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

Patent Pending

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

EtherCAT.

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

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

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

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

EL7411 Version: 1.4 7
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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: 1.4 EL7411
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1.3 Documentation issue status
Version Comment
14 » English translation updated
1.3 » Chapter "Commissioning" updated
1.2 * New chapters:
° Homing [»_129]
o Touch Probe [P _152]
o Commissioning with status word and control word [P_137]
o Commissioning with Drive Motion Control [P_141]
o Process data [P_156]
 Structure update
1.1 * First release.
1.0 * First preliminary version.
EL7411 Version: 1.4
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1.4 Version identification of EtherCAT devices
1.4.1 General notes on marking
Designation

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

« family key
* type

* version

* revision

Example Family Type Version Revision

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

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

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

Notes

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

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

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

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

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

10 Version: 1.4 EL7411



BECKHOFF

Foreword

1.4.2 Version identification of EL terminals

The serial number/ data code for Beckhoff 1O devices is usually the 8-digit number printed on the device or
on a sticker. The serial number indicates the configuration in delivery state and therefore refers to a whole
production batch, without distinguishing the individual modules of a batch.

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

YY - year of production 06 - production year 2006

FF - firmware version 3A - firmware version 3A

HH - hardware version 02 - hardware version 02

Ser.Nr. 01200815 RevNr: Q022
— . Fr

16 x digital output
24WDCT05A

Fig. 1: EL2872 with revision 0022 and serial number 01200815

EL7411 Version: 1.4 1
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1.4.3 Beckhoff Identification Code (BIC)

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

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

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

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

The BIC is machine-readable and contains information that can also be used by the customer for handling
and product management.

Each piece of information can be uniquely identified using the so-called data identifier
(ANSI MH10.8.2-2016). The data identifier is followed by a character string. Both together have a maximum
length according to the table below. If the information is shorter, spaces are added to it.

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

12 Version: 1.4 EL7411
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Posi- Type of Explanation Data Number of digits Example
tion |information identifier |incl. data identifier
1 Beckhoff order Beckhoff order number |1P 8 1P072222
number
2 Beckhoff Traceability|lUnique serial number, |SBTN 12 SBTNk4p562d7
Number (BTN) see note below
3 Article description Beckhoff article 1K 32 1KEL1809
description, e.g.
EL1008
4 Quantity Quantity in packaging |Q 6 Q1
unit, e.g. 1, 10, etc.
5 Batch number Optional: Year and week |2P 14 2P401503180016
of production
6 ID/serial number Optional: Present-day 518 12 515678294
serial number system,
e.g. with safety products
7 Variant number Optional: Product variant |[30P 32 30PF971, 2*K183
number on the basis of
standard products

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

Structure of the BIC

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

1P072222SBTNk4p562d71KEL1809 Q1 515678294

Accordingly as DMC:

Fig. 3: Example DMC 1P072222SBTNk4p562d71KEL1809 Q1 518678294

BTN

An important component of the BIC is the Beckhoff Traceability Number (BTN, position 2). The BTN is a
unique serial number consisting of eight characters that will replace all other serial number systems at
Beckhoff in the long term (e.g. batch designations on 10 components, previous serial number range for
safety products, etc.). The BTN will also be introduced step by step, so it may happen that the BTN is not yet

coded in the BIC.

This information has been carefully prepared. However, the procedure described is constantly being further
developed. We reserve the right to revise and change procedures and documentation at any time and

without prior notice. No claims for changes can be made from the information, illustrations and descriptions
in this information.

EL7411

Version: 1.4
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1.4.4 Electronic access to the BIC (eBIC)

Electronic BIC (eBIC)

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

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

K-bus devices (IP20, IP67)

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

EtherCAT devices (IP20, IP67)

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

The eBIC is also stored in the ESI-EEPROM. The eBIC was introduced into the Beckhoff I/O production
(terminals, box modules) from 2020; widespread implementation is expected in 2021.

The user can electronically access the eBIC (if existent) as follows:

+ With all EtherCAT devices, the EtherCAT master (TwinCAT) can read the eBIC from the ESI-EEPROM
o From TwinCAT 3.1 build 4024.11, the eBIC can be displayed in the online view.

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

TwinCAT Project30 4 X

General Adapter  BtherCAT | Online  CoE - Online

Advanced Settings
= State Machine Online View
Export Configuration File Cyclic Frames
: i 0000 ESC Rev/Type" 0000
Symc Unt Assigrment.. ; Distributed Clocks %nnuz = Ej.\vd ype ~ Add
i EoF Support ! )
: (0004 ‘SM/FMMU Ct
Topology. i Redundancy (0006 ‘Forts/DPRAM: [ Show Change Courters
(0008 Features’ (State Changes / Not Present)
(0010 Phys Addr
Frame Cmd  Addr Len  WC  Syclnt Cycle ms)  Ukilizatiol []0012 Configured Station Alias’ Show Production Info
[]0020 Register Protect’
WMo WR k01000000 1 1 <defalt> 4000 (0030 ‘Access Protect
Mo BRD  x00000x0130 2 2 4.000 017 (10040 'ESC reset’ Show Beckhoff Identfication
017 []0100 ESC Cu’ Code(BIC)
[]0102 'ESC CirlEx"
[]0108 ‘Phys. RW Offset”
(0110 ESC Status’
[J0120 ALCtd"

o The BTN and its contents are then displayed:

General Adapter EtherCAT Orline  CoF - Onine

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

> Note: as can be seen in the illustration, the production data HW version, FW version and
production date, which have been programmed since 2012, can also be displayed with "Show
Production Info".

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

 In the case of EtherCAT devices with CoE directory, the object 0x10E2:01 can additionally by used to
display the device's own eBIC; the PLC can also simply access the information here:

14 Version: 1.4 EL7411
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o The device must be in PREOP/SAFEOP/OP for access:

Index HName

1000 Desice bype

1008 Deviize name

1003 Hardware verson

1004, Softwars vermon

1008 Beatloader version
1010 Faestons defaull parameters
+ 10180 Identty
= 10E2:0 Mardschurer-speciic idertiicaton C

T0EZ:01  Sublindex 001

« - 10F0:0 Backup parsmeter handing
+ 10F3:0 Deagniosis Hestory

10F3 Actual Tams Stamp

3332333838888 §F

o

Value

De15E 1389 (Z2342601)
ELM3I704-0000

1]

01

01270

3

4

31«

1P 153442 5ETHO0Oeko TKELMITDE
»1«

21 %

01 7027 7e

Q1 2P4E200100001%6

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

revision.

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

Library from v3.3.19.0.

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

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

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

restore the data after an ESI update.

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

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

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

the eBIC Information.

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

Information.

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

Profibus/Profinet/DeviceNet... Devices

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

EL7411

Version: 1.4 15
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2 Product overview
2.1 Introduction
| ELTAIN e 9014 &
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E = Fea
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Encoder supply+, ®'® @ % -—Fan24V,GND
END i |:|- :-u- - .
ENC A+, A- # ® -—Fandiagnostics, mode
ENC B+, B- Te e
Power contact -
24V -
ENCCH+, C- "N} I. " Motor phase U, V

[ M B |
Hall sensor U, V ae ® “': -~ Motor phase W, HW Enable
Power contact 0V - .

l.- II. f- 'H-
Hall sensor W @ ® @ ® -——Motor brake+, GND

.l- IL. I'-
Hall supply+, GND ] .“: - Load voltage 48 V, GND
Digital input 1, 2 'S'® ‘®'® —Loadvoltage 48V, GND

gital inp = L g
| e fe

EL7411 | BLDC motor terminal with incremental encoder, 48 V., 4.5 A (l,,...)

The EL7411 BLDC motor terminal provides high control performance in a very compact design for the
medium output range of BLDC motors. Due to the fast control technology and the connection of an
incremental encoder, both very high speed profiles and dynamic positioning tasks can be implemented.

Maximum operational reliability is provided through the monitoring of numerous parameters, such as
overvoltage, undervoltage, overcurrent, terminal temperature or motor load via the calculation of an I*°T
model.

The terminal’s output current can be increased in conjunction with the ZB8610 fan cartridge.

16 Version: 1.4 EL7411
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2.2 Technical data
All values are typical values over the entire temperature range, unless stated otherwise.
Inputs and outputs
Inputs 2 end positions

1 encoder

1 fan status

3 Hall sensors
Outputs 1 x BLDC motor

1 x motor brake

1 x fan supply

1 x fan mode

1 x sensor supply

1 x encoder supply
E-bus
Electrical isolation 500 V (E-bus / 1/O)
Distributed Clocks yes
Current consumption via E-bus 190 mA

Supply voltages

Electronics supply voltage

24 V. via the power contacts

Current consumption from the power
contacts

50 mA + holding current for the motor brake

Current load of the power contacts

max. 10 A

Load voltage

8 ... 48 Vo (must be supplied externally)

Reverse polarity protection

» 24V supply voltage: yes, through the body diode of the
surge protection device

* 48V supply voltage: yes, through the body diode of the
surge protection device

Required fuse protection
(to be performed by the user)

* 24V power supply: 10 A

* 48V power supply: 10 A

Motor output stage

Motor type BLDC motor
Minimum winding inductance 200 pH
Number of channels 1

Output current (rms) 45A

Output current (rms) with ZB8610 fan
cartridge

7.0 A up to 55 °C ambient temperature
8.0 A up to 45 °C ambient temperature

Peak current (rms)

max. 9.0 Afor1s

Peak current (rms) with ZB8610 fan
cartridge

max. 16.0 A for 1 s up to 55 °C ambient temperature

Rotary field frequency 0...599 Hz

PWM clock frequency 16 kHz

Current controller frequency 32 kHz

Output for the motor brake

Output voltage 24 Ve

Output current max. 0.5 A

EL7411 Version: 1.4 17
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Encoder
encoder type Incremental encoders
Signal types See chapter Configuration of the incremental encoder [»_105].

Maximum input frequency

See chapter Configuration of the incremental encoder [»_105].

Supply voltage output for encoder

2...24 Vo, adjustable. Factory setting: 5 V..
 resolution: 20 mV

* accuracy: = 10 %

max. 300 mA

Hall sensors

Signal type

Open Collector

Supply voltage output for Hall sensors

2...24 V., adjustable. Factory setting: 5 V..
 resolution: 20 mV
* accuracy: + 10 %

max. 300 mA
Digital inputs (Touch probe)
Signal level high 25V
Signal level low <2V
Input current 5...6mA
Firmware functionality
NoCoEStorage function yes
Environmental conditions
Ambient temperature during operation 0...+55°C
Ambient temperature during storage -25...+85°C

Relative humidity

95 % no condensation

Vibration/shock resistance

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

EMC immunity / emission

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

Protection class

P20

Housing data

Design

compact HD (High Density) housing with signal LEDs

Weight

approx. 95 g

Installation position

variable. Recommended: standard installation position [P 41]

Material polycarbonate
Dimensions (W x H x D) 24 mm x 100 mm x 68 mm
Assembly On 35 mm DIN rail, according to EN 60715.

With lock.

Approvals and conformity

Approvals

CE, EAC, UKCA, UL [» 52]
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2.3 Technology

The EL7411 integrates a full-fledged amplifier for brushless DC motors/electric commutation motors, or
BLDC motor/EC motor for short). Although the name would suggest otherwise, this motor does not resemble
a conventional single-phase DC motor, but rather a three-phase permanently excited synchronous or servo
motor. Both are three-phase motors whose windings are operated with a 120° phase shift. The differences in
the interior structure are the slightly deviating windings. A servomotor has a sinusoidal counter-electromotive
force, while that of a BLDC motor is trapezoidal. The differences in the design are much more visible. BLDC
motors often have a much lower axial height, allowing them to be used in machines where installation space
is limited. In addition, they often only have wires fed to the outside and no connector for the connection of a
motor cable. Also, these motors normally have no high-resolution feedback installed, but are mostly
commutated and operated with integrated Hall sensors or an incremental encoder mounted on the motor
shaft. Due to the points listed, BLDC motors are in most cases cheaper than servomotors.

The BLDC motor and the EL7411 amplifier output stage together form the drive. The BLDC motor is
operated in a closed control loop, with position, velocity or torque control.

EL7411 Version: 1.4 19



Basics communication BEGKHOFF

3 Basics communication

3.1 EtherCAT basics

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

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

E-Bus supply

A bus coupler can supply the EL terminals added to it with the E-bus system voltage of 5 V; a coupler is
thereby loadable up to 2 A as a rule (see details in respective device documentation).

Information on how much current each EL terminal requires from the E-bus supply is available online and in
the catalogue. If the added terminals require more current than the coupler can supply, then power feed

terminals (e.g. EL9410) must be inserted at appropriate places in the terminal strand.

The pre-calculated theoretical maximum E-Bus current is displayed in the TwinCAT System Manager. A
shortfall is marked by a negative total amount and an exclamation mark; a power feed terminal is to be
placed before such a position.

20 Version: 1.4 EL7411


http://infosys.beckhoff.com/content/1033/ethercatsystem/index.html
https://infosys.beckhoff.com/content/1033/ethernetcabling/index.html
https://infosys.beckhoff.com/content/1033/ethernetcabling/index.html
https://www.beckhoff.com/en-us/products/i-o/accessories/
http://www.beckhoff.com/EL9410

BEGKHOFF Basics communication

&% /O Devic=s Number | Box Name | Add... [ Type [mnsi...| out .| E-Bus (mA)
. ?%‘Eﬁgﬂl B 1 Term 1 (EK1100) 1001 EK1100
T Do L 1o "> Term 2 (EL2008) 1002 EL2008 10 | 1890
o Inpts "3 Term 3 (EL2008) 1003 EL2008 10 | 1780
& Ouots " 4 Term4 (EL2008) 1004 EL2008 10 | 1670
i-8 InfoDats "5 Term 5 (EL6740... 1005 EL6740-0010 2.0 20 | 1220
&l Term 1 (EK1100) "6 Term 6 (EL6740... 1006 EL6740-0010 2.0 2.0 | 770
u-% InfoData B 7 Term 7 (EL6740... 1007 EL6740-0010 2.0 2.0 320
" Term 2 (EL2008) =g Term 8 (EL6740... 1008 EL6740-0010 2.0 2.0 | -1301
£ Term 3 (EL2008) =g Term 9 (EL6740... 1009 EL6740-0010 2.0 2.0 | -5801

Fig. 4: 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

The ELxxxx terminals are equipped with a safety device (watchdog) which, e.g. in the event of interrupted
process data traffic, switches the outputs (if present) to a presettable state after a presettable time,
depending on the device and setting, e.g. to FALSE (off) or an output value.

The EtherCAT slave controller (ESC) features two watchdogs:

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

Their times are individually parameterized in TwinCAT as follows:
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Advanced Settings m |

i Biehaviar
Timeaout Settings ~ Startup Checking—————— [~ State Machine
i FMMLU [ 5M ¥ Check Yendar |d v futo Restore States

L Inik Commands
[+ Distribuked Clock,
[+ ESC Access [T Check Revision Number v Log Communication Changes

| -~

[™ Check Serial Murnber

¥ Check Product Code ¥ Felnit after Communication Error

~ Final State
i* Op ™ SAFEOF in Config Maode

(" SAFEOP ( PREOF O IMIT

— Process Data — Infa Data
[T Usze LRD/WR instead of LR ¥ Include State
¥ Include T State Bit(s) [ Include Ads Address

[T Include Aok Hetld
[T Include Crive Channels

— General

[T Hodutalne - Wse 2 Address

Wl atchdag

[ Set Multiplier [Feg. 400h); IE#EIE 3:
[~ SetPDI wWatchdog (Rea. 410h): I'I oo 3: i I'I Q0. 000
F*ESEI: oM Matchdog [Feq, 42001 |1 ooo 3: i I'I 00,000

| [k I Cancel |

Fig. 5: eEtherCAT tab -> Advanced Settings -> Behavior -> Watchdog

Notes:
+ the Multiplier Register 400h (hexadecimal, i.e. x0400) is valid for both watchdogs.

» each watchdog has its own timer setting 410h or 420h, which together with the Multiplier results in a
resulting time.

« important: the Multiplier/Timer setting is only loaded into the slave at EtherCAT startup if the checkbox
in front of it is activated.

« if it is not checked, nothing is downloaded and the setting located in the ESC remains unchanged.
» the downloaded values can be seen in the ESC registers x0400/0410/0420: ESC Access -> Memory

SM watchdog (SyncManager Watchdog)

The SyncManager watchdog is reset with each successful EtherCAT process data communication with the
terminal. If, for example, no EtherCAT process data communication with the terminal takes place for longer
than the set and activated SM watchdog time due to a line interruption, the watchdog is triggered. The status
of the terminal (usually OP) remains unaffected. The watchdog is only reset again by a successful EtherCAT
process data access.

The SyncManager watchdog is therefore a monitoring for correct and timely process data communication
with the ESC from the EtherCAT side.

The maximum possible watchdog time depends on the device. For example, for "simple" EtherCAT slaves
(without firmware) with watchdog execution in the ESC it is usually up to ~170 seconds. For "complex"
EtherCAT slaves (with firmware) the SM watchdog function is usually parameterized via Reg. 400/420 but
executed by the yC and can be significantly lower. In addition, the execution may then be subject to a certain
time uncertainty. Since the TwinCAT dialog may allow inputs up to 65535, a test of the desired watchdog
time is recommended.
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PDI watchdog (Process Data Watchdog)

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

PDI (Process Data Interface) is the internal interface of the ESC, e.g. to local processors in the EtherCAT
slave. With the PDI watchdog this communication can be monitored for failure.

The PDI watchdog is therefore a monitoring for correct and timely process data communication with the
ESC, but viewed from the application side.

Calculation

Watchdog time = [1/25 MHz * (Watchdog multiplier + 2) ] * PDI/SM watchdog

Example: default setting Multiplier=2498, SM watchdog=1000 -> 100 ms

The value in Multiplier + 2 corresponds to the number of 40ns base ticks representing one watchdog tick.

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
interrupted.

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:

 Init

* Pre-Operational

» Safe-Operational and

» Operational

* Boot

The regular state of each EtherCAT slave after bootup is the OP state.
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Init
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Pre-Operational ‘ (8) ?;:fnt:l}ap i
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2.0 Safe-Operational

{sn}l os)f

Operational

Fig. 6: States of the EtherCAT State Machine

Init

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

Pre-Operational (Pre-Op)

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

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

Safe-Operational (Safe-Op)

During transition between Pre-Op and Safe-Op the EtherCAT slave checks whether the sync manager
channels for process data communication and, if required, the distributed clocks settings are correct. Before
it acknowledges the change of state, the EtherCAT slave copies current input data into the associated DP-
RAM areas of the EtherCAT slave controller (ECSC).

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_21] monitoring sets the outputs of the module in a safe state -
depending on the settings in SAFEOP and OP - e.g. in OFF state. If this is prevented by
deactivation of the 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.
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In the Op state the slave copies the output data of the masters to its outputs. Process data and mailbox
communication is possible.

Boot
In the Boot state the slave firmware can be updated. The Boot state can only be reached via the 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 (CAN application protocol over EtherCAT)) is used for parameter management of
EtherCAT devices. EtherCAT slaves or the EtherCAT master manage fixed (read only) or variable
parameters which they require for operation, diagnostics or commissioning.

CoE parameters are arranged in a table hierarchy. In principle, the user has read access via the fieldbus.
The EtherCAT master (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 two levels via hexadecimal numbering: (main)index, followed by subindex. The
value ranges are

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

+ Sublndex: 0x00...0xFF (0...2554,)
A parameter localized in this way is normally written as 0x8010:07, with preceding “0x” to identify the
hexadecimal numerical range and a colon between index and subindex.
The relevant ranges for EtherCAT fieldbus users are:

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

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

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

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

@® Availability

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

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

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

Fig. 7: “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.

NOTE

Changes in the CoE directory (CAN over EtherCAT), program access

When using/manipulating the CoE parameters observe the general CoE notes in chapter "CoE interface" of
the EtherCAT system documentation:

» Keep a startup list if components have to be replaced,
* Distinction between online/offline dictionary,

« Existence of current XML description (download from the Beckhoff website),

» "CoE-Reload" for resetting the changes

» Program access during operation via PLC (see TwinCAT3 | PLC Library: Tc2 EtherCAT and Example
program R/W CoE)

Data management and function “NoCoeStorage”

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

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

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

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
values, depends on the firmware version.

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

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

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

Startup list

Changes in the local CoE list of the terminal are lost if the terminal is replaced. If a terminal is
replaced 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
processed whenever the EtherCAT fieldbus is started. In this way a replacement EtherCAT slave
can automatically be parameterized with the specifications of the user.

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

Recommended approach for manual modification of CoE parameters

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

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

Generall EtherCaT I Process Data I CoE - I:Inlinel I:Inlinel

Tranzition | Pratocol | [ndes | [rata | Comment

C <P5S: CoE 0=1C12:00 =00 [0] clear sm pdos (0101 2]

C <PS: CoE D151 300 D00 [0 clear sm pdoz [0:1C13)

C <PS: CoE 0x1C12:01 0x1E00 [5E32) download pda 0x1C12:01 i...
C <PS» CoE 0107 2:02 01607 [BE33) download pda Ox1C12:02 ...
C <PS: CoE 0=1C72:00 =02 [2] download pdo 0x1C12 count

¥ Delete...

Edit. .. |

Fig. 8: 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.

EL7411
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In both cases a CoE list as shown in Fig. “CoE online tab” is displayed. The connectivity is shown as offline/
online.

« If the slave is offline

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

> 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.

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

Update List | [T sutolpdate W Single Update W Show Offline Data
Advanced... | I
bddioStatup,. | [Dffine Data Module 0D (4oE Port]: [0
|ndex | M ame k | Flags | Yalue
1000 Device type RO 0:00FA1339 [(16389001)
1008 Device name A RO EL2502-0000
1003 Hardware wersion RO
1008, Software version RO
+-1011:0 Festore default parameters RO 1<
=-1018:0 | dentity RO »d g
1Ma0 Yendar D RO 000000002 [2)
10802 Product code RO 0:09CE3052 [163983442)
1018:03  Revigion RO 000730000 [1245184)
1018:04  Sernial number RO O=00000000 [0
+- 10F:0 Backup parameter handling RO 14
+-1400:0 Pt RsPDO-Par Chl RO » B¢
+-1401:0 Fitd BsPDO-Par Ch.2 RO *B ¢
+-1402:0 Pt RxPD0O-Par b1 Chl RO *B<
+-1403:0 Pt RxPDO-Par bl Ch.2 RO »B <
+-- 1600:0 Pt RuPDO-Map Chl RO 14
Fig. 9: 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

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

> Online is shown in green.
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Generall EtherCAT I Frocess Datal Statup  CoE - Online I I:Inlinel

Update List | [T Auto Update W Single Update [~ Show Offline Data
Advanced... | I
Sdd /b Shartup... | IEInIine [rata tModule O [Ack Part]: ID
|ndex | M ame | Flags | Y alue
1000 Device type RO 0x00FA1.389 (16383001)
1008 Device name RO ELZA02-0000
1009 Hardware wersion RO 02
1004, Software versian RO a7
+--1011:0 Restare default parameters RO 14
= 10180 | dentity RO >4
1Mam  Yendor D RO 000000002 [2)
101802 Product code RO 0x09CE3052 [163983442)
1018:03  Revision RO 000730000 [1245184)
1018:04  Serial number RO 00000000 [o)
+- 10FC:0 Backup parameter handling RO *1g
+-1400:0 Pt RxPDO-Par Chl RO » B¢

Fig. 10: Online list

Channel-based order

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

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

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

This is generally written as 0x80n0.

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

NOTE

Destruction of the devices by electrostatic discharge possible!

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

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

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

= T
f ~

i
IHI"\l
~.

Fig. 11: Spring contacts of the Beckhoff I/O components
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4.2 Installation on mounting rails

Risk of electric shock and damage of device!

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

The Bus Terminal system and is designed for mounting in a control cabinet or terminal box.

Assembly

Fig. 12: 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
components 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).

ji o
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Disassembly

Fig. 13: 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
Terminals) 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. 14: 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
order to decouple further feed points for testing, these Power Feed Terminals can be released and pulled at
least 10 mm from the group of terminals.

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

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

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

Additional checks

The terminals have undergone the following additional tests:

Verification [Explanation

Vibration 10 frequency runs in 3 axes

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

25g,6ms

Additional installation instructions

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

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

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

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

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

» The free length between the strain relief and the wire connection should be kept as short as possible. A
distance of approx. 10 cm should be maintained to the cable duct.
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4.4 Connection system

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!

Overview
The Bus Terminal system offers different connection options for optimum adaptation to the respective
application:

» The terminals of ELxxxx and KLxxxx series with standard wiring include electronics and connection
level in a single enclosure.

* The terminals of ESxxxx and KSxxxx series feature a pluggable connection level and enable steady
wiring while replacing.

» The High Density Terminals (HD Terminals) include electronics and connection level in a single
enclosure and have advanced packaging density.

Standard wiring (ELxxxx / KLxxxx)

Fig. 15: Standard wiring

The terminals of ELxxxx and KLxxxx series have been tried and tested for years.
They feature integrated screwless spring force technology for fast and simple assembly.

Pluggable wiring (ESxxxx / KSxxxx)

Fig. 16: Pluggable wiring

The terminals of ESxxxx and KSxxxx series feature a pluggable connection level.

The assembly and wiring procedure for the KS series is the same as for the ELxxxx and KLxxxx series.
The ES/KS series terminals enable the complete wiring to be removed as a plug connector from the top of
the housing for servicing.

The lower section can be removed from the terminal block by pulling the unlocking tab.

Insert the new component and plug in the connector with the wiring. This reduces the installation time and
eliminates the risk of wires being mixed up.

The familiar dimensions of the terminal only had to be changed slightly. The new connector adds about 3
mm. The maximum height of the terminal remains unchanged.

A tab for strain relief of the cable simplifies assembly in many applications and prevents tangling of individual
connection wires when the connector is removed.

36 Version: 1.4 EL7411



BEGKHOFF Installation

Conductor cross sections between 0.08 mm? and 2.5 mm? can continue to be used with the proven spring
force technology.

The overview and nomenclature of the product names for ESxxxx and KSxxxx series has been retained as
known from ELxxxx and KLxxxx series.

High Density Terminals (HD Terminals)

Fig. 17: High Density Terminals

The terminals from these series with 16 terminal points are distinguished by a particularly compact design,
as the packaging density is twice as large as that of the standard 12 mm bus terminals. Massive conductors
and conductors with a wire end sleeve can be inserted directly into the spring loaded terminal point without
tools.

® Wiring HD Terminals
1 The High Density Terminals of the ELx8xx and KLx8xx series doesn't support pluggable wiring.

Ultrasonically "bonded” (ultrasonically welded) conductors

@® Ultrasonically “bonded” conductors

1 It is also possible to connect the Standard and High Density terminals with ultrasonically “bonded”
(ultrasonically welded) conductors. In this case, please note the tables concerning the wire-size

width [»_38] below!
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Wiring

Terminals for standard wiring ELxxxx/KLxxxx and for pluggable wiring ESxxxx/KSxxxx

Fig. 18: Connecting a cable on a terminal point

Up to eight terminal points enable the connection of solid or finely stranded cables to the bus terminal. The
terminal points are implemented in spring force technology. Connect the cables as follows:

1. Open a terminal point by pushing a screwdriver straight against the stop into the square opening
above the terminal point. Do not turn the screwdriver or move it alternately (don't toggle).

2. The wire can now be inserted into the round terminal opening without any force.

3. The terminal point closes automatically when the pressure is released, holding the wire securely and
permanently.

See the following table for the suitable wire size width.

Terminal housing ELxxxx, KLxxxx ESxxxx, KSxxxx
Wire size width (single core wires) 0.08 ... 2.5 mm? 0.08 ... 2.5 mm?
Wire size width (fine-wire conductors) 0.08 ... 2.5 mm? 0.08 ... 2.5 mm?
Wire size width (conductors with a wire end sleeve) 0.14 ... 1.5 mm? 0.14 ... 1.5 mm?
Wire stripping length 8..9mm 9..10 mm

High Density Terminals ELx8xx, KLx8xx (HD)

The conductors of the HD Terminals are connected without tools for single-wire conductors using the direct
plug-in technique, i.e. after stripping the wire is simply plugged into the terminal point. The cables are
released, as usual, using the contact release with the aid of a screwdriver. See the following table for the
suitable wire size width.

Terminal housing High Density Housing

Wire size width (single core wires) 0.08 ... 1.5 mm?

Wire size width (fine-wire conductors) 0.25 ... 1.5 mm?

Wire size width (conductors with a wire end sleeve) 0.14 ... 0.75 mm?

Wire size width (ultrasonically “bonded" conductors) only 1.5 mm? (see notice [»_37]!)
Wire stripping length 8..9mm
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Shielding

® Shielding
1 Analog sensors and actuators should always be connected with shielded, twisted paired wires.
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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
consumption out of the E-Bus.
To ensure an optimal data transfer, you must not directly string together more than two passive
terminals!

Examples for positioning of passive terminals (highlighted)
BE G G G2 FE GE GP G G g
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Fig. 20: Incorrect positioning
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4.6 Installation position for operation with or without fan

Constraints regarding installation position and operating temperature range

When installing the terminals ensure that an adequate spacing is maintained between other components
above and below the terminal in order to guarantee adequate ventilation!

Prescribed installation position for operation without fan

The prescribed 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 of installation position for
operating without fan®).

The terminals are ventilated from below, which enables optimum cooling of the electronics through
convection.

35 mm min.
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Fig. 21: Recommended distances of installation position for operating without fan

Compliance with the distances shown in Fig. “Recommended distances of installation position for operating
without fan” is recommended.

For further information regarding the operation without fan refer to the Technical Data of the terminal.

Standard installation position for operation with fan

The standard installation position for operation with fan 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
installation position for operation with fan).

The terminals are ventilated fan supported (e.g. with ZB8610 fan cartridge) from below.
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35 mm min.

20 mm
min.

20 mm
min.

Fig. 22: Recommended distances for installation position for operation with fan

Other installation positions

Due to the enforced effect of the fan on the ventilation of the terminals, other installation positions (see Fig.
“Other installation positions, example 1 + 2“) may be permitted where appropriate.

See corresponding notes in the Technical Data of the terminal.

Fig. 23: Other installation positions, example 1
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Fig. 24: Other installation positions, example 2
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4.7 Shielding concept

Together with the shield busbar, the prefabricated cables from Beckhoff Automation offer optimum protection
against electromagnetic interference.

It is highly recommended to apply the shield as close as possible to the terminal, in order to minimize
operational disturbances.

Connection of the motor cable to the shield busbar

Fasten the shield busbar supports 1 to the DIN rail 2. The mounting rail 2 must be in contact with the metallic
rear wall of the control cabinet over a wide area. Install the shield busbar 3 as shown below.

As an alternative, a shield busbar clamp 3a can be screwed directly to the metallic rear wall of the control
cabinet (fig. “shield busbar clamp”)

Fig. 25: Shield busbar
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Fig. 26: Shield busbar clamp

Connect the cores 4 of the motor cable 5, then attach the copper-sheathed end 6 of the motor cable 5 with
the shield clamp 7 to the shield busbar 3 or shield busbar clamp 3a. Tighten the screw 8 to the stop.

Fasten the PE clamp 9 to the shield busbar 3 or shield busbar clamp 3a. Clamp the PE core 10 of the motor
cable 5 under the PE clamp 9.

Fig. 27: Shield connection
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Connection of the feedback cable to the motor

® Feedback cables

Use shielded feedback cables. For differential signal types, it is recommended to twist the
respective cores.

When the feedback connector is screwed to the motor, the shield connection of the feedback cable is made
via the metallic connector fastening.

On the terminal side the shield can also be connected. Wire the cores of the feedback cable and fasten the
copper-sheathed end of the feedback cable to the shield busbar 3 or shield busbar bracket 3a using the
shield clamp 7. The motor cable and the feedback cable can be connected to the shield clamp 7 with the
screw 8.
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4.8 Notes on current measurements using Hall sensors

The device described in this documentation features one or several integrated Hall sensor for the purpose of
current measurements.

During this process, the Hall sensor monitors the magnetic field generated by a current flowing through a
conductor.

In order to prevent compromising the measurement we recommend screening exterior magnetic fields from
the device, or to keep such fields at an adequate distance.

Fig. 28: Note

Background

A current-carrying conductor generates a magnetic field around it according to
B=y,*1/(2m*d)

with

B [Tesla] magnetic field

MO = 4*1*107 [H/m] (assumption: no magnetic shielding)

I [A] current

d [m] distance to conductor

® Interference from external magnetic fields

1 The magnetic field strength should not exceed a permitted level all around the device.
In practice this equates to a recommended minimum distance between a conductor and the device
surface as follows:

- Current 10 A: 12 mm
- Current 20 A: 25 mm
- Current 40 A: 50 mm

Unless specified otherwise in the device documentation, stringing together modules (e.g. terminal
blocks based on a 12 mm grid) of same type (e.g. EL2212-0000) is permitted.
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4.9 LEDs
R4 e r
1
2
3
4
5
b
7
B
LED Name Color Meaning
Number
1 Run green RUN: Status of the terminal in the EtherCAT network
off Status "Init"
flashes Status "Pre-Operational”
Single flash |Status "Safe-Operational”
lit Status "Operational”
2 - - -
3 ENC A green on A signal is present at encoder input A.
4 ENCC green on A signal is present at encoder input C.
5 Hall U green on Hall sensor U
6 Hall W green on Hall sensor W
7 - - -
8 Input 1 green on ‘A high level is present at "Input 1".
9 - - -
10 - - -
11 ENC B green on ‘A signal is present at encoder input B.
12 - - -
13 Hall V green on ‘Hall sensor V
14 - - -
15 - - -
16 Input 2 green on ‘A high level is present at "Input 2".
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R4 e r
1
2
3
4
5
]
7
B
LED Name Color Meaning
Number
1 - - -
2 - - -
3 - - -
4 Enable green on The axis is enabled.
5 Fan Diag |green on The fan module is connected and works without errors.
6" - - -
7" - - -
8 24V green on The electronics supply voltage is present
9 - - -
10° Limit yellow on Limit
11 Warning yellow on Warning
12f Error red on Error
13 Mode green on Fan cartridge Signal "Mode"
14 - - -
15 - - -
16° 48V green on The load voltage is present
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410 Connection

Terminal point 1...16

"R e 9014 g

-|¢F.—-l'-'=l='!-.-

¥
r
+
¥
"
r
L)

L i
Encoder supply+, » ® —Fan24V,GND
END 1-- |:|- :-u- - -
ENC A+ A- #® # |® ®# -——Fandiagnostics, mode
...
ENC B+, B- L
Power contact o
24V -
ENCC+ C- seelee r—Mut:rr phase U,V
I- Il- !‘-'H-
Hall sensor U, V ] #® -+——Motor phase W, HW Enable
Power contact 0V : ;
l-. II- f-'ll'-
Hall sensor W @ ®|® ® -——Motor brake+, GND
;. . .
Hall supply+, GND @ ®|® @ -—Loadvoltage 48V, GND
o = I-- ||.- r-'l.-
Digital input 1, 2 . #® & —loadvoltage 48V, GND
1 m I 1 _r
Terminal point |Name Comment
1 Encoder supply + Supply voltage output for the encoder.
The output voltage is adjustable.
2 ENC A+ Input for the encoder signal A+
3 ENC B+ Input for the encoder signal B+
4 ENC C+ Input for the encoder signal C+
5 Hall sensor U Input for Hall sensor U
6 Hall sensor W Input for Hall sensor W
7 Hall sensor supply + Supply voltage output for the Hall sensors.
The output voltage is adjustable.
8 Input 1 Digital input 24 V
9 Encoder supply GND GND for the encoder
10 ENC A- Input for the encoder signal A-
11 ENC B- Input for the encoder signal B-
12 ENC C- Input for the encoder signal C-
13 Hall sensor V Input for Hall sensor V
14 - -
15 Hall sensor supply GND GND for the Hall sensors
16 Input 2 Digital input 24 V
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Terminal point 1'... 16’

I HTND e 9014

+

| 1
s
T
o
s
Mg
i
e

o m s w wm H

L] [P
T
'y

] | N e [
Encoder supply+, 05 [k
GND -ml,
ENC A+, A- e
ENC B+, B- .. ||;
Power contact
+24V lﬁ-m; *
ENC C+, C- e I .

| ™ N |

Hall sensor U, V a'el
Power contact0V _

l.- ||- f--“-
Hall sensor W e'e

.l- u- ;--
Hall supply+, GND e'e -
Digital input 1, 2 == ol | - -

| T Te——

— Fan24V,GND

+———Fan diagnostics, mode

'= — Motor phase U, V
[ | w: +—— Motor phase W, HW Enable

# ® -——Motor brake+, GND
#® ® ——Loadvoltage 48V, GND
® & -—loadvoltage 48V, GND

NOTE

The load voltage is not short-circuit proof
Cable fire and defect possible.
» Use an overcurrent protection device for the load voltage.
» Dimension the overcurrent protection device so that the maximum current is limited to three times the
value of the rated current for a maximum of 1 second.
Terminal point |Name Comment
1° Fan supply + 24 V. supply voltage output for the ZB8610 fan
cartridge (optional accessory).
2 Fan diagnostics Input for the "Diag" signal of the ZB8610 fan cartridge.
3" - -
4 Motor phase U Motor phase U
5 Motor phase W Motor phase W
6’ Motor brake + Digital output for the motor brake
7 Load voltage 48 V. Inputs for the load voltage (8... 48 V)
8 Load voltage 48 V.
9 Fan supply GND GND for the ZB8610 fan cartridge.
10° Fan mode Output for the "Mode" signal of the ZB8610 fan cartridge.
11 - -
12f Motor phase V Motor phase V
13° HW Enable Input to enable the output stage
14 Motor brake GND GND for the motor brake
15° Load voltage GND GND for the load voltage
16 Load voltage GND GND for the load voltage
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4.11 UL notice - Compact Motion
A CAUTION

Application

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

A CAUTION

Examination
c @ 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).

A CAUTION

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

A CAUTION
Notes on motion devices

US | ° Motor overtemperature
Motor overtemperature sensing is not provided by the drive.

» Application for compact motion devices
The modules are intended for use only within Beckhoff's Programmable Controller
system Listed in File E172151.

» Galvanic isolation from the supply
The modules are intended for operation within circuits not connected directly to the
supply mains (galvanically isolated from the supply, i.e. on transformer secondary).

* Requirement for environmental conditions
For use in Pollution Degree 2 Environment only.

Basic principles

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

C US
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4.12 Disposal
Products marked with a crossed-out wheeled bin shall not be discarded
with the normal waste stream. The device is considered as waste
electrical and electronic equipment. The national regulations for the
mmmmm  disposal of waste electrical and electronic equipment must be observed.
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5 TwinCAT Development Environment

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

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

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

Details:
+ TwinCAT 2:

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

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

o Interconnection to all common fieldbusses

o More...

Additional features:

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

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

Please see further information to TwinCAT 2 and TwinCAT 3 at http://infosys.beckhoff.com.

5.1 Installation of the TwinCAT real-time driver

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

This can be done in several ways.

A: Via the TwinCAT Adapter dialog

In the System Manager call up the TwinCAT overview of the local network interfaces via Options — Show
Real Time Ethernet Compatible Devices.
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File Edit Actions Wiew [Dptions Help
= | = @ | Show Real Time Ethernet Compatible Devices...

Fig. 29: System Manager “Options” (TwWinCAT 2)

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

o8 Example_Project - Microsoft Visual Studic (Administrator)

File Edit Wiew Project Build Debug | TwinCAT | TwinSAFE PLC Tools Scope Window Help
Py - T @ | # -3 L 9| B Activate Configuration F
BE L i B B2RE| K7 Restart TwinCAT System

" Restart Twin®*™ 1o | ik Register...

upuate Firmware/EEPROM

Show Realtime Ethernet Compatible Devices...

Fiie Handling
EtherCAT Devices

About TwinCAT

Fig. 30: Call up under VS Shell (TwinCAT 3)

B: Via TcRtelnstall.exe in the TwinCAT directory
Windows (C:) » TwinCAT » 3.1 » System

~
~  Name
Legal
[ ] Default.old
D Default.tps
u TcAmsRemoteMgr.exe

TeAmsSerial.dll

TCATGinaU10.dIl

TCATGinaU14.dll

TCATHooks.dll

.ﬁ TCATSysSrv.exe

[%] TCATUserManU10.dIl

[2] TCATUserManU14.dII

D TeComPortConnection.dll
| 3 TeRtelnstall.exe |

TeStgEditor.exe

B TeSysUlexe

Fig. 31: TcRtelnstall in the TwinCAT directory

In both cases, the following dialog appears:
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Installation of TwinCAT RT-Ethernet Adapters

— Ethernet Adapters

El@ Inztalled and ready to uze devices
B8 LAN3 - TwinCAT Intel PCI Ethernet Adapter (Gigati) Irista
- 100M - TwinCAT -Intel PCI Ethemet Adapter

i Bind

EB 16 - TwinCAT-rtel Pl Ethemet Adapter [Gigabit] ! |

- H@ Compatible devices 1 nbind |

- H@ Incompatible devices

‘- H8 Dizabled devices Enable |
Disable |

[ Show Bindings

Fig. 32: Overview of network interfaces

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

A Windows warning regarding the unsigned driver can be ignored.

Alternatively an EtherCAT-device can be inserted first of all as described in chapter Offline configuration

creation, section "Creating the EtherCAT device” [P_65] in order to view the compatible ethernet ports via its
EtherCAT properties (tab “Adapter”, button “Compatible Devices...”):

[+-E28 5YSTEM - Configuration — . e S— -
g NC - Canfiguration General ||-‘3‘-E|Ell3t8f|| EtherCaT | Orline | CoE - Orline
. PLC - Configuration
EI' I} - Configuration © Network Adapler
El ﬁ /0 Devices (&) 05 [MDIS) O POl () DPRa
. #-7=|Device 1 (EtherCaT)| s :
& Mappings Deescription: |1|3 (Intel[R] PRO/1000 PR Metwark Connection - Packet Sched |
Device Mame: |"-.D EVICEN2EERATCZ-AFES-4842-A9B8-7CODE 2844BF0} |
PCIBus/Slot | |- Search... ]
MAC Address: |00 01 05 05 9 54 | |[_Compatible Devices... ||
IP ddress: 169.254.1.1 [255.255.0.0) |

Fig. 33: EtherCAT device properties (TwinCAT 2): click on “Compatible Devices...” of tab “Adapter”

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

4 o
4 %DE’“CES
» |7 Devicel (EtherCP&

After the installation the driver appears activated in the Windows overview for the network interface
(Windows Start — System Properties — Network)
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—& 1G Properties

General | Authentication | Advanced

Connect ugsing:
B8 TwinCAT-Intel PCl Ethernet Adapter |

Thiz connection uzes the fallowing items;

(I ¢ Clignt for Microzoft Metwaorks
.@ File and Printer Sharing for Microsoft Metworks
QoS Packet Scheduler

5= TwinCAT Ethemet Protocol | b
% |

[ Inztall.. ] [ Uninztall ] [ Properties

D'escription

Allowes pour computer to access rezources on a Microsaft
hietwork.

Show icon in notification area when connected
Matify me when this connection has limited or no connectivity

ak. ] [ Cancel

Fig. 34: Windows properties of the network interface

A correct setting of the driver could be:

Installation of TwinCAT RT-Ethernet Adapters @

— Ethernet Adapters | |Jpdate List

- Compatible devices

E-&F Incompatible devices

o ‘-'-." LAM-erbindung 2 - Intel(R] 82579LM Gigahit Metwork Connection
b LF Dizabled devices

Enable

Driver OK
Driver O Dizable

— e e e ]

¥ Show Bindings

Fig. 35: Exemplary correct driver setting for the Ethernet port

Other possible settings have to be avoided:
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Installztion of TuwinCAT RT-Ethernet Adapters @

Ethernet Adapters pdate List

= l‘-'_" Installed and ready to uze devices
E| F LAN-Yerbindung 2 - Intel[R] 82579LM Gigabit Metwork. Connection |
& TwinCAT Ethernet Protocal for all Wetwork Adapters |

i i g TwinCAT Rt-Ethamet Intarmediate Driver
EII‘_-"' LANYerbindung - TwinCaT-Intel PCI Ethernet Adapter [Gigabit)
e i TwinCAT Ethernet Pratocal for all Nebwork Adapters

- Dg TwinCAT Rt-Ethemet Intermediate Driver Enable
----- L¥ Compatible devices -
----- LF |noompatible devices Disable
----- LF Disabled devices
) W Show Bindings
WRONG: both driver enabled ?
Installation of TwinCAT RT-Ethernet Adapters @
Ethernet Adapters Update List |
e |nistalled and ready to use de:
- Compatible devices |
- l‘-'_" LANAYerbindung - TwinCaT -Intel PCI Ethernet Adapter [Gigabit) |
. Dg TwinCAT Rt-Ethemet Intermediate Driver
=B Incompatible devices |
Ell‘_-"' LANerbindung 2 - Intel(R] 82573LM Gigabit Metwork Connection
E b 2B TwsinCAT Rt-Ethemet Intermediate Driver Enable |
“-®F Disabled devices -
i Dizable |
WRONG: Intermediate enabled
v Show Bindings
Installation of TwinCAT RT-Ethernet Adapters @
Ethemet Adapters Update List ‘
; Inztalled and ready to uze
- Compatible devices ‘
- l‘-'f‘ LaM-erhindung - TwinCaAT-Intel PCI Ethermet Adapter [Gigahit] ‘
i [] o TwinCAT Ethemet Protocol for all Metwork Adapters
E-EY Incompatible devices ‘
i E|l‘-'j' LAMYerbindung 2 - IntellR] 82579LM Gigabit Metwork Connection
E b [t TwninCAT Ethernet Pratacol for all Metwark Adapters Enable ‘
Lo Dizabled devices
Disable |
WRONMG: enabled for all network adapters
[¥ Show Bindings
Installation of TwinCAT BT-Ethernet Adapters @
Ethemet Adapters Update List ‘
Installed and ready o use
o Caompatible devices ‘
¢ W LANMerbindung - Intel[R] 825741 Gigabit Network Connection ‘
E-EY Incompatible devices
- AN Merbindung 2 - Intel[R] 82579LM Gigabit Metwork Connection ‘
¥ Dizabled devices
) ) . Enable ‘
WRONG: no TwinCAT driver
Disable |
[ Show Bindings

Fig. 36: Incorrect driver settings for the Ethernet port
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IP address of the port used

® |IP address/DHCP

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

192.168.x.x, for example.

-i- 1G Properties

General | Authentication i| .ﬁ.dvanced|

Connect uging:
BE TwinCAT-Intel PCI Ethernet Adapter [

Thiz connection uzes the following items:

Bl 005 Packet Scheduler ~
- TwinCAT Ethernet Protocol
% Internet Pratocol [TCRAF | =
w
< | &=
Inztall... [ rirztall Froperties

Internet Protocol {TCP/IP) Properties

General |

Y'ou can get IP zettings azsigned automatically if vaur netwaork, suppar
thiz capability. Otherwize, you need o azk your network, administrator
the appropnate P zethings.

{3 Obtain an IP addrezs autarmatically
I@l Idze the following |F address: I
IP address: S

Fig. 37: TCP/IP setting for the Ethernet port
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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:
* 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 [P _64] is available for this purpose.

@ ESI

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

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

« family key “EL”

* name “2521”

+ type “0025”

e and revision “1018”

Name
 —
(ELZ521-0025-1018)

—
Revisian

Fig. 38: Identifier structure

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

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

-

TwinCAT Systern Manager

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

Ilze available online description instead

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

Fig. 39: OnlineDescription information window (TwinCAT 2)

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

TwinCAT XAE

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

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

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

Fig. 40: Information window OnlineDescription (TwinCAT 3)

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

NOTE

Changing the “usual” configuration through a scan

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

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

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

Refer in particular to the chapter “General notes on the use of Beckhoff EtherCAT IO components” and for
manual configuration to the chapter “Offline configuration creation [»_65]".

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...xmlI” in its ESI directory, which contains all ESI descriptions that were read online.
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CnlineDescriptionCache00000002 , xmil

Fig. 41: 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 B
Search. el M arme; Tem 2 Muliple: 1 2 [ ok ]
Type: = ﬁ Beckhoff Automation GmbH & Co. KG " [ Cancel l

eI C afety Terminal:

E|.j Digital Output Terminals [EL2ums) Part
B2 EL2002 2Ch. Dig. Output 24+, 0,54 )
§ EL2004 4Ch, Dig. Output 24 054 @E [E-Bus)
oMl 032 2Ch. Dig. Dutput 24%, 24 Diag i
E----€§2E21 1. Pulze Train Ausgang = E<[2EéhL||3_r|_r:|Et]

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

Fig. 42: 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:
CAUser\[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.

TwinCAT M

wn System Manager @ Microsoft Visual Studio @
Error parsing EtherCAT device description! . i .

! b Eror parzing EtherCAT device description

File "C:AT winCAT WM oE therCAT B eckhoff ELJws. xml ) .
Device ELI999" File 'T:ATwinCAT Y o\EtherCAT \Beckhaff ELIax xml
PDO 'Statuz Us' iz azsigned to a nat existing Sync banager instance (0] DB""CIE IELSSSSII_ i . i
Description will be ignored. PDO 'Statuz Us' is azsigned to a not existing Sync Manager ingtance (0]

Description will be ignored.

Fig. 43: Information window for faulty ESI file (left: TwinCAT 2; right: TwinCAT 3)
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Reasons may include:

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

EL7411 Version: 1.4 63



TwinCAT Development Environment BEGKHOFF

5.3 TwinCAT ESI Updater

For TwinCAT 2.11 and higher, the System Manager can search for current Beckhoff ESI files automatically, if
an online connection is available:

File Edit Actions View Help
O = @ H | | Update EtherCAT Device Descriptions...

Fig. 44: Using the ESI Updater (>= TwinCAT 2.11)

The call up takes place under:
“Options” — “Update EtherCAT Device Descriptions”

Selection under TwinCAT 3:

e0 Example_Project - Microsoft Visual Studio (Administrator)
File Edit View Project Build Debug TwinCAT @ TwinSAFE PLC Tools Scope Window Help

P S @ | # 2 S| 9 i Activate Configuration ~| | [# |s6r - | S5l =
i 6 G-izx QB2 <G B3 Restart TwinCAT System e | -] = mgEs=0 | e e ]

Restart Twir™ " 3
dciceccu JLEIT 4

EtherCAT Devices 1

Update Device Descriptions (via ETG Website)...

Abmrrt Tonsie i AT e e e e

= EtherCAT Slave Information (EST) Updater @
[ vendar Loaded  LRL
e Beckhoff Automation GmbH 0 http: /fdownload beckhoff.com/download/Config/EtherCAT ML_Device_Description/Beckhoff_EtherC... )
r/.
/
- v
Target Path: C: \TWinCAT\3. 1\Config\lo \Ether CAT (o] [ ok | [ cancel |

Fig. 45: Using the ESI Updater (TwinCAT 3)

The ESI Updater (TwinCAT 3) is a convenient option for automatic downloading of ESI data provided by
EtherCAT manufacturers via the Internet into the TwinCAT directory (ESI = EtherCAT slave information).
TwinCAT accesses the central ESI ULR directory list stored at ETG; the entries can then be viewed in the
Updater dialog, although they cannot be changed there.

The call up takes place under:
“TwinCAT” — “EtherCAT Devices” — “Update Device Description (via ETG Website)...”.

5.4 Distinction between Online and Offline

The distinction between online and offline refers to the presence of the actual I/0 environment (drives,
terminals, EJ-modules). If the configuration is to be prepared in advance of the system configuration as a
programming system, e.g. on a laptop, this is only possible in “Offline configuration” mode. In this case all
components have to be entered manually in the configuration, e.g. based on the electrical design.

If the designed control system is already connected to the EtherCAT system and all components are
energised and the infrastructure is ready for operation, the TwinCAT configuration can simply be generated
through “scanning” from the runtime system. This is referred to as online configuration.

In any case, during each startup the EtherCAT master checks whether the slaves it finds match the
configuration. This test can be parameterised in the extended slave settings. Refer to note “Installation of
the latest ESI-XML device description” [» 60].

For preparation of a configuration:
+ the real EtherCAT hardware (devices, couplers, drives) must be present and installed

» the devices/modules must be connected via EtherCAT cables or in the terminal/ module strand in the
same way as they are intended to be used later
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« the devices/modules be connected to the power supply and ready for communication
* TwinCAT must be in CONFIG mode on the target system.

The online scan process consists of:
 detecting the EtherCAT device [P 70] (Ethernet port at the IPC)

 detecting the connected EtherCAT devices [P_71]. This step can be carried out independent of the
preceding step

 troubleshooting [»_74]

The scan with existing configuration [»_75] can also be carried out for comparison.

5.5 OFFLINE configuration creation

Creating the EtherCAT device

Create an EtherCAT device in an empty System Manager window.

Fie Edt Actions View Options Help il svsTEM 3 Add New Eem.. Ctrl+ Shift+ A

n

| v

3 | b B R s | el

I B E |& Dl btk e |ﬂ 2 |Q I MOTION = Add Existing Item... Shift+Alt+A %

-l SYSTEM - Configuration > PLC

-8 NC - Configuration | (& SAFETY Export EAP Config File

|
|

-8 PLC - Configuration [l C++
E- /O - Configuration 4 YO
R E11/0 Devices } ¥, Devices 4 Paste Ctrl+V
R RE R Append Device... | . ﬁ:l Mappings Paste with Links

Scan

gt
/o“

|
Fig. 46: Append EtherCAT device (left: TwWinCAT 2; right: TwinCAT 3)

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

Type: -0 Beckhoff Lightbus
-8 Profibuz DP

--ﬁ? Prafinet

--Ciﬂ CAMopen

..TL._ Devicehlet / Ethemet | /P
&-fff SERCOS interface
-5 EtheCaT
I A EtheiCaT

== EtherCAT Slave

'ﬂ EtherCAT Automation Protocol wia ELEET, EtherCAT
Ifl.-]"' Ethemet

Fig. 47: Selecting the EtherCAT connection (TwinCAT 2.11, TwinCAT 3)

Then assign a real Ethernet port to this virtual device in the runtime system.
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Deyice Found At (%]

100k [IntellR] PROA00YE Metwork, Connection - Packet Scheduler M

LAM3 [IntellR] 82541ER Based Gigabit Ethemet Contraller - Packet Scf m
1G (Intel[R] PROA000 PR Metwork, Connection - Packet Scheduler Mil| _
) Unuzed
O Al

Fig. 48: Selecting the Ethernet port

This query may appear automatically when the EtherCAT device is created, or the assignment can be set/
modified later in the properties dialog; see Fig. “EtherCAT device properties (TwinCAT 2)”.

=Bl 5¥STEM - Configuration - . :
BB NC - Configuration General |[4dapter]| EthercaT | Online | CoE - Orniine

B PLC - Configuration

EI' 10 - Configuration © Network Adapler

=B 1/0 Devices @osNDIs) QP O DPRAM

- -~ [Device 1 (EtherCAT)| e | : :

L% Mappings phion: [1G (Intel(R] PRO/1000 PM Network Cornection - Packet Sched |
Device Name: | \DEVICE'\{2ESGATC2-AF68-4842-49B5-FCODE 2444BF O} |
PCI Bus/Slat | | Search.. ]
MAC Addess: |00 01 05 0519 54 | [ Compatible Devices... |
IP Address: 169.254.1.1 [255.255.0.0) |

[] Promizcuous Mode [use with NetmonAvireshark anly]
[1wirtual Device Names

() &dapter Reference
Adapter;
Freerun Cycle [ms): | =

Fig. 49: EtherCAT device properties (TwinCAT 2)

TwinCAT 3: the properties of the EtherCAT device can be opened by double click on “Device .. (EtherCAT)”
within the Solution Explorer under “I/O”;
P e
4 ﬂ% Devices
» == Devicel (EtherCP&

@® Selecting the Ethernet port

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

page [»_54].

Defining EtherCAT slaves

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

—j- I/O - Configuration | a /O

) B 1/0 Devices | 4 "% Devices

: = f Device 1 (EtherCAT) LM Append Box...

g Mappings \
B Delete Device

[ > |7 Devicel (EtherCAT) 5] Add NewTtem..
| ﬁ:, Mappings

Ctrl+Shift+A R
i Add Existing Item... TSR T
] W  Ren

Fig. 50: Appending EtherCAT devices (left: TwinCAT 2; right: TwinCAT 3)
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The dialog for selecting a new device opens. Only devices for which ESI files are available are displayed.

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

Overview of physical layer

» “Ethernet”: cable-based 100BASE-TX: couplers, box modules, devices with RJ45/M8/M12 connector

« “E-Bus”: LVDS “terminal bus”, EtherCAT plug-in modules (EJ), EtherCAT terminals (EL/ES), various
modular modules

The search field facilitates finding specific devices (since TwinCAT 2.11 or TwinCAT 3).

Insert EtherCAT Device 5|
Search: | M arne; Tem 1 Multiple: 1 = [ ok, ]
Type: =-fegr Beckhaff Automation GmbH & Co. KG i~ [ Lancel ]

- KTS
i EtherCAT Infrastiucture components Paort

H Ethernet Port MultiplierCU 25xx]

E_] Communication Temminals [ELGxwxx] .
= |_ Swpstern Couplers
----- U C1100-0004 EtherCAT Power supply [28 E-Bug) .
----- # EK1100 EtherCAT Couple E-Bus) _
..... °H EK1101 EtherCAT Couplert$h E-Bus, ID switch) @B [Ethemel
----- | EK1200-5000 EtherCAT Power supply (24 E-Bus)
----- °|_] EK1541 EtherCAT Coupler [24 E-Bus, POF, 1D switch) E =

----- |f EK1814 EtherCAT 10-Coupler (14 E-Buz, 4 Ch. Dig. In, 3ms. 4 Ch. Dig. Out 244, 0,54)
----- |_r EK1818 EtherCAT I0-Coupler (14 E-Buz, 8 Ch. Dig. In, 3ms, 4 Ch. Dig. Out 244, 0.54)
----- [ EK1828 EtherCAT I0-Coupler [14 E-Bus, 4 Ch. Dig. In, 3ms, 8 Ch. Dig. Out 24%, 0,54
----- [ EK1828-0010 EtherCAT I0-Coupler (14 E-Bus. 8 Che Dig. Out 24 0.54)

i Temminal Couplers [BETww, [Laxn-B110]

i Customer specific Temminals

Panel Couplers

EJ Coupler(Ed ]

=] EN100 EtherCaT Coupler (2,24 E-Bus)

Safety Terminals

[+-B8 EtherCAT Fieldbus Boxes [EPmmx) %

[ Extended Information [] Show Hidden Devices Show Sub Groups

Fig. 51: Selection dialog for new EtherCAT device

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

Add EtherCAT device at port B (E-Bus) of Term 1 (EK1100) &2 |
Search:  el2521 M ame: Term 2 Multiple: 1 - [ = ]
Type: =F O—c Beckhaff sutormation GrmbH & Co. KG [ Cancel ]

=™ Digital Outpot Termningls [FL2xx)
W EL2521 1Ch. Pulse Train Output  [EL2521-0000-1022) Fart
EL2521-0024 1Ch. Pulse Train 244 DC OutpuNEL2521-0024-1021)

EL2521-0025 1Ch. Pulse Train 24V DC Output negative  (EL2521-0025-1021) E(BE B s
EL2521-0124 1Ch. Pulze Train 24% DC Qutput Capture/Compare  [EL2521-01 24-0020) - (Ethemet
i EL2521-1001 1Ch. Pulze Train Quipyt (EL2521-1001-1020] '><[2 DL‘T}TE]

E stended Information [7] Show Hidden Devices Show Sub Groups

Fig. 52: Display of device revision

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

s 1

Add EtherCAT device at port B (E-Bus) of Term 1 (EK1100) [z ]
Search:  el2521 Harme: Tearm 2 Multiple: 1 : [ = ]
Type: EI---:EQ% Beckhaff Automation GrbH & Co. KG " [ Cancel ]

Ellj Digital Output Terminals [EL2xxx]
Elli EL2521 1Ch. Pulze Train Output MEL2521-0000-1022) Port

EL2521 1Ch. Pukse Train Dutpi  (EL2521-0000-0000)
EL2521 1Ch. Pukse Train Output (EL2521-0000-1016)
EL2521 1Ch. Pulse Train Dutput [EL2521-0000-1017) ]
EL2521 1Ch. Pulse Train Output  (EL2521-0000-1020] (0 C [Ethemet]
EL2521 1Ch. Pulse Train Dutput [EL2521.0000-1021) R LT

i EL2521-0024WCh, Pulse Train 24% DC Output (EL2521-0024-1021)

-4 E| 2521002 Ch. Pulse Train 24% DC Output [EL2521-0024-1016)

M F| o510 Pl Toain 243 00 QutputJEL2521-0024-1017] v

Estended Information Show Hidden Devices [ Show Sub Groups

@ B [E-Bus)

Fig. 53: Display of previous revisions

Device selection based on revision, compatibility

o

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

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

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

Example

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

—
Revision

Fig. 54: Name/revision of the terminal

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

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

EI! /0 - Configuration

B8 /0 Devices
2= Devicel (EtherCAT)

-=$= Device 1-Image
== Device 1-Image-Info
-t Inputs

-l Outputs
- InfoData

- Term 1 (EK1100)

B‘ InfoData

¢ L9 State

o

5§t PTO Status

B&T Status
%1 Sel. Ack/End counter
- 1 Ramp active
-G Status of input target
- & Status of input zero
-] Error
- &1 Sync error
- &1 TxPDO Toggle
- T ENC Status compact
i @] PTO Control
- L PTO Target compact
H
|
H

- @l ENC Control compact
& p
-4 WeState

‘ InfoData

e T ey OO s O sy BN s A

« BEvo
4 ¥ Devices
= Devicel (EtherCAT)

]

*8 Image

*B Image-Info
s 2 SyncUnits
B Inputs
- [ Outputs
> [ InfoData

4 |j Term 1 (EK1100)

- [ InfoData

4 .j Term 2 (EL2521)
a PTO Status
4 ¥l Status

=&

il

=&

Sel. Ack/End counter
Ramp active

Status of input target
Status of input zero
Error

Sync error

TxPDO Toggle

> EMC Status compact
- [l PTO Control

» [l PTO Target compact
> [ ENC Control compact
- [ WcState

> [ InfoData

Fig. 55: EtherCAT terminal in the TwinCAT tree (left: TwinCAT 2; right: TwinCAT 3)
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5.6 ONLINE configuration creation

Detecting/scanning of the EtherCAT device

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

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

TwinCAT can be set into this mode:

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

» TwinCAT 3: by selection of E3 in the Menubar or by “TwinCAT” — “Restart TwinCAT (Config Mode)”

® Online scanning in Config mode

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

The TwinCAT 2 icon ( . ] ) or TwinCAT 3 icon ( L8 ) within the Windows-Taskbar always shows the
TwinCAT mode of the local IPC. Compared to that, the System Manager window of TwinCAT 2 or the user
interface of TwinCAT 3 indicates the state of the target system.

..... et

TwinCAT 2.x Systemmanager TwinCAT target system mode___

|Local (192.165.0.20.1.1

o oy 0:36 | 4—— Windows-Taskbar ——p» 0| i S e
S g

TwinCAT local system mode

Fig. 56: Differentiation local/target system (left: TWinCAT 2; right: TwinCAT 3)

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

4 [Fvo
% Devices| =3 pqd New tem.. Ctrl+ Shift+ A
ﬁ:l Mappin| o .
[ Add Existing Item... Shift+Ali+A

ﬂ SYSTEM - Configuration
- JBA NC - Configural” )
.l PLC - Configur: i Append Device...

EI. IO - Configura) i« 1mport Device...
M 11/0 Devices | Export EAP Config File

|
I
I
|
I
I
|
|
@8 Mappings ﬂm‘ ¥ Scan
|
I
|
|
I
|

L
= Paste Ctrl+V
BB Paste with Links Alt+Ctrl+V

4 Paste Ctrl+V
Paste with Links

Fig. 57: Scan Devices (left: TWinCAT 2; right: TwinCAT 3)

This scan mode attempts to find not only EtherCAT devices (or Ethernet ports that are usable as such), but
also NOVRAM, fieldbus cards, SMB etc. However, not all devices can be found automatically.
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TwinCAT Ma
o System Manager @ Microsoft Visual Studio @

i IE HINT: Mot all types of devices can be found automatically HIMNT: Mot all types of devices can be found automatically

[ ok | [ conce | [ ok || Ccancel

Fig. 58: Note for automatic device scan (left: TwinCAT 2; right: TwinCAT 3)

Ethernet ports with installed TwinCAT real-time driver are shown as “RT Ethernet” devices. An EtherCAT
frame is sent to these ports for testing purposes. If the scan agent detects from the response that an
EtherCAT slave is connected, the port is immediately shown as an “EtherCAT Device” .

4 new I/ 0 devices found

Device 1 [EtherCAT)
Device 3 [EtherCAT]  [Local Area Connection [TwinCAT-Intel PCl Ethernet &)
[|Device 2 [USE] Cancel
Device 4 [MOW/DP-RaM]

0

Select Al

Unzelect All

i

Fig. 59: Detected Ethernet devices

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

@® Selecting the Ethernet port

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

page [»_54].

Detecting/Scanning the EtherCAT devices

® Online scan functionality

1 During a scan the master queries the identity information of the EtherCAT slaves from the slave

EEPROM. The name and revision are used for determining the type. The respective devices are

located in the stored ESI data and integrated in the configuration tree in the default state defined
there.

MName
| ——|
(EL2521-0025-1018)

—
Revision

Fig. 60: Example default state

NOTE

Slave scanning in practice in series machine production

The scanning function should be used with care. It is a practical and fast tool for creating an initial
configuration as a basis for commissioning. In series machine production or reproduction of the plant,
however, the function should no longer be used for the creation of the configuration, but if necessary for
comparison [P _75] with the defined initial configuration.Background: since Beckhoff occasionally increases
the revision version of the delivered products for product maintenance reasons, a configuration can be
created by such a scan which (with an identical machine construction) is identical according to the device
list; however, the respective device revision may differ from the initial configuration.
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Example:

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

General | EtherCAT | oC I Process Data | Startup | CoE - Online | Dnline|

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

Product/Revision:  EL2521-00251018)(08453052 / 0X¥a0015)

Fig. 61: Installing EthetCAT terminal with revision -1018

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

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

After some time Beckhoff extends the EL2521-0025 by a new feature C. Therefore the FW is changed,
outwardly recognizable by a higher FW version and a new revision -1019. Nevertheless the new device
naturally supports functions and interfaces of the predecessor version(s); an adaptation of “B.tsm” or even
“B.pro” is therefore unnecessary. The series-produced machines can continue to be built with “B.tsm” and
“B.pro”; it makes sense to perform a comparative scan [P_75] against the initial configuration “B.tsm” in order
to check the built machine.

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

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

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

Product/Revision:  EL2521-002511019)(09133052 7 0¥b0013)

Fig. 62: Detection of EtherCAT terminal with revision -1019

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

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

If an EtherCAT device was created in the configuration (manually or through a scan), the 1/O field can be
scanned for devices/slaves.
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TwinCAT System Manager = Microsoft Visual Studio X

Fig. 63: Scan query after automatic creation of an EtherCAT device (left: TwinCAT 2; right: TwinCAT 3)

. /0 - Cenfiguration : 4 0
Bﬂ /0 Devices : 4 L Devices
- =S = Append Box.. I » | Devicel (EtherCAT) 3 pgq New Ttem... Ctrl+ Shift+ A
: == Device 3 (EtherCAT) : > == Device 2 (EtherCAT) L .
& Mappi - % Maooi [ Add Existing Item. Shift+Alt+A
----- & appings . : @ Mappings
; W Remee Nl
(S |
| ‘.*f‘ Scan
¥ Cut Ctrl+X |
= . |
|
| [ LCpElUEiL FLUjcE
|
‘ Change MNetld... | = Disable
|
I

Fig. 64: Manual triggering of a device scan on a specified EtherCAT device (left: TwinCAT 2; right:
TwinCAT 3)

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

Scanning... L BN remotePLC[123.45.67.891.1)

Fig. 65: Scan progressexemplary by TwinCAT 2

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

TwinCAT System Manager 3 Microsoft Visual Studio 3

Fig. 66: Config/FreeRun query (left: TwinCAT 2; right: TwinCAT 3)

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

TwinCAT 2.x | TwinCAT 3.x
fogaling  pes : togaling
[ Fice Flun [REECREN i 11 | s PEEELERN .|

Fig. 67: Displaying of “Free Run” and “Config Mode” toggling right below in the status bar

& 9% @] % B Qll]er ol
g

General EtherCAToggle Free Run State (Ctrl-F5)|

-y f-ﬂq # @ '.'._||<Loca|> - =

Fig. 68: TwinCAT can also be switched to this state by using a button (left: TwinCAT 2; right: TwinCAT 3)

The EtherCAT system should then be in a functional cyclic state, as shown in Fig. Online display example.
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- SYSTEM - Configuration -
EE NC - Conﬁgurat?on | General | Adapter | EtherCAT ||Onllne || CoE - Online
! PLC - Cenfiguration
oJ VO - Configuration No Addr  Name State CRC
= B8 1/0 Devices [3 .1 1001 Temn 1 (EK1100) OF 0.0
= Device 3-Image "3 1003 Tem 3(EL3751) SAFEOP 0.0
= Device 3-Image-Info B4 1004  Tem 4 (EL2521-0024) OF 0
%T Inputs
- § Outputs
- § InfoData
= Term1 (EK1100)
‘ InfoData
7™ Term 2 (EL2008) <] o I
Term 2 (EL3751)
Temd (252020 Acual Stk — Cro || uoued
Erm
28 Mappings [ it | [PreOp | [SafeOp| [ Op | | Send Frames 47718+ 6791
-
[ GearCRC__ | [ Cloar Frames | | Fames / sec 459 + 31
Lost Frames 0 = 0
T/Rx Emors 0 /0
1| mn | 3

Fig. 69: Online display example

Please note:

« all slaves should be in OP state

» the EtherCAT master should be in “Actual State” OP

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

The configuration is now complete. It can be modified as described under manual procedure [»_65].

Troubleshooting

Various effects may occur during scanning.

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

» Device are not detected properly
Possible reasons include:

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

The connections and devices should be checked in a targeted manner, e.g. via the emergency
scan.
Then re-run the scan.
=B I[}0 Devices
SR ACcvice 4 (EtherCAT)
-I- Device 4-Image
== Device 4-Image-Info
- 8T Inputs
[ @) Outputs
-8 InfoData
|_E3---i Box 1 (P30165940 RE9302651)

Fig. 70: Faulty identification

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

Change of the configuration after comparison

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

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

TwinCAT System Manager

e

Configuration is identical
"

Microsoft Visual Studic

e 3

Configuration is identical
"

Fig. 71: Identical configuration (left: TwinCAT 2; right: TwinCAT 3)

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

configuration as required.

check Conrguration 5
Fousd ltems: Disable | Configured llems:
= Tem3EKI1T00) [EKI100-0000-0007] T = [/ Tem1 [EE1100) [EK1100-0000-0007]
LB Tewn 6 [ELSI0N) [ELS101-D000-1049] S LB e 2 [ELSI01) [ELS101-D000-1019]
M| Tein 7 [EL2521) [EL2521-00001013) Dialete » M| e 5 [EL2521) [EL2521.0000-1016)
P Tem 8 EL3Z5T) (EL51-0000-0006) LB Team 4 [ELSDTT)
LB Tem 8 ELAMT)
> Copy Befoie » I
» Copy Altes »
» Changs 1o »
»x Copyp 20 > I
0] 4
| Cowel |
Fig. 72: Correction dialog
It is advisable to tick the “Extended Information” check box to reveal differences in the revision.
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Color |Explanation

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

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

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

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

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

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

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

Device selection based on revision, compatibility

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

i o

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

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

Example

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

MName
| p— |
(EL2521-0025-1018)
| I—|

Revision

Fig. 73: Name/revision of the terminal

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

In this case the process image of the device is shown in the configuration tree and can be parameterized as
follows: linking with the task, CoE/DC settings, plug-in definition, startup settings, ...
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Found Iems: Disakle > | Configured lems:

= Tesm3[EKI00 [EKIT00-0000-0017] = [ Tem [EKI100] [EKT100-0000-0017]
LB Ten B ELSION) [ELS100-0000-1075] ~B Tewn 2 ELSIN) [ELS101-D000-1015]

LW |Tesm 7 [ELZ521) [EL2521-0000-1005] Delete » | LW |Tesm S [ELZS) [EL2521-0000-1006]
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LM Tem 8(EL3351) [EL3361.00000015) M Tem 8 [ELZ351)
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[¥ | Estended Informalion

Fig. 74: Correction dialog with modifications

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

Change to Compatible Type

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

; . | & == Devicel (EtherCaT)
-7+ Devicel (EtherCAT) :
|, Drive2 (AX5101-0000-0011)| 7] Add Newlem |
BN e o1 (AX5101-0000-0011) | » AT ' . ;
. ncart !
%T AT =y Append Box... I MDT
- L MDT Aposnd Mode: I b [ WicState o
. WeState | & [ InfoData Change to Compatible Type... %
- § InfoData Change to Compatible Type... I Add to HotConnect group
Add to Hot Connect Groups... : Delete frem HetConnect group

Fig. 75: Dialog “Change to Compatible Type...” (left: TWinCAT 2; right: TwinCAT 3)

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

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

- FMMU (additional ones are allowed)

- SyncManager (SM, additional ones are allowed)

- EoE (attributes MAC, IP)

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

- FoE

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

This function is preferably to be used on AX5000 devices.

Change to Alternative Type

The TwinCAT System Manager offers a function for the exchange of a device: Change to Alternative Type
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&-Ji Term 1 (EK1100)
-8 InfoData

&
B Append Box..,
Change to Compatible 1y, :

Add to Hot Connect Groups...

Change to Alternative Type L4 EL1202-0100 2Ch. Fast Dig. Input 24V, 1ps, DC Latch i

Fig. 76: TwinCAT 2 Dialog Change to Alternative Type

(]

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

5.7 EtherCAT subscriber configuration

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

TwinCAT 2: TwinCAT 3:

L CErEY] - 4 (5 Term3(EL3751)| <= doubleclick on the terminals element opens properties with several tabs —I

G- 8T PAI Status > PAI Status

&1 PAI Samples1 > PAI Samples 1 *

&1 PAI Timestamp > PAI Timestamp
G- WecState > [ WeState l| General | BtherCAT | Settings | DC | Process Data | Startup | CoE - Online | Diag History | Online |
#-§ InfoData . [ InfoData

Fig. 77: Branch element as terminal EL3751

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

“General” tab

General | BherC.ﬁ.TI Process Data I Startup I CoE - Online I Online I

Name: [Tem & (EL5001) d: [a i

Type: |EL5001 1Ch. SSI Encoder

Comment: ;I
[~ Disabled Create symbolz [T

Fig. 78: “General’ tab
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Name Name of the EtherCAT device

Id Number of the EtherCAT device

Type EtherCAT device type

Comment Here you can add a comment (e.g. regarding the system).

Disabled Here you can deactivate the EtherCAT device.

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

“EtherCAT” tab
General EtherCAT | Process Data I Startup I CoE - Online I Cnline I

Type: |EL5001 1Ch. 551 Encoder
Product/Revision: ~ [EL5001-0000-0000

Auto Inc Addr: IFFFD

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

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

Fig. 79: “EtherCAT” tab

Type EtherCAT device type
Product/Revision Product and revision number of the EtherCAT device
Auto Inc Addr. Auto increment address of the EtherCAT device. The auto increment address can

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

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

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

Advanced Settings This button opens the dialogs for advanced settings.
The link at the bottom of the tab points to the product page for this EtherCAT device on the web.

“Process Data” tab

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

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

Fig. 80: “Process Data” tab

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

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

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

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

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

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

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

the process data).

» A: select the device to configure

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

» D: the PDOs can be selected or deselected

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

» E:if a slave supports this, Input and Output PDO can be modified simultaneously by selecting a so-
called PDO record (“predefined PDO settings”).
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Fig. 81: Configuring the process data

User...

oo o oo o O

i

Manual modification of the process data

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

changed, even if TwinCAT offers the associated dialog (“Edit”). In particular, CoE content cannot be
displayed as cyclic process data. This generally also applies in cases where a device supports

download of the PDO configuration, “G”. In case of incorrect configuration the EtherCAT slave
usually refuses to start and change to OP state. The System Manager displays an “invalid SM cfg”

logger message: This error message (“invalid SM IN cfg” or “invalid SM OUT cfg”) also indicates the

reason for the failed start.

A detailed description [P _86] can be found at the end of this section.

“Startup” tab

The Startup tab is displayed if the EtherCAT slave has a mailbox and supports the CANopen over EtherCAT

(CoE) or Servo drive over EtherCAT protocol. This tab indicates which download requests are sent to the

mailbox during startup. It is also possible to add new mailbox requests to the list display. The download
requests are sent to the slave in the same order as they are shown in the list.

EL7411
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General | EtherCAT | Process Data  Startup | CoE - Oniine | Online |

Transition | Protocal | Imdex | Data | Comment

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

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

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

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

Fig. 82: “Startup” tab

Column Description

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

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

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

Protocol Type of mailbox protocol

Index Index of the object

Data Date on which this object is to be downloaded.

Comment Description of the request to be sent to the mailbox

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

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

Edit This button edits an existing request.

“CoE - Online” tab

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

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

Fig. 83: “CoE - Online” tab

Object list display

Column Description

Index Index and sub-index of the object

Name Name of the object

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

Value Value of the object

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

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

EL7411
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Advanced Settings Ed

' Online - via 500 Information

= Offline - wia ED'S File

Dictionary

All Objects

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

Settings Objects

Browze, . |
0k, I Cancel |

Fig. 84: Dialog “Advanced settings”

Online - via SDO Information

Offline - via EDS File

“Online” tab

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

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

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

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

Fig. 85: “Online” tab
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State Machine

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

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

change of state it sets an error flag.

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

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

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

Status Description

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

File Access over EtherCAT

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

“DC” tab (Distributed Clocks)

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

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

Advanced Settings... |

Fig. 86: “DC” tab (Distributed Clocks)

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

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

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

Sync Manager

Lists the configuration of the Sync Manager (SM).

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

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

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

PDO Assignment

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

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

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

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

a) the EtherCAT slave has to run through the PS status transition cycle (from pre-operational to
safe-operational) once (see Online tab [»_84]),

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

5 — -
(== button for TWinCAT 2 or *  button for TwinCAT 3)

PDO list

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

Column Description

Index PDO index.

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

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

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

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

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

SuU Sync unit to which this PDO is assigned.

PDO Content

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

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

PDO Assignment

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

Startup [P _81] tab.

PDO Configuration

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

5.8 Import/Export of EtherCAT devices with SCI and XTI

SCI and XTI Export/Import — Handling of user-defined modified EtherCAT slaves

5.8.1 Basic principles

An EtherCAT slave is basically parameterized through the following elements:

» Cyclic process data (PDO)

» Synchronization (Distributed Clocks, FreeRun, SM-Synchron)

» CoE parameters (acyclic object dictionary)
Note: Not all three elements may be present, depending on the slave.
For a better understanding of the export/import function, let's consider the usual procedure for 10
configuration:

» The user/programmer processes the 10 configuration in the TwinCAT system environment. This
involves all input/output devices such as drives that are connected to the fieldbuses used.
Note: In the following sections, only EtherCAT configurations in the TwinCAT system environment are
considered.

» For example, the user manually adds devices to a configuration or performs a scan on the online
system.

» This results in the 10 system configuration.

« On insertion, the slave appears in the system configuration in the default configuration provided by the
vendor, consisting of default PDO, default synchronization method and CoE StartUp parameter as
defined in the ESI (XML device description).

« If necessary, elements of the slave configuration can be changed, e.g. the PDO configuration or the
synchronization method, based on the respective device documentation.

It may become necessary to reuse the modified slave in other projects in this way, without having to make
equivalent configuration changes to the slave again. To accomplish this, proceed as follows:

» Export the slave configuration from the project,
» Store and transport as a file,
» Import into another EtherCAT project.

TwinCAT offers two methods for this purpose:
+ within the TwinCAT environment: Export/Import as xti file or
 outside, i.e. beyond the TwinCAT limits: Export/Import as sci file.
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An example is provided below for illustration purposes: an EL3702 terminal with standard setting is switched
to 2-fold oversampling (blue) and the optional PDO "StartTimeNextLatch" is added (red):

Solution Explorer

TwinCAT Project3d & X

@E-|o-a| f=
Search Solution Explorer (Ctrl+ )

fa] Solution ‘TwinCAT Project34' (1 project)

General EBtherCAT  DC/Oversampl

Cnline

d “i TwinCAT Project34 ize Index Size MName
b | sYsTEM 1600 20 Ch1 CycleCourt
MOTION k1ADD 20 Ch1 Sample 0
o7 pLC D 1AD1 20 Ch1 Sample 1
SAFETY belAD2 20 Ch1 Sample 2
E Cos ke1AD3 20 Ch1 Sample 3
i o
4 [Fvo
4 "2 Devices PDO Content (0x1800):
4 == Device 1 (EtherCAT) Indesx Size Offs Mame
%% Image x6800:01 20 0.0 Ch1 CycleCourt
jg Image-Info 20
b2 SyncUnits
I Inputs
[ Outputs Download Predefined PDO Assignment: {none)
b & InfoData [1PDO Assignmert |Load PDO info from device
4 [j Term 1 (EKT100) [ PDO Configuration :
b [ InfoData |Sync Unit Assignment ..
b Ch1 CycleCount Name Ogline Type Size =Addr...
B Ch1 Sample 0
b Ch1 Sample 1 #| Ch1 CycleCount UINT 2.0 38.0
b Ch2 CycleCount #1 Ch1 Value INT 2.0 0.0
B Ch2 Sample 0 #| Ch1 Value INT 2.0 62.0
I Ch2 Sample 1 #| Ch2 CycleCount UINT 2.0 64.0
b NextSync1Time #1 Ch2 Value INT 20 66.0
b [E WcState #1 Ch2 Value INT 2.0 68.0
b [H InfoData ¥ StartTimeMextLa... UDINT 40 70.0
ﬁ:, Mappings #1 WeState BIT 0.1 1522.2

The two methods for exporting and importing the modified terminal referred to above are demonstrated

below.

5.8.2

Each IO device can be exported/saved individually:

4 |j Term 1 (EK1100)
b & InfoData

b ™ Term 2 (EL3702) |
Add Mew ltermn...

b H Term 3 (EL1008)
*, Mappings

Insert Mew [tem...
Insert Existing Item...

Remove

-

The xti file can be stored:

| Term 2 (EL3702) xti

| TwinCAT Export File (*xti)

Save Term 2 (EL3702) As...

Procedure within TwinCAT with xti files

and imported again in another TwinCAT system via "Insert Existing item™:
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[

#1  Add Mew Item...
Insert Mew Item...

Insert Existing Item...

5.8.3 Procedure within and outside TwinCAT with sci file

Note regarding availability (2021/01)
The SCI method is available from TwinCAT 3.1 build 4024.14.

The Slave Configuration Information (SCI) describes a specific complete configuration for an EtherCAT slave
(terminal, box, drive...) based on the setting options of the device description file (ESI, EtherCAT Slave
Information). That is, it includes PDO, CoE, synchronization.

Export:

+ select a single device via the menu (multiple selection is also possible):
TwinCAT — EtherCAT Devices — Export SCI.

a TwinCAT Project34 - TckaeShell

File Edit View Project Build Debug | TwinCAT | TwinSAFE PLC Team  Scope  Tools  Window  Help
. . ]
s - | i i I w | ¥ Windows b | v B Attach.. = | p
© Build 4024.12 (Loaded) + £ |[B]{ & Activate Configuration > - o
olution Explorer
rCEEE) ﬁE Restart TwinCAT (Config Mode)
: 3 Reload Devices pe
Search Solution Explorer (Ctrl+d) @ T .
oggle Free Run State
fa] Solution "TwinCAT Project34' (1 project) N
. . @) Show Online Data Mame Flags H
4 “a TwinCAT Project34 -
[ L@i SYSTEM ‘7= Show Sub ltems Ch1 CycleCount MF (
MOTION % Hide Disabled ltems Ch1 Sample 0 MFO (
K R Ch1 Sample 1 FO {
SAFETY @ Software Protection... Ch1 Sample 2 =]
Ce+ Access Bus Coupler/IP Link Register... Ch1 Sample 3 FO
ANALYTICS Update Firmuware/EEPROM p | ChlSamied o
“ ;EJD . Show Realtime Ethernet Compatible Devices... i0):
4 evices
4 % Device 1 (EtherCAT) Ri=hlanding Y| ofs Mame Type
5% Image el | 00 ChiCycleCount UINT
=8 Image-Info EtherCAT Devices » | Export SCI
b 2 SyncUnit
b bt I:::tsm : m TcProjectCempare Update Device Descriptions (via ETG Website)...
b [ Outputs Target Browser r Reload Device Descriptions
b [ InfoData Bode Plot ¥ Manage User Defined Whitelist...
4 [[f Term 1 (EK1100) Filter Designer > Manage User Defined Blacklist...
b @ InfoData
4 [ Term 2 (E3700) acotRnCRY

« If TwinCAT is offline (i.e. if there is no connection to an actual running controller) a warning message
may appear, because after executing the function the system attempts to reload the EtherCAT
segment. However, in this case this is not relevant for the result and can be acknowledged by clicking

OK:

TcXaeshell

AdsErron 1823 [0x71f, )

Init124 0 Set State TComObj SAFEQR: et Objects (£) to SAFEQP ==
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* A description may also be provided:

» Explanation of the dialog box:

Export SC| | based on specification 1.0.12.3 (Draft) n
Name |EL3702 with added Start TmeNext Latch |
Description just an example for a specific description

Options Keep Modules

m

Lr
T
1

m
1

Export

Name Name of the SCI, assigned by the user.
Description Description of the slave configuration for the use case, assigned by the user.
Options Keep modules If a slave supports modules/slots, the user can decide whether these are to be exported or
whether the module and device data are to be combined during export.
AoE | Set AmsNetld The configured AmsNetld is exported. Usually this is network-dependent and cannot
always be determined in advance.
EoE | Set MAC and IP The configured virtual MAC and IP addresses are stored in the SCI. Usually these are
network-dependent and cannot always be determined in advance.
CoE | Set cycle The configured cycle time is exported. Usually this is network-dependent and cannot
time(0x1C3x.2) always be determined in advance.
ESI Reference to the original ESI file.
Export Save SCl file.

» Alist view is available for multiple selections (Export multiple SCI files):

2B |mage-Info

2 SyncUnits
Inputs

B Outputs

& InfoData

= Box 1 (Drivel)

4 3= Module 1 (Position Mode)
4 Position Inputs
> [ Position Outputs

B WeState

[ InfoData

P == Box 2 (Drivel)
¥, Mappings

A v v ¥V

m ) MC-Task 1 SAF - Device 1 (EtherCAT) 1

Export 5C| n

s Name [Box 1 (DriveT) |
Box 1 (Drive1)

Box 2 (Drive 1) Description - 1 of 2 axis is configured (in position mode)

- Distributed clocks synchronization is enabled
- Software position range limit ((x6070) is set

Options Keep Modules
[] AoE | Set AmsNetld [10.35.16.42.2 2]
[] EcE | Set MAC and IP [02 01 05 10 03 911321

Export

+ Selection of the slaves to be exported:

o All:

All slaves are selected for export.
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> None:
All slaves are deselected.

» The sci file can be saved locally:

Dateiname: | EL3702 with added StartTimeNextLatch.sci|

Dateityp: | SCl file (*.sci)

* The export takes place:

Export SCI | based on specification 1.0.12.3 (Draft)
Mame |EL3?1]2 with added Start Time Mext Latch
Description just an example for a specific description
SC| Created >
The S5Clfile TATwinCAT3. 1\Corfighloh\EtherC ATNELIV02 with added

Start TimeMext Latch sci’ was created M

I Open Folder I | Close

[T AOETSET AmsMed

m
1
3

Import

« An sci description can be inserted manually into the TwinCAT configuration like any normal Beckhoff
device description.

» The sci file must be located in the TwinCAT ESI path, usually under:
C:\TwinCAT\3.1\Config\lo\EtherCAT

|:] EL3702 with added StartTimeMextlatch.sci  11.01.2021 13:29 SCl-Datei & KB

* Open the selection dialog:

4 [ Term 1(EK1100)

I [E Infolata
b9 Term 2 (EL3702)
P ™ Term 3 (EL1008)
*; Mappings #3  Add New Item...

Insert Mew Item...

EL7411 Version: 1.4 91



TwinCAT Development Environment

BECKHOFF

» Display SCI devices and select and insert the desired device:

Add EtherCAT device at port B (E-Bus) of Term 3 (EL1003) >
Search: |EL3T"'U | Mame: |TEfIT| 4 Multiple: 1 = | oK, I
Type: B% Beckhaff Autamation GrbH & Co. EG Cancel

= j Analog Input Terminalz $FC [EL 3k

i EL3702 2Ch. Ana. Input +/4-10%, DIFF, Overzample Part

EL3702-0015 2Ch. Ana. Input +/-150my, DIFF, Overzample i
- [SCI) Temn 2 [EL3I?0Z) with Start I
]
i@ B [E-Bug

C

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

Check Connectaor I Show preconfigured Devices [SCI) I
Additional Notes
+ Settings for the SCI function can be made via the general Options dialog
(Tools — Options — TwinCAT — Export SCI):
Options 7 x
Search Qptions (Ctrl+E) F | v Default export options

Tabs and Windows ~ Aok | Add AmsNetld False -
Task List Cok | Set cycle time (x1C3x.2 True
Trust Settings EoE | Add IP and MAC False
Web Browser Keep Modules True

I Projects and Solutions v Generic

I Source Control Reload Devices Yes

[ Work ltems

[ Text Editor

I Debugging

I MuGet Package Manager

I Text Templating

4 TwinCAT
Export 5CI

- Measurement

[ PLC Environment
I TwinSAFE Envircnment

[+ XAE Environment

Aok | Add AmsNetld
If the slaves supports Aok the init command to set the slave AMS Net ID 15 added to
the 5CI, otherwise the flags "GenerateOwnMetld" and "InitializeOwnMetld" persist.

Cancel

Explanation of the settings:

Default export |AoE | Set AmsNetld Default setting whether the configured AmsNetld is exported.
options CoE | Set cycle time(0x1C3x.2) Default setting whether the configured cycle time is exported.
EoE | Set MAC and IP Default setting whether the configured MAC and IP addresses are exported.
Keep modules Default setting whether the modules persist.
Generic Reload Devices Setting whether the Reload Devices command is executed before the SCI
xport.
'?'h?s()g strongly recommended to ensure a consistent slave configuration.
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SCI error messages are displayed in the TwinCAT logger output window if required:

Output
Show output from:  Export SCI - | o | = = | §I *a

82/07/2020 14:09:17 Reload Devices
82/07/2020 14:09:18 | Box 1 (Drivel) No EtherCAT Slave Information (ESI) available for 'Box 1 (Drivel)

EL7411 Version: 1.4 93



Commissioning BECKHOFF

6 Commissioning

The internal memory may contain incorrectly set parameters
Risk of defect.

» Before commissioning, reset the terminal to the factory settings. See chapter Restoring the delivery state

[»_226].

6.1 Wiring

The load voltage is not short-circuit proof
Cable fire and defect possible.
» Use an overcurrent protection device for the load voltage.

« Dimension the overcurrent protection device so that the maximum current is limited to three times the
value of the rated current for a maximum of 1 second.

Connect all existing components to the correct terminal points. See chapter Connection [» 50].
* Motor
o Motor phases U, V, W
* Load voltage 8...48 V.
o Use an overcurrent protection device for the load voltage. See above.
» Optional: feedback
o Hall sensors U, V, W
° Incremental encoders
+ Optional: digital input signals at terminal points 8 and 16
o e.g. limit switches

If necessary, supplement the hardware setup by the following components:

* The EL9576 brake chopper terminal and a ZB8110 brake resistor.
The brake chopper terminal may be necessary if too much energy is fed back to the load voltage
during braking procedures.

+ The ZB8610 fan cartridge.
A higher maximum output current is possible with the fan cartridge.

Enabling the output stage

Apply 24 V to the input "HW Enable" in order to be able to enable the axis.
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6.2 Integration in TwinCAT

Integrate the terminal in TwinCAT. You can find information on this in the following chapters:

« Distinction between Online and Offline [» 64]

e OFFLINE configuration creation [» 65]

* ONLINE configuration creation [»_70]

During the integration into TwinCAT, the following dialog box appears:

EtherCAT drivels) added >

Append linked axiz to;

() CMC - Configuration

If you wish to use the TwinCAT NC functions, click OK (recommended).

This information is not binding. You can also link to an NC axis at a later time. See chapter "Integration in the
NC configuration", section Manually adding an axis [»_114].
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6.3 Selection of the operation mode

By selecting the operation mode, you determine the controlled variable and the controller structure.

If you want to operate the EL7411 with Drive Motion Control, select the operation mode "Drive Motion
Control (DMC)". See chapter Commissioning with Drive Motion Control [P_141].

Otherwise, select the operation mode according to the desired controlled variable:

Controlled variable Operation mode

Position CSP [».98] " (factory setting)

(Cyclic Synchronous Position)

Velocity CSV [» 1001

(Cyclic Synchronous Velocity)

Torque CST [»_100]

(Cyclic Synchronous Torque)

Torque and commutation angle CSTCA [» 101]

(Cyclic Synchronous Torque with Commutation Angle)

Y You can also control the position with the CSV operation mode. See chapter CSV (velocity control) [»_100].
The control performance is better with CSP, however.

Setting the operation mode

Proceed as follows to set the selected operation mode:

1. Click the "CoE - Online" tab.
2. Set the operation mode in parameter 7010:03,,, "Modes of operation".

Solution Explorer A Ol TwinCAT Project] + X -
m & - | YG) - a | ﬁ |E| General EtherCAT DC Process Data  Plc Startuag History  Online
Search Solution Explorer (Ctrl+a) R~ -
] Solution TwinCAT Project” 1 project) Update List [ Auto Update Single Update [ Show Offiine Data
4 ] TwinCAT Project] Advanced. . | |
b @l SYSTEM Addto Startup. Module OD (#oE Forty: [0 |
3 MOTION
4 PLC Index Name Flags Value Unit ~
SAFETY £ G010 FB Touch probe inputs RO > 204
Bl - £ 60100 DRV inputs RO >20¢
ANALYTICS +- 60200 DI Inputs RO 513¢
F] 110 +- 7001:0 FB Touch probe outputs RO >14¢
4 *‘é Devices = 7010:0 DRV Outputs RO 314«
4 == Device 1 (EtherCAT) Al00 patobaond RO P <0000 (D)
’E Image RWP Cyclic synchronous position mode ...
+B |mage-Info Ut Cljs g aeine RO P 00000000 (D)
b 2 SyncUnits 7010:06  Target velocity ROP 0
b Inputs 7010:09 Target torque RO P 1]
b M Outputs 7010:0B  Torgue limitation RW P D<7FFF (32767)
b [ InfoData F010:0E Commutation angle RO P 0000 (D)
P |j Term 1 (EK1100) +- 8000:0 FEB Seﬂ?ngs RW 322¢
b I InfoData +-- 8008:0 FE Settings ENC RW >19¢<
b 'ﬂ Term 2 (EL7411) +- B00A0 FE Settings Hall RW >20¢ .
+-- 8010-0 NBV Amnilfier Settinas BW > 100 <
4 ﬁj Mappings
Solution Explorer [EETNSTGITES

3. Click the "Process Data" tab.
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4. Click "Predefined PDO Assignment".

Solution Explorer Al TwinCAT Project] + X -
sy | T . o
fa &2 | ©-d | » |E| General EtherCAT DC Process Data  [Pic Statup CoE -Cnline  Diag History  Online
Search Solution Explorer (Ctrl+a) P - Sync Manager: PO List:
] Solution ‘TwinCAT Project!’ (1 project)
4 “i TwinCAT Project] SM Size Type Flags Index Size Name Flags G
[N ﬂ SYSTEM 0 128 MbCut O<1ADD 40 FB Position F
b MOTION 1 128 Mbxin 1401 20 DRV Statusword F
b @ pLC 2 [ Outputs 1402 40 DRV Velocity actual value F
SAFETY 3 10 Inputs c1AD3 20 DRV Torgue actual value F
Q Cor c1AD4 20 DRV Info data 1 F
ANALYTICS O<1ADS 20 DRV Info data 2 F v
4 150 < > < : ‘ >
4 "F Devices PDO Assignment (B1C12): PDO Cortent {C¢1A00):
4 == Device 1 (EtherCAT) =i BIE00
A X
jg Image i 1601 Index Size Offs Mame Type
jg Image-Info : 1602 e6000:11 4.0 0.0 Position UDINT
b 2 SyncUnits []0x1603 40
3 Inputs [ 01604
P [7] 01606
b [ Outputs [ 1n1/NT hd i g
l: I? rFDD:t?EKTIOD] Download I Predefined PDO Assignment: ‘Position” v I
i Term )
b [ InfoData PDO Assignment Load PDO info from device
PDO Configurati
b | Term 2 (EL7411) een Sync Unt Assignmert...
'3 ﬁj Mappings
Solution Explorer [EETNSITES

5. Select the correct entry according to the following table:

Operation mode "Predefined PDO Assignment™
CSP "Position"

Csv "Velocity"

CST "Torque"

CSTCA "Torque" "

) Additional process data need to be activated for the CSTCA operation mode. See chapter CSTCA (torque
control with commutation angle) [»_101]:
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6.3.1

CSP (position control)

CSP is the abbreviation for "Cyclic synchronous position".

A defined target position can be set via the "Target position" variable.

® Minimum cycle time

The cycle time in CSP modus must be 2*n * 125 us (where n = 1 to 8),
i.e. 250 s, 500 ys, 1 ms, 2 ms, 4 ms, 8 ms, 16 ms or 32 ms.

With the settings for the CSP operation mode, the terminal internally calculates the control loops for current,
velocity and position. The NC calculates the setpoint for the position and transfers it to the terminal.

Following error monitor

Furthermore, there is an option in CSP mode to activate a following error monitor. The following error monitor

is switched off on delivery. In all other modes this is not used and is ignored.

» The window of the following error monitor can be adjusted with the Following error window (Index
0x8010:50). The value set here — multiplied by the scaling factor — specifies by what position the actual
position may differ from the set position, positively and negatively. The total accepted tolerance is thus
twice as large as the position entered in the Following error window (see fig. Following error window).

accepted following
error tolerance

L

'l

following error

h
F 9

following error
window

following error
window

il
|

no follow

el -
L L

ing error

following error

s

v

Fig. 87: Following error window

reference position

» The time (in ms) allowed for a following error exceedance can be set with the Following error time out
(Index 0x8010:51). As soon as the target position is exceeded by more than the position entered in the
Following error window for the time entered in the Following error time out, the terminal outputs an
error and stops immediately.

« The current following error can be read in the Following error actual value (Index 0x6010:06).

The value OXFFFFFF (- 1) in the Following error window means that the following error monitor is switched
off and corresponds to the delivery status.
The Following error time out is 0x0000 (0) on delivery.
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Example of motion command with following error monitoring

A . .
' }ntIDwmg error window

target position

feedback position

L J

- L > i = following error timeout

following error

fault reaction

following error window

o

1 2

Fig. 88: Following error over time

1. When accelerating, the following error increases.

2. The set limit value for the following error (following error window) is exceeded.
The duration of the exceedance of the following error window (shown in gray in the figure above) is
shorter than the period specified in following error timeout (shown in green in the figure above).

= No error is triggered.

3. The following error decreases to zero as soon as the target position is reached.
In the event of a blockage of the axis (e.g. end stop), target position continues to run, while feedback
position stops.

= The following error increases.

4. The following error exceeds the limit value Following error window for a longer period than specified in
following error timeout.

= After expiration of following error timeout an error is triggered (fault reaction).
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6.3.2 CSV (velocity control)

CSV is the abbreviation for "Cyclic synchronous velocity".

A defined velocity can be set via the "Target velocity" variable.

6.3.2.1 Position control

With the CSV operation mode you can also control the position by using TwinCAT NC as the position
controller.

In the context of positioning tasks, however, the CSP [»_98] operation mode performs better as no bus dead
times occur between the controllers (due to the communication between terminal and NC) and all controllers
in the architecture are calculated in the same place.

6.3.3 CST (torque control)

CST is the abbreviation for "Cyclic synchronous torque”.

A defined torque can be set via the "Target torque" variable. You cannot use TwinCAT NC to specify the
torque.
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6.3.4 CSTCA (torque control with commutation angle)
CSTCA is the abbreviation for "Cyclic synchronous torque with commutation angle".

This operation mode is a torque controller like CST [P_100]. In addition the user can specify the commutation
angle.
You cannot use TwinCAT NC to specify speed and commutation angle.

The variable "Commutation angle" can be used to set an angle which is to be maintained with a defined
torque set in variable "Target torque".

The variable "Commutation angle" is located in the process data object "DRV Commutation angle", which is
not activated in the factory settings.
Activate the process data object "DRV Commutation angle" as follows:

1. Click the "Process Data" tab.
2. In the "Sync Manager" box, click "Outputs".
3. Check 0x1603 in the box "PDO Assignment (0x1C12)".

Solution Explorer A Al TwinCAT Project] = X -
@) & '| @~ | ’E General EtherCAT DC e Statup CoFE -Cnline  Diag History  Online
Search Solution Explorer (Ctrl+a) P~ Sync Manager: DO List:
R Solution TwinCAT Project1’ (1 project)
4 “i TwinCAT Project] SM Size Type Flags Index Size Name Flags 5Mm su 2
[ ﬂ SYSTEM 0 128 MexCut C1ADD 40 FB Position F 3 0
b MOTION 1 b e QA 20 DRV Statusword F 3 0
b O PLC |2 s Outpts || |oda2 20 DRVVelotyactuav.. F 0
SAFETY y = T B1AD3 20 DRV Torque actual v... F 0
E Cos <1804 20 DRV Info data 1 F 0
3 1405 20 DRV Info data 2 F 0
&l AMALYTICS
p 10 = o 1ADE 40 DRV Folowing emora...  F 3 1] v
4 % Devices PDO Assignment (<1012} PDO Content ((h1AQD);
4 == Device 1 (EtherCAT)
rg Image 2 Index Size Offs Mame Type Default (hex)
+B Image-Info 6000:11 4.0 0.0 Position UDINT
b 2 SyncUnits 40
'3 Inputs
b [ Outputs W
4 l‘ InfoData Download Predefined PDO Assignment: Torque’ >
4 |j Term 1 (EK1100) POO Assi it
p [ InfoData sianme Load PDO info from device
PDO Configurati
b | Term 2 (EL7411) (PP Corfiguration Sync Unit Assignmert...
'3 ﬁj Mappings
Solution Explorer [EETNSRINES

= If the terminal is linked with an NC axis, a dialog box appears:

LaEean

m

Process data of ‘Term 2 (EL7411)" may changed.
Relink with axis 'Axis 1'

es Mo

In the dialog box, click "No".

EL7411 Version: 1.4 101



Commissioning BEGKHOFF

6.4 Configuration of the hardware

6.4.1 Configuration of the feedback

The feedback serves to determine the relative position and velocity for the internal control. Determination of
the absolute position is not possible with the feedback.

Operation without feedback is also possible. In this case, the counter-electromotive force of the motor is
used as feedback. This operation mode is called "sensorless operation".

Select the feedback according to the requirements of the application.

Feedback Recommended use cases
No feedback » Constant high velocity
* No positioning tasks
Hall sensors » High velocity applications, e.g.:
o Fans
° pumps

o Conveyor belts
» Coarse positioning tasks
Incremental encoder (factory setting) Positioning tasks in which high synchronism is
Incremental encoders and Hall sensors required

Configure the feedback as described in the following chapters.

Permissible combinations of feedback and operation mode

Operation mode Feedback
An incremental en- |An incremental en- |Hall sensors only |No feedback
coder coder + Hall sen-
sors
CSTCA Yes Yes No No
CST Yes Yes " No No
CSv Yes Yes Yes Yes
CSP Yes Yes Yes Yes

" Enable with 0x8010:54 Feature bits = 0x100
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6.4.1.1 Feedback systems

The following subchapters describe the configuration of the different feedback systems.

6.41.1.1 Operation without feedback

Configuration
1. Set parameter 8008:12 "Encoder type" to the value "disabled".
= The input for the incremental encoder is disabled.
2. Set parameter 800A:14 "Hall sensor type" to the value "disabled".
= The inputs for Hall sensors are disabled.
3. Set parameter 8010:64,,., "Commutation type" to the value "Six-Step sensorless".
In sensorless operation, a clear switching torque is noticeable. From a certain velocity, control switches from
open loop to closed loop. The velocity at which this change takes place depends on the nominal velocity and
rated voltage. It can be calculated with the following equation.
(B011: 2E) RatedSpeed
(8011: 2F) NominalVoltage

VsensorlessControlThreshold = 4V X

6.4.1.1.2 Operation with Hall sensors

Configuration
1. Set parameter 8010:64,,, "Commutation type" to the value "Six-Step hall".
2. Set parameter 8008:12,,, "Encoder type" to the value "disabled".
= The input for the incremental encoder is disabled.

3. Configure the Hall sensors. See chapter Configuration of the Hall sensors [P_106].

6.4.1.1.3 Operation with an incremental encoder

When operating with an incremental encoder, a field-oriented control (FOC) is active.

Configuration
1. Set the parameter 8010:64,,, "Commutation type" to the value "FOC with incremental encoder".
2. Set the parameter 800A:14 "Hall sensor type" to the value "disabled".
= The input for Hall sensors is disabled.

3. Configure the incremental encoder. See chapter Configuration of the incremental encoder [P_104].

6.41.1.4 Operation with an incremental encoder and Hall sensors
When operating with incremental encoder and Hall sensors, a field-oriented control (FOC) is active.
Configuration

1. Set the parameter 8010:64,., "Commutation type" to the value "FOC with incremental encoder and Hall".

2. Configure the incremental encoder. See chapter Configuration of the incremental encoder [P_104].

3. Configure the Hall sensors. See chapter Configuration of the Hall sensors [P_106].
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6.4.1.2

Configuration of the incremental encoder

If you use an incremental encoder, configure it with the following CoE parameters:

Solution Explorer

TwinCAT Project] +

K

fa) & '| o-d | ﬁE General EtherCAT DC Process Data  Plc Startu'ag History  Online
Search Solution Explorer (Ctrl+ ) P - Tl
pdate List Auto Update [ Single Updat Show Offine Dat
&5 Solution TwinCAT Project’ (1 project] (Ao Update  [ASingle Update L] Show Offine Data
4[] TwinCAT Project1 Advanced... | |
bl SYSTEM Addto Startup... Modue OD (A0E Port): [0
b = MoTION
3 PLC Index MName Flags Value Unit Q
SAFETY + - 7001:0 FE Touch probe outputs RO >14<
Cre +-7010:0 DRV Qutputs RO 14«
ANALYTICS L S0000__ER Selincs RW  >22¢
4 1710 /- 3008:0 FB Seftings ENC RW =19
4 ‘% Devices 8008:01  Invert feedback direction RW FALSE
4 == Device 1 (EtherCAT) 8008:02 Enable power supply RW FALSE
j: Image 8008:05 Enable ENC Cinput RW TRUE
jg Image-Info 8008:11  Supply voltage output RW 00001388 (5000) my
b 2 SyncUnits 8008:12  Encoder type RW HTL single ended (4)
b Inputs 8008:13  Encoder Increments per Revolution RW 00001000 (4096)
b B Outputs — T T RW >20<
b @ InfoData +-8010:0 DRV Amplifier Settings RW > 100 <
P Ij Term 1 (EK1100) +-8011:0 DRV Motor Seﬂi.ngs RW >49 <
+-8012:0 DRV Brake Settings RW >20<
b [ InfoData
x| Term 2 (EL7411) +- 801F:0 DRV Vendor data RW »24 <
4 +- 50100 MRV Infn data RO =M« v
3 ﬁ:l Mappings
Solution Explorer BurElR s kI
Index Name Unit
8008:01,,« Invert feedback direction -
8008:02,., Enable power supply -
8008:05;., Enable ENC C input -
8008:11, Supply voltage output [»_105] mV
8008:12,, Encoder type [P_105] -
8008:13, Encoder Increments per Revolution [»_105] inc/rev
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8008:11 "Supply voltage output”

In this parameter, set the magnitude of the supply voltage for the encoder in millivolts. The value range is
2..24 V.

Switch on the supply voltage output by setting parameter 8008:02 "Enable power supply” to TRUE.

8008:12 "Encoder type"
In this parameter, set the signal type of the encoder.

An encoder must be connected if the value of this parameter is not "disabled". Otherwise, an error will be
reported in the Diag History [P 163].

"HTL single ended" is set in the factory settings.

Signal type Max. input |Current Signal level Signal level Comment
fre- sink Low High
quency |5 5 ma
disabled - - - Incremental encoder
interface disabled
Is disabled by DM2 for Six-
Step Hall
RS422 differential 5 million no Uy <-0.45V Ugs>+045V |-
inc/s
TTL single ended 1 million yes <08V >3.0V -
inc/s
HTL differential 5 million no Uy <-2V Uge>+2V |-
inc/s
HTL single ended 5 million yes <6V >92V -
inc/s
RS422 differential — 5 million no Uy <-045V U, > +0.45V |For applications in which
high impedance input inc/s the encoder signals are too
weak
TTL single ended — 5 million yes <08V >3.0V Higher signal frequency
input filters disabled inc/s possible. More sensitive to
interference.
Open collector 250,000 inc| no <08V >20V Encoder switches to ground
/s

Y with 4-fold evaluation.

8008:13 "Encoder Increments per Revolution”
Multiply the number of increments of the encoder by a factor of four. Enter the result in this parameter.

If you are using a magnetic encoder with interpolation, calculate the number of increments according to the
following equation:

increments = poles X resolution

Example:

inc inc
increments = 50 ¥ 8192 — = 409600 —
rev rew
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6.4.1.3 Configuration of the Hall sensors

If you are using Hall sensors, configure them with the following CoE parameters:

Solution Explorer AL Al TwinCAT Project] & X -
fa) & '| o-d | ﬁE General EtherCAT DC Process Data  Plc Startu[l CoE-Online  [Diag History Online
Search Solution Explorer (Ctrl+ ) P - Tl
pdate List Auto Update [ Single Updat Show Offine Dat
&5 Solution TwinCAT Project’ (1 project] (Ao Update  [ASingle Update L] Show Offine Data
4[] TwinCAT Project1 Advanced... | |
bl SYSTEM Addto Startup... Module OD (AoE Pory [0 ]
b = MoTION
b PLC Index Mame Flags Value Unit &
[ SAFETY - 7010:0 DRV Outputs RO >1d<
[ <+ #8000 FB Settings RW  >22¢
ANALYTICS s 20080 PP ceioge ENC W >19<
4 170 =1 B00A0 FB Settings Hall RW =20<
4 ‘% Devices 8004:02 Enable power supply RW FALSE
4 == Device 1 (EtherCAT) 8004:05 Enable extrapolation RW FALSE
"5 Image 8004117 Supply voltage output RW 00001388 (5000) mY
’E Image-Info 800A:12  Phasing RW A-B: 1207 /£ B-C: 1207 (1)
b 2 SyncUnits 800413 Hall commutation adjust RW 0° ()
b Inputs 800414  Hall sensortype RW open collector (1)
b B Outputs W RW > 100 <
b @ InfoData +-8011:0 DRV Motor Seﬂllngs RW >49 <
P Ij Term 1 (EK1100) +- 8012:0 DRV Brake Settings RW >20<
b @ InfoData +- 801F:0 DRV Vendor data RW 24 <
b tas| Term 2 (EL7411 +-9010:0 DRV Info data RO »21¢
e ) A0 NRV Amnlfier Dian data RO >17< i
3 ﬁ:l Mappings
Solution Explorer BurElR s kI
Index Name Unit
800A:02 Enable power supply -
800A:05 Enable extrapolation -
800A:11 Supply voltage output [>_106] -
. . o
800A:12 Phasing [»_106
. . . o
800A:13 Hall commutation adjust [»_106]
800A:14 Hall sensor type [P_106] -

800A:11 Supply voltage output

In this parameter, set the magnitude of the supply voltage for the encoder in millivolts. The value range is
2..24 V.

Switch on the supply voltage output by setting parameter 800:02 "Enable power supply" to TRUE.

800A:12 Phasing

Use the Scan Feedback [P_111] function to automatically determine this parameter.

800A:13 Hall commutation adjust

Use the Scan Feedback [P _111] function to automatically determine this parameter.

800A:14 Hall sensor type

Signal type Specification Comment

(0) disabled Hall sensor interface Is disabled by DM2 for FOC with incremental
disabled encoder

(1) Open collector 5V referenced to the Hall sensor switches to ground. Digital Hall
terminal's internal pull- |sensors must be used.
up resistor

106 Version: 1.4 EL7411



BECKHOFF Commissioning

6.4.2 Configuration of the motor and amplifier

Before integrating the motor into the NC, it is important to make some settings in the CoE objects 8010:xx
and 8011:xx. This information must be entered and, for the most part, taken from the data sheet or
measured.

Contact the motor manufacturer if any information is missing from the data sheet.

Index 8010: DRV Amplifier Settings

Solution Explorer A Al TwinCAT Project] + X =
) & '| ©-d | "'E General EtherCAT DC Procese Data  Ple Startu[l CoE-Online  [Diag History  Online
Search Solution Explorer (Ctrl+ ) P~ TrE Rt
ate List - "
5] Solution TwinCAT Project!” (1 project) pdate [JAuto Update [ Single Update [ Show Cffine Data
4 ) TwinCAT Projectl Advanced... | |
b [l svsTEM Add to Startup... Module OD (0B Porty [0 |
Index Mame Flags Value Unit &
+ 20080 FE Settings ENC RW $19¢
il % S00A0 FR Sefiinoe Ho RW  »20<
ANALYTICS = 8010:0 DRV Amplfier Settings RW >100 <
4 110 8010:01  Enable TxPDOToggle RW FALSE
4 #‘é Devices 8010:02 Enable input cycle counter RW FALSE
4 = Device 1 (EtherCAT) 2010:04 Repeat find commutation RW TRUE
"E Image 8010:05 Enable cogging torque compensation RW FALSE
": Image-Info 801012 Curent loop integral time RW ecD00A (10} 0.1ms
b 2 SyncUnits 8010:13  Curment loop proportional gain RW x000A (10) 0.1 WA
b Inputs 8010:14  Velocity loop integral time {cument mo... §RW 00000032 (50) 01ms
b B Outputs 8010:15  Velocity loop proportional gain (cumen... §RW 00000014 (20) wA("/8)
b [ InfoData 8010:17  Posttion loop proportional gain RW 0000000A (10) sl
4 I.i T 8010:19  Mominal DC link voltage RW (0000BB20 (48000) mv
i Term 1 (EK1100) R
b I InfoData 2010:1A  Min DC link voltage RW c00001A90 (6800) my
434 Terrms 2 (EL7411 8010:1B  Max DC link voltage RW <0DODEAGD (60000} my/
4 _J el ) 01029 Amnlifier 17T wam lavel RW A0 {8 % R
3 ﬁj Mappings
Solution Explorer SR RSTITEY
Index Name Description Unit
8010:04 Repeat find This parameter is only relevant if you are using an incremental |-
commutation encoder.
If this parameter is TRUE, the commutation angle is
determined each time the axis is released.
If this parameter is FALSE, the commutation angle is
determined only if it is necessary, e.g. after a power cycle of
the terminal.
8010:19 Nominal DC link |Here, enter the magnitude of the load voltage in millivolts that | mV
voltage you have connected at terminal points 7' and 8'.
Value range: 8...48 V.
8010:64 Commutation type |Set feedback. -
See chapter Configuration of the feedback [»_102].

" There are scenarios in which commutation determination must be repeated as soon as the orientation of
the feedback to the motor is no longer known. Possible causes are a power cycle of the encoder or an
interim change of operation mode.
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Index 8011: DRV Motor Settings

| solution Explorer A Al TwinCAT Project] + X

G& =} '| Y@' = & | ﬁIEI General EtherfCAT DC Process Data  Plc Startu[l CoE-Online  [Diag History Online
Search Solution Explorer (Ctrl+ ) R - Tl
ate List i i
n'j Solution TwinCAT Project!’ (1 project] paate [N Auto Update [~ Single Update [ Show Cffine Data
4 ] TwinCAT Project1 Advanced... | |
b | SvSTEM Addto Startup.. Module OD (AoE Porty [0 ]
Index Mame Flags Value Unit ~
—1-8011:0 DRV Motor Settings RW >49 <«
8011:11 Max cument RW 00001770 (6000) mA
[ AnALYTICS 801112 Rated curert RW (D0D0O3ES (1000) mA
4 110 8011:13  Motor pole pairs RW e (1)
4 *f'g Devices 8011:16  Torgue constant RW 00000032 (50) mMim./A
4 == Device 1 (EtherCAT) 8011:18  Rotor moment of inertia RW (00000064 (100) gecm™2
": Image 8011:19  Winding inductance RW 0064 (100) 0,01 mH
"E Image-Info 801118 Motor speed limitation RW c000136A0 (100000) 1/min
b 2 SyncUnits 8011:25 12T wam level RW x50 (30) %
b Inputs 8011:2A 12T ermor level RW 663 (105) %
b Outputs 8011:2D  Motor thermal time constant RW 0028 {40) 01s
b [ InfoData 8011:2E  Rated speed RW x000003ES (1000) 1/min
a4 i T 8011:2F  Rated voltage RW (00D0BBB0 (48000) mb/
§ Term 1 (EK1100) 8011:30  Windi i RW 000003ER (1000] Oh
b @ InfoData : inding resistance { ] mOhm
8011:31  Voltage constant RW 0000BBB0 (48000) VA1 min)
4 Iﬂ Term 2 (EL7411) e D 4 RW b | B
3 ﬁj Mappings — T
Solution Explorer SIEETRSTIRIEY
Index Name Description Unit
8011:11 Max current The maximum peak value of the winding current. mA
This value is the maximum current with which the motor can be
loaded for a short time.
8011:12 Rated current The nominal current of the motor. mA
The nominal current is the maximum current with which the
motor can be permanently loaded.
8011:13 Motor pole pairs  |Number of pole pairs. " -
If only the number of poles is specified in the data sheet, divide
this value by two to get the number of pole pairs.
8011:16 Torque constant |Output torque per current intensity. mNm/A
8011:18 Rotor moment of | The moment of inertia from the point of view of the motor. g cm?
inertia Enter the entire moment of inertia of the rotor and the
associated mechanism.
8011:19 Winding The winding inductance. mH
inductance You can have this value measured automatically. See chapter
Scan Motor [P_110].
8011:2D Motor thermal The thermal time constant of the winding. 01s
time constant This value is relevant for the calculation of the 12T model.
8011:2E Rated speed The nominal speed of the motor at the nominal voltage. " rpm
8011:2F Rated voltage The nominal voltage of the motor according to the mV
manufacturer's specification.
8011:30 Winding The winding resistance, measured between two motor phases. |mQ
resistance You can have this value measured automatically. See chapter
Scan Motor [P_110].
8011:31 Voltage constant |The voltage constant of the motor. " pV / min™
The counter-electromotive force of the motor depends on the
speed. The voltage constant establishes a relationship
between the two values.
This value is important for the correct control of the motor.
Y For linear axes, see chapter: Special case - linear axis [»_109].
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6.4.2.1 Special case - linear axis

For linear axes, the following parameters differ from the parameters described in the chapter Configuration

of the motor and amplifier [»_107]

8011:13 Motor pole pairs

Set this parameter to the value one.

8011:2E Rated speed

Convert the rated speed to an equivalent rated speed of rotation.

Vrated 5

n = X 60
rated T 3 x pole pitch min

The pole pitch corresponds to the half pole pair spacing and is therefore multiplied by two in this equation.

Example:

* Rated speed v g = 544 mm/s
* Pole pitch =16 mm

e
.. = — X 60— =1020 rpm
rated 2¥16mm min P

8011:31 Voltage constant

Convert the voltage constant k, as follows. Note the units.

kesnar 75
edinear m;’s “V
k., = 1000 7im - * 1{}{}{]000?
2 X pole pitch [mm] min
Example:

* Pole pitch =16 mm
» Voltage constant k, = 6.8 V/(m/s)

Vv
6.8 ——
v I
k, = m/s x 1000000 — = 3627 2

1000 mm 5 Vv rpm

o —— X 60—

Z2X16mm min
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6.4.3

EL7411 can scan existing hardware automatically. Certain parameters of the hardware are determined and
stored in the corresponding entries in the CoE.

Scanning the hardware

@ Different procedure with TwinCAT 2
1 » See chapter Scanning the hardware with TwinCAT 2 [»_113].

6.4.3.1 Scan Motor

The following parameters are determined during the "Scan Motor" procedure:
* The winding inductance of the motor: parameter 8011:19 "Winding inductance".
» The winding resistance between two phases of the motor: parameter 8011:30 "Winding resistance".
« Initial values for the current controller, velocity controller and position controller.

Executing the scan

A CAUTION
The motor shaft moves during the scan procedure
Injuries and damage to property are possible.
* Maintain a safe distance to the motor and the moving mechanism.

 Ensure that the motor shaft can move freely.

1. Ensure that all other motor parameters are set correctly. See chapter Configuration of the motor and

amplifier [»_107].
2. Write the command 0x8007 to the register FB00:01 "Request".

Solution Explorer

a Ol TwinCAT Project] & X -

G& aH '| Y@ = | ’E General EBtherCAT DC Process Data  Flc Startufd CoE -Cnline  iag History Online
Search Solution Bxplorer (Ctrl+ ) P~ -
&1 Solution TwinCAT Project!’ (1 project) Update List [ Auto Update Single Update [] Show Offline Data
4 ) TwinCAT Project1 Advanced.. | |
> @l SYSTEM Addto Startup... Module OD (AoE Port): [0
3 MOTION i
4 PLC Indes Name Flags Value Unit "
3] SAFETY + ADI1:0 DRV Motor Diag data RO >17<
Bel C++ #-FOD0D  Modular device profile RO >2<
ANALYTICS FoOR Code word RW 00000000 (D)
4 [Fo + FO100 Madule list RW 53¢
a ﬂ% Devices +- F0&81:0 Download revision RO 1<
4 == Device 1 (EtherCAT) F023 BTN RO
+B Image +- FE00:0 FAN Inputs RO »1<
*B |mage-Info +- F700:0 FAN Outputs RO 31«
b 2 SyncUnits G P2000 LAN Settings B el
b Inputs =1 FBOD:0 Command RO >3<
b [ Outputs FBOD:01  Request RW 00 00
b ifobits o003 Rt o wwmo0w
4 [[f Term1 (EK1100 : SSponse
. o T = —
b 'ﬂ Term 2 (EL7411) +- FB40:0 Memory inteface RO >3« .
4 ﬁﬁ Mappings
Solution Explorer QNSRS

= The scan runs.

= The value of the register FB00:02 "Status" shows the progress of the scan. The values 1004...199.
correspond to 0... 99 %.

3. Wait until the register FB00:02 "Status" has one of the following values: 0, 1, 2, 3.
= Value 0: The scan has been successfully completed.

= Value 3: Error. See chapter Error diagnosis [»_113].
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6.4.3.2 Scan Feedback

The following parameters are determined during the "Scan Feedback" procedure:
» The counting direction of the encoder: parameter 8008:01 "Invert feedback direction".
» The arrangement of the Hall sensors in the motor: parameter 800A:12 "Phasing".
« The commutation offset of the Hall sensors: parameter 800A:13 "Hall commutation adjust".

The following parameters are checked for plausibility during the scan procedure:
+ 8008:13 "Encoder increments per Revolution"
* 8011:13 "Motor pole pairs"

Executing the scan

A CAUTION
The motor shaft moves during the scan procedure
Injuries and damage to property are possible.
* Maintain a safe distance to the motor and the moving mechanism.

» Ensure that the motor shaft can move freely.

1. Ensure that all other feedback parameters are set correctly.
See chapter Configuration of the feedback [»_102].

2. Ensure that all motor parameters and amplifier parameters are set correctly.
See chapter Configuration of the motor and amplifier [»_107].

3. Write the command 0x8008 to the register FB00:01 "Request".

Solution Explorer

Ml TwinCAT Project] & X

m aH '| Y@ - a | ’E General EtherCAT DC Process Data  Plc Startufd CoE -Cnline  Piag History Online
Search Solution Explorer (Ctrl+a) P~ -
1 Solution TwinCAT Project (1 project) Update List [ Auto Update Single Update [[] Show Offine Data
4 ] TwinCAT Project! Advanced... | |
b [l SYSTEM Add to Startup.. Module OD (Ao Port):
b MOTION § -
4 PLC Index Name Flags Value Unit ~
(5] SAFETY +“ ADT10 DRV Motor Diag data RO >17<
Bell C++ #-FOD0D  Modular device profile RO 52¢
ANALYTICS FoDg Code word AW 00000000 (0)
4 [Fo +- FO10:0 Module list RW >3¢
4 % Devices +- FO81:0 Download revision RO >1<
4 == Device 1 (EtherCAT) FD33 BTN RO
*B Image +- F600:0 FAN Inputs RO >1¢
+B |mage-Info +- F700:0 FAN Outputs RO =1z
b 2 SyncUnits 00D Lol 2atings S Sl
b Inputs = FBOD:0 Command RO >3«
b B Outputs FEOD:01  Request RW 00 00
W foDui FB0003 Ao AT
4 [li Term1 (EK1100 : sshorss
. e rET—rrere - -
b 'ﬂ Term 2 (EL7411) +- FB40:0 Memory interface RO >3« .
i3 ﬁj Mappings
Solution Explorer [EETNSTGIES

= The scan runs.

= The value of the register FB00:02 "Status" shows the progress of the scan.
The values 100,...199,, correspond to 0... 99 %.

4. Wait until the register FB00:02 "Status" has one of the following values: 0, 1, 2, 3.
= Value 0: The scan has been successfully completed.

= Value 3: Error. See chapter Error diagnosis [P_113].
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6.4.3.3 Scan Motor Cogging

When moving the motor, position-dependent torque fluctuations occur due to the cogging torques between
the magnets. This can be compensated by determining appropriate cogging coefficients in the control. The
"Scan Motor Cogging" function determines and saves these coefficients (8010:61). It is a good idea to add

the measured cogging coefficients to the start-up list after a successful scan.

Executing the scan

A CAUTION

The motor shaft moves during the scan procedure
Injuries and damage to property are possible.

» Maintain a safe distance to the motor and the moving mechanism.

» Ensure that the motor shaft can move freely.

Requirements

 Stable operation in the CSP operation mode. See chapter Selection of the operation mode [P 96].

* An encoder is connected and configured.

» The encoder has at least 256 increments per revolution.

1. Remove any load from the motor shaft.
2. Write the command 0x8009 to the register FB00:01 "Request".

Solution Explorer

= The scan runs.

A S Ol TwinCAT Project] + X

fah B - | ©-a | » |E| General EtherCAT DC Process Data Plc Startufl CoE -Cnline  Piag History  Online
Search Solution Explorer (Ctrl+a) P - -
7] Solution TwinCAT Project” (1 project) Update List [ Auto Update Single Update [ ] Show Offiine Data
4 [J] TwinCAT Project1 Advanced... | |
b [l SYSTEM Addto Statup.. Module OD (foEPort): [0 |
b MOTION
4 @ PLC Index Name Flags Value Unit
[| SAFETY +- ADT1D DRV Motor Diag data RO 517 <
el - £ FO000  Moduiar device profil RO >2¢
ANALYTICS Fo08 Code word RW 00000000 (0)
4 170 +- F010:0 Module list RW »3<
4 "E Devices +- F081:0 Download revision RO 1«
4 == Device 1 (EtherCAT) FO83 BTN RO
*B Image +- F600:0 FAN Inputs RO >1«
*5 Image-Info +-- F700:0 FAN Outputs RO 1«
b 2 SyncUnits + 0 LAN Settings By a7 <
b Inputs - FBOD:0 Command RO >3«
b B Outputs FEOO:01 Request RW 00 00
b [ InfoData FBOD:0Z  Status RO (00 (D)
4 |j Term 1 (EK1100) FBOD:03 Response RO 00 00 00 00 0D 00
G L0 ol e 3wl e
E a r;rirli);t?ELTdﬂ] +- FB40:0 Memory inteface RO >3«
'3 ﬁj Mappings
Solution Explorer [EETNSITES

= The value of the FB00:02 register shows the progress of the scan.
The values 1004...199,. correspond to 0... 99 %.

3. Wait until the register FB00:02 "Status" has one of the following values: 0, 1, 2, 3.
= Value 0: The scan has been successfully completed.

= Value 3: Error. See chapter Error diagnosis [»_113].

4. Check Diag History: the error 0x8420 means that the controller is insufficiently optimized.

You can enable cogging compensation in the CoE parameter 8010:05 "Enable cogging torque

compensation"”.
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6.4.3.4 Error diagnosis

After a scan procedure is completed, an exit code is available on the tab FB00:02 "Status". If the exit code is
3, an error has occurred. Evaluate the tab FB00:03 "Response" using the following table:

Response Meaning Comment

xx 00 01 00 00 00 Invalidstartupstate The axis is enabled.
A scan procedure is only possible if the axis is not
released.

xx 00 02 00 00 00 Timeout Timeout during the scan procedure.

xx 00 03 00 00 00 Driveerror An error has occurred. Check the Diag History
[»_163].

xx 00 04 00 00 00 Invalid EtherCAT state EL7411 is not in EtherCAT OP state.

An error does not need to be acknowledged. If a scan was aborted with an error message, you can simply

start a new scan.

6.4.3.5 Scanning the hardware with TwinCAT 2

In TwinCAT 2 a decimal or hexadecimal input of the commands is not possible. Enter the commands in the

"Binary" field.

SetWalue Dialog

sl

Bool [ o [ 1

[ HexEdit.. |

Einary: I 07 a0 I

Bit Size: ©1 O @16 ©R O O7

2

Use the following values for the commands in the "Binary" field:

Command Value "Binary"
Scan Motor 07 80
Scan Feedback 08 80
Scan Motor Cogging 09 80

EL7411

Version: 1.4
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6.5 Commissioning with the TwinCAT NC

6.5.1 Integration into the TwinCAT NC

You can only use the TwinCAT NC for the CSP and CSV operation modes.

Adding an axis automatically

» Once the terminals have been scanned successfully, TwinCAT detects the new axes automatically.
The user is asked whether the detected axes should be added
automatically (see Fig. Axis detected). If this is confirmed, all axes are automatically liked to the NC.

| Untitled - TwinCAT System Manager 3] x

File Edit Actions  View Options Help
D SR+ 2RR(H2 | T aFE BT 2|([BQE e €7 T

- Bl SYSTEM - Configuration = ; : ;
NC - Canfiquration ENEra | .&dapterl EtherCaT | Dnllnel CokE - Dnllnel
PLIC - Configuration ’
Cam - Configueation Marme: IDewce 2 [EtherCAT] Id: |2
E|. Lo - onﬁgraticun T |EtherD&T
Eﬁ I||'|Z_:| Dievices
| [ Device 2 (EtherCAT) Comment: ;I
-fﬁ Mappings
.-
[ Digabled Create symbals [
TwinCAT System Manager =l
\?2 EtherCAT drivels) added. Append linked axis ko NC-Configuration
Yes Mo |
|
Humber | Box Mame | Address | Type | In Size | it Size | E-Eus {m#) |
| Server (Pork) | Timeskamp | Messane |

Fig. 89: Axis detected

» Several parameters have to be set before the motor can be started up. The values can be found in
section "Configuration of the main parameters".
Please set these parameters before continuing with the motor commissioning procedure.

Adding an axis manually

« First add a new task. Right-click on NC configuration and select "Append Task..." (see Fig. Adding a
new task).

* Rename the task if required and confirm with OK.
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=B SYSTEM - Canfiguration

s Cam - Configuration

I - Canfiguration

Elﬁ 110 Devices

5= Device 2 (EtherCAT)
-I- Device 2-Image

=f= Device 2-Image-Info

(- T Inputs
‘.I, Cutputs

@ InfoData
- Term 1 (EK1100)
g5 Mappings

Fig. 90: Adding a new task

General |

TwinCAT Swstem Manager
- v2.11 (Build 2203)
TwinCAT NC Server
Server currently not available

Copyright BECKHOFF @ 1936-2011
hittp: Ao, beckhoff com

» Right-click on Axes, then add a new axis (see Fig. Adding a new axis).

SYSTEM - Configuration
=1 N - Configuration
E1-[B1 NC-Task 1 SAF
MC-Task 1 SWE
=$= NC-Task 1-Image

- PLC

----- R Cam - Conf
=8 1o - Confic

Bl Expott Channel,,,

B 1O Der & Import Axis...

] 5 Des

+ il Change Id...

-I- Device 2-Image-Info
%T Inputs

Iﬂ ‘l Oukputs

F-§ InfoData

B Term 1 (EK1100)
i"ﬁ Mappings

Fig. 91: Adding a new axis

General | Orline |

h e I.-’-‘«:-:es
Tupe: INI: Hugis List

Comment:

™ | Dizabled

» Select Continuous Axis type and confirm with OK (see Fig. Selecting and confirming the axis type).

Insert NC AXis

Marne: fsis 1

Type: Continuous

] X

bALiltiple: |1 :I 0K I
Cancel |

Comment;

I Append obisct(z)

Fig. 92: Selecting and confirming the axis type

« Left-click your axis to select it. Under the Settings tab select "Link To..." (see Fig. Linking the axis with

the terminal).

EL7411
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- B SvSTEM - Configuration
=B8R NC - Configuration

General  Seftings I F'arameterl Dynamicsl I:Inlinel Funu:tiu:unsl Eu:uuplingl Eu:umpensatiu:unl

=-[B1 NC-Task 1 SAF
o MC-Task 1 SYB

| Link To [all Types)... |

fooedm NC-Task 1-Image

[ Tables

oM Axes

- Ais 1

B PLC - Configuration
----- B Cam - Configuration
=M 1jo - Configuration
=B /O Devices

Lt

mm X

Pozition:

Welocity:

Digplay [Only]

apping wia Encoder and Drive)

[ pm [T hodulo

™ mmdmin

: -7 Device 2 (EtherCaT)

— "

Fig. 93: Linking the axis with the terminal

+ Select the required terminal (CANopen DS402, EtherCAT CoE) and confirm with OK.

Select 1/0 Box/Terminal

Type I M arne

I Cornmert

[nione]
Tem 7 [EL7201] B 'Semo interface’
Term 4 [EL7031] # 'Stepper interface’

[Fione]

CaMopen D540z2, EtherCAT CoE
Stepper Dirive [MDP 703)
Stepper Drive [MOP 703)
Stepper Dnve [MDP 703)

DC Drive [MDP 733

DC Drive [MDP 733

DC Drive [MDP 733

DC Drive [MDP 733

Tem 6 [EL7041] 8 'Stepper interface’

Term 5 [EL7041-1000] # 'Stepper inte..

Temn 2 [EL7342] # 'Ch 1 - DC motar ..
Termn 2 [EL7342) #'Ch 2 - DC motar ...
Temn 3 [EL7332) 8 'Ch 1 - DC motar ..
Temn 3 [EL7332) 8 'Ch 2 - DC motar ...

EL7201 1k, MDP742 Servo-b oty
ELV021 1K, Schrittrmotor-E ndztub
EL7047-1000 1k Schrittrnatar-Er
ELY0471 1K, Schrittmotor-E ndstub
ELY342 2K, DC-Motor-Endstufe [
ELY342 2K. DC-Motor-Endstufe [
ELY332 2K. DC-Motor-Endstufe [
ELY332 2K. DC-Motor-Endstufe [

4 | 10
& Unused
Al Cancel |

Fig. 94: Selecting the right terminal

« All main links between the NC configuration and the terminal are set automatically (see Fig. "Automatic

linking of all main variables")
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B “ SYSTEM - Configuration
= - MNC - Configuration
=-[Ba MC-Task 1 S&F
NC-Tack L SVE
adm NC-Task 1-Image
7] Tables
Bl - Axes
[+l i 1
- B PLC - Configuration
BB Cam - Configuration
= 1/ - Configuration
= B 10 Devices
[=]-%= Device 2 (EtherCAT)
<%= Device 2-Imags
~udm Device 2-Image-Info
[+ T Inputs
- §l Outputs
#-§ InfoData
B Term 1 (EK1100)
- § InfoData
(- "] Term 2 (EL7342)
[ "3 Term 3 (EL7332)
[+-"%] Term 4 (EL7051)
[ 8] Term 5 (EL7041-1000)
[#- "% Term 6 (EL7041)
[+ "8 Term 7 (EL7201)
Bl Terms (EL9011)
-~ Eg Mappngs

Genetal | EtheCAT | DC | Process Data | Startup | Cof - Orine | Diag History | Orine |

Hame: |Temn 7 EL7201) & |7
Type: IEL?Z[H 1K. MDP742 5 esvo-MotarE ndstufe [EJ'.V 44)
Comment; =]
H
™ Disabled Createspmbol [T
aes : LIRS L
& Poskion % Dx51574780(1364... UDINT 4.0 119.0 Input o ninDatal . Axs 1_Enc_In .
&1 Statusword A D060 (96) LINT 2.0 123.0 Input 0 riSkatusl, rSkatus?
&1 WicStake %0 BOOL 0.1 1522.3 Input 1] riskatus4, nStaktus4
ST State 00004 (4) LINT 2.0 1615.0  Input 0
#1 Adsaddr ACI0D0SEBO301 .., AMSADDRESS 5.0 1617.0 Input 1]
1 netld AC 100SEB O3 01 ARRAY [D..... 6.0 1617.0  Input 0
@ metld[0] OxAC (172) LSINT 1.0 1617.0 Input 1]
@l retid 1] (10 (16) USINT 1.0 1618.0 Input 0
T retld(2] 005 (5) USINT 1.0 1619.0  Input 0
9T netid] 3] OER (232) USINT 1.0 1620.0  Input 0
ST netid 4] 003 (3) USINT 1.0 16210  Input 0
T net1d[s] 001 (1) USINT 1.0 1622.0  Input 0
Ol part O03EF (1007) UINT 2.0 1623.0 Input 1]
STchno 000 (0} USINT 1.0 1625.0  Input O
ST Chni 001 (1) LSINT 1.0 1626.0 Inpuk 3]
T Deoutputshift ¥ 000008928 (474000  DINT 4.0 1627.0  Input 0 ADEOUbpUETime . Axis 1_D.
&1 DeInputshift ¥ 000795804 (7952...  DINT 4.0 1631.0 Input 1] nlcInputTime |, Axis 1_En,.
& Controlword ¥ 00000 (0) LINT z.0 119.0 Output 0 rChll, nctriz
. Target velority # Oe00000000 (0 DINT 4.0 121.0 Qutput 0 nutData2 . Axis | _Drive,.

-

Fig. 95: Automatic linking of all main variables

» Several parameters have to be set before the motor can be started up. The values can be found in
sections "CoE settings" and "NC settings".
Please set these parameters before continuing with the motor commissioning procedure.
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6.5.2 Configuration of the TwinCAT NC

The TwinCAT NC can be configured by parameters. A complete description of the parameters of the
TwinCAT NC can be found in the Documentation of the TwinCAT functions TF50x0 or on our website:
https://www.beckhoff.de/tf5000.

Set the following parameters carefully:

Basic unit
This setting defines the units of the parameters of the axis.

You can find this setting at:
NC Axis > "Settings" tab > drop-down menu "Unit".

Solution Explorer A Al TwinCAT Project] + X -
G& 0. ~ | CRg-] | ﬁ IEI Genergl Settings WParameter Dynamics Online  Functions Coupling Compensation
Search Solution Explorer (Ctrl+ ) R -
Link Ta 1/O... [Tem 2 (EL7411) # 'Serva interface’ |
] Solution 'TwinCAT Project1’ {1 project)
4 o] TwinCAT Project Link To PLC... | |
b @l SYSTEM
4 MOTION Pz Type: CANopen D5402/Profile MDP 742 (e g. EtherCAT CoE Drive) ~
y NC-Task 1 SAF )
[E1 NC-Task 15VB I Unit: * R |I Display {Onty)
% Image Position: [ ]m*® [ Modulo
(] Tables Velocity: [ */min
[ Objects
4 " Result
b2t Aas ] Position: Velocity: Acceleration: Jerk:
b
: s /a2 /a3
e K K K |
Q T+
AMALYTICS Hodg Cycle Time / Access Divider
3 /0 Divider: 1 3 Cycle Time {ms):
Modulo: 0 =
Solution Explorer SIEETRSTIRIEY

« For rotary movements, select ° or "Degree".
* For linear movements, select mm or m.
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Reference velocity and maximum velocity

You can find these parameters at:
NC Axis > "Parameters" tab > "Reference Velocity" and "Maximum Velocity"

Solution Explorer W Al TwinCAT Project] R X -
{ O~ o~

= fa) & | ©-g |ﬁ|E| General Setting  Parameter Ewnamics Online  Functions Coupling Compensation

Search Solution Explorer (Ctrl+ ) P -

&1 Solution "TwinCAT Project’ (1 project)

’_ Parameter Offline Value Online Value |T Unit

4 ] TwinCAT Project!
3 ﬂ SYSTEM Reference Yelocity 2200.0 F | ®fs
4 MOTION Maximum Velocity 2000.0 F|=/s
“ NC_TESk1 SAF dLiuT LAy LA TS
[ NC-Task 15VB : :
Y Maximum Deceleration 15000.0 F ®/s2
27 Image
7] Tables + | Default Dynamics:
li‘ Objects +  Manual Motion and Homing:
A | + | Fast Awis Stop:
Axis 1
b b et Auis | +  Limit Switches:
SAFETY + | Monitoring:
E C++ + | Setpoint Generator:
ANALYTICS + |NCI Parameter:
b 170 + | Other Settings:

Download Upload | BgandAl | | Collapse &l | [ SelectAl |

Solution Explorer BurElR s kI

Recommendation: enter the rated speed or rated velocity for the "Reference Velocity".

Dynamics

You can find the dynamics parameters at:
NC Axis > "Dynamics" tab

Solution Explorer o' Bl TwinCAT Project] & X =
¢ B~ m-a :

I G& =5 | o~ a | ﬁ|£| General Settings F‘arclmetnline Functions Coupling Compensation

Search Solution Explorer (Ctrl+ ) P~

(@) Indirect by Acceleration Time

] Solution ‘TwinCAT Project!’ (1 project) Maodmum Velocity (V ma ) 2000 e
4 L TwinCAT Projectl )
b ﬂ SYSTEM Acceleration Time: 2 H
i MOTION Deceleration Time: [“lasabove |2 H
4[] NC-Task 1 54F smoath stif
[B1 NC-Task 1 5VB Acceleration Characteristic: |
=8 Image ) .
Qe+ Deceleration Characteristic:
[ Tables )
@ Objects alt): AN I\ 1
AI_‘*hﬂu— . vit): A7 e ~
b B Axis 1
b O () Direct
SAFETY Acceleration: |15DD | /a2
b -+ Deceleration: as above |15DD | */s2
& anavTics
=TS Jerk: 2250 [
Download Upload

Solution Explorer BRGNSV

Set the acceleration time and deceleration time: "Acceleration Time" and "Deceleration Time".

Select the ramp curve using the sliders.

EL7411 Version: 1.4 119



BECKHOFF

Commissioning

Encoder scaling factor for rotary axes

You can find these parameters at:
NC Axis > "Enc" > "Parameters" tab

Solution Explorer Al TwinCAT Project] -+ X< -
ey | T . o
G & | © - o | » |E| General NC-Fncode Faremeter Kime Compensation  Online
Search Solution Explorer (Ctrl+ ) P -
. . . . Paramet Offline Vall Online Val T Unit L
] Solution "TwinCAT Project!’ (1 project) SR - SR g lifen
4 “i TwinCAT Project] - | Encoder Evaluation:
b ﬂ SYSTEM EALGE ~| B
4 MOTION Scaling Factor Numerator 0.0001 F #INC
“ NC-Task 1 5AF Scaling Factor Denominator (default: 1.0) 1.0 F
[ NC-Task 15VB
35 Image u r
[77] Tables Meodule Factor (e.g. 360.0%) 360.0 F
@ Objects Tolerance Window for Modulo Start 0.0 F
4 :i' Axes ) Encoder Mask (maximum encoder value) | OxFFFFFFFF D
“ Encoder Sub Mask (absolute range maxim... (x0D0FFFFF D
b ¥, Enc
Reference System 'INCREMEMTAL' LI E
Ty, Ctrl Limit Switches:
b Inputs Soft Position Limit Minimum Monitoring | FALSE ~| B
_ b Outputs Minimum Position 0.0 F
4 PLC S -
SAFETY Soft Position Limit Maximum Monitoring | FALSE LI B
Q Co+ Maximum Position 0.0 F hd
ANALYTICS Download Upload Expand All Collapse Al Select All
b o]
Solution Explorer BurElR s kI

The encoder scale factor is specified as a fraction. There is a parameter for the numerator and a parameter
for the denominator.

* Numerator: "Scaling Factor Numerator"
* Denominator: "Scaling Factor Denominator"”

The value for the encoder scaling factor depends on whether you are using an incremental encoder:

» For operation with an incremental encoder:
o "Scaling Factor Numerator": 360°

o "Scaling Factor Denominator": The resolution of the incremental encoder multiplied by a factor of
four.
Unit: Increments per revolution.
Example with 1024 increments: 1024 x 4 = 4096

» For operation without incremental encoder:
o "Scaling Factor Numerator": 360°
> "Scaling Factor Denominator": 65536

Encoder scaling factor for linear axes
» "Scaling Factor Numerator": 1 mm
» "Scaling Factor Denominator":
o Convert the resolution of the incremental encoder to Inc/mm.
o Multiply the resolution by a factor of four.
o Enter the result in the parameter "Scaling Factor Denominator".

Example:

The resolution of the incremental encoder is specified as 512 Inc / (2 mm). This corresponds to
256 Inc / mm.
For the "Scaling Factor Denominator”, enter: 256 x 4 = 1024.
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Output scaling for velocity

You can find this parameter at:
NC Axis > "Drive" > "Parameters" tab

Solution Explorer Al TwinCAT Project] -+ X< -
(e B~ |

- =r | ©-g | ﬁE General NC-Drivgl Parameter Ilme Compensation

Search Solution Explorer (Ctrl+ ) P~

’_ Parameter Offline Value Online Value |T Unit

+ | Output Settings:

] Solution "TwinCAT Project!’ (1 project)
4 ] TwinCAT Project!

4 ﬂ SYSTEM Position and Velecity Scaling:
4[] MOTION i ition 10 ;
4 NC-Task 1 SAF Output Scaling Factor (Velocity) 1.0 F I
[ NC-Task 15VB
35 Image 1Tyl ey p—
] Tables Minimurn Drive Qutput Limitation [.. | -1.0 F
li‘ Objects Mazximum Drive Output Limitation [... 1.0 F
4 T Axes + | Torgue and Acceleration Scaling:
Axis 1
4 B s + | Optional Position Command Outpu...
I 2] Drive +  Other Settings:
4 Inputs
bl Outputs
b [ PLC
SAFETY
ﬂ C++
b SEALW'CS Download Upload | BqandAl | | Colapse Al | | Select Al

Solution Explorer BurElR s kI

The output scaling of the velocity is only relevant for the CSV operation mode.

The calculation depends on whether you are using an incremental encoder:

» For operation with an incremental encoder:

360

output scaling = ® 125
tp g increments ¥ 4

Example: for an encoder with 1024 increments per revolution, the output scaling is 10.98632813.

» For operation without incremental encoder:

360
output scaling = T ® 125 = 0.6866455078
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6.5.3

Step 1: Preparation
1. Activate configuration.

Execution of a test run

TwinCAT Project - TcXaeShell (Administrator)

File  Edit Project
ie-0|B-n-%k
% Build4024.11 (Loaded) ~ = +

View Build

Solution Explorer > qx
co@E-o-a|m=
p-
] Solution TwinCAT Project1' (1 project)
4 o TwinCAT Projectl
b |l SYSTEM
4 MOTION
y NC-Task 1 SAF
[Br NC-Task 15VB
j,, Image
[ Tables
[E] Objects
St Axes
4 Bk Axis 1
b 4, Enc
b =l Drive
Tay, Ctrl
b Inputs

W Outputs
PLC

SAFETY
D C++

& AnaLyTics
b 110

Solution Explorer

Search Solution Explorer (Ctrl+ )

Team Explorer

Debug
3{,|:'|—.||5'_‘||'9v("v|ﬁelease -

8|2 [@][®]%. & | twincaT project: -

¥

Scope  Tools  Window  Help
TwinCAT RT (x86) = b Attach.. ~

& | Quick Launch (Ctrl+0)

TwinCAT  TwinSAFE  PLC

Team

<Local> -
TwinCAT Project3 ® X
MC-Drive

’_ Parameter Offline Value Online Value |— Unit

+ | Output Settings:

General Parameter Time Compensation

Position and Velocity Scaling:

Output Scaling Factor (Position)
Output Scaling Factor (Velocity)
Output Delay (Velocity)

Minimurn Drive Qutput Limitatio... | -1,
Maximum Drive Output Limitatio...
Torque and Acceleration Scaling:
Optional Position Command Out...

Other Settings:

Download Upload | BpandAl | | Collapse Al | [ SelectAl |

4 Add to Source Control =

2. Click on the axis and select the "Online" tab.

Solution Explorer
co@t-|e-a| s
Search Solution Explorer (Ctrl+) P
] Solution TwinCAT Project!’ (1 project)
4 o TwinCAT Project
b | SYSTEM
4 |2 MOTION
4 NC-Task 1 SAF
[Z1 NC-Task 1 5VB
j: Image
[ Tables
[ Objects
P
b Bt Axis
SAFETY
E C++

& anarymics
b o]

Solution Explorer EEtf sty

TwinCAT Project] + -
General Settings Paremeter [ynamig unctions Coupling Compensation
Setpoint Pozition: [rnm]
Lag Distance [min/max].  [rm]  Actual Velociy: [mmds] Setpoint Velocity:  [mms]
Owveride: [%] Total / Control Output: [%] Errar:
Status (og.) Status {phys.) Enabling
Ready MNOT Moving Coupled Mode Controller Set
Calibrated Moving Fw In Target Pos. Feed Fw
Has Job Maving Bw In Pos. Range Feed Bw
Controller Kv-Factor: [romnz<mim] Feference Yelocity: [rm'z]
0 y 0
Target Position: [rrirm] Target Welocity: [rm.'z]
0 y 0
— | = 4| ++ ) ® | —e
F1 FZ =3 F s i F& F9

3. Move the motor shaft by hand to check the configuration of the encoder.
Does a relative movement of 360° actually correspond to a full revolution of the motor shaft?

= If not: check the scaling factor. See chapter Configuration of the TwinCAT NC [»_118], section

"Scaling Factor".
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Step 2: Performing a test run

A CAUTION
The motor may behave differently than expected
Injuries and damage to property are possible.

» Before the test run, ensure that no one is injured during any movements of the motor shaft and that no
damage is caused.

1. Release the controller: click "Set" and then click "All" in the window that appears.

Solution Explorer TuinCAT Projectl + >
@|e-a | - [ General | Settings | Parameter| Dynamics| Online | F | Coupling| Comp
Search Solution Explorer (Ctrl+{) -

: onTpore el L Setpoint Positior: [rarn]
a1 Solution TwinCAT Projectl’ (1 project) | 0.0000
4 “a TwinCAT Projectl Lag Distance [min/max):  [mm] Actual Velocity: [mms] Setpoint Velocity:  [mmds]

b dj SYSTEM 0.0000 (0.000, 0.000) 0.0000 0.0000
rl @ ROTION Ovemde: [%] Total / Control Output: — [%] Error:
4 8] NC-Task 154F 0.0000 % 000/ 000% 0(0x0)
ﬁ; NC-Task 1 5VE Status (log.) Status (phys.) Enabling
* .
1+ Image "] Ready [¥INOT Moving || Coupled Mode [ | Controller | Set |
[ Tables [ Calbwated  [] Moving Fw []In Target Pos. [ Feed Fw
IE Ohjects [[Has Job [ Moving Bue 7] In Pos. Range [T Feed Bw
4 T fxes
b B Axisl Controfler Kv-Factor, [mmnds/mm] Feference Yelocity: [mm's]
b sk s 2 1 Y o 3
> @l rLc T arget Position: [n) T arget Velocily: [men/s]
[ saFETY 0 o
E C++
r Evo — — + | ++ ® | —-
F1 | F2| _F3| _F4 F8 | F9
Set Enabling
[ Contraller oK
(2 Bt ok ]
e
Override [%]
0

= If the release fails: check whether 24 V are present at the input "HW Enable". See chapter Wiring
[».941.
2. Try different commands.
3. Check whether the motor follows the commands in a stable and reliable manner.

Step 3: Checking the result

Check the following points, for example:

» Were errors reported in the Diag History? See chapter Diag History [»_163].
* Is the motor turning in the expected direction?

» Does the speed match the preset?
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6.5.4 Controller optimization

The parameters of the control loops are fundamentally preset when scanning the motor [»_110]. The
parameters are optimized during the controller optimization.

Aims of the controller optimization:
 Align the actual position with the target position: Minimize following errors.
+ Aligning the actual velocity to the target velocity.
* Reduce overshoot and undershoot.

Observe the "Torque actual value" during controller optimization. This allows you to detect at an early stage
whether the system is prone to oscillations.

Preparation
v" Requirement: the test run [»_122] was successfully performed.

1. Establish load conditions as in the real application.
Controller optimization without load is not useful, because the motor behavior is different in this case.

. If necessary, increase the permissible following error. See chapter CSP (position control) [P 98].
. Activate TwinCAT configuration.
. Create a Scope project in TwinCAT.

a b~ W N

. Select the following variables from the "Target browser" to display them in the Scope:
Position Lag
0x1A03 Torque actual value
From the TwinCAT NC:
Position setpoint
Position actual value
Velocity setpoint
Velocity actual value

6. In the Solution Explorer, click the axis.

Solution Explorer A Al TwinCAT Projectl + X -
m =5 '| @~ | ’E General Settings Parameter [hynamics Onlinupling Compensation
Search Solution Explorer (Ctrl+ ) R~
] Solution TwinCAT Project1' (1 project) \
4 o] TwinCAT Project!
bl SYSTEM I Absolute I Start
4 MOTION
= 1] Stop
4 &) NC-Task 1 SAF
[& NC-Task 1 5VB
}5 Image Acceleration:
7] Tables Deceleration:
[ Objects Jerk:
P
X Raw Drive Output
T D Chimst rI?‘erv::erﬂ Start
SAFETY 2k
m C++ Set Actual Posttion
ANALYTICS Absolute 0 Set
4 170 Set Target Position
Absolute 0 Set
Solution Explorer [EETNSITES

7. Click the "Functions" tab.
8. In the drop-down menu "Start Mode": select "Reversing Sequence".
9. Adjust dynamics and velocity as needed in the real application.
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The further procedure depends on which feedback is connected and configured:

* No feedback, sensorless operation [»_128]

« Hall sensors only [» 127]

* An incremental encoder [P_126] and optional Hall sensors
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6.5.4.1 Feedback system: Incremental encoder

Step 1: Optimization of the current controller

The current controller is often sufficiently well adjusted by the Scan Motor [»_110] function.
If not, use conventional Ziegler/Nichols controller optimization methods.

Aim of current controller optimization: set the integral component as low as possible and set the proportional
component as high as possible without achieving oscillating behavior.

* The integral component: parameter 8010:12 "Current loop integral time".
» The proportional component: parameter 8010:13 "Current loop proportional gain".

Step 2: Optimization of the velocity controller
v' Requirement: the current controller is optimized.
1. Set the CoE parameter 8010:17 "Position loop proportional gain" to zero.
= The position controller is disabled.
= Interference of the position controller with the velocity controller is prevented.

2. Gradually reduce the integral component: parameter 8010:14 "Velocity loop integral time (current
mode)".
At the same time, gradually increase the proportional component: parameter 8010:15 "Velocity loop
proportional gain (current mode)".
While doing so, observe the actual velocity value.
Do not increase the proportional component any further if the actual velocity value begins to oscillate.

3. Reduce the integral and proportional components by 20%.
The 20% serves as a control reserve for abrupt movements.

= The velocity controller is optimized.

Step 3: Optimization of the position controller
v Requirement: the velocity controller is optimized.

1. Gradually increase the proportional component 8010:17 "Position loop proportional gain" until the
controller starts to oscillate.

2. Reduce the proportional component by 20%.
= The position controller is optimized.
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6.5.4.2 Feedback system: Hall sensors only

Step 1: Optimization of the velocity controller
1. Set the CoE parameter 8010:17 "Position loop proportional gain" to zero.
= The position controller is disabled.
= Interference of the position controller with the velocity controller is prevented.

2. Gradually reduce the integral component 8010:5A "Velocity loop integral time (voltage mode)".
At the same time, gradually increase the proportional component 8010:5B "Velocity loop proportional
gain (voltage mode)".
While doing so, observe the actual value of the velocity and the actual value and the setpoint of the
position.

= From a certain point, the actual value of the velocity begins to oscillate or the difference between the
actual value and the setpoint of the position increases.

3. Reduce the integral and proportional components by 20%. The 20% serves as a control reserve for
abrupt movements.

4. If the actual value of the velocity overshoots, reduce 8010:5C "Velocity loop voltage feed forward gain
(voltage mode)".

= The velocity controller is optimized.

Step 2: Optimization of the position controller
v Requirement: The velocity controller is optimized.

1. Gradually increase the proportional component 8010:17 "Position loop proportional gain" so that the
position difference oscillates around the value zero and the setpoint specification of the position is
followed appropriately.

= The position controller is optimized.
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6.5.4.3 No feedback system: Sensorless operation

Without a feedback system, the following error (following error = actual position - target position) is much
harder to optimize than when operating with Hall sensors and/or incremental encoders.

Step 1: Optimization of the velocity controller
1. Ensure that the voltage constant of the motor 8011:31 "Voltage constant” is set correctly.

2. Set the parameter 8010:60 "Sensorless max. acceleration" to a lower value, otherwise the velocity jump
can become too big. e.g. 2000 °/s?.

3. Reduce the parameter 8010:5E "Sensorless offset voltage scaling" to approx. 50 ... 80%.
4. Set the parameter 8010:17 "Position loop proportional gain" to 0.
= The position controller is disabled.
= Interference of the position controller with the velocity controller is prevented.
. Set the parameter 8010:5B "Velocity loop proportional gain (voltage mode)" to 0.
. Set the parameter 8010:5C "Velocity loop voltage feed forward gain (voltage mode)" to 100%.
. Set the parameter 8010:5F "Sensorless observer bandwidth" to a lower value. e.g. 50 Hz.

. Gradually increase the parameter 8010:5F "Sensorless observer bandwidth" until oscillation occurs.
Then reduce by 50%.

9. Configure the integral component of the velocity controller in parameter 8010:5A "Velocity loop integral
time (voltage mode)" to be rather sluggish.

10. Gradually increase the proportional component 8010:5B "Velocity loop proportional gain (voltage mode)"
until the actual velocity in the scope begins to oscillate.

0 N O O

11. Reduce the proportional component by 20%.
The 20% serves as a control reserve for abrupt movements.

12.If the velocity overshoots: slightly reduce the parameter 8010:5C "Velocity loop voltage feed forward gain
(voltage mode)".

13. If necessary, increase the parameter 8010:60 "Sensorless max. acceleration" back to the required
dynamics.

= The velocity controller is optimized.

Step 2: Optimization of the position controller
v" Requirement: the velocity controller is optimized.

1. Gradually increase the proportional component 8010:17 "Position loop proportional gain" until oscillation
occurs.

2. Reduce the proportional component by 20%.
The 20% serves as a control reserve for abrupt movements.

= The position controller is optimized.
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6.5.5 Homing

This chapter describes how to perform homing with an NC axis.

Homing is started from the PLC with the "MC_Home" function block. "MC_Home" is located in the TwinCAT
library Tc2_MC2.

Further information can be found in the documentation Tc2 MC2.

For homing, a referencing cam is required that generates a digital switching signal at a defined position on
the travel path. During homing, this defined position is determined and stored as the reference position for
absolute positioning.

The configuration procedure depends on how you transmit the switching signal to the TwinCAT NC. The
following options are available:

+ Applying a 24 V switching signal to a digital input of EL7411. Configuration [»_129]

» Transmit any signal from the PLC.
For this option, the referencing cam does not have to be physically present. It can also be simulated via

a digital signal. Configuration [_133]

In addition to one of these options, you can use the zero pulse on the C track of the encoder for referencing.
Configuration [P_135]

6.5.5.1 Switching signal from a digital input of the EL7411

This chapter describes the configuration exemplarily for the digital input "Input 1".

1. In the Solution Explorer:
click on NC axis > "ENC", open the tab "Parameters" and expand the section "Homing".

Solution Explorer S Ol TwinCAT Project] + X -
B~ o a
m =5 | © 2] | ﬁ IEI General NC-Encods ime Compensation  Online
Search Solution Explorer (Ctrl+;) P
Paramet Offline Val
%] Solution TwinCAT Project!’ (1 project) [ [Parameter _ SERE
4 “] TwinCAT Project] - Encoder Evaluation:
[ ﬂ SYSTEM Invert Encoder Counting Direction FALSE LI
4 MOTION Scaling Factor Murnerator 0.0001
4 NC-Task 1 5AF Scaling Factor Denominator (default: 1.0) 1.0
[Z1 NC-Task 1 5VB - -
s Position Bias 0.0
o+ mage
[ Tables Medule Factor (e.g. 360.0%) 360.0
@ Objects Tolerance Window for Modulo Start 0.0
B
4z Axes ) Encoder Mask (maximum encoder valug) (xFFFFFFFF
Encoder Sub Mask (absclute range maximum value) | (xD00FFFFF
- whts Reference System 'INCREMEMNTAL' LI
> [ Outputs Limit Switches:
b 2] Drive Soft Position Limit Minimum Monitoring FALSE -l
Loy, Ctrl Minimum Position 0.0
4 Inputs P L El
b [ Outputs Soft Position Limit Maximum Menitering FALSE
PLC Maximurn Position 0.0
SAFETY + Filte
&l ANALYTICS
b Vo nvert Direction for Homing Sensor Search FALSE LI
-
Invert Direction for Sync Impuls Search TRUE LI
o _— a0
Reference Mode (Sync condition) 'Homing Sensor Only (PLC cam or digital input 1..8) hd
Heoming Sensor Source ‘Digital Input 1 (Active High), device dependent mapping' LI
+
Download Upload Expand All Collzpse Al Select All
Solution Explorer EETNSTIETES

2. Set the parameter "Reference Mode" to "Homing Sensor Only (PLC cam or digital input 1..8)".
3. Set the parameter "Homing Sensor Source" to "Digital Input 1 (Active High), device depending mapping".
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4. In the Solution Explorer:
click on the EL7411, open the tab "Process Data", select the Sync Manager 3 "Inputs" and activate the
PDO Assignment 0x1A10.

Solution Explorer v TwinCAT Project] # X -
G& =5 '| - & | ﬁIEI General EtherCAT DC Plc Statup  CoE-Online  Diag History  Online
Search Solution Expl (Ctrl+( -
earch Solution Explarer (Ctrl+ ) yel Syme Manager o0 List
] Solution TwinCAT Project’ (1 project)
4 “I TwinCAT Projectl SM Size Type Flags Index Size MName Flags SM S0~
[ Iﬂ SYSTEM 0 128 MbxOut x1ADD 40 FB Position F 3 0
b MOTION 1 128 MbxIn 1A 20 DRV Statusword F 3 0
O pLC = s s T AD2 40 DRV Velocity actual value F 0
SAFETY I 3 12 Inputs I D1 AD3 20 DRV Torgue actual value F 0
Cos OlAM4 20 DRV Info data 1 F 0
3 x1AD5 20 DRV Info data 2 F o
&l AMALYTICS
1 ADE 40 DRV Following emor actual value F 3 0
« o R ———— . o ¥
4 j‘é Ew;}cesl | EthercA) PDO Assignment (Bx1C13): FDO Cortent (T 1ADD):
~ LUevice er —
j: Image u &:}igg 2 Index Size Offs Name Type Default (hex)
j,, Image-Info e Ox6000:11 4.0 0.0 Position UDINT
> 2 Symeonis (S — 20
i
b Inputs =
1A
b Il Outputs — v
b S InfoData Download Predefined PDO Assignmert: (none)
; i gnmert: (none; ~
4 [ Term 1(EK1100) )
o
PDO Assignment Load PDO info from device
1 PDO Configuration
. b U3 Term 2 (EL7411) Sync Unit Assignmet...
Poah
Solution Explorer [WEETANSTETES

= The process data object "DI Inputs" is activated.

4 'ﬂ Term 2 (EL7411)
I FB Position
b DRV Statusword
ing error actual value

P Ly word
b [l DRV Target position
I [ WcState
b [ InfoData

5. EL7411 > "Dl Inputs" > "Input 1" right click, "Change Link" select.

4 "% Term 2 (EL7411)

b FB Position

4 DRV Statusword

b DRV Following error actual value
4

Change Link...

%1 Fan Diag £ar LINK|s
#| Encoder A Go To Link Variable
# EncoderB : -
% Encoder C Take Name Over from linked Variable
#1 Hall& Move Address...
# Hall B Online Write ‘0’
#1 HallC
Online Write 1"
%1 Level of ENA input rine e
p [ DRV Controlword *3  Online Write...
b [l DRV Target position Online Force...
b [ WeState Release Force
I [ InfoData

£ Addto Watch
Remove from Watch

Add to Scope

= A dialog box appears.
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6. click on "All Types", select the variable "nState8" and confirm with "OK".

B Attach Variable Input 1 (Input)

Search:

EI%« Az 1
G- Enc

i Drive

-;*:_In >

=

&

&

&

1B 162.0, MC.HCDRIVESTRUCT _IMZ [40.0]

rDatalin2 > 1B 1720, UINTARRZ [4.0]

rDataln20] > 1B 1720, UINT [2.0]
nDataln2(1] > 1B 1740, UINT [2.0]

nState3 > IB 1780, USINT [1.0]
rDataln3 > 1B 180.0, UINTARRZ [4.0]

nDatain30] > 1B 180.0, UINT [2.0]
nDatain3[1] > 1B 182.0, UINT [2.0]

rDatalnd > 1B 184.0, UINTARRZ [4.0]

nDataind[0] > 1B 184.0, UINT [2.0]
nDatsind{1] > 1B 186.0, UINT [2.0]

rDatalnd > 1B 188.0, UINTARRZ [4.0]

nDataln5[0] > 1B 188.0, UINT [2.0]
nDatsinS[1] > 1B 190.0, UINT [2.0]

rDatalnG > 1B 192.0, UINTARRZ [4.0]

Show Y ariables

Only Unused

[] Exclude disabled
Exclude ather Devices
Exclude zame Image
[®] Shaw Tooltips

[ 50t by Address

[ 5haw Wariable Groups
[®] Collapse last Level

Show Variable Types
I atching Tupe

ZE
All Types

Offsets

[ Continuous
lgnore Gaps

[ 5how Dialog

“ariable Name / Comment
4| Hand ower

nDatalnB0] > 1B 192.0, UINT [2.0] [0/ [ Take over
# nDatalng[1] > 1B 194.0, UINT [2.0]
----- #1 nStateS > B 196.0,USINT [1.0]
----- #1 nStateB > B 197.0,USINT [1.0]
. PSTE S,
- I’ = = [128.0]
Corce
= A dialog box appears.
B Variable Size Mismatch *
Linked ‘ariable: | nStated
Size Offset
Linked Variable: (=
Owen Wariable:
Overlapped:
[ Size and Offset in bits | Cancel
7. Confirm with "OK".
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8. Add the library "Tc2_MC2" to the PLC project:
Navigate to PLC > "References", right click, "Add Library..."

> 1 X

Solution Explorer
" Add Lib X
@i o-a| A
Search Solution Explorer (Ctrl+;) R~ String for a fulltext search...
] Solution TwinCAT Project1’ (1 project) Company
4 1] TwinCAT Project] : .
b Gl SYSTEM =: Application
b MOTION BuildingAutomation
d o Communication
ntitled1 Controller
=] Untitled1 Project DataAccess
[ External Types Intern
I0
3 DUTs addlibany : Math
[ GVLs : Measurement
b [ POUs Library repository... Motion
&3 VisUs Set to Effective Version
b g5 PlcTask (PlcTask) _
O} Untitled1 Instance Set to Always Mewest Version
SAFETY
@ C++
ANALYTICS
b o]
iy B
Solution Explorer
I -@[Tc2_Mc2 Beckhoff Automation GmbH
T T T T T T T
Tc3_MC2_AdvancedHoming Beckhoff Automation GmbH
e
3. P=:
&
+. 2= system
Advanced... Cancel
9. Insert an instance of the function block "MC_Home" from the library "Tc2_MC2" in the PLC.
Do not connect the input "bCalibrationCam".
= You can start homing with a positive edge at input "Execute".
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6.5.5.2

Switching signal from the PLC (PLC Camming)

1. In the Solution Explorer:

click on NC axis > "ENC", open the tab "Parameters" and expand the section "Homing".

Solution Explorer * 0 X

Fi

Search Solution Explorer (Ctrl+;)

Q- o-a|m-

ial] TwinCAT Project1

b |l SYSTEM

4 MOTION

y MC-Task 1 SAF

[Z1 NC-Task 15VB
jg Image
[ Tables
[&] Objects

B
4 o Axes

; Puts
> [ Outputs
b =l Drive
1oy Ctrl
4 Inputs
b I Outputs
PLC
SAFETY
E C++
ANALYTICS
b 170

Solution Explorer [EETNSTILTEY

P -
] Solution 'TwinCAT Projectl’ (1 project)

General

+

TwinCAT Project] -+

NC-Encode

Encoder Evaluation:
Invert Encoder Counting Direction

Scaling Factor Numerator

Scaling Factor Denominator (default: 1.0)

Position Bias
Meodulo Factor (e.g. 360.07)
Tolerance Window for Modulo Start

Encoder Mask (maximum encoder value)

ime Compensation  Online

’_ Parameter Offline Value

FALSE
0.0001

1.0

0.0

360.0

0.0
(xFFFFFFFF

Encoder Sub Mask (absolute range maximum value) | 0xD00FFFFF

Reference System

Limit Switches:

Soft Position Limit Minimum Monitoring

Minimum Position

Soft Position Limit Maximum Monitoring

Maximum Paosition

- | Homing:

Dowrload

nvert Direction for Homing Sensor Search

Invert Direction for Sync Impuls Search

'INCREMEMTAL'

FALSE
0.0
FALSE
0.0

FALSE
TRUE
00

=]

L

Reference Mode (Sync condition)

Homing Sensor Source

'Homing Sensor Only (PLC cam or digital input 1..8)° j

'Default: PLC Cam (MC_Home)'

=

Upload

Expand All

Collapse Al Select Al

2. Set the parameter "Reference Mode (Sync condition)" to "Homing Sensor Only (PLC cam or digital input
1..8)".

3. Set the parameter "Homing Sensor Source" to "Default: PLC Cam (MC_Home)".

EL7411
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4. Insert the library "Tc2_MC2" into the PLC project:

PLC > References, right click, "Add Library..."

Solution Explarer o x

G- o ="

Search Solution Explorer (Ctrl+;) R~

] Solution TwinCAT Project1’ (1 project)
4 o] TwinCAT Project!

b Gl SYSTEM
b MOTION

=] Untitled1 Project
[ External Types

1 DUTs

[ GVLs
B[ POUs

£ VISUs
b g5 PlcTask (PlcTask)
O} Untitled Instance

Add library...

Library repository...
Set to Effective Version
Set to Always Mewest Version

SAFETY

@ C++
ANALYTICS
b o]

Solution Explorer

Add Library

String for a fulltext search...

=: Application
BuildingAutomation
Communication
Controller
DataAccess

Intern

10

: Math

: Measurement
Motion

=

Company

Bedkhoff Automation GmbH

I -@[Tc2_Mc2

Tc3_MC2_AdvancedHoming

™

T T T T T T
Beckhoff Automation GmbH

3. P=:
[}
+. 2= system
Advanced... Cancel
5. Insert an instance of the function block "MC_Home" from "Tc2_MC2" in the PLC.
6. Apply the signal of the reference switch to the "bCalibrationCam" input of the function block.
= You can start homing with a positive edge at input "Execute".
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6.5.5.3 Zero pulse from the C track of the encoder

Referencing to the zero pulse of the encoder is only possible in addition to referencing to a referencing cam.

To ensure that the motor does not stop until the zero pulse is received after it has moved down from the
referencing cam, configure the terminal as follows:
1. Configure a homing with referencing cams:

Switching signal from a digital input of the EL7411 [» 129]
or

Switching signal from the PLC (PLC Camming) [»_133]
2. Set the CoE parameter 8001:11 "Touch probe 1 source" to "Hardware zero impulse".

General EtherCAT DC Process Data  Ple Startug CoE - Crline  Biag History Online

Update List [ Auto Update  [] Single Update [ Show Cffline Data
Advanced... | |
Addto Startup... Module OD (AcEFoty: [0 | ———— X
Index Name Flags Value Unit ™
+- 6040:0 DMC Inputs RO »60< Dee: ! T
+-- 7001:0 FBE Touch probe outputs RO >14 < Hex: Cancel
+-7010:0 DRV Outputs RO »14 < Erune | o ; |
+- 7040.0 DNC Outputs RO > 54 ¢ num: ouch probe input hd
+- 8000:0 FB Settings RW 22« - eruinpl.l:s:e
= 10 EE Touch orobe Seitings, =] 218 -
ETH Touch probe 1 source RW Hardware zero impulse (5) I Boch - ! el
L4 |uuu|ML:suu|u: Aty IULILJIM.IIL[L} Binary: |D‘| on |
+- 8008:0 FB Settings ENC RW >19 <
£ 800A0 FB Settings Hal RW  >20¢ Bisiee:  O1 O8 @16 O3 O84 O
+- 8010:0 DRV Amplifier Settings RW >100 <
+-- 8011:0 DRV Motor Settings RW >49 <
+- 80120 DRV Brake Settings RW >20<
+- 801F:0 DRV Vendor data RW 324 <
+- 8040:0 DMC Settinas RW >23< v
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3. Activate the process data objects for the function "Touch Probe™:
0x1607, 0x1AQ07, 0x1A08

General EtherCAT DC Process Data  Plc Statup CoE -Online  Diag History  Online

Sync Manager: PDO List:
SM  Size Type Flags Index Size Name Flags M su 2
o 128 MbxOut O<1AD0 40 FB Position F 3 0
1 e 1A 20 DRV Statusword F & 0
[z = Otputs | a2 40 DRV Velocity actual value F 0
3 0 npLts 1AD3 20 DRV Torgue actual value F 1]
O1A04 20 DRV Info data 1 F 0
O1AD5 20 DRV Info data 2 F 0
1ADE 40 DRV Following emor actual value F 3 1] W
PDO Assignment (B 1C12): PDO Content {Z<1A00):
[]Gx1604 ~ Index Size Offs MName Type Default hex)
0<6000:11 4.0 0o Posttion UDINT
40
[ox1640
1641 v
Download Predefined PDO Assignment: {none) ~
PDO Assignmert Load PDO info from device
[] PDO Corfiguration
Sync Unit Assignment...
General EtherCAT DC Process Data  Plc Statup CoE-Online Diag History  Online
Sync Manager: PDO List:
SM  Size Type Flags Index Size Name Flags M su 2
1] 128 MOt O<1AD0 40 FB Posttion F 3 0
1 128 Mbxin 1A 20 DRV Statusword F 3 0
2 ] Outputs D1AD2 40 DRV Velocity actual value F 1]
I3 Inputs | |oceos 20 DRV Torgue actual value F 0
OclAD4 20 DRV Info data 1 F 0
D1 ADS 20 DRV Info data 2 F [1]
< > 1 ADE 40 DRV Following emor actual value F 3 0 b4
FDO Assignment (B 1C13): PDO Content {<1A00):
[]G<1A05 ] Index Size Offs Nama Type Default (hex)
[ te1807 De6000:11 40 00 Position UDINT
[Ax1408 40
g[b(‘lﬂﬂﬂ W
Download Predefined PDO Assignment: {none) hd
PDO Assignment Load PDO info from device
[ PDO Configuration

Sync Unit Assignment ...

= A dialog box appears after each activation of a process data object.

Process data of 'Termn 2 (EL7411)" may changed.
Relink with axis 'Axis 1'

es Mo

4. Confirm each dialog box with "Yes".
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6.6 Commissioning with status word and control word

The operation modes CST, CSTCA, CSV and CSP can be used without TwinCAT NC.

Output stage enabled via the control word (index 0x7010:01)

The output stage has to be enabled for each operation mode. To do this, the values specified in the following
table at Enable output stage must be entered via the PLC in the control word in the specified order (1. - 5.)

(according to the definition for the state machine see Fig. DS402 State Machine [P_139]).

The bits of the high byte (CW.8 - CW.15) are reserved and not relevant for enabling the output stage.

Low-Byte

Bit CW.7 CW.6 CW.5 Cw.4 CW.3 CWw.2 CWw.1 CW.0
Name Enable Enable

Faultreset | Reserved | Reserved | Reserved | operation | Reserved | wvoltage | Switch on
Enable output stage:
1. Oy, [Start) 0 0 0 0 0 0 0 0
2. 80, [Fault reset) 1 X X X X X X X
3. B, (Shutdown ) 0 X X X X 1 1 0
4. 7., (Switch on) 0 X X X 1 1 1
5. Frey [Enable operation) 0 X X 0 1 1 1 1
Disable voltage:
Disable voltage 0 | X | X | X X | X 0 X

Fig. 96: Low byte of the control word (x: state of the bit is not relevant)

For the bits named "Reserved" further functions are defined according to the specifications for the state
machine, which are not supported by the EL7411 (e. g. CW.2: "Quick stop (inverse)").

Checking the individual steps via the status word (0x6010:01)

The respective status messages are output in the status word.

® Checking the status word mandatory

1 It is mandatory to check after each input in the control word whether the internal state machine has
followed the requirements of the control word (see also Fig. DS402 State Machine [P_139]).

» Check the status word after each step (see following table) and wait for the status change if
necessary!

To enable the output stage, check whether the corresponding status messages 1. - 5. (Enable output stage)
of the following table are displayed.
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High-Byte
Bit SW.15 S5W.14 SW.13 SW.12 SW.11 SW.10 SW.9 SW.8
Drive
follows
MName the
command

Reserved | Reserved | Reserved value Reserved | Reserved | Reserved | Reserved
Enable output stage:
1. Not ready to switch X X X 0 X X X X
2. Switch on disabled b b b 0 X X X X
3. Ready to switch on X X X 0 X X X X
4, Switched on X X X 0 X X X X
5. Operation enabled X X X 1 X X X X
Fault reaction:
Fault reaction active ® ® ® 0
Fault X X X 0 X X X X

Low-Byte
Bit SW.7 SW.6 SW.5 SW.4 SW.3 SW.2 SW.1 SW.0
Switch on Operation | Switched | Readyto

Name Reserved | disabled | Reserved | Reserved Fault enabled on switch on
Enable output stage:
1. Not ready to switch X 0 X X 0 0 0 0
2. Switch on disabled X 1 X X 0 0 0 0
3. Ready to switch on X 0 1 % 0 0 0 1
4. Switched on A 0 1 X 0 0 1 1
5. Operation enabled i 0 1 X 0 1 1 1
Fault reaction:
Fault reaction active b 0 ;. 1 1 1 1
Fault X 0 X % 1 0 0 0

Fig. 97: Status word (x: state of the bit is not relevant)

For the bits named "Reserved" further status messages are defined according to the specifications for the
state machine, which are not supported by the EL7411 (e.g. SW.5: "Quick stop (inverse)").
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Fault reaction active

o) oo 0] 111

Switch on disabled

0010 0000

Statusword
Start HiByte of Controlword : dont't care
x: don't carg

Fig. 98: DS402 State Machine
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CST - cyclic synchronous torque

Select "Cyclic synchronous torque mode" in index 0x7010:03 "Modes of operation”. In the respective process
data, the Predefined PDO Assignment "Torque" should also be selected. Afterwards the configuration must
be reloaded to accept the selection.

Under the index 0x6010:03 "Modes of operation display" it can be checked in which mode the EL7411
actually is.

Via the PLC a defined torque can be defined in the variable "Target torque" as a basis for the EL7411
control. The torque is specified in 1000th of the nominal current. A value of 1000, for example,
corresponds to the set index 0x8011:12 "Rated current". The value 1, corresponds to one 1000th of the
nominal current.

CSTCA - cyclic synchronous torque with commutation angle

Select "Cyclic synchronous torque mode with commutation angle" in index 0x7010:03 "Modes of operation".
In the respective process data, the Predefined PDO Assignment "Torque" should also be selected.
Afterwards the process data 0x1603 "DRV Commutation angle" can be added and the configuration must be
reloaded to accept the selection.

Under the index 0x6010:03 "Modes of operation display" it can be checked in which mode the EL7411
actually is.

Via the PLC a defined torque can be set in the "Target torque" variable as a basis for the EL7411 control. In
the "Commutation angle" variable the angle to be maintained with the set torque can be specified. The
torque is specified in 1000th of the nominal current. A value of 1000,,., for example, corresponds to the set
index 0x8011:12 "Rated current". The value 1, corresponds to one 1000th of the nominal current. The
angle value must be converted, 65536, corresponds to an electrical angle of 360°.

CSV - cyclic synchronous velocity

Select "Cyclic synchronous velocity" in index 0x7010:03 "Modes of operation”. In the respective process
data, the Predefined PDO Assignment "Velocity" should also be selected. The configuration must then be
reloaded to accept the selection.

Under the index 0x6010:03 "Modes of operation display" it can be checked in which mode the terminal
actually is.

Via the PLC a defined speed can be set in the variable "Target velocity" 0x7010:06 as a basis for the
terminal control. The constant value "Velocity encoder resolution" in CoE object 0x9010:14 corresponds to
1 revolution per second. If this value is entered under "Target velocity", the motor speed is 1 rpm. The
velocity can be increased by entering a suitable multiple of the "Velocity encoder resolution" value under
"Target velocity".

CSP - cyclic synchronous position

Select "Cyclic synchronous position” in index 0x7010:03 "Modes of operation”. In the respective process
data, the Predefined PDO Assignment "Position" should also be selected. The configuration must then be
reloaded to accept the selection.

Under the index 0x6010:03 "Modes of operation display" it can be checked in which mode the servo terminal
actually is.

Via the PLC a defined position can be set in the variable "Target position" 0x7010:05 to which the motor is to
drive. The unit is increments. Depending on the feedback set, the number of increments per revolution is
based, for example, on the number of pulses of the incremental encoder per revolution or the Hall sensor
resolution of 65535 increments per revolution.
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6.7 Commissioning with Drive Motion Control

With Drive Motion Control you can implement a travel distance control without TwinCAT NC.

The TwinCAT NC requires an EtherCAT master that supports Distributed Clocks. A possible use case for
Drive Motion Control is therefore the operation of an EL7411 on a controller that does not support Distributed
Clocks.

The documentation of the PLC library for Drive Motion Control can be found on the Beckhoff website:
Tc3 DriveMotionControl.

6.7.1 Requirements

» TwinCAT 3.1, Build 4024.7 or higher
* EL7411-00x0 with firmware 06 and ESI revision 0019 or higher

6.7.2 Functionality

6.7.2.1 Supported functions

Administrative functions
» Axis functions
o MC_Power
o MC_Reset
o MC_SetPosition
* Touch probe
o MC_AbortTrigger
o MC_TouchProbe

Motion functions
* Homing

o MC_Home (Here the bCalibrationCam input of the Tc2_Mc2 library can not be used, but one of the
digital inputs of the EL7411 must be used)

* Manual movement
o MC_Jog

» Point to point movement
o MC_Halt
o MC_MoveAbsolute
o MC_MoveModulo
o MC_MoveRelative
o MC_MoveVelocity
o MC_Stop

6.7.2.2 Functions that are not supported

All subsequently triggered functions with the aim of changing the target position or speed during an active
travel command are not supported (buffer mode).

EL7411 Version: 1.4 141


https://download.beckhoff.com/download/Document/automation/twincat3/TwinCAT_3_PLC_Lib_Tc3_DriveMotionControl_DE.pdf

Commissioning BEGKHOFF

6.7.3 Commissioning in TwinCAT 3

With the following steps you configure an EL7411 in TwinCAT 3 for the operation with Drive Motion Control.

1. In the CoE parameter 0x7010:03 "Modes of operation" set the operation mode "Drive Motion Control
(DMC)".

General EtherfCAT DC Process Data  Plc Startug  CoE -Online  Diag History  Online

Update List [JAuto Update  [~] Single Update [ Show Cffine Data
Advanced... | |
Add to Startup... Module OD {40 Port): D Set Value Dialog X
Index Mame Flags Value Unit  # Dec: 1 I 0K I
+|- 6020:0 Dl Inputs RO >13< Hese Corel
+- 6040:0 DMC Inputs RO >80 <
+- 7001:0 FB Touch probe outputs RO > 14< Enum: Drive Motion Cantral [DMC) v
=1 7010:0 DRV Outputs RO 14 ¢ Cyclic: synehronous position mode (C5F)
¥ Cyelic synchronous velocity made (C5Y)
" BLLE w ; Cyclic synchronous torque mode [C5T) -
7010:03  Modes of operation RWP  Drive Motion Contral (DMC) (131) Bool: di...
" Binary: r 1

7010:06 Tanget velocity ROP [1]

7010:09 Target torque ROFP [1] Bit Size: O1 ®e O16 O3 OB (O7?

T0:0B  Torgue limitation RWP  [x7FFF (32767)

7010:0E  Commutation angle ROP 0000 (0)
+- 7040:0 DMC Outputs RO > 54 <
+1- 8000:0 FB Settings R/ »22 <
+- 8001:0 FB Touch probe Settings ~ RW 18 <
+|- 8008:0 FB Settings ENC RW 19« &7

2. Activate the Predefined PDO Assignment "Drive motion control (For TC3 DriveMotionControl Lib)".

General EtherCAT DC Process Data Ilc Statup  CoE -Online  Diag History  Online

Sync Manager: PDO List:
SM Size  Type Flags Index Size Name Flags  SM su 2
o 128 MbxOut Ox1ADD 40 FB Position 0
1 128 Mbxin O 1AD1 20 DRV Statusword F 0
& 40 Outputs Qc1AD2 40 DRV Velocity actual value F 0
3 [ Inputs 1AD3 20 DRV Taorgue actual value F 0
Ox1AD4 20 DRV Info data 1 F 0
Ox1ADS 20 DRV Info data 2 F 0
c1ADE 40 DRV Following emor actual value F 0 w
PDO Assignmert (Be1C12): PDO Content (Te1ADD):
L &:‘I% ~ Index Size Offs Name Type Default (hex)
[]t1602 Ox6000:11 4.0 0.0 Postion UDINT
[]x1603 40
[]0x1604
[]0x1606 v
Download Predefined PDO Assignment: "Drive motion control (For TC3 Drive MotionControl Lib) ~
PDO Assignment Predefined PDO Assignment: {none)
y . Predefined PDO Assignment: "Velocity”
(] PDO Corfiguration Predeﬁned PDO Ass?gnment: 'Pos'rtion_'
Predefin Ssignment - ‘Drive motion cortrol (For 1C3 Drive MationCortrol Lib) 1
—— re— " wm

= The process data for using Drive Motion Control is activated.
3. Create a PLC project if none has been created yet.

142 Version: 1.4 EL7411



BECKHOFF

Commissioning

4. Add the library "Tc3_DriveMotionControl" to the PLC project.
(If you want to use Drive Motion Control without the library "Tc3_DriveMotionControl", see chapter State

machine [»_149].)

Solution Explorer v Ix
WE-|o-a|p=]"

Search Solution Explorer (Ctrl+;) P -
] Solution ‘TwinCAT Project!’ (1 project)

4 TwinCAT Project!
b [l SYSTEM

MOTION

4[] Untitled1 Project
[ External Types

[ DUTs
[J GVLs
b [ POUs
[ VISUs
[ H"_'gj PlcTask (PlcTask)
O} Untitled1 Instance
SAFETY
@ C++
ANALYTICS
b 170

Solution Explorer

Add library...

Library repository...
Set to Effective Version
Set to Always Mewest Version

Add Library X
String for a fulltext search...
Library Company
+- 3= Application
£ BuildingAutomation
e Communication
+ Controller
+. 35 DataAccess
+ = Intern
= 10
== Drive
Tc2_Drive Bedkhoff Automation GmbH
Tc2_MC2_Drive Bedkhoff Automation GmbH
] 5 Ea -
MoﬁonControI | Bedkhoff Automation GmbH
e
Tc2_EtherCAT Bedkhoff Automation GmbH
Tc2_IoFunctions Bedkhoff Automation GmbH
Tc2_KL85xx Bedkhoff Automation GmbH
T2 _SUPS Bedkhoff Automation GmbH
Tc3_EtherCATExtSync Bedkhoff Automation GmbH
+- 2= Math
£ 8:' Measurement
+. 2% Motion
£ % Packaging
* 32 System
Advanced... Cancel

5. If the libraries "Tc3_DriveMotionControl" and "Tc2_Mc2" are used simultaneously in the current project:
In the window "Properties" of one of the two libraries, set the property "Qualified access only" to "True".

Properties

[=]%e | #

B Advanced
Hide reference False

Optional False

Tc3_DriveMotionControl Placeholder Properties -

> 0 x

Qualified access only True

Only allow qualified access to all identifiers,

Conditicn
B Misc
Description TwinCAT Drive Maotion Control
Effective Version 3.03.0
MName Tec3_DriveMeotionControl
Mamespace Tc3_DriveMotionControl
Resolution Tc3_DriveMotionControl, * (B]
Qualified access only

= The library with "Qualified access only" can now only be addressed in the PLC code via the

corresponding namespace, e.g.: Tc3 DriveMotionControl .MC_Stop ()

This avoids name conflicts, e.g. when calling the function block MC Stop, which has the same name

in both libraries.

6. Declare a variable of type "AXIS_REF" in the PLC. Sample:

VAR
DmcAxis:
END VAR

AXIS REF;

7. Click on "Build" > "Build Solution" in the menu bar.
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= The project is compiled.

= The process image of the PLC task is generated.

Solution Explorer * 0 x
G B - | *.E—l,—||pE| o -
Search Solution Explorer (Ctrl+;) -

] Solution TwinCAT Project1’ (1 project)
4 o] TwinCAT Projectl
b |l SYSTEM

b G2l Untitled1 Project
4 O} Untitled1 Instance
4 PlcTask Inputs
[ ? MAIN.Dme_Axis.DriveToPlc
b #1 MAIN.Dmc_Axis.WeState
[ ? MAIN.Dme_Axis.InfoData
4 W PlcTask Outputs
b M MAIN.Dmc_Axis.PlcTeDrive
SAFETY
m C++
ANALYTICS
b /0

Solution Explorer
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8. In the Solution Explorer link the PLC variables with the process data of EL7411.

Selution Explorer * o x
QE-o-a|p=] -
Search Solution Explorer (Ctrl+a) P -
4 [ pLC -
4 O

b G=] Untitled1 Project
4 O} Untitled1 Instance
4 PlcTask Inputs
b & MAIN.DmcAxis.DriveToPlc <
4 F1 MAIN.DmchAxis.WcState
% WeState <
5 InputToggle <
4 #I MAIN.Dmchxis.InfoData
¥ State <&
b F AdsAddr
4 [ PlcTask Qutputs
b B MAIN.DmcAxis.PlcToDrive <
[ saFeTY
QC++
& Aanacymics
4 [F o
4 4"%De«rices
4 == Device 1 (EtherCAT)
jg Image
8 Image-Info
2 SyncUnits
Inputs
B Outputs
& InfoData
[§ Term 1 (EK1100)
P [ InfoData
4 U= Term 2 (EL7411)
4 DMC Inputs
b F DMC <
4 [ DMC Outputs
b B DMC <
4 [H WcState
& WcState <
% InputToggle <&
4 [@ InfoData
State
AdsAddr
Chnl
Chn1
Chn2
DecOutputShift
DelnputShift -

Solution Explorer

9. In the PLC code, call the function block ReadsStatus () cyclically, ideally at the beginning of each PLC
cycle.

[

3

DL R

6.7.3.1 Parameter

CoE parameters

The CoE parameters for configuring Drive Motion Control are located in the following CoE objects:
+ 0x8040 "DMC Settings" [P_175]
« 0x8041 "DMC Features" [»_176]

Scaling factor and maximum velocity

Position values are defined as 64-bit variables at Drive Motion Control.

The 32 low-order bits resolve the single-turn increments. The possibly lower resolution of the feedback is
extrapolated to the full 32 bits.

The 32 higher-order bits represent the multi-turn revolutions.
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The "Feed constant" includes any gear ratios (gearbox, belt, etc.) and represents the output-side travel per
motor revolution.

Therefore, the following exemplary formula without transmission ratio results for the scaling factor:
Feed constant  360°
32 Bit 32 Bit

Encoder Scaling Factor = ® 8,3819031715393066e — 8

The maximum achievable speed of the motor depends on the DC link voltage. If lower voltages than
specified in the data sheet are used, the nominal speed may have to be adjusted to the voltage. To specify
the maximum speed of the motor in the CoE directory, the object 0x8011:1B Motor "Motor speed limitation"
is also used. The DC link-dependent motor speed is specified here in 1/min. To adjust the speed of the
scaling, this value is multiplied by the feed constant and normalized to the unit second. This results in the
following formula for the exemplary calculation of the maximum speed:

Motor speed limitation - Feed constant 1000 min 360° @
MaxVelocity = 5 = B = 6000 -
60— 60 — 5

min min

The following example shows the implementation in a PLC program:

PROGRAM MAIN
VAR

DmcAxis:  AXIS_REF
END VAR

// Update the axis structure
DmcAxis.ReadStatus () ;

// Scaling factor without gear ratio, feed constant 360°
DmcAxis.Parameter.EncoderScalingFactor := 0.000000083819031715393066;

// Velocity scaling with 1000 rpm, feed constant 360°
DmcAxis.Parameter.MaxVelocity := 6000;
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6.7.4 Commissioning with a third-party 32-bit controller

® The "Tc3_DriveMotionControl" library cannot be used.

You can only execute travel commands by going through the state machine manually. See chapter
State machine [P 149].

Since the terminal provides 64-bit process data by default, but this cannot be processed by some controllers,
there is also the alternative option of mapping the process image with 32 bits. This can be set via the
Predefined PDO Assignment "Drive motion control (32-bit)".

(To map the inputs and outputs manually, use the 0x1641 and 0x1A41 indices. See chapter Process data

[»_158].)

All position related process data are 32-bit instead of 64-bit with this Predefined PDO Assignment. The
32 bits are divided into 20 bit single-turn and 12 bit multi-turn revolutions, independent of the resolution of the
feedback.

The terminal still calculates internally with 64-bit data. Therefore e.g. 0x8040:08 "Calibration Position" must
still be specified in 32-bit single-turn and 32-bit multi-turn instead of 20-bit single-turn and 12-bit multi-turn.

It should be noted that the EL7411 only supports incremental encoders and not absolute encoders.
Therefore, the position data is not retained beyond a power cycle.

All non-position related process data remain unchanged in size. The address offsets of the individual
process data are identical and padding bytes are inserted at the corresponding positions.

The speed related process data is scaled in 10,000ths of the parameter 0x8011:1B "Motor speed limitation".

The process data for acceleration and deceleration specify in ms how fast the motor should accelerate to the
speed specified in 0x8011:1B "Motor speed limitation" or decelerate from speed to standstill. With a value of
2000 for the acceleration, the motor would need 2 s to reach the speed.

Configuration

1. In the CoE parameter 0x7010:03 "Modes of operation" set the operation mode "Drive Motion Control
(DMC)".

General EtherCAT DC Process Data  Plc Startugy CoE-Online  Diag History  Online

Update List O Auto Update Single Update [ ] Show Offine Data
Advanced... | |
Addto Startup... Module QD (AoE Port): D Set Value Dialog b
Index Mame Flags Value Unit  * Dec: 1E I Ok I
s BT R
+- 6040:0 DMC Inputs RO 60 <
+- 7001:0 FE Touch probe outputs RO s 14 ¢ Enum: Drive Motion Contral [DMC) v

=1 7010:0 DRV Outputs RO >14< Cyclic synchronous position mode [C5F)
4 Cyclic synchronous velocity mode [C5Y)
e Cyclic synchronous torque mode [C5T)

Modes of operation v Drive Mation Contral {DMC) {131) Boal e e i
Dirive: b otion Control [DRC)

. Binary:
7010:06  Tanget velocity ROP 0
7010:09 Tanget torgue ROP 0 Bit Size: O1 ®s Q16 O3 Osd D7
7010:0B  Torque limitation RWP  Ox7FFF (32767)
7010:0E  Commutation angle ROP <0000 (0)
+- 7040:0 DMC Outputs RO >54 ¢
+1- 8000:0 FE Settings RW/ >22 <
+- 8001:0 FEB Touch probe Settings  RW »18¢
+|- 8008:0 FB Settings ENC RW >19< v
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2. Activate the Predefined PDO Assignment "Drive motion control (32 Bit)".

General EtherCAT DC

Process Data

c Statup  CoE-Online  Diag History  Online

Sync Manager: PDO List:
SM  Size  Type Flags Index Size MName Flags SM su
o 128 MbxOut O«1AD0 40 FB Position F 0
1 128 Mbxin O 1AD 20 DRV Statusword F 0
& 40 Qutputs Dc1ADZ 40 DRV Velocity actual value F 0
3 64 Inputs 1 AD3 20 DRV Torgue actual value F Li]
1AM 20 DRV Info data 1 F 0
O«1ADS 20 DRV Info data 2 F 0
c1ADE 40 DRV Following emor actual value F 0
PDO Assignment (Be1C12): FDO Contert (T1AD0):
E&]ﬁ 0 Index Size Offs Name Type Default (hex)
[C]x1602 600011 4.0 0.0 Position UDINT
[ox1603 40
[ix1604
gfbdﬁﬂﬁ v
Download Predefined PDO Assignment: ‘Drive motion contral (32 Bit)
PDO Assignment Predefined FDO Assignment: {none)
] PDO Carfiguration Predefined PDO Assignment: "Velocity”

Predefined PDO Assignment: "Position’
Predefined PDO Assignment: Targque”

Predefined PDO Assignment: "Drive motion cortrol (32 Bit)’

= The process data for using Drive Motion Control is activated.

CoE parameters

The CoE parameters for configuring Drive Motion Control are located in the following CoE objects:
» 0x8040 "DMC Settings" [»_175]

e 0x8041 "DMC Features" [» 176]
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6.7.5 State machine

It is also possible to start travel commands without the function blocks of the library
"Tc3_DriveMotionControl". This is based on the following status machine:

STARTUP

START POSITIONING

I

Write Parameter:
Nelocity”
Acceleration”
Decelleration”

!

EVALUATE STATUS

ERROR HANDLING

Choose ,Start type”
Ready to enable and calculate
. =172 corresponding
- Jlarget position”

¥ l

Write Write

LEnable” =1 oExecute” =1
YES 0 kS
~Ready”
=17?

Write
wEmergency stop” =1

Y '
JInTarget”

Write ,Execute” = 0,

Check actual position

The variables for control and evaluation are located in the process data objects "DMC Inputs" and "DMC

Outputs":

4 "™ Term 2 (EL7H11)
4 DMC Inputs
4 F DMC
4 | FeedbackStatus
#1 Latch extern valid
# Set counter done
#1 Status of extern latch
4 I DriveStatus
Ready to enable
Ready
Warning
Error
Moving positive
Moving negative
Digital input 1
Digital input 2

o

4 FI PositioningStatus
Busy
In-Target
Warning
Error
Calibrated
Accelerate
Decelerate

LR

Ready to execute
Set position

Set velocity

Actual drive time
Actual position lag
Actual velocity
Actual position
Error id

Input cycle counter
Channel id

Latch value

Cyclic info data 1
Cyclic info data 2

oo

4 [ DMC Qutputs
4 M- DMC
4 W FeedbackControl
E~ Enable latch extern on positive edge
- Set counter
E~ Enable latch extern on negative edge
4 W& DriveControl
E~ Enable
- Reset
4 [ PositioningControl
- Execute
E- Emergency stop
- Set counter value
B~ Target position
- Target velocity
E- Start type
IE- Target acceleration
B~ Target deceleration

EL7411
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6.7.6 Differences compared with Tc2_Mc2

Tc2_Mc2 is the PLC library used for the operation of EL7411 with TwinCAT NC.
The function blocks of the Tc3_DriveMotionControl library have a similar structure to that of Tc2_Mc2.
However, Tc3_DriveMotionControl differs from Tc2_Mc2 in the following points:

+ It is mandatory to specify values for the accelerations because there are no default values.

» "After-triggering functions" are not supported. Therefore there is no "BufferMode".

« MC_Home has no input "bCalibrationCam". The settings for homing are located in the CoE object
0x8041 "DMC Features".

6.7.7 Start types

Start type Code Description

ABSOLUTE 0x0001 Absolute positioning to a specified target position

RELATIVE 0x0002 Relative positioning to a calculated target position; a specified
position difference is added to the current position

ENDLESS PLUS 0x0003 Endless travel in the positive direction of rotation (direct
specification of a speed)

ENDLESS_ MINUS 0x0004 Endless travel in the negative direction of rotation (direct
specification of a speed)

MODULO_SHORT 0x0105 Modulo positioning along the shortest path to the modulo
position (positive or negative), calculated by the "Modulo
factor"

MODULO_PLUS 0x0205 Modulo positioning in the positive direction of rotation to the
calculated modulo position

MODULO_MINUS 0x0305 Modulo positioning in the negative direction of rotation to the
calculated modulo position

CALI_PLC_CAM 0x6000 Start a calibration with cam (digital inputs)

CALI_ON_BLOCK 0x6200 Start a calibration "on Block"

CALI_SET_POS Ox6E00 Set as calibrated, do not change the position

CALI_CLEAR_POS 0x6F00 Clear calibration bit
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6.7.8 Error messages

Error Code Message

0x4420 Cogging compensation not supported
0x8450 Invalid Start Type 0x%Xx, "%x" replaced by the unsupported start type from the PDO
0x8451 Invalid limit switch level

0x8452 Drive error during positioning

0x8453 Latch unit will be used by multiple modules
0x8454 Drive not in control

0x8455 Invalid value for "Target acceleration"
0x8456 Invalid value for "Target deceleration”
0x8457 Invalid value for "Target velocity"

0x8458 Invalid value for "Target position"

0x8459 Emergency stop active

0x845A Target position exceeds Modulofactor
0x845B Drive must be disabled

0x845C No feedback found

0x845D Modulo factor invalid

0x845E Invalid target position window
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6.8 Touch Probe

Functional description

The "Touch Probe" function implemented in the EL7411 provides the user with the possibility to save the
current position of the connected motor at a defined point in time. In the tab Process data [P _156] the
necessary inputs and outputs can be added.

The EL7411 has two digital inputs that can be used for the "Touch Probe" function. Each Touch Probe input
can only detect edges of one direction at any time (rising or falling). It is not possible to react to both edges
at the same time. However, there are no dependencies between the inputs (i.e. TP1 rising edge and TP2
falling edge is allowed).

The abbreviation TP1 stands for Touch Probe 1 and is linked to input 1 (terminal point 8). The abbreviation
TP2 stands for Touch Probe 2 and is linked to input 2 (terminal 16) of the terminal. TP1 is used here as an
example for the description of the function. The C-track of the incremental encoder can be selected as Touch
Probe-trigger via the CoE parameter 0x8001:11 or 0x8001:12 "Touch probe x source" with the value
"Hardware zero impulse (5)". However, this is not possible with the "Drive Motion Control" operation mode.
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| General | EtherCAT | Configuration | DC

| Process Data | Stamup | CoE - Online | Diag History | Onine | NC: Oniine | NC: Functions

Sync Manager: PDO List:
SM  Size Type Flags Index Size MName Hags SM suU
0 128 MbocOut Oc1ADD 40 FB Position F 3 0
1 128 Mbudin (1401 20 DRV Statusword F 3 0
2 g Outputs x1AD2 40 DRV Velocity actual value F 0
3 24 Inputs Ox1A03 20 DRV Torque actual value F 0
1AM 20 DRV Info data 1 F 0
1ADS 20 DRV Info data 2 F 0
F 0
FB Touch probe status F 3 0
Oc1ADE 40 FB Touch probe 1 pos position F 3 0
OclADY 40 FBE Touch probe 1 neg position F 3 0
FB Touch probe 2 pos position F 3 0
FB Touch probe 2 neg position F 4 0
< m . e ——— : . —
PDO Assignment (e1C13) PDO Content (b 1A00):
E (x1400 index Sze  Offs  Name Type Default |
W D 1ADA )
[ (x1AD2 (eBO00:11 4.0 0.0 Postion UDINT
] Bc1A03 40
01404
[ 01405
[#]0x1AD7
[V 1408
[#] &< 1AD9
[ Do 1ADA
[V x1ADB
Download |Predefined PDO Assignment: (none)
[/ PDO Aesl Load PDO info from device
["] PDO Corfi i
Marme Online Type Size »Addr.. In/Out UserlD Linked to
fl' Touch probe status 00001 (1) Touch pro... 2.0 740 Input 0 A
1 TP1 Enable 1 BOOL 01 770 Input 0
1T TP1 Pos value stored ] BOOL 0.1 Tl Input 0
T TP1 Meg value stored 0 BOOL 01 T2 Input 0
ST TPL Input 0 BOOL 01 7.1 Input 0
%] TPZ Enable 0 BOOL 01 78.0 Input 0
%] TP2 Pos value stored 0 BOOL 01 781 Input 0
VT TP2 Meg value stored 0 BOOL 0.1 78.2 Input 0
QT TP2 Input ] BOOL 0.1 78.7 Input 0
T TP1 Pos position 000000000 [0} UDINT a0 79.0 Input 0
1TP1 Meg position 000000000 [0} UDINT 4.0 83.0 Input 0
1TP2 Pos position 000000000 (0} UDINT 4.0 &7.0 Input 0
1 TP2 Meg position (0=00000000 (0) UDINT 4.0 91.0 Input 0 )
&1 WeState 0 BOOL 01 15223  Input O nStatusd, ns
Ly 1}
Fig. 99: Touch Probe inputs
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| General | BihesCAT | Configuration | DC | Process Data | Startup | CoE - Oniine | Diag History | Online | NC: Online | NC: Functions |

Sync Manager, PDO List:
5M Size Type Fags [mezx Size MName Fags SM su
0 128 MOt Bc1ADB 40 FE Touch probe 2 neg postion F 3 0
1 128 Mizcin Q1600 20 DRV Controlword F 2 0
2 8 Outputs 1601 40 DRV Target velociy F 2 ]
3 24 Inputs Q1602 20 DRV Target torque F 0
1603 20 DRV Cammitation angle F 0
01604 20 DRV Torque limitation F 0
k1605 20 DRV Torque offset F 0
i F 0
| | 1607 20 FB Touch probe control F 2 0
4 m k
PDO Assignment (I 1C12): PDO Cortent (e1A00):
Efﬂﬁm ndex  Sze  Ofis  MName Type Default the
1601 _ .
Flx1602 Q500017 40 EE Posiion UDINT
] 1603 '
[] 1604
[[] 1605
(MMM?’
Download Predefined PDO Assignment: (none)
IPDO fesi ILoad PDO info from device
] PDO Corfi n
MName Online Type Size >Addr.., In/Out UserID Linkedto
& Chnd 0:00 (0) USINT 10 15600  Input 0
&l Chnl 001 (1) USINT 10 15610 Input 0
&1 DeOutputShift X 0«0009CF54 (642900) DINT 40 15620 Input 0 nDeOutputTi
&1 DelnputShift X 0:003339AC (3357.. DINT 40 15660 Input 0 nDelnput Tirr
@ Controlword X 0xDO01F (31) UINT 20 710 Output 0 nCtril, nCtrl:
%Targd velocity X 000000002 (2) DINT 40 73.0 Output 0 nQutDatal . .
Touch probe function 040033 (51) Touch pro.. 2.0 770 Output ﬂw
. TPL Enable 1 BOOL 01 770 Output 0
. TP1 Continous 1 BOOL 01 771 Output 0
$.TP1 Trigger mode 0D (D) BIT2 0.2 1.2 Output 0
$LTP1 Enable pos edge 1 BOOL 01 774 Output 0
®. TP1 Enable neg edge 1 BOOL 01 715 Output 0
®.TP2 Enable 0 BOOL 01 780 Output 0
. TP2 Continous 0 BOOL 01 781 Output 0
@/ TP2 Trigger mode e (D) BIT2 0.2 78.2 Qutput 0
#, TP2 Enable pos edge 0 BOOL 01 784 Output 0
| LTP2 Enable neg edge 0 BOOL 01 785 OQutput 0 )

Fig. 100: Touch Probe outputs

Step-by-step

* "TP1 Enable" must be set to true in order to generally activate the Touch Probe function.

+ Subsequently, you must decide whether the position is to be saved on a positive edge at input 1 ("TP1
Enable pos edge" = true) or on a negative edge ("TP1 Enable neg edge" = true).
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« With "TP1 Continuous" is decided whether only at the first event the position should be stored ("TP1
Continuous" = false) or whether this should happen at every event ("TP1 Continuous" = true).

o For example, if "TP1 Continuous" and "TP1 Enablepos edge" are set, the position is saved on
each rising edge at input 1 of the terminal.

o If "TP1 Enable neg edge" is set and "TP1 Continuous" is not set, the position will only be saved on
the first negative edge at input 1 of the terminal. If you wish to repeat this procedure, you must first
deactivate "TP1 Enable" and then activate it again. Then the position is saved again on the first
negative edge.

« "TP1 Trigger mode" has no function in the case of the EL7411.

» The saved position of the positive edge can be read in the inputs of the process data under "TP1 Pos
position", that of the negative edge under "TP1 Neg position".

» The variables under "Touch probe status" are for the diagnosis.
* The Touch Probe inputs must be addressed with a 1-wire +24 V signal.
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6.9

Process data

Sync Manager (SM)

The extent of the process data that is made available can be changed through the "Process Data" tab.:

* Sync Manager SM2 "Outputs"

General EthertCAT DC

Process Data  Plc Statup  CoFE -Online  Diag History  Online

Syme Manager POO List:
SM  Size Type FAags Indezx Size Name Flags M su
0 122 MbxOut 1600 20 DRV Cortrolword 2 0
1 128 Mbxin <1601 40 DRV Target velocity F 0
6 1602 20 DRV Tanget torque F 1]
3 10 1603 20 DRV Commutation angle F 0
1604 20 DRV Torque limitation F 0
1606 40 DRV Target posttion F 2 0
Dx1607 20 FB Touch probe control F 0
x1608 20 FAN Outputs Device F 0
<1640 400 DMC Quiputs F 0
1641 400 DMC OQutputs 32 Bit F (1]
PDO Assignment (&<1C12): PDO Contert (B<1A00):
] 1600 Index Size Offs Name Type Defautt hex)
] [x6000:11 40 00 Position UDINT
40

Download

PDO Assignment
[1PDO Configuration

Predefined PDO Assignmert: "Position’
Load PDO info from device
Sync Unit Assignmet..

* Sync Manager SM3 "Inputs"

General EtherCAT DC Process Data Pl Statup CoE -Online  Diag History  Online
Sync Manager. PDO List:
SM  Size Type Aags Index Size Name Flags SM su
a 128 MbxOut D100 4.0 FB Postion F 3 0
1 128 Mbaxin DelAD1 20 DRV Statusword F 3 1]
2 6 QOutputs Dx1A02 40 DRV Velocity actual value F 0
DAADZ 20 DRV Torque actual value F 0
k1A4 20 DRV Info data 1 F 0
OclAO5 20 DRV Info data 2 F (1]
D1ADE 40 DRV Fellowing emor actual value F 3 0
1407 20 FE Touch probe status F (1]
Dc1AD8 40 FB Touch probe 1 pos position F 1]
D<1A09 40 FB Touch probe 1neg position F 0
DclADA 40 FB Touch probe 2 pos position F 0
D<1A0B 40 FB Touch probe 2 neg posttion F 0
O<1AOD 20 DRV Info data 3 F 0
I<AGE 40 FB Enc Position F 0
Oc1AOF 20 FAM Inputs Device F 0
D1A1D 20 Dl Inputs F 0
x1A40 640 DMC Inputs F 0
DlAd1 640 DMC Inputs 32 Bit F (1]
PDO Assignment (B1C13): PDO Content (B1ADD):
%gmg? Index Size Offs Name Type Default hex)
[ 1402 [x6000:11 40 00 Posttion UDINT
[]0x1403 40
[] Gl A0e
(] 01405
] G406
[]ox1A07
[] 1408
] 1409
[ Gl ADA
[]1408
] G1ADD
] Gl AGE
] Ge1A0F
[]e1A10
[] 1840
1441
Download Predefined PDO Assignment: ‘Position”
PDO Assignment le=rlF0E e e
[1PDO Configuration

Sync Unt Assignment
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PDO Assignment

For the configuration of the process data mark in the upper left field "Sync Manager" the desired Sync
Manager SM 2 or SM 3. In the field below "PDO Assignment" you can switch on or off the process data
assigned to the selected Sync Manager. Restarting the EtherCAT system, or reloading the configuration in
Config mode, causes the EtherCAT communication to restart, and the process data is transferred from the

terminal.

SM2, PDO Assignment 0x1C12

Index Size
(byte.bit)

Name

PDO Content

0x1600 (default) 2.0

DRV Controlword

Index 0x7010:01 [»_184

0x1601 4.0

DRV Target velocity

Index 0x7010:06 [» 184

0x1602 2.0

DRV Target torque

Index 0x7010:09 [» 184

0x1603 2.0

DRV Commutation angle

Index 0x7010:0E [» 184

0x1604 2.0

DRV Torque limitation

Index 0x7010:0B [»_184

0x1606 (default) 4.0

DRV Target position

Index 0x7010:05 [» 184

0x1607 2.0

FB Touch probe control

Index 0x7001:0 [»_183

Index 0x7001:01 [» 183

TP1 Enable

Index 0x7001:02 [» 183

TP1 Continous

Index 0x7001:03 [P 183

TP1 Trigger mode

Index 0x7001:05 [»_183

TP1 Enable pos edge

Index 0x7001:06 [» 183

TP1 Enable neg edge

Index 0x7001:09 [» 183

TP2 Enable

Index 0x7001:0A [»_ 183

TP2 Continous

Index 0x7001:0B [»_183

TP2 Trigger mode

Index 0x7001:0D [»_183

TP2 Enable pos edge

Index 0x7001:0E [>_183

TP2 Enable neg edge

0x1608 2.0

FAN Outputs Device

Index OxF700:01 [>_186

0x1640 " 40.0

DMC Outputs

Index 0x7040 [»_185

Index 0x7040:02 [» 185

DMC__ FeedbackControl__Enabl
e latch extern on positive edge

Index 0x7040:03 [P 185

DMC__FeedbackControl__Set
counter

Index 0x7040:04 [» 185

DMC__FeedbackControl__Enabl
e latch extern on negative edge

Index 0x7040:11 [P 185

DMC__DriveControl__Enable

Index 0x7040:12 [P 185

DMC__ DriveControl__Reset

Index 0x7040:21 [P 185

DMC__ PositioningControl__Exec
ute

Index 0x7040:22 [»_185

DMC__ PositioningControl__Emer
gency stop

Index 0x7040:31 [P 185

DMC__ Set counter value

Index 0x7040:32 [P 185

DMC__ Target position

Index 0x7040:33 [»_185

DMC__ Target velocity

Index 0x7040:34 [P 185

DMC__Start type

Index 0x7040:35 [P 185

DMC__ Target acceleration

Index 0x7040:36 [P 185

DMC__Target deceleration

EL7411
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SM2, PDO Assignment 0x1C12

Index Size Name PDO Content
(byte.bit)
0x1641 " 40.0 DMC Outputs 32 Bit Index 0x7040 [» 185

Index 0x7040:02 [P 185

DMC__ FeedbackControl__Ena
ble latch extern on positive
edge

Index 0x7040:03 [» 185

DMC__ FeedbackControl__Set
counter

Index 0x7040:04 [» 185

DMC__ FeedbackControl__Ena
ble latch extern on negative
edge

Index 0x7040:11 [P 185

DMC__ DriveControl__Enable

Index 0x7040:12 [P 185

DMC__ DriveControl__Reset

Index 0x7040:21 [P 185

DMC__ PositioningControl__Ex
ecute

Index 0x7040:22 [P 185

DMC__ PositioningControl__Em
ergency stop

Index 0x7040:31 [P 185

DMC__ Set counter value

Index 0x7040:32 [» 185

DMC__ Target position

Index 0x7040:33 [P 185

DMC__ Target velocity

Index 0x7040:34 [P 185

DMC__ Start type

Index 0x7040:35 [P 185

DMC__Target acceleration

Index 0x7040:36 [P 185

DMC__Target deceleration

" These process data objects are only available from firmware 06 and ESI 0019.
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SM3, PDO Assignment 0x1C13

Index Size
(byte.bit)

Name

PDO Content

0x1A00 (default) 4.0

FB Position

Index 0x6000:11 [>_178

0x1A01 (default) 2.0

DRV Statusword

Index 0x6010:01 [»_179

0x1A02 4.0

DRV Velocity actual value

Index 0x6010:07 [»_179

0x1A03 2.0

DRV Torque actual value

Index 0x6010:08 [»_179

0x1A04 2.0

DRV Info data 1

Index 0x6010:12 [P 179

0x1A05 2.0

DRV Info data 2

Index 0x6010:13 [»_179

0x1A06 (default) 4.0

DRV Following error actual value

Index 0x6010:06 [P 179

0x1A07 2.0

FB Touch probe status

Index 0x6001:0 [»_178

Index 0x6001:01 [>_178

TP1 Enable

Index 0x6001:02 [» 178

TP1 Pos value stored

Index 0x6001:03 [» 178

TP1 Neg value stored

Index 0x6001:08 [» 178

TP1 Input

Index 0x6001:09 [» 178

TP2 Enable

Index 0x6001:0A [P 178

TP2 Pos value stored

Index 0x6001:0B [» 178

TP2 Neg value stored

Index 0x6001:10 [» 178

TP2 Input

0x1A08 4.0

FB Touch probe 1 pos position

Index 0x6001:11 [>_178

0x1A09 4.0

FB Touch probe 1 neg position

Index 0x6001:12 [» 178

O0x1AQ0A 4.0

FB Touch probe 2 pos position

Index 0x6001:13 [»_178

0x1A0B 4.0

FB Touch probe 2 neg position

Index 0x6001:14 [»_178

0x1A0D 2.0

DRV Info data 3

Index 0x6010:14 [»_179

0x1AOE 4.0

FB Enc Position

Index 0x6000:12 [»_178

0x1AOF 2.0

FAN Inputs Device

Index 0xF600:01 [»_182

0x1A10 2.0

DI Inputs

Index 0x6020:0 [»_180

Index 0x6020:01 [»_180

Input 1

Index 0x6020:02 [»_180

Input 2

Index 0x6020:03 [»_180

Fan Diag

Index 0x6020:05 [>_180

Encoder A

Index 0x6020:06 [»_180

Encoder B

Index 0x6020:07 [»_180

Encoder C

Index 0x6020:09 [»_180

Hall A

Index 0x6020:0A [»_180

Hall B

Index 0x6020:0B [»_ 180

Hall C

Index 0x6020:0D [»_180

Level of ENA input

0x1A40 " 64.0

DMC Inputs

Index 0x6040:0 [»_181

Index 0x6040:02 [» 181

DMC__ FeedbackStatus__Lat
ch extern valid

Index 0x6040:03 [»_181

DMC__FeedbackStatus__Set
counter done

Index 0x6040:0D [»_181

DMC__ FeedbackStatus__Sta
tus of extern latch

Index 0x6040:11 [P 181

DMC__ DriveStatus__Ready
to enable

Index 0x6040:12 [» 181

DMC__ DriveStatus__Ready

Index 0x6040:13 [» 181

DMC__ DriveStatus__Warnin
)

Index 0x6040:14 [» 181

DMC__ DriveStatus__Error

Index 0x6040:15 [» 181

DMC__ DriveStatus__Moving
positive

Index 0x6040:16 [» 181

DMC__ DriveStatus__Moving
negative

Index 0x6040:1C [» 181

DMC__ DriveStatus__Digital
input 1

EL7411
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SM3, PDO Assignment 0x1C13

Index Size Name PDO Content
(byte.bit)
Index 0x6040:1D [» 181] DMC__ DriveStatus__Digital
input 2
Index 0x6040:21 [» 181] DMC__ PositioningStatus__ B
usy
Index 0x6040:22 [» 181] DMC__ PositioningStatus__In
-Target
Index 0x6040:23 [» 181] DMC__ PositioningStatus__ W
arning
Index 0x6040:24 [» 181] DMC__ PositioningStatus__Er
ror
Index 0x6040:25 [» 181] DMC__PositioningStatus__ C
alibrated
Index 0x6040:26 [» 181] DMC__ PositioningStatus__ A
ccelerate
Index 0x6040:27 [» 181] DMC__ PositioningStatus__ D
ecelerate
Index 0x6040:28 [» 181] DMC__ PositioningStatus__R
eady to execute
Index 0x6040:31 [»_181 DMC__ Set position
Index 0x6040:32 [» 181 DMC__Set velocity
Index 0x6040:33 [»_181 DMC__Actual drive time
Index 0x6040:34 [» 181] DMC__Actual position lag
Index 0x6040:35 [»_181 DMC__Actual velocity
Index 0x6040:36 [»_181 DMC__Actual position
Index 0x6040:37 [»_181] DMC__Errorid
Index 0x6040:38 [»_181] DMC__Input cycle counter
Index 0x6040:39 [» 181 DMC__Channel id
Index 0x6040:3A [» 181 DMC__Latch value
Index 0x6040:3B [» 181 DMC__ Cyclic info data 1
Index 0x6040:3C [»_181 DMC__ Cyclic info data 2
0x1A41 " 64.0 DMC Inputs 32 Bit Index 0x6040:0 [» 181]
Index 0x6040:02 [» 181] DMC__FeedbackStatus__Lat
ch extern valid
Index 0x6040:03 [» 181] DMC__ FeedbackStatus__Set
counter done
Index 0x6040:0D [»_181] DMC__FeedbackStatus__Sta
tus of extern latch
Index 0x6040:11 [»_181] DMC__DriveStatus__Ready
to enable
Index 0x6040:12 [»_181 DMC__ DriveStatus__Ready
Index 0x6040:13 [» 181] DMC__ DriveStatus__Warnin
9
Index 0x6040:14 [»_181] DMC__ DriveStatus__Error
Index 0x6040:15 [» 181] DMC__ DriveStatus__Moving
positive
Index 0x6040:16 [» 181] DMC__ DriveStatus__Moving
negative
Index 0x6040:1C [» 181] DMC__ DriveStatus__Digital
input 1
Index 0x6040:1D [»_181] DMC__ DriveStatus__Digital
input 2
Index 0x6040:21 [»_181] DMC__ PositioningStatus__ B
usy
Index 0x6040:22 [» 181] DMC__PositioningStatus__In
-Target
Index 0x6040:23 [» 181] DMC__ PositioningStatus__ W
arning
Index 0x6040:24 [» 181] DMC__ PositioningStatus___Er
ror
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SM3, PDO Assignment 0x1C13

Index

Size
(byte.bit)

Name

PDO Content

Index 0x6040:25 [»_181

DMC__ PositioningStatus__ C
alibrated

Index 0x6040:26 [P 181

DMC__ PositioningStatus__ A
ccelerate

Index 0x6040:27 [» 181

DMC__ PositioningStatus__ D
ecelerate

Index 0x6040:28 [» 181

DMC__PositioningStatus__ R
eady to execute

Index 0x6040:31 [» 181

DMC__ Set position

Index 0x6040:32 [» 181

DMC__Set velocity

Index 0x6040:33 [» 181

DMC__ Actual drive time

Index 0x6040:34 [» 181

DMC__ Actual position lag

Index 0x6040:35 [»_181

DMC__ Actual velocity

Index 0x6040:36 [»_181

DMC__ Actual position

Index 0x6040:37 [» 181

DMC__Errorid

Index 0x6040:38 [» 181

DMC__ Input cycle counter

Index 0x6040:39 [» 181

DMC__ Channel id

Index 0x6040:3A [> 181

DMC__Latch value

Index 0x6040:3B [»_181

DMC__ Cyclic info data 1

Index 0x6040:3C [» 181

DMC__ Cyclic info data 2

" These process data objects are only available from firmware 06 and ESI 0019.
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Predefined PDO Assignment

The "Predefined PDO Assignment" enables a simplified selection of the process data. The desired function is

selected on the lower part of the Process Data tab. As a result, all necessary PDOs are automatically
enabled and the unnecessary PDOs are disabled.

General  EtherCAT DC

Process Data  Plc

Statup  CoE-Online  Diag History  Online

Sync Manager: PDO List:
SM Size Type Flags Index Size Name Flags 5m su "
0 128 MbxCOut Ox1A00 40 FB Position F 3 0
1 128 Mbxin 1AM 20 DRV Statusword F S 0
2 [ Qutputs Dc1A02 40 DRV Velocity actual value F 0
3 10 Inputs 1A03 20 DRV Torque actual valus E 0
Ox1AD4 20 DRV Info data 1 F 0
x1AD5 20 DRV Info data 2 F 0
e1ADE 40 DRV Following emror actual value F 3 0 W
PDO Assignment (B<1C12): PDO Content ((x1AD0):
Z &:}% Index Size Offs Name Type Default {hex)
f 1602 x6000:11 4.0 0.0 Position UDINT
[]0x1603 40
[]0c1604
[] 1606
Download Predefined PDO Assignmert: (none)
FDO Assignmert F‘redefned PDO _ﬁsqnment: |'r1cune' :
[]PDO Corfiguration Predefined PDO Assignment: Velocity

Predefined PDO Assignment: "Position’
Predefined PDO Assignment: Torgue’

Predefined PDO Assignment: "Drive motion control (32 Bit)

Predefined PDO Assignment: "Drive motion control (For TC3 DriveMationControl Lib)'

The following PDO assignments are available:

Name SM2, PDO assignment SM3, PDO assignment
Velocity 0x1600 [»_194] (DRV Controlword) 0x1A00 [»_199] (FB Position)
0x1601 [r_194] (DRV Target velocity) 0xTAOQ1 [»_199] (DRV Statusword)

Position 0x1600 [»_194] (DRV Controlword) 0x1A00 [»_199] (FB Position)

(default) 0x1606 [» 195] (DRV Target position)  |0x1A01 [» 199] (DRV Statusword)
0x1AQ6 [» 200] (DRV Following error
actual value)

Torque 0x1600 [»_194] (DRV Controlword) 0x1A00 [»_199] (FB Position)

0x1602 [»_194] (DRV Target torque)

0x1AO01 [»_199] (DRV Statusword)

Drive motion control
(For TC3
DriveMotionControl
Lib)

0x1640 [»_197] (DMC Outputs)

0x1A40 [» 203] (DMC Inputs)

Drive motion control
(32 bit)

0x1641 [»_198] (DMC Outputs 32 Bit)

0x1A41 [» 206] (DMC Inputs 32 Bit)
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7 Error diagnosis

7.1

Diag History

The Diag History displays status messages from EtherCAT devices. The status messages are used for

diagnosis and troubleshooting.

| solution Explorer

A Al TwinCAT Project] + X

Q- o-a|p=
Search Solution Explorer (Ctrl+ ) R -

T Solution "TwinCAT Project1’ (1 project)
4 o] TwinCAT Projectt

General EtherCAT DC Process Data  Plc Startu

[J Auto Update
Ack. Messages

Update Hist
S [ 0nly new Messages

Export Diag History

Advanced...

Type Flage  Timestamp

4
3
4

F

Solution Explorer BIEERRSTTEY

(@ 5vSTEM

MOTION

PLC

& SAFETY

E C++

ANALYTICS

110

4 *é Devices
4 == Device 1 (EtherCAT)

"5 Image

*B |mage-Info

2 SyncUnits
Inputs

B Outputs

& InfoData

[ Term 1(EK1100)

I [ InfoData

b "a| Term 2 (EL7411)

[

Mezszage

3 ﬁj Mappings

The following table shows all possible status messages from the EL7411:

Hex English German

0x1201 |Communication re-established Verbindung zur Feldseite wiederhergestellt

0x4101 |Terminal-Overtemperature Klemmen-Ubertemperatur

0x4102 |PDO-configuration is incompatible to the PDO-Konfiguration ist zur gewahlten Betriebsart
selected mode of operation nicht kompatibel

0x4107 |Undervoltage Up Unterspannung Up

0x4109 |Overvoltage Up Uberspannung Up

0x410A |Fan Lafter

0x410B |Error detected, but disabled by suppression Ausmaskierter Fehler erkannt
mask

0x4301 |Feedback-Warning Feedback-Warnung

0x4411 |DC-Link undervoltage Unterspannung DC-Zwischenkreis

0x4412 |DC-Link overvoltage Uberspannung DC-Zwischenkreis

0x4413 |I2T Amplifier overload I2T-Modell Verstarker Uberlast

0x4414 |12T Motor overload I2T-Modell Motor Uberlast

0x4415 |Speed limitation active Geschwindigkeit wird begrenzt

0x4418 |Limit: Current Limit: Strom wird limitiert

0x4419 |Limit: Amplifier I2T-model exceeds 100% Limit: Verstarker [2T-Modell Ubersteigt 100%

0x441A |Limit: Motor 12T-model exceeds 100% Limit: Motor 12T-Modell Ubersteigt 100%

0x441B |Limit: Velocity limitation Limit: Drehzahl wird limitiert

0x441C |Voltage on Enable-Input missing Spannung am Enable-Eingang fehlt

0x441D |Internal hardware error Interner Hardwarefehler

0x441E |Invalid configuration of touchprobe inputs Ungultige Konfiguration der Touchprobe-

Eingange
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Hex English German
0x8002 |Communication aborted Kommunikation abgebrochen
0x8102 |Invalid combination of Inputs and Outputs PDOs |Ungliltige Kombination von In- und Output PDOs
0x8104 |Terminal-Overtemperature Klemmen-Ubertemperatur
0x8105 |PD-Watchdog PD-Watchdog
0x810A |Fan Lufter
0x810B |Undervoltage Up Unterspannung Up
0x810C |Overvoltage Up Uberspannung Up
0x8135 |Cycletime has to be a multiple of 125 ps Zykluszeit muss ein vielfaches von 125 pys sein
0x8144 |Hardware fault (%d) Hardwarefehler (%d)
0x817F |Error: 0x%X, 0x%X, 0x%X Fehler: 0x%X, 0x%X, 0x%X
0x8201 |No communication to field-side (Auxiliary voltage |[Keine Kommunikation zur Feldseite
missing) ( Hilfsspannung fehlt)
0x8302 |Feedback-Error Feedback-Fehler
0x8303 |Encoder supply error Encoder Netzteil Fehler
0x830D |Encoder Termination overload Uberlastung der Encoderterminierung
0x830E |Overvoltage on encoder track %s Uberspannung auf Encoderspur %s
0x830F |Weak signals on encoder track %s Schwache Pegel auf Encoderspur %s
0x8340 |Hallsensor supply error Hallsensor Netzteil Fehler
0x8341 |Hallsensor-Error Hallsensor-Fehler
0x8342 |Misalignment of hall sensors (offset: %d°) Fehlerhafte Ausrichtung der Hallsensoren
(Abweichung %d°)
0x8400 |Encoder disabled Encoder deaktiviert
0x8404 |Overcurrent Uberstrom auf Phase U, V oder W
0x8406 |Undervoltage DC-Link Unterspannung DC-Zwischenkreis
0x8407 |Overvoltage DC-Link Uberspannung DC-Zwischenkreis
0x8408 |I2T-Model Amplifier overload I2T-Modell Verstarker Uberlast
0x8409 |I2T-Model motor overload I2T-Modell Motor Uberlast
0x840B |Commutation error Kommutierungsfehler
0x840C |Motor not connected Kabelbruch Motoranschluss
0x840F |An Encoder has to be configured in FOC mode |FOC-Modus aktiviert, aber kein Encoder
konfiguriert
0x8417 |Maximum rotating field velocity exceeded Maximale Drehfeldfrequenz Gberschritten
0x841C |Enable input was disabled while the axis was Enable wurde bei aktiver Achse abgeschaltet
enabled
0x841D |Internal hardware error Interner Hardwarefehler
0x841E |Number of encoder increments or number of Anzahl der Encoderinkremente oder Polpaarzahl
pole pairs incorrect falsch konfiguriert
0x841F |Torque limitation too low Drehmomentbegrenzung zu gering
0x8420 |Teach-In Process (%d) failed Teach-In Prozess %d fehlgeschlagen
0x8421 |Teach-In Process Timeout (Enable, DC-Link, ...) |Teach-In Prozess Timeout (Enable,
Zwischenkreis, ...)
0x8441 |Maximum following error distance exceeded Maximaler Schleppfehlerabstand Uberschritten
0x8442 |Encoder-Resolution insufficient Encoder-Auflésung nicht ausreichend
0x8443 |Combination of Mode of Operation and Kombination aus Mode of Operation und
Commutation Type is invalid Commutation Type ist nicht zulassig
0x8601 |Supply voltage too low Versorgungsspannung zu klein
0x8602 |Supply voltage too high Versorgungsspannung zu gross
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8 CoE parameters
8.1 Restore object
Index 1011 Restore default parameters
Index Name Meaning Data type Flags |Default
(hex)
1011:0 Restore default  |Restore default settings UINT8 RO 0x01 (14ec)
parameters
1011:01 |Subindex 001 If this object is set to "0x64616F6C" in the |UINT32 RW  |0x0000000
set value dialog, all backup objects are 0 (Ogec)
reset to their delivery state.
8.2 Configuration data
Index 8000 FB Settings
Index Name Meaning Data type Flags |Default
(hex)
8000:0 FB Settings Observer settings UINT8 RO 0x16 (224,.)
8000:11 |Device type Description of available feedback profiles  |UINT32 RwW 0x0000060
(incremental encoder and Hall sensor) 5 (1541 4.)
8000:14 |Observer Bandwidth of the speed observer [Hz] UINT16 RwW 0x00C8
bandwidth Typical value range: 200..500 Hz (2004ec)
8000:15 |Observer feed- Load ratio [%] UINT8 RwW 0x00 (Ogee)
forward 100% = load-free
50% = mass moments of inertia of input
and output are equal
Pre-control for velocity measurement.
8000:16 |Sub-increment Bitwise shift to left from target and actual UINT8 RW  |0x00 (Oge)
bits position and following error
Index 8001 FB Touch probe Settings
Index Name Meaning Data type Flags |Default
(hex)
8001:0 FB Touch probe UINT8 RO 0x12 (184¢c)
Settings
8001:11 |Touch probe 1 permitted values: INT16 RwW 0x0001
source 1 Touch probe input 1 (14ec)
2 Hardware zero impulse
8001:12 |Touch probe 2 permitted values: INT16 RwW 0x0001
source 1 Touch probe input 1 (1gec)
2 Hardware zero impulse
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Index 8008 FB Settings ENC

Index Name Meaning Data type |Flags |Default

(hex)

8008:0 FB Settings ENC UINT8 RO 0x13 (194¢.)

8008:01 |Invert feedback |Inversion of the encoder counting direction. | BOOLEAN |RW 0x00 (0y4ec)
direction Adjusted by the Scan Feedback feature.

8008:02 |Enable power Enablement of the encoder supply voltage |BOOLEAN RW 0x00 (Oy4ec)
supply

8008:05 |Enable ENC C Enablement of the C-input of the terminal |BOOLEAN RW 0x01 (14ee)
input for the evaluation of the C-track on the

incremental encoder
8008:11 |Supply voltage Voltage level of the encoder supply [mV] UINT32 RwW 0x0000138

output Typical value range: 2..24 V 8 (50004c)
8008:12 |Encoder type Definition of encoder signal types UINT16 RwW 0x0004
0 |disabled (4sec)
1 RS422 differential
2 TTL single ended
3 HTL differential
4 HTL single ended
5 RS422 differential — high impedance
input
6 TTL single ended — input filters
disabled
7 open collector
8008:13 |Encoder Resolution of the encoder after 4-fold UINT32 RwW 0x0000100
Increments per  |evaluation 0 (4096,.)
Revolution
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Index 800A FB Settings Hall

Index Name

(hex)

Meaning

Data type

Flags

Default

800A:0 |FB Settings Hall

Settings for the Hall sensors

UINT8

RO

0x14 (204,.)

800A:02 |Enable power

supply

Enablement of the Hall sensor supply
voltage

BOOLEAN

RW

OXOO (Odec)

800A:05 |Enable

extrapolation

Extrapolation of the measured values of the
Hall sensor.

This does not improve the physical
resolution.

BOOLEAN

RW

0x00 (Oyec)

800A:11 |Supply voltage

output

Voltage level of the Hall sensor supply [mV]
Typical value range: 2...24 V

UINT32

RW

0x0000138
8 (50004.)

800A:12 |phasing

Arrangement of the Hall sensors.
Determined by the Scan Feedback function.

See chapter Scan Feedback [»_111].

A-B: 60° / B-C: 60°

A-B: 120° / B-C: 120°

A-B: 240° / B-C: 240°

A-B: 300° / B-C: 300°

A-B: 60° / B-C: 240°

A-B: 120° / B-C: 300°

O~ WIN O

A-B: 240° / B-C: 60°

7 A-B: 300° / B-C: 120°

UINT8

RW

0x01 (14ec)

800A:13 |Hall commutation

adjust

Commutation offset of the Hall sensors in
60° increments. Determined by the Scan
Feedback function.

See chapter Scan Feedback [»_111].

Oo

60°

120°

180°

240°

bW ~|O

300°

UINT8

RW

OXOO (Odec)

800A:14 |Hall sensor type

Enable or disable the open-collector Hall
sensor inputs

0 disabled

1 open collector

UINT8

RW

0x01 (14ec)
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Index 8010 DRV Amplifier Settings

Index Name Meaning Data type |Flags |Default
(hex)
8010:0 DRV Amplifier Amplifier settings UINT8 RO 0x64
Settings (1004¢.)
8010:01 |Enable Enable or disable the TxPDO toggle in bit |BOOLEAN RW 0x00 (Oy4ec)
TxPDOToggle 10 of the status word
8010:02 |Enable input cycle|1: enabled BOOLEAN RW 0x00 (Oy4ec)
counter Two-bit counter that is incremented with
each process data cycle up to a maximum
value of 3, after which it starts again at 0.
The low bit is represented in bit 10 and the
high bit in bit 14 of the Status word.
8010:04 |Repeat find Repeat the commutation angle BOOLEAN RW 0x01 (14ee)
commutation determination. (Effective for all FOC
operation modes)
8010:05 |Enable cogging |Enable or disable the cogging torque BOOLEAN RW 0x00 (Oy4ec)
torque compensation (for FOC operation modes
compensation only).
8010:12 |Current loop Integral component of current controller [0.1 |[UINT16 RwW 0x000A
integral time ms] (104ec)
8010:13 |Current loop Proportional component of current controller|UINT16 RwW 0x000A
proportional gain |[0.1 V/A] (104ec)
8010:14 |Velocity loop Integral component of velocity controller UINT32 RwW 0x0000003
integral time [0.1 ms] 2 (504c0)
(current mode) (For operation modes with FOC. See
chapter Selection of the operation mode
[»96])
8010:15 |Velocity loop Proportional component of velocity UINT32 RwW 0x0000001
proportional gain |controller [uA/(°/s)] 4 (204.)
(current mode) | ko operation modes with FOC. See
chapter Selection of the operation mode
[»96])
8010:17 |Position loop Proportional component position controller. |UINT32 RwW 0x0000000
proportional gain |Unit: (°/s)/ ° A (104c.)
8010:19 |Nominal DC link |Supplied DC link voltage [mV] UINT32 RW 0x0000BB8
voltage 0 (480004,)
8010:1A |Min DC link Minimum DC link voltage [mV] UINT32 RwW 0x00001A9
voltage 0 (68004,)
8010:1B |Max DC link Maximum DC link voltage [mV] UINT32 RwW 0x0000EA6
voltage 0 (600004,)
8010:29 |Amplifier 12T warn |I’T model warning threshold [%] UINT8 RwW 0x50 (804e.)
level
8010:2A |Amplifier I2T error |I?°T model error threshold [%] UINT8 RwW 0x69
level (1034ec)
8010:2B |Amplifier Terminal overtemperature warning UINT16 RwW 0x0320
Temperature warn|threshold [0.1 °C] (8004¢.)
level
8010:2C |Amplifier Terminal overtemperature error threshold  |UINT16 RwW 0x03E8
Temperature error|[0.1 °C] (10004)
level
8010:31 |Velocity limitation |Limitation of the velocity setpoint [rpm] UINT32 RwW 0x000186A
. . 0
effective only in CSV and CSP mode
(effective only | ) (100000,,.)
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Index Name Meaning Data type |Flags |Default

8010:33 |Stand still window |Standstill window [rpm] UINT16 RW 0x0000
Velocity range for which the axis is (Ogec)
considered to be at a standstill.

8010:39 |Selectinfo data 1 |Selection of "Info data 1" UINT8 RwW 0x02 (24¢c)

Optional display of additional information in
the cyclic process data. The following
parameters are available:

2 DC link voltage [mV]

4 PCB temperature - internal terminal
temperature [0.1 °C]

7 2T Motor [%]

8 12T Amplifier [%]

10 |Digital inputs

BitO: Digital Input 1 Level
Bit1: Digital Input 2 Level
Bit2: Fan Status (EL7411 only)
Bit3: unused

Bit4: Encoder A

Bit5: Encoder B

Bit6: Encoder C

Bit7: unused

Bit8: Hall Sensor U

Bit 9: Hall Sensor V

Bit 10: Hall Sensor W

Bit 11: unused

Bit 12: Hardware Enable Input Level
(required for the STO functionality)

12 |Phase Voltage U [mV]
13 Phase Voltage V [mV]
14 Phase Voltage W [mV]
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Index Name Meaning Data type |Flags |Default
8010:3A |Select info data 2 |Selection of "Info data 2" UINT8 RW 0x04 (44ec)

Optional display of additional information in
the cyclic process data. The following
parameters are available:

2 DC link voltage [mV]

4 PCB temperature - internal terminal
temperature [0.1 °C]

7 [T Motor [%]

8 [T Amplifier [%]

10 |Digital inputs

BitO: Digital Input 1 Level
Bit1: Digital Input 2 Level
Bit2: Fan Status (EL7411 only)
Bit3: unused

Bit4: Encoder A

Bit5: Encoder B

Bit6: Encoder C

Bit7: unused

Bit8: Hall Sensor U

Bit 9: Hall Sensor V

Bit 10: Hall Sensor W
Bit 11: unused

Bit 12: Hardware Enable Input Level
(required for the STO functionality)

12  |Phase Voltage U
13 Phase Voltage V
14 Phase Voltage W

8010:50 |Following error  |Following error monitor: Following error UINT32 RW  |OxFFFFFFF
window window F (-1aec)

Unit: Reference to increments of the raw
position data. Can be scaled in the PLC if
necessary.

OxFFFFFFFF (-1dec) = following error
monitor off

Any other value = following error monitoring
on [Inc]

Applies in conjunction with following error
timeout 8010:51.

8010:51 |Following error Following error monitor: Timeout [ms] UINT16 RwW 0x0000
time out

If the following error is larger than the (Ocec)
following error window for a time that
exceeds the timeout, this leads to an error

reaction.
8010:54 |Feature bits Reserved UINT32 RwW 0x0000000
0 (Odec)
8010:57 |Position loop Velocity pre-control of the position controller UINT8 RwW 0x64
velocity feed [%]. (1004c)

forward gain
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Index

Name

Meaning

Data type

Flags

Default

8010:58

Select info data 3

Selection of "Info data 3"

Optional display of additional information in
the cyclic process data. The following
parameters are available:

2 DC link voltage (mV)

4 PCB temperature (0.1 °C)

7 12T Motor

8 12T Amplifier

10 |Digital inputs
BitO:
Bit1:
Bit2:
Bit3:
Bit4:
Bit5:
Bit6:

Digital Input 1 Level
Digital Input 2 Level
Fan Status (EL7411 only)
unused

Encoder A

Encoder B

Encoder C

Bit7: unused

Bit8: Hall Sensor U

Bit 9: Hall Sensor V

Bit 10: Hall Sensor W

Bit 11: unused

Bit 12: Hardware Enable Input Level
(required for the STO functionality)

12 |Phase Voltage U

13  |Phase Voltage V

14  |Phase Voltage W

UINT8

RW

0X07 (7dec)

8010:59

Error suppression
mask

Error suppression mask

Bit 0: Suppresses detection of a cable
breakage of the motor phases

Bit 1: Suppresses commutation angle
monitoring

UINT32

RW

0x0000000
O (Odec)

8010:5A

Velocity loop
integral time
(voltage mode)

Integral component of velocity controller
[0.1 ms] (for operation modes with six-step.

See chapter Selection of the operation

mode [P 96])

UINT32

RW

0x000001F
4 (500dec)

8010:5B

Velocity loop
proportional gain
(voltage mode)

Proportional component of velocity
controller [uV/(°/s)] (for operation modes

with six-step. See chapter Selection of the
operation mode [P 96])

UINT32

RW

0x0000006
4 (1 Oodec)

8010:5C

Velocity loop
voltage feed
forward gain
(voltage mode)

Velocity pre-control of the velocity controller
[%]

(For operation modes with six-step. See
chapter Selection of the operation mode

[» 961)

UINT8

RW

0x32 (504.,)

8010:5E

Sensorless offset
voltage scaling

Configures the voltage output at standstill
[%].

UINT16

RW

0x0032
(50dec)

8010:5F

Sensorless
observer
bandwidth

Bandwidth of the position/velocity observer
in sensorless mode [Hz].

UINT16

RW

0x0064
( 1 Oodec)

EL7411

Version: 1.4

171




CoE parameters

BECKHOFF

Index

Name

Meaning

Data type

Flags

Default

8010:60

Sensorless max
acceleration

Maximum acceleration in sensorless
operation [°/s?].

UINT32

RW

0x000186A
0
(100000,..)

8010:61

Cogging torque
compensation

Contains the coefficients of the cogging
torque compensation. These are
determined by the Cogging Scan function.

See chapter Scan Motor Cogging [»_112].

OCTET-
STRING[16

]

RW

{0}

8010:62

Position loop
deadband window

Deadband window of the position controller
[Inc]

For position deviations smaller than the
defined range applies (if set velocity is in
the "Standstill window" (see parameter:
8010:33)

0 - 75% position controller switched off

75 - 100% linear transition of the position
controller gain

UINT32

RW

0x0000000
O (odec)

8010:63

Find commutation
time

Defines the time for determining the
commutation angle [0.1 s]

This process is divided into two phases. In
total, it takes twice the time specified here.
Required time depends on the application.

UINT16

RW

0x0009
(gdec)

8010:64

Commutation type

Method for determining the commutation
angle:

1 FOC with incremental encoder

Six-Step with Hall

2
3 Six-step sensorless
4

FOC with incremental encoder and
Hall

UINT8

RW

0X01 ( 1 dec)
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Index 8011 DRV Motor Settings

Index Name Meaning Data type |Flags |Default

(hex)

8011:0 DRV Motor Motor settings UINT8 RO 0x31 (494e.)

Settings

8011:11 |Max current Peak current of the motor [mA]. UINT32 RwW 0x0000177
Limitation by maximum output current of the 0 (60004c)
EL7411.

The motor current values are to be
specified as peak value.

8011:12 |Rated current Nominal current of the motor [mA], UINT32 RwW 0x000003E
corresponds to the maximum continuous 8 (10004,)
motor output current.

The motor current values are to be
specified as peak value.
Target Torque, Torque actual value and
Torque limitation are scaled relative to the
rated current in per mill.
8011:13 |Motor pole pairs |Number of pole pairs UINT8 RwW 0x01 (14ee)
8011:16 |Torque constant |Torque constant [MNm/A] UINT32 RwW 0x0000003
2 (50dec)
8011:18 |Rotor moment of |Mass moment of inertia of the motor UINT32 RwW 0x0000006
inertia including mechanism [g cm?] 4 (1004)
8011:19 |Winding Winding inductance [0.01 mH] UINT16 RwW 0x0064
inductance (1004c)
8011:1B |Motor speed Motor speed limitation [rpm] UINT32 RwW 0x000186A
limitation 0
(1000004,)
8011:29 |12T warn level [>T motor warning threshold [%] UINT8 RwW 0x50 (804¢.)
8011:2A |12T error level [>T motor error threshold [%] UINT8 RwW 0x69
(105dec)
8011:2D |Motor thermal Motor thermal time constant of the winding |UINT16 RwW 0x0028
time constant [0.1 8] (404e.)
8011:2E |Rated speed Nominal speed [rpm] UINT32 RwW 0x000003E
8 (10004,,)
8011:2F |Rated voltage Nominal motor voltage [mV] UINT32 RwW 0x0000BB8
0 (480004,,)
8011:30 |Winding Winding resistance, phase - phase [mQ] UINT32 RwW 0x000003E
resistance 8 (10004,)

8011:31 |Voltage constant |Voltage constant [uV/min”(-1) ] UINT32 RwW 0x0000BB8
Specifies the voltage induced by the motor 0 (480004c.)
as a generator (counter-electromotive
force).
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Index 8012 DRV brake settings

Index Name Meaning Data type |Flags |Default
(hex)
8012:0 DRYV brake Brake settings UINT8 RO 0x14 (204.)
settings
8012:01 |Manual override |Manual release of the motor brake. BOOLEAN RW 0x00 (Oy4ec)
(release) Intended for commissioning purposes.
8012:11 |Release delay Time the holding brake requires for opening |UINT16 RwW 0x0000
(releasing) after the current was applied. (Ogec)
[ms]

8012:12 |Application delay |Time the holding brake requires for closing |UINT16 RwW 0x0000
(holding) after the current was switched off. (Ogec)
[ms]

8012:13 |Emergency Time that the amplifier waits until the speed |UINT16 RwW 0x0000
application reaches the standstill window after the stop (Ogec)
timeout request. The holding brake is triggered

irrespective of the speed if the set waiting
time is exceeded. [ms]

Note:

This parameter must be adjusted to at least
the longest time for the axis to run down.

In the case of suspended axes, this
parameter should be set to a very short
time in order to prevent the axis/load from
sagging.

8012:14 |Brake moment of |Moment of inertia of the motor brake [g cm?]|UINT16 RwW 0x0000
inertia (Ogec)
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Index 8040 DMC Settings

Index Name Meaning Data type |Flags |Default
(hex)
8040:0 DMC Settings Settings for Drive Motion Control. UINT8 RwW 0x17 (234.)
8040:07 |Emergency Deceleration for the emergency stop ramp. |UINT16 RW 0x64
deceleration Indication in milliseconds from nominal (1004ec)
motor speed to standstill.
8040:08 |Calibration If homing is successful, the "Actual position" |UINT64 RwW 0x00 (Ogee)
position is set to this value.
It is basically displayed unscaled in 64 bits.
Scaling: The 32 low-order bits refer to
single-turn revolution, the 32 high-order bits
to multi-turn revolutions.
8040:09 |Calibration Speed for driving on the referencing cams. UINT16 RwW 0x64
velocity (towards s specified in 10,000ths of 0x8011:1B (100:c0)
plc cam) "Motor speed limitation".
8040:0A |Calibration Speed to drive down from the referencing |UINT16 RwW O0x0A (104¢.)
velocity (off plc cam.
cam) s specified in 10,000ths of 0x8011:1B
"Motor speed limitation".
8040:0E |Modulo factor Modulo factor for modulo travel commands. [UINT64 RwW 0x1000000
The default value of 2432 corresponds to a 00
single-turn revolution and thus e.g. 360°. (429496729
6dec)
8040:12 |Block calibration |Torque limitation for block calibration. The |UINT16 RwW 0x64
torque limit value is specified in 1000ths of 0x8011:12 (1004¢.)
"Rated current"
8040:13 |Block calibration |Specifies the distance by which to move out |UINT64 RwW 0x1000000
stop distance of the block after calibration. 00
Scaling see 0x8040:08. g42‘)9496729
dec
8040:14 |Block calibration |Maximum permissible position lag during UINT64 RwW 0x1000000
lag threshold block calibration. 00
Scaling see 0x8040:08. g42§’496729
dec
8040:15 |Target position General position target window for travel UINT64 RwW 0x16C16C1
window commands for reaching the InTarget state. (23860929,
Scaling see 0x8040:08. The "Target ec)
position window" is valid in connection with
0x8040:16 "Target position monitor time".
8040:16 |Target position The actual position must be within the UINT16 RwW 0x14 (204.)
monitor time position target window 0x8040:15 for the
specified time to reach the InTarget state.
Unit: ms.
8040:17 |Target position Specifies the time for the timer to start when UINT16 RwW 0x1770
timeout the setpoint generator reaches the target (60004,)
position. If the InTarget condition (see
0x8040:15 and 0x8040:16) is not reached
within this time, the travel command is
aborted. The function block for the travel
command returns an error. Unit: ms.
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Index 8041 DMC Features

Index Name Meaning Data type Flags |Default
(hex)
8041:0 DMC Features Drive Motion Control functions UINT8 RwW 0x1B (27 gec)
8041:13 |Invert calibration |For the default homing sequence the BOOLEAN RW 0x00 (0y4ec)
cam search direction for referencing cam search can be
direction inverted.
* FALSE: the cam is looked for in the
direction of positive movement.
* TRUE: the cam is looked for in the
direction of negative movement.
8041:14 |Invert sync For the default homing sequence the BOOLEAN RW 0x01 (14ec)
impulse search  |direction for sync pulse search can be
direction inverted.
» FALSE: sync pulse is looked for in the
direction of positive movement.
* TRUE: sync pulse is looked for in the
direction of negative movement.
8041:19 |Calibration cam |Signal source of the referencing cam: UINT8 RwW 0x00 (Ogee)
source e 0: Input 1
* 1:Input 2
8041:1A |Calibration cam |Signal level of the referencing cam thatis |UINT8 RwW 0x00 (Oy4ec)
active level evaluated as "active".
8041:1B |Latch source Signal source of the latch signal: UINT8 RwW 0x00 (04ec)
e 0: Input 1
* 1:Input 2
Index F800 FAN Settings
Index Name Meaning Data type Flags |Default
(hex)
F800:0 FAN Settings Fan settings UINT8 RO 0x11 (17 40)
F800:01 |Select function of |Select fan output function: BIT4 RwW 0x01 (14ec)
Standard output y Digital output
F800:05 |Select function of |Select fan input function: BIT4 RwW 0x01 (14ec)
fan diag/Standard | Fan diag
input o
1 Digital input
F800:11 |Fan behaviour Fan behavior UINT8 RwW 0x0D (134ec)
0 Controlled by fan temperature sensor
1 Always on - low speed
4 Always on - mid speed
9 Always on - full speed
10 |Controlled by terminal temperature
13  |No fan installed
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8.3

Index 801F DRV Vendor data

Configuration data vendor-specific

Index Name Meaning Data type |Flags |Default
(hex)
801F:0 DRV vendor data |Vendor-specific data UINT8 RO 0x18 (244..)
801F:11 |Amplifier peak Amplifier peak current [mA] UINT32 RwW 0x000031B
current 8 (12728.)
801F:12 |Amplifier rated Amplifier rated current [mA] UINT32 RwW 0x000018D
current C (6364 .)
801F:13 |Amplifier thermal |Thermal time constant of the amplifier [0.1 |UINT16 RW 0x0023
time constant s] (354e0)
801F:14 |Amplifier Threshold value for short-circuit detection  |UINT32 RwW 0x000057E
overcurrent [mA] 3 (22499.)
threshold
801F:15 |Max rotary field |Maximum electric rotor rotation frequency |UINT16 RW 0x0257
frequency [Hz] (999e.)
801F:16 |Amplifier peak Amplifier peak current in operation with fan |UINT32 RwW 0x0000501
current with fan ~ |[mA] A (20506,.)
801F:17 |Amplifier rated Amplifier rated current in operation with fan |UINT32 RwW 0x00002C3
current with fan  |[mA] 1 (113134.)
801F:18 |Vendor feature Reserved UINT32 RW 0x0000000
bits 0 (Ogec)
Index FB13 DRV Key code
Index Name Meaning Data type Flags |Default
(hex)
FB13:0 |DRV Key code UINT8 RO 0x01 (14eo)
FB13:01 |Code OCTET- RwW {0}
STRING[32
]
8.4 Command object
Index FBOO command
Index Name Meaning Data type Flags |Default
(hex)
FB00:0 |Command Command register UINT8 RO 0x03 (3g4ee)
Used for the scanning functions. See
chapter Scanning the hardware [P_110].
FB00:01 |Request Request OCTET- RwW {0}
STRING[2]
FB00:02 |Status Status UINT8 RO 0x00 (Ogee)
FB00:03 |Response Response OCTET- RO {0}
STRING[6]
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8.5 Input data

Index 6000 FB Inputs

Index Name Meaning Data type |Flags |Default

(hex)

6000:0 FB Inputs Maximum subindex UINT8 RO 0x12 (1844.)

6000:0E |TxPDO State True: the position data is invalid BOOLEAN RO 0x00 (Oy4ec)
False: the position data is valid

6000:0F |Input cycle Incremented with each process data cycle, BIT2 RO 0x00 (Oy4ec)

counter switches to 0 after reaching the maximum
value of 3.
6000:11  |Position Position UINT32 RO 0x0000000
0 (Odec)
6000:12 |Enc Position UINT32 RO 0x0000000
0 (Odec)

Index 6001 FB Touch probe inputs

Index Name Meaning Data type |Flags |Default

(hex)

6001:0 FB Touch probe |Maximum subindex UINT8 RO 0x14 (204.)

inputs

6001:01 |TP1 Enable Touch probe 1 switched on BOOLEAN RO 0x00 (Ogee)

6001:02 |TP1 Pos value Positive value of Touch probe 1 stored BOOLEAN RO 0x00 (0y4ec)

stored

6001:03 |TP1 Neg value Negative value of Touch probe 1 stored BOOLEAN RO 0x00 (Oy4ec)

stored

6001:08 |TP1 Input Digital input Touch probe 1. BOOLEAN RO 0x00 (Oy4ec)
The input must be addressed with a 1-wire
+24 V signal.

6001:09 |TP2 Enable Touch probe 2 switched on BOOLEAN RO 0x00 (Oy4ec)

6001:0A |TP2 Pos value Positive value of Touch probe 2 stored BOOLEAN RO 0x00 (Oy4ec)

stored

6001:0B | TP2 Neg value Negative value of Touch probe 2 stored BOOLEAN RO 0x00 (Ogee)

stored

6001:10 |TP2 Input Digital input Touch probe 2. BOOLEAN RO 0x00 (Oy4ec)
The input must be addressed with a 1-wire
+24 V signal.

6001:11 | TP1 Pos position |Positive value of Touch probe 1. UINT32 RO 0x0000000
The given value must be multiplied by the 0 (Ogec)
corresponding scaling factor.

6001:12 | TP1 Neg position |Negative value of Touch probe 1. UINT32 RO 0x0000000
The given value must be multiplied by the 0 (Ogec)
corresponding scaling factor.

6001:13 |TP2 Pos position |Positive value of Touch probe 2. UINT32 RO 0x0000000
The given value must be multiplied by the 0 (Ogec)
corresponding scaling factor.

6001:14 |TP2 Neg position |Negative value of Touch probe 2. UINT32 RO 0x0000000
The given value must be multiplied by the 0 (Ogec)
corresponding scaling factor.
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Index 6010 DRV Inputs

Index Name Meaning Data type Flags |Default
(hex)
6010:0 DRYV Inputs UINT8 RO 0x14 (204.)
6010:01 |Statusword Bit 0: ready to switch on UINT16 RO 0x0000
Bit 1: switched on (Ogec)
Bit 2: operation enabled
Bit 3: fault
Bit 4: reserved
Bit 5: reserved
Bit 6: switch on disabled
Bit 7: warning
Bit 8 + 9: reserved
Bit 10: TxPDOToggle
Bit 11: internal limit active
Bit 12: drive follows the command value
Bit 13: input cycle counter
Bit 14 - 15: reserved
6010:03 |Modes of permitted values: UINT8 RO 0x00 (Oy4ec)
operation display |g Cyclic synchronous position mode
(CSP)
9 Cyclic synchronous velocity mode
(CsV)
10  |Cyclic synchronous torque mode
(CST)
11 Cyclic synchronous torque mode with
commutation angle (CSTCA)
6010:06 |Following error Following error. INT32 RO 0x0000000
actual value The given value must be multiplied by the 0 (Ogec)
corresponding scaling factor.
6010:07 | Velocity actual INT32 RO 0x0000000
value 0 (Odec)
6010:08 |Torque actual INT16 RO 0x0000
value (Ogec)
6010:12 |Info data 1 Synchronous information (selection via INT16 RO 0x0000
subindex 0x8010:39). (Ogec)
6010:13 |Info data 2 Synchronous information (selection via INT16 RO 0x0000
subindex 0x8010:3A). (Ogec)
6010:14 |Info data 3 Synchronous information. INT16 RO 0x0000
(Odec)
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Index 6020 DI Inputs

Index Name Meaning Data type Flags |Default
(hex)
6020:0  |DI Inputs UINT8 RO  |0x0OD (13g)
6020:01 |Input 1 BOOLEAN RO  |0x00 (Og)
6020:02 |Input 2 BOOLEAN RO |0x00 (Og,)
6020:03 |Fan Diag BOOLEAN RO |0x00 (Og.)
6020:05 |Encoder A BOOLEAN RO  |0x00 (Qg)
6020:06 |Encoder B BOOLEAN RO |0x00 (Og)
6020:07 |Encoder C BOOLEAN RO |0x00 (Og,)
6020:09 |Hall A BOOLEAN RO |0x00 (Oge.)
6020:0A |Hall B BOOLEAN RO  |0x00 (Qg)
6020:0B |Hall C BOOLEAN RO  |0x00 (Qg)
6020:0D |Level of ENA BOOLEAN RO |0x00 (Ogec)
input
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Index 6040 DMC Inputs

Index Name Meaning Data type |Flags |Default

(hex)

6040:0 DMC Inputs UINT8 RO 0x3C (604)

6040:02 |DMC__ Feedback |An edge was detected on the external input |BOOLEAN |RO 0x00 (0y4ec)
Status__Latch and latched.
extern valid

6040:03 |DMC__ Feedback |The setting of the feedback position was BOOLEAN RO 0x00 (Oy4ec)
Status__ Set successful.
counter done This bit remains present until "Set counter”

is released again

6040:0D |DMC__ Feedback [Status of the external latch input. BOOLEAN RO 0x00 (Oy4ec)
Status__ Status of
extern latch

6040:11 |DMC__ DriveStatu |The drive hardware is ready for activation. |BOOLEAN |RO 0x00 (Oy4ec)
s__Ready to
enable

6040:12 |DMC__ DriveStatu |The drive hardware is activated. BOOLEAN RO 0x00 (0y4ec)
s__Ready

6040:13 |DMC__DriveStatu |A warning is pending in the drive. BOOLEAN RO 0x00 (Ogee)
s__Warning

6040:14 |DMC__DriveStatu |An error is pending in the drive. BOOLEAN RO 0x00 (Ogee)
s__Error The "Ready to enable" bit and the "Ready"

bit are set to FALSE.

6040:15 |DMC__ DriveStatu | The axis moves in positive direction. BOOLEAN RO 0x00 (Oy4ec)
s__Moving
positive

6040:16 |DMC__DriveStatu |The axis moves in negative direction. BOOLEAN RO 0x00 (Ogee)
s__Moving
negative

6040:1C |DMC__ DriveStatu |Status of the first digital input. BOOLEAN RO 0x00 (04ec)
s__Digital input 1

6040:1D |DMC__ DriveStatu |Status of the second digital input. BOOLEAN RO 0x00 (Oy4ec)
s__Digital input 2

6040:21 |DMC__Positionin |The positioning task is running. BOOLEAN RO 0x00 (Ogee)
gStatus__ Busy

6040:22 |DMC__ Positionin |The axis is at the target position. BOOLEAN RO 0x00 (Oy4ec)
gStatus__In-
Target

6040:23 |DMC__ Positionin |Warning. BOOLEAN RO 0x00 (Oy4ec)
gStatus__ Warnin
g

6040:24 |DMC__Positionin |Error. BOOLEAN RO 0x00 (Ogee)
gStatus__ Error

6040:25 |DMC__ Positionin |The axis is calibrated. BOOLEAN RO 0x00 (Oy4ec)
gStatus__ Calibrat
ed

6040:26 |DMC__ Positionin |The axis accelerates. BOOLEAN RO 0x00 (Ogee)
gStatus__Acceler
ate

EL7411 Version: 1.4 181




CoE parameters

BECKHOFF

Index Name Meaning Data type |Flags |Default
(hex)
6040:27 |DMC__Positionin |The axis is decelerating. BOOLEAN RO 0x00 (Ogee)
gStatus__ Deceler
ate
6040:28 |DMC__ Positionin |The path control is ready to accept a BOOLEAN RO 0x00 (Oy4ec)
gStatus_ Ready |command.
to execute This bit is FALSE ...
... if the drive has a fault
» ... if the drive is not activated
e ...aslong as the
"PositioningControl__Execute" is
pending.
6040:31 |DMC__ Set Current target position specified by the INT64 RO 0x0000000
Position ramp generator in feedback increments. 000000000
(Odec)
6040:32 |DMC__ Set Current velocity specified by the ramp INT16 RO 0x0000
velocity generator in 10000ths of the nominal motor (Ogec)
speed
6040:33 |DMC__ Actual The time since the start of the travel UINT32 RO 0x0000000
drive time command in ms. 0 (Ogec)
Stops when the target position is reached.
6040:34 | DMC__ Actual Lag error. INT64 RO 0x0000000
position lag 000000000
(Odec)
6040:35 |DMC__ Actual Current velocity in 10000ths of the nominal |INT16 RO 0x0000
velocity motor speed. (Ogec)
6040:36 |DMC__ Actual Current position from the feedback (incl. INT64 RO 0x0000000
position possible offsets due to homing, ...). 000000000
(Odec)
6040:37 |DMC__Errorid Error Id (identical to Diag History). UINT32 RO 0x0000000
0 (Odec)
6040:38 |DMC__ Input cycle|Incremented with each process data cycle. |[UINT8 RO 0x00 (Oy4ec)
counter
6040:39 DMC__Channel id UINT8 RO 0x00 (Ogeo)
6040:3A |DMC__ Latch Feedback position at latch time. INT64 RO 0x0000000
value 000000000
(Odec)
6040:3B |DMC__ Cyclic info |Synchronous info data INT16 RO 0x0000
data 1 (Ogec)
63C040: |DMC__ Cyclic info |Synchronous info data INT16 RO 0x0000
data 2 (Odec)
Index F600 FAN Inputs
Index Name Meaning Data type Flags |Default
(hex)
F600:0 FAN Inputs Fan input UINT8 RO 0x01 (14ee)
F600:01 |Fan diag/ Diagnostic input for the fan. BOOLEAN RO 0x00 (Oy4ec)

Standard input

Can also be used as a standard digital input
when operated without a fan. (Configured
via F800:05)
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8.6 Output data

Index 7001 FB Touch probe outputs

Index Name Meaning Data type |Flags |Default

(hex)

7001:0 FB Touch probe |Maximum subindex UINT8 RO OxO0E (144.)
outputs

7001:01 |TP1 Enable Switch on Touch probe 1. BOOLEAN RO 0x00 (Oy4ec)

7001:02 |TP1 Continous 0: triggered only on the first event. BOOLEAN RO 0x00 (Ogee)

1: triggered on every event.

7001:03 |TP1 Trigger mode |No function. BIT2 RO 0x00 (Oy4ec)

7001:05 |TP1 Enable pos |Trigger on positive edge BOOLEAN RO 0x00 (Oy4ec)
edge

7001:06 |TP1 Enable neg |Trigger on negative edge BOOLEAN RO 0x00 (0y4ec)
edge

7001:09 |TP2 Enable Switch on Touch probe 2. BOOLEAN RO 0x00 (Oy4ec)

7001:0A |TP2 Continous 0: triggered only on the first event. BOOLEAN RO 0x00 (Ogee)

1: triggered on every event.

7001:0B |TP2 Trigger mode |No function. BIT2 RO 0x00 (Oy4ec)

7001:0D |TP2 Enable pos |Trigger on positive edge BOOLEAN RO 0x00 (Ogee)
edge

7001:0E |TP2 Enable neg |Trigger on negative edge BOOLEAN RO 0x00 (Ogee)
edge
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Index 7010 DRV Outputs

Index
(hex)

Name

Meaning

Data type

Flags

Default

7010:0

DRV Outputs

Maximum subindex

UINT8

RO

OXOE (144e0)

7010:01

Controlword

Bit 0: switch on

Bit 1: enable voltage
Bit 2: reserved

Bit 3: enable operation
Bit 4 - 6: reserved

Bit 7: fault reset

Bit 8 - 15: reserved

UINT16

RO

0x0000
(Odec)

7010:03

Modes of
operation

Selection of the operation mode [» 96]

8 CSP

9 CSv

10 |CST

11 |CSTCA

UINT8

RW

0x08 (84ec)

131 |Drive Motion Control (DMC)

7010:05

Target position

Configured target position.

The value must be multiplied by the
corresponding scaling factor

UINT32

RO

0x0000000
O (Odec)

7010:06

Target velocity

Configured target velocity.

The velocity scaling can be found in object
0x9010:14 ("Velocity encoder resolution").

INT32

RO

0x0000000
0 (Odec)

7010:09

Target torque

Configured input value for torque
monitoring.

The value is specified in 1000ths of Rated
current (0x8011:12).

INT16

RO

0x0000
(Odec)

7010:0B

Torque limitation

Torque threshold value for torque
monitoring (bipolar limit)

The value is specified in 1000ths of Rated
current (0x8011:12).

UINT16

RW

OX7FFF
(327674,)

7010:0E

Commutation
angle

Commutation angle for CSTCA operation
mode.

Unit: 360° / 2

UINT16

RO

0x0000
(Odec)
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Index 7040 DMC Outputs

Index Name Meaning Data type |Flags |Default
(hex)
7040:0 DMC Outputs UINT8 RO 0x36 (544e.)
7040:02 |DMC__ Feedback |Latches to the positive edge of the external | BOOLEAN RO 0x00 (0y4ec)
Control__Enable |input.
latch extern on
positive edge
7040:03 |DMC__ Feedback |With a rising edge "Actual position" is set to | BOOLEAN RO 0x00 (Oy4ec)
Control__Set the value of "Set counter value".
counter
7040:04 |DMC__ Feedback |Latches to the negative edge of the external BOOLEAN RO 0x00 (04ec)
Control__Enable |input.
latch extern on
negative edge
7040:11 |DMC__ DriveContr|Activate drive. BOOLEAN RO 0x00 (Oy4ec)
ol__Enable
7040:12 |DMC__ DriveContr|Perform a reset of the drive hardware. BOOLEAN RO 0x00 (Ogee)
ol__Reset
7040:21 |DMC__ Positionin |Start travel command with a rising edge. BOOLEAN RO 0x00 (Oy4ec)
gControl__Execut 1pg ta5k runs as long as this bit is set or
e until the command is completed.
If the level drops during travel, the axis is
brought to a standstill with the deceleration
specified for the task.
7040:22 |DMC__ Positionin |In the event of a rising edge, decelerate to a BOOLEAN RO 0x00 (Oy4ec)
gControl__Emerg |standstill with the emergency stop ramp.
ency stop
7040:31 |DMC__Set See index 0x7040:03. INT64 RO 0x0000000
counter value 000000000
(Odec)
7040:32 |DMC__Target Position specification in feedback INT64 RO 0x0000000
position increments. 000000000
(Odec)
7040:33 |DMC__ Target Maximum speed during the travel command |UINT16 RO 0x0000
velocity in 10000ths of the nominal motor speed. (Ogec)
7040:34 |DMC__ Start type |Type of positioning task: UINT16 RO 0x0000
- 0x0001: Absolute (Ogec)
* 0x0002: Relative
* 0x0003: Endless +
* 0x0004: Endless —
* 0x0105: Modulo short
» 0x0205: Modulo +
* 0x0305: Modulo —
* 0x6000: Cali PLC cam
* 0x6200: Cali Block
* OxB6E00: Cali set
* Ox6FO00: Cali clear
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Index Name Meaning Data type Flags |Default
(hex)
7040:35 |DMC__Target Acceleration: time in ms from standstillto  |UINT16 RO 0x0000
acceleration reaching the nominal motor speed. (Ogec)
7040:36 | DMC__Target Deceleration: time in ms for the UINT16 RO 0x0000
deceleration deceleration from the nominal motor speed (Ogec)
to standstill.
Index F700 FAN Outputs
Index Name Meaning Data type |Flags |Default
(hex)
F700:0 FAN Outputs Fan output UINT8 RO 0x01 (14ee)
F700:01 |Fan mode/ Output for fan mode BOOLEAN RO 0x00 (0y4ec)
Standard output
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8.7 Information data, diagnostic data
Index 9010 DRV Info data
Index Name Meaning Data type Flags |Default
(hex)
9010:0 DRYV Info data Amplifier information data UINT8 RO 0x15 (2144)
9010:11  |Amplifier Internal terminal temperature [0.1 °C] INT16 RO 0x0000
temperature (Ogec)
9010:12 |DC link voltage  |DC link voltage [mV] UINT32 RO 0x0000000
0 (Odec)
9010:13 |Supported drive |Information about supported drive modes. |UINT32 RO 0x0000000
modes (DS402: Object 0x6502) 0 (Ogec)
Only modes CSP, CSV, CST and CSTCA
are supported.
Bit 0: PP
Bit 1: VL
Bit 2: PV
Bit 3: TQ
Bit4: R
Bit 5: HM
Bit 6: IP
Bit 7: CSP
Bit 8: CSV
Bit 9: CST
Bit 10: CSTCA
Bit 11 - 15: reserved
Bit 16-31: manufacturer-specific
9010:14 |Velocity encoder |Velocity encoder resolution [Inc/(U/s)] UINT32 RO 0x0000000
resolution 0 (Ogec)
9010:15 |Position encoder |Encoder increments per motor revolution UINT32 RO 0x0000000
resolution (Compare 8008:13 Encoder increments per 0 (Ogec)
increments revolution for FOC. In the Six-Step
operation modes: 65536)
Index A010 DRV Amplifier Diag data
Index Name Meaning Data type Flags |Default
(hex)
A010:0 DRV Amplifier Amplifier diagnosis data UINT8 RO 0x11 (17 4ee)
Diag data
A010:11 |Amplifier 12T Amplifier 1T model utilization [%] UINT8 RO 0x00 (Ogee)
temperature
Index A011 DRV Motor Diag data
Index Name Meaning Data type Flags |Default
(hex)
A011:0 DRV Motor Diag |Motor diagnosis data UINT8 RO 0x11 (17 4ee)
data
A011:11  |Motor 12T Motor 12T model utilization [%] UINT8 RO 0x00 (Oy4ec)
temperature
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Index FB40 Memory interface

Index Name Meaning Data type |Flags |Default

(hex)

FB40:0 |Memory interface UINT8 RO 0x03 (3gec)

FB40:01 |Address UINT32 RW  |0x0000000
0 (Odec)

FB40:02 |Length UINT16 RW  |0x0000
(Odec)

FB40:03 |Data OCTET- RwW {0}

STRING[8]
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8.8

Standard objects

The standard objects have the same meaning for all EtherCAT slaves.

Index 1000 Device type

Index Name Meaning Data type Flags |Default
(hex)
1000:0 Device type Device type of the EtherCAT slave: The Lo- [UINT32 RO 0x0000138
Word contains the CoE profile used (5001). 9 (5001 4,)
The Hi-Word contains 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 EL7411
Index 1009 Hardware version
Index Name Meaning Data type Flags |Default
(hex)
1009:0 Hardware version |Hardware version of the EtherCAT slave STRING RO
Index 100A Software version
Index Name Meaning Data type |Flags |Default
(hex)
100A:0 Software version |Firmware version of the EtherCAT slave STRING RO 00
Index 100B Bootloader version
Index Name Meaning Data type Flags |Default
(hex)
100B:0 Bootloader STRING RO N/A
version
Index 1018 Identity
Index Name Meaning Data type |Flags |Default
(hex)
1018:0 Identity Information for identifying the slave UINT8 RO 0x04 (44cc)
1018:01 |Vendor ID Vendor ID of the EtherCAT slave UINT32 RO 0x0000000
2 (2dec)
1018:02 |Product code Product code of the EtherCAT slave UINT32 RO 0x1CF3305
2
(485699666
dec)
1018:03 |Revision Revision number of the EtherCAT slave; the UINT32 RO 0x0000000
Low Word (bit 0-15) indicates the special 0 (Ogec)
terminal number, the High Word (bit 16-31)
refers to the device description
1018:04 | Serial number Serial number of the EtherCAT slave; the  |UINT32 RO 0x0000000
Low Byte (bit 0-7) of the Low Word contains 0 (Odec)
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 O
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Index 10E2 Manufacturer-specific Identification Code

Index Name Meaning Data type |Flags |Default
(hex)
10E2:0 Manufacturer- UINT8 RO 0x01 (14ec)
specific
identification code
10E2:01 |Sublindex 001 STRING RO

Index 10F0 Backup parameter handling

Index Name Meaning Data type |Flags |Default
(hex)
10F0:0 Backup parameter|Information for standardized loading and UINT8 RO 0x01 (14ec)
handling saving of backup entries
10F0:01 |Checksum Checksum across all backup entries of the |UINT32 RO 0x0000000
EtherCAT slave 0 (Ogec)
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Index 10F3 Diagnosis History

Index Name Meaning Data type |Flags |Default
(hex)
10F3:0 Diagnosis History UINT8 RO 0x37 (554¢.)
10F3:01 |Maximum UINT8 RO 0x00 (Ogee)
Messages
10F3:02 |Newest Message UINT8 RO 0x00 (Ogec)
10F3:03 |Newest UINT8 RW 0x00 (Ogeo)
Acknowledged
Message
10F3:04 |New Messages BOOLEAN RO 0x00 (Oy4ec)
Available
10F3:05 |Flags UINT16 RW 0x0000
(Odec)
10F3:06 |Diagnosis OCTET- RO {0}
Message 001 STRING[28
]
10F3:07 |Diagnosis OCTET- RO {0}
Message 002 STRING[28
]
10F3:08 |Diagnosis OCTET- RO {0}
Message 003 STRING[28
]
10F3:09 |Diagnosis OCTET- RO {0}
Message 004 STRING[28
]
10F3:0A |Diagnosis OCTET- RO {0}
Message 005 STRING[28
]
10F3:0B |Diagnosis OCTET- RO {0}
Message 006 STRING[28
|
10F3:0C |Diagnosis OCTET- RO {0}
Message 007 STRING[28
]
10F3:0D |Diagnosis OCTET- RO {0}
Message 008 STRING[28
]
10F3:0E |Diagnosis OCTET- RO {0}
Message 009 STRING[28
]
10F3:0F |Diagnosis OCTET- RO {0}
Message 010 STRING[28
]
10F3:10 |Diagnosis OCTET- RO {0}
Message 011 STRING[28
]
10F3:11 |Diagnosis OCTET- RO {0}
Message 012 STRING[28
]
10F3:12 |Diagnosis OCTET- RO {0}
Message 013 STRING[28
]
EL7411 Version: 1.4 191



CoE parameters

BECKHOFF

Index Name Meaning Data type |Flags |Default
(hex)
10F3:13 |Diagnosis OCTET- RO {0}
Message 014 STRING[28
]
10F3:14 |Diagnosis OCTET- RO {0}
Message 015 STRING[28
]
10F3:15 |Diagnosis OCTET- RO {0}
Message 016 STRING[28
]
10F3:16 |Diagnosis OCTET- RO {0}
Message 017 STRING[28
]
10F3:17 |Diagnosis OCTET- RO {0}
Message 018 STRING[28
]
10F3:18 |Diagnosis OCTET- RO {0}
Message 019 STRING[28
]
10F3:19 |Diagnosis OCTET- RO {0}
Message 020 STRING[28
]
10F3:1A |Diagnosis OCTET- RO {0}
Message 021 STRING[28
]
10F3:1B |Diagnosis OCTET- RO {0}
Message 022 STRING[28
]
10F3:1C |Diagnosis OCTET- RO {0}
Message 023 STRING[28
]
10F3:1D |Diagnosis OCTET- RO {0}
Message 024 STRING[28
]
10F3:1E |Diagnosis OCTET- RO {0}
Message 025 STRING[28
]
10F3:1F |Diagnosis OCTET- RO {0}
Message 026 STRING[28
]
10F3:20 |Diagnosis OCTET- RO {0}
Message 027 STRING[28
]
10F3:21 |Diagnosis OCTET- RO {0}
Message 028 STRING[28
]
10F3:22 |Diagnosis OCTET- RO {0}
Message 029 STRING[28
]
10F3:23 |Diagnosis OCTET- RO {0}
Message 030 STRING[28
]
10F3:24 |Diagnosis OCTET- RO {0}
Message 031 STRING[28
]
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Index Name Meaning Data type |Flags |Default
(hex)
10F3:25 |Diagnosis OCTET- RO {0}
Message 032 STRING[28
]
10F3:26 |Diagnosis OCTET- RO {0}
Message 033 STRING[28
]
10F3:27 |Diagnosis OCTET- RO {0}
Message 034 STRING[28
]
10F3:28 |Diagnosis OCTET- RO {0}
Message 035 STRING[28
]
10F3:29 |Diagnosis OCTET- RO {0}
Message 036 STRING[28
]
10F3:2A |Diagnosis OCTET- RO {0}
Message 037 STRING[28
]
10F3:2B |Diagnosis OCTET- RO {0}
Message 038 STRING[28
]
10F3:2C |Diagnosis OCTET- RO {0}
Message 039 STRING[28
]
10F3:2D |Diagnosis OCTET- RO {0}
Message 040 STRING[28
]
10F3:2E |Diagnosis OCTET- RO {0}
Message 041 STRING[28
]
10F3:2F |Diagnosis OCTET- RO {0}
Message 042 STRING[28
]
10F3:30 |Diagnosis OCTET- RO {0}
Message 043 STRING[28
]
10F3:31 |Diagnosis OCTET- RO {0}
Message 044 STRING[28
]
10F3:32 |Diagnosis OCTET- RO {0}
Message 045 STRING[28
]
10F3:33 |Diagnosis OCTET- RO {0}
Message 046 STRING[28
]
10F3:34 |Diagnosis OCTET- RO {0}
Message 047 STRING[28
]
10F3:35 |Diagnosis OCTET- RO {0}
Message 048 STRING[28
]
10F3:36 |Diagnosis OCTET- RO {0}
Message 049 STRING[28
]
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Index Name Meaning Data type Flags |Default
(hex)
10F3:37 |Diagnosis OCTET- RO {0}
Message 050 STRING[28
]
Index 10F8 Actual Time Stamp
Index Name Meaning Data type [Flags |Default
(hex)
10F8:0  |Actual Time UINT64 RO
Stamp
Index 1600 DRV RxPDO-map control word
Index Name Meaning Data type |Flags |Default
(hex)
1600:0 DRV RxPDO-map |PDO Mapping RxPDO 1 UINT8 RO 0x01 (14ee)
control word
1600:01 |Sublndex 001 1. PDO mapping entry (object 0x7010 (DRV |UINT32 RO 0x7010:01,
outputs), entry 0x01 (control word)) 16
Index 1601 DRV RxPDO-map target velocity
Index Name Meaning Data type |Flags |Default
(hex)
1601:0 DRV RxPDO-map |PDO Mapping RxPDO 2 UINT8 RO 0x01 (14ec)
target velocity
1601:01 |Sublndex 001 1. PDO Mapping entry (object 0x7010 (DRV |UINT32 RO 0x7010:06,
Outputs), entry 0x06 (Target velocity)) 32
Index 1602 DRV RxPDO-Map Target torque
Index Name Meaning Data type Flags |Default
(hex)
1602:0 DRV RxPDO-Map |PDO Mapping RxPDO 3 UINT8 RO 0x01 (14ec)
Target torque
1602:01 |Sublndex 001 1. PDO mapping entry (object 0x7010 (DRV |UINT32 RO 0x7010:09,
outputs), entry 0x09 (target torque)) 16
Index 1603 DRV RxPDO-map commutation angle
Index Name Meaning Data type Flags |Default
(hex)
1603:0 DRV RxPDO-map |PDO Mapping RxPDO 4 UINT8 RO 0x01 (14ee)
commutation
angle
1603:01 |Subindex 001 1. PDO mapping entry (object 0x7010 (DRV |UINT32 RO 0x7010:0E,
outputs), entry O0xOE (commutation angle)) 16
Index 1604 DRV RxPDO-map torque limitation
Index Name Meaning Data type |Flags |Default
(hex)
1604:0 DRV RxPDO-map |PDO Mapping RxPDO 5 UINT8 RO 0x01 (1¢eo)
torque limitation
1604:01 |Sublndex 001 1. PDO mapping entry (object 0x7010 (DRV |UINT32 RO 0x7010:0B,
outputs), entry 0x0B (torque limitation)) 16
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Index 1606 DRV RxPDO-Map Target position

Index Name Meaning Data type |Flags |Default
(hex)
1606:0 DRV RxPDO-Map |PDO Mapping RxPDO 7 UINT8 RO 0x01 (14ec)
Target position
1606:01 |Sublndex 001 1. PDO mapping entry (object 0x7010 (DRV |UINT32 RO 0x7010:05,
outputs), entry 0x05 (target position)) 32
Index 1607 FB RxPDO-Map Touch probe control
Index Name Meaning Data type |Flags |Default
(hex)
1607:0 FB RxPDO-Map |PDO Mapping RxPDO 8 UINT8 RO 0x0C (124ec)
Touch probe
control
1607:01 |Sublndex 001 1. PDO Mapping entry (object 0x7001 (FB |UINT32 RO 0x7001:01,
Touch probe outputs), entry 0x01 (TP1 1
Enable))
1607:02 |Sublndex 002 2. PDO Mapping entry (object 0x7001 (FB |UINT32 RO 0x7001:02,
Touch probe outputs), entry 0x02 (TP1 1
Continous))
1607:03 |Sublndex 003 3. PDO Mapping entry (object 0x7001 (FB |UINT32 RO 0x7001:03,
Touch probe outputs), entry 0x03 (TP1 2
Trigger mode))
1607:04 |Sublndex 004 4. PDO Mapping entry (object 0x7001 (FB  |UINT32 RO 0x7001:05,
Touch probe outputs), entry 0x05 (TP1 1
Enable pos edge))
1607:05 |Sublndex 005 5. PDO Mapping entry (object 0x7001 (FB |UINT32 RO 0x7001:06,
Touch probe outputs), entry 0x06 (TP1 1
Enable neg edge))
1607:06 |Sublndex 006 6. PDO Mapping entry (2 bits align) UINT32 RO 0x0000:00,
2
1607:07 |Sublndex 007 7. PDO Mapping entry (object 0x7001 (FB |UINT32 RO 0x7001:09,
Touch probe outputs), entry 0x09 (TP2 1
Enable))
1607:08 |Subindex 008 8. PDO Mapping entry (object 0x7001 (FB |UINT32 RO 0x7001:0A,
Touch probe outputs), entry Ox0A (TP2 1
Continous))
1607:09 |Sublndex 009 9. PDO Mapping entry (object 0x7001 (FB  |UINT32 RO 0x7001:0B,
Touch probe outputs), entry 0x0B (TP2 2
Trigger mode))
1607:0A |Subindex 010 10. PDO Mapping entry (object 0x7001 (FB |UINT32 RO 0x7001:0D,
Touch probe outputs), entry 0x0D (TP2 1
Enable pos edge))
1607:0B |Subindex 011 11. PDO Mapping entry (object 0x7001 (FB |UINT32 RO 0x7001:0E,
Touch probe outputs), entry Ox0E (TP2 1
Enable neg edge))
1607:0C |Sublndex 012 12. PDO Mapping entry (2 bits align) UINT32 RO 0x0000:00,
2
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Index 1608 FAN RxPDO-Map Outputs Device

Index Name Meaning Data type |Flags |Default
(hex)
1608:0 FAN RxPDO-Map |PDO Mapping RxPDO 9 UINT8 RO 0x02 (24ec)

Outputs Device
1608:01 |Sublndex 001 1. PDO Mapping entry (object OxF700 (FAN |UINT32 RO 0xF700:01,

Outputs), entry 0x01 (Fan mode/Standard 1
output))
1608:02 |Sublndex 002 2. PDO Mapping entry (15 bits align) UINT32 RO 0x0000:00,
15
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Index 1640 DMC RxPDO-Map Outputs

Index Name Meaning Data type Flags |Default
1640:0 DMC RxPDO- DMC RxPDO-Map Outputs UINT8 RO 0x12 (1844.)
Map Outputs
1640:01 |Subindex 001 1. PDO Mapping entry (1 bit align) UINT32 RO 0x0000:00,
1

1640:02 |Sublndex 002 2. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:02,
(DMC Outputs), entry 0x02 1
(DMC_FeedbackControl__Enable latch
extern on positive edge))

1640:03 |Subindex 003 3. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:03,
(DMC Outputs), entry 0x03 1
(DMC_FeedbackControl__Set counter))

1640:04 |Sublndex 004 4. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:04,
(DMC Outputs), entry 0x04 1
(DMC___FeedbackControl__Enable latch
extern on negative edge))

1640:05 |Sublndex 005 5. PDO Mapping entry (12 bits align) UINT32 RO 0x0000:00,

12

1640:06 |Sublndex 006 6. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:11,
(DMC Outputs), entry 0x11 1
(DMC__ DriveControl__Enable))

1640:07 | Sublndex 007 7. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:12,
(DMC Outputs), entry 0x12 1
(DMC__ DriveControl__Reset))

1640:08 |Sublndex 008 8. PDO Mapping entry (14 bits align) UINT32 RO 0x0000:00,

14

1640:09 |Sublndex 009 9. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:21,
(DMC Outputs), entry 0x21 1
(DMC__ PositioningControl__Execute))

1640:0A | Sublndex 010 10. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:22,
(DMC Outputs), entry 0x22 1
(DMC___PositioningControl__Emergency
stop))

1640:0B |Subindex 011 11. PDO Mapping entry (14 bits align) UINT32 RO 0x0000:00,

14
1640:0C |Sublndex 012 12. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:31,
(DMC Outputs), entry 0x31 (DMC__ Set 64
counter value))

1640:0D |Subindex 013 13. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:32,
(DMC Outputs), entry 0x32 (DMC__ Target 64
position))

1640:0E |Sublndex 014 14. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:33,
(DMC Outputs), entry 0x33 (DMC__ Target 16
velocity))

1640:0F |Sublndex 015 15. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:34,
(DMC Outputs), entry 0x34 (DMC__ Start 16
type))

1640:10 |Sublndex 016 16. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:35,
(DMC Outputs), entry 0x35 (DMC__Target 16
acceleration))

1640:11 | Sublndex 017 17. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:36,
(DMC Outputs), entry 0x36 (DMC__ Target 16
deceleration))

1640:12 |Sublndex 018 18. PDO Mapping entry (80 bits align) UINT32 RO 0x0000:00,

80
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Index 1641 DMC RxPDO-Map Outputs 32 Bit

Index Name Meaning Data type |Flags |Default
1641:0 DMC RxPDO- PDO Mapping RxPDO 66 UINT8 RO 0x14 (204c.)
Map Outputs 32
Bit
1641:01 |Subindex 001 1. PDO Mapping entry (1 bit align) UINT32 RO 0x0000:00,
1

1641:02 |Sublndex 002 2. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:02,
(DMC Outputs), entry 0x02 1
(DMC__ FeedbackControl__Enable latch
extern on positive edge))

1641:03 |Sublndex 003 3. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:03,
(DMC Outputs), entry 0x03 1
(DMC__ FeedbackControl__Set counter))

1641:04 |Sublndex 004 4. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:04,
(DMC Outputs), entry 0x04 1
(DMC___FeedbackControl__Enable latch
extern on negative edge))

1641:05 |Sublndex 005 5. PDO Mapping entry (12 bits align) UINT32 RO 0x0000:00,

12

1641:06 |Sublndex 006 6. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:11,
(DMC Outputs), entry 0x11 1
(DMC__ DriveControl__Enable))

1641:07 | Sublndex 007 7. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:12,
(DMC Outputs), entry 0x12 1
(DMC__ DriveControl__Reset))

1641:08 |Sublndex 008 8. PDO Mapping entry (14 bits align) UINT32 RO 0x0000:00,

14

1641:09 |Sublndex 009 9. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:21,
(DMC Outputs), entry 0x21 1
(DMC___PositioningControl__Execute))

1641:0A | Subindex 010 10. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:22,
(DMC Outputs), entry 0x22 1
(DMC___PositioningControl__Emergency
stop))

1641:0B |Subindex 011 11. PDO Mapping entry (14 bits align) UINT32 RO 0x0000:00,

14
1641:0C |Sublndex 012 12. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:31,
(DMC Outputs), entry 0x31 (DMC__Set 32
counter value))
1641:0D |Subindex 013 13. PDO Mapping entry (32 bits align) UINT32 RO 0x0000:00,
32
1641:0E |Sublindex 014 14. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:32,
(DMC Outputs), entry 0x32 (DMC__ Target 32
position))
1641:0F |Sublndex 015 15. PDO Mapping entry (32 bits align) UINT32 RO 0x0000:00,
32

1641:10 |Sublndex 016 16. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:33,
(DMC Outputs), entry 0x33 (DMC__ Target 16
velocity))

1641:11 | Sublndex 017 17. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:34,
(DMC Outputs), entry 0x34 (DMC__ Start 16
type))
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Index Name Meaning Data type |Flags |Default

1641:12 | Subindex 018 18. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:35,
(DMC Outputs), entry 0x35 (DMC__ Target 16
acceleration))

1641:13 |Sublndex 019 19. PDO Mapping entry (object 0x7040 UINT32 RO 0x7040:36,
(DMC Outputs), entry 0x36 (DMC__ Target 16
deceleration))

1641:14 |Sublndex 020 20. PDO Mapping entry (80 bits align) UINT32 RO 0x0000:00,

80

Index 1A00 FB TxPDO-Map Position

Index Name Meaning Data type Flags |Default

1A00:0 |FB TxPDO-Map |PDO Mapping TxPDO 1 UINT8 RO 0x01 (14ee)

Position

1A00:01 |Sublndex 001 1. PDO Mapping entry (object 0x6000 (FB |UINT32 RO 0x6000:11,
Inputs), entry 0x11 (Position)) 32

Index 1A01 DRV TxPDO-Map Statusword

Index Name Meaning Data type |Flags |Default

(hex)

1A01:0 |DRV TxPDO-Map |PDO Mapping TxPDO 2 UINT8 RO 0x01 (14ec)

Statusword

1A01:01 |Sublndex 001 1. PDO Mapping entry (object 0x6010 (DRV |UINT32 RO 0x6010:01,
Inputs), entry 0x01 (Statusword)) 16

Index 1A02 DRV TxPDO-Map Velocity actual value

Index Name Meaning Data type Flags |Default

(hex)

1A02:0 |DRV TxPDO-Map |PDO Mapping TxPDO 3 UINT8 RO 0x01 (14ec)

Velocity actual
value

1A02:01 |Subindex 001 1. PDO Mapping entry (object 0x6010 (DRV |UINT32 RO 0x6010:07,
Inputs), entry 0x07 (Velocity actual value)) 32

Index 1A03 DRV TxPDO-Map Torque actual value

Index Name Meaning Data type |Flags |Default

(hex)

1A03:0 |DRV TxPDO-Map |PDO Mapping TxPDO 4 UINT8 RO 0x01 (14ec)

Torque actual
value

1A03:01 |Subindex 001 1. PDO Mapping entry (object 0x6010 (DRV |UINT32 RO 0x6010:08,
Inputs), entry 0x08 (Torque actual value)) 16

Index 1A04 DRV TxPDO-Map Info data 1

Index Name Meaning Data type |Flags |Default

(hex)

1A04:0 |DRV TxPDO-Map |PDO Mapping TxPDO 5 UINT8 RO 0x01 (14ee)

Info data 1

1A04:01 |Subindex 001 1. PDO Mapping entry (object 0x6010 (DRV |UINT32 RO 0x6010:12,
Inputs), entry 0x12 (Info data 1)) 16
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Index 1A05 DRV TxPDO-Map Info data 2

Index Name Meaning Data type |Flags |Default
(hex)
1A05:0 |DRV TxPDO-Map |PDO Mapping TxPDO 6 UINT8 RO 0x01 (14ec)
Info data 2
1A05:01 |Subindex 001 1. PDO Mapping entry (object 0x6010 (DRV |UINT32 RO 0x6010:13,
Inputs), entry 0x13 (Info data 2)) 16
Index 1A06 DRV TxPDO-Map Following error actual value
Index Name Meaning Data type Flags |Default
(hex)
1A06:0 |DRV TxPDO-Map |PDO Mapping TxPDO 7 UINT8 RO 0x01 (14ee)
Following error
actual value
1A06:01 |Subindex 001 1. PDO Mapping entry (object 0x6010 (DRV |UINT32 RO 0x6010:06,
Inputs), entry 0x06 (Following error actual 32
value))
Index 1A07 FB TxPDO-Map Touch probe status
Index Name Meaning Data type |Flags |Default
(hex)
1A07:0 |FB TxPDO-Map |PDO Mapping TxPDO 8 UINT8 RO 0x0A (104ec)
Touch probe
status
1A07:01 |Subindex 001 1. PDO Mapping entry (object 0x6001 (FB |UINT32 RO 0x6001:01,
Touch probe inputs), entry 0x01 (TP1 1
Enable))
1A07:02 |Sublndex 002 2. PDO Mapping entry (object 0x6001 (FB  |UINT32 RO 0x6001:02,
Touch probe inputs), entry 0x02 (TP1 Pos 1
value stored))
1A07:03 |Subindex 003 3. PDO Mapping entry (object 0x6001 (FB |UINT32 RO 0x6001:03,
Touch probe inputs), entry 0x03 (TP1 Neg 1
value stored))
1A07:04 |Sublndex 004 4. PDO Mapping entry (4 bits align) UINT32 RO 0x0000:00,
4
1A07:05 |Sublndex 005 5. PDO Mapping entry (object 0x6001 (FB |UINT32 RO 0x6001:08,
Touch probe inputs), entry 0x08 (TP1 1
Input))
1A07:06 |Sublndex 006 6. PDO Mapping entry (object 0x6001 (FB  |UINT32 RO 0x6001:09,
Touch probe inputs), entry 0x09 (TP2 1
Enable))
1A07:07 |Sublndex 007 7. PDO Mapping entry (object 0x6001 (FB |UINT32 RO 0x6001:0A,
Touch probe inputs), entry OxOA (TP2 Pos 1
value stored))
1A07:08 |Sublndex 008 8. PDO Mapping entry (object 0x6001 (FB  |UINT32 RO 0x6001:0B,
Touch probe inputs), entry 0x0B (TP2 Neg 1
value stored))
1A07:09 |Sublndex 009 9. PDO Mapping entry (4 bits align) UINT32 RO 0x0000:00,
4
1A07:0A |Subindex 010 10. PDO Mapping entry (object 0x6001 (FB |UINT32 RO 0x6001:10,
Touch probe inputs), entry 0x10 (TP2 1
Input))
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Index 1A08 FB TxPDO-Map Touch probe 1 pos position

Index Name Meaning Data type |Flags |Default
(hex)
1A08:0 |FB TxPDO-Map |PDO Mapping TxPDO 9 UINT8 RO 0x01 (14ec)
Touch probe 1
pos position
1A08:01 |Sublndex 001 1. PDO Mapping entry (object 0x6001 (FB |UINT32 RO 0x6001:11,
Touch probe inputs), entry 0x11 (TP1 Pos 32
position))
Index 1A09 FB TxPDO-Map Touch probe 1 neg position
Index Name Meaning Data type |Flags |Default
(hex)
1A09:0 |FB TxPDO-Map |PDO Mapping TxPDO 10 UINT8 RO 0x01 (14ec)
Touch probe 1
neg position
1A09:01 |Subindex 001 1. PDO Mapping entry (object 0x6001 (FB |UINT32 RO 0x6001:12,
Touch probe inputs), entry 0x12 (TP1 Neg 32
position))
Index 1A0A FB TxPDO-Map Touch probe 2 pos position
Index Name Meaning Data type Flags |Default
(hex)
1A0A:0 |FB TxPDO-Map |PDO Mapping TxPDO 11 UINT8 RO 0x01 (14ec)
Touch probe 2
pos position
1A0A:01 |Subindex 001 1. PDO Mapping entry (object 0x6001 (FB |UINT32 RO 0x6001:13,
Touch probe inputs), entry 0x13 (TP2 Pos 32
position))
Index 1A0B FB TxPDO-Map Touch probe 2 neg position
Index Name Meaning Data type Flags |Default
(hex)
1A0B:0 |FB TxPDO-Map |PDO Mapping TxPDO 12 UINT8 RO 0x01 (14ec)
Touch probe 2
neg position
1A0B:01 |Subindex 001 1. PDO Mapping entry (object 0x6001 (FB  |UINT32 RO 0x6001:14,
Touch probe inputs), entry 0x14 (TP2 Neg 32
position))
Index 1AOD DRV TxPDO-Map Info data 3
Index Name Meaning Data type Flags |Default
(hex)
1A0D:0 |DRV TxPDO-Map |PDO Mapping TxPDO 14 UINT8 RO 0x01 (14ec)
Info data 3
1A0D:01 |Subindex 001 1. PDO Mapping entry (object 0x6010 (DRV |UINT32 RO 0x6010:14,
Inputs), entry 0x14 (Info data 3)) 16
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Index 1AOE FB TxPDO-Map Enc Position

Index Name Meaning Data type Flags |Default
(hex)
1A0E:0 |FB TxPDO-Map |PDO Mapping TxPDO 15 UINT8 RO 0x01 (14ec)
Enc Position
1AOE:01 |Subindex 001 1. PDO Mapping entry (object 0x6000 (FB |UINT32 RO 0x6000:12,
Inputs), entry 0x12 (Enc Position)) 32
Index 1AOF FAN TxPDO-Map Inputs Device
Index Name Meaning Data type Flags |Default
(hex)
1A0F:0 |FAN TxPDO-Map |PDO Mapping TxPDO 16 UINT8 RO 0x02 (24ec)
Inputs Device
1A0F:01 |Subindex 001 1. PDO Mapping entry (object OxF600 (FAN |UINT32 RO 0xF600:01,
Inputs), entry 0x01 (Fan diag/Standard 1
input))
1A0F:02 |Sublndex 002 2. PDO Mapping entry (15 bits align) UINT32 RO 0x0000:00,
15
Index 1A10 DI TxPDO-Map Inputs
Index Name Meaning Data type |Flags |Default
(hex)
1A10:0 |DI TxPDO-Map |PDO Mapping TxPDO 17 UINT8 RO OxO0E (144.)
Inputs
1A10:01 |Subindex 001 1. PDO Mapping entry (object 0x6020 (DI |UINT32 RO 0x6020:01,
Inputs), entry 0x01 (Input 1)) 1
1A10:02 |Sublndex 002 2. PDO Mapping entry (object 0x6020 (DI  |UINT32 RO 0x6020:02,
Inputs), entry 0x02 (Input 2)) 1
1A10:03 |Sublndex 003 3. PDO Mapping entry (object 0x6020 (DI  |UINT32 RO 0x6020:03,
Inputs), entry 0x03 (Fan Diag)) 1
1A10:04 |Sublndex 004 4. PDO Mapping entry (1 bits align) UINT32 RO 0x0000:00,
1
1A10:05 |Sublndex 005 5. PDO Mapping entry (object 0x6020 (DI  |UINT32 RO 0x6020:05,
Inputs), entry 0x05 (Encoder A)) 1
1A10:06 |Sublndex 006 6. PDO Mapping entry (object 0x6020 (DI  |UINT32 RO 0x6020:06,
Inputs), entry 0x06 (Encoder B)) 1
1A10:07 |Sublndex 007 7. PDO Mapping entry (object 0x6020 (DI  |UINT32 RO 0x6020:07,
Inputs), entry 0x07 (Encoder C)) 1
1A10:08 |Sublndex 008 8. PDO Mapping entry (1 bits align) UINT32 RO 0x0000:00,
1
1A10:09 |Sublndex 009 9. PDO Mapping entry (object 0x6020 (DI  |UINT32 RO 0x6020:09,
Inputs), entry 0x09 (Hall A)) 1
1A10:0A |Subindex 010 10. PDO Mapping entry (object 0x6020 (DI |UINT32 RO 0x6020:0A,
Inputs), entry 0x0A (Hall B)) 1
1A10:0B |Subindex 011 11. PDO Mapping entry (object 0x6020 (DI |UINT32 RO 0x6020:0B,
Inputs), entry 0x0B (Hall C)) 1
1A10:0C |Sublndex 012 12. PDO Mapping entry (1 bits align) UINT32 RO 0x0000:00,
1
1A10:0D |Sublndex 013 13. PDO Mapping entry (object 0x6020 (DI |UINT32 RO 0x6020:0D,
Inputs), entry OxOD (Level of STO input)) 1
1A10:0E |Sublndex 014 14. PDO Mapping entry (3 bits align) UINT32 RO 0x0000:00,
3
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Index 1A40 DMC TxPDO-Map Inputs

Index Name Meaning Data type |Flags |Default
1A40:0 |DMC TxPDO-Map|PDO Mapping TxPDO 65 UINT8 RO 0x26 (384c.)
Inputs
1A40:01 |Sublndex 001 1. PDO Mapping entry (1 bit align) UINT32 RO 0x0000:00,
1
1A40:02 |Sublndex 002 2. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:02,
(DMC Inputs), entry 0x02 1
(DMC__ FeedbackStatus__Latch extern
valid))
1A40:03 |Subindex 003 3. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:03,
(DMC Inputs), entry 0x03 1
(DMC__ FeedbackStatus__Set counter
done))
1A40:04 |Sublndex 004 4. PDO Mapping entry (9 bits align) UINT32 RO 0x0000:00,
9
1A40:05 |Sublndex 005 5. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:0D,
(DMC Inputs), entry 0x0D 1
(DMC__ FeedbackStatus__ Status of extern
latch))
1A40:06 |Sublndex 006 6. PDO Mapping entry (3 bits align) UINT32 RO 0x0000:00,
3
1A40:07 |Sublndex 007 7. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:11,
(DMC Inputs), entry Ox11 1
(DMC__ DriveStatus__Ready to enable))
1A40:08 |Sublndex 008 8. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:12,
(DMC Inputs), entry 0x12 1
(DMC__ DriveStatus__Ready))
1A40:09 |Sublndex 009 9. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:13,
(DMC Inputs), entry 0x13 1
(DMC__ DriveStatus__Warning))
1A40:0A |Subindex 010 10. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:14,
(DMC Inputs), entry 0x14 1
(DMC__ DriveStatus__Error))
1A40:0B |Subindex 011 11. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:15,
(DMC Inputs), entry 0x15 1
(DMC__ DriveStatus__Moving positive))
1A40:0C |Sublndex 012 12. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:16,
(DMC Inputs), entry 0x16 1
(DMC__ DriveStatus__Moving negative))
1A40:0D |Subindex 013 13. PDO Mapping entry (5 bits align) UINT32 RO 0x0000:00,
5
1A40:0E |Subindex 014 14. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:1C,
(DMC Inputs), entry 0x1C 1
(DMC__ DriveStatus__Digital input 1))
1A40:0F |Sublndex 015 15. PDO Mapping entry UINT32 RO 0x6040:1D,
(object 0x6040 (DMC Inputs), entry 0x1D 1
(DMC__ DriveStatus__Digital input 2))
1A40:10 |Sublndex 016 16. PDO Mapping entry (3 bits align) UINT32 RO 0x0000:00,
3
1A40:11 | Sublndex 017 17. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:21,
(DMC Inputs), entry Ox21 1
(DMC___PositioningStatus__ Busy))
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Index Name Meaning Data type |Flags |Default

1A40:12 |Subindex 018 18. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:22,
(DMC Inputs), entry 0x22 1
(DMC__ PositioningStatus__In-Target))

1A40:13 |Sublndex 019 19. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:23,
(DMC Inputs), entry 0x23 1
(DMC__ PositioningStatus__ Warning))

1A40:14 |Sublndex 020 20. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:24,
(DMC Inputs), entry 0x24 1
(DMC__ PositioningStatus__Error))

1A40:15 |Subindex 021 21. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:25,
(DMC Inputs), entry 0x25 1
(DMC__ PositioningStatus__ Calibrated))

1A40:16 |Sublndex 022 22. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:26,
(DMC Inputs), entry 0x26 1
(DMC__ PositioningStatus__ Accelerate))

1A40:17 |Subindex 023 23. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:27,
(DMC Inputs), entry 0x27 1
(DMC__ PositioningStatus__Decelerate))

1A40:18 |Sublndex 024 24. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:28,
(DMC Inputs), entry 0x28 1
(DMC__ PositioningStatus__ Ready to
execute))

1A40:19 |Sublndex 025 25. PDO Mapping entry (8 bits align) UINT32 RO 0x0000:00,

8

1A40:1A |Subindex 026 26. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:31,
(DMC Inputs), entry 0x31 (DMC__ Set 64
position))

1A40:1B |Sublndex 027 27. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:32,
(DMC Inputs), entry 0x32 (DMC__ Set 16
velocity))

1A40:1C |Sublindex 028 28. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:33,
(DMC Inputs), entry 0x33 (DMC__ Actual 32
drive time))

1A40:1D |Subindex 029 29. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:34,
(DMC Inputs), entry 0x34 (DMC__ Actual 64
position lag))

1A40:1E |Sublndex 030 30. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:35,
(DMC Inputs), entry 0x35 (DMC__ Actual 16
velocity))

1A40:1F |Subindex 031 31. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:36,
(DMC Inputs), entry 0x36 (DMC__ Actual 64
position))

1A40:20 |Sublndex 032 32. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:37,
(DMC Inputs), entry 0x37 (DMC__ Error id)) 32

1A40:21 |Subindex 033 33. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:38,
(DMC Inputs), entry 0x38 (DMC__ Input 8
cycle counter))

1A40:22 |Sublndex 034 34. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:39,
(DMC Inputs), entry 0x39 (DMC__ Channel 8
id))

1A40:23 |Sublndex 035 35. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:3A,
(DMC Inputs), entry 0x3A (DMC__ Latch 64
value))

1A40:24 |Subindex 036 36. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:3B,
(DMC Inputs), entry 0x3B (DMC__ Cyclic 16
info data 1))
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Name

Meaning Data type |Flags |Default
1A40:25 |Sublndex 037 37. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:3C,
(DMC Inputs), entry 0x3C (DMC__ Cyclic 16
info data 2))
1A40:26 |Sublndex 038 38. PDO Mapping entry (64 bits align) UINT32 RO 0x0000:00,
64
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Index 1A41 DMC TxPDO-Map Inputs 32 Bit

Index Name Meaning Data type |Flags |Default
1A41:0 |DMC TxPDO-Map |PDO Mapping TxPDO 66 UINT8 RO 0x2A (42,..)
Inputs 32 Bit
1A41:01 |Sublndex 001 1. PDO Mapping entry (1 bit align) UINT32 RO 0x0000:00,
1
1A41:02 |Sublndex 002 2. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:02,
(DMC Inputs), entry 0x02 1
(DMC__FeedbackStatus__Latch extern
valid))
1A41:03 |Subindex 003 3. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:03,
(DMC Inputs), entry 0x03 1
(DMC__ FeedbackStatus__Set counter
done))
1A41:04 |Sublndex 004 4. PDO Mapping entry (9 bits align) UINT32 RO 0x0000:00,
9
1A41:05 |Sublndex 005 5. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:0D,
(DMC Inputs), entry 0x0D 1
(DMC__ FeedbackStatus__ Status of extern
latch))
1A41:06 |Sublndex 006 6. PDO Mapping entry (3 bits align) UINT32 RO 0x0000:00,
3
1A41:07 | Sublndex 007 7. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:11,
(DMC Inputs), entry Ox11 1
(DMC__ DriveStatus__Ready to enable))
1A41:08 |Sublndex 008 8. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:12,
(DMC Inputs), entry 0x12 1
(DMC__ DriveStatus__Ready))
1A41:09 |Sublndex 009 9. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:13,
(DMC Inputs), entry 0x13 1
(DMC__ DriveStatus__Warning))
1A41:0A |Subindex 010 10. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:14,
(DMC Inputs), entry 0x14 1
(DMC__ DriveStatus__Error))
1A41:0B |Subindex 011 11. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:15,
(DMC Inputs), entry 0x15 1
(DMC__ DriveStatus__Moving positive))
1A41:0C |Subindex 012 12. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:16,
(DMC Inputs), entry 0x16 1
(DMC__ DriveStatus__Moving negative))
1A41:0D |Subindex 013 13. PDO Mapping entry (5 bits align) UINT32 RO 0x0000:00,
5
1A41:0E |Sublndex 014 14. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:1C,
(DMC Inputs), entry 0x1C 1
(DMC__ DriveStatus__Digital input 1))
1A41:0F |Sublndex 015 15. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:1D,
(DMC Inputs), entry 0x1D 1
(DMC__ DriveStatus__Digital input 2))
1A41:10 |Sublndex 016 16. PDO Mapping entry (3 bits align) UINT32 RO 0x0000:00,
3
1A41:11 | Sublndex 017 17. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:21,
(DMC Inputs), entry Ox21 1
(DMC___PositioningStatus__ Busy))
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Index Name Meaning Data type |Flags |Default
1A41:12 |Subindex 018 18. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:22,
(DMC Inputs), entry 0x22 1
(DMC__ PositioningStatus__In-Target))
1A41:13 |Sublndex 019 19. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:23,
(DMC Inputs), entry 0x23 1
(DMC__ PositioningStatus__Warning))
1A41:14 | Sublndex 020 20. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:24,
(DMC Inputs), entry 0x24 1
(DMC__ PositioningStatus__Error))
1A41:15 |Subindex 021 21. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:25,
(DMC Inputs), entry 0x25 1
(DMC__ PositioningStatus__ Calibrated))
1A41:16 |Sublndex 022 22. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:26,
(DMC Inputs), entry 0x26 1
(DMC___PositioningStatus__ Accelerate))
1A41:17 | Sublndex 023 23. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:27,
(DMC Inputs), entry 0x27 1
(DMC__ PositioningStatus__Decelerate))
1A41:18 |Sublndex 024 24. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:28,
(DMC Inputs), entry 0x28 1
(DMC__ PositioningStatus__ Ready to
execute))
1A41:19 |Sublndex 025 25. PDO Mapping entry (8 bits align) UINT32 RO 0x0000:00,
8
1A41:1A | Subindex 026 26. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:31,
(DMC Inputs), entry 0x31 (DMC__ Set 32
position))
1A41:1B |Sublndex 027 27. PDO Mapping entry (32 bits align) UINT32 RO 0x0000:00,
32
1A41:1C |Subindex 028 28. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:32,
(DMC Inputs), entry 0x32 (DMC__ Set 16
velocity))
1A41:1D |Sublndex 029 29. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:33,
(DMC Inputs), entry 0x33 (DMC__ Actual 32
drive time))
1A41:1E |Sublndex 030 30. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:34,
(DMC Inputs), entry 0x34 (DMC__ Actual 32
position lag))
1A41:1F |Subindex 031 31. PDO Mapping entry (32 bits align) UINT32 RO 0x0000:00,
32
1A41:20 |Sublndex 032 32. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:35,
(DMC Inputs), entry 0x35 (DMC__ Actual 16
velocity))
1A41:21 |Subindex 033 33. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:36,
(DMC Inputs), entry 0x36 (DMC__ Actual 32
position))
1A41:22 |Subindex 034 34. PDO Mapping entry (32 bits align) UINT32 RO 0x0000:00,
32
1A41:23 |Sublndex 035 35. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:37,
(DMC Inputs), entry 0x37 (DMC__ Error id)) 32
1A41:24 | Sublndex 036 36. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:38,
(DMC Inputs), entry 0x38 (DMC__ Input 8
cycle counter))
1A41:25 |Sublndex 037 37. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:39,
(DMC Inputs), entry 0x39 (DMC__ Channel 8
id))
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Index Name Meaning Data type |Flags |Default

1A41:26 |Subindex 038 38. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:3A,
(DMC Inputs), entry 0x3A (DMC__ Latch 32
value))

1A41:27 |Sublndex 039 39. PDO Mapping entry (32 bits align) UINT32 RO 0x0000:00,

32

1A41:28 |Sublndex 040 40. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:3B,
(DMC Inputs), entry 0x3B (DMC__Cyclic 16
info data 1))

1A41:29 |Subindex 041 41. PDO Mapping entry (object 0x6040 UINT32 RO 0x6040:3C,
(DMC Inputs), entry 0x3C (DMC__ Cyclic 16
info data 2))

1A41:2A |Sublndex 042 42. PDO Mapping entry (64 bits align) UINT32 RO 0x0000:00,

64

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 |Subindex 001 Sync-Manager Type Channel 1: Mailbox UINT8 RO 0x01 (1g4ee)
Write

1C00:02 |Sublndex 002 Sync-Manager Type Channel 2: Mailbox UINT8 RO 0x02 (24¢c)
Read

1C00:03 |Subindex 003 Sync-Manager Type Channel 3: Process UINT8 RO 0x03 (3g4ec)
Data Write (Outputs)

1C00:04 |Sublndex 004 Sync-Manager Type Channel 4: Process UINT8 RO 0x04 (44.)
Data Read (Inputs)

Index 1C12 RxPDO assign

Index Name Meaning Data type |Flags |Default

(hex)

1C12:0 |RxPDO assign PDO Assign Outputs UINT8 RW  |0X02 (24e)

1C12:01 |Subindex 001 1. allocated RxPDO (contains the index of |UINT16 RwW 0x1600
the associated RxPDO mapping object) (56324.)

1C12:02 |Subindex 002 2. allocated RxPDO (contains the index of |UINT16 RwW 0x1606
the associated RxPDO mapping object) (56384c)

1C12:03 |Subindex 003 3. allocated RxPDO (contains the index of |UINT16 RwW 0x0000
the associated RxPDO mapping object) (Ogec)

1C12:04 |Subindex 004 4. allocated RxPDO (contains the index of |UINT16 RwW 0x0000
the associated RxPDO mapping object) (Ogec)

1C12:05 |Subindex 005 5. allocated RxPDO (contains the index of |UINT16 RwW 0x0000
the associated RxPDO mapping object) (Ogec)

1C12:06 |Subindex 006 6. allocated RxPDO (contains the index of |UINT16 RwW 0x0000
the associated RxPDO mapping object) (Ogec)

1C12:07 |Subindex 007 7. allocated RxPDO (contains the index of |UINT16 RwW 0x0000
the associated RxPDO mapping object) (Ogec)

1C12:08 |Subindex 008 8. allocated RxPDO (contains the index of |UINT16 RwW 0x0000
the associated RxPDO mapping object) (Ogec)
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Index 1C13 TxPDO assign

Index Name Meaning Data type Flags |Default
(hex)
1C13:0 |TxPDO assign PDO Assign Inputs UINT8 RwW 0x03 (3gec)
1C13:01 |Subindex 001 1. allocated TxPDO (contains the index of |UINT16 RwW 0x1A00
the associated TxPDO mapping object) (66564.)
1C13:02 |Subindex 002 2. allocated TxPDO (contains the index of |UINT16 RwW 0x1A01
the associated TxPDO mapping object) (6657 4oc)
1C13:03 |Subindex 003 3. allocated TxPDO (contains the index of |UINT16 RwW 0x1A06
the associated TxPDO mapping object) (66624.)
1C13:04 |Subindex 004 4. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
1C13:05 |Subindex 005 5. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
1C13:06 |Subindex 006 6. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
1C13:07 |Subindex 007 7. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
1C13:08 |Subindex 008 8. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
1C13:09 |Subindex 009 9. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
1C13:0A |Subindex 010 10. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
1C13:0B |Subindex 011 11. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
1C13:0C |Subindex 012 12. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
1C13:0D |Subindex 013 13. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
1C13:0E |Subindex 014 14. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
1C13:0F |Subindex 015 15. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
1C13:10 |Subindex 016 16. allocated TxPDO (contains the index of |UINT16 RwW 0x0000
the associated TxPDO mapping object) (Ogec)
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Index 1C32 SM output parameter

Index Name Meaning Data type |Flags |Default
(hex)
1C32:0 |SM output Synchronization parameters for the outputs [UINT8 RO 0x20 (324.)
parameter
1C32:01 |Sync mode Current synchronization mode: UINT16 RwW 0x0000
0: Free Run (Ogec)
1: Synchron with SM 2 Event
2: DC-Mode - Synchron with SYNCO Event
3: DC-Mode - Synchron with SYNC1 Event
1C32:02 |Cycle time Cycle time (in ns): UINT32 RwW 0x0000000
Free Run: Cycle time of the local timer 0 (Ogec)
Synchron with SM 2 Event: Master cycle
time
DC mode: SYNCO/SYNC1 Cycle Time
1C32:03 |Shift time Time between SYNCO event and output of |UINT32 RO 0x0000000
the outputs (in ns, DC mode only) 0 (Ogec)
1C32:04 Sync modes Supported synchronization modes: UINT16 RO 0x0000
supported Bit 0 = 1: free run is supported (Ocec)
Bit 1 = 1: Synchron with SM 2 Event is
supported
Bit 2-3 = 01: DC mode is supported
Bit 4-5 = 10: Output Shift with SYNC1 event
(only DC mode)
Bit 14 = 1: dynamic times (measurement
through writing of Standard objects [»_1891)
1C32:05 |Minimum cycle Minimum cycle time (in ns) UINT32 RO 0x0000000
time 0 (Odec)
1C32:06 |Calc and copy Minimum time between SYNCO and SYNC1 |UINT32 RO 0x0000000
time event (in ns, DC mode only) 0 (Ogec)
1C32:07 |Minimum delay UINT32 RO 0x0000000
time 0 (Odec)
1C32:08 |Command 0: Measurement of the local cycle time is UINT16 RwW 0x0000
stopped (Ogec)
1: Measurement of the local cycle time is
started
The entries Standard objects [»_189],
Standard objects [P_189], Standard objects
[»_189], Standard objects [»_189], Standard
objects [P_189], Standard objects [»_189],
Standard objects [»_189] are updated with
the maximum measured values.
For a subsequent measurement the
measured values are reset
1C32:09 |Maximum delay |Time between SYNC1 event and output of |UINT32 RO 0x0000000
time the outputs (in ns, DC mode only) 0 (Ogec)
1C32:0B |SM event missed |Number of missed SM events in UINT16 RO 0x0000
counter OPERATIONAL (DC mode only) (Ogec)
1C32:0C |Cycle exceeded |Number of occasions the cycle time was UINT16 RO 0x0000
counter exceeded in OPERATIONAL (cycle was not (Ogec)
completed in time or the next cycle began
too early)
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Index Name Meaning Data type |Flags |Default

(hex)

1C32:0D |Shift too short Number of occasions that the interval UINT16 RO 0x0000

counter between SYNCO and SYNC1 event was too (Ogec)

short (DC mode only)

1C32:20 Sync error The synchronization was not correct in the |BOOLEAN |RO 0x00 (Oy4ec)
last cycle (outputs were output too late; DC
mode only)
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Index 1C33 SM input parameter

Index Name Meaning Data type |Flags |Default
(hex)
1C33:0 |SMinput Synchronization parameters for the inputs  |[UINT8 RO 0x20 (324.)
parameter
1C33:01 |Sync mode Current synchronization mode: UINT16 RwW 0x0000
0: Free Run (Ogec)
1: Synchron with SM 3 event (no outputs
available)
2: DC - Synchron with SYNCO Event
3: DC - Synchron with SYNC1 Event
34: Synchron with SM 2 event (outputs
available)
1C33:02 |Cycle time as Standard objects [» 189] UINT32 RW  0x0000000
O (Odec)
1C33:03 | Shift time Time between SYNCO event and reading of |UINT32 RO 0x0000000
the inputs (in ns, only DC mode) 0 (Ogec)
1C33:04 |Sync modes Supported synchronization modes: UINT16 RO 0x0000
supported Bit 0: free run is supported (Osec)
Bit 1: Synchron with SM 2 Event is
supported (outputs available)
Bit 1: Synchron with SM 3 Event is
supported (no outputs available)
Bit 2-3 = 01: DC mode is supported
Bit 4-5 = 01: Input Shift through local event
(outputs available)
Bit 4-5 = 10: Input Shift with SYNC1 event
(no outputs available)
Bit 14 = 1: dynamic times (measurement
through writing of Standard objects [»_189]
or Standard objects [»_189])
1C33:05 |Minimum cycle as Standard objects [P 189] UINT32 RO 0x0000000
time 0 (Odec)
1C33:06 |Calc and copy Time between reading of the inputs and UINT32 RO 0x0000000
time availability of the inputs for the master (in 0 (Ogec)
ns, only DC mode)
1C33:07 |Minimum delay UINT32 RO 0x0000000
time 0 (Odec)
1C33:08 |Command as Standard objects [P 189] UINT16 RW 0x0000
(Odec)
1C33:09 |Maximum delay |Time between SYNC1 event and reading of |UINT32 RO 0x0000000
time the inputs (in ns, only DC mode) 0 (Ogec)
1C33:0B |SM event missed |gs Standard objects [» 189] UINT16 RO 0x0000
counter (Ogec)
1C33:0C |Cycle exceeded |as Standard objects [» 189] UINT16 RO 0x0000
counter (Ogec)
1C33:0D |Shift too short as Standard objects [P 189] UINT16 RO 0x0000
counter (Ogec)
1C33:20 |Sync error as Standard obijects [» 189] BOOLEAN RO 0x00 (Ogee)
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Index FOO0 Modular device profile

Index Name Meaning Data type Flags |Default
(hex)
F000:0 Modular device  |General information for the Modular Device [UINT8 RO 0x02 (24ec)
profile Profile
F000:01 |Module index Index distance of the objects of the UINT16 RO 0x0010
distance individual channels (164ec)
F000:02 |Maximum number |Number of channels UINT16 RO 0x0003
of modules (B4ec)
Index FO08 Code word
Index Name Meaning Data type |Flags |Default
(hex)
F008:0 Code word Reserved UINT32 RwW 0x0000000
0 (Odec)
Index FO10 Module list
Index Name Meaning Data type Flags |Default
(hex)
F010:0 Module list Module list UINT8 RwW 0x03 (34ec)
F010:01 |Sublndex 001 Encoder profile number UINT32 RwW 0x0000020
DS402 / MDP 513 1 (5134e0)
F010:02 |Sublndex 002 Profile number drive UINT32 RW 0x000002E
DS402 / MDP 742 6 (7424cc)
F010:03 |Subindex 003 Reserved UINT32 RwW 0x0000006
4 (1 Oodec)
Index FO81 Download revision
Index Name Meaning Data type |Flags |Default
(hex)
F081:0 Download revision Download revision UINT8 RO 0x01 (14e0)
F081:01 |Revision number |Revision number of the terminal UINT32 RW 0x0000000
Relevant as a startup list entry for 0 (Ocec)
compatibility
Index FO83 BTN
Index Name Meaning Data type |Flags |Default
(hex)
F083:0 BTN Beckhoff Traceability Number STRING RO
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9.1 EtherCAT AL Status Codes

For detailed information please refer to the EtherCAT system description.

9.2 Firmware compatibility

Beckhoff EtherCAT devices are delivered with the latest available firmware version. Compatibility of firmware
and hardware is mandatory; not every combination ensures compatibility. The overview below shows the
hardware versions on which a firmware can be operated.

Note
* ltis recommended to use the newest possible firmware for the respective hardware

» Beckhoff is not under any obligation to provide customers with free firmware updates for delivered
products.

NOTE

Risk of damage to the device!

Pay attention to the instructions for firmware updates on the separate page.

If a device is placed in BOOTSTRAP mode for a firmware update, it does not check when downloading
whether the new firmware is suitable.

This can result in damage to the device!

Therefore, always make sure that the firmware is suitable for the hardware version!

Hardware (HW) Firmware (FW) Revision no. Release date
00-02* 01 EL7411-0000-0016

02 EL7411-0000-0017

03

04 EL7411-0000-0018

*) This is the current compatible firmware/hardware version at the time of the preparing this documentation.
Check on the Beckhoff web page whether more up-to-date documentation is available.

9.3 Firmware Update EL/ES/EM/ELM/EPxxxx

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

NOTE

Only use TwinCAT 3 software!

A firmware update of Beckhoff 10 devices must only be performed with a TwinCAT 3 installation. It is
recommended to build as up-to-date as possible, available for free download on the Beckhoff website

https://www.beckhoff.com/en-us/.
To update the firmware, TwinCAT can be operated in the so-called FreeRun mode, a paid license is not
required.

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

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

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

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

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

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

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

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

Simplified update by bundle firmware

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

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

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

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

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

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

NOTE

Risk of damage to the device!
v Note the following when downloading new device files
a) Firmware downloads to an EtherCAT device must not be interrupted
b) Flawless EtherCAT communication must be ensured. CRC errors or LostFrames must be avoided.
c) The power supply must adequately dimensioned. The signal level must meet the specification.

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

9.3.1 Device description ESI file/’XML

Attention regarding update of the ESI description/EEPROM

Some slaves have stored calibration and configuration data from the production in the EEPROM. These are
irretrievably overwritten during an update.
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The ESI device description is stored locally on the slave and loaded on start-up. Each device description has
a unique identifier consisting of slave name (9 characters/digits) and a revision number (4 digits). Each slave
configured in the System Manager shows its identifier in the EtherCAT tab:

B /- Bl 5¥STEM - Configuration

_____ ' MC - Configuration Gerneral | EtherCAT | Process Data || Startup || CoE - Online | Online
- =B PLC - Configuration
EI. I/ - Configuration Type: EL3204 ACh. Ana. Input PTT100 [RTD]
= B 10 Devices Product/Revision: || EL3204-0000-0016
- == Device 2 (EtherCAT)
.= Device 2-Image Auta lne Addr: FFFF
g Device 2-Image-Info EtherCAT Addr. [ [ &dvanced Settings...
[+ & Inputs
- Cutputs Frevious Port: Tem 1 [EK1101]) - B
#-8 InfoData

=- °|j Term 1 (EK1101)

- o

-@ Wcskate

-§@ InfoData
H |Term 2 (EL3204)
| Term 3 (EL3201%

Fig. 101: Device identifier consisting of name EL3204-0000 and revision -0016

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

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

® Update of XML/ESI description

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

Display of ESI slave identifier

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

. - B S¥STEM - Configuration

_____ B 1 - Configuration General | Adapter | E

- +- 58 PLC - Configuration

EI. I} - Configuration Mo Addr
=-E@ 1/ Devices 1 1001

=B Y Device 7 (EtbercaTy ] i 2 o
~=}= Devic S Append Box. ..

== Dewvic

B~ %T Tnput 'H' Delete Device

- §l outp
EEI---% InFDD ® Cnline Reset

- olj Term t- Online Reload (Config Mode only)
gT I Cnline Delete {Config Made only)

0§
é T ﬁ"l_pu:urtﬁu:ux
I

"ﬁ Export Device. .,

T

Scan Boxes

Fig. 102: Scan the subordinate field by right-clicking on the EtherCAT device

If the found field matches the configured field, the display shows
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TwinCAT System Manager EI
L]
\ld) Configuration is identical

Fig. 103: Configuration is identical

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

Found ltems: Dizahle » Configured [tems:

= B Tem5(EKIT0N) [EKT101-0000-0017] = B Tem1(EK1101] [EK11071-0000-0017]
-~ Tem 6 (EL3204) [EL3204-0000-00716] -
% Tem7(EL3201) [EL3201-0000-0017] Delete >

“ M Tem 8 (EL90T1)

|gnare >

M Temn 3[EL3201) [EL3201-0000-0018]

M Term 4 [EL9011)

» Copy Before »

» Copy After »

»» Copy all x>

| A B

Cancel

Extended Infarmation

Fig. 104: Change dialog

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

Changing the ESI slave identifier

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

* The state of the slave is irrelevant.

* Right-clicking on the slave in the online display opens the EEPROM Update dialog, Fig. EEPROM
Update
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+- B S¥STEM - Configuration
' M - Configuration
+- BB PLC - Configuration [
= l I}Cr - Configuration | Mo Addr | Mame State CRC
= B 1/0 Devices | |1 1001 Tem 1 (EKI101) PREOP 0.0
0.0

General | Adapter | EtherCAT | Onling | CoE - Online

—-=%= Device 2 (EtherCAT) { 2 1002 Tem 2 [EL3204) FREOF
s Device 2-Image 02 1003 Tem3[EL3201] 4T VPR
== Device 2-Tmage-Info | | Request ‘TMIT state

+-- &1 Inputs Request ‘PRECP state

- @ Outputs i Request 'SAFECP" skate

+$ InfoData ' Requesk 'O state

+-f Term 1 (EK1101) ' ; ;
‘i‘% Mappings Request BOOTSTRAR state

Clear 'ERROR state

EIFITIWEII’E Epaaie. o

Advanced Settings. ..

Properties...

Fig. 105: EEPROM Update

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

¥rite EEPROM

Axailable EEPROM Dezcriptions: A Show Hidden Devices

.

: - . Ana. Input F i L3207 -007 0-0071 6]
----- H EL3201-0020 1Ch. Ana. Input PT100 (RTD). High Precision, calibrated  (EL3201-0020-0016)
----- § EL3202 2Ch. Ana. Input PT100 (RTD] (EL3202-0000-0016)
----- § EL3202-0010 2Ch. Ana. Input PT100 (RTD). High Precision  [EL3202-0010-0018)
----- #E| 3204 4Ch Ana Inout PTI00IRTD] (EL3204-0000-007 6]
=™ EL3311 1Ch. Ana. Input Thermocouple [TC) (EL3311-0000-0017)
- j EL3311 1Ch. Ana. Input Thermocouple [TC] [EL33171-0000-0016]
58 ELEAT2 2Ch Ana. Tnput Thermocouple [TE] [ELFAT2-0000-0077)

Fig. 106: Selecting the new ESI

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

® The change only takes effect after a restart.

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

9.3.2 Firmware explanation

Determining the firmware version

Determining the version via the System Manager

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

o

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

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

In Fig. Display of EL3204 firmware version the firmware version of the selected EL3204 is shown as 03 in
CoE entry Ox100A.

[+ H SWSTEM - C uration -
i B - Cmﬁgilr::;m | Genesal | EihesCAT | Process Data | Startup | Cok - I:Irhnel Onfne|
[+ §® PLC - Corfiguration :
=B 1/ - Configurstion [ Lipdate List ] ] Ao Updaite Single Update [[] Show Qifline D ala
=B 1j0 Devices { ) B[ Adwnced ] |
=55 Device 2 (EtherCa .
=f= Device 2-Image Add 1o Slaikup A, Module DD [A0E Portk ||:|
=5 Device 2-Image-Irfo
- QT Inputs It MName Flags Wallie
- §l Outputs 1000 Device tupe RO O 401339 (20876521
EEI--‘ InfoData 1008 Device name RO EL3204-0000
-1 ‘r;Tnn!{EmLm} e i i :B E I
" It BT VTSN
@ ‘ Wokate 1. 16 : eslore defaull paramelers &) K I
pwiis MM advancedsettings
B3 Term 2 (EL3204) -
B Term 3 (L3200 o el DBy
LM Tarm 4 (ELS011L) it
) 140 : : :
&8 Mappings 140 c (%} Drline {via 500 !nfumam.n . & Devlj:e I:IIE:I )
+ 1C0 () DIfine {lrem Deviee Desciiption Modude 0D [via AoE perl) ||3|_'
= 1C1
+ 0 iects [FxPOD)
103 Mappable Dbjects (TxFDO]
= Backup Objects
Setings Dbjecls

Fig. 107: Display of EL3204 firmware version
In (A) TwinCAT 2.11 shows that the Online CoE directory is currently displayed. If this is not the case, the

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

9.3.3 Updating controller firmware *.efw

® CoE directory

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

Switch to the Online tab to update the controller firmware of a slave, see Fig. Firmware Update.
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- SYSTEM - Configuration
E - Conﬂgwalaiou; General | EtherCAT | Frocess Data | Startup || CoE - Onine | |Drﬁn=||
- PLC - Configuration .
8 ! 10 - Configuration Slabe Machine
&M 170 Devices @A_] @J B [curent state: Boot |
=5 Device 2 (EtherCAT) (F=0p | (Gaiz0p ] irenk Slale: J
T ce Z-Image equashed Stabe:
o Device 2-1 R 3 BOOT
<} Device 2-Image-Info [ap ] [ClearEmoe |
®- § Inputs
- @ Cubputs i
5§ mhobets DLL Status—— Lock in: | (£ Newewr
=T Term 1 (EKLID1} Pt A: - EEEE
¥ pus fe)
& t B 2 F My Recernt
- § IrfcData Pait C Ma Canier / Cloged ng:;;ts
#-M Term 2 (EL3Z04 Fait D Ma Canier / Closed
w- =
! H| Term 4 (EL9011) —
i- T Mappings File Access over EthesCAT Desklop
| Cownload...[ ]
LY -\j
Name Online --'J
%1 Underrange 0 EigDat
Sl Cverrange 1
S Limit 1 0 ()
S Limit 2 0 ()
Sl Error 1 My Compates
ST TP00 State 0 3 Conen
ST P00 Toggle i
Sl walue 0xZ2134 <E50.000> File rame: |EL3'E'U4 05, v
Wl WicState 1 1 =
C |[T5tate w0003 (3] My Metwork | Files of lypec | EthesCAT Fimwuane Fieg [*efu) ||
& hdsiddr 0oo00000AasaLE =

Fig. 108: Firmware Update

open %

v| G?‘ N i

g

[ Cancel |

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

EtherCAT master.

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

Microsoft Visual Studio

{QI Load I/O Devices

23

[ Yes Mo

J |

e Switch EtherCAT Master to PreOP

Solution Explorer

@ o-a@| & =

Microsoft Visual Studio

g ..“'_
I:_el Activate Free Run

=

[ Yes

J |

R VAN

sl ™
| General | Adapter | EthercAY{] Oriine o - Orine |

Search Solution Explorer (Ctrl+ Q) P~
SAFETY ~ Mo Addr  Name CRC
& o+ 1 1001  Tem 5(EL1004) 0.0
= ®i2 1002 Temm 6{EL2004) 0.0
4 E 1o : '
,. P32 1003 Tem 7 (ELGGES) 0
j!, Image-Info
b 2 SyncUnits Actual State: PREOP Couriter Cyclic Queued
4 Inputs [t ] p | [SafeOp| | Op Send Frames 17167 + 5289
#1 Frm05tate [ Clea [ Clear Frames ] Frames / sec 459 + 43
#1 Frm0WcState Lost Frames 0 = 0
# FrmOInputToggle TP Emmors 0 /0
# SlaveCount
# DevState
» Switch slave to INIT (A)
+ Switch slave to BOOTSTRAP
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» Check the current status (B, C)
* Download the new *efw file (wait until it ends). A password will not be necessary usually.

Microsoft Visual Studic ==

| Function Succeeded!

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

9.34 FPGA firmware *.rbf

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

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

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

Determining the version via the System Manager

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

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

Fig. 109: FPGA firmware version definition

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

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

Reguest BOOTSTRAR state

Clear 'ERROR' skate

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

Properties. .,

Fig. 110: Context menu Properties

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

B rilirie: iew

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

(10006 'DPRAM Size'

[]0008 ‘Features'

(10070 'Phys Addr’'

(10012 'Phys Addr 2nd' ;I

0k, I Abbrechen

Fig. 111: Dialog Advanced Settings

Update

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

Older firmware versions can only be updated by the manufacturer!

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

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

File Edit Actions Yiew Options  Help

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

- @l outputs

- § InfoData

-3 Term 1 (EK1100)
£-§ InfoData

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

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

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

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

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

COM_T1 _EBUS BGA_LYTTL_F2_S4 BLD12.rbf

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

¢ Wait until download ends

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

* Check the new FPGA status

Risk of damage to the device!

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

9.3.5 Simultaneous updating of several EtherCAT devices

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

General | Adapter | EtherCAT | Orline | CoE - Online

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

Request 'SAFEOP' skake
Request 'OF' state

Request 'BOOTSTRAP' skate

Clear 'ERROR' stake

EEPROM Lpdate, ..

Fig. 112: Multiple selection and firmware update

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

To restore the delivery state (factory settings) for backup objects in ELxxxx terminals, the CoE object
Restore default parameters, Sublndex 001 can be selected in the TwinCAT System Manager (Config mode)
(see Fig. Selecting the Restore default parameters PDO)

Generall EtherCAT I oC I Frocessz Datal Statup  CoE - Online | I:Inlinel

Update List | [T AutoUpdate [ Single Update W Show Offline Data
Advanced... | I
Sdd b Startup... | ISetting objects
|ndex | M ame | Flags | Yalue -
1000 Device type RO 0000071339 (5001)
1008 Device name RO ELS1O1
1009 Hardware wersion RO na
1004, Software versian RO 10 o
=-1011:0 Restare default parameters RO 14
10171:01  Sublndex 001
+-1018:0 | dentity RO »d g
|Name | | Type | Size I =Addr. .. | Inj'Out | ser ID | Linked ko |
41 Status LISINT 1.0 26.0 Input 0
T value LINT 2.0 270 Inpuk 0
T Latch LINT 2.0 29,0 Input 0
T westate BOOL 0.1 1522.0  Input D
1 State LINT 2.0 1550.0  Input DO
% adsaddr AMSADDRESS 8.0 1552.0  Input D
GT rakTA ADoDavw Mo AN 1iEE2 1N Trmnik n

Fig. 113: Selecting the Restore default parameters PDO

Double-click on Subindex 001 to enter the Set Value dialog. Enter the value 1684107116 in field Dec or the
value 0x64616F6C in field Hex and confirm with OK (Fig. Entering a restore value in the Set Value dialog).
All backup objects are reset to the delivery state.

Set Yalue Dialog m |

Dec: |1684107115 oK.
Hex: IDHE4E1 EFEC Abbruch
Float: |1684107116

Boak I Hex Edit. .

L

Binr: |G 6F 6164
Bitgriifie C1 08 C16 & 320640 7

Fig. 114: Entering a restore value in the Set Value dialog

Alternative restore value

®

1 In some older terminals the backup objects can be switched with an alternative restore value:
Decimal value: 1819238756, Hexadecimal value: 0x6C6F6164An incorrect entry for the restore
value has no effect.
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9.5 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: www.beckhoff.com

You will also find further documentation for Beckhoff components there.

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

* support

+ design, programming and commissioning of complex automation systems

+ and extensive training program for Beckhoff system components

Hotline: +49 5246 963 157

e-mail: support@beckhoff.com
web: www.beckhoff.com/support
Service

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

Hotline: +49 5246 963 460
e-mail: service@beckhoff.com
web: www.beckhoff.com/service

Headquarters Germany
Beckhoff Automation GmbH & Co. KG

Hulshorstweg 20

33415 Verl

Germany

Phone: +49 5246 963 0
e-mail: info@beckhoff.com
web: www.beckhoff.com
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www.beckhoff.com/el7411/
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Phone: +49 5246 9630
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