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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®, EtherCAT®, EtherCAT P®, Safety over EtherCAT®, TwinSAFE®, XFC® and XTS® 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, DE102004044764, DE102007017835 with corresponding applications or
registrations in various other countries.

The TwinCAT Technology is covered, including but not limited to the following patent applications and
patents: EP0851348, US6167425 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.

EL6070 Version: 2.6 5
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1.2 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.

Version: 2.6 EL6070
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1.3 Documentation issue status

Version Comment

2.6 » Update chapter “Commissioning”

2.5 » Addenda chapter "Reading and writing of files" incl. example program
2.4 » Update chapter “Technical data”

» Addenda chapter "Instructions for ESD protection"
* Addenda chapter "UL notice"

2.3 » Update chapter “Notes on the documentation”

» Update chapter “Technical data”

» Addenda chapter “Installation instructions for enhanced mechanical load capacity”

2.2 » Update chapter “Technical data”, ET
2.1 » Update structure
2.0 » Addenda chapter “Basic function principles”
» 1st PDF publication
1.1 * Minor corrections & addenda
1.0 » Corrections & addenda
1st public issue
0,1 * Preliminary documentation fiir EL6070

EL6070 Version: 2.6 7
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14 Version identification of EtherCAT devices

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 IO 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.

Identification number

Beckhoff EtherCAT devices from the different lines have different kinds of identification numbers:

Production lot/batch number/serial number/date code/D number

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

Structure of the serial number: KK YY FF HH

KK - week of production (CW, calendar week)
YY - year of production

FF - firmware version

HH - hardware version

8 Version: 2.6 EL6070
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Example with
Ser. no.: 12063A02: 12 - production week 12 06 - production year 2006 3A - firmware version 3A 02 -
hardware version 02

Exceptions can occur in the IP67 area, where the following syntax can be used (see respective device
documentation):

Syntax: Dwwyy xyzu

D - prefix designation
ww - calendar week

yy - year

x - firmware version of the bus PCB
y - hardware version of the bus PCB
z - firmware version of the I/O PCB
u - hardware version of the I/O PCB

Example: D.22081501 calendar week 22 of the year 2008 firmware version of bus PCB: 1 hardware version
of bus PCB: 5 firmware version of I/O PCB: 0 (no firmware necessary for this PCB) hardware version of 1/O
PCB: 1
Unique serial number/ID, ID number
In addition, in some series each individual module has its own unique serial number.
See also the further documentation in the area

» IP67: EtherCAT Box

+ Safety: TwinSafe
» Terminals with factory calibration certificate and other measuring terminals

Examples of markings

Fig. 1: EL5021 EL terminal, standard IP20 10 device with serial/ batch number and revision ID (since
2014/01)

EL6070 Version: 2.6 9
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Fig. 2: EK1100 EtherCAT coupler, standard IP20 10 device with serial/ batch number

Fig. 3: CU2016 switch with serial/ batch number

Ser Nr.: 26131006

~ EL32020020
| |||||I|||||||||||||

ID- 204418
2 Channel Analog Input - certified

PT 100 (1000) accuracy 0.1°C
Fig. 4: EL3202-0020 with serial/ batch number 26131006 and unique ID-number 204418

10 Version: 2.6 EL6070
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Fig. 5: EP1258-00001 IP67 EtherCAT Box with batch number/ date code 22090101 and unique serial
number 158102

B EP1908-000;
l B D:071201FF
B S 00346070

Fig. 6: EP1908-0002 IP67 EtherCAT Safety Box with batch number/ date code 071201FF and unique serial
number 00346070

Fig. 7: EL2904 IP20 safety terminal with batch number/ date code 50110302 and unique serial number
00331701

Fig. 8: ELM3604-0002 terminal with unique ID number (QR code) 100001051 and serial/ batch number
44160201

EL6070 Version: 2.6 1
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2 Product overview

2.1 License key terminal for TwinCAT 3.1
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Fig. 9: EL6070

From version 3.1 TwinCAT offers an option to manage licenses via a hardware dongle. The EL6070
EtherCAT Terminal represents such a hardware licence key within the modular EtherCAT 1I/O system. Data
transfer takes place via EtherCAT.

The EL6070-0000 is the general version, which the user can link with any licenses.

The EL6070-xxxx are custom versions that are preprogrammed by Beckhoff with a defined, fixed set of
linked licenses. They are available for bulk buyers.

Quick links

e EtherCAT basics [P 14]

¢ EL6070 basics [P 35]

¢ EL6070 Technical data [P 13]

* Object description and parameterization [P 48]

* C9900-L100 - License-Key-USB-Stick for TwinCAT 3.1

12 Version: 2.6 EL6070
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2.2 EL6070 - Technical data

Technical data

EL6070

Technology

EtherCAT license key terminal

Distributed Clocks

Voltage supply for electronics

via the E-Bus

Current consumption E-bus

typ. 120 mA

Electrical isolation

500 V (E-Bus/field voltage)

storage

Configuration via TwinCAT System Manager
Weight approx. 50 g

Permissible ambient temperature range during -25°C ... +60°C

operation

Permissible ambient temperature range during -40°C ... + 85°C

Relative humidity

95%, no condensation

Dimensions (W x H x D)

approx. 12 mm x 100 mm x 70 mm

Mounting [P 25]

on 35 mm mounting rail conforms to EN 60715

Vibration/shock resistance

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

see also installation instructions for terminals with

increased mechanical load capacity [P 29]

EMC resistance burst/ESD

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

Protect. class

1P20

Installation pos. variable
Approval CE
cULus [» 32]
EL6070 Version: 2.6 13
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3 Basics communication

3.1 EtherCAT basics

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

3.2 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 D - 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 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.

14 Version: 2.6 EL6070
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&% /O Devic=s Number | Box Name | Add... [ Type [mnsi...| out .| E-Bus (mA)
= Eﬂg‘f}lﬁgﬂl w1 Term 1 (EK1100) 1001  EK1100
|+ Doks i imece Tnfo %2  Term2(EL2008) 1002 EL2008 10 | 1890
o Inpute %3  Term3(EL2008) 1003 EL2008 10 | 1780
-4l Outputs W4 Term4(EL2008) 1004 EL2008 10 | 1670
+ % Infobats %S5  TermS5(EL6740.. 1005 EL6740-0010 2.0 2.0 | 1220
&8 Term 1 (EK1100) 6  Term6(EL6740.. 1006 EL6740-0010 20 20 | 770
&8 InfoData 7  Term7(EL6740.. 1007 EL6740-0010 20 20 | 320
=™ Term 2 (EL2008) §  Term8(EL6740.. 1008 EL6740-0010 2.0 2.0 | -1301
% Term 3 (EL2008) "9  Term© (EL6740.. 1009 EL6740-0010 2.0 2.0 | -5801

Fig. 10: System manager current calculation

Malfunction possible!

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

3.3 General notes for setting the watchdog

ELxxxx terminals are equipped with a safety feature (watchdog) that switches off the outputs after a
specifiable time e.g. in the event of an interruption of the process data traffic, depending on the device and
settings, e.g. in OFF state.

The EtherCAT slave controller (ESC) in the EL2xxx terminals features 2 watchdogs:

+ SM watchdog (default: 100 ms)
» PDI watchdog (default: 100 ms)

SM watchdog (SyncManager Watchdog)

The SyncManager watchdog is reset after each successful EtherCAT process data communication with the
terminal. If no EtherCAT process data communication takes place with the terminal for longer than the set
and activated SM watchdog time, e.g. in the event of a line interruption, the watchdog is triggered and the
outputs are set to FALSE. The OP state of the terminal is unaffected. The watchdog is only reset after a
successful EtherCAT process data access. Set the monitoring time as described below.

The SyncManager watchdog monitors correct and timely process data communication with the ESC from the
EtherCAT side.

PDI watchdog (Process Data Watchdog)

If no PDI communication with the EtherCAT slave controller (ESC) takes place for longer than the set and
activated PDI watchdog time, this watchdog is triggered.

PDI (Process Data Interface) is the internal interface between the ESC and local processors in the EtherCAT
slave, for example. The PDI watchdog can be used to monitor this communication for failure.

The PDI watchdog monitors correct and timely process data communication with the ESC from the
application side.

The settings of the SM- and PDI-watchdog must be done for each slave separately in the TwinCAT System
Manager.

EL6070 Version: 2.6 15
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Advanced Settings m |

=]~ General

- Behaviar
Timeout Settings
- FMMU | 5M

. Tnit Commands
[+ Diskributed Clock

[+ ESC ACcess

— Startup Checking
¥ Check Yendor Id

¥ Check Product Code
[T Check Fevision Mumber

— State Machine
IV Auto Restore States

¥ Felnit after Communication Error

¥ Log Communication Changes

| -~

[™ Check Serial Murnber

— Final State
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(" SAFEOF (" PREOF
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|1 0. 000
5 |1 00000

o]

Cancel |

Fig. 11: EtherCAT tab -> Advanced Settings -> Behavior -> Watchdog

Notes:

 the multiplier is valid for both watchdogs.

» each watchdog has its own timer setting, the outcome of this in summary with the multiplier is a

resulting time.

» Important: the multiplier/timer setting is only loaded into the slave at the start up, if the checkbox is

activated.

If the checkbox is not activated, nothing is downloaded and the ESC settings remain unchanged.

Multiplier

Multiplier

Both watchdogs receive their pulses from the local terminal cycle, divided by the watchdog multiplier:

1/25 MHz * (watchdog multiplier + 2) = 100 ps (for default setting of 2498 for the multiplier)

The standard setting of 1000 for the SM watchdog corresponds to a release time of 100 ms.

The value in multiplier + 2 corresponds to the number of basic 40 ns ticks representing a watchdog tick.
The multiplier can be modified in order to adjust the watchdog time over a larger range.

16
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Example "Set SM watchdog"

This checkbox enables manual setting of the watchdog times. If the outputs are set and the EtherCAT
communication is interrupted, the SM watchdog is triggered after the set time and the outputs are erased.
This setting can be used for adapting a terminal to a slower EtherCAT master or long cycle times. The
default SM watchdog setting is 100 ms. The setting range is 0..65535. Together with a multiplier with a range
of 1..65535 this covers a watchdog period between 0..~170 seconds.

Calculation

Multiplier = 2498 — watchdog base time =1 /25 MHz * (2498 + 2) = 0.0001 seconds = 100 ps
SM watchdog = 10000 — 10000 * 100 ps = 1 second watchdog monitoring time

A CAUTION

Undefined state possible!

The function for switching off of the SM watchdog via SM watchdog = 0 is only implemented in terminals
from version -0016. In previous versions this operating mode should not be used.

A CAUTION

Damage of devices and undefined state possible!

If the SM watchdog is activated and a value of 0 is entered the watchdog switches off completely. This is
the deactivation of the watchdog! Set outputs are NOT set in a safe state, if the communication is inter-
rupted.

3.4 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.

EL6070 Version: 2.6 17
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Init
t e {PI}[ ' [Iﬂlé BN}
Pre-Operational ‘ | ?fp:fnt:,}ap |
(ol | iPSJI {SPII
2.0 Safe-Operational

{sn}l os)f

Operational

Fig. 12: States of the EtherCAT State Machine

Init

After switch-on the EtherCAT slave in the Init 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).

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 [P_15] monitoring sets the outputs of the module in a safe state - depend-
ing on the settings in SAFEOP and OP - e.g. in OFF state. If this is prevented by deactivation of the
watchdog 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.

18 Version: 2.6 EL6070
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Boot
In the Boot state the slave firmware can be updated. The Boot state can only be reached via the Init 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.

3.5 CoE Interface

General description

The CoE interface (CANopen 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 (TwinCAT 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 2 levels via hexadecimal numbering: (main)index, followed by subindex. The value
ranges are

+ Index: 0x0000 ...0xFFFF (0...65535,.,)

« Sublndex: 0x00...0xFF (0...255,,)
A parameter localized in this way is normally written as 0x8010:07, with preceding "x" 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: In some EtherCAT devices the channel parameters are stored here (as an alternative to the
0x8000 range).

* 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:

EL6070 Version: 2.6 19
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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. 13: "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
parameterised 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

(

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 0xFO08 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.

Eenerall EtherCaT I Frocess Data I CoE - I:Inlinel I:Inlinel

Tranzition | Protocol | [ndex | Drata | Comment
C <PS: CoE 151 2:00 D00 [0 clear sm pdoz (0101 2)
C <PS: CoE 0101 3:00 000 [0 clear sm pdoz [0:1C13)
C <PS» CoE 0:1C12:01 0x1600 [5E32) download pda 0x1C12:07 i...
C <PS» CoE 0x1CT2:02 01607 [5E33) download pda Ox1CT2:02 ...
C <PS: CoE 0=1C12:00 =02 [£] download pdo 0x1C12 count

ﬂ Insett...

¥ Delete...

Edit. .. |

Fig. 14: 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

o 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.

EL6070 Version: 2.6 21



Basics communication BEGKHU FF

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. 15: 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 Auto Update 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]
+- 10FC:0 Backup parameter handling RO *1<
+--1400:0 Pt RuPDO-Par Chl RO »b <

Fig. 16: 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 4 logical channels and therefore 4 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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3.6 Distributed Clock

The distributed clock represents a local clock in the EtherCAT slave controller (ESC) with the following
characteristics:

e Unit 1 ns
» Zero point 1.1.2000 00:00

» Size 64 bit (sufficient for the next 584 years; however, some EtherCAT slaves only offer 32-bit support,
i.e. the variable overflows after approx. 4.2 seconds)

» The EtherCAT master automatically synchronizes the local clock with the master clock in the EtherCAT
bus with a precision of < 100 ns.

For detailed information please refer to the EtherCAT system description.
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4 Installation

4.1 Instructions for ESD protection

Destruction of the devices by electrostatic discharge possible!
The devices contain components at risk from electrostatic discharge caused by improper handling.

v’ Please ensure you are electrostatically discharged and avoid touching the contacts of the device di-
rectly.

a) Avoid contact with highly insulating materials (synthetic fibers, plastic film etc.).

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

c) 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.

P - ""--...,_ﬁ
f ~

S
IH"\n
~.

e

Fig. 17: Spring contacts of the Beckhoff I/O components

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!
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Assembly

Fig. 18: 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).

jmio
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Disassembly

Fig. 19: 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. 20: 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

259,6ms

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.

EL6070 Version: 2.6 29



Installation BEGKHUFF

4.4 Installation positions

Constraints regarding installation position and operating temperature range

Please refer to the technical data for a terminal to ascertain whether any restrictions regarding the installa-

tion position and/or the operating temperature range have been specified. When installing high power dissi-
pation terminals ensure that an adequate spacing is maintained between other components above and be-
low the terminal in order to guarantee adequate ventilation!

Optimum installation position (standard)

The optimum installation position requires the mounting rail to be installed horizontally and the connection
surfaces of the EL/KL terminals to face forward (see Fig. “Recommended distances for standard installation
position”). The terminals are ventilated from below, which enables optimum cooling of the electronics through
convection. "From below" is relative to the acceleration of gravity.

¢~ 189|398|38|38|38 |38

o oo oo mm |00 |00 (00
EE[BE[EBIEE[EB[EE[

ﬁ no|oo |ee= [oo oo [oo
—> 58|83 |85 |88 |88 |BE j—
20 mm ‘== ; > 20 mm

({1 35 mm

Fig. 21: Recommended distances for standard installation position

Compliance with the distances shown in Fig. “Recommended distances for standard installation position” is
recommended.
Other installation positions

All other installation positions are characterized by different spatial arrangement of the mounting rail - see
Fig “Other installation positions”.

The minimum distances to ambient specified above also apply to these installation positions.
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Fig. 22: Other installation positions
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4.5 Positioning of passive Terminals

Hint for positioning of passive terminals in the bus terminal block

o

1 EtherCAT Terminals (ELxxxx / ESxxxx), which do not take an active part in data transfer within the
bus terminal block are so called passive terminals. The passive terminals have no current consump-
tion out of the E-Bus.
To ensure an optimal data transfer, you must not directly string together more than 2 passive termi-
nals!

Examples for positioning of passive terminals (highlighted)
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Fig. 24: Incorrect positioning

4.6 UL notice

Application

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

Examination

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

® S
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For devices with Ethernet connectors
c US | Not for connection to telecommunication circuits.

Basic principles

Two UL certificates are met in the Beckhoff EtherCAT product range, depending upon the components:

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

C US

2. UL certification according to UL508 with limited power consumption. The current consumed by the de-

vice is limited to a max. possible current consumption of 4 A. Devices with this kind of certification are
marked by this sign:

c @US LISTED
ind. Can, Eq - 24T

Use 4 Amp. fuse or
Class 2 power supply.
See instructions.

Almost all current EtherCAT products (as at 2010/05) are UL certified without restrictions.

Application

If terminals certified with restrictions are used, then the current consumption at 24 V. must be limited
accordingly by means of supply

« from an isolated source protected by a fuse of max. 4 A (according to UL248) or

» from a voltage supply complying with NEC class 2.

A voltage source complying with NEC class 2 may not be connected in series or parallel with another
NEC class 2compliant voltage supply!

These requirements apply to the supply of all EtherCAT bus couplers, power adaptor terminals, Bus
Terminals and their power contacts.
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4.7 EL6070 - LEDs and connection

LEDs

RumlED
Processing LED
Initialisation LED ____

ErmorlED

Power contact —
+24V

Power contact 0V .

sl
=l

ul ol amullll

EQ M Wy Oy MW,
>Ny >m

-

Fig. 25: LEDs and pin assignment

LED Color

Meaning

RUN green

This LED indicates the terminal's operating state:

off INIT = Initialization of the terminal

blinking PREOP = Setting for mailbox communication and variant
standard settings

single flash SAFEOP = Channel checking of the Sync Manager.
Outputs stay in safe operation mode.

on OP = Normal operation mode, mailbox- and process data
communication possible

flickering BOOTSTRAP = Function for firmware updates of the

terminal

Processing LED |green

Cryptographic process is executed

Initialization yellow The terminal initialize its data and changes to a receiving state

LED

Error LED red Error while cryptographic initialization phase or ongoing cryptographic
process

Connection

Terminal point No. Comment

- 1-8 Not connected
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5 Commissioning

5.1 Basic function principles

Basic function principles
The TwinCAT dongle device (here: EL6070) is a special piece of hardware that can be read by TwinCAT 3.

On the IPC the so-called License Response File contains the licenses that are valid for this system. If the
License Response File also contains a check against a dongle, TwinCAT looks for the dongle and checks

- whether it is a Beckhoff device

- whether it is a specific Beckhoff device

After successful checking the licenses are available according to the LicenseResponseFile.
The EL6070 has no other user functions.

From hardware version 02 the EL6070 also features a local memory, so that one or several
LicenseResponseFiles can be stored and transported on the dongle.

Disk
CATwinCAT\3 x\Target\License |

| Terminal
EL6070

EL&OTO
License ELGOTO

Response System ID
File

Volume = - Volume
. System ID

License
Response
File

Fig. 26: TwinCAT dongle architecture

Since the dongle technology is primarily a TwinCAT functionality, further information about the application
can be found in the TwinCAT documentation at http://infosys.beckhoff.com/.

Please note that, as an EtherCAT master, TwinCAT checks the complete terminal name during startup, i.e.
EL6070-0000 or EL6070-1234 (as an example). A corresponding ESI must therefore exist in the TwinCAT
system.
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Firmware Update

o
1 The firmware on the EL6070 cannot be updated. The EtherCAT revision can be updated, if neces-
sary.

Vulnerability of security hardware

o

1 The hardware used in the dongle ensures that, according to present knowledge, any attacks on the
hardware-related checks would require very substantial financial and time effort.No cryptographic
system can be made categorically secure against any conceivable attackers (e.g. state-sponsored
attackers). Whether and how successful an attack against an encryption technology can be carried
out always boils down to "just" a question of financial resources (processing power, laboratory
equipment, staff, availability) and time resources. Another factor is human behavior, which is asso-
ciated with the organizational procedures of the system and cannot be made secure through hard-
ware and software (“social engineering”). Technological progress may open up future attack options
that are unknown today and may require a reassessment of the cryptographic system.The cryptog-
raphy chosen for the Beckhoff dongle is based on the present state of the art.

5.2 Notes regarding ESI device description

Installation of the latest ESI device description

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

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

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

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

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

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

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

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

e ESI

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

Device differentiation

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

» family key “EL”

* name “2521”

+ type “0025”
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e and revision “1018”

Name
1
(EL2E21-0025-1018)
—
Revision

Fig. 27: Identifier structure

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

Each revision has its own ESI description. See further notes [ 8].

Online description

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

-

TwinCAT Systern Manager

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

Ilze available online description instead

[T] &pply to al [ ez ] [ Mo ]

Fig. 28: OnlineDescription information window (TwinCAT 2)

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

TwinCAT XAE

Mew device type found [EL2521-0024 - 'ELZ521-0024 1K, Pulze Train 24% DC Auzgang'].
ProductRevizion EL2521-0024-1016

|ze available online dezcription instead [WES] or try to load appropriate descriptions from the web

[T] Apply ta all ’ 'es ] [ Mo ] [ Online ES| Update [wieb access required)... ]

Fig. 29: Information window OnlineDescription (TwinCAT 3)

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

NOTE

Changing the ‘usual’ configuration through a scan

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

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

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

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

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

CnlineCescriptionCache0000000z , xml
Fig. 30: File OnlineDescription.xml created by the System Manager

Is a slave desired to be added manually to the configuration at a later stage, online created slaves are
indicated by a prepended symbol “>” in the selection list (see Figure “Indication of an online recorded ESI of
EL2521 as an example”).

Add EtherCAT device at port B (E-Bus) of Term 1 [=2]
Search.  el2 Mame:  Tem 2 Muliple: 1 = [ 0K, ]
Type: = % Beckhoaff Automation GmbH & Co. KG " [ Cancel ]

R = afety Teminals

= Digital Dutput Terminals [EL2xxx] Part
B EL2002 2Ch. Dig. Dutput 24, 0,54

EL2004 4Ch, Dig. Dutput 24, 0,54 @ B [E-Bus)
: 032 2Ch. Dig. Output 244, 28 Diag _
2521 1K. Pulse Train Ausgang o E<[2EI5hL.I3[Tr?Et]

[7] Extended Information [] Show Hidden Devices Show Sub Groups

Fig. 31: Indication of an online recorded ESI of EL2521 as an example

If such ESI files are used and the manufacturer's files become available later, the file OnlineDescription.xml
should be deleted as follows:

+ close all System Manager windows
 restart TwinCAT in Config mode
 delete "OnlineDescription0000...xml"
 restart TwWinCAT System Manager

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

® OnlineDescription for TwinCAT 3.x
1 In addition to the file described above "OnlineDescription0000...xml" , a so called EtherCAT cache
with new discovered devices is created by TwinCAT 3.x, e.g. under Windows 7:
C:\User\[USERNAMEMppData\Roaming\Beck hoffiTwin CAT3\Components\Base\EtherCATCache xm|

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

Faulty ESI file

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

1N

Error parsing EtherCAT device description!

File "C:AT winCAT WM oE therCAT B eckhoff ELJws. xml
Device 'EL9335

Description will be ignaored.

PDO "Status Us' iz aszigned to a not existing Sync Manager instance (0]

[l

Microsoft Yisual Studic

Eror parzing EtherCAT device description

File 'C:ATwinCAT WMohEtherCAT \Beckhaff ELI=s. xml

Device 'EL333

PDO 'Statuz Us' iz azsigned to a not existing Sync Manager ingtance (0]
Description will be ignored.

()

Fig. 32: Information window for faulty ESI file (left: TwinCAT 2; right: TwinCAT 3)

Reasons may include:

 Structure of the *.xml does not correspond to the associated *.xsd file — check your schematics

» Contents cannot be translated into a device description — contact the file manufacturer

EL6070

Version: 2.6
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5.3 General Notes - EtherCAT Slave Application

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

Diagnosis in real time: WorkingCounter, EtherCAT State and Status

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

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

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

A Application ——" Application error

V]
=
2
5 EtherCAT DevState
3 Fieﬁirbus ————| Diagnosis fieldbus/Master | —————"{ FrmXwcState
2 FrmXstate
(=)
R
a
Diagnosis fieldbus/Slave ﬁ WeState
EtherCAT
slave Fkt. Status
|| \ Diagnosis function/Slave t
State

Fig. 33: Selection of the diagnostic information of an EtherCAT Slave

In general, an EtherCAT Slave offers

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

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

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

Colour Meaning

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

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

green Information variables for the EtherCAT Master that are updated acyclically. This means that
it is possible that in any particular cycle they do not represent the latest possible status. It is
therefore useful to read such variables through ADS.
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Fig. “Basic EtherCAT Slave Diagnosis in the PLC” shows an example of an implementation of basic

EtherCAT Slave Diagnosis. A Beckhoff EL3102 (2-channel analogue input terminal) is used here, as it offers

both the communication diagnosis typical of a slave and the functional diagnosis that is specific to a channel.
Structures are created as input variables in the PLC, each corresponding to the process image.

i O - Configuration
=58 1/O Devices
== Device 1 (EtherCAT)

--=f= Device 1-Image
== Device 1-Image-Info

- gt Inputs
- §l Outputs
=& InfoData

= Term 1 (EK1100)
=-§ InfoData

=" Term 2 (EL3102)

E%T Al Standard Channel 1
=@l Status

[—]%T Al standard Channel 2
@l Status

----- &1 Value

|j;|--- t Wcstate

= § InfoData
1 State

=t AdsAddr
=& netld

----- 1 netId[0

----- o1 netid[1

----- %1 netld[2

----- %1 netld[3

----- %1 netld[4

----- 1 netld[5

[ Ty e T Y |

‘8 PLC - Configuration

Fig. 34: Basic EtherCAT Slave Diagnosis in the PLC

The following aspects are covered here:

-1 Demo

----- == Demo-Image

E!--- standard
=& Inputs

=1 MAIN.astEL3102channels
=-#7 MAIN.astEL3102channels[1]
%! wStatus

-l wvalue
=& MAIN.astEL3102channels[2]
o & wStatus

----- =T wWalue

=-%T MAIN.stEL3103siaveDiag
gl bWcState

&P wstate
=&t stAmsadr
=-#7 netld

----- &1 netld[0]
¥l &1 netld[1]
----- ST netld[2]
----- &7 netld[3]
----- &1 netld[4]

----- %t netid[s]
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Code Function Implementation Application/evaluation

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

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

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

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

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

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

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

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

Diagnostic information

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

CoE Parameter Directory

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

Update List [~ Auto Updste [+ Single Update [v
Advanced.. I
Add o stadup... IDiﬂine Data Module OD (Aol
Index Mame Flags Value
+-6010:0 Al Inputs Ch.2 RO =17
+- 6401:0 Channels RO »2<
=1 B000:0 Al Settings Ch.1 RwW >24 <
a000:01 Enable user scale RW FALSE
8000:02 Presentation RW Signed (0}
800005 Siemens bits RW FALSE
Enable filter FALSE
a000:07 Enable limit 1 RW FALSE
8000.08 Enable limit2 RwW FALSE
S000:04 Enable user calibration RW FALSE
8000-08 Enable vendor calibration  RW TRUE

Fig. 35: EL3102, CoE directory

® EtherCAT System Documentation

1 The comprehensive description in the EtherCAT System Documentation (EtherCAT Basics --> CoE
Interface) must be observed!

A few brief extracts:

* Whether changes in the online directory are saved locally in the slave depends on the device. EL
terminals (except the EL66xx) are able to save in this way.

« The user must manage the changes to the StartUp list.

Commissioning aid in the TwinCAT System Manager

Commissioning interfaces are being introduced as part of an ongoing process for EL/EP EtherCAT devices.
These are available in TwinCAT System Managers from TwinCAT 2.11R2 and above. They are integrated
into the System Manager through appropriately extended ESI configuration files.
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General | EtherCAT | Setiings | Process Data | Startup | CoE - Online | Online

Standard Butkons

[ Compare Type ] [Show Dev.Settings] [ Reset view ] [ Export... ] Run LED “ Run LED :
—_— Ty a— H :
Update View EEECEEN | ResetDeviee || Import.. | Em?[lﬁﬁm — :E{m[lﬁﬁ)z ;
- - EmrorLED3 ____ | mmm . FError LHM :
OFFLINE DC Diagnasis. . T 5 i
i~ :
L el
Channel 1 w Channel use 2-wire (D *R1 . . —*R2 i R
RTD element | PT100(-200..,850°C) (Default) w %
Presentation | Sl R(e=g=m(9) A R, .. —-R2 2 .
Power contact —s——__=_ Sl | ML g
L] Enable user scale Wser scale affset a 124V LRITRE 5 5
[I5er seale aain G5536 - .E
W3 —Rd L5l =
[C]Enable Lirmit 1 Limit 1 0 Power contact 0V -. . e i
[ The bits in are set in the input process data {status word) if the limit values are undershot or exceeded. e L
Bits in stabus word: SW.2, SW.3 . . R4 i (5’5’ "
20 The limit evaluation takes place after taking inko account the set characteristic curve and negative values, _me ha i4 (i
00=0: not active BECKHD : ;
B 01=1: Valua bigger than Limit value ——FF- : i 2-wire
10=2: Yalue smaller than Limit value
11=3: Val Lirnit wal . -
e Top view Contactassembly  Connection

Fig. 36: Example of commissioning aid for a EL3204

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

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

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

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

After the operating power is switched on, an EtherCAT Slave must go through the following statuses
< INIT
« PREOP
+ SAFEOP
+ OP

to ensure sound operation. The EtherCAT Master directs these statuses in accordance with the initialization
routines that are defined for commissioning the device by the ES/XML and user settings (Distributed Clocks
(DC), PDO, CoE). See also the section on "Principles of Communication, EtherCAT State Machine [»_17]" in
this connection. Depending how much configuration has to be done, and on the overall communication,
booting can take up to a few seconds.

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

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

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

o EtherCAT Master: OP
e Slaves: OP

This setting applies equally to all Slaves.

-8 SYSTEM - Configuration
18 NC - Configuration

@A PLC - Configuration
= 1/O - Configuration
=1-E@ 1/0 Devices
== Device 1 (EtherCAT)
== Device 1-Image
-=f= Device 1-Image-Info
-l Inputs
- §l Outputs
#-§ InfoData
= Term 1 (EK1100)
#-§ InfoData
..lﬂ Term 2 (EL3102)
=% Term 3 (EL6688)
g8 Mappings

‘General | Adapter EtherCAT |On|ine| CoE - Online

Metld:

|1{}.43.2.149.2_1

Advanced Settings...

Advanced Settings

|

%1.....[%1

I+

¥

F]

- State Machine

- Slave Settings
- Cyclic Frames

- Distributed Clocks

- EOE Support
- Redundancy

F

- Emergency
- Diagnosis

Fig. 37: Default behaviour of the System Manager

Master Settings

- Startup State
INIT!

" 'PREOP'
" 'SAFEOP'
@ 'OP'

[+ Stay at'PRE-OP' until
Sync Task started

In addition, the target state of any particular Slave can be set in the "Advanced Settings" dialogue; the

standard setting is again OP.

=B SYSTEM - Configuration
- B NC - Configuration
38 PLC - Configuration
= /0O - Configuration
=B 1/O Devices
| === Device 1 (EtherCAT)
E -I- Device 1-Image
== Device 1-Image-Info

Type:

Product/Revision:

Auto Inc Addr:

EtherCAT Addr. [ IIDDE E

'General EtherCAT |DC | Process Daia' Starh.lp] CnE~OnIina| Onlina|

|EL3'ID2 2Ch. Ana. Input+/-10V, Diff

[EL3102-0000-0017

FFFF

‘ Advanced Seftings...

-7 Inputs
i §l Outputs
H'I' Iﬂf’ODa'EI El GEI‘IEfEl
=8 Term 1 (EK1100) . FEr——
k- InfoData §cchavior e ————
: i - Timeout Settings
- Term2(EL3102) identfication [¥ CheckVendorId
©-¢8 Term 3 (EL6688) = . pmmu/sM [v Check Product Code
‘-gB Mappings I
: Ppng i lInrtO:hmmands [ Check Revision Number
- Mailbox

® Diistributed Clock

= ESC Acoess

[ Check Serial Numbe

[z}

r

State Maching
[+ Auto Restore States

[ WaitforWeState is Ok

[v| Log Communication Changes

[# Relnit after Communication Error

o I-Final State
[~ Check|denification ® OP (~ SAFEOP in Config Mode
(" SAFEOP (" PREOP U INIT
Fig. 38: Default target state in the Slave
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Manual Control

There are particular reasons why it may be appropriate to control the states from the application/task/PLC.
For instance:

« for diagnostic reasons
+ to induce a controlled restart of axes
* because a change in the times involved in starting is desirable

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

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

Tclhtilities lib*31.1.17 14:11:32
TcEtherCAT lik 51010 12:25:58
= TANDARDLIE 5698 12:03:02

ISB austeine

"'DEDE Irterface
"'DEnnversiDn Functions
BT Distributed Clocks
"'DEtherL“.-'-‘-.T Cornrands
"'[:]Etherl_“.f-‘n.T Diagnostic
" B~ £ JEtherCAT State Machine I

""" =| FB_EcGetdllSlaveStates [FE)
FB_EcGettdazterState [FB]
FB_EcGetSlaveState [FB]
FB_EcReqgtdasterState [FE]
FB_EcFReqSlaveState [FB)
FB_EcSethd azterState [FE]
""" =| FE_EcSetSlaveState (FE)
[ TJFoE Interface

Fig. 39: PLC function blocks

Note regarding E-Bus current

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

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

Netld: |1ﬂ.43.2.149.2.1 Advanced Settings...
Number Box Name Address | Type In Size | OutS...| E-Bus (..
i1 Term 1 (EK1100) 1001  EK1100
" 2 Term 2 (EL3102) 1002  EL3102 8.0 1830
" 3 Term 4 (EL2004) 1003  EL2004 0.4 1730
" 4 Term 5 (EL2004) 1004  EL2004 0.4 1630
"5 Term 6 (EL7031) 1005  EL7031 8.0 8.0 1510
"6 Term 7 (EL2808) 1006  EL2808 1.0 1400
"7 Term 8 (EL3602) 1007  EL3602 12.0 1210
"8 Term 9 (EL3602) 1008  EL3602 12.0 1020
"9 Term 10 (EL3602) 1009  EL3602 12.0 830
" 10 Term 11 (EL3602) 1010  EL3602 12.0 640
"1 Term 12 (EL3602) 1011  EL3602 12.0 450
" 12 Term 13 (EL3602) 1012 EL3602 12.0 260
" 13 Term 14 (EL3602) 1013 EL3602 12.0 70
M 14 Term 3 (EL6688) 1014  EL6688 22.0 240 !

Fig. 40: lllegally exceeding the E-Bus current

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

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

Fig. 41: Warning message for exceeding E-Bus current

Caution! Malfunction possible!

The same ground potential must be used for the E-Bus supply of all EtherCAT terminals in a terminal block!
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5.4 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 on the Beckhoff Website and in-
stalling it according to the installation instructions.

Introduction

Object overview

« Command object [» 48]

« Information / diagnosis data [ 48]
» Standard objects [» 49]

Command object

Index B000 LIC Command

Index Name Meaning Data type Flags Default
(hex)
B000:0 LIC Command Max. Subindex UINT8 RO 0x03 (3dec)
B000:01 |Request Commands can be sent to the terminal via the request |OCTET- RW {0}
object STRING[2]
B000:02 |Status Status of the currently executed command 1: command |UINT8 RO 0x00 (Odec)
error-free 255: command is executed
B000:03 |Response Optional response value of the command OCTET- RO {0}
STRING[4]

Information / diagnosis data

Index 10F3 Diagnosis History

Index Name Meaning Data type Flags Default
(hex)
10F3:0 Diagnosis History |Max. subindex UINT8 RO 0x37 (554cc)
10F3:01 |Maximum Mes-  |Maximum number of stored messages UINT8 RO 0x32 (504c,)
sages A maximum of 50 messages can be stored
10F3:02 |Newest Message |Subindex of the latest message UINT8 RO 0x00 (Oyec)
10F3:03 |Newest Acknowl- |Subindex of the last confirmed message UINT8 RW 0x00 (0yec)
edged Message
10F3:04 |New Messages Indicates that a new message is available BOOLEAN RO 0x00 (04ec)
Available
10F3:05 |Flags not used UINT16 RW 0x0000 (Ogec)
10F3:06 |Diagnosis Mes- |Message 1 OCTET- RO {0}
sage 001 STRINGI[28]
10F3:37 |Diagnosis Mes- |Message 50 OCTET- RO {0}
sage 050 STRING[28]
Index 10F8 Actual Time Stamp
Index Name Meaning Data type Flags Default
(hex)
10F8:0 Ti Time stamp UINT64 RO
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Index 9001 LIC Identity Data
Index Name Meaning Data type Flags Default
(hex)
9001:0 LIC Identity Data |Max. subindex UINT8 RO 0x4 (4 gec)
9001:01  |Public Key reserved OCTET- RO -
STRINGI[256]

9001:02 |Certificate reserved OCTET- RO -
STRING[256]

9001:03  |Public EK reserved OCTET- RO -
STRINGI[256]

9001:04 |Certificate EK reserved OCTET- RO -
STRING[256]
Index 9002 LIC Session Data
Index Name Meaning Data type Flags Default
(hex)
9002:0 LIC Identity Data |Max. Subindex UINT8 RO 0x4(4 4eo)
9002:01 |Signature reserved OCTET- RO -
STRING[256]

9002:02 |PCR Value reserved OCTET- RO -
STRINGI[256]

9002:03 |Tick Stamp reserved OCTET- RO -
STRINGI[256]

9002:04 |Current Ticks reserved OCTET- RO -
STRINGI[256]

Index B008 LIC Command

Index Name Meaning Data type Flags Default

(hex)

B008:0 LIC Control Max. Subindex UINT8 RO 0x03 (34ec)

B008:01 |Control reserved UINT16 RW {0}

B008:02 |Status reserved UINT16 RO 0x00 (Oyec)

B008:03 |Challenge reserved OCTET- RW {0}

STRING[20]

Index FB40 Memory interface

Index Name Meaning Data type Flags Default

(hex)

FB40:0 Memory interface |Memory interface to Beckhoff certificate UINT8 RO 0x03 (346.)

FB40:01 |Control Virtual address of memory UINT32 RW 0x00000000 (04.)

FB40:02 |Status Length of data UINT16 RW 0x0000 (0yec)

FB40:03 |Challenge Data OCTET- RW P {0}

STRINGI8]

Standard objects

Index 1000 Device type

Index Name Meaning Data type Flags Default

(hex)

1000:0 Device type Device type of the EtherCAT slave: The low word con- UINT32 RO 0x029E1389
tains the CoE profile used (5001). The high word con- (43914121dec)
tains the module profile according to the modular device
profile.

Index 1008 Device name

Index Name Meaning Data type Flags Default

(hex)

1008:0 Device name Device name of the EtherCAT slave STRING RO EL6070-0000
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Index 1009 Hardware version

Index Name Meaning Data type Flags Default
(hex)
1009:0 Hardware version |Hardware version of the EtherCAT slave STRING RO 00
Index 100A Software version
Index Name Meaning Data type Flags Default
(hex)
100A:0 Software version |Firmware version of the EtherCAT slave STRING RO 01
Index 1018 Identity
Index Name Meaning Data type Flags Default
(hex)
1018:0 Identity Information for identifying the slave UINT8 RO 0x04 (44.)
1018:01  |Vendor ID Vendor ID of the EtherCAT slave UINT32 RO 0x00000002 (24.)
1018:02  |Product code Product code of the EtherCAT slave UINT32 RO 0x17B63052
(397815890dec)
1018:03 |Revision Revision number of the EtherCAT slave; the low word (bit|UINT32 RO 0x00100000
0-15) indicates the special terminal number, the high (1048576dec)
word (bit 16-31) refers to the device description
1018:04 |Serial number Serial number of the EtherCAT slave; the low byte (bit UINT32 RO 0x00000000 (Ogec)
0-7) of the low word contains the year of production, the
high byte (bit 8-15) of the low word contains the week of
production, the high word (bit 16-31) is 0
Index 1C00 Sync manager type
Index Name Meaning Data type Flags Default
(hex)
1C00:0 Sync manager Using the sync managers UINT8 RO 0x04 (44ec)
type
1C00:01 |Sublndex 001 Sync-Manager Type Channel 1: Mailbox Write UINT8 RO 0x01 (14ec)
1C00:02 |Sublndex 002 Sync-Manager Type Channel 2: Mailbox Read UINT8 RO 0x02 (24ec)
Index FO00 Modular device profile
Index Name Meaning Data type Flags Default
(hex)
F000:0 Modular device General information for the modular device profile UINT8 RO 0x02 (244c)
profile
F000:01 |Module index dis- |Index spacing of the objects of the individual channels UINT16 RO 0x0010 (164)
tance
F000:02 |Maximum number |Number of channels UINT16 RO 0x0001 (14ec)
of modules
Index F008 Code word
Index Name Meaning Data type Flags Default
(hex)
F008:0 Code word reserved UINT32 RW 0x00000000 (04ec)
Index F010 Module list
Index Name Meaning Data type Flags Default
(hex)
F010:0 Module list Max. Subindex UINT8 RW 0x02 (246c)
F010:01 |Sublndex 001 Profile number UINT32 RW 0x0000029E
(670dec)
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5.5

i

The 1

Reading and writing files

Using the sample programs

This document contains sample applications of our products for certain areas of application. The
application notes provided here are based on typical features of our products and only serve as ex-
amples. The notes contained in this document explicitly do not refer to specific applications. The
customer is therefore responsible for assessing and deciding whether the product is suitable for a
particular application. We accept no responsibility for the completeness and correctness of the
source code contained in this document. We reserve the right to modify the content of this docu-
ment at any time and accept no responsibility for errors and missing information.

MB flash memory of the EL6070 can be used to store files.

Up to 20 files can be stored.
The file content is stored in binary format.

Before a file is read, the special file system can read a directory containing names of files and their
sizes and additional information. A so-called dot file “.“ have to be read out for it: if the name or the
ASCII character for “. is passed by FoE upload (ASCII value 0x2E), a defined header of information
from the memory of the terminal is returned, which contains information about all stored files in the
terminal. For example, the following memory contents are present:

00 10 00 00 00 00 00 00 DO OR OO0 OO 00 OO 00 03 00 00 00 01 35 00 00 00 10 00 00/14 00 00 OO0 + B L k] -|- 1

1E 00(00|00| 00|00 00(00|00(00(00|00 00|00 00|00/ 00(00/00/ 00|00 00(00|00 00|00/ 0000|00(00(00/00
74 €5|/73 74 2E 74 &3|6C|72 73|00 00 00 00 00|00 0O 00 00 00|00 00|00|00 OO0 00 00 00 0000|0000 |te st .|teclics

B& D3 04 00 00/00|00 00 0000 00 00 00 00 00|00 73 15 74 EE 46|CF F1 77|D7 2B 46 A2 70 FF|CB CE |76 sltiFiﬁwx+F‘pf{§i
54 4C 52 |5F|4Z 49 5F|42|49% 47 2ZE 74 €3 &C 72 73|/00/00 00 00|00/ 00 00 0000 00 00 00 00|00/ 00 00 [TLR _|BI_BIG.tclzls
D& 32 00|00|00 00 00|00|00 00 00 00 0000 0000|7527 €3 DE 52 EZ|1A|C7 EC BZ|47 €F 2B 1B 41 FB |O|: u "|e|BZ &+ ¢il=|C6o/< ~ A

54 4C|52 |5F|4Z|49|5F(54|45(31(33|30|30|2E 74|63 eC|72|73|00|00/00(00|00 (0000|0000 00(00|00 00T LR _BI_[TEL300M.tecllicls
7B/07(00|00|00|00 00(00|00(00(00|00 /00|00 00(00/21 ES DB DB|4D 1D(CA|D3|CA 35 5F OF BE(BB(4EB7||{|* Ve fou ééi&_mp<N

Detailed information to this can in principle be taken from the present example program.

When saving a file, a freely selectable 32 bit password is expected. Each file can have its own
password. If none is given, PW=0 is accepted from the terminal. For reading out the file, the password
is then needed again, possibly also PW=0 if none was specified.

An existing file will be overwritten when a file is saved under the same name. A file can be deleted by a
write access with the file name and a transferred file size of 0 (correspondingly without content).

The following sample program uses the TwinCAT functions of the Tc2_EtherCAT library for the FoE read
and write access as well as the file access functions of the Tc2_System library with a fixed path ,,C:
\EL6070_files\“. Hence, a drive “C:” and such folder have to be existing. The device configuration is also
present within this example:

IPC + EK1100 + EL6070 + EL9011.

Explanatory notes for the sample program “EL6070_Access”

The sample program uses a TwinCAT 3 visualization. It illustrates file handling for the terminal on the left

and fi

le access to the control PC on the right. First, the data are loaded into the controller memory. Then they

can either be loaded or saved on/ to the control computer as file, or they can be read to or written from the
terminal:
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ELGO70: | Local drive:
Read terminal entry | Wit terminal entry | Delete terminal emry| ‘ LOAD FILE SAVE FILE | DELETE FILE |
Current entry name: Size [Byte] ‘:‘:l Current file name (incl. complete path): Size [Byte]
Info_ELEO70.txt" 531 }}l "CAEL6070_files\test txt” 531

Last action:
Access terminal, entry written:

Info_ELGOT0 tet"

Read Directory (terminal entries) |

Entries stored within terminal: Data content of
Entry name Size [Byte] "CELBOT0_filesitest txt”

0 Check entry write abcd 33814 DONE.
1 test] b 141
2 xyz.ba 7
3 .content 7
4 Info.txt 141 [ Data of PLC file in memory View content | Reset actions
: Info_ELB070.txt 531 | cotesttx 531 bytes:
5] graphicinstall log 41174 Content view (ASCIl ext.)
! Service manual pdf 445872 Start address| |directory containing names of files and their sizes and
8 testd.txt 182 input: additional information.
g 0 176
10 0 i‘ Address 0 1 2 | 3| 4 5 8 | 7
1 0 176 100 | 105 | 114 | 101 99 MG | 111 | 114
12 0 184 121 32 99 111 | 110 | 116 a7 105
13 0 192 110 | 105 | 110 | 103 32 110 97 109
14 0 200 101 | 115 32 111 | 102 32 102 | 105
15 0 208 108 | 101 | 115 32 97 110 | 100 32
16 0 216 116 | 104 | 101 | 105 | 114 32 115 | 105
17 0 224 122 | 101 | 115 32 97 110 | 100 32
18 0 232 ar 100 | 100 | 105 [ 416 | 105 | 111 | 110
19 0 240 a7 108 3z 105 | 110 | 102 | 111 | 114

521869 bytes used 526707 bytes free. = 248 109 | 97 | 116 [ 105 | 111 | 110 | 46 | 32

Fig. 42: TwinCAT 3 - visualization of the sample program “EL6070_Access”

Notes:

» The needed Netld for terminal access will be identified by the already existing link within the
configuration. Therefrom the address for the PLC system will be derived.

» This example program does not use a checksum and does not support the password function.

» A duration while file access on the terminal with a transfer rate of several 1000 bytes/s have to be
expected (e.g. over 3 minutes for 1 MB).

» The files that are loaded, stored and deleted on the right are located on the controller. This has to be
taken into account during remote access. The path can only point to the local computer’s file system
and is preset ,C:\EL6070 _files\". Network paths cannot be specified here. In addition, special care is
required for file access on the control computer.

Download:

Sample program “EL6070_Access”: https://infosys.beckhoff.com/content/1033/el6070/Resources/
Zip/4707490699.zip

Preparations for starting the sample programs (tnzip file / TwinCAT 3)

 Click on the download button to save the Zip archive locally on your hard disk, then unzip the *.tnzip
archive file in a temporary folder.
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File | Edit View Project Build Debug TwinCAT TwinSAFE PLC Tools Scope Window Help

New » | b |Release ~| | TwinCAT RT (x64) -| | 5%
Open & .ﬁ Project/Solution... Ctrl+Shift+ O
Add v | 75 Web Site.. Shift+Alt+ 0
Clase 5 File.. Ctrl+0

.:_T_T Close Selution [lF Open Project from Target...

[a  Save TwinCAT Projectl.sin Ctrl+5 Open Selution fram Archive...
Save TwinCAT Projectl.sln As... *

Fig. 43: Opening the *. tnzip archive

» Select the .tnzip file (sample program).
« A further selection window opens. Select the destination directory for storing the project.

» For a description of the general PLC commissioning procedure and starting the program please refer to
the terminal documentation or the EtherCAT system documentation.

» The EtherCAT device of the example should usually be declared your present system. After selection
of the EtherCAT device in the “Solutionexplorer” select the “Adapter” tab and click on “Search...”:

| General | Adapter | EiherCAT | Onling | CoE - Online |

@ MNetwork Adapter

@ 05 (NDIS) D PCl () DPRAM
Description:
Device Name:
I |
MALC Address:
IP Address:

[ Promigcucus Made (use with Wireshark only)
[ Virtual Device Names

() Adapter Reference

Freerun Cycle (ms): 4

Fig. 44: Search of the existing HW configuration for the EtherCAT configuration of the example

» Checking Netld: the "EtherCAT" tab of the EtherCAT device shows the configured Netld:

| General | Pudapter| EtherCAT |Online | CnE-OnIine|

Metld: 127.0.0.1.41 [ Advanced Seftings...

The first 4 numbers have to be identical with the project Netld of the target system. The project Netld
can be viewed within the TwinCAT environment above, where a pull down menu can be opened to
choose a target system (by clicking right in the text field). The number blocks are placed in brackets
there next to each computer name of a target system.

» Modify the Netld: By right clicking on "EtherCAT device" within the solution explorer a context menu
opens where "Change Netld..." have to be selected. The first 4 numbers of the Netld of the target
computer have to be entered; the both last values are 4.1 usually.

Example:
> Netld of project: myComputer (123.45.67.89.1.1)
o Entry via ,Change Netld...": 123.45.67.89.4.1
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6 Appendix

6.1 Firmware compatibility - passive terminals

The passive terminals [»_32] ELxxxx terminal series have no firmware to update.

6.2 EtherCAT AL Status Codes

For detailed information please refer to the EtherCAT system description.

6.3 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:
http://www.beckhoff.com

You will also find further documentation for Beckhoff components there.

Beckhoff Headquarters
Beckhoff Automation GmbH & Co. KG

Huelshorstweg 20

33415 Verl

Germany

Phone: +49(0)5246/963-0
Fax: +49(0)5246/963-198
e-mail: info@beckhoff.com
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(0)5246/963-157
Fax: +49(0)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
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* repair service
* spare parts service
* hotline service

Hotline: +49(0)5246/963-460
Fax: +49(0)5246/963-479
e-mail: service@beckhoff.com

EL6070 Version: 2.6 55



Table of figures BEGKHUFF

Table of figures

Fig. 1 EL5021 EL terminal, standard IP20 10 device with serial/ batch number and revision ID (since

20 [ I TSRS 9
Fig.2  EK1100 EtherCAT coupler, standard IP20 IO device with serial/ batch number........................ 10
Fig.3  CU2016 switch with serial/ batCh NUMDET...........ouviiiiiiiii e 10
Fig. 4 EL3202-0020 with serial/ batch number 26131006 and unique ID-number 204418 ................... 10
Fig. 5 EP1258-00001 IP67 EtherCAT Box with batch number/ date code 22090101 and unique se-

Al NUMDBDET 158102 ittt b et e st sn e e abe e e nnneeaa 11
Fig.6  EP1908-0002 IP67 EtherCAT Safety Box with batch number/ date code 071201FF and

unique serial NUMBEr 00346070 .........oeiiiiiiiiie et e e e e e s 11
Fig. 7  EL2904 IP20 safety terminal with batch number/ date code 50110302 and unique serial num-

o1 001G s I PSPPSR PUPRTRIN 11
Fig.8  ELM3604-0002 terminal with unique ID number (QR code) 100001051 and serial/ batch num-

o1 10 2 OSSR 11
o TR TR I 0 4 USRS OURRRIN 12
Fig. 10 System manager current CalCulation ............cc.uiiiiiiiiiii e e e 15
Fig. 11 EtherCAT tab -> Advanced Settings -> Behavior -> Watchdog ........ccccooiiiiiiiiii e, 16
Fig. 12 States of the EtherCAT State Machine...........coooviiii i 18
Fig. 13 "COE ONlINE " 18D ..eoiiiiiiiiie et e e et e e e et e e e 20
Fig. 14  Startup list in the TWINCAT System Manager ..........cooouiiiiiiiiiiiei e 21
Fig. 15 OffliNe LISt ... ..t e et e e e e e e e e e e s e et reeeeeeaeeeaeeaaaaaans 22
o T G @ o111 1= 1 PRSPPI 22
Fig. 17 Spring contacts of the Beckhoff I/O components...........cooiiiiiiiiii e 25
Fig. 18  Attaching on MOUNtING Fail .......ccooiiiiii e e e e e e e e e e e e e e e e e e e ee e rene e s 26
Fig. 19 Disassembling Of terminNal............cooiiiiiiiii e e 27
Fig. 20 Power contact 0N 1eft SIAE.........uiiiiiiiiie e e 28
Fig. 21 Recommended distances for standard installation position ............cccccccviiiiiiiiiiiiiiee e, 30
Fig. 22  Other installation POSItIONS .........coiiiiiiiii e 31
o T2 I @701y =Y oY X311 o111 T SRR SP 32
o T2 S [ ToTo] =Yoo oo - 1 1] ] o T RSP SR 32
Fig. 25 LEDS and pin @SSIGNMENT.........oiiiiiiiiiiiieiiiie et 34
Fig. 26 TWIinCAT dongle arChit@CIUrE ..........oooiiiiiiiiiiieee e e e e e e e e e 35
Fig. 27  1dentifier SITUCIUIE ...t e e e 37
Fig. 28 OnlineDescription information window (TWINCAT 2) .....uiiiiiiiiiiiie et 37
Fig. 29 Information window OnlineDescription (TWINCAT 3) ...ccoiiiiiiiiieeeee e 37
Fig. 30  File OnlineDescription.xml created by the System Manager ..........ccccccoviiiiiiiii e, 38
Fig. 31 Indication of an online recorded ESI of EL2521 as an example............ccccocveeiiiiiiieeiiciiee e, 38
Fig. 32 Information window for faulty ESI file (left: TwinCAT 2; right: TWINCAT 3)....coooiiiiiiiiiiiiieeee 39
Fig. 33  Selection of the diagnostic information of an EtherCAT Slave ..........cccooiiiiiiiii, 40
Fig. 34 Basic EtherCAT Slave Diagnosis in the PLC............ooooiiiiiiiiiieeeee e 41
Fig. 35  EL3102, COE AIFECIOMY ...eeiiiiiiiiiiie ittt e e e e e b e e e e 43
Fig. 36 Example of commissioning aid for a EL3204 ... 44
Fig. 37 Default behaviour of the System Manager .............oooiiiiiiiiiiiiiieee e 45
Fig. 38 Default target state in the SIAVe .........ooo i 45
(o TR 1 I o IO {1 Tox 1T o I ][0 To1 & USRS 46
Fig. 40 lllegally exceeding the E-BUS CUITENT ..........oiiiiiiiiiie e 47
Fig. 41  Warning message for exceeding E-Bus CUITENT .........ccoiiiiiiiiiiiiii e 47
56 Version: 2.6 EL6070



BEGKHUFF Table of figures

Fig. 42 TwinCAT 3 - visualization of the sample program “ELB070_ACCESS”.......cceveeiiiieieeeiiiiineeeeiieen. 52
Fig. 43  Opening the *. tNZIP @rChiVe.........cooiiiiiii e 53
Fig. 44 Search of the existing HW configuration for the EtherCAT configuration of the example ........... 53

EL6070 Version: 2.6 57



	 Table of Contents
	1 Foreword
	1.1 Notes on the documentation
	1.2 Safety instructions
	1.3 Documentation issue status
	1.4 Version identification of EtherCAT devices

	2 Product overview
	2.1 License key terminal for TwinCAT 3.1
	2.2 EL6070 - Technical data

	3 Basics communication
	3.1 EtherCAT basics
	3.2 EtherCAT cabling – wire-bound
	3.3 General notes for setting the watchdog
	3.4 EtherCAT State Machine
	3.5 CoE Interface
	3.6 Distributed Clock

	4 Installation
	4.1 Instructions for ESD protection
	4.2 Installation on mounting rails
	4.3 Installation instructions for enhanced mechanical load capacity
	4.4 Installation positions
	4.5 Positioning of passive Terminals
	4.6 UL notice
	4.7 EL6070 - LEDs and connection 

	5 Commissioning
	5.1 Basic function principles
	5.2 Notes regarding ESI device description
	5.3 General Notes - EtherCAT Slave Application
	5.4 Object description and parameterization
	5.5 Reading and writing files

	6 Appendix
	6.1 Firmware compatibility - passive terminals
	6.2 EtherCAT AL Status Codes
	6.3 Support and Service

	 Table of figures

