESC reset’
0.17 []0100 ‘ESC Cui’ Code(BIC)
:l 0102 'ESC CtlEx"
(] 0108 Phys. RW Offset’
(0110 ESC Status’
[J0120 ALCtd"

o The BTN and its contents are then displayed:

General Adapter EtherCAT Orline  CoF - Onine

No Add MName St CRC Fue Hee Production Data RemNo BTN Descrigtion CGuantty BatchNo Senailo
i 1001 Term 1(EXT100) oP 0.0 0 0 -
82 1002 Tem 2(ELIOIH oP 0.0 0 0 2020 KW36 Fr 72222 kdpS62d7  EL1803 1 678294
"3 1003 Tem 3(ELIM) oP 0.0 7 6 2012 KW24 Sa
™ 4 1008 Temm 4(EL2004) oP 0.0 0 0 - Li7rrre] k&p56247  EL2004 1 678255
§5 1005 Tem S(ELI00S) oP 0.0 0 0
™6 1006 Tem 6(EL200H oP 0.0 0 12 2014 KW14 Mo
®L7 1007 Teem 7(EKIND oP 0 1 8 2012 KW25 Mo

> 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".

o From TwinCAT 3.1. build 4024.24 the functions FB_EcReadBIC and FB_EcReadBTN for reading
into the PLC and further eBIC auxiliary functions are available in the Tc2_EtherCAT Library from
v3.3.19.0.

 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:

EK1000 Version: 1.1 13
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> The device must be in SAFEOP/OP for access:

Index Hame Flags
1000 Devion bype RO
1008 Deviize name RO
1003 Hardware verson RO
1004, Softwars vermon RO
1008 Beatloader version RO

1010 Faestons defaull parameters RO

+ 10180 Identty 28]

= 10E2:0 Marudacturerspechic iertficaionC.. RO

T0EZ:01  Sublindex 001 RO

« - 10F0:0 Backup parsmeter handing RO

+ 10F3:0 Ciagnoais Hesloey RO
10F3 Actual Tams Stamp RO

Value

De15E 1389 (Z2342601)
ELM3I704-0000

1]

01

01270

3

4

31«

1P 153442 5ETHO0Oeko TKELMITDE
»1«

21 %

01 7027 7e

Q1 2P4E200100001%6

o the object 0x10E2 will be introduced into stock products in the course of a necessary firmware

revision.

o From TwinCAT 3.1. build 4024.24 the functions FB_EcCoEReadBIC and FB_EcCoEReadBTN for
reading into the PLC and further eBIC auxiliary functions are available in the Tc2_EtherCAT

Library from v3.3.19.0.

* 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.

14
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2 Product description
21 Introduction
aFn'u:omnFF

[WET & | PowerLEDs
e :
£
[ , [— Ebus
- kf i
Link/Act )
LI - Coupler

supply

Ethermet —

I.inkfﬁct4i

EtherCAT

Front flap

Input for
POWer contacts

Power contacts

Addressselector

Fig. 4: EK1000

The EK1000 EtherCAT Coupler supports EtherCAT communication via switched Ethernet networks, such as
TSN networks (Time-Sensitive Networking), and allows for connecting various EtherCAT Terminals from the
wide range of 1/Os with standard network technology.

The EtherCAT Open Mode protocol enables communication via a layer 2 or a UDP connection. Via UDP,
EtherCAT data can also be addressed across routers. The EK1000 is TSN-ready and can be made TSN-
capable by a firmware update when the TSN technology is available. Proven EtherCAT features, such as
distributed clocks and XFC, can also be used within a TSN network.

In addition, it allows for connecting EtherCAT-capable drives that do not have a TSN-capable interface.
Thus, the EK1000 effectively links EtherCAT and TSN networks, combining their benefits: EtherCAT
provides a real-time capable single-device level and is therefore ideally suited to combine the numerous
small data packets that come from the digital and analog inputs and are typical of industrial environments
into a complete process image. TSN, on the other hand, defines a physical layer, which only relates to the
switch layer in switched Ethernet networks.

As a real-time extension of the general Ethernet technology, it controls the procedures and priorities for the
transport of Ethernet telegrams through a TSN-capable, switched network.

The EtherCAT Coupler has two RJ45 ports. One of these 100 Mbit/s ports connects the EK1000 to the
Ethernet or TSN network. The second port enables EtherCAT network extensions, e.g., via the EK1100
EtherCAT Coupler. The EK1000 extends the TwinCAT automation software with a TSN-capable version of
EtherCAT communication. In this way, TSN networks can also be managed seamlessly, and EtherCAT
devices located in different terminal strands can be addressed via the TSN network.

EK1000 Version: 1.1 15
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2.2 Technical data

Technical data

EK1100

Task in the EtherCAT system

Coupling of EtherCAT slave devices to TSN
networks

Networks

Mode 1 for standard networks

Mode 2 for TSN networks, in preparation
(retrofittable via image update, if available)

Data transfer medium

Ethernet 100BASE-TX (at least Ethernet CAT5
cable)

Cable length between 2 Bus Couplers

max. 100 m (100BASE-TX)

Number of EtherCAT Terminals

up to 65535 in the overall system

Number of peripheral signals

Protocol / Baud rate

EtherCAT Open Mode

Delay -
Data transfer rates 100 Mbit/s
Configuration = TwinCAT v3.1.4024.32

Bus interface

X001 (Rj45) = 100 Mbit/s Ethernet (TSN)
X002 (Rj45) = 100 Mbit/s EtherCAT (e.g. EK1100)

Power supply

24 Ve (-15%/+20%)

E-bus power supply (5 V)

(at higher current consumption the EL9410 power feed
terminal can be used in addition)

max. 2 A (-25 °C ... +60 °C)

Power contacts

max. 24 Ve, max. 10 A

Electrical isolation

500 V (power contact/supply voltage/EtherCAT)

Dimensions (W x H x D)

approx. 71 mm x 100 mm x 73 mm

Weight

approx. 218 g

Permissible ambient temperature range during -25°C ... +60 °C
operation
Permissible ambient temperature range during storage -40 °C ... + 85 °C

Permissible relative air humidity

95 %, no condensation

Mounting [» 26]

on 35 mm support rail according to EN 60715

Enhanced mechanical load capacity

yes, see also Installation instructions for enhanced

mechanical load capacity [P _30] for enhanced
mechanical load capacity

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

See chapter “Mounting [»_31]"

Marking

CE, EAC, UKCA

16
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3 Basics communication

3.1 EtherCAT basics

Please refer to the EtherCAT System Documentation for the EtherCAT fieldbus basics.

EK1000 Version: 1.1 17
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3.2 EtherCAT coupler port allocation

The data flow direction in an EK1000 is shown as an example in the following figure:

Frame processing sequence

» The incoming Ethernet frame at the Ethernet signal input is forwarded to the internal EtherCAT Open
Mode port.

Destination and source addresses are swapped or replaced (for MAC and IP/UDP, if applicable).

* The EOM frame arrives at Port 0 (A) and the data frame departs via Port 0 (A) to the following slave in
the EtherCAT terminal network (if a slave is connected there and an active link is detected).

After the arrival of the data frame at Port 1 (B) from the terminal network, this is forwarded and leaves
the coupler at the following EtherCAT output (if a slave is connected there and an active link is
detected).

» The data frame arrives at Port 1 (B). This is now forwarded to the EtherCAT Open Mode port and
leaves the EK1100 via the Ethernet input.

nm > N a A
Link/Act EtherCAT ‘ A
Ethernet | T C Open Mode
‘_4""\ ---------- -+ [——p EC
* port 0{A) | E-BUS |Terminal
: Block

. — | 4 <4
LinkiAct |
EtherCAT | *© port 1 (B)

‘_ e r = =l

S0 EthercAT —

18 Version: 1.1 EK1000
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3.3 EtherCAT State Machine

The state of the EtherCAT slave is controlled via the EtherCAT State Machine (ESM). Depending upon the
state, different functions are accessible or executable in the EtherCAT slave. Specific commands must be
sent by the EtherCAT master to the device in each state, particularly during the bootup of the slave.
A distinction is made between the following states:

o Init

* Pre-Operational

» Safe-Operational and

» Operational

* Boot

The regular state of each EtherCAT slave after bootup is the OP state.

Init
1 P {Pl}l ‘ [IE]% (B1)}
: (SI) . Bootstrap
Pre-Operational ‘ | o) |
ol ! lPSJI {sml
12 Safe-Operational
{sn}l {c:-sml
Operational

Fig. 5: States of the EtherCAT State Machine

Init

After switch-on the EtherCAT slave in the /nit state. No mailbox or process data communication is possible.
The EtherCAT master initializes sync manager channels 0 and 1 for mailbox communication.

Pre-Operational (Pre-Op)

During the transition between Init and Pre-Op the EtherCAT slave checks whether the mailbox was initialized
correctly.

In Pre-Op state mailbox communication is possible, but not process data communication. The EtherCAT
master initializes the sync manager channels for process data (from sync manager channel 2), the FMMU
channels and, if the slave supports configurable mapping, PDO mapping or the sync manager PDO
assignment. In this state the settings for the process data transfer and perhaps terminal-specific parameters
that may differ from the default settings are also transferred.

Safe-Operational (Safe-Op)

During transition between Pre-Op and Safe-Op the EtherCAT slave checks whether the sync manager
channels for process data communication and, if required, the distributed clocks settings are correct. Before
it acknowledges the change of state, the EtherCAT slave copies current input data into the associated DP-
RAM areas of the EtherCAT slave controller (ECSC).
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In Safe-Op state mailbox and process data communication is possible, although the slave keeps its outputs
in a safe state, while the input data are updated cyclically.

® Outputs in SAFEOP state

1 The default set watchdog monitoring sets the outputs of the module in a safe state - depending on
the settings in SAFEOP and OP - e.g. in OFF state. If this is prevented by deactivation of the watch-
dog monitoring in the module, the outputs can be switched or set also in the SAFEOP state.

Operational (Op)

Before the EtherCAT master switches the EtherCAT slave from Safe-Op to Op it must transfer valid output
data.

In the Op state the slave copies the output data of the masters to its outputs. Process data and mailbox
communication is possible.

Boot

In the Boot state the slave firmware can be updated. The Boot state can only be reached via the /nit state.

In the Boot state mailbox communication via the file access over EtherCAT (FoE) protocol is possible, but no
other mailbox communication and no process data communication.
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3.4 CoE Interface

General description

The CoE interface (CAN application protocol over EtherCAT)) is used for parameter management of
EtherCAT devices. EtherCAT slaves or the EtherCAT master manage fixed (read only) or variable
parameters which they require for operation, diagnostics or commissioning.

CoE parameters are arranged in a table hierarchy. In principle, the user has read access via the fieldbus.
The EtherCAT master (TwWinCAT System Manager) can access the local CoE lists of the slaves via
EtherCAT in read or write mode, depending on the attributes.

Different CoE parameter types are possible, including string (text), integer numbers, Boolean values or larger
byte fields. They can be used to describe a wide range of features. Examples of such parameters include
manufacturer ID, serial number, process data settings, device name, calibration values for analog
measurement or passwords.

The order is specified in two levels via hexadecimal numbering: (main)index, followed by subindex. The
value ranges are

« Index: 0x0000 ...OxFFFF (0...65535,,,)
- Sublndex: 0x00...0xFF (0...255,,)

A parameter localized in this way is normally written as 0x8010:07, with preceding “0x” to identify the
hexadecimal numerical range and a colon between index and subindex.

The relevant ranges for EtherCAT fieldbus users are:

» 0x1000: This is where fixed identity information for the device is stored, including name, manufacturer,
serial number etc., plus information about the current and available process data configurations.

« 0x8000: This is where the operational and functional parameters for all channels are stored, such as
filter settings or output frequency.

Other important ranges are:

+ 0x4000: here are the channel parameters for some EtherCAT devices. Historically, this was the first
parameter area before the 0x8000 area was introduced. EtherCAT devices that were previously
equipped with parameters in 0x4000 and changed to 0x8000 support both ranges for compatibility
reasons and mirror internally.

» 0x6000: Input PDOs (“input” from the perspective of the EtherCAT master)
* 0x7000: Output PDOs (“output” from the perspective of the EtherCAT master)

® Availability

Not every EtherCAT device must have a CoE list. Simple I/O modules without dedicated processor
usually have no variable parameters and therefore no CoE list.

If a device has a CoE list, it is shown in the TwinCAT System Manager as a separate tab with a listing of the
elements:
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General | EtherCAT I Frocess Datal Statup  CoE - Online I I:Inlinel

Update List | [T Auto Update W Single Update W Show Offline Data
Advanced... | I
bddtoStatup.. | [Offine Data Module 0D (4oE Port]: [
Index | i ame | Flagz | " alue
1000 Device type RO D00FA1.23239 (16389001)
1003 Device name RO ELZ502-0000
1003 Hardware wersion RO
1004 Software version RO
+-1011:0 Restore default parameters RO 14
= 10180 | dentity RO »d g
1Mam  Yendor D RO 000000002 [2)
101802 Product code RO 003CE3052 [163983442)
1018:02  Revigion RO 0007 230000 [1245124)
1018:04  Senal number RO Q00000000 [0)
+- 10FC:0 Backup parameter handling RO *1<
+--1400:0 Pt RuPDO-Par Chl RO »B<
+1401:0 Pwitd BwPDO-Par Ch.2 RO »B ¢
+- 1402:0 Ptd BxPDO-Par b1 Chl RO » B¢
+-1403:0 Pitd RxPDO-Par bl Ch2 RO » B¢
+- 1600:0 Pt RsPD0O-tap Chl RO »1q

Fig. 6: “CoE Online” tab

The figure above shows the CoE objects available in device “EL2502”, ranging from 0x1000 to 0x1600. The
subindices for 0x1018 are expanded.

Data management and function “NoCoeStorage”

Some parameters, particularly the setting parameters of the slave, are configurable and writeable. This can
be done in write or read mode

+ via the System Manager (Fig. “CoE Online” tab) by clicking
This is useful for commissioning of the system/slaves. Click on the row of the index to be
parameterized and enter a value in the “SetValue” dialog.

« from the control system/PLC via ADS, e.g. through blocks from the TcEtherCAT.lib library
This is recommended for modifications while the system is running or if no System Manager or
operating staff are available.

Data management

o

1 If slave CoE parameters are modified online, Beckhoff devices store any changes in a fail-safe
manner in the EEPROM, i.e. the modified CoE parameters are still available after a restart.
The situation may be different with other manufacturers.

An EEPROM is subject to a limited lifetime with respect to write operations. From typically 100,000
write operations onwards it can no longer be guaranteed that new (changed) data are reliably saved
or are still readable. This is irrelevant for normal commissioning. However, if CoE parameters are
continuously changed via ADS at machine runtime, it is quite possible for the lifetime limit to be
reached. Support for the NoCoeStorage function, which suppresses the saving of changed CoE val-
ues, depends on the firmware version.

Please refer to the technical data in this documentation as to whether this applies to the respective
device.

« If the function is supported: the function is activated by entering the code word 0x12345678 once
in CoE 0xF008 and remains active as long as the code word is not changed. After switching the
device on it is then inactive. Changed CoE values are not saved in the EEPROM and can thus
be changed any number of times.

* Function is not supported: continuous changing of CoE values is not permissible in view of the
lifetime limit.
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Startup list

[

1 Changes in the local CoE list of the terminal are lost if the terminal is replaced. If a terminal is re-
placed with a new Beckhoff terminal, it will have the default settings. It is therefore advisable to link
all changes in the CoE list of an EtherCAT slave with the Startup list of the slave, which is pro-
cessed whenever the EtherCAT fieldbus is started. In this way a replacement EtherCAT slave can
automatically be parameterized with the specifications of the user.

If EtherCAT slaves are used which are unable to store local CoE values permanently, the Startup
list must be used.

Recommended approach for manual modification of CoE parameters

« Make the required change in the System Manager
The values are stored locally in the EtherCAT slave

« If the value is to be stored permanently, enter it in the Startup list.
The order of the Startup entries is usually irrelevant.

Generall EtherCAT I Process Data I CoE - Dnlinel I:Inlinel

Tranzition | Praotocol | [nides | Drata | Comrment
C <PS: CoE 0=1C12:00 =00 [0] clear zm pdos (0101 2]
C <P5:- CoE 0=1C13:00 =00 (0] clear zm pdos [0x1C13]
C <P5» CoE 0«1C12:01 0x1600 [5E32) download pdo Ox1CT2:07 ...
C <PS: CoE 01C12:02 01607 [BE33) download pdo 0x1C12:02 ...
C <PS: CoE 151 2:00 002 [2] download pdo 0x1C12 count

ﬂ Insert,..

'K' Celete...

Edit. .. I

Fig. 7: Startup list in the TwinCAT System Manager

The Startup list may already contain values that were configured by the System Manager based on the ESI
specifications. Additional application-specific entries can be created.

Online/offline list

While working with the TwinCAT System Manager, a distinction has to be made whether the EtherCAT
device is “available”, i.e. switched on and linked via EtherCAT and therefore online, or whether a
configuration is created offline without connected slaves.

In both cases a CoE list as shown in Fig. “CoE online tab” is displayed. The connectivity is shown as offline/
online.
* If the slave is offline

> The offline list from the ESI file is displayed. In this case modifications are not meaningful or
possible.

o The configured status is shown under Identity.
> No firmware or hardware version is displayed, since these are features of the physical device.
o Offline is shown in red.
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General | EtherCAT I Frocess Datal Statup  CoE - Online I I:Inlinel

Update List | [T Auto Update W Single Update W Show Offline Data
Advanced... | I
bddtoStatup.. | [Offine Data Module 0D (4oE Port]: [
Index | i ame k | Flagz | " alue
1000 Device type RO 000FA1389 [16393007)
1002 Device name A RO EL2502-0000
1003 Hardware wersion RO
1004, Software verzion RO
+-1011:0 Restore default parameters RO 14
= 10180 [ dentity RO 4
1080 Wendor 1D RO O00000002 [2)
1018:02  Product code RO 0:03CE3052 (163983442
1018:03  Revizion RO 0007 30000 12451 24)
1018:04  Senal number RO Q00000000 [0)
+- 10FC:0 Backup parameter handling RO *1<
+-1400:0 Pt R=PDO-Par Ch RO » B¢
+-1401:0 Pwitd RePDO-Par Ch.2 RO » B¢
+- 1402:0 Fwitd RePDO-Par b1 Chl RO » B¢
+- 14030 Pwitd R=PDO-Par b1 Ch2 RO » B¢
+- 1600:0 Pt RsPDO-Map Chl RO »1«

Fig. 8: Offline list

« If the slave is online

o The actual current slave list is read. This may take several seconds, depending on the size and
cycle time.

o The actual identity is displayed

o The firmware and hardware version of the equipment according to the electronic information is
displayed

> Online is shown in green.

Generall EtherCAT I Frocess Datal Statup  CoE - Online I I:Inlinel

Update List | [T AutoUpdate W Single Update [ Show Offline Data
Advanced... | I
Sld /b Shartup... | IEInIine [rata todule OO [Ack Part]: IU
Index | i ame | Flagz | " alue
1000 Device type RO D00FA1.329 (16383001
1003 Device name RO ELZ502-0000
1003 Hardware wersion RO 0z
1004 Software version RO 07
+-1011:0 Restore default parameters RO 14
= 10180 | dentity RO x4
1Mam  Yendor D RO 000000002 [2)
101802 Product code RO 0x09CE3052 [163983442)
1018:02  Revigion RO (007120000 [1245124)
1018:04  Senal number RO (00000000 [o]
10F0:0 Backup parameter handling RO *1<
1400:0 Pt RuPDO-Par Chl RO »b <
Fig. 9: Online list
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Channel-based order

The CoE list is available in EtherCAT devices that usually feature several functionally equivalent channels.
For example, a 4-channel analog 0...10 V input terminal also has four logical channels and therefore four
identical sets of parameter data for the channels. In order to avoid having to list each channel in the
documentation, the placeholder “n” tends to be used for the individual channel numbers.

In the CoE system 16 indices, each with 255 subindices, are generally sufficient for representing all channel
parameters. The channel-based order is therefore arranged in 164,./10;., steps. The parameter range
0x8000 exemplifies this:

* Channel 0: parameter range 0x8000:00 ... 0x800F:255
* Channel 1: parameter range 0x8010:00 ... 0x801F:255
» Channel 2: parameter range 0x8020:00 ... 0x802F:255

This is generally written as 0x80n0.

Detailed information on the CoE interface can be found in the EtherCAT system documentation on the
Beckhoff website.
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4 Installation

4.1 Instructions for ESD protection

NOTE

Destruction of the devices by electrostatic discharge possible!

The devices contain components at risk from electrostatic discharge caused by improper handling.
 Please ensure you are electrostatically discharged and avoid touching the contacts of the device directly.
+ Avoid contact with highly insulating materials (synthetic fibers, plastic film etc.).

» Surroundings (working place, packaging and personnel) should by grounded probably, when handling
with the devices.

« Each assembly must be terminated at the right hand end with an EL9011 or EL9012 bus end cap, to en-
sure the protection class and ESD protection.

= T
f ~

i
IHI"\l
~.

Fig. 10: Spring contacts of the Beckhoff I/O components
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4.2 Installation on mounting rails

Risk of electric shock and damage of device!

Bring the bus terminal system into a safe, powered down state before starting installation, disassembly or
wiring of the bus terminals!

Assembly

Fig. 11: Attaching on mounting rail

The bus coupler and bus terminals are attached to commercially available 35 mm mounting rails (DIN rails
according to EN 60715) by applying slight pressure:

1. First attach the fieldbus coupler to the mounting rail.

2. The bus terminals are now attached on the right-hand side of the fieldbus coupler. Join the compo-
nents with tongue and groove and push the terminals against the mounting rail, until the lock clicks
onto the mounting rail.

If the terminals are clipped onto the mounting rail first and then pushed together without tongue and
groove, the connection will not be operational! When correctly assembled, no significant gap should
be visible between the housings.

Fixing of mounting rails

The locking mechanism of the terminals and couplers extends to the profile of the mounting rail. At
the installation, the locking mechanism of the components must not come into conflict with the fixing
bolts of the mounting rail. To mount the mounting rails with a height of 7.5 mm under the terminals
and couplers, you should use flat mounting connections (e.g. countersunk screws or blind rivets).

i o
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Disassembly

Fig. 12: Disassembling of terminal
Each terminal is secured by a lock on the mounting rail, which must be released for disassembly:

1. Pull the terminal by its orange-colored lugs approximately 1 cm away from the mounting rail. In doing
so for this terminal the mounting rail lock is released automatically and you can pull the terminal out of
the bus terminal block easily without excessive force.

2. Grasp the released terminal with thumb and index finger simultaneous at the upper and lower grooved
housing surfaces and pull the terminal out of the bus terminal block.

Connections within a bus terminal block

The electric connections between the Bus Coupler and the Bus Terminals are automatically realized by
joining the components:
» The six spring contacts of the K-Bus/E-Bus deal with the transfer of the data and the supply of the Bus
Terminal electronics.

» The power contacts deal with the supply for the field electronics and thus represent a supply rail within
the bus terminal block. The power contacts are supplied via terminals on the Bus Coupler (up to 24 V)
or for higher voltages via power feed terminals.

Power Contacts

[

1 During the design of a bus terminal block, the pin assignment of the individual Bus Terminals must
be taken account of, since some types (e.g. analog Bus Terminals or digital 4-channel Bus Termi-
nals) do not or not fully loop through the power contacts. Power Feed Terminals (KL91xx, KL92xx
or EL91xx, EL92xx) interrupt the power contacts and thus represent the start of a new supply rail.

PE power contact

The power contact labeled PE can be used as a protective earth. For safety reasons this contact mates first
when plugging together, and can ground short-circuit currents of up to 125 A.
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Fig. 13: Power contact on left side

NOTE

Possible damage of the device

Note that, for reasons of electromagnetic compatibility, the PE contacts are capacitatively coupled to the
mounting rail. This may lead to incorrect results during insulation testing or to damage on the terminal (e.g.
disruptive discharge to the PE line during insulation testing of a consumer with a nominal voltage of 230 V).
For insulation testing, disconnect the PE supply line at the Bus Coupler or the Power Feed Terminal! In or-
der to decouple further feed points for testing, these Power Feed Terminals can be released and pulled at
least 10 mm from the group of terminals.

Risk of electric shock!
The PE power contact must not be used for other potentials!
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4.3 Installation instructions for enhanced mechanical
load capacity

Risk of injury through electric shock and damage to the device!

Bring the Bus Terminal system into a safe, de-energized state before starting mounting, disassembly or
wiring of the Bus Terminals!

Additional checks

The terminals have undergone the following additional tests:

Verification [Explanation

Vibration 10 frequency runs in 3 axes

6 Hz < f < 60 Hz displacement 0.35 mm, constant amplitude
60.1 Hz < f < 500 Hz acceleration 5 g, constant amplitude
Shocks 1000 shocks in each direction, in 3 axes

25g,6ms

Additional installation instructions

For terminals with enhanced mechanical load capacity, the following additional installation instructions apply:
« The enhanced mechanical load capacity is valid for all permissible installation positions
* Use a mounting rail according to EN 60715 TH35-15

+ Fix the terminal segment on both sides of the mounting rail with a mechanical fixture, e.g. an earth
terminal or reinforced end clamp

» The maximum total extension of the terminal segment (without coupler) is:
64 terminals (12 mm mounting with) or 32 terminals (24 mm mounting with)

» Avoid deformation, twisting, crushing and bending of the mounting rail during edging and installation of
the rail

» The mounting points of the mounting rail must be set at 5 cm intervals
» Use countersunk head screws to fasten the mounting rail

» The free length between the strain relief and the wire connection should be kept as short as possible. A
distance of approx. 10 cm should be maintained to the cable duct.
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4.4 Mounting
441 Dimensions
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Fig. 14: Dimensions of the EK1000
Technical drawings in DWG format and in STP formats can be found at:
https://www.beckhoff.com/en-us/support/download-finder/technical-documentations/
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4.4.2 Note permissible mounting positions

Increased heat generation

o
1 If the installation position is incorrectly selected and the minimum distances are not observed, the
EK1000 may overheat.
Ensure sufficient ventilation. A horizontal mounting position is optimal. Leave a clearance of at least
30 mm above and below the EK1000.

Please note the following specifications for the control cabinet:

» Adhere to the specified ambient temperature. For this measure the temperature at a distance of 30 mm
to the cooling fins to determine the ambient temperature correctly.

* Keep the minimum distance of 30 mm above and below the EtherCAT coupler.

» Further electrical devices influence the heat development in the control cabinet. Select a suitable
control cabinet size depending on the application or ensure that excess heat is removed from the
control cabinet.

Prescribed mounting position for temperatures up to 60°C

Mount the EK1000 horizontally in the control cabinet on a mounting rail to ensure optimum heat dissipation.

The ventilation openings are located on the bottom and top of the housing. In this way, an optimum air flow is
achieved, which flows through the EK1000 in a vertical direction. In addition, a free space of at least 30 mm
above and below the EtherCAT coupler is required to ensure sufficient ventilation.
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Fig. 15: EK1000, horizontal mounting position

min. 30 mm
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Mounting positions with restricted temperature range up to 50°C

You can also mount the EK1000 vertically or horizontally on the mounting rail. Please note that you can then
only operate the EK1000 up to an ambient temperature of 50°C.

ool® OICXO
oofke ke

eo[I[JO MO
AJEECN We)
[lEEeoN [NoN N
eOo[J[10 MO MK
Bel [He) [Ne)
Eej] Ee] [Ee)

wa ]
2]
na[ ]

000133
440HX238

o
o]
el oM
o gom |

BECKHOFF
EK1000

[Jron
(e
[mEY

olE oM
cRgon |

e en
eJd e

Fig. 16: EK1000, vertical mounting position

¥

Fig. 17: EK1000, lying mounting position

Make sure that Bus Terminals connected to the EK1000 are designed for vertical or horizontal operation.
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4.4.3 Fasten on mounting rail

The housing is designed so that the EK1000 can be held against the mounting rail and snapped onto it. A
lock on the left side of the EK1000 secures it to the mounting rail

Requirements::
* Mounting rail of type TS35/7.5 or TS35/15 according to DIN EN 60715

Attach the EK1000 to the mounting rail as follows:

1. Place the EK1000 frontally on the mounting rail. Press the EK1000 lightly against the mounting rail until it
clicks quietly and the EK1000 is engaged.
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Fig. 18: EK1000 mounting on mounting rail

2. Then lock the latch on the left side of the EtherCAT coupler. Use a screwdriver to do this.

3 440H)938

i

Fig. 19: Locking the latch

= Check that the EK1000 has been correctly mounted and that it has latched onto the mounting rail.
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4.5 Note - Power supply

Power supply from SELV/PELV power supply unit!
SELV/PELV circuits (Safety Extra Low Voltage, Protective Extra Low Voltage) according to
IEC 61010-2-201 must be used to supply this device.
Notes:
« SELV/PELYV circuits may give rise to further requirements from standards such as IEC 60204-1 et al, for
example with regard to cable spacing and insulation.

» A SELV (Safety Extra Low Voltage) supply provides safe electrical isolation and limitation of the voltage
without a connection to the protective conductor,
a PELV (Protective Extra Low Voltage) supply also requires a safe connection to the protective conduc-

tor.
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4.6 Connecting the power supply

Damage to the EK1000 possible!

The EK1000 may be damaged during wiring.
» The cables for the power supply should only be connected in de-energized state!

An external voltage source [P_35] providing a 24 V DC voltage (-15 % / +20 %) is required for the power
supply terminal.
The power supply terminal must supply 4 A at 24 V to ensure operation of the EK1000 in all cases.

The cabling of the EK1000 in the control cabinet must be done in accordance with the standard EN
60204-1:2006 PELV = Protective Extra Low Voltage:

+ The "PE" and "0 V" conductors of the voltage source for a basic CPU module must be on the same
potential (connected in the control cabinet).

» Standard EN 60204-1:2006, section 6.4.1:b stipulates that one side of the circuit, or a point of the
energy source for this circuit must be connected to the protective earth conductor system.

Connection example
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Us 24 V (DC) EECRHOR

[ Jron ==

e ==

[ Jee ‘
L]
©CQ+—— 1
1 5
L]

)
Lo
J

]
©f]

5>
F

]
]

X

EtherCAT. ™

iy

Up 24 V (DC) Terminal-Bus
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PE

Fig. 20: Connection example EK 1000

No. Description

1 The upper spring terminals labeled "24 V" and "0 V" supply the EK1000 and the terminal
bus (data transmission via K- or E-bus) with voltage.

2 The spring terminals labeled "+", "-" and "PE" supply the Bus Terminals with voltage via
the power contacts and the sensors or actuators connected to the Bus Terminals.
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Installation

Open and close spring terminals

The leads of an external voltage source are connected to spring terminals on the power supply. Connect the

lines as follows::

Cable cross section

0,5...2,5mm?

AWG 20 .. AWG 14

Stripping length

8..9mm

0.33 inch

‘| BECKHOFF
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Fig. 21: (1) Insertion screwdriver, (2) Insertion of the cable, (3) Loosen the screwdriver.

The voltage source has been connected to the power supply unit
successfully when the two upper power supply terminal LEDs light up in

green.

» The left LED (Us) indicates the supply of the basic CPU module and

terminal bus.

» The red LED (Up) indicates the Bus Terminal supply via the power

contacts.

O o

Us 24V

[ ]

Up 24V

ply

NOTE

Damage of device possible while interrupting / switching off the power sup-

To switch off the EK1000, do not disconnect the ground (0 V), because otherwise current

may continue to flow via the shielding, depending on the device, and damage the EK1000
or peripheral devices.

» Always disconnect the 24 V line. Devices connected to the EK1000, which have their
own power supply (e.g. a Panel) must have the same potential for "PE" and "0 V" as the
EK1000 have (no potential difference).

EK1000

Version: 1.1
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4.7 Power supply, potential groups

Bus Coupler power supply

The Bus Couplers require a 24 V. supply for their operation. The connection is made by means of the upper
spring-loaded terminals labelled 24 V and 0 V. The supply voltage is used by the Bus Coupler electronics
and for direct voltage generation for the E-bus. The voltage generation for the E-bus takes place in a DC/DC
converter without electrical isolation.

The EK1xxx units supply the E-bus with max. 2,000 mA E-bus current. Power feed terminals are to be
inserted if the added terminals require more current.

Input for power contacts

The bottom six connections with spring-loaded terminals can be used to feed the supply for the peripherals.
The spring-loaded terminals are joined in pairs to a power contact. The feed for the power contacts has no
connection to the voltage supply for the Bus Coupler. The design of the feed permits voltages of up to 24 V.
The assignment in pairs and the electrical connection between feed terminal contacts allows the connection
wires to be looped through to various terminal points. The current load via the power contacts may not
permanently exceed 10 A; the supply line must therefore be protected by a 10 A fuse (slow-blow).

Power contacts

On the right hand face of the Bus Coupler there are three spring contacts for the power contact connections.
The spring contacts are hidden in slots so that they can not be accidentally touched. By attaching a Bus
Terminal the blade contacts on the left hand side of the Bus Terminal are connected to the spring contacts.
The tongue and groove guides on the top and bottom of the Bus Coupler and of the Bus Terminals
guarantees that the power contacts mate securely.

The current load of the power contacts may not permanently exceed 10 A.

Electrical isolation

The bus couplers operate by means of three independent potential groups. The supply voltage feeds the E-
bus electronics in the bus coupler and the E-bus itself, which are electrically isolated. The supply voltage is
also used to generate the operating voltage for the fieldbus.

Note: All the Bus Terminals are electrically isolated from the E-bus. The E-bus is thus electrically isolated
from everything else.
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Fig. 22: Potential diagram EKxxxx
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GND concept
FE
= C
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lDIN rail
Fig. 23: GND concept EKxxxx

Fuse protection

Coupler supply, fuse 1:

depending on the required current consumption and hence the configured terminals
typical max. 1 A

Power contacts, fuse 2:

permitted max. 10 A (slow-blow)

The coupler electronics and the power contacts can be supplied together from the same source. In this case

the fuse should be dimensioned for 10 A max.

EK1000 Version: 1.1
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4.8 EtherCAT cabling — wire-bound

The cable length between two EtherCAT devices must not exceed 100 m. This results from the FastEthernet
technology, which, above all for reasons of signal attenuation over the length of the cable, allows a maximum

link length of 5 + 90 + 5 m if cables with appropriate properties are used. See also the Design
recommendations for the infrastructure for EtherCAT/Ethernet.

Cables and connectors

For connecting EtherCAT devices only Ethernet connections (cables + plugs) that meet the requirements of
at least category 5 (CAt5) according to EN 50173 or ISO/IEC 11801 should be used. EtherCAT uses 4 wires
for signal transfer.

EtherCAT uses RJ45 plug connectors, for example. The pin assignment is compatible with the Ethernet
standard (ISO/IEC 8802-3).

Pin Color of conductor Signal Description

1 yellow TD + Transmission Data +
2 orange TD - Transmission Data -
3 white RD + Receiver Data +

6 blue RD - Receiver Data -

Due to automatic cable detection (auto-crossing) symmetric (1:1) or cross-over cables can be used between
EtherCAT devices from Beckhoff.

® Recommended cables

1 It is recommended to use the appropriate Beckhoff components e.g.
- cable sets ZK1090-9191-xxxx respectively
- RJ45 connector, field assembly ZS1090-0005
- EtherCAT cable, field assembly ZB9010, ZB9020

Suitable cables for the connection of EtherCAT devices can be found on the Beckhoff website!

E-Bus supply

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 up to 2 A as a rule (see details in respective device documentation).

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. 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.

& .: ET: uﬁ-‘c:‘!:(ﬂhemﬂl Mumber | Box Name | Add... | Type | InSi...| Out .|| E-Bus (mA)
"~ f < Device Limage B1 Term 1 (EK1100) 1001  EK1100
|+ Device 1.Imace I = Term 2 (EL2008) 1002  EL2008 1.0 | 1890
&0 Tnputs =3 Term 3 (EL2008) 1003  EL2008 1.0 | 1780
-1 Oulputs " 4 Term 4 (EL2008) 1004  EL2008 1.0 | 1670
&% InfoData "5 Term 5 (EL6740... 1005 EL6740-0010 2.0 2.0 | 1220
- Term 1 (EK1100) "6 Term 6 (EL6740... 1006 EL6740-0010 2.0 2.0 | 770
&8 InfoData =7 Term 7 (EL6740... 1007 EL6740-0010 2.0 2.0 | 320
=% Term 2 (EL2008) =g Term 8 (EL6740... 1008 EL6740-0010 2.0 2.0 | -1301
©% Term 3 (EL2008) "9 Term 9 (EL6740... 1009 EL6740-0010 2.0 2.0 | -5801

Fig. 24: System manager current calculation
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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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4.9 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
mmmmm  disposal of waste electrical and electronic equipment must be observed.
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5 Commissioning/application notes

In order to operate an EK1000 on an EtherCAT master, an EOM (EtherCAT Open Mode) adapter must first
be added directly to Devices. Subsequently, it is possible via this adapter to add EOM devices offline or

online to the configuration, to make settings and more.

Selution Explorer >+ x
@ ora| pl-

Search Solution Explarer (Ctrl+ ) L~

Paste with Links

Fig. 25: Adding an EtherCAT Open Mode adapter

Insert Device X
m Solution "TwinCAT Project_EK1000_FirstSteps' (1
4 ] TWinCAT Project_EK1000_FirstSteps Tl 572 EtherCAT | oK
4 @ SYSTEM == EtherCAT Master
== EtherCAT Slave Cancel
= EtherCAT Automation Protocol [Metwork Y ariables)
i| EtherCAT Automation Protocal vis ELEEOT, EtherCAT
[ c++ AT Sirnulation
ANALYTICS
H- P =
H-saas Profibus DP
— . £-d5¢ Profinet
+ Device 1 (EOM) Add New lter... Ins J-€if CANapen Target Type
&%) Mappings Add Existing ltem... Shift+Alt+A H-=g DeviceNet () PC only
£-== EtherMet/IP
fddiNemloldoc: H-fff SERCOS interface O Cxonly
Export EAP Config File H-11i0 Beckhoff Lightbus () B only
H-—® LUSE
e 0.8 BAChet Oal
Paste Ctri+V -
Mame: Device 2

Installation of the TwinCAT Realtime driver

For the operation of the EtherCAT Open Mode the installation of the TwinCAT Realtime driver on the inter-

face of the connected host PC is necessary!
Further information, see EtherCAT System Documentation.

EK1000 Version: 1.1
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5.1 Offline configuration

Via EOM Device Count in the tab EOM Devices of the attached EOM adapter it is possible to add EOM
devices like the EK1000 to the configuration. For each device, adjustments such as device name, IP address
and communication can be made individually. A mixed operation with communication between "RAW" and
"UDP" is possible. The advanced settings of the individual devices can be accessed by right-clicking on the
corresponding EOM device > Advanced Settings.

Solution Explorer 4l vincateroject Exionn Fieststeps = < ||

n.i - T, - _| -
A f=F | @ | > |E| General Adapter EOM Devices Seffings Statistics
Search Solution Explorer (Ctrl+ ) P~
EOM Device Count: B ; )
&7 Solution “TwinCAT Project_EK1000_FirstSteps' (1 3 S S
4 “_ITWiI"ICRTPrOjECt_EK1ODO_Fir§tStEp5
b m SYSTEM EOM Port  Device Name IP Address Communication
MOTION = 1 EK1000_4ED344 172.17.42.47 RAW
PLC = 2 FomDevice 2 0.0.0.0 UDF
SAFETY = 13 EomDevice_3
[l C++ Remove
;D‘EALWCS Advanced Settings Device 'EormDevice 3' - Disable
“ / ) —-I Advanced Settings
4 “];_"g Devices
— - Mame Walus GoTo EtherCAT Master
+ Device 1 (EOM) Segmentid p .
b == EK1000_4ED844 (EtherCAT) T 5
P === EomDevice_2 (EtherCAT)

[ === EomDevice_3 (EtherCAT)

Fig. 26: Dialog "Advanced settings"

By adding EOM devices, associated EtherCAT masters are automatically created on the left in the project
tree. You can use this to add EK1000 and other EtherCAT devices to the configuration with a click of the
right mouse button.
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4 V0
4 % Devices
=% Device 1 (EOM]
== EK1000_4ED844 (EtherCAT)
2 Image
+B Image-Info
2 SyncUnits

S

Inputs
W Outputs
I3 InfoData
4 Term 1 (EK1000)
3 Device Inputs
b [l Device Outputs
P [ WcState
b @ InfoData
b M Term 2 (EL2252)
b Term 3 (EL2032)
B Term 4 (ELS011)
== EomDevice_2 (EtherCAT)
% Image

LT T T T

~

+B Image-Info
b 2 SyncUnits
b Inputs
b B Outputs
I [@ InfoData

b Device Inputs

¥ b [ Device Outputs
b B WcState
b @ InfoData

b == EomDevice_3 (EtherCAT)

4 §% Mappings

w1 Task 2 - EK1000_4ED244 (EtherCAT) 1

Solution Explorer

Fig. 27: Add new items

Name Online
#! EomRunning
#1 MasterLock
#1 WiState
# InputToggle
#] State
# AdsAddr
B Ctrl
3 Add New ltem... Ins
‘9 Add Existing ltem... Shift+ Alt+A
Insert New ltem...
Insert Existing ltem...
X Remove Del
Save Term 5 (EK1000) As...
¥ Sean
¥ Copy Ctrl+C
& Cut Ctrl+X
Paste Ctrl+V
Paste with Links
= Independent Project File
& Disable

Change to Compatible Type...
Add to HotConnect group

Delete from HotConnect group
CITOT LIS

Type

BIT

BIT

BIT

BIT

UINT
AMSADDF
UDINT

Add EtherCAT device at port B (E-Bus) of Term 5 (EK1000)

Search ‘

‘ Mame: |

Type:

Multiple:

I E K

E-52E Beckhoff Automation GmbH & Co. KG
%5 WPlanar

2 KIS

2 =TS Hygienic [ATH2xmx)

# Digial Input Terminals [EL1wex)
Digital 0 erminals [EL2:
Digital Output Modules (EM2xux)
Analog Input Teminals [EL3wm]
Analog Input Teminals XFC [EL3ww)
Analog Input Modules (EM 3]
Analog Output Terminals (EL 4]
Analog Duput Terminalz <FC [EL3wx)
teasuring Terminalz [ELSws]

ELM Terminals [ELMzmx)
Communication Terminals [ELEx:x]

3| Diive and fuds Temminals [EL7xx]
Fa| Drive and Axis Modules [EM 7]
System Terminals

Customer specific: Terminals

Systemn Couplers [Fast Hot Connect]
ELX Teminals

EJ Coupler(Edunx)

TwinSAFE EJ Terminals

B TwinSAFE Teminals

o
g
=

~ Cancel
Port
A
o
@B [E-Bus)
(0 C [Ethemet]
H2out!
v

[ Extended Information
Check Connactor

[ Show Hidden Devices
[ Show preconfigured Devises (3C1)

Show Sub Groups

EK1000

Version: 1.1

45



Commissioning/application notes BEGKHOFF

5.2 Online configuration

In order to add EOM devices located in the network to the configuration, it is possible to find them via a
broadcast search. To do this, right-click on the attached EOM adapter - Device x (EOM) > Scan or via the
EOM Devices > EOM Online Settings tab.

Solution Explorer A Wl TwinCAT Project_EK1000_FirstSteps = X
@E-|o-a| g

Search Solution Explorer (Ctrl+a) P~

General Adapter EOM Devices Seftings  Statistics

EOM Device Count: 1] = EOM Online Settings...

EOM Port  Dewice Mame IP Address Communication

fa] Solution ‘TwinCAT Project_EK1000_FirstSteps' (1
F] n] TwinCAT Project_EK1000_FirstSteps
b4l SYSTEM
MOTION
B rLC
SAFETY
E C++

[& anarmcs
¥ o]
4 4“% Devices
B2 Device 1 (EOM)
ﬁ:, Mappings 3 Add New ltem... Ins
*q  Add Existing ltem... Shift+Alt+4

X Remove Del
Add Object(s)...

Change Netld...
Save Device 1 (EOM) As...

Online Reset
Online Reload

Online Delete
"°*'{ Scan
Change Id...
! Cepy Ctrl+C
H  Cut Ctrl+X
Paste Ctrl+V

Paste with Links

Al Independent Project File
= Disable

The following dialog should open. After successful scanning, all devices found are listed and settings and
configuration can be carried out on the devices. A lock in the icon of a device indicates that it is already
communicating with another EOM master and is therefore locked.

Fig. 28: Scan for EOM Devices
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EtherCAT Open Mode

Search E Broadcast Search
Marme AL Address AMS Metld IP Addrezs Subnet Gateway DHCP
EK1000_4EDB44  00:01:05:4E:D8:44 H7FB.21678.1.1 17217.42.47 255 255.252.0 17217401 Enabled
Device Configuration

MHame Set Mame

IP address | : : : | DHCF enable Set IP
Fubnet | . . . | Set Segment |d

Giateway | : : : | Start Signal

Reset
Add Devices Cloze Window

Fig. 29: Device locked, communication with EOM master

When adding the devices, an EtherCAT master is automatically added for each. On closing the dialog, the

following query opens:

TcxXaeShell

o Scan for boxes

Yas Mo

Fig. 30: Scan for futher devices

When the query is confirmed, all devices in the EtherCAT network are automatically added to the

configuration. If rejected, only the EtherCAT master is included.

EK1000 Version: 1.1
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5.3

Meaning of the DIP switch

The DIP switch has the following meaning for interface X001

DIP 9 DIP 10 DIP 1-8 Restart behavior Behavior with factory settings
0 1 - » Device name from memory » Device name=
« DHCP= active EK1000_MAC[3..5]
* DHCP= active
1 1 0 » Device name from memory * Device name=
* |P settings from memory EK1000_MAC[3..5]
» DHCP= active
#0 » Device name= EK1000_DIP1-8 |+ Device name=
* |P settings from memory EK1000_DIP1-8
* DHCP= active
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54 Configuration overview

More detailed information on the configuration settings can be found in the EtherCAT System Documentation
on the Beckhoff website.
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6 Settings and Parameterization
6.1 Settings at the EtherCAT Open Mode adapter
6.1.1 General

General Adapter EOM Devices Seftings  Statistics

Mame: |De'u'ice 1{EOM) | Id:
Object Id: | 203010010 |
Type: |EtherCP|.T Open Mode Adapter |
Commert:

[ ] Disabled Create symbols [

Fig. 31: “General” tab

Name
Identifier for the EtherCAT Open Mode adapter.
Id

The device ID is set by the TwinCAT System Manager during configuration and cannot be configured by the
user.

Object Id

Identification number of the EtherCAT Open Mode adapter object in the TwinCAT object context.
Type

Shows the selected object type and its property.

Comment

Freely editable comment to describe the object used.

Disabled

This option sets the EOM adapter to inactive (transparent) for the current configuration. If this option is
activated, the corresponding object is ignored in the 1/O configuration.

Create symbols

Creating variables as symbolic names.
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6.1.2 Adapter

This dialog is used to select the network card to be used for communication with the EtherCAT Open Mode.

General Adapter EOM Devices Seftings  Statistics

(®) Network Adapter

(@05 (NDIS) O PCI () DPRAM
Description: |Ethemet 2 (TwinCAT-Intel PCI Bthemet Adapter) |
Device Name: |‘-\DEVICE*&EFEEZBC&E-ECH&D1-BE1&AZEEFE&AECE?} |
PCI Buz/Slat: Search...
MAC Address: |l}|} OeOcbacade | Compatible Devices...
IP Address: (192168150 (255.255.255.0) |

[ ] Promizcuous Mode (use with Wireshark only)
[ ]virtual Device Names

() Adapter Reference

Freerun Cycle ims): 4 =

Fig. 32: “Adapter” tab

0S (NDIS)

This option uses the operating system (OS) settings for installed network cards. In Description the name of
the network card is displayed. Device Name contains the Device Manager path of the installed network card.

PCI

This option controls the network card via the PCI bus address, which is specified in the PCI Bus/Slot field.

@® The PCI Bus/Slot field is not enabled until the PCI option is selected.

1

DPRAM

This option controls the network card via the DPRAM address, which is specified in the Address field.

@® The Address field is not enabled until the DPRAM option is selected.

1

Search... button

This button opens a dialog in which all unused or all compatible devices (adapters) can be selected.
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Device Found At *
- EE— - S | aK |
|ocal Area Conhection 2 [TwinCaAT -[ntel PCI Ethermet Adapter [Gigabit]
Local &rea Connection [TwinCAT -Intel PCI Ethermnet &dapter [Gigabit)) Cancel
(®) Unused
Ol
Help

Fig.

33: Dialog “Device Found At”

Compatible Device... button

The button opens the same dialog as "TWINCAT\Show Realtime Compatible Devices..." in the main menu.

Here you can determine whether compatible Ethernet adapters are available in the system.

— Ethernet Adapters

Installation of TwinCAT RT-Ethernet Adapters

x

Update List I

? Inztalled and ready to use devices(realtime capahble]

? Inztalled and ready to use devices(for demo use only]
B8 Compatible devices

o I? Ethernet 2 - TwinCAT Intel PCI Ethernet Adapter
B Incompatible devices

. I? Etkernet - Killer E2200 Gigabit Ethermet Contraller
i[5 Disabled devices

Install |
Update |

Bind |
Unbind |
Enable |
Disable |

[ Show Bindings

Fig. 34: Dialog “Installation of TwWinCAT RT-Ethernet Adapters”

MAC Address

MAC address of the Ethernet card (read-only).

IP Address

IP address of the card (read-only). The IP address is read from the operating system.

Promiscuous Mode

This is required in order to record Ethernet frames, and should normally be switched off.

Virtual Device Names

A virtual name is used for the network card.

Adapter Reference

52
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If the network adapter is referenced to another device, this option must be selected. This is used, for
example, when using the "Multiple Protocol Handler".

Free Cycle

Cycle time in Config mode (no real-time).
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6.1.3 EOM Devices

General Adapter EOM Devices Settings Statistics

EOM Device Count: |3 = EOM Online Settings...
EOM Port  Device Name IP Address Communication

™= 1  EK1000_4ED344 172.17.42.47 RAW

™ 2 EomDevice_2 0.0.0.0 RAW

™ 3  EomDevice_3 0.0.0.0 RAW

Fig. 35: “EOM Devices” tab

EOM Device Count

Shows the number of EOM devices in the current configuration. Use the arrow keys to edit the number.

EOM Online Settings... Button

Starting a broadcast search for the network
Listing of the devices found
The selected device is reset to factory settings

For future TSN functionalities
Current settings of the selected devices

© 0N Ok wWDN=

Search for an implicit device, e.g. by entering the IP address

The settings made are applied by pressing these buttons
Used to locate the selected device: when pressed, the ERR LED flashes at a frequency of 2 Hz.

Automatically adds EtherCAT master for the selected devices

54 Version: 1.1
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EtherCAT Open Mode

Search q Broadcast Searche

Device  Mame MAC Address AMS Metld IP Address Subnet Gateway DHCP
S BRI 1000 _4ED344  00:01:054E:D8:44 5782 o 2.0 17217401 Enabled

Device Configuration
Name [EK1000_4ED844 (4] Set Name
IPaddiess | 172 17 . 42 47 | [ZDHCP enable SetlP
Subnet | 255 255 52 . 0 | 9 e Set Segment Id
Gateway | 172 . 17 40 . 1 | 6 Start Signal
e Feset
o Add Devices Close Window

Fig. 36: Dialog “EtherCAT Open Mode”

EOM Port

The port ID is the unique assignment for the respective port and cannot be changed. It is included in the
generation of the TCCOM OID.

Device Name

Identifier for the EOM device can be edited.
IP Address

IP address for the EOM device can be edited.
Communication

Communication type for the EOM device can be set to "RAW" or to "UDP". Mixed operation among the EOM
devices is possible.
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6.1.4 Settings

This dialog is used to specify and parameterize the network adapter to be used for communication with the
EtherCAT Open Mode.

General Adapter EOM Devices Settings  Statistics

IP Settings

...............................

() Manual IP Settings

IP address | S Pl T P |
Subnet | 55 . 255 . 252 . O |
Gateway | 172 .17 . 40 . 1 |

Communication Settings
) RAW
JuDP

Fig. 37: “Settings” tab

OS IP settings

The settings used by the operating system are adopted and used for the network adapter.
Manual IP Settings

Changes can be made to the network settings.

Communication Settings

This option controls the communication type.

The "RAW" setting is intended for local networks and communicates on layer 2. We recommend cycle times
between 1...45 ms.

The setting "UDP" communicates on layer 4 and should be used for routing-capable and WLAN networks.
We recommend cycle times between 5...45 ms. For WLAN networks it is recommended that the cycle times
do not fall below 10 ms.

In addition, the SM watchdog time of EtherCAT devices must be taken into account when setting the cycle
time.
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6.1.5 Statistics

This dialog contains various (frame) statistics for the EOM master and its EOM devices

General Adapter EOM Devices Seftings Statistics

MName Yalue
Send Frames 280172 (516/%)
Recv Frames 279956 (516/3)
Detta Send/Recy 216 (0/5)
Tc Mode Real Time Mode
Send Ltilization (%) 0.6 (R:0.6, M:0.0)
Recw Lkilization (%) 0.6 (R:0.6. N:0.0)
MALC T¥ Emors 0
MAC R¥ Emors 1]
Mame EK1000_4ED844 EomDevice_2 EomDevice_3
Send Frames 279957 0 0
Recv Frames 279957 0 0
TX Emors 1] 1] 1]
R¥ Emors 1] 1] 1]
TX Dropped 0 1] 1]
F¥ Dropped 0 1] 1]
Link state Link Mo Link Mo Link
; Feset ]
Fig. 38: “Statistics” tab
Name Explanation
Send Utilization (%) Utilization of the ESL transmission in transmit direction

R: real-time data, N: non-real-time data
Recv Utilization (%) Utilization of the ESL transmission in receive direction
R: real-time data, N: non-real-time data

NOTE

The utilization of the EK1000 should not exceed 50% in transmit/receive direction
In the event of a high network load or an expansion, this provides sufficient buffering.

* No action is required if the network load is < 20%.
» With a network load between 20...50%, this should be investigated and optimized
* If the network load is = 50%, it should be mandatory to implement measures to reduce the network load.
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6.2

Object description and parameterization

EtherCAT XML Device Description

([
1 The display matches that of the CoE objects from the EtherCAT XML Device Description. We rec-
ommend downloading the latest XML file from the download area of the Beckhoff website and in-

stalling it according to installation instructions.

Parameterization via the CoE list (CAN over EtherCAT)

o

1 The EtherCAT device is parameterized via the CoE-Online tab (double-click on the respective ob-
ject) or via the Process Data tab (allocation of PDOs). Please note the following general CoE notes
[»_21] when using/manipulating the CoE parameters:

» Keep a startup list if components have to be replaced

« Differentiation between online/offline dictionary, existence of current XML description

» use “CoE reload” for resetting changes

6.2.1 Profile-specific objects
Index F100 Diagnosis State
Index (hex) Name Meaning Data type Flags Default
F100:0 Diagnosis State |Max. Subindex |UINT8 RO 0x02
F100:01 EomRunning Is setto TRUE |BOOLEAN RO 0x00
as soon as the
coupler reaches
the EtherCAT
state Operational
F100:02 MasterLock Set to TRUE as |BOOLEAN RO 0x00
soon as the
EOM master
accesses via
EtherCAT
Index F200 Diagnosis Control
Index (hex) Name Meaning Data type Flags Default
F200:0 Diagnosis Max. Subindex |UINT8 RO 0x01
Control
F200:01 Ctrl UINT32 RO 0x00000000
Index F800 EK1000 settings
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Index (hex) Name Meaning Data type Flags Default
F800:0 EK1000 settings |Max. Subindex |UINT8 RO 0x05
F800:01 Station name Device name of |STRING RW EK1000_MAC]3.
the EOM device 5]
F800:02 IP Data IP settings OCTET- RW {0}
Byte0.3=1p |STRING[12]
Address
Byte 4..7 =
Subnet
Byte 8..11 =
Gateway
F800:03 DHCPEnNable If TRUE, then BOOLEAN RW 0x00
DHCP is
activated
F800:05 Segmentid For future TSN |UINT16 RW 0x0003
use
Index F883 Vendor data
Index (hex) Name Meaning Data type Flags Default
F883:0 Vendor data Max. Subindex |UINT8 RO 0x04
F883:01 Serial number Serial number STRING RW -
F883:02 Model Number |Model number |STRING RW -
F883:03 Production date |Date of STRING RW 0
manufacture
F883:04 Hardware Hardware STRING RW 0
Revision revision
Index F8F0 MAC address
Index (hex) Name Meaning Data type Flags Default
F883:0 MAC address Max. Subindex |UINT8 RO 0x01
F883:01 MAC MAC address of | OCTET- RW {0}
the EK1000 STRING[6]
Index FA00 EK1000 diagnosis
Index (hex) Name Meaning Data type Flags Default
FAO00:0 EK1000 Max. Subindex |UINT8 RO 0x03
diagnosis
FA00:01 EomMasterMac |MAC address of |(OCTET- RO {0}
the currently STRINGI[6]
associated EOM
master
FA00:02 EomMasterlp IP address of the | OCTET- RO {0}
currently STRINGI6]
associated EOM
master
FA00:03 EomMasterUdpP |UDP port of the |[UINT16 RO 0x0000
ort currently
associated EOM
master
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7 Error handling and diagnostics

71 Diagnostic LEDs

BECKHOFF
EK1000

[Jen
e
e

1001

S0 EthercAT

Fig. 39: EK1000 LEDs

Ethernet interface X001

LED Display |State Description
LINK/ACT |green |off - Link not available/no activity
(X001 IN) on linked Link available/activity

LED power supply terminal
CTa—

Us 24V Up 24V

LA
.
L.
—

Fig. 40: Diagnostic LEDs

LED Display State Description
Us green |off - No operating voltage present at the Bus Coupler
on - 24 V. operating voltage present at the Bus Coupler
Up green  |off - No power supply present at the power contacts
on - 24 V. power supply present at the power contacts
LINK/ACT green |off - No EtherCAT device connected
(X002 OUT) on linked EtherCAT device connected / data communication not active
flashes active EtherCAT device connected / data communication active
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LED coupler

LED Display State Description

RUN green |on - Coupler is ready

EC green |off Init The Bus Coupler is in initialization state
flashes Pre-Operational The Bus Coupler is in pre-operational state
Single flash |Safe-Operational The Bus Coupler is in safe-operational state
on Operational The Bus Coupler is in operational state
flickering Bootstrap Firmware is being loaded.

ERR red off - No error
flashes at |- Used to visually locate the corresponding device. Triggered by "Start
2 Hz Signal" function in the Broadcast Search
on - Error is signaled
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8 Appendix

8.1 Image Update

Applies to EK1000.

® Image Update

1 Please ascertain before the image update whether the hardware supports the image that you wish
to load!
When updating the image, please delete all files first and only load the new image after that.

Update via SD card

Switch off the EK

Remove SD card

Insert SD card into PC

Delete all files (we recommend that you backup all files first), no formatting
Copying the new image

Wait until copying has finished, then remove the SD card

Switch on the EK1000 with SD card; it is possible that switching on may be delayed a little after the
update

No oo~ =
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8.2 Firmware compatibility

The EK110x and EK15xx Couplers have no firmware.
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8.3 Firmware Update EL/ES/EM/ELM/EPxxxx

This section describes the device update for Beckhoff EtherCAT slaves from the EL/ES, ELM, EM, EK and
EP series. A firmware update should only be carried out after consultation with Beckhoff support.

NOTE

Only use TwinCAT 3 software!

A firmware update of Beckhoff 10 devices must only be performed with a TwinCAT 3 installation. It is rec-
ommended to build as up-to-date as possible, available for free download on the Beckhoff website https://
www.beckhoff.com/en-us/.

To update the firmware, TwinCAT can be operated in the so-called FreeRun mode, a paid license is not re-
quired.

The device to be updated can usually remain in the installation location, but TwinCAT has to be operated in
the FreeRun. Please make sure that EtherCAT communication is trouble-free (no LostFrames etc.).

Other EtherCAT master software, such as the EtherCAT Configurator, should not be used, as they may not
support the complexities of updating firmware, EEPROM and other device components.

Storage locations

An EtherCAT slave stores operating data in up to three locations:

» Depending on functionality and performance EtherCAT slaves have one or several local controllers for
processing |/O data. The corresponding program is the so-called firmware in *.efw format.

* In some EtherCAT slaves the EtherCAT communication may also be integrated in these controllers. In
this case the controller is usually a so-called FPGA chip with *.rbf firmware.

+ In addition, each EtherCAT slave has a memory chip, a so-called ESI-EEPROM, for storing its own
device description (ESI: EtherCAT Slave Information). On power-up this description is loaded and the
EtherCAT communication is set up accordingly. The device description is available from the download
area of the Beckhoff website at (https://www.beckhoff.com). All ESI files are accessible there as zip
files.

Customers can access the data via the EtherCAT fieldbus and its communication mechanisms. Acyclic
mailbox communication or register access to the ESC is used for updating or reading of these data.

The TwinCAT System Manager offers mechanisms for programming all three parts with new data, if the
slave is set up for this purpose. Generally the slave does not check whether the new data are suitable, i.e. it
may no longer be able to operate if the data are unsuitable.

Simplified update by bundle firmware

The update using so-called bundle firmware is more convenient: in this case the controller firmware and the
ESI description are combined in a *.efw file; during the update both the firmware and the ESI are changed in
the terminal. For this to happen it is necessary

« for the firmware to be in a packed format: recognizable by the file name, which also contains the
revision number, e.g. ELxxxx-xxxx_REV0016_SWO01.efw

 for password=1 to be entered in the download dialog. If password=0 (default setting) only the firmware
update is carried out, without an ESI update.

« for the device to support this function. The function usually cannot be retrofitted; it is a component of
many new developments from year of manufacture 2016.
Following the update, its success should be verified

« ESI/Revision: e.g. by means of an online scan in TwinCAT ConfigMode/FreeRun — this is a convenient
way to determine the revision

» Firmware: e.g. by looking in the online CoE of the device
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NOTE

Risk of damage to the device!
v Note the following when downloading new device files
a) Firmware downloads to an EtherCAT device must not be interrupted
b) Flawless EtherCAT communication must be ensured. CRC errors or LostFrames must be avoided.

c) The power supply must adequately dimensioned. The signal level must meet the specification.

= In the event of malfunctions during the update process the EtherCAT device may become unusable and
require re-commissioning by the manufacturer.

8.3.1 Device description ESI file/XML

Attention regarding update of the ESI description/EEPROM

Some slaves have stored calibration and configuration data from the production in the EEPROM. These are
irretrievably overwritten during an update.

The ESI device description is stored locally on the slave and loaded on start-up. Each device description has
a unique identifier consisting of slave name (9 characters/digits) and a revision number (4 digits). Each slave
configured in the System Manager shows its identifier in the EtherCAT tab:

=Bl 5vSTEM - Configuration

' NC - Canfiguration General | EtherCAT | Process Data || Startup || CoE - Online || Elnline|
! PLC - Configuration
EI. 1/ - Corfiguration Type: |EL32E|4 4Ch. Ana. Input PT100[RTD] |
'-:-'ﬁ 1/0 Devices Product/Revisior: || EL3204-0000-0016 |
=== Device 7 (EtherCAT) I
+ Device 2-Image Auto [ne Addr: FFFF
g Device 2-Image-Info EtherCAT Addr: [] [ Advanced Settings... ]
[+ %] Inputs
- ] Outputs Frevious Port: Tem 1 [EK1107]-E
H-§ InfoData

=T Term 1 (EK1101)
- @l 1D

- § Westate
#-§ InfoData

B |Term 2 (EL3204)

- Term 3 (EL3201)

Fig. 41: Device identifier consisting of name EL3204-0000 and revision -0016
The configured identifier must be compatible with the actual device description used as hardware, i.e. the
description which the slave has loaded on start-up (in this case EL3204). Normally the configured revision
must be the same or lower than that actually present in the terminal network.

For further information on this, please refer to the EtherCAT system documentation.

® Update of XML/ESI description

1 The device revision is closely linked to the firmware and hardware used. Incompatible combinations
lead to malfunctions or even final shutdown of the device. Corresponding updates should only be
carried out in consultation with Beckhoff support.

Display of ESI slave identifier

The simplest way to ascertain compliance of configured and actual device description is to scan the
EtherCAT boxes in TwinCAT mode Config/FreeRun:
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#- B SYSTEM - Configuration

' MG - Configuration General | Adapter || EH
! PLC - Configuration
EI! I/ - Configuration Mo Addr
=B 1/0 Devices 1 1001
Sl Y Ocvice 2 (Etbercary ] b - I 1117
-I- Dervic .‘q Append Box. ..
-I- Dremvic

- & Input ¥ Delete Device

8 ‘.1 IOI}ItTZ; @ Online Reset
nfal
\ B3 i -
I':'I°|j Term a8 Online Reload (Config Mode anly]

QT I Cnline Delete (Config Made only)

oI TR
: M “IB Export Device. ..

:j I: " Import Box. ..

Scan Boxes...

rL

Fig. 42: Scan the subordinate field by right-clicking on the EtherCAT device

If the found field matches the configured field, the display shows

TwinCAT System Manager [EI

L
\:!‘) onfiguration is identical

Fig. 43: Configuration is identical

otherwise a change dialog appears for entering the actual data in the configuration.
Check Configuration 3]

Found ltems: Dizahle » Configured [tems:

= M Tem5(EK1101) [EK1101-0000-0017] = M Tem1(EK1101) [EK1101-0000-0017]
M Tem B (EL3204) [EL3204-0000-001 6] '
M Tem 7 (EL3201) [EL3201-0000-001 7] Delete > M Tern 3[EL2201) [EL3201-0000-0015]

B Tem 8 ELI011) -] Term 4 [EL9011)

|gnare >

» Copy Before »

» Copy After »

»» Copy all x>

A B

Cancel

Extended Infarmation

Fig. 44: Change dialog

In this example in Fig. Change dialog, an EL3201-0000-0017 was found, while an EL3201-0000-0016 was
configured. In this case the configuration can be adapted with the Copy Before button. The Extended
Information checkbox must be set in order to display the revision.
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Changing the ESI slave identifier

The ESI/EEPROM identifier can be updated as follows under TwinCAT:
* Trouble-free EtherCAT communication must be established with the slave.

* The state of the slave is irrelevant.

» Right-clicking on the slave in the online display opens the EEPROM Update dialog, Fig. EEPROM

Update

+- B S¥STEM - Configuration
BB MC - Configuration
+-§A PLC - Configuration {
= - 1/0 - Corfiguration | Mo Addr | Mame
|- B 1)0 Devices [ | B 1 1007
.= Device 2 (EtherCAT) ; H2 o0z
-=m Device 2-Tmage HE
--=¥a Device 2-Image-Info | |
+ %T Inputs
+‘.I, Cukputs
+% InfaCata
- Term 1 (EK1101)
ﬁ'ﬁ Mappings

General| Adapter | EtherCAT | Online

1003

Fig. 45: EEPROM Update

Tem 1 [EK1107)
Tem 2 [EL3204)
Term 3 [ELI201]

| CoE - Online

Reguest ‘TNIT' skake
Reguest 'PREOP' state
Reguest ‘SAFEQP skate
Reguest 'OP" state

Reguest 'BOOTSTRAP state

Clear 'ERR.OR! state

EIFITIWEII’E Epgaie. i

Advanced Settings. ..

Properties. ..

The new ESI description is selected in the following dialog, see Fig. Selecting the new ESI. The checkbox
Show Hidden Devices also displays older, normally hidden versions of a slave.

¥rite EEPROM

Axailable EEPROM Dezcriptions: A

01-0000-0016]

. ana. nput F

----- # EL3202 2Ch. Ana. Input PT100(RTD) (EL3202-0000-0018)

Show Hidden Devices

L3201-0010-0015)

----- i EL3201-00201Ch. Ana. Input FT100 (RTD], High Precision, calibrated  [EL3201-0020-0016)

----- § EL3202-0010 2Ch. Ana. Input PT100 (RTD). High Precision  [EL3202-0010-0018)
----- #E| 3204 4Ch Ana Inout PTI00IRTD] (EL3204-0000-007 6]

=™ EL3311 1Ch. Ana. Input Thermocouple [TC) (EL3311-0000-0017)

- j EL3311 1Ch. Ana. Input Thermocouple [TC] [EL33171-0000-0016]
58 ELEAT2 2Ch Ana. Tnput Thermocouple [TE] [ELFAT2-0000-0077)

Fig. 46: Selecting the new ESI

A progress bar in the System Manager shows the progress. Data are first written, then verified.

1

The change only takes effect after a restart.

Most EtherCAT devices read a modified ESI description immediately or after startup from the INIT.
Some communication settings such as distributed clocks are only read during power-on. The Ether-
CAT slave therefore has to be switched off briefly in order for the change to take effect.

EK1000
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8.3.2 Firmware explanation

Determining the firmware version

Determining the version via the System Manager

The TwinCAT System Manager shows the version of the controller firmware if the master can access the
slave online. Click on the E-Bus Terminal whose controller firmware you want to check (in the example
terminal 2 (EL3204)) and select the tab CoE Online (CAN over EtherCAT).

® CoE Online and Offline CoE

1 Two CoE directories are available:
 online: This is offered in the EtherCAT slave by the controller, if the EtherCAT slave supports this.
This CoE directory can only be displayed if a slave is connected and operational.
« offline: The EtherCAT Slave Information ESI/XML may contain the default content of the CoE.
This CoE directory can only be displayed if it is included in the ESI (e.g. “Beckhoff EL5xxx.xml”).

The Advanced button must be used for switching between the two views.

In Fig. Display of EL3204 firmware version the firmware version of the selected EL3204 is shown as 03 in
CoE entry 0x100A.

1+ E SYSTEM - £ uration .
B - Cuﬁgzlr::;im | Genesal | EthesCAT | Process Data | Statup | Lok - Dﬂ“‘ﬁ-‘l Onine |
[+ B PLC - Corfiguration :
= B 1/0 - Configuration [ Updalelis | [TAutoUpdste [¥]Single Update [] Show Offine Dats
=28 10 Devices Ehercan B I Advanced.. [ ] ' |
=5 Device 2 ) -
-+ Device 2-Image Addd 1o Slatup A odule DD [AoE Paikf ||] |
=f= Davice 2-Image-Info
&~ BT Inputs Irecdiaie Mame Flagz Wallie
a- ] Outputs 1000 Device yipe RO 01 400 239 [20976521]
H-8@ InfoData 1008 Device name Rl EL3204-0000
=-H TﬁETm 1(EKILOL) ;E :;Mu :g g |
- & D WABTE VETEION
W@ Wekate L : Ealare Oeraul parameleTs A LK
5§ licbat MM nsvancedsettioge |
B Term 2 (EL3204) -_— ]
5% Term 3 (ELa20n v |
LM Tarrn 4 (ELSO11)
&8 Mappings Sy ¢ | [@0rine Jviasp0 itemation @ evice 00
= 1C0 () Difine {lrem Devies Desciiption Modde 0D [via Ak per) |IZI |
4 M
: }E; jgets [AFOD]
e Mappable Objects [T=FDO)
= Backup Objects
] Seltings Objects

Fig. 47: Display of EL3204 firmware version
In (A) TwinCAT 2.11 shows that the Online CoE directory is currently displayed. If this is not the case, the

Online directory can be loaded via the Online option in Advanced Settings (B) and double-clicking on
AllObjects.

8.3.3 Updating controller firmware *.efw

® CoE directory

The Online CoE directory is managed by the controller and stored in a dedicated EEPROM, which
is generally not changed during a firmware update.

Switch to the Online tab to update the controller firmware of a slave, see Fig. Firmware Update.
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- [ SYSTEM - Configuration m
L noc - Configueation General | EtherCAT | Frocess Data | Stantup || CoE - Dnine | |Oriine ||
- PLC - Configuration .
& [ /0 - Configuration Slabe Machine
= B 10 Devices @A_] @J BI a00T |
=55 Device 2 (EtherCAT) (Fedr | Goets fiE [ mcal e |
1 -I- Device 2-Image Flequasted State: BOOT
<} Device 2-Image-Info [ap ] [ClearEmoe |
®- § Inputs
- @ Cubputs i
5§ mhobets DLL Status—— Lock in: | (£ Newewr
=T Term 1 (EKLID1} Pt A: - EEEE
s ¥ Pt e}
- ‘WiStabe B - : My Flscerd
- § IrfcData Foit C Ma Canier / Closed ng:;;ts
- Tem 2 (EL3Z04 Fon D Mo Canier / Closed
w- =
! Bl Term 4 (EL9011) L§
i- T Mappings File Access over EthesCAT Desklop
| Cownload...[ ]
LY -\j
Hame: Online --'J
%1 Underrange 0 EigDat
Sl Cverrange 1
S Limit 1 0 ()
S Limit 2 0 ()
Sl Error 1 My Compates
ST TP00 State 0 ¥ Conecs
ST P00 Toggle i
Sl walue 0xZ2134 <E50.000> File rame: |EL3'E'U4 05, v
Gl wicState 1 1 =
C |[T5tate w0003 (3] My Metwork | Files of lypec | EthesCAT Fimwuane Fieg [*efu) ||
& hdsiddr 0oo00000AasaLE =

Fig. 48: Firmware Update

open %

v| G?‘ N i

g

[ Cancel |

Proceed as follows, unless instructed otherwise by Beckhoff support. Valid for TwinCAT 2 and 3 as

EtherCAT master.

» Switch TwinCAT system to ConfigMode/FreeRun with cycle time >= 1 ms (default in ConfigMode is
4 ms). A FW-Update during real time operation is not recommended.

Microsoft Visual Studio B
I::el Load I/O Devices
[ Yes J I Mo ]

Microsoft Visual Studio

g ..“'_
I:_el Activate Free Run

=

[ Yes

J |

e Switch EtherCAT Master to PreOP

Solution Explorer

R VAN

. .
@ o-@ &= [ General [ Adapter | Ethercaf{| Onine [JioE - Oniine |
Search Solution Explorer (Ctrl+ Q) P~
SAFETY ~ No . Addr  Name CRC
[ c++ 1 1001  Tem 5(EL1004) 0.0
u;
d Vo j 2 1002 Temm 6 (EL2004) 0.0
B3 1003 Temn 7(ELE6BE) 0
4
j!, Image-Info
b 2 SyncUnits Actual State: PREOP Couriter Cyclic Queued
4 Inputs [t ] p | [SafeOp| | Op Send Frames 17167 + 5289
#1 Frm05tate [ Clea [ Clear Frames ] Frames / sec 459 + 43
#1 Frm0WcState Lost Frames 0 = 0
#! Frm0InputToggle To/Rex Ermors 0 /0
#1 SlaveCount
# DevState
» Switch slave to INIT (A)
+ Switch slave to BOOTSTRAP
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» Check the current status (B, C)
* Download the new *efw file (wait until it ends). A pass word will not be neccessary usually.

Microsoft Visual Studic ==

| Function Succeeded!

« After the download switch to INIT, then PreOP
» Switch off the slave briefly (don't pull under voltage!)
» Check within CoE 0x100A, if the FW status was correctly overtaken.

8.34 FPGA firmware *.rbf

If an FPGA chip deals with the EtherCAT communication an update may be accomplished via an *.rbf file.

» Controller firmware for processing I/O signals
* FPGA firmware for EtherCAT communication (only for terminals with FPGA)

The firmware version number included in the terminal serial number contains both firmware components. If
one of these firmware components is modified this version number is updated.
Determining the version via the System Manager

The TwinCAT System Manager indicates the FPGA firmware version. Click on the Ethernet card of your
EtherCAT strand (Device 2 in the example) and select the Online tab.

The Reg:0002 column indicates the firmware version of the individual EtherCAT devices in hexadecimal and
decimal representation.
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File Edit Actions Mew Options Help
DE@W &0 b B TREEIE
ﬂ S¥STEM - Configuration Generall A dapterl EtherCaT  Online I
-8 CMC - Configuration
B C - Configuration Mo | add | Mame | state | CRC| Reg:Oo02
..... ! PLC - C.:.nﬂguratpjn _E 1 100 Termn 1 [EKHDD] arF N w0002 [11]
E| . I/ - Configuration .j 21002 Term 2 [ELTOZ aF 0 O0=0002 [10]
=1 B 1/0 Devices B3 1003 Tem3(EL2004] OP 0 0x0002(11)
. mrice 2 f 'CAT) j 4 1004 Term 4 [ELIT02) aF 0 0=0002 [10]
Foewerm || F N Temiglim or o oomem
s
G § Inputs % 7 1007 Temm7[ELETST] OP 0O  D«000C(12]
- @l Outputs Actual State: IEIF' Send Frames: |?423?
[+ InfoData _
w- i Term 1 (EK1100) nit | PreOp | SafeOp| Op | Frames/sec:[329
~EH Mappings Clear CRC | Clear Frames | Lozt Frames: IEI
Mumber | Box: Mame | Address | Type | In Size | ) -
E 1 Term 1 (EK1100) 1001  EK1100 0.0 o_|
™z Termz (ELZ004) 1002 ELZ004 0.0 0
®i 3 Term3(EL2004) 1003 ELZ004 0.0
4 Term 4 (ELSO01) 1004  ELS001 5.0 0|
Ready Local () Free Run

Fig. 49: FPGA firmware version definition

If the column Reg:0002 is not displayed, right-click the table header and select Properties in the context
menu.

Reguest THIT' state
Request ‘PREDE state
Request 'SAFECE" skate
Request 'OF" skate

Reguest BOOTSTRAR state

Clear 'ERROR' skate

EEPROM Update. ..
Firrmware Update, .,
Advanced Settings. ..

Properties. .,

Fig. 50: Context menu Properties

The Advanced Settings dialog appears where the columns to be displayed can be selected. Under
Diagnosis/Online View select the ‘0002 ETxxxx Build' check box in order to activate the FPGA firmware
version display.
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Advanced Settings Ed

B rilirie: iew

=" Emergency 10000 'ET 1smms FevdType' il IUUDD Add
" 5ean w0002 'E T Bl
[ 10004 "5 /Fhdbdll Crit [ Show Change Counters

(10006 'DPRAM Size'

[]0008 ‘Features'

(10070 'Phys Addr’'

(10012 'Phys Addr 2nd' ;I

0k, I Abbrechen

Fig. 51: Dialog Advanced Settings

Update

For updating the FPGA firmware
« of an EtherCAT coupler the coupler must have FPGA firmware version 11 or higher;
» of an E-Bus Terminal the terminal must have FPGA firmware version 10 or higher.

Older firmware versions can only be updated by the manufacturer!

Updating an EtherCAT device
The following sequence order have to be met if no other specifications are given (e.g. by the Beckhoff
support):

« Switch TwinCAT system to ConfigMode/FreeRun with cycle time >= 1 ms (default in ConfigMode is
4 ms). A FW-Update during real time operation is not recommended.
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* In the TwinCAT System Manager select the terminal for which the FPGA firmware is to be updated (in
the example: Terminal 5: EL5001) and
click the Advanced Settings button in the EtherCAT tab:

File Edit Actions Yiew Options  Help

DeeE &0 222 Ad 2Heavdd @i @ % B
a SYSTEM - Configuration General  EtherCAT | Process Data I Startupl CoE - Dnlinel I:Inlinel
' CHC - Configuration
' MC - Configuration Tupe: |EL500T 1K. 551 Encoder
! PL:Z - Configuration
E‘l I{ - Configuration Froduct / Revision: IELEEIEI'I -0000-0000
E‘?;ﬁ Eevli.'ie; (EtherCaT) Auta Inc Address: IFFFE
- erd er
== Device 2-Image EtherCAT Address: [ |1EIEIE E: &dvanced Settings... * |
== Device 2-Image-Info Previous Port [Tem 4 (ELEOM) - B =l
[+ %T Inputs

- @l outputs

- § InfoData

-3 Term 1 (EK1100)
£-§ InfoData

oM Term 2 (EL2004)
o Term 3 (EL2004)
£ Term 4 (ELS001)

hittpe v, beckhoff, dedgermandef ault bt PE therCAT AE LAOOT . kb

(SR Term 5 (ELS001)
%T Channel 1 Mame | | online | Tvpe | Size
- § WcState &1 Stakus 0w (B5) EYTE 1.0
. -8 InfoData T value 00000000 {0} LIDIMT 4.0
=¥ Term & (ELS101) Olwiestate 0 BOIOL o1
ﬁj Term 7 (ELS5101} W state 00003 () LIMT 2.0
,@j Term 8 (ELS010) ST adsaddr AC1003F30301 ED O3 AMSADDRESS 8.0
-G8 Mappings 1] |
Ready [Local () [
» The Advanced Settings dialog appears. Under ESC Access/E?PROM/FPGA click on Write FPGA
button:
Advanced Settings
[ General FPGA
Mailba
- Distributed Clack | wirite FPGA...
B ESC Access

k. Cancel

EK1000 Version: 1.1 73



Appendix BEGKHOFF

» Select the file (*.rbf) with the new FPGA firmware, and transfer it to the EtherCAT device:

Search in; Il.f} Firmia/are j Q) . A

COM_T1 _EBUS BGA_LYTTL_F2_S4 BLD12.rbf

File name: |4 LYTL_F2_54_BLD1Z.rbf | Open |
File type: | FPGA Fill [ 1bf) = Cancel |
4

¢ Wait until download ends

» Switch slave current less for a short time (don't pull under voltage!). In order to activate the new FPGA
firmware a restart (switching the power supply off and on again) of the EtherCAT device is required.

* Check the new FPGA status

Risk of damage to the device!

A download of firmware to an EtherCAT device must not be interrupted in any case! If you interrupt this
process by switching off power supply or disconnecting the Ethernet link, the EtherCAT device can only be
recommissioned by the manufacturer!

8.3.5 Simultaneous updating of several EtherCAT devices

The firmware and ESI descriptions of several devices can be updated simultaneously, provided the devices
have the same firmware file/ESI.

General | Adapter | EtherCAT | Orline | CoE - Online

Mo Addr | Mame State
1
= B
.l 4l —
ﬁ ; 1004 : i Request TNIT' skate
5 R e [ Akilis|  Request PRECP state

Request 'SAFEOP' skake
Request 'OF' state

Request 'BOOTSTRAP' skate

Clear 'ERROR' stake

EEPROM Lpdate, ..

Fig. 52: Multiple selection and firmware update

Select the required slaves and carry out the firmware update in BOOTSTRAP mode as described above.

74 Version: 1.1 EK1000



BEGKHOFF Appendix

8.4 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/EK1000

Beckhoff Automation GmbH & Co. KG
Hilshorstweg 20

33415 Verl

Germany

Phone: +49 5246 9630
info@beckhoff.com
www.beckhoff.com
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