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BEGKHOFF Foreword

1 Foreword

1.1 Notes on the documentation

Intended audience

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

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

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

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

Disclaimer

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

We reserve the right to revise and change the documentation at any time and without prior announcement.

No claims for the modification of products that have already been supplied may be made on the basis of the
data, diagrams and descriptions in this documentation.

Trademarks

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

Patent Pending

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

EtherCAT. ™

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

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

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

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

EJ7411 Version: 1.3 5



Foreword BECKHOFF

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.

NOTICE

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: 1.3 EJ7411
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1.3 Intended use

Caution - Risk of injury!

EJ components may only be used for the purposes described below!

1.4 Signal distribution board

Signal distribution board

Make sure that the EtherCAT plug-in modules are used only on a signal distribution board that has been
developed and manufactured in accordance with the Design Guide.

1.5 Documentation issue status

Version [Comment

1.3 » Chapter Note on load voltage supply added
» Update structure

1.2 » Update chapter Technical data

1.1 » Update chapter Technical data

» Update chapter pinout
» Update structure
1.0  First publication EJ7411

EJ7411 Version: 1.3 7
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1.6 Guide through documentation

Further components of documentation

This documentation describes device-specific content. It is part of the modular
documentation concept for Beckhoff I/O components. For the use and safe operation of the
device / devices described in this documentation, additional cross-product descriptions are
required, which can be found in the following table.

Title

Description

EtherCAT System Documentation (PDF)

» System overview

EtherCAT basics

Cable redundancy

* Hot Connect

EtherCAT devices configuration

Design Guide EJ8xxx -
Signal distribution board for

standard EtherCAT plug-in modules (PDF)

Notes on the design of a signal distribution board for
standard EtherCAT plug-in modules.

* Requirements for the signal distribution board
» Backplane mounting guidelines

* Module placement

* Routing guidelines

Infrastructure for EtherCAT/Ethernet (PDF)

Technical recommendations and notes for design,
implementation and testing

Software Declarations 1/0 (PDF)

Open source software declarations for
Beckhoff I/O components

The documentations can be viewed at and downloaded from the Beckhoff website (www.beckhoff.com) via:

+ the “Documentation and Download” area of the respective product page,

» the Download finder,

 the Beckhoff Information System.

Version: 1.3
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1.7

Marking of EtherCAT plug-in modules

Designation
A Beckhoff EtherCAT device has a 14-digit technical designation, made up as follows (e.g.
EJ1008-0000-0017)
* Order identifier
o family key: EJ

o product designation: The first digit of product designation is used for assignment to a product
group (e.g. EJ2xxx = digital output module).

> Version number: The four digit version number identifies different product variants.
* Revision number:
It is incremented when changes are made to the product.

The Order identifier and the revision number are printed on the side of EtherCAT plug-in modules (s.
following illustration (A and B).

BECKHOFF

Automation GmbH & Co. KG / D-33415 Verl - Huelshor stweg 20

A EJ1008-0000

C Ser Nr.. 08150814

8 x digital input / 24 V DC

ms filter time

Made in Germany / www beckhoff.com

CE /i

Fig. 1: Order identifier (A), Revision number (B) and serial number (C) using the example of EJ1008

Product group Example
Product designation Version Revision

EtherCAT Coupler EJ1101 -0022 -0016
EJ11xx (Coupler with external connectors, power supply module and

optional ID switches
Digital input modules EJ1008 -0000 -0017
EJ1xxx 8-channel (basic type)
Digital output modules EJ2521 -0224 -0016
EJ2xxx 1-channel (2 x 24 V outputs)
Analog input modules EJ3318 -0000 -0017
EJ3xxx 8-channel thermocouple (basic type)
Analog output modules EJ4134 -0000 -0019
EJ4xxx 4-channel (basic type)
Special function modules EJ6224 -0090 -0016
EJ5xxx, EJBxxx |O-Link master (with TWinSAFE SC)
Motion modules EJ7211 -9414 -0029
EJ7xxx servomotor (with ECT, STO and TwinSAFE SC)
EJ7411 Version: 1.3
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Notes

* The elements mentioned above result in the technical designation. EJ1008-0000-0017 is used in the
example below.

+ EJ1008-0000 is the order identifier, in the case of “-0000” usually abbreviated to EJ1008.

» The revision -0017 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.

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

Serial number

The serial number for EtherCAT plug-in modules is usually the 8-digit number printed on the side of the
module (see following illustration C). 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.

BECKHOFF

Automation GmbH & Co. KG / D-33415 Ver| - Huel shor stweg 20

A EJ1008-0000

Made in Germany / www beck

CE s

Fig. 2: Order identifier (A), revision number (B) and serial number (C) using the example of EJ1008

Serial number Example serial number: 08 15 08 16
KK - week of production (CW, calendar week) 08 - week of production: 08

YY - year of production 15 - year of production: 2015

FF - firmware version 08 -f irmware version: 08

HH - hardware version 16 - hardware version: 16

10 Version: 1.3 EJ7411
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1.71 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.

BECKHOFF

Autormation GrmbH L Co K

EJ1008- 0000

Made in Gerrmany | wiww beckhoff com

ce M

Fig. 3: 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, it shall be replaced by spaces. The data under
positions 1-4 are always available.

The following information is contained:

EJ7411 Version: 1.3 1
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Item Type of informa- |Explanation Data iden- Number of digits |[Example
no. tion tifier incl. data identifier
1 Beckhoff order Beckhoff order number |1P 8 1P072222
number
2 Beckhoff Traceability|Unique serial number, |S 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 2P4015031800
of production 16
6 ID/serial number Optional: Present-day 518 12 515678294104
serial number system,
e.g. with safety products
7 Variant number Optional: Product variant |30P 32 30PF971,
number on the basis of 2*K183
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 items 1 - 4 and with the above given example value on positon 6.
The data identifiers are marked in bold font for better display:

1P072222SBTNk4p562d71KEL1809 Q1 515678294

Accordingly as DMC:
STTTLI T I

Fig. 4: Example DMC 1P072222SBTNk4p562d71KEL1809 Q1 515678294

BTN

An important component of the BIC is the Beckhoff Traceability Number (BTN, item no. 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.

12 Version: 1.3 EJ7411
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1.7.2 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:

s |
General Adapter EtherCAT  Orline  CoE - Oriine
Advanced Settings
Netld 163.254.124.140.2.1 Advanced Settings.
State Machine Online View
Export Configuration Fle Cyclic Frames
l i 0000 ESC Rev/Type" 0000
Symc Unit Assigrmert... - Distibuted Clocks %n[mz he ¥ ~ Add
. Eof Support ESC Bui )
: (10004 'SM/FMMU Crt
T - Redundancy [50006 Pors/DPRAN" [ Show Change Counters
Emergency []0008 Features’ (State Changes / Not Present)
Diagnoss []0010 Phys Addr )
Frame Cmd  Addr len  WC Sync Unit Cycle fms)  Utiizatiol [[]0012 Configured Station Alias’ Show Production Info
[1]0020 Register Protect’
WMo R motwmon 1 1 <defaut> 4000 [0030 Access Protect
Mo BRD  ooD00OCID 2 2 4000 0.17 []0040 ‘ESC reset’ Tentification
017 []0100 ESC Cul”
[]0102 ESC CulEx’
[]0108 Phys. RW Offset’
[J0110 ESC Status’
(0120 ALCH"

o The BTN and its contents are then displayed:

General Adapter EtherCAT Orline  CoF - Onine

No Addr  Name Qe CRC P Hw Production Data RemNo BTH Description Quantty BatchMo SenaiNo
B 1001 Teem 1 (EXT100) oP 0.0 0 0 -
82 1002 Tem 2(ELIOIY oP 0.0 0 0 2020 KW3EFr orazz kdpS6247 EL1203 1 6Bz
"3 1003 Tem 3(EL3204) oP 0.0 7 6 2012 KW24 Sa
B4 008 Tem 4 (EL2004) oP 0.0 0 0 - 072 k&pS6247  EL2004 1 678295
§5 1005 Teem S(ELIOOE) oP 0.0 0 0 -
™ 6 1006 Temm 6(EL2008) oP 0.0 0 12 2014 KW14 Mo
®l.7T 1007 Tem TEKITIO) oP 0 1 ] 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:

EJ7411 Version: 1.3 13
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PROFIBUS, PROFINET, DeviceNet devices etc.

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.

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

14
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1.7.3 Certificates

* The EhterCAT plug-in modules meet the requirements of the EMC and Low Voltage Directive. The CE
mark is printed on the side of the modules.

» The cRUus imprint identifies devices that meet product safety requirements according to U.S. and
Canadian regulations.

» The warning symbol is a request to read the corresponding documentation. The documentations for
EtherCAT plug-in modules can be downloaded from the Beckhoff homepage.

Autornation GmbH & Co. WG / D-33415 Ver| - Huelshor shweg 20

EJ1008-0000

Ser.Nr.: 08150816

8 x digital input / 24 V DI

ims filter time

Made in Germany / www beckhaff com

G\ AN

Fig. 5: Marking for CE and UL using EJ1008 as an example

EJ7411 Version: 1.3 15
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2 System overview

Electronically, the EJxxxx EtherCAT plug-in modules are based on the EtherCAT /O system. The EJ system
consists of the signal distribution board and EtherCAT plug-in modules. It is also possible to connect an IPC
to the EJ system.

The EJ system is suitable for mass production applications, applications with small footprint and applications
requiring a low total weight.

The machine complexity can be extended by means of the following:

* reserve slots,
» the use of placeholder modules,
* linking of EtherCAT Terminals and EtherCAT Boxes via an EtherCAT connection.

The following diagram illustrates an EJ system. The components shown are schematic, to illustrate the
functionality.

® BECKHOFF EthercAT—

] B

-

i

s

1B nn n? xn HH

‘ n i .
vl n 17

.

a:

5

s

o I—T
o7 i

Fig. 6: EJ system sample

Signal distribution board

The signal distribution board distributes the signals and the power supply to individual application-specific
plug connectors, in order to connect the controller to further machine modules. Using pre-assembled cable
harnesses avoids the need for time-consuming connection of individual wires. Coded components reduce
the unit costs and the risk of miswiring.

Beckhoff offers development of signal distribution boards as an engineering service. Customers have the
option to develop their own signal distribution board, based on the design guide.

EtherCAT plug-in modules

Similar to the EtherCAT Terminal system, a module strand consists of a bus coupler and I/O modules.
Almost all of the EtherCAT Terminals can also be manufactured in the EJ design as EtherCAT plug-in
modules. The EJ modules are directly attached to the signal distribution board. The communication, signal
distribution and supply take place via the contact pins at the rear of the modules and the PCB tracks of the
signal distribution board. The coding pins at the rear serve as mechanical protection against incorrect
connection. Color coding on the housing facilitates distinguishing of the modules.
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3 EJ7411 - Product Description

3.1 Introduction

T
EJ7411
RUN
45¥
v
ENCA EN
ENCB Limit
ENCC WARN
ERR
Hall U
Holl ¥
Hall W
n
12
—
Fig. 7: EJ7411

BLDC motor module with incremental encoder, 48 V., 4.5 A (l,..)

The EJ7411 BLDC motor module offers high control performance in a very compact design for the medium
power 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 realized.

Numerous monitoring functions such as overvoltage and undervoltage, overcurrent, module temperature or
motor load (via calculation of an I°T model) offer maximum operational reliability.

EJ7411 Version: 1.3
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3.2 Technical data

All values are typical values over the entire temperature range, unless stated otherwise.

Inputs and outputs

Inputs

2 x end position
1 x encoder (A, B, C)
1 x Hall sensor (U, V, W)

Outputs

1 x BLDC motor

1 x motor brake

1 x sensor power supply
1 x encoder supply

E-bus

Electrical isolation

500 V (E-bus/field voltage)

Distributed Clocks

yes

Current consumption via E-bus

typ. 120 mA

Supply voltages

Electronics supply voltage

24 V¢ (via distribution board)

Current consumption from the Up contacts

50 mA typ. + holding current for the motor brake

Current load Up contacts

Current carrying capacity per pin: 3 A
max. 9 A total

Supply voltage power

8 V¢ ... 48 V¢ (via distribution board)

Motor output stage

Motor type BLDC motor

Connection technology Direct motor connection + feedback
Load type DC motor

Minimum winding inductance 200 uH

Number of channels 1

Output current (rms) 4.5 A (rms)

Peak current (rms) max. 9.0 A (rms) for 1 second
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

Encoder

Encoder type Incremental encoders

Signal types RS422, TTL, HTL, Open collector

(see chapter Configuration of the incremental encoder [»_56])

Maximum input frequency

depending on signal type:
5 million inc/s, 1 million inc/s, 250 k inc/s

(see chapter Configuration of the incremental encoder [P _56])

Supply voltage output for encoder

2 Ve ... 24 V., adjustable (factory setting: 5 Vi)
 resolution: 20 mV

« accuracy: + 10 %

max. 300 mA short-circuit proof

18
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Hall sensors

Signal type

Open Collector

Supply voltage output for Hall sensors

2 Ve ... 24 V., adjustable (factory setting: 5 V)
* resolution: 20 mV

+ accuracy: + 10 %

max. 300 mA short-circuit proof

Environmental conditions

Ambient temperature during operation 0°C...+55°C
Ambient temperature during storage -25°C ... +85°C
Relative humidity 95 % no condensation
Degree of pollution 2

Operating altitude max. 2,000 m

Vibration/shock resistance

conforms to EN 60068-2-6 /EN 60068-2-27 (with corresponding
signal distribution board)

EMC immunity/emission

conforms to EN 61000-6-2 /EN 61000-6-4 (with corresponding
signal distribution board)

according to IEC/EN 61800-3 (with corresponding signal
distribution board)

EMC category

Category C3 - standard
Category C2, C1 - auxiliary filter required

Protection rating

EJ module: 1IP20
EJ system: dependent on the signal distribution board and
housing

Housing data

Design EtherCAT I/O plug-in module
Position of the coding pins [» 31] 1and 8

Color coding orange

Weight approx. 50 g

Installation position

Standard [P 28]

Material polycarbonate
Dimensions (W x H x D) approx. 24 mm x 66 mm x 55 mm
Mounting On signal distribution board

Approvals and conformity

Approvals/markings*

CE, UKCA

*) Real applicable approvals/markings see type plate on the side (product marking).

® CE approval

1 The CE Marking refers to the EtherCAT plug-in module mentioned above.

If the EtherCAT plug-in module is used in the production of a ready-to-use end product (PCB in
conjunction with a housing), the manufacturer of the end product must check compliance of the
overall system with relevant directives and CE certification.

To operate the EtherCAT plug-in modules, they must be installed in a housing.

EJ7411
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3.3 Connection

EJ7411 Left connector (Encoder, Sensor) EJ7411 Right connector (Motor)
Pin# Signal Pin# Signal
! 2 ! 2 Ne Ne E-Bus contacts
3 4 3 4 *
5 6 RXD+ X1+ 2 6 NC NC
7 8 RX0- T¥1- 7 8 MNC MNC The power Supply UEBUS is
9 | o |G NGO o | 1o | GO INGHE e oV the coupler and
supplied from the su
" | 12 X0+ RX1+ " | 12 NC NC mlt":ge Ue of the Eth':':gm
13 14 TX0- RX1- 13 14 NC NC coupler.
15 16 16
7 18 ) Encoder 18 Signals and supply of motor,
19 20 20 encoder and Hallsensor
21 22 22
23 24 24
25 26 26 48V_Motor 48V _Motor
27 28 28 4 Aotor A48YW_ Motor
29 30 VDD Hall 30
31 32 32
33 34 34 Up-Contacts
35 36 24V Up 36 The peripheral voltage Ug
v 38 24V Up 24V Up 38 24V Up 24v U supplies the electronics on the
39 40 SGND SGND 40 SGND \ field side.
Left connector (Encoder) Right connector (Motor)
Signal Description Signal Description
Uggus E-Bus power supply 3.3V MNC Do not connect
E-Bus GMD signal. E-Bus GMND signal.
GND Don't connect%\rith v upt GND Don't connect%\rith 0V Up!
Rin+ Positive E-Bus receive signal
RXn- Negative E-Bus receive signal
T¥n+ Positive E-Bus transmit signal
TXn- Negative E-Bus transmit signal
VOD Encoder |Power supply encoder (parameterizable
GND Encoder |GND for ::::ider 5 v Motor phase U
E:E if Encoder input A \ Mator phase V
E:E gj Encoder input B W Motor phase W
Enc C+ . Brake+ Motor brake +
Enc C- Encoder input C Brake- Mator brake -
Hall_U,
Hall_V, Hall inputs U, W, W
Hall_W 48V_Motor DC link supply +(8V __48V)
ZEt\;'hlIleardware Hardware Enable
VDD Hall Power supply Hall sensor + (parameterizable)
GND Hall Power supply Hall sensor GND GMND Mater  |DC link supply (0 V)
Input 1... 2  |Digital inputs 24 V
o Up Field side GMD signal v Up Field side GMND signal
24V Up Field side power supply 24V 24V Up Field side power supply 24V
SGND Shield Ground SGND Shield Ground

Fig. 8: EJ7411 - Connection

The PCB footprint can be downloaded from the Beckhoff homepage.

Damage to devices possible!
w « The pins named with “NC” must not be connected.

 Before installation and commissioning read the chapters Installation of EJ modules

[»_24] and Commissioning [P 41]!

@® Shielding

Feedback signal, sensors and actuators should always be connected with shielded, twisted paired
wires.
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NOTICE

Cable fire and defect possible!

The load voltage (supply of the DC link +8 V ... +48 V) is not short-circuit proof, cable fire and defect are
possible!

» Use an overcurrent protection device for the load voltage.

» Dimension the overcurrent protection device so that the maximum current is limited by 3 times the
nominal current for a maximum of 1 second.

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

* The EJ9576 brake chopper module and a ZB8110 braking resistor.
The brake chopper module may be necessary if too much energy is fed back to the load voltage during
braking procedures.

® Enabling the output stage
1 Apply 24 V to the "24V Hardware Enable" input (pin 28) to enable the axis!
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3.4 LEDs

LED No. £
Left Right
A RUM
B 48V
c 24V
1 EMNC A EN
2 EMC B LIMIT
3 EMC C YWARN
4
5 Hall U
G Hall V
7 Hall W
g
g 1
10 |2
11
12
13
14
15
16

Fig. 9: EJ7411 - LEDs

LEDs (left side)

LED Color |Display |State Description
RUN green  |off Init State of the EtherCAT State Machine: INIT = initialization of the plug-in module
flashing Pre- State of the EtherCAT State Machine: PREOP = function for mailbox communication
Operational |and different default settings set
Single | Safe- State of the EtherCAT State Machine: SAFEOP = verification of the Sync-Manager
flash Operational |channels and the distributed clocks.
Outputs remain in safe state
on Operational |State of the EtherCAT State Machine: OP = normal operating state; mailbox and
process data communication is possible
flickering |Bootstrap  |State of the EtherCAT State Machine: BOOTSTRAP = function for firmware updates
of the plug-in module
ENC A, green |on - Signal is present at encoder input A, B, C
ENCB off - Signal is not present at encoder input A, B, C
ENC C
Hall U, green off - Signal is present at Hall input U, V, W
Hall v, on - Signal is not present at Hall input U, V, W
Hall W
11...12 green  |off - Signal voltage "0"
on - Signal voltage "1"

LEDs (right side)

LED Color |Display |Meaning

48V green  |off Supply voltage (48 V) is not present
on Supply voltage (48 V) is present

24V green |off Supply voltage (24 V) is not present
on Supply voltage (24 V) is present

Up green off No 24 V. power supply connected
on 24 V. power supply connected

EN green |on The axis is enabled

LIMIT yellow |on Limit

WARN yellow |on Warning

ERR red on Error
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3.5 Technology

The EJ7411 EtherCAT plug-in module integrates a full-fledged amplifier for Brushless DC motors/Electric
commutation motor, 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 servomotor. 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.

One clearly visible difference is the design. 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 EJ7411 amplifier output stage together form the drive. The BLDC motor is
operated in a closed control loop, with position, velocity or torque control.
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4 Installation of EJ modules

4.1 Power supply for the EtherCAT plug-in modules

Power supply from SELV/PELV power supply unit!

SELV/PELV circuits (Safety Extra Low Voltage, Protective Extra Low Voltage) according to
IEC 61010-2-201 must be used to supply this device.

Notes:

« SELV/PELYV circuits may give rise to further requirements from standards such as IEC 60204-1 et al, for
example with regard to cable spacing and insulation.

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

The signal distribution board should have a power supply designed for the maximum possible current load of
the module string. Information on the current required from the E-bus supply can be found for each module
in the respective documentation in section “Technical data”, online and in the catalog. The power
requirement of the module string is displayed in the TwinCAT System Manager.

E-bus power supply with EJ1100 or EJ1101-0022 and EJ940x

The EJ1100 Bus Coupler supplies the connected EJ modules with the E-bus system voltage of 3.3 V. The
Coupler can accommodate a load up to 2.2 A. If a higher current is required, a combination of the coupler
EJ1101-0022 and the power supply units EJ9400 (2.5 A) or EJ9404 (12 A) should be used. The EJ940x
power supply units can be used as additional supply modules in the module string.

Depending on the application, the following combinations for the E-bus supply are available:

Coupler EJ1100 with coupler EJ1101-0022 + coupler EJ1101-0022 +
integrated ext. RJ45 and optional ID switches + ext. RJ45 and optional ID switches +
power supply unit (2.2 A)  power supply unit EJ9400 (2.5 A) power supply unit EJ9404 (12 A)
e g BI01E EI94008 BN0E EJ9404
E RUN RUN —:' —
L/A EBUS LA —
Us Us Us e— Us
LAY - - —
Lnxz; - — L m—
X000 - - pred e
- |- — —
- |- e— -
& H ==
E v s = T —3 =
o w4 B T—-— B
q:\ﬂf__, : : q:\ﬂf__, o _ Siive
: e e - e I - e
v v
Power Power
supply supply
module module
Coupler Coupler Coupler
EtherCAT EtherCAT EtherCAT

Fig. 10: E-bus power supply with EJ1100 or EJ1101-0022 + EJ940x

In the EJ1101-0022 coupler, the RJ45 connectors and optional ID switches are external and can be
positioned anywhere on the signal distribution board, as required. This facilitates feeding through a housing.

The EJ940x power supply plug-in modules provide an optional reset function (see chapter Connection of the
documentation for EJ9400 and EJ9404)
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E-bus power supply with CXxxxx and EK1110-004x

The Embedded PC supplies the attached EtherCAT Terminals and the EtherCAT EJ coupler

» with a supply voltage Us of 24 V. (-15 %/+20 %). This voltage supplies the E-bus and the bus terminal
electronics.
The CXxxxx units supply the E-bus with up to 2,000 mA E-bus current. If a higher current is required
due to the attached terminals, power feed terminals or power supply plug-in modules must be used for
the E-bus supply.

 with a peripheral voltage Up of 24 V. to supply the field electronics.

The EK1110-004x EtherCAT EJ couplers relay the following parameters to the signal distribution board via
the rear connector:

» the E-bus signals,
 the E-bus voltage Uggs (3.3 V) and
+ the peripheral voltage U, (24 V().

BECKHOFF
(n18

o
el |

LR
g
EtherCAT.
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EK1 1100043
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Fig. 11: PCB with Embedded PC, EK1110-0043 and EJxxxx, rear view EK1110-0043

4.2 Note on load voltage supply

Load voltage supply

Some devices permit an additional load voltage, e.g. 48 V DC, to be connected for the operation of a motor.
In order to avoid stray currents on the protective conductor during operation, EN 60204-1:2018 provides for
the possibility that the negative pole of the load voltage does not necessarily have to be connected to the
protective conductor system (SELV).

Therefore, the load voltage supply should be designed as an SELV supply.
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4.3 EJxxxx - dimensions

The EJ modules are compact and lightweight thanks to their design. Their volume is approx. 50 % smaller
than the volume of the EL terminals. A distinction is made between four different module types, depending
on the width and the height:

Module type

Dimensions (W x H x D)

Sample in figure below

Coupler

44 mm x 66 mm x 55 mm

EJ1100 (ej_44_2xrj45_coupler)

Single module

12 mm x 66 mm x 55 mm

EJ1809 (ej_12_16pin_code13)

Double module

24 mm x 66 mm x 55 mm

EJ7342 (ej_24 2x16pin_code18)

Single module (long)

12 mm x 152 mm x 55 mm

EJ1957 (ej_12_2x16pin_extended_code4747)

Xooo

]

66 mm
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S [=]
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— " E
b 44 mm 55 mm R E
z
S
550
=
s
F
H =
=
- h
|12 mm‘ 55 mm
+—» <+ >
Fig. 12: EJxxxx - Dimensions
The technical drawings can be downloaded from the Beckhoff homepage. The drawings are named as
described in the drawing below.
Positon of coding pins
Amount of contact pins
. . . 2 e]_12_16pin_code13
Housing width inmm ____ |
Fig. 13: Naming of the technical drawings
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4.4 Installation positions and minimum distances

441 Minimum distances for ensuring installability

Note the dimensions shown in the following diagram for the design of the signal distribution board to ensure
safe latching and simple assembly / disassembly of the modules.

i’ 92 mm reaching area N

i §
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= o 3
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D g =
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=] = o o
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j=1 =T
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@ [=] E.Q
- wr O [%]
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Fig. 14: Mounting distances EJ module - PCB

® Observing the reaching area

1 A minimum reaching area of 92 mm is required for assembly / disassembly, in order to be able to
reach the mounting tabs with the fingers.
Adherence to the recommended minimum distances for ventilation (see section Installation position
[»_28]) ensures an adequate reaching area.

The signal distribution board must have a thickness of 1.6 mm and a minimum distance of 4 mm from the
mounting surface, in order to ensure latching of the modules on the board.
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4.4.2 Installation positions

NOTICE

Constraints regarding installation position and operating temperature range

Please refer to the technical data for the installed components to ascertain whether any restrictions
regarding the mounting position and/or the operating temperature range have been specified. During
installation of modules with increased thermal dissipation, ensure adequate distance above and below the
modules to other components in order to ensure adequate ventilation of the modules during operation!

The standard installation position is recommended. If a different installation position is used, check whether
additional ventilation measures are required.

Ensure that the specified conditions (see Technical data) are adhered to!

Optimum installation position (standard)

For the optimum installation position the signal distribution board is installed horizontally, and the fronts of
the EJ modules face forward (see Fig. Recommended distances for standard installation position). The
modules are ventilated from below, which enables optimum cooling of the electronics through convection.
“From below” is relative to the acceleration of gravity.

-— =

20 mm M= = | | 4 : 20 mm

ECKHOFF
BECKHOFF
BECKHOFF
BECKHOFF
BECKHOFF

o =

Fig. 15: Recommended distances for standard installation position

Compliance with the distances shown in Fig. Recommended distances for standard installation position is
recommend. The recommended minimum distances should not be regarded as restricted areas for other
components. The customer is responsible for verifying compliance with the environmental conditions
described in the technical data. Additional cooling measures must be provided, if required.
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Other installation positions

All other installation positions are characterized by a different spatial position of the signal distribution board,
see Fig. Other installation positions.

The minimum distances to ambient specified above also apply to these installation positions.

Fig. 16: Other installation positions
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4.5 Codings

4.5.1 Color coding

Color coding
signal type ——»

Fig. 17: EJ modules color code; sample: EJ1809

The EJ modules are color-coded for a better overview in the control cabinet (see diagram above). The color
code indicates the signal type. The following table provides an overview of the signal types with
corresponding color coding.

Signal type Modules Color

Coupler EJ11xx No color coding
Digital input EJ1xxx Yellow

Digital output EJ2xxx Red

Analog input EJ3xxx Green

Analog output EJ4xxx Blue

Position measurement EJ5xxx grey
Communication EJ6Bxxx grey

Motion EJ7xxx orange

System EJ9xxx grey
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4.5.2 Mechanical position coding

The modules have two signal-specific coding pins on the underside (see Figs. B1 and B2 below). In
conjunction with the coding holes in the signal distribution board (see Figs. A1 and A2 below), the coding
pins provide an option for mechanical protection against incorrect connection. This significantly reduces the
risk of error during installation and service.

Couplers and placeholder modules have no coding pins.

Fig. 18: Mechanical position coding with coding pins (B1 and B2) and coding holes (A1 and A2)

The following diagram shows the position of the position coding with position numbers on the left-hand side.
Modules with the same signal type have the same coding. For sample, all digital input modules have the
coding pins at positions one and three. There is no plug protection between modules with the same signal
type. During installation the module type should therefore be verified based on the device name.

Position 1 2
coding area 3 4
5 6

7 8

9 10

T n 12

2@ 13 14

15 16

L P 18

4@ 19 20

5@ 21 22

23 24

6@ 25 26

19|27 28

gl 29 30

M 32

13 M

35 36

37 38

39 40

Fig. 19: Pin coding; sample: digital input modules

4.6 Installation on the signal distribution board

EJ modules are installed on the signal distribution board. The electrical connections between coupler and EJ
modules are realized via the pin contacts and the signal distribution board.
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The EJ components must be installed in a control cabinet or enclosure which must provide protection against
fire hazards, environmental conditions and mechanical impact.

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

Bring the module system into a safe, de-energized state before starting installation, disassembly or wiring
of the modules.

NOTICE

Risk of damage to components through electrostatic discharge!

Observe the regulations for ESD protection.

Fig. 20: Installation of EJ modules

A1/ A2 Latching lugs top / bottom C1/C2 Mounting holes
B1/B2 Coding pins D1/D2 Coding holes

To install the modules on the signal distribution board proceed as follows:

1. Before the installation, ensure that the signal distribution board is securely connected to the mounting
surface. Installation on an unsecured signal distribution board may result in damage to the board.

2. If necessary, check whether the positions of the coding pins (B) match the corresponding holes in the
signal distribution board (D).

3. Compare the device name on the module with the information in the installation drawing.

4. Press the upper and the lower mounting tabs simultaneously and push the module onto the board
while gently moving it up and down, until the module is latched securely.
The required contact pressure can only be established and the maximum current carrying capacity
ensured if the module is latched securely.

5. Use placeholder modules (EJ9001) to fill gaps in the module strand.

NOTICE

+ During installation ensure safe latching of the modules on the signal distribution board! The
consequences of inadequate contact pressure include:

= loss of quality of the transferred signals,
= increased power dissipation of the contacts,
= impairment of the service life.
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4.7 Extension options

Three options are available for modifications and extensions of the EJ system.

» Replacing the placeholder modules with the function modules provided for the respective slot

+ Assigning function modules specified for the respective slots for the reserve slots at the end of the
module string

 Linking with EtherCAT Terminals and EtherCAT Box modules via an Ethernet/EtherCAT connection

4.71 Using placeholder modules for unused slots

The EJ9001 placeholder modules are used to close temporary gaps in the module strands (see Fig. A1
below). Gaps in the module strand cause interruption in EtherCAT communication and must be equipped
with placeholder modules.

In contrast to the passive terminals of the EL series, the placeholder modules actively participate in the data
exchange. Several placeholder modules can therefore be connected in series, without impairing the data
exchange.

Unused slots at the end of the module strand can be left as reserve slots (see Fig. B1 below).

The machine complexity is extended (extended version) by allocating unused slots (see Figs. A2 below -
Exchanging placeholder modules and B2 - Assigning reserve slots) according to the specifications for the
signal distribution board.
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Fig. 21: Sample: Exchanging placeholder modules and assigning reserve slots
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E-bus supply

Exchange the placeholder modules with other modules changes the current input from the E-Bus.
Ensure that adequate power supply is provided.
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EJ7411 Version: 1.3 33



Installation of EJ modules

BECKHOFF

4.7.2

T

i

i

smam
s

A

2 | -
330

SE g Ep

>0T >0

AT PAS PEZ|PEC

a3 a7
>FEZ F@T >0

EeNE >0z >0 1
>0 »BE >0 ET NI |
i =0 0= =05 =05
FREE BEz BEDE= -

BECKHOFF
1K 168

® BECKHOFF EthercAT— @

WU
ol I

rn 'r'l'l !" " .
BB T
ko Te ol ol y Bm
HERER ER -
AAAAA AR S SRR
FEINEyTI T
B BB ASASTEEIES
] [l ] (0T (@l - == W
BaEEEn RN e
AlaslasAa == 2353
FEENER h
HABAAAS ST Tt M ap
- LR & .

i

101

Fig. 22: Example of extension via an Ethernet/EtherCAT connection
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Linking with EtherCAT Terminals and EtherCAT Box modules
via an Ethernet/EtherCAT connection
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4.8 IPC integration

Connection of CX and EL terminals via the EK1110-004x EtherCAT EJ coupler

The EK1110-0043 and EK1110-0044 EtherCAT EJ couplers connect the compact DIN-rail PCs of the
CX series and attached EtherCAT Terminals (ELxxxx) with the EJ modules on the signal distribution board.

The EK1110-004x are supplied from the power supply unit of the Embedded PC.
The E-bus signals and the supply voltage of the field side U, are routed directly to the PCB via a plug
connector at the rear of the EtherCAT EJ couplers.

Due to the direct coupling of the Embedded PC and the EL terminals with the EJ modules on the PCB, no
EtherCAT Extension (EK1110) or EtherCAT Coupler (EJ1100) is required.

The Embedded PC can be expanded with EtherCAT Terminals that are not yet available in the EJ system,
for example.
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Fig. 23: Example PCB with Embedded PC, EK1110-0043 and EJxxxx, rear view EK1110-0043
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Connection of C6015/ C6017 via the EJ110x-00xx EtherCAT Coupler

Thanks to their ultra-compact design and versatile mounting options, the C6015 and C6017 IPCs are ideally
suited for connection to an EJ system.

In combination with the ZS5000-0003 mounting set, it is possible to place the C6015 and C6017 IPCs
compactly on the signal distribution board.

The EJ system is optimally connected to the IPC via the corresponding EtherCAT Cable (see following Fig.
[A]).

The IPC can be supplied directly via the signal distribution board using the enclosed power plug (see Fig. [B]
below).

Positioning on the signal distribution board

,' The dimensions and distances for placement and other details can be found in the Design
Guide and the documentation for the individual components.

The figure below shows the connection of a C6015 IPC to an EJ system as an example. The components
shown are schematic, to illustrate the functionality.

= =
-

BECKHOFF
BECKHOFF
BECKHOFF
BECKHOFF

Fig. 24: Example for the connection of a C6015 IPC to an EJ system
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4.9 Disassembly of the signal distribution board

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

Bring the module system into a safe, de-energized state before starting installation, disassembly or wiring
of the modules.

Each module is secured through latching on the distribution board, which has to be released for
disassembly.

Fig. 25: Disassembly of EJ modules

To disassemble the module from the signal distribution board proceed as follows:

1. Before disassembly, ensure that the signal distribution board is securely connected to the mounting
surface. Disassembly of an unsecured signal distribution board may result in damage to the board.

2. Press the upper and lower mounting tabs simultaneously and pull the module from board while gently
moving it up and down.

4.10 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 Shielding concept

NOTICE

Smooth operation

* For trouble-free operation, the motor and sensor cables must be shielded. The shield
must be connected to the shield potential over a wide area. This is specific and depends
on the application and the signal distribution board.

* Please also regard the notes in the documentation Infrastructure for EtherCAT/Ethernet
and the Design Guide for the signal distribution board.
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6 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. 26: Note

Background

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

with

B [Tesla] magnetic field

MO0 = 4*1m*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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7 EtherCAT basics

Please refer to the EtherCAT System Documentation for the EtherCAT fieldbus basics.
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8 EJ7411 - commissioning

The internal memory may contain incorrectly set parameters, defect possible

» Reset the module to the factory settings before commissioning. See EtherCAT system documentation
chapter CoE reset, restoring default values.

8.1 Integration in TwinCAT

® Installation of the latest XML device description

1 Please ensure that you have installed the corresponding latest XML device description in TwinCAT.
This can be downloaded from the Beckhoff Website and installed according to the installation
instructions.

Integrate the module in TwinCAT. Information on this can be found in the EtherCAT system documentation
in the chapter TwinCAT development environment:

 Distinction between Online and Offline
« OFFLINE Creation of the configuration

* ONLINE Creation of the configuration

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

EtherCAT drivels) added X
Append linked axis to:
() CHC - Configuration

Cancel

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 of
EtherCAT plug-in modules in the NC configuration”, section Manually adding an axis [»_65].
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8.2 Selection of the operation mode

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

Controlled variable

Operation mode via CoE-Online
Index 0x7010:03 "Modes of operation™

Predefined PDO via process data

Position "

CSP [» 45]
(Cyclic Synchronous Position)
(factory setting)

Predefined PDO "Position

Velocity

CSV [» 48]
(Cyclic Synchronous Velocity)

Predefined PDO "Velocity":

Torque

CST [» 49]

(Cyclic Synchronous Torque)

Predefined PDO "Torque":

Torque and
commutation angle

CSTCA [» 50]
(Cyclic Synchronous Torque with
Commutation Angle)

Predefined PDO "Torque"
+

PDO 0x1603 "DRV Commutation angle"

Drive Motion Control

DMC [» 92]
(Drive Motion Control)

64-bit control:
Predefined PDO "Drive motion control
(For TC3 DriveMotionControl Lib)"

32-bit control
Predefined PDO "Drive motion control (32
bit)"

" You can also control the position with the CSV operation mode. See chapter CSV (velocity control) [» 48].
The control performance is better with CSP, however.
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Setting the operation mode via the CoE directory

Proceed as follows to set the selected operation mode:

Risk of damage to the device!

We strongly advise not to change settings in the CoE objects while the axis is active, since this could impair
the control.

1. Click on the "CoE - Online" tab.
2. Set the operation mode in parameter 0x7010:03 "Modes of operation”.

Solution Explorer A Il TwinCAT Project] & > RN Library Manager
e | )
) & | @ | > |E| General EtherCAT DC Process Data  Fle Starull CoE -Online Biag History  Online
Search Solution Explorer (Ctrl+;) P~
Update List Auto Update Single Update Show Offline Data
&1 Solution ‘TwinCAT Project!’ (1 project) [Auto Update  EASinle Updat= ]
4 o] TWinCAT Projectl Advanced... | |
> s st St Modde 0D o Pt [0 |
3 MOTION
4 PLC Index Name Flags Value
SAFETY 7001:0 FE Touch probe outputs RO =14 ¢
E Ces 7010:0 DRV Outputs RO >4
&l AnaLTicS 7010:01 _ Controlword ROP <0000 (0)
4 [te} 7010:03  Modes of operation RW P Cyclic synchronous position mode (C5F) (8)
4 "1‘% Devices U10:05 arget position
— . . . Set Value Dialog
4 == Device 1 (EtherCAT) 7010:06 Target velocity
8 Image 7010:09  Target torque
*B Image-Info 7010:0B  Torque limitation
b : Synclnits 7010:0E  Commutation angle : | Eares]
b Inputs F040:0 DMC Outputs
b [l Outputs 8000:0 FB Settings anous posili .
b [ InfoData 8001:0 FB Touch probe Settin L. 1]y le]¥ it mode: |
20080 FE Settings ENC Cyclic synchronous velocity mode [C5Y)
' i as !
4 || Term 1 (E11100) ] . Boal Cyclic spnchronous torgue mode [C5T)
I [ InfoData 800A:0 FB Settings Hall aok Cyclic synchionous torque mode with com
b Term2 (£7411) 8010:0 DRV Amplifier Settings Blregs Enve totion Control [DR4C)
& ;
P @’ Mappings Bit Size: O1 @8 Q1 O OB 02
Solution Explorer SIEERINSTI LIS

Fig. 27: Set operation mode via index 0x7010:03

NOTICE

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)
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Selection of the process data via Predefined PDO Assignment
1. Click the "Process Data" tab.
2. Click "Predefined PDO Assignment".

Solution Explorer

A I Al TwinCAT Projects + > [N

Library Manager

B~ o>
@& o-a| s General | BHherCAT D Plc Statup  GoE-Orline Diag History Oniine
Search Solution Explorer (Ctrl+;) Syne Manager D0 List
4 ﬂ% Devices -
4 == Device 1 (EtherCAT) SM Size Type Flags Index. Size Mame Flags SM e
*B Image 0 128 MbxCut 1400 40 FB Postion F 3
*B |mage-Info 1 128 Mbxin 1401 20 DRV Statusword F 3
p > SyncUnits 2 6 QOutputs 1 AD2 40 DRV Velocity actual value F
I Inputs 3 10 Inputs 1403 20 DRV Torgque actual value F
b [ Outputs Ox1AD4 20 DRV Info data 1 F
b @ InfoDat Ox1ADS 20 DRV Info data 2 F
3 Intolfata MALNE AN NBV Frllawina amar acbislva  F k! w7
4 [[] Term1(E/1100) < > < >
b InfoData PDO Assi I 1C12): PDO C (e 1 ADD):
/] .+ Term 2 (E17411) signmerit (| ) ontent (| )
[ FB Position %&:‘I% K Index Size Offs Name Type
4 DRV Statusword ] 1602 B6000:11 40 0.0 Position UDINT
[ DRV Following error actual value []x1603 40
I [ DRV Controlword :‘&:}%
4 [l DRV Target position ZIHb('I'ED? v < >
M- Target position o
b Lo WeState Download Predefined PDO Assignment: Position’
b [ InfoData PDO Assignment Predefined PDC Assignment: none)
B ; [1PDO Corfigurati Predefined PDO Assignment: "Velocity
b @7 Mappings ormiguration Predefined PDO Assignment: "Position’
Predefined PDO Assignment: Torque'
4 Predefined PDO Assignment: "Drive motion control (For TC3 DriveMotionControl Lib)'
MIELESSEY Team Explorer Predefined PDO Assignment: "Drive motion control (32 Bit

Fig. 28: Select Predefined PDO Assignment according to operation mode

3. Select the correct entry according to the following table.

= The selected process data are displayed in the tree structure.

Operation mode

"Predefined PDO Assignment”

Name Inputs (SM3) Outputs (SM2)

CSP [» 45] "Position": 0x1A00 "FB Position" 0x1600 "DRV Controlword"
0x1A01 "DRYV Statusword" |0x1606 "DRV Target
0x1A06 "DRV Following position"
error actual value"

CSV [» 48] "Velocity": 0x1A00 "FB Position" 0x1600 "DRV Controlword"
0x1A01 "DRYV Statusword" |0x1601 "DRV Target

velocity"

CST [» 49] "Torque": 0x1A00 "FB Position" 0x1600 "DRV Controlword"
0x1A01 "DRYV Statusword" |0x1602 "DRV Target torque"

CSTCA [» 501 "Torque"

+

PDO 0x1603"DRV Commutation angle"

DMC
64-bit control [» 93]

"Drive motion control
(For TC3
DrivemMotionControl)"

0x1A40 "DMC Inputs"

0x1640 "DMC Outputs"

DMC
32-bit control [P 97]

"Drive motion control
(32-bit)"

0x1A41 "DMC Inputs 32 Bit"

0x1641 "DMC Outputs 32
Bit"
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8.21 CSP (position control)

CSP is the abbreviation for "Cyclic Synchronous Position".

v The CSP operation mode is set in 0x7010:03 "Modes of operation" as described in "Setting the operation
mode [P 42]".

v The Predefined PDO Assignment "Position" is set as described in "Selection of process data [» 44]".

1. Setting the target position
A defined target position can be set via the process data "Target position".

Soluton Bxpore AR e - <
Ao~ e
@ & | El | > E General EtherCAT DC Process Data Pl Statup CoE -Orline  Diag History  Online
Search Solution Explorer (Ctrl+;) P~ Syne Manager: PDO List:
4?: Devices
4 = Device 1 (EtherCAT) SM  Size Type Flags Index Size MName Flags 5M 50 ~
j,; Image 0 128 MbecOut 1601 40 DRV Target velocity F 0
j,; Image-Info 1 128 Mbscln 1602 20 DRV Target torque F 0
b : SyncUnits 2 & Cutputs c1603 20 DRV Commutation angle  F o
b Inputs 3 10 Inputs 1604 20 DRV Torgue limitation F o
b W Outputs (1606 40 DRV Target position E 2 0
01607 20 FB Touch probe control E (1] b
I & InfoData < 5 < 5
b Term 1 (EK1100)
4 || Term12(EJ1100) PDO Assignment (B1C12): PDO Contert (B 1606):
b D InfoData [ 61600 - Index Size Offs Name Type Defal
4 "§ Term 2 (EJ7417) [] 1601 - .
b FB Positi []ke1602 7010:05 4.0 0.0 Target position UDINT
osition ™I k1603
[ DRV Statusword |Gl 604
b DRV Following error actual value ] 1606 v < >
p [l DRV Centrolword
. Download Predefined PDO Assignment: "Position” v
4 [ DRV Target position 7] PDO Assi "
B+ Target position O sianms Load PDO info from device
PDO Configuration
b WeState Sync Unit Assignment ...
b [ InfoData
4 » < >
SDlLItiDn Explorer TEam E:(plorer Bl imm = T liem Tuswmm Cimm w A lm 1700 b Ilrme ITY | ium lrm ol
— ~ -

Fig. 29: Setting the target position via the "Target position" process data

® Cycletime

1 For all operation modes, the cycle time must be an integer multiple of 62.5 s,
at least 125 ps.

When using the drive motion control (DMC), the cycle time must not be faster than 250 us.

With the settings for the operating mode CSP the EtherCAT plug-in module calculates internally the control
loops for current, velocity and position. The NC calculates the setpoint specification of the position and
transfers it to the module.

1. Setting the following error monitoring

Furthermore, there is an option in CSP mode to activate a following error monitoring. The following error
monitoring is switched off on delivery. In all other modes this is not used and is ignored.

Proceed as follows to set the following error monitoring:

Risk of damage to the device!

We strongly advise not to change settings in the CoE objects while the axis is active, since this could impair
the control.

Click on the "CoE-Online" tab
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Solution Explorer Ll TwinCAT Projectd = X
R General EtherCAT DC Process Data  Plc Startup | CoE - Online § Diag History  Onling »
) B | M

Search Solution Explorer (Ctrl+;) P~ Update List [JAuto Update [~ Single Update [] Show Offine Data

& InfoData - e | |
"% Term 2 (EJ7411)
FB Position Addto Startup... Modue OD (hoEPor: [0 |
DRV Statusword
DRV Following error actual value

Index Name Flags  Value Lnit

8010:33  Stand still window RW TcDDD0D (D) 1/min

&/ Following error actual value
B DRV Controlward 801033 Select info data 1 DC link voltage {mV) (2}

B DRV Target position SRR Sl sdds = o e ceralire . '

[ WeState 8010:50  Following emor window RW [eFFFFFFFF {-1)

W InfoDat 2010:51  Following emor time out RW D00 (D) ms
nretata B010.54 - Feature bits W Gouona00 ()

‘ on1n.E7 Dmmibimem lmmem ssmlmmi e £m DAY MN.CA 1N

Solution Explorer BIEETINSEIES

Fig. 30: "Following error window" (0x8010:50), "Following error time out" (0x8010:51)

1. The window of the following error monitoring 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).

* The value OxXFFFFFF (-1) in the Following error window means that the following error monitoring is
switched off and corresponds to the delivery state.

accepted following
error tolerance

} } } I Il i L }
T 1 T T T T T 1

v

following error |following error
window |  window

- Lol Lai

following error P no following error following error

L] | L

Fy

reference position

Fig. 31: Following error window

2. Use the Following error time out (index 0x8010:51) to set the time (in ms) allowed for a following error
timeout.

= As soon as the set 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 Following error time out is 0x0000 (0) in the delivery state.

= The current following error can be read via the process data Following error actual value.

NOTICE

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)
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Example of motion command with following error monitoring

A . :
. }fDIIDwmg error window

target position

feadback position

L J

- . —I- i« following error timeout

?/ following error

E fault reaction

following error window

1 2 3 4 >

Fig. 32: 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 tfarget 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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8.2.2

CSV (velocity control)

CS8V is the abbreviation for "Cyclic Synchronous Velocity".

v The CSV operation mode is set in 0x7010:03 "Modes of operation" as described in "Setting the operation

mode [P 42]".

v The Predefined PDO Assignment "Velocity" is set as described in "Selection of process data [» 44]".

1. Setting the target velocity
A defined velocity can be set via the "Target velocity" process data.

Selution Explorer x
R o-al s
p =
4 *é Devices -
4 == Device 1 (EtherCAT)
"5 Image
+B |mage-Info

Search Solution Explorer (Ctrl+;)

2 SyncUnits
Inputs
B Outputs
& InfoData
[i Term 1(EK1100)
[ Term 12 (E11100)
P [ InfoData
4 "3 Term 2 (EI7411)
3 FB Position
DRY Statusword
B DRY Controlword
B DRV Target velocity
B Target velocity
[E WcState
& InfoData

4

Solution Explorer [EETNSTIGTC

TwinCAT Project2 1
General EtherCAT DC

Sync Manager:

Process Data  Ple

FDO List:

Statup  CoE -Online  Diag History  Online

Size
128
128
(]
[

Name

DRV Info data 3

FB Enc Posttion

Dl Inputs

DRV Controhwaord

DRV Target velocity
DRY Target torque

DRY Commutation angle

Size
20
40
20
20
40
20
20

Index

<1A0D
I1ADE
1A10
<1600
<1601

1602
1603

Flags

=
F
F
F
F
F
F

PDO Assignment (Ix1C12):

PDO Cortent (T«1601):

2] 01600
maftce0r ]
(] 01602
[]x1603
(] oc1604
(] 01606

~

Index Size

7010:06 4.0

<

Download
PDO Assignment
1 PDO Corfiguration

Predefined PDO Assignment: Velocity'
Load PDO info from device
Sync Unit Assignment ...

Fig. 33: Setting the target velocity via "Target velocity" process data

® Cycletime

at least 125 ps.

For all operation modes, the cycle time must be an integer multiple of 62.5 ys,

BECKHOFF

When using the drive motion control (DMC), the cycle time must not be faster than 250 us.

8.2.21

You can also control the position with the operation mode CSV by using the TwinCAT NC as position
controller.

In the context of positioning tasks, however, the CSP [» 45] 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.

Position control
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8.2.3 CST (torque control)

CST is the abbreviation for "Cyclic Synchronous Torque".

v The CST operation mode is set in 0x7010:03 "Modes of operation" as described in "Setting the operation
mode [P 42]".

v The Predefined PDO Assignment "Torque" is set as described in "Selection of process data [» 44]".

1. Setting the torque
A defined torque can be set via the process data "Target torque". You cannot use TwinCAT NC to
specify the torque.

Solution Explarer

as | L oo
G & | ©-a |)|E| General EtherCAT DC Process Data  Plc Startup  CoE -Online  Diag History  Orline

Search Solution Explorer (Ctrl+:) Syne M PDO List
ync Manager: :

ANALYTICS
4 /o Size Index Size Name
4 "L Devices 128 BcAID 20 Dl Inputs
4 == Device 1 (EtherCAT) 128 1600 20 DRV Controbword

4 1601 40 DRV Target velocity

[ 1602 20 DRV Target torque
1603 20 DRV Commutation angle
1604 20 DRV Torgue limitation

£

"5 Image

*B Image-Info

2 SyncUnits
Inputs

W Outputs

& InfoData PDC Assignment (Be1C12): PDO Content (&<1602):

[f Term 1 (EK1100) [0 1600

| Term 12 (EJ1100 [ ] Q1501
| Term 12 (E11100) 101502 001009 20 00 Targettorue

I & InfoData []0e1603
4 T Term 2 (E)7411) (] 01604
[ FB Position g[bdﬁﬂﬁ <

p DRV Statusword - :
I DRV Contralword Download Predefined PDO Assignment: Torgue

4 [ DRV Target torque PDO Assignment
B Target torque [ PDO Corfiguration
B WeState
& InfoData

Solution Explorer T N=IlTES " ; . [ S e
—

Index Size

Load PDO info from device
Sync Unit Assignment...

Fig. 34: Setting the torque via process data "Target torque"

Cycle time

o
1 For all operation modes, the cycle time must be an integer multiple of 62.5 s,
at least 125 ps.

When using the drive motion control (DMC), the cycle time must not be faster than 250 ps.
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8.2.4

CSTCA (torque control with commutation angle)

CSTCA is the abbreviation for "Cyclic Synchronous Torque with Commutation Angle".

This operation mode is a torque control like CST [»_49]. In addition, the user has the option of specifying the

commutation angle.

You cannot use the TwinCAT NC to specify the speed and commutation angle.

v" The CST operation mode is set in 0x7010:03 "Modes of operation" as described in "Setting the operation

mode [P 42]".

v' The Predefined PDO Assignment "Torque" is set as described in "Selection of process data [»_44]".

1. Enable process data "Commutation angle"
The process data "Commutation angle" is located in the process data object "DRV Commutation angle"
(index 0x1603), which is not enabled in the factory setting.

Enable the process data object "DRV Commutation angle" as follows:

= Click the "Process Data" tab.

= Click on "Outputs" in the "Sync Manager" box.
= Check 0x1603 in the box "PDO Assignment (0x1C12)".

R inca ez = < I

Selution Explorer

Search Selution Explorer (Ctrl+;)

4 == Device 1 (EtherCAT)

GE-o-d| p=

*B Image

’5 Image-Info

2 Synclnits
Inputs

B Outputs

[H InfoData

[ Term 12 (EJ1100)

> [@ InfoData

4 " Term 2 (E17411)
b FB Position
3 DRV Statusword
I [ DRV Controlword
4 [ DRV Target torque

B Target torque

[ = 4

P

Fs

General EtherlCAT DC

e

Statup CoE-Online Diag History Online

4
4
1
Selution Explorer

4 [l DRV Commutation angle

B+ Commutation angle
& WcState
[ InfoData

Team Explorer

Sync Manager: PDO List:
SM Size Type Flags Index Size Mame Flags SM by
0 128 MbocOut k1A1D 20 DI Inputs F C
1 128 MbxIn 1600 20 DRV Controlword F 2 [
2 ] Outputs 1601 40 DRV Target velocity F C
3 6 Inputs 1602 20 DRV Target torque F 2 (
1603 20 DRV Commutation angle F 2 C
1604 20 DRV Torgue limitation F v
< > < >
PDO Assignment (x1C12): PDO Cortent (Zx1603):
&}% 2 Index Size (Offs MName Type
| (1602 k7010:0E 200 Commutation angle UINT
[~EEEE
(b 1614
[1x1606 v < >
Download Predefined PDO Assignment: (none) -
PDO Assignmert Load PDO info from device
[ PDO Corfiguration

Sync Unit Assignment ...

Fig. 35: Activation PDO 0x1603 "Commutation angle

= If the module is linked to an NC axis, a dialog box appears:

TcxaeShell

Process data of 'Term 2 (EJ7411)' may changed.

Relink with axis 'Axis 1

Yes

= In the dialog box, click "No".

1. Setting torque and commutation angle

= Set the torque via the process data "Target torque”.

= Use the process data "Commutation angle" to set the angle to be maintained with the torque defined
in the process data "Target torque".
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® Cycletime
1 For all operation modes, the cycle time must be an integer multiple of 62.5 s,
at least 125 ps.
When using the drive motion control (DMC), the cycle time must not be faster than 250 ps.

EJ7411 Version: 1.3
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8.3 Configuration of the hardware

8.3.1 Configuration of the feedback system

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 system according to the requirements of the application.

Feedback system Recommended use cases
No feedback » Constant high velocity
"Six-Step sensorless" « No positioning tasks
Hall sensors » High-speed applications such as:
"Six-Step hall" > Fan
o Pumps

o Conveyor belts
» Coarse positioning tasks

Field-oriented control with incremental encoder Positioning tasks in which high synchronism is required
"FOC with incremental encoder” (factory setting)

Field-oriented control with incremental encoder and
hall sensors
"FOC with incremental encoder and hall"

Permissible combinations of feedback and operation mode

Operation Feedback

mode Incremental en- Incremental encoder + |Hall sensors only  |No feedback
coders Hall sensors

CSTCA Yes Yes No No

CST Yes Yes No No

CSv Yes Yes Yes Yes

CSP Yes Yes Yes Yes

DMC Yes Yes Yes Yes

Y Enable with 0x8010:54 "Feature bits" = 0x100

Configure the feedback as described in the following chapters and observe the following notes on changes
to the CoE directory.

Risk of damage to the device!

We strongly advise not to change settings in the CoE objects while the axis is active, since this could impair
the control.

52 Version: 1.3 EJ7411



BEGKHOFF EJ7411 - commissioning
NOTICE

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 CokE)
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8.3.1.1 Feedback systems

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

8.3.1.1.1 Operation without feedback

Configuration
1. Set the parameter 0x8008:12 "Encoder type" to the value "disabled".
= The input for the incremental encoder is disabled.
2. Set the parameter 0x800A:14 "Hall sensor type" to the value "disabled".
= The inputs for Hall sensors are disabled.
3. Set the parameter 0x8010:64 "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
nominal voltage. It can be calculated with the following equation.
(8011: 2E) RatedSpeed
VsensarisssContraiThrashold = Y X (o0 o ey o lrage

8.3.1.1.2 Operation with Hall sensors

Configuration
1. Set the parameter 0x8010:64 "Commutation type" to the value "Six-Step hall".
2. Set the parameter 0x8008:12 "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 57].

8.3.1.1.3 Operation with an incremental encoder

This feedback system uses field-oriented control.

Configuration
1. Set the parameter 0x8010:64 "Commutation type" to the value "FOC with incremental encoder".
2. Set the parameter 0x800A: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_55].

8.3.1.1.4 Operation with an incremental encoder and Hall sensors
This feedback system uses field-oriented control.

Configuration
1. Set the parameter 0x8010:64 "Commutation type" to the value "FOC with incremental encoder and Hall".

2. Configure the incremental encoder. See chapter Configuration of the incremental encoder [P 55].

3. Configure the Hall sensors. See chapter Configuration of the Hall sensors [P 57].
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8.3.1.2

Configuration of the incremental encoder

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

TincaT projectt = [

Solution Explorer > 1 X
@) & '| ©-a | ﬁE General BtherCAT DC Process Data  Plc Startug] CoE-Orline Wiag History  Online
Search Solution Explorer (Ctrl+ ) P~
Update List Auto Updat | Single Updat Show Offline Dat
fa] Solution 'TwinCAT Project1' (1 project) [ Auto Updete ingle Updste [] Show Cffine Dt
4 ] TwinCAT Project] Advanced.. | |
b SYSTEM Addto Startup... Module OD (foEPot): [0 |
b MOTION
B Gl PLC Index Name Hags Value Unit ™
SAFETY - 70010 FB Touch probe oLtputs RO >14<
Q Ces +- 7010:0 DRV Outputs RO =14«¢
ANALYTICS + - RW >22<
4 170 =1 8008:0 FB Settings ENC RW »19<
4 ¥ Devices 8008:017  Invert feedback direction RW  FALSE
4 == Device 1 (EtherCAT) 8008:02 Enable power supply RW  FALSE
’: Image 8008:05 Enable ENC Cinput RW  TRUE
*B |mage-Info 8008:11  Supply voltage output RW (00001388 (5000) mV
b 2 SyncUnits 8008:12  Encodertype RW  HTL single ended (4)
[ Inputs 8008:13 Encoder Increments per Revolution § RW  Te00007000 (40:96)
b W Outputs T —r T RW >20<
b [ InfoData +- 3010:0 DRV Amplifier Sfeﬁlngs RW =100«
4[| Term1(EN100) +- 3011:0 DRV Motor Settllngs RW »49«<
b @ InfoData +- 80120 DRV Brake Settings RW =20«
T 3 (E7411 +- 801F:0 DRV Vendor data RW »24«
b g Term2( ) - G100 DRV Info data RO >« R
b ﬁg Mappings
Solution Explorer WEETNSEATE,
Fig. 36: Configuration of the incremental encoder via object 0x8008
Index (hex) Name Unit
8008:01 Invert feedback direction -
8008:02 Enable power supply -
8008:05 Enable ENC C input -
8008:11 Supply voltage output [P 55 mV
8008:12 Encoder type [P 56 -
8008:13 Encoder Increments per Revolution [»_56] inc/rev

0x8008:11 "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 0x8008:02 "Enable power supply" to TRUE.

EJ7411
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0x8008:12 "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 [»_112].

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

Signal type Specification Comment
disabled Incremental encoder interface « During operation without feedback
disabled > 54]

"Six-step sensorless”

 For operation only with Hall sensors
[»_54] "Six-step hall"

RS422 differential 5V between the differential inputs
TTL single ended 5V referred to ground
HTL differential 24 V between the differential inputs
HTL single ended 24 V referred to ground
RS422 differential - 5V between the differential inputs For applications in which the encoder
high impedance input signals are too weak
TTL single ended - 5V referred to ground - input filter Higher signal frequency possible. More
input filters disabled switched off sensitive to interference
Open collector 5V referred to module-internal pull-up |Encoder switches to ground
resistor

Max. input frequency Signal type
(4-fold evaluation)

5 million inc/s All RS422,

all HTL,

TTL single ended - input filter disabled
1 million inc/s TTL single ended
250 k inc/s Open collector

0x8008:13 "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 ¥ §192 — = 409600 —
rev rev
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8.3.1.3 Configuration of the Hall sensors

If you use Hall sensors, configure them via object 0Ox800A

Solution Explorer b S Al TwinCAT Projects &= X -

oAl | o & | y " General EtherlCAT DC Process Data  Ple Startup | CoE -Online | Diag History  Online A
Search Solution Explorer (Ctrl+;) P~ Update List [JAuto Update ] Single Update [] Show Offline Data
ANALYTICS - Advanced. | |
¥ /0
P ﬁ% Devices Add to Startup... Module OD (AoE Port): I:I
4 = Device 1 (EtherCAT)
+B Indes Name Flags Value Uit
o+ Image
)E Image-Info +- 8001:0 FB Tc:u-ch probe Settings RwW > 18 <
2 SyncUnits +- B008.0 FE Settings ENC RW 519 «
Inputs = B00A0 FB Setftings Hall RW > 20 <
B00A:02 Enable power supphy RwW FALSE
Output
; | ;' F[’J”: 800A05 Enable extrapolation RW  FALSE
= ot 800A:11  Supply voltage output RW (00001388 (5000) mv
| Term 1 (€11100) 800A-12  Phasing RW  AB:120°/BC: 120° (1)
b ? InfoData 800A13 Hall commutation adiust ~ RW 0 (D)
5 4 ! + Term 2 (E)7411) 800A:14  Hall sensor type RwW open collectar (1)
b @7 Mappings - R D] DRV Ampitier Setings =] > 00 <
4 3 + B0 MRV Metar SeHinne R » AG - R4
Solution Explorer BIEETLNER TS, < ’
Index (hex) Name Unit
800A:02 Enable power supply -
800A:05 Enable extrapolation -
800A:11 Supply voltage output -
800A:12 Phasing °
800A:13 Hall commutation adjust °
800A:14 Hall sensor type -

0x800A: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 0x800A:02 "Enable power supply" to TRUE.

0x800A:12 "Phasing"

Use the function Scan Feedback [P _62] to automatically determine this parameter.

0x800A:13 "Hall commutation adjust

Use the function Scan Feedback [P _62] to automatically determine this parameter.

0x800A:14 "Hall sensor type"

Signal type Specification Comment
(0) disabled Hall sensor interface  |For operation without Hall sensor (without feedback [» 541,
disabled only with incremental encoder [»_54])
(1) Open collector |5V referred to For operation with Hall sensor (with Hall sensor [ 54], with
(factory setting) module-internal pull- |inremental encoder and Hall sensor [» 54])
up resistor Hall sensor switches against ground.
Digital Hall sensors are to be used.
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8.3.2 Configuration of the motor and ampilifier

Before integrating the motor into the NC it is important to make some settings in the CoE objects 0x8010:xx
and 0x8011: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 0x8010: DRV Amplifier Settings

Solution Explorr R incar projectt = < [

far & - | ©-a | }'E General EtherCAT DC Process Data  Ple Startu[l CoE - Online  Wiag History  Online
Search Solution Explorer (Ctrl+ ) P~ .
7] Solution TwinCAT Project!” (1 project) Update List [ Aute Update [ Single Update [] Show Offine Data
4 ) TwinCAT Project! Advanced... | |
B ﬂ SYSTEM Add to Startup... Module OD (AoE Port): :
b MOTION i
4 PLC Index Name Flags Value Unit ™
g ?"‘FET"' - 8008:0 FE Settings ENC AW 519 ¢
e £ B00a0 FE Settings Hall RW =20 <
ANALYTICS |- 8010:0 DRV Amplfier Settings RW  >100<
4 170 8010:01 Enable T<PDOToggle RW  FALSE
4 'ﬂ% Devices 8010:02 Enable input cycle courter RW FALSE
4 == Device 1 (EtherCAT) 8010:04 Repeat find commutation RW TRUE
’5 Image 2010:05 Enable cogging torque compensation RW FALSE
*5 Image-Info 8010:12  Cument loop integral time RW  x000A(10) 0.1ms
b2 SyncUnits 8010:13  Curent loop propertional gain RW  D00A (10) 0.1 WA
b Inputs 8010:14  Velocity loop integral time (cument mode) RW  x000D0032 (50) 0.1ms
b [ Outputs 2010:15  Velocity loop proportional gain (cument mode)  JRW k00000014 (20) WA /s)
b [ InfoData 8010:17  Position loop propoertional gain RW D00D000A (100 YT
) 8010:19  Nominal DC link voltage RW D00DBBE0 (480000 mV
4 ||| Term1(EN1100) ‘ )
b [ InfoData 8010:1A  Min DC link voliage RW 00001 A30 (6800) mY
b .+ Term 2 (E17411) B010:1B  Max DC link voltage RW cD00DEAGD (60000) mV "
s AN-29  Amnlfier [3T wam lavel RW TRl AR 4
4 ﬁﬁ Mappings
Solution Explorer BIEETHNSTAITES

Fig. 37: Configuration of the amplifier via index 0x8010

Index Name Description Unit

(hex)

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 enabled. "

If this parameter is FALSE, the commutation angle is determined
only if it is necessary, e.g. after a power cycle of the module.

8010:19 |Nominal DC link Enter here the amount of load voltage in millivolts that you have  |mV
voltage connected to pins 25 to 28.

Value range: 8...48 V.
8010:64 |Commutation type |Set feedback. -

See chapter Configuration of the feedback [P 52].

" 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

»* 0 X
WE-|o-a|m-=

TwinCAT Project] & X

General EtherlCAT DC Process Data  Flc Startufl CoE -Online  fiag History Online

Search Solution Explorer (Ctrl+a) Jo i
Update List Auto Updat | Single Updat Show Offline Dat
&7 Solution "TwinCAT Project1’ (1 project) (Ao Update [ Single Update [ Show Offine Data
4 ) TwinCAT Project1 Advanced.. | |
bl SYSTEM Add to Startup.. Module OD (AcEPoty [0 |
b MOTION
I PLC Index Name Fags  Value Unit A
SAFETY -1 8011:0 DRV Mator Settings RW  >49<
E Ce+ 80171:11  Max cument RV (00001770 (6000) mA
ANALYTICS 2011:12  Rated cument RW  0c00DDO3EZ(1000)  mA
F] 170 8011:13  Moater pole pairs RW/ W01 (1)
4 *é Devices 8011:16  Torgue constant RW/ 00000032 (50) mim/A
4 == Device 1 (EtherCAT) B8011:18  Rotor moment of inertia RW 00000064 (100) gem™2
"5 Image 8011:19  Winding inductance RW DDBA (100) 0,01 mH
": Image-Info B011:1B  Motor speed limitation RW D001 86A0 (100000)  1/min
b 2 SyncUnits 8011:23 12T wam level RW x50 (30) %
b Inputs B011:2A 12T emor level RW  (¢69(105) %
b B Outputs 8011:20  Motor themal time constant RW D028 (40) D1s
b [ InfoData 8011:2E  Rated speed RV (0DD003ES (1000) 1/min
. 8011:2F  Rated voltage RV (x0DDOBEBO (48000) mV
4 || Term 1 (EJ1100) L )
b [ InfoData 8011:30  Winding resistance RW DDDDO3ES (1000) mChm
u: 8011:31 Voltage constant RW <0DDDDEBSD (43000) uVAT/min)
b "3 Term 2 (EJ7411) v
——oT LI 1 Y L 8 RWW oy | K
P ﬁﬁ Mappings
Solution Explorer [EERNST TS
Fig. 38: Configuration of the motor via index 0x8011
Index (hex) 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.
For linear axes, see chapter: Special case - linear axis [»_60].
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. gcm?
inertia Enter the entire moment of inertia of the rotor and the associated mechanism.
8011:19 Winding inductance |The winding inductance. mH
You can have this value measured automatically. See chapter Scan Motor [P 61].
8011:2D Motor thermal time | The thermal time constant of the winding. 01s
constant This value is relevant for the calculation of the 1T 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 manufacturer's specification. mV
8011:30 Winding resistance |The winding resistance, measured between two motor phases. mQ
You can also have this value measured automatically. See chapter Scan Motor
D61l
8011:31 Voltage constant The voltage constant of the motor. uV / 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.

EJ7411
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8.3.2.1 Special case - linear axis

For linear axes, the following parameters differ from the parameters described in chapter Configuration of
the motor and the amplifier [» 58].

0x8011:13 "Motor pole pairs"

Set this parameter to the value one.

0x8011:2E "Rated speed”

Convert the nominal velocity (v,...q) t0 @an equivalent rated speed of rotation (n,,eq)-

Vrared =

n = X 60
rated T 3 x pole pitch min

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

Example:
* nominal velocity Veq = 544 mm/s

» Pole pitch = 16 mm

gqq 1M

5
) =————= ¥ a0
Mrated 2¥16mm min

= 1020 rpm

0x8011:31 "Voltage constant”

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

k [—V
alingar m;’s IJ-V
k.= 1000 7om ) * 1{}{}0000?
2 % pole pitch [mm] min
Example:

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

v
6.8——
1 %
k, = m/s x 1000000 — = 3627 -
1000 mm % 603 v rpm
2x16mm min
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8.3.3 Scanning the hardware

The EJ7411 EtherCAT plug-in module can scan existing hardware independently. Certain parameters of the
hardware are determined and stored in the corresponding entries in the CoE.

8.3.3.1 Scan Motor

The following parameters are determined during the "Scan Motor" operation:
* The winding inductance of the motor: parameter 0x8011:19 "Winding inductance".
» The winding resistance between two phases of the motor: parameter 0x8011:30 "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 the

amplifier [>_58].
2. Write the command 0x8007 into the register 0xFB00:01 "Request".

Soluion Bplore G| i Prject <
wy |t )
Y & | ©~-d | > |E| General EtherCAT DC Process Data  Plc Startuf§ CoE - Online  Wiag History Online
Search Solution Explorer (Ctrl+ ) R~ (Fee it
pdate List Auto Update  [] Single Update [] Show Offline Dat
551 Solution TwinCAT Project!’ (1 project) (Ao Updste [ Single Update [] Show Offine Dz
4 ) TwinCAT Projectl Advanced.. | |
b (@l SYSTEM Addto Startup... Modue OD (oEPot): [0 |
4 PLC Index MName Flags Value ~
11| SAFETY +- 801F:0 DRV Vendor data RW »>24<
@ Crs +-9010:0 DRV Info data RO »21<
AMNALYTICS +1- AD10:0 DRV Amplffier Diag data RO >17<
4 /0 +- AD11:0 DRV Mator Diag data RO »17<
4 ¥ Devices +|- FODO:0 Modular device profile RO »2<
4 == Device 1 (EtherCAT) Fooe Code word RW (00000000 (0)
B Image +- FO10:0 Module: list RW >3«
*B |mage-Info +- FO81:0 Download revision RO 1<
b 2 SyncUnits 083 BTN Fo
' g s T o e o0
b [ Outputs : equest
FBOO:02  Status RO 00 (0}
I [ InfoData
p ” Terrn 1 (E11100) FBDD:03 Response RO (00 00 00 00 00 0D
DE @ InfoDat +- FB13:0 DRV Key code RO 1<
y ntovata +- FB40:0 Memory interface RO >3«
b U Term 2 (EJ7411) v
4 ﬁj Mappings
Solution Explorer EEEETRESILIES

Fig. 39: Motor scan via command object 0xFB00:01, command 0x8007

= The scan runs.

= The value of register OxFB00:02 "Status" indicates the progress of the scan. The values
1004 ... 199, correspond to O ... 99 %.

3. Wait until register OxFB00:02 "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_64].
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8.3.3.2 Scan Feedback

The following parameters are determined during the "Scan Feedback" operation:

« The counting direction of the encoder: parameter 0x8008:01 "Invert feedback direction".

» The arrangement of the Hall sensors in the motor: parameter 0x800A:12 "Phasing".

» The commutation offset of the Hall sensors: Parameter 0x800A:13 "Hall commutation adjust”.
The following parameters are checked for plausibility during the scan procedure:

+ 0x8008:13 "Encoder increments per Revolution"

* 0x8011:13 "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 [P 52].

2. Make sure that all motor parameters and amplifier parameters are set correcily.
See chapter Configuration of the motor and the amplifier [P_58].
3. Write the command 0x8008 into the register 0xXFB00:01 "Request".
R TincAT Projectt = > [

Selution Explarer

Gj &~ | YG = & | ﬁ |E| General EtherlCAT DC Process Data Pl Startuf  CoE - Orline  Piag History  Online
Search Solution Explorer (Ctrl+ ) R~ -
[] Solution TwinCAT Project" (1 project) Update List [ Auto Update  [+] Single Update [] Show Cffline Data
4 ] TwinCAT Project! Advanced... | |
b (@l SYSTEM Addto Startup... Modue OD (oEPot): [0 |
b MOTION
4 PLC Index MName Flags Value ~
11| SAFETY +- 801F:0 DRV Vendor data RW »>24<
@ Ces +- 9010:0 DRV Info data RO >21<
ANALYTICS +- AD10:0 DRV Amplffier Diag data RO >17<
4 /0 +- AD11:0 DRV Mator Diag data RO =17«
4 L Devices +|- FODO:0 Modular device profile RO 22<
4 =% Device 1 (EtherCAT) FDO8 Code word RW 00000000 (0)
B Image +- FO10:0 Module list RW >3<
*B |mage-Info +- FO81:0 Download revision RO 1<
b 2 SyncUnits Foe3 ETN Fo
b Inputs -I- FBOO:0 Command RO >3«
b W Outputs FBOOD:01 Request RW 00 00
b @ InfoData FBOO:02  Status RO 000 ()
p ” Terrn 1 (E11100) FBDD:03 Response RO (00 00 00 00 00 0D
l>. & InfoData +- FBE13:.0 DRV Key code RO >1<
” +- FB40:0 Memory interface RO >3«
b "3 Term 2 (EJ7411) v
4 ﬁj Mappings
Solution Explorer EEEETRESLIES

Fig. 40: Scan feedback via command object 0OxFB00:01, command 0x8008

= The scan runs.

= The value of register OxFB00:02 "Status" indicates the progress of the scan.

The values 100, ..

. 199, correspond to 0 ... 99 %.

4. Wait until register 0xFB00:02 "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_64].
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8.3.3.3 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. These
coefficients are determined and stored (0x8010:61) by the "Scan Motor Cogging" function. 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:

v’ Stable operation in the CSP operation mode. See chapter Selecting the operation mode [P 42].

v" An encoder is connected and configured.

v" The encoder has at least 256 increments per revolution.

1. Remove any load from the motor shaft.

2. Write the command 0x8009 into the register 0xFB00:01 "Request".

Soluion plore SR i priect = < I
) & - | ©-a | e |E| General BtherlCAT DC Process Data  Plc Startuf  CoE - Orline  Biag History  Online
Search Solution Explorer (Ctrl+) P~ -
51 Solution TwinCAT Project" (1 project) Update List [ Auto Update  [+] Single Update [] Show Cffline Data
4 [ TwinCAT Project! Advanced... | |
b @l sysTEM Addto Startup... Modue OD (SoEFor): [0 |
b MOTION
4 PLC Index MName Flags Value ~
11| SAFETY + 801F:0 DRV Vendor data RW 524 <
Fed C++ +- 9010:0 DRV Info data RO »21<
ANALYTICS +- AD10:0 DRV Amplfier Diag data RO >17¢
P 110 + AD11:0 DRV Mator Diag data RO 17«
4 4% Devices +- FODO:0 Modular device profile RO 22¢<
4 = Device 1 (EtherCAT) Foog Code word RW 00000000 (0)
=B Image +- FO10:0 Module list RW >3<
=B Image-Info +- FOB1:0 Download revision RO 21<
b 2 SyncUnits _FI]E3 BTN 0]
b Inputs -I- FBOO:0 Command RO >3«
b T Outputs FBEOOD:01 Reguest RW 00 00
b [ InfoDsta FBOO:02  Status RO 00 ()
4 ” Term 1 (E11100) FBOD:03 Response RO 00 00 00 00 00 00
b @ InfoData +- FBE13:.0 DRV Key code RO >1<
] +- FB40:0 Memory interface RO >3<
b Fd Term 2 (EJ7411) ]
b ﬁj Mappings
Solution Explorer EERNSTIGIES

Fig. 41: Scan motor cogging via command object 0xFB00:01, command 0x8009

= The scan runs.

= The value of register OxFB00:02 indicates the progress of the scan.
The values 100, ... 199, correspond to 0 ... 99 %.

3. Wait until register 0xFB00:02 "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 [»_64].
4. Check Diag History: the error 0x8420 means that the controller is insufficiently optimized.

You can enable cogging compensation in CoE parameter 0x8010:05 "Enable cogging torque compensation”.
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8.3.34

Error diagnosis

After the completion of a scan process, there is an exit code in register 0OxFB00:02 "Status". If the exit code is
3, an error has occurred. Evaluate register 0OxFB00:03 "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

P 112].

xx 00 04 00 00 00

Invalid EtherCAT state

EJ7411 is not in EtherCAT status OP.

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

start a new scan.

8.3.3.5

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

s

Bool [ o [ 1

[ HexEdit.. |

Binary: I 0780 I

Bit Size: @1 ®8 @16 @

2
2O 07

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
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8.4 Commissioning with the TwinCAT NC

8.4.1 Integration of EtherCAT plug-in modules in the NC
configuration

(Master: TwWinCAT 2.11 R3)

® Installation of the latest XML device description

Please ensure that you have installed the corresponding latest XML device description in TwinCAT.

This can be downloaded from the Beckhoff Website and installed according to the installation
instructions.

Requirements for the integration in the NC:
* The TwinCAT NC can only be used for the CSP and CSV operation modes.
* The module must already be installed under 1/O devices

o manually inserted
(see EtherCAT system documentation "OFFLINE Creation of the configuration") or

> have been scanned by the system
(see EtherCAT system documentation "ONLINE Creation of the configuration").

Adding an axis automatically

» TwinCAT detects the new axes automatically once the modules have been successfully scanned. 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

File Edit Actions Wiew Options Help

Do SR R0 (M EH s FE RN E 2B QEé
- SYSTEM - Configuration
g NC - Configuration General | Adapter | EthetCAT | Orline | Cof - Oniine |
! PLC - Configuration :
TP Cam - Configuration Name: IDEV'CE 2 [EtherLAT) Id: IE
E.g - Configuration Type: |EtherE.f-‘-.T
BR- 10 Devices
#-== Device 2 (EtherCAT) Comment; ;I
i"ﬁ Mappings
[ Dizabled Create symbols [~

TwinCAT System Manager il

;?“) EtherCAT drivels) added. Append linked axis to MC-Configuration

Yes Mo |

Fig. 42: Axis detected

» Several parameters have to be set before the motor can be started up. See chapter "Configuration of
the TwinCAT NC [» 69]".
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).
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* Rename the task if required and confirm with OK.

. Untitled - TwinCAT System Manager

File Edit Actions View Options Help

I EIEEEE R R

B PR R

A PLC - Configur =k -

----- BR Cam - Configuration

=i 1/0 - Configuration . TwinCAT System Manager

=B 1/O Devices v2.11 (Build 2263)
e TwinCAT NC Server
.a§m Device 1-Image-Info Server currently not available
- % Inputs
- § Outputs Copyright BECKHOFF © 1996-2011
Eﬂ""_ InfoData hitp-/www beckhoff com
- Term 1(EJ1100)
@8 Mappings

Fig. 43: Adding a new task

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

. Untitled - TwinCAT System Manager
File Edit Actions Wew Options Help

Deed|ZE =08 aa =
ﬂ SYSTEM - Configuration :
EI' MC - Configuration e IO”“”E’ I

[=-[B1 NC-Task 1 5AF

P MC-Tazk 1SVE Mame: I.ﬂﬁES

ge v &

-I- MC-Task 1-Image Type: INC s List

-{] Tables
e Axesd Comment:

- PLC - Confic M Append Auxis... i

----- B Cam - Confi

=i 1/0 - Config B Export Chiannel...
EEI_.-"EJ g:: ﬁ" Import Axis...

4 W Chenged... ™ Disabled

- 3 e T

Fig. 44: Adding a new axis

« Select Continuous Axis type and confirm with OK (see fig. Selecting and confirming the axis type).
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Insert NC Axis x|

M ame: I,-'i'-.:-:is1 Multiple: |1 ﬁ QK I
Type: Continuous Az Lancel |

Comment;

[ Append object(s)

Fig. 45: Selecting and confirming the axis type

« Left-click your axis to select it. Under the Settings tab select "Linked to..." (see fig. Linking the axis to
the module).

=Bl 5YSTEM - Configuration

|_—__|- NC - Configuration General Seftings | Parameter | Dynamics I Online I Functions I Coupling | Compensation I
=-[B1 NC-Task 1 5AF _
[B1 NC-Task 1 5VB | Link To all Types).. ||
D $C|jaSk L-Image fods Type: IStanl:Iard (Mapping via Encoder and Drive) j
ables
E:ﬁ Axes
-l Axis 1 .
! PLE - Configuration it : mm - Dizplay {Cnby)
..... B Cam - Configuration Postion: [~ pm [~ Modulo
=- 1/0 - Configuration L )
=1 B 1/0 Devices Velocty: [~ mm/min

7= Device 1 (EtherCAT)

Fig. 46: Linking the axis to the module

» Select the right module (e.g. Stepper Drive (MDP 703)) and confirm with "OK".

Select I/0 Box/Terminal x|
Type | i amne | Commert
[none] [mane]

=

Stepper Drive [MDP 703) Term 2 [EJ7047] # 'Stepper interface’ EJ7047 1Ch. Stepper motar outp

Al

Cancel

i
& Unused

Fig. 47: Selection of the correct module using the EJ7047 module as an example

« All main links between the NC configuration and the module are set automatically (see figure below)
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ﬂ SYSTEM - Configuration

=8 nC - Configuration
=I-[BI NC-Task 1 SAF

: NC-Task 1 5VB
=f= NC-Task 1-Image
{77 Tables

El:a Axes

- Aods 1

- [ PLC - Configuration
s Cam - Configuration

EI' 1/0 - Configuration
=B 1/0 Devices

Fig. 48: Automatic linking of all

- —1= Device 1 {EtherCAT)
--=¥m Device 1-Image
=¥ Device 1-Image-Info

#-§ InfoData

=-] Term 1 (EJ1100)

v-§ InfoData

=74 Term 2 (E17047)

%T ENC Status compact
&1 ST Status

$/ ENC Control compact
$. 5T Control

$| 5T velodty

§ Westate

M- InfoData

=-gH Mappings

the TwinCAT NC [» 69]".

General | EiherCAT | DC | Process Data | Startup | CoE - Online | Diag History | Oniine |

MName: ITerrn 2 (EJ7047)

d: |2

|EJ?M7 1Ch. Stepper motor output stage (50V, 5A)

Comment:
Mame || Crline | Type | Size | =Addr... | Inﬁut | User jis] | Linked to
SQT Status Status_40%6 2.0 39.0 Input a
¢ Counter value ¥ UINT 2.0 41.0 Input i} nInData1[0] . nInDatal. |.
&+l Latch value ¥ UINT 2.0 43.0 Input i} ninData2[0] . nInData2 . |.
&1 Status Status_4097 2.0 45,0 Input 0
T Westate % BOOL 0.1 15221 Input O nStatus4, nStatus4
@T InputToggle X BOOL 0.1 1524.1 Input o n5tatus4, nStatus4
&l state UINT 2.0 1550.0 Input a
%7 adsaddr AMSADDRESS 8.0 1552.0 Input O
&l chno USINT 1.0 1560.0 Input o]
&lchnt USINT 1.0 1561.0 Input o]
$ichnz USINT 10 1562.0 Input O
&/ Contral Control_4098 2.0 38.0 Qutput 0
bl set counter value X UINT 2.0 41.0 CQutput 0 nOutData 1[0] . nOutData].
%! Control Control_4093 2.0 43.0 CQutput 0
¥l velocity ¥ INT 2.0 45.0 Cutput 0 nOutData2[0] . nOutData).

important variables using the example of the EJ7047 module

» Several parameters have to be set before the motor can be started up. See chapter "Configuration of

Please set these parameters before continuing with the motor commissioning procedure.
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8.4.2 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 > tab "Settings" > drop-down menu "Unit".

Solution Explorer R TincT Priecti = [
" - T, - —l 3
@) B | (CIg=] | > E 3 arameter Dynamics Online  Functions Coupling Compensation
Search Solution Explorer (Ctrl+ i) P~
Link To 1/0... |Temn 2 (EJ7411) # ‘Servo interface’ |
fad Solution ‘TwinCAT Project1' (1 project)
4 L] TwinCAT Project Link To PLC... | |
b4l SYSTEM
a MOTION Fodis Type: CAMopen DS402/Profile MDP 742 {e.g. EtherCAT CoE Drive) w

4 [B] NC-Task 1 SAF
[E1 NC-Task 1 SVB

Urit: E- Display (Orily)
mm

28 Image - Postion: ~ [_]m” [ Modulo
Tables
ElTe - Velocity: [ */min
[E5] Objects
Bt n.
4 : Result
b Bt Axis Paosition: Velocity: Acceleration: Jerk:
b O *
= : /s /52 /a3
| SAFETY | | | |
E C++
ANALYTICS #is Cycle Time / Access Divider
b & o Divider: 1 2| Cycle Time ms):

Madula: 0 =

Solution Explorer EETNSEGIS

» For rotatory 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 M Sl TwinCAT Project] = X -
i T I
. @ & | @~ | » |E| General Settingl] ~ Parameter Eamic& Online  Functions Coupling Compensation
Search Solution Explorer (Ctri+ ) R -
. . . ) Paramet Offline Val Online Val T |Unit
fad Solution 'TwinCAT Project1’ (1 project) ,_ ar = - SIS SRS |— 4
4 o] TwinCAT Project! i =
[ ﬂ SYSTEM Reference Velocity 22000 F | =/s
4 |z MOTION Maximum Velocity 2000.0 Flo/s
4 NC-Task 1 SAF : e P
[ NC-Task 15VB - -
ol | Maximur Deceleration 15000.0 F|*®/s2
o+ mage
] Tables + | Default Dynamics:
IE‘ Objects + | Manual Motion and Homing:
Bt
4 -liim— 1 + | Fast Axis Stop:
b O b +  Limit Switches:
SAFETY + | Monitoring:
E Ce+ + | Setpoint Generator:
ANALYTICS + | NCI Parameter:
b 170 + | Other Settings:

Download Upload Expand Al Collapse All Select All

Solution Explorer IIEETRRSTITEY

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 :

5 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 ] TwinCAT Project! Aooslerstion Time: >
b ﬂ SYSTEM celeration Time: 5
P MOTION Deceleration Time: [“lasabove |2 H
4[] NC-Task 1 54F smoath stif
[B1 NC-Task 1 5VB Acceleration Characteristic: |
=@ Image ) .
Qe+ Deceleration Characteristic:
[ Tables
[ Objects LI BN P [
a X vit): 7 < -
b e Asis 1
b OO tl O Direct
SAFETY Acceleration: |15DD | */s2
b c+ 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.
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Encoder scaling factor for rotary axes

You can find these parameters at:
NC Axis > "Enc" > "Parameters" tab

Solution Explorer M Al TwinCAT Project] = X
m O ~ | @~ | ﬁ|£| General NC-Encode ime Compensation  Online
Search Solution Explorer (Ctri+ ) R -
- . - ) Paramet Offline Val Online Val T Unit ~
fad Solution 'TwinCAT Project1’ (1 project) SIS - SRS SRS i
4 “i TwinCAT Project! - Encoder Evaluation:
b [l SYSTEM EALSE =l B
4 E MOTION Scaling Factor Numerator 0.0001 F =FNC
4 NC-Task 1 SAF Scaling Factor Denominator (default: 1.0) 1.0 F
[ NC-Task 1 5VB
8 image v r
[77] Tables Modulo Factor (e.g. 360.0%) 360.0 F
IE‘ Objects Tolerance Window for Modulo Start 0.0 F
Bt
4 o Axes ) Encoder Mask (maximum encoder valug) | OxFFFFFFFF D
“ Encoder Sub Mask (absolute range maxim... (x000FFFFF D
. gp—— Reference System 'INCREMEMTAL' LI E
oy, Ctrl - Limit Switches:
4 Inputs Soft Position Limit Minimum Monitoring | FALSE | B
b W Outputs Minimurn Position 0.0 F
B PLC S _— E
SAFETY Soft Position Limit Maximum Monitoring | FALSE B
Q Ce+ Maximum Position 0.0 F hd
=
. ANALYTICS Download Upload Expand Al Collapse All Select All

[ e

Solution Explorer IIEETRRSTITEY

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°
o "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 * 0 x
co@t-o-a| -
Search Solution Explorer (Ctri+ ) P

fa] Solution 'TwinCAT Project!’ (1 project)
4 o] TwinCAT Project!

TwinCAT Project] + > -

General  NC-Drivg ime Compensation
,_ Parameter Offline Value Online Value ﬁ Unit

+ | Qutput Settings:

4 ﬂ SYSTEM Position and Velocity Scaling:
4[] MOTION i itiool 10 E
4 NC-Task 1 34F Output Scaling Factor (Velocity) 1.0 F I
[ NC-Task 15VB
8 image i T3
[ Tables Minimurm Drive Qutput Limitation [.. | -1.0 F
Ii‘ Objects Maxirum Drive Output Limitation [.. | 1.0 F
Bt
4 Aes ) + | Torque and Acceleration Scaling:
4 B s + | Optional Position Command Outpu...
2] Drive + | Other Settings:
4 Inputs
bl Outputs
b [ PLC
SAFETY
ﬂ C++
ANALYTICS Download Upload | BpandAl | | Collapse Al | | SelectAl |
b 110

Solution Explorer IIEETRRSTITEY

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

increments X 4
Example: for an encoder with 1024 increments per revolution, the output scaling is 10.98632813.

» For operation without incremental encoder:

® 125

output scaling =

360
output scaling = G553t ® 125 = 0.6866455078
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8.4.3 Execution of a test run

Step 1: preparation
1. Enable configuration.

B TwinCAT Project] - TeXaeShell (Administrator) &' | Quick Launch (Ctrl+Q) Lad D=
File Edit View Project Build Debug TwinCAT  TwinSAFE PLC  Team  Scope Tools Window  Help
ie-o|B-a- LY 7 8|9 - ¢ | Release ~ | TwinCAT RT (x6) - p Attach... -
% Build 4024.11 (Loaded) ~| < B2 [@]/[®]%. & | TwinCAT Projectt ~| | <Local> =
Solution Explorer AR Il TwinCAT Project3 & X

co@E-|o-a|p=
Search Solution Explorer (Ctrl+() P~
Fal Solution TwinCAT Project1' (1 project)

General MNC-Drive Parameter Time Compensation

,_ Parameter Offline Value Online Value |— Unit

4 gl TwinCAT Project! | OnipriEsimy=
I ﬂ SYSTEM Position and Velocity Scaling:
4 =] MOTION Output Scaling Factor (Position) 1.0 F
“ NC-Task 1 SAF Output Scaling Factor (Velocity) 1.0 F
[E1 NC-Task 1 5VB -
j: Image Output Delay (Velocity) 0.0 F|s
[T Tables Minimurm Drive Qutput Limitatio... | -1.0 F
@ Objects Maximum Drive Qutput Limitatio... 1.0 F
B
4 2 Aoes ) +  Torque and Acceleration Scaling:
4 r:l? + | Optional Position Command Out...
nc
b=l Drive Other Settings:
g, Ctrl
3 Inputs
b [ Outputs
PLC
SAFETY
D C++
& AanayTIcs
b o Dowrload Upload | BpandAl | | Collapse Al | [ Select Al |

Solution Explorer TN

# Add to Source Control =

2. Click on the axis and select the "Online" tab.

Solution Explorer * 0 TwinCAT Project] + X —
0l o
© O ah & | = | > |E| General Settings Parameter Dynamid m unctions Coupling Compensation
Search Selution Expl Ctrl+id =
SachisolfionlExplorer (Sl u) P Setpoint Position; [rnm]
] Solution "TwinCAT Projectl’ (1 project)
4 ;I TwinCAT Project] Lag Distance [mindmax)  [mm]  Actual Velociby: [rrndz] Setpoint Velocity:  [rmz]
b |l SYSTEM
4 MOTION Owerride: [%] Tatal / Control Output:— [%] Errar:
4 NC-Task 1 SAF
[ NC-Task 1 5vE Status fog)) Status fphys.) Enabling
j: Image Ready NOT Moving Coupled Mode Controller Set
[ Tables Calibrated Maving Fw In Target Pos. Feed Fw
Ii‘ Objects Has Job Maving Bw In Pos. Range Feed Bw
P
b B Axis 1 Controller Kx-Factor: [rrnzmm] Fieference Velocity: [rrm.z]
b [P 0 1 0
SAFETY T arget Position: [rrirn] Target Welocity: [mm.s]
E Cr+ 0 ﬂ 0
& anaLyTICS
v & o ——| = + | ++ @ ® | —*
Fi | F2| Fs | _F4| F5 | F6 F5 | _FS
Solution Explorer EETGRSTILIE

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?

= For example, a common cause of error is the scaling factor. Check the settings of the scaling factor

(see chapter Configuration of TwinCAT NC [»_71], 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 on "Set" and in the window that appears click on "All".

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]

I 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 Ak Axis 1 Controfles Kv-Factor: [mm/s/mm] Fieference Yelacity: [mm.’s]
b sk s 2 1 Y o 3
» Gl pLC Target Position: [rarn] Target Velocity: [men/s]
|51 saFeTY 0 1 0
E C++
r Evo — — + | ++ ® | —-
F1 | F2| _F3| _F4 F8 | F9
Set Enabling
[ Contraller oK
(2 Bt ok ]
e
Override [%]
0

= A frequent cause of error is, for example, that 24 V is not present at the "HW Enable" input. See note
Enabling the output stage [» 21].

= Other error causes are possible and are displayed in the status messages of the Diag-History
1121
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 [»_112].

* Is the motor turning in the expected direction?
» Does the speed match the preset?
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8.4.4 Controller optimization

The parameters of the control loops are basically preset during scanning of the motor [P 61]. The parameters
are optimized during the controller optimization.

Aims of the controller optimization:
 Aligning actual position with target position: minimize following error.
+ 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' Prerequisite: the test run [»_73] has been performed successfully.

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 Following error monitoring [P 45].

. Activate TwinCAT configuration.

. Create a Scope project in TwinCAT (see TE13xx manual).

a »~ ODN

. Select the following variables via 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. Click on the axis in the Solution Explorer.

Solution Explorer A Al TwinCAT Project] # X -
G& =5 '| @~ | ’E General Settings Parameter Dynamics Onlinupling Compensation
Search Solution Bxplorer (Ctrl+a) 2~
] Solution TwinCAT Project1' (1 project) \
4 o] TwinCAT Projectl
b @l SYSTEM I Absolute I Start
y MOTION
= U Stop
4 &) NC-Task 1 SAF
[Z1 NC-Task 1 5VB - )
}: Image Acceleration:
[ Tables Deceleration:
[ Objects Jat:
P
Raw Drive Output
bR Auis 1 =i e B
Percent Start
> [P p
SAFETY Stop
E C++ Set Actual Posttion
ANALYTICS Absolute 0 Set
b 10 Set Target Position
Absolute 0 Set
Solution Explorer NSRS

7. Click on the "Functions" tab.
8. Select "Start Mode": "Reversing Sequence" in the drop-down menu.
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 [» 78]
» Hall sensors only [» 77]

* An incremental encoder [P _76] and optional Hall sensors

8.44.1 Feedback system: incremental encoder

Step 1: optimization of the current controller

The current controller is often sufficiently well adjusted by the function Scan Motor [P 61].
If not, use conventional controller optimization procedures according to Ziegler/Nichols.

Goal of current controller optimization: set the integral component as low as possible and set the proportional
component as high as possible without achieving oscillatory behavior.

» The integral component: parameter 0x8010:12 "Current loop integral time".

» The proportional component: parameter 0x8010:13 "Current loop proportional gain".

Step 2: optimization of the velocity controller
v' Prerequisite: the current controller is optimized.
1. Set the CoE parameter 0x8010:17 "Position loop proportional gain" to zero.
= The position controller is disabled.
= Interference of the position controller with the velocity controller is prevented.

2. Gradually decrease the integral component: parameter 0x8010:14 "Velocity loop integral time (current
mode)".
At the same time, gradually increase the proportional component: parameter 0x8010:15 "Velocity loop
proportional component (current mode)".
In the meantime, observe the actual velocity value.
Do not increase the proportional component any further when the actual velocity value starts to oscillate.

3. Reduce integral component and proportional component by 20 %.
The 20 % serve as a control reserve for abrupt movements.

= The velocity controller is optimized.

Step 3: optimization of the position controller
v’ Prerequisite: the velocity controller is optimized.

1. Gradually increase the proportional component 0x8010:17 "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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8.4.4.2 Feedback system: Hall sensors only

Step 1: optimization of the velocity controller
1. Set the CoE parameter 0x8010:17 "Position loop proportional gain" to zero.
= The position controller is disabled.
= Interference of the position controller with the velocity controller is prevented.

2. Gradually decrease the integral component 0x8010:5A "Velocity loop integral time (voltage mode)".
At the same time, gradually increase the proportional component 0x8010:5B "Velocity loop proportional
gain (voltage mode)".
Meanwhile, observe the actual velocity value and the following error "Position Lag".

= From a certain point, the actual value of the velocity begins to oscillate or the following error
increases.

3. Reduce the integral and proportional components by 20 %. The 20 % serves as a control reserve for
abrupt movements.

4. If the actual velocity value overshoots, decrease 0x8010:5C "Velocity loop voltage feed forward gain
(voltage mode)".

= The velocity controller is optimized.

Step 2: optimization of the position controller
v Prerequisite: the velocity controller is optimized.

1. Gradually increase the proportional component 0x8010:17 "Position loop proportional gain", so that the
position difference oscillates around the value zero and the setpoint of the position is followed
appropriately.

= The position controller is optimized.
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8.44.3 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. Make sure that the voltage constant of the motor 0x8011:31 "Voltage constant" is set correctly.

2. Set the parameter 0x8010:60 "Sensorless max. acceleration” to a lower value, otherwise the velocity
jump may become too large. E.g. 2000 °/s2.

3. Reduce the parameter 0x8010:5E "Sensorless offset voltage scaling" to approx. 50 ... 80 %.
4. Set parameter 0x8010:17 "Position loop proportional gain" to 0.

= The position controller is disabled.

= Interference of the position controller with the velocity controller is prevented.
5. Set parameter 0x8010:5B "Velocity loop proportional gain (voltage mode)" to 0.
6. Set parameter 0x8010:5C "Velocity loop voltage feed forward gain (voltage mode)" to 100 %.
7. Set the parameter 0x8010:5F "Sensorless observer bandwidth" to a lower value. E.g. 50 Hz.

8. Gradually increase parameter 0x8010:5F "Sensorless observer bandwidth" until oscillatory behavior.
Then reduce by 50%.

9. Configure the integral component of the velocity controller in parameter 0x8010:5A "Velocity loop integral
time (voltage mode)" to be rather sluggish.

10. Gradually increase the proportional component 0x8010:5B "Velocity loop proportional gain (voltage
mode)" until the actual velocity in the scope starts to oscillate.

11.Reduce the proportional component by 20 %.
The 20 % serves as a control reserve for abrupt movements.

12. If velocity overshoots: slightly reduce 0x8010:5C "Velocity loop voltage feed forward gain (voltage
mode)".

13.If necessary, increase parameter 0x8010:60 "Sensorless max. acceleration" again to the required
dynamics.

= The velocity controller is optimized.

Step 2: optimization of the position controller
v’ Prerequisite: the velocity controller is optimized.

1. Gradually increase the proportional component 0x8010:17 "Position loop proportional gain" until
oscillating behavior.

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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8.4.5 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:

» Apply a 24 V switching signal to a digital input of EJ7411 [» 79].

+ Transmit any signal from the PLC. [» 83]
For this option, the referencing cam does not have to be physically present. It can also be simulated via
a digital signal.

In addition to one of these options, you can use the zero pulse on the C track of the encoder [»_85] for
referencing.

8.4.5.1 Switching signal from a digital input of the EJ7411

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 EON TwinCAT Projects R 2 -
Al o~
e o Gj =1 | g | ﬁ IEI General MNC-Encoder Time Compensation  Online
Search Solution Explorer (Ctrl+;) P~
- . - ) P t Offline Val
fa Solution 'TwinCAT Project’ (1 project) = SR - SEie—
d ﬂ TwinCAT Projects +  Encoder Evaluation:
3 ﬂ SYSTEM + | Limit Switches:
4 MOTION +_ Filter:
4[] NC-Task 1 SAF '- Homing:
[B1 NC-Task 15VB
+0 Image Invert Direction for Homing Sensor Search | FALSE ;I
o
nvert Direction for Sync lmpuls Searcl hd
[ Tables | Direction for Sync Impuls Search TRUE _I
Ii‘ Objects Home Position (Calibration Yalue) 0.0
2
4 a3 Aes Reference Mode (Sync condition) 'Homing Sensor Only (PLC cam or digital input 1..8)' ;I
4 Axis 1 2 (EJ7411
rm ( ) Homing Sensor Source ‘Digital Input 1 {Active High), device dependent mapping' LI
nc
b L Inputs +  Other Settings:

b [ Outputs

b =l Drive
g, Ctrl

b Inputs

b [ Outputs

LA Download Upbsd | | BpandAl | | Colapse Al | | SelectAl |

Solution Explorer [WEETENSTIETES

Fig. 49: EJ7411 - Homing settings for switching signal from digital input

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 EJ7411, open the "Process Data" tab, select the Sync Manager 3 "Inputs" and activate the
PDO Assignment 0x1A10.

= The process data object "DI Inputs" is activated.

Solution Explorer A Il TwinCAT Project5 & X v
R
Gfl =5 | & | ﬁ |E| General EtherCAT DC Ic Statup  CoE-Online  Diag History  Online
Search Solution Explorer (Ctrl+;) P- Sync Manager: PDO List:
‘ Vo . SM  Size Type Flags Index Size MName Flags sMm &
4 *f'g Devices
4 == Device 1 (EtherCAT) [1] 128 MbxCut (c1ADD 20 DRV Info data 3 F
£ [ 1 128 Mbxin (c1ADE 40 FB Enc Position F
e ge
j: Image-Info 2 & Cutputs 1410 20 Dl Inputs F 3
b 2 Syncuni OA4D 640 DMCInputs F
= SyncUnits §
b Inputs (el A41 64.0 DMC Inputs 32 Bit F
b Outputs (1600 20 DRV Controbword F 2
b I ik F['J . G601 40 DRV Target velogity F
: T"” :351100 G502 20 DRV Target torque F
4 W Term 1 ©1100) 01603 20  DRVCommuationande  F
b = InfoData Q1604 20 DRV Torque limitation F
4 T4 Term 2 ©17411) BcI606 40 DRV Target postion F 2
4 FB Position < >| | 607 20 FB Touch probe contral ~ F v
4 DRV Statusword ]
b DRV Following eror actual value PDO Assignment (<1C13): PDO Content {(<1A10):
4 Dl Inputs ?&]:ﬁg " Index Size Offs Name Type Default ~ *
# Input 1 (] 0x1A07 6020:01 0.1 00 Input 1 BIT
#| Input 2 ;Dxmﬂﬂ (6020:02 0.1 01 Input 2 BIT
#| Encoder A []Gc1A09 — 02 02 -
% Encoder B gy B6E020:05 01 04 EncoderA BIT
#! Encoder C 1400 x6020:06 0.1 05 Encoder B BIT
#1 Hall A iﬂvm x6020:07 0.1 06 Encoder C BIT
#1 Hall B [ 1AT0 - 0.1 07 -
% Hall C 502008 0.1 10 HalA BIT
#1 Level of ENA input [oaa4i e MRNFNNA 01 11 Hall B RIT h
W DRV Controlword Download Predefined PDO Assignment: {none) ~
PDO Assignment

Load PDO info from device
3 WcState

& InfoData
4 »

Solution Explorer [EETESTILTES

b

b [ DRV Target position
4 ] PDO Corfiguration
b

Sync Unit Assignment...

Fig. 50: Enable process data "Dl Inputs"

5. EJ7411 > "Dl Inputs" > right click "Input 1", select "Change Link".

4 "% Term 2 (E17411)
I} FB Position
r DRY Statusword
[ DRV Following error actual value
4

d Input 1
E—— M Change Link...

#1 Fan Diag
#| Encoder A Go To Link Variable
# EncoderB
necoder Take Mame Ower from linked Variable
#1 Encoder C
# Hall A Mowve Address...
#1 HallB Online Write 0"
#1 Hall C
Online Write '1'

#1 Level of ENA input rne e

[ [ DRV Controlword #3  Online Write...

I [ DRV Target position Online Force...

[ [ WcState Release Force

[+ [ 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:

B% Awiz1 (Term2 [EJT411)
=% Enc

#-# nDatalnz >
----- #| nStatel >
----- #| nState? >
----- #| nStated >
nDataln3
nDatalnd
nDatalnb
nDatalnk
#| nStatef >
----- #| nStatef >

>
>
>
>

T e [ e [ ][]
)

B;* Jn > IB128.0, MCHCEWCODERSTRUCT_INZE [40.0]

IB 132.0, UINTARRZ [4.0]
1B 136.0, USINT [1.0]
1B 137.0, USINT [1.0]
1B 1350, USINT [1.0]
IB 1400, UINTARRZ [4.0]
IB 144.0, UINTARRZ [4.0]
IB 145.0, UINTARRZ [4.0]
IB 152.0, UINTARRZ [4.0]
IB 156.0, USINT [1.0]
IB 157.0, USINT [1.0]

|B 159.0

I_lﬁr L atalrtyd

-2 Drive

e TR 4.0]
L] rDataln?[0] > IB 164.0,UINT [2.0]

L] rDataln?[1] > IB 16E.0,UINT [2.0]

E|;* In > 1B 168.0, MCHNCDRIVESTRUCT_INZ [40.0]
B;‘P nDataln2 > 1B 1720, WINTARRZ [4.0]

Show Yanables

Only Unused

[ Exclude dizabled
Exclude ather Devices
Euclude zame Image
[m] Show Taoltips

[ 5ot by &ddress

[ 5how Variable Groups
[m] Collapse last Lewvel

Show Vaniable Types
katching Type
Matching Size

All Types

Array Mode

Offsets

[] Continuous
lgnore Gaps

[ 5how Dialag

Yariable Mame / Comment
41 |Hand over

[1¢ ] Take over
Cancel

Fig. 51: Select variable "nState8"

= A dialog box appears.

B " Variable Size Mismatch

Linked Y ariable: |n5tateE

Linked Y ariable: E:

Ovn Wariable:

Overlapped: 1 =

>
Size Offzet
L
[ Size and Offzet in bitz Cancel

7. Confirm with "OK".

1. Add the library "Tc2_MC2" to the PLC project:

Navigate to PLC > "References", right click, "Add Library..."

EJ7411
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BECKHOFF

Solution Explorer > o x
e o-al p-=
Search Solution Explorer (Ctrl+;) -

&1 Solution ‘TwinCAT Project!’ (1 project)
4 ) TwinCAT Project!

bl SYSTEM

b MOTION

¥ PLC

1 External Types

3 DUTs Add library...
[ GVLs
b [J POUs Library repositony..
3 VIsUs Set to Effective Version
3 Ii'l?-' PlcTask (PlcTask) n
0} Untitled? Instance Set to Always Newest Version

Add Library

String for a fulltext search...

Library
pplication
uildingAutomation

SAFETY
E C++

ANALYTICS
b o]

Selution Explorer

@
2
@
@
!
!
)
ok
)
ok
&
&
&
ok
o)

Company

Tc3_MC2_AdvancedHoming

I +@|rc2_Mcz | Beckhoff Automation GmbH

Bedkhoff Automation GmbH

Cancel

Fig. 52: Insert library "Tc2_MC2" into the PLC project

2. Insert an instance of the function block "MC Home" from "Tc2_MC2" library in the PLC.

3. Do not connect the input "bCalibrationCam".

= You can start homing with a positive edge at input "Execute".
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8.4.5.2

Solution Explorer

4 o TwinCAT Project]
b |l SYSTEM
4 MOTION
4 MC-Task 1 SAF

j: Image
[ Tables
[&] Objects

B
4 o Axes

Tag, Ctrl

o pLC

SAFETY

E C++

ANALYTICS
b 170

Search Solution Explorer (Ctrl+;)

[B1 NC-Task 1SVB

Puts
[l Outputs
b =l Drive

b Inputs
b I Outputs

Solution Explorer [EETN=Ta LT

* 0 x

@E-o-d|p=

P~

] Sclution "TwinCAT Project!’ (1 project)

TwinCAT Project] + X

General

ime Compensation  Online

Switching signal from the PLC (PLC Camming)

1. In the Solution Explorer:
click on NC axis > "ENC", open the tab "Parameter" and expand the section "Homing".

’_ Parameter Offline Value

Encoder Evaluation:
Scaling Factor Numerator

Position Bias

Medulo Factor (e.g. 360.07)

Reference System

Limit Switches:
Minimum Position

Maximum Position

+

[ - | Homing:

Homing Sensor Source

Invert Encoder Counting Direction
Scaling Factor Deneminator (default: 1.0)
Tolerance Window for Module Start
Encoder Mask (maximum encoder valug)
Encoder Sub Mask (abselute range maximum value)
Soft Position Limit Minimum Menitoring

Soft Position Limit Maximum Monitoring

nvert irection for Homing Sensor Search

Invert Direction for Sync Impuls Search

luel

FALSE

0.0001

1.0

0.0

360.0

0.0

OxFFFFFFFF
(DO0FFFFF
'INCREMENTAL'

FALSE
0.0
FALSE
0.0

FALSE
TRUE
0.0

=

Lo

-

Lo

=l
=

Reference Mode (Sync condition)

‘Homing Sensor Only (PLC cam or digital input 1..8)'

'Default: PLC Cam (MC_Home)'

-

-

Download Upload

Expand All

Collzpse Al

Select All

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)".

1. Add the library "Tc2_MC2" to the PLC project:
Navigate to PLC > "References", right click, "Add Library..."

EJ7411

Version: 1.3

83



EJ7411 - commissioning

BECKHOFF

Solution Explorer > o x
e o-al p-=
Search Solution Explorer (Ctrl+;) -

&1 Solution ‘TwinCAT Project!’ (1 project)
4 ) TwinCAT Project!

bl SYSTEM

b MOTION

¥ PLC

1 External Types

3 DUTs Add library...
[ GVLs
b [J POUs Library repositony..
3 VIsUs Set to Effective Version
3 Ii'l?-' PlcTask (PlcTask) n
0} Untitled? Instance Set to Always Newest Version

Add Library

String for a fulltext search...

Library
pplication
uildingAutomation

SAFETY
E C++

ANALYTICS
b o]

Selution Explorer

@
2
@
@
!
!
)
ok
)
ok
&
&
&
ok
o)

Company

Tc3_MC2_AdvancedHoming

I +@|rc2_Mcz | Beckhoff Automation GmbH

Bedkhoff Automation GmbH

Cancel

Fig. 53: Insert library "Tc2_MC2" into the PLC project

2. Insert an instance of the function block "MC Home" from "Tc2_MC2" library in the PLC.
3. 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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8.4.5.3 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 homing with referencing cams:
switching signal from a digital input of the EJ7411 [»_79]
or

switching signal from the PLC (PLC Camming) [»_83]
2. Set the CoE parameter 0x8001:11 "Touch probe 1 source" to "Hardware zero impulse".

TwinCAT Projects - > gefiR Library Manager @ MAIM
General EtherlCAT DC Process Data Pl Startup | CoE - Online §Diag History  Online
Update List [] Auto Update Single Update [ ] Show Offline Data
Advanced. .. | |
st to .. Modde OD (o Por):  [o_|
Index Mame Fags Yalue it
+- 7010:0 DRV Outputs RO »1d <
+- 7040:0 DMC Outputs RO >0
+- 30000 FB Settings RwW 222
=1 3001:0 FB Touch probe Settings  RW > 18 <

IE»'I]'I]'1:'I1 Touch probe 1 source R Hardware zero impulse (5) I
8001:12 Touch probe 2 source R Touch probe input 2 (2)

+- 30020 ]
+ BD0AD Set Value Dialog >
+- 8010:0
«-go11:0 | Dee 5 |
+ 8020 | ey | 040005 | Cancel
+- 301F:0
+- 8040:0 E rum: Hardware zero impulse -
+- 30410 ity
+- 90100 Hardware zero impulze
+- ADN0:0 Book 0 1 Hex Edit...
HANTD (05 00 2|
¥ EnO0-N

Bit Size: o1 O8 @16 032 O 07

Fig. 54: Set 0x8001:11 "Touch probe 1 source" to "Hardware zero impulse".
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3. Activate the process data objects 0x1607, 0x1A07, 0x1A08 for the function "Touch Probe":

Genersl BtherCAT DC | ProcessData |Plc  Statup CoE-Onine Diag History Oniine

Sync Manager: POO List:
S5M Size Type Flags Index Size MName Flags 5M 5U 2
0 128 MbacOut 1603 20 DRV Commutation angle F 0
1 128 Mbxln 1604 20 DRV Torque limitation F 0
P ] Outputs | k1606 40 DRV Target positian F 2 0
3 10 Inputs FB Touch probe control F 1]
Q1640 40.0 DMC Outputs F 0
Q1641 40.0 DMC Outputs 32 Bit F 0 v
£ > £ >
PO Assignment ((x1C12): PDO Content ((b1607):
Index Size (Ciffs MName Type ™
7001:01 01 0.0 Touch probe function__TP1 Enable BIT
e 7001:02 01 01 Touch probe function__TP1 Continous BIT
Me700-0T N2 n2 Truiwrh nrmbe fiinctinn TP1 Thaner mnds RIT? w7
£ >
Download Predefined PDO Assignment: {none) ~
v )
PDO Assignmert Load PDO info from device
[]PDO Configuration
Sync Unit Assignment ...
Fig. 55: Activate 0x1607 "FB Touch probe control"
General EtherCAT DC Pl Statup CoE-Orline Diag History Online
Sync Manager: PDO List:
S5M  Size Type Flags Index Size Mame Flags 5M T
0 128 MbocCut (e 1A05 20 DRV Info data 2 F 0
1 128 Mbxin 1AD6 40 DRV Following emor actual value  F 3 0
2 g Outputs 1 AD7 20 FEB Touch probe status F Ef 0
3 16 Inputs I 1408 4.0 FB Touch probe 1 pos position F 3 0
1405 4.0 FB Touch probe 1 neg position F 0
(1 ADA 40 FB Touch probe 2 pos position F 0 W
£ > £ >
PDO Assignment {1C13): PDO Content {01 ADS):
D@ (1405 &3 Index Size Cffs Mame Type Default fhex)
[ B 1ADT x6001:11 4.0 0.0 TP1 Pos position UDINT
[«] Qe 1ADE 40
[ G TA0g
[]G1ADA w < >
Download Fredefined PDO Assignmert: {none) w
POO Assignmert

Load PDO info from device

[]PDO Corfiguration
Sync Unit Assignment ..

Fig. 56: Activate 0x1A07 "FB Touch probe status" and 0x1A08 "FB Touch probe 1 pos position"

= A dialog box appears after each activation of a process data object (see figure below).
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Tcxaeshell

Process data of 'Term 2 (EJ7411)" may changed.
Relink with axis 'Asxis 1 (Term2 (EJ7411)

Yes Mo

4. Confirm each dialog box with "Yes".
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8.5 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 90]).

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 CWw.3 Cw.2 CW.1 CW.0
S Enable Enable

Fault reset | Reserved | Reserved | Reserved | operation | Reserved | woltage | 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. By (Shutdown ) 0 X X X X 1 1 0
4. T (Switch on) 0 X X X 0 1 1 1
5. Fpe, [Enable operation) 0 X X 0 1 1 1
Disable voltage:
Disable voltage ] | X | X | X X | X 0 X

Fig. 57: 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 EJ7411 EtherCAT plug-in module (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 [»_90]).

» 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 X X X X
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 X 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 X 0 X X 1 1 1 1
Fault X 0 X % 1 0 0 0

Fig. 58: 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 EJ7411 EtherCAT plug-in module (e.g. SW.5: "Quick stop

(inverse)").

EJ7411
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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. 59: 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 EJ7411
EtherCAT plug-in module actually is.

Via the PLC a defined torque can be set in the variable "Target torque" as a basis for the EJ7411 module.
The torque is specified in 1000ths 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 1000ths 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 EJ7411
actually is.

Via the PLC a defined torque can be set in the "Target torque" variable as a basis for the EJ7411 module. In
the "Commutation angle" variable the angle to be maintained with the set torque can be specified. The
torque is specified in 1000ths of the nominal current. A value of 1000,,., for example, corresponds to the set
index 0x8011:12 "Rated current". The value 1,4, corresponds to one 1000ths 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 module
actually is.

Via the PLC a defined speed can be set in the variable "Target velocity" 0x7010:06 as a basis for the module
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 velocity 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 module
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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8.6 Commissioning with Drive Motion Control

With Drive Motion Control you can implement a drive motion 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 EJ7411 plug-in module on a controller that does not
support Distributed Clocks, for instance, an embedded PC of the CX7000 series.

The documentation of the PLC library for Drive Motion Control can be found on the Beckhoff website:
Tc3 DriveMotionControl.

8.6.1 Requirements
* TwinCAT 3.1, Build 4024.7 or higher
+ EJ7411 with firmware 06 and ESI revision 0019 or higher.

8.6.2 Functionality

Supported functions:

Administrative functions
Axis functions « MC Power

+ MC Reset
* MC SetPosition
Touch probe * MC AbortTrigger

* MC TouchProbe

Motion functions

Homing * MC Home

(Here the bCalibrationCam input of the Tc2_Mc2 library can not be used, but
one of the digital inputs of the EJ7411 EtherCAT plug-in module must be
used)

Manual movement * MC Jog

Point to point movement . MC Halt

* MC MoveAbsolute
+ MC MoveModulo
+ MC MoveRelative

« MC MoveVelocity
« MC Stop

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).
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8.6.3 Commissioning with a 64-bit controller

With the following steps you configure TwinCAT for the operation of an EJ7411 EtherCAT plug-in module
with Drive Motion Control.

1. In the CoE parameter 0x7010:03 "Modes of operation" set the operation mode "Drive Motion Control
(DMC)".

General EtherCAT DC Process Data  Flc Startup] CoE -Orline | Diag History  Online

Update List [ Ao Update [ Single Update [ ] Show Cffline Data
Advanced... | |
Index MName Flags Value Unit =
+- 70010 FB Touch probe outputs RO 14 <
= 7010:0 DRV Qutputs RO 14 <
7010:01  Controlword RO P 0000 (D)
| 7010:03  Modes of operation RWPF  Drive Mation Control (DMC) (131}
?D‘ID{'& u =y inhi Il I Fa™ iahy
7010:06 | SetValue Dialog >
7010:09
701008 | Dec: 1131 | o]
7010-0E
1 7040:0 Hewx: |D:-:83 | Cancel
+1-- §000:0 Enum: Dirive kMation Cantral [DRC) ~
+ 8001:0 Cyclic synchronous pozition mode [CSP)
=+ 8008:0 Cyclic synchronous velocity mode [C5V)
+ BO0AD Bodl I:_I.Jclic synchronous tarqu 32 E'atSthlerr Edit
+- 8010:0 )
80110 Binary: 1
+ 80120 Bit Size: D1 @8 O O OB O7 hd

2. Activate the Predefined PDO Assignment "Drive motion control (For TC3 DriveMotionControl Lib)".

General EtherlCAT DC F‘Ic Statup  CoE-Online Diag History  Online

Sync Manager: PDO List:
SM  Size Type Flags Indes Size MName Flags M sU &
0 128 MbeeOt O1A00 40 FB Posttion 0
1 128 Mbeln D 1A01 20 DRV Statusword F 0
2 40 Outputs 1402 4.0 DRV Velocity actual value F 0
3 64 Inputs O 1AD03 20 DRV Torgque actual value F 0 e
- - < i e T - e
PDO Assignment (Te1C13): FDO Content ((<1A08):
E&_}:ﬁ? = Index Size (ffs Mame Type Default hex)
[]x1A02 Ox6001:11 4.0 0.0 TP1 Pos posttion UDINT
[Jox1A03 40
Cloctads v| | >
Download Predefined PDO Assignmenrt: "Drive motion cantrol {For TC3 DriveMationContral Lib)* w
PDO Assignment Predefined PDO Assignment: {none)
) ) Predefined PDO Assignment: Velocity”
[L1PDO Configuration Predefined PDO Assignment: "Position’
Fredefi PO Aesionment - N

Asgignment: "Drive motion control (For TC3 DriveMotionControl LibY

= The process data for using Drive Motion Control is activated.
3. Create a PLC project if none has been created yet.
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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 [P 99].)

Solution Explorer ¥ ix Add Library X
@ o-a p="
String for a fulltext search...
Search Solution Explorer (Ctrl+;) P~ rngterat e
fa] Solution TwinCAT Project1’ (1 project) Company
4 “i TwinCAT Project1 ~m=- Application
bl SYSTEM uildingAutomation
[ MOTION ommunication
4 [ PLC ontroller
Fl Untitled1 DataAccess
4 =] Untitled1 Project ntern
[ External Types
. Drive
Add library...
3 buTs ry I Tc2_Drive Beckhoff Automation GmbH
L3 GVLs Tc2_MC2_Drive Bedkhoff Automation GmbH
b [ POUs Library repository... o o L -
3 vIsUs

Set to Effective Version

b 5 PlcTask (PlcTa: .
O} Untitled? Instance Set to Always Newest Version T T
SAFETY Tc2_EtherCAT Beckhoff Automation GmbH
@ Cons Tc2_IoFunctions Beckhoff Automation GmbH
ANALYTICS Tc2_KLa5ux Beckhoff Automation GmbH
b /0 Tc2_SUPS Beckhoff Automation GmbH
Tc3_EtherCATExtSync Beckhoff Automation GmbH
Solution Explorer +
3
E
e
Pe
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 * 0
Tc3_DriveMotionControl Placeholder Properties -
[=]%e | £
El Advanced
Hide reference False
Optional False
" i

£l

Qualified access enly True v

Condition
E Misc
Description TwinCAT Drive Motion Control
Effective Version 3.03.0
Mame Tc3_DriveMotionControl
Mamespace Tc3_DriveMotionControl
Resolution Tc3_DriveMotionControl, * (B|
Qualified access only

Only allow qualified access to all identifiers.

= 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. Example:

VAR
DmcAxis: AXIS REF;
END VAR

7. Click on "Build" > "Build Solution" in the menu bar.
= The project is compiled and the process image of the PLC task is generated.
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Selution Explorer 1 x

@E- o] p=] -
Search Solution Explorer (Ctrl+;) P -
fa] Solution TwinCAT Project!’ (1 project)
4 o] TwinCAT Project1

b @l SYSTEM
b MOTION

b g2l Untitled1 Project
4 Untitled1 Instance

4 PlcTask Inputs

b #1 MAIN.Dmc_Axis.DriveToPlc
b #1 MAIN.Dmc_Axis.WcState
b # MAIN.Dmc_Axis.InfoData
4 [ PicTask Outputs
P MEr MAIN.Dmc_Axis.PlcToDrive
SAFETY
E C++

Solution Explorer

8. In the Solution Explorer link the PLC variables with the process data of EJ7411.

Solution Explorer > 0 X
@E- o] s -

Search Solution Explorer (Ctrl+) R~

4 PLC -

Untitled1
b G2l Untitled? Project
4 Of} Untitled! Instance
4 PlcTask Inputs
b % MAIN.DmcAxis.DriveToPlc
4 F1 MAIM.DrcAxis. WeState
1 Wcstate &
& InputToggle <
4 #F1 MAIN.Dmchxis.InfoData
& State
b # AdsAddr
4 [l PlcTask Outputs
b Bv MAIN.Dmchxis.PlcToDrive <
SAFETY
m C++
(& anaLyTICS
4 [F o
4 *E Devices
4 == Device 1 (EtherCAT)
jg Image
jg Image-Info
4 c Synclnits
4 Inputs
[l Outputs
4
F

& InfoData
[ Term 1 (E11100)
[ InfoData
4 T Term 2 (E17411)
4 DMC Inputs
bF DMC
4 [ DMC Outputs
b M DMC
4 [H WcState
F Wcstate 4
& InputToggle
4 [F InfoData
State <
AdsAddr %
Chn
Chnl
Chn2
DecOutputShift
DelnputShift -

9. In the PLC code, call the function block Readstatus () cyclically, ideally at the beginning of each PLC
cycle (see Note on refreshing the status data structure in AXIS REF).

4

DAL EL R R
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8.6.3.1 Parameter

CoE parameters

The CoE parameters for configuring Drive Motion Control are located in the following CoE objects:

» 0x8040 "DMC Settings" [P _122]
* 0x8041 "DMC Features" [»_123]

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.

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 3607

32 Bit 32 Bit

Encoder Scaling Factor = R B,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 index 0x8011:1B "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 in 360° |
MaxVelocity = B = B = 6000—
60— 60 —— s

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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8.6.4 Commissioning with a 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 [» 99].

Since in the factory setting the module provides 64-bit process data, 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).

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 EtherCAT plug-in module 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 EJ7411 plug-in module 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 Flc Startup| CoE-Online | Diag History  Online

Update List ] Auto Update Single Update [_] Show Offline Data
Advanced... | |
Index: MName Flags Value Unit 2
+1- 70010 FB Touch probe outputs RO >4 <
= 7010:0 DRV Outputs RO >1d<
7010:01  Controlword RO P (k0000 (1)
| 7010:03  Modes of operation RW P  Drive Motion Control (DMC) (131}
?ﬂ‘lﬂﬂ& e a ki |t | w] Fa™ Fia
7010:06 | Set Value Dialog *
7010:09
701008 | Dec: 1131 | o]
7010:0E
- 70400 Hew |D:-:83 | Cancel
+-- §000:0 Enum: Dirive kation Cantral [DRC) e
+- 30010 Cyclic spnchronous pogsition mode [C5P]
+-- 80080 Cyclic synchronous velocity mode [C5Y]
+ S00AD Bodl E_I.Jcl!c synchronous torqu gz E.StSth];gmrr Edit
+- 8010-0 )
Y 80110 Binary: 1
+ 80120 Bit Size: O1 ®s 016 O3 Oed O7 hd
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2. Activate the Predefined PDO Assignment "Drive motion control (32-bit)".

General EtherCAT DC [ Process Data |pic

Startup CoE-Online  Diag History  Online

Sync Manager: PDO List:
S5M  Size Type Flags Index Size MName Flags 5M sy o~
1] 128 MbeOwt 1441 640 DMC Inputs 32 Bit F 3 1]
1 128 Mbz<In (1600 20 DRV Controbword F 0
2 40 Cutputs <1601 40 DRV Target velocity F 0
3 64 Inputs 1602 20 DRV Target torque F 0
Ox1603 20 DRV Commutation angle F 1]
1604 20 DRV Tongue limitation F 0 v
< < T >
PDO Assignment (Te1C13): PDO Content ((1A41):
E&l:ﬁg Index Size Offs  Name Type ™
[]0x1ADE - 0 0.0 -
Cl&1A10 604002 01 01 DMC__FeedbackStatus__Latch exdem valid — BIT
[ ]Gc1A40 0:6040:03 01 02  DMC_FeedbackStatus_ Setcounterdone  BIT
[ T 1241
< >
Download Predefined PDO Assignment: "Drive motion contral (32 Bit) w
PDO Assignment Predefined PDO Assignment: {none)
) ) Predefined PDO Assignment: Velocity”
[L1PDO Configuration Predefined PDO Assignment: "Position’
Predefined PDO Assignment: Torgue”

Predefined PDO Assign "Drive motion control {32

= 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" [P_122]

e 0x8041 "DMC Features" [» 123]
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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 ,Ready to enable” — Jirite
AT YES LEnable” = 1
——MNO
START POSITIONING
Write Parameter: Choose ,Start type”

«Velocity” and calculate Write
LAcceleration” corresponding Execute" = 1
.Deceleration” « larget position”

EVALUATE STATUS
Emergency/ YES — Write

Error ?

-Emergency stop" = 1

JnTarget* YES
W

ERROR HANDLING

Write ,Executa” = 0
Check actual position

Read
.nfo data®,
.Diag data" and
.Diag messages"
from CoE and
evaluate error

| END

Fig. 60: Flow chart of a motion command
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The variables for control and evaluation are located in the process data objects "DMC Inputs" and "DMC

Outputs". They are displayed in the tree:

4 "% Term 2 (E)7411)
4 DMC Inputs
4 F DMC
4 ¥ Feedback5tatus
#| Latch extern valid
#| Set counter done
#1 Status of extern latch
4 ¥l Drivebtatus
Ready to enable
Ready
Warning
Error
Moving positive
Moving negative
Digital input 1
Digital input 2
4 ¥ Positioning5tatus

LulLBLEL L.

Busy
In-Target
Warning
Error
Calibrated
Accelerate
Decelerate

LELELEL LR

Ready to execute
Set position

Set velocity

Actual drive time
Actual position lag
Actual velocity
Actual position
Errorid

Input cycle counter
Channel id

Latch value

Cyclic info data 1
Cyclic info data 2

L

4 [y DMC Outputs
4 B DMC

4 W FeedbackControl
- Enable latch extern on positive edge
BB~ Set counter
B+~ Enable latch extern on negative edge
4 W& DriveControl
- Enable
B~ Reset
4 & PositioningControl
- Execute
B~ Emergency stop
- Set counter value
- Target position
- Target velocity
BE- Start type
I~ Target acceleration
&+ Target deceleration
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8.6.6 Differences compared with Tc2_Mc2
Tc2_Mc2 is the PLC library used for the operation of EJ7411 EtherCAT plug-in module 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".

8.6.7 Start types

Use the codes given in the following table to specify the start type via the "Start type" process data.

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" (index 0x8040:0E)

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 of a calibration "on block"

CALI_SET_POS Ox6E00 Set as calibrated, do not change the position

CALI_CLEAR_POS 0x6F00 Delete calibration bit
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8.6.8 Error messages

The following error codes are displayed via the process data "Error id" and in the diag history.

Error Code Message

0x4420 Cogging compensation not supported
0x8450 Invalid Start Type 0x%Xx, "%Xx" 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

8.7 Touch Probe

Functional description

The "Touch Probe" function implemented in the EJ7411 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 [»_106] the
necessary inputs and outputs can be added.

The EJ7411 EtherCAT plug-in module 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 (pin 31). The abbreviation TP2
stands for Touch Probe 2 and is linked to input 2 (pin 32). TP1 is used here as an example for the
description of the function. The C-track of the incremental encoder can be selected via the CoE parameter
0x8001:11 "Touch probe 1 source" or 0x8001:12 "Touch probe 2 source " with the value"Hardware zero
impulse (5)" as Touch probe trigger. 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. 61: Touch Probe inputs
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 General | BtherCAT | Configuration | DC

| Process Data | Startup | CoE - Onine | 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 Q1601 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
c1605 20 DRV Torque offsst F i}
i F 0
| ] 1607 20 FE Touch probe control F 2 0
4 m k
PDO Assignment ([x1C12); PDO Contant (01 ADD):
mam ndex  Sze  Ofis  MName Type Default the
1601 _ _
Flx1602 Q500017 40 EE Posiion UDINT
] 1603 '
[] 1604
[7] G 1605
(M&Tﬁﬂ? ’
Dowrload Predefined PDO Assignment: (none)
IPDO fesi ILoad PDO info from device
] PDO Corfi n
Mame 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.. 20 770 Output 0
. 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 0 (D) BIT2 02 182 Output 0
#, TP2 Enable pos edge 0 BOOL 01 784 Output 0
| LTP2 Enable neg edge 0 BOOL 01 785 Qutput 0,
Fig. 62: Touch Probe outputs
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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)

Use "TP1 Continuous" to decide 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 Enable pos edge" are set, the position is saved on
each rising edge at input 1 of the module.

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 module. If you wish to repeat this procedure, you must first
disable "TP1 Enable" and then enable it again. Then the position is saved again on the first
negative edge.

"TP1 Trigger mode" has no function in the case of the EJ7411.

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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8.8 Process data

The extent of the process data that is made available can be changed through the "Process Data" tab:

Sync Manager SM2 "Outputs™

TwinCAT Projectt = > Library Manager Team Explorer - Connect
General EtherCAT DC Process Data  Pic Statup CoE - Online  Diag History  Online
Sync Manager: PDO List:
SM Size Type Flags Indesx Size Mame Flags SM 1 2
0 128 MOt Q1600 20 DRV Controhword F 2 0
1 128 Mboxin Qe 1601 40 DRV Target velocity F 0
2 Qutputs 1602 20 DRV Target torque F 0
3 10 Inputs 1603 20 DRY Commutation angle F 0
1604 20 DRV Torgue limitation F 0
1606 40 DRV Target position F 2 0
1607 20 FB Touch probe corntrol F 0
(e 1640 400 DMC Outputs F 0
(e 1641 400 DMC Outputs 32 Bit F 0
< > ]
PDO Assignment (1C12): PDO Content (T1AD0):
Z &1% Index Size Offs Name Type Default hex)
j 1602 eG000:11 40 00 Position UDINT
[ ]x1603 40
[ ]x1604
[ 1606
[ k1607
[ 1640
[ ] e1641
Download Predefined PDO Assignment: "Position’ w~
PDO Assignment Load PDO info from device
[ PDO Corfiguration
Sync Unit Assignment...

Fig. 63: Process Data tab SM2, EJ7411
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Sync Manager SM3 "Inputs”

TwinCAT Projectt = > iEIY Library Manager Team Explorer - Connect
General EtherCAT DC Process Data Pl Startup CoE -COnline  Diag History  Online
Sync Manager: PDO List:
SM Size Type Flags Index Size Mame Flags SM 1
0 128 MbeeOut (e 1AD0 40 FB Position E 3 0
il 128 Mbe<In 1AM 20 DRV Statusword E z) 1]
2 [ Outputs O 1AD2 40 DRV Velocity actual value F 0
3 10 Inputs Bc1AD3 20 DRV Torgue actual value E 0
e 1AD4 20 DRV Info data 1 F 0
Qe 1A05 20 DRV Info data 2 E 0
c1ADE 40 DRV Following emor actual value F 3 0
D 1ADT 20 FB Touch probe status F 0
1 ADB 40 FB Touch probe 1 pos position F 0
Ox1AD9 40 FB Touch probe 1 neg position F 0
1 ADA 40 FB Touch probe 2 pos position F 0
kc1ADB 40 FB Touch probe 2 neg position F 0
c1ADD 20 DRV Info data 3 F 0
c1ADE 40 FB Enc Position F 0
Oc1A10 20 Dl Inputs E 0
Oc1A40 64.0 DMC Inputs E 0
L4 > Ix1A41 64.0 DMC Inputs 32 Bit E 0 ]
PDO Assignment (k1C13): PDO Content ([x1A00):
é&}:ﬁ? Index Size Offs Name Type Default (hex)
1402 (600011 4.0 00 Position UDINT
[]0x1A03 a0
[ | 1A04
[ <1408
[] G 1ADE
[ | 1AD7
[ |(1A08
[ | (<1A05
[ (<1A0A
[ |<1A0B
[ 1A0D
[ | 1AQE
[ |E<1A10
[ ]Gx1A40
[ ]E1A41
Download Predefined PDO Assignment: "Postion’ w
PDO Assignment Load PDQ info from device
[1PDO Configuration
Sync Unit Assignmenrt...

Fig. 64: Process Data tab SM3, EJ7411

PDO Assignment

» To configure the process data, select the required Sync Manager (SM2 and SM3 can be edited here) in
the "Sync Manager" box at the top left (see fig. tab Process Data SM3, EJ7411).

» The process data assigned to this Sync Manager can then be switched on or off in the “PDO
Assignment” box underneath.

» Restarting the EtherCAT system, or reloading the configuration in Config mode (F4), causes the
EtherCAT communication to restart, and the process data is transferred from the terminal.
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SM2, PDO Assignment 0x1C12

Index Size Name PDO contents
(byte.bit) Index - Name Size (Byte.Bit)

0x1600 |2.0 DRV Controlword 0x7010:01 [»_128] - Controlword (2.0)

(default)

0x1601 4.0 DRV Target velocity |0x7010:06 [» 128] - Target velocity (4.0)

(default)

0x1602 2.0 DRV Target torque  |0x7010:09 [»_128] - Target torque (2.0)

0x1603 2.0 DRV Commutation  |0x7010:0E [>_128] - Commutation angle (2.0)

angle

0x1604  |2.0 DRYV Torque limitation |0x7010:08 [»_128] - Torque limitation (2.0)

0x1606 4.0 DRV Target position  |0x7010:05 [»_128] - Target position (4.0)

0x1607 2.0 FB Touch probe 0x7001:01 [»_127] - Touch probe function_TP1 Enable (0.1)

control 0x7001:02 [»_127] - Touch probe function_TP1 Continuous (0.1)

0x7001:03 [»_127] - Touch probe function_TP1 Trigger mode (0.2)
0x7001:05 [»_127] - Touch probe function_TP1 Enable pos. edge (0.1)
0x7001:06 [»_127] - Touch probe function_TP1 Enable neg. edge (0.1)
0x7001:09 [» 127] - Touch probe function_TP2 Enable (0.1)
0x7001:0A [»_127] - Touch probe function_TP2 Continuous (0.1)
0x7001:0B [P_127] - Touch probe function_TP2 Trigger mode (0.2)
0x7001:0D [»_127] - Touch probe function_TP2 Enable pos. edge (0.1)
0x7001:0E [P _127] - Touch probe function_TP2 Enable neg. edge (0.1)

0x1640 |40.0 DMC Outputs 0x7040:02 [» 129] - DMC_FeedbackControl_Enable latch extern on positive edge (0.1)
0x7040:03 [»_129] - DMC_FeedbackControl_Set counter (0.1)
0x7040:04 [»_129] - DMC_FeedbackControl_Enable latch extern on negative edge (0.1)
0x7040:11 [»_129] - DMC_DriveControl_Enable (0.1)
0x7040:12 [»_129] - DMC_DriveControl_Reset (0.1)
0x7040:21 [»_129] - DMC_PositioningControl_Execute (0.1)
0x7040:22 [» 129] - DMC_PositioningControl_Emergency stop (0.1)
0x7040:31 [»_129] - DMC_Set counter value (8.0)
0x7040:32 [»_129] - DMC_Target position (8.0)
0x7040:33 [»_129] - DMC_Target velocity (2.0)
0x7040:34 [» 129] - DMC_Start type (2.0)
0x7040:35 [»_129] - DMC_Target acceleration (2.0)
0x7040:36 [»_129] - DMC_Target deceleration (2.0)

0x1641 140.0 DMC Outputs 32 Bit  |0x7040:02 [»_129] - DMC_FeedbackControl_Enable latch extern on positive edge (0.1)

0x7040:03 [»_129] - DMC_FeedbackControl_Set counter (0.1)
0x7040:04 [»_129] - DMC_FeedbackControl_Enable latch extern on negative edge (0.1)

0x7040:11 [»_129] - DMC_DriveControl_Enable (0.1)
0x7040:12 [»_129] - DMC_DriveControl_Reset (0.1)

0x7040:21 [»_129] - DMC_PositioningControl_Execute (0.1)
0x7040:22 [»_129] - DMC_PositioningControl_Emergency stop (0.1)

0x7040:31 [»_129] - DMC_Set counter value (4.0)
0x7040:32 [» 129] - DMC_Target position (4.0)
0x7040:33 [»_129] - DMC_Target velocity (2.0)
0x7040:34 [»_129] - DMC_Start type (2.0)
0x7040:35 [»_129] - DMC_Target acceleration (2.0)
0x7040:36 [» 129] - DMC_Target deceleration (2.0)
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SM3, PDO Assignment 0x1C13

Size Name

(byte.bit)

Index

PDO contents
Index - Name Size (Byte.Bit)

0x1A00
(default)

4.0 FB position

0x6000:11 [»_124] - Position (4.0)

0x1A01
(default)

2.0 DRV Statusword

0x6010:01 [»_125] - Statusword (2.0)

0x1A02 |4.0 DRV Velocity actual value

0x6010:07 [»_125] - Velocity actual value (4.0)

0x1A03 |2.0 DRV Torque actual value

0x6010:08 [»_125] - Torque actual value (2.0)

0x1A04 |2.0 DRV Info data 1

0x6010:12 [P 125] - Info data 1 (2.0)

0x1A05 |2.0 DRV Info data 2

0x6010:13 [P 125] - Info data 2 (2.0)

0x1A06 |4.0 DRV Following error actual value

0x6010:06 [»_125] - Following error actual value (4.0)

0x1A07 |2.0 FB Touch probe status

0x6001:01 [»_124] - Touch probe status_ TP1 Enable (0.1)
0x6001:02 [»_124] - Touch probe status_ TP1 Pos. value stored (0.1)
0x6001:03 [»_124] - Touch probe status_ TP1 Neg. value stored (0.1)
0x6001:08 [»_124] - Touch probe status_ TP1 Input (0.1)

0x6001:09 [»_124] - Touch probe status_ TP2 Enable (0.1)
0x6001:0A [»_124] - Touch probe status_ TP2 Pos. value stored (0.1)
0x6001:0B [»_124] - Touch probe status_ TP2 Neg. value stored (0.1)
0x6001:10 [»_124] - Touch probe status_ TP2 Input (0.1)

0x1A08 |4.0 FB Touch probe 1 pos. position

0x6001:11 [»_124] - TP1 Pos position (4.0)

0x1A09 |4.0 FB Touch probe 1 neg. position

0x6001:12 [»_124] - TP1 Neg position (4.0)

0x1AOA |4.0 FB Touch probe 2 pos. position

0x6001:13 [»_124] - TP2 Pos position (4.0)

0x1A0B |4.0 FB Touch probe 2 neg. position

0x6001:14 [»_124] - TP2 Neg position (4.0)

0x1AOD |2.0 DRV Info data 3

0x6010:14 [»_125] - Info data 3 (2.0)

Ox1AOE |4.0 FB Enc Position

0x6000:12 [P 124] - Enc Position (4.0)

0x1A10 |2.0 DI Inputs

0x6020:01 [»_125] - Input 1 (0.1)
0x6020:02 [»_125] - Input 2 (0.1)

0x6020:05 [P 125] - Encoder A (0.1)
0x6020:06 [»_125] - Encoder B (0.1)
0x6020:07 [P 125] - Encoder C (0.1)

0x6020:09 [»_125] - Hall A (0.1)
0x6020:0A [»_125] - Hall B (0.1)
0x6020:0B [»_125] - Hall C (0.1)

0x6020:0D [r_125] - Level of ENA input (0.1)

EJ7411
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Index Size Name PDO contents
(byte.bit) Index - Name Size (Byte.Bit)
0x1A40 |64.0 DMC Inputs 0x6040:02 [»_126] - DMC_FeedbackStatus_Latch extern valid (0.1)

0x6040:03 [»_126] - DMC_FeedbackStatus_Set counter done (0.1)
0x6040:0D [»_126] - DMC_FeedbackStatus_Status of extern Latch (0.1)

0x6040:11 [»_126] - DMC_DriveStatus_Ready to enable (0.1)
0x6040:12 [»_126] - DMC_DriveStatus_Ready (0.1)
0x6040:13 [»_126] - DMC_DriveStatus_Warning (0.1)
0x6040:14 [»_126] - DMC_DriveStatus_Error (0.1)

0x6040:15 [»_126] - DMC_DriveStatus_Movin positive (0.1)
0x6040:16 [»_126] - DMC_DriveStatus_Moving negative (0.1)
0x6040:1C [»_126] - DMC_DriveStatus_Digital input 1 (0.1)
0x6040:1D [»_126] - DMC_DriveStatus_Digital input 2 (0.1)

0x6040:21 [»_126] - DMC_PositioningStatus_Busy (0.1)

0x6040:22 [»_126] - DMC_PositioningStatus_In-Target (0.1)
0x6040:23 [»_126] - DMC_PositioningStatus_Warning (0.1)
0x6040:24 [» 126] - DMC_PositioningStatus_Error (0.1)

0x6040:25 [»_126] - DMC_PositioningStatus_Calibrated (0.1)
0x6040:26 [»_126] - DMC_PositioningStatus_Accelerate (0.1)
0x6040:27 [»_126] - DMC_PositioningStatus_Decelerate (0.1)
0x6040:28 [»_126] - DMC_PositioningStatus_Ready to execute (0.1)

0x6040:31 [»_126] - DMC_Set position (8.0)
0x6040:32 [P 126] - DMC_Set velocity (2.0)
0x6040:33 [»_126] - DMC_Actual drive time (4.0)
0x6040:34 [»_126] - DMC_Actual position lag (8.0)
0x6040:35 [P 126] - DMC_Actual velocity (2.0)
0x6040:36 [»_126] - DMC_Actual position (8.0)
0x6040:37 [P _126] - DMC_Etrror id (4.0)

0x6040:38 [»_126] - DMC_Input cycle counter (1.0)
0x6040:39 [»_126] - DMC_Channel id (1.0)
0x6040:3A [»_126] - DMC_Latch value (8.0)
0x6040:3B [»_126] - DMC_Cyclic info data 1 (2.0)
0x6040:3C [»_126] - DMC_Cyclic info data 2 (2.0)

0x1A41 164.0 DMC Inputs 32 Bit 0x6040:02 [» 126] - DMC_FeedbackStatus_Latch extern valid (0.1)
0x6040:03 [»_126] - DMC_FeedbackStatus_Set counter done (0.1)
0x6040:0D [P _126] - DMC_FeedbackStatus_Status of extern Latch (0.1)

0x6040:11 [»_126] - DMC_DriveStatus_Ready to enable (0.1)
0x6040:12 [»_126] - DMC_DriveStatus_Ready (0.1)
0x6040:13 [»_126] - DMC_DriveStatus_Warning (0.1)
0x6040:14 [»_126] - DMC_DriveStatus_Error (0.1)

0x6040:15 [»_126] - DMC_DriveStatus_Movin positive (0.1)
0x6040:16 [»_126] - DMC_DriveStatus_Moving negative (0.1)
0x6040:1C [»_126] - DMC_DriveStatus_Digital input 1 (0.1)
0x6040:1D [P _126] - DMC_DriveStatus_Digital input 2 (0.1)

0x6040:21 [»_126] - DMC_PositioningStatus_Busy (0.1)

0x6040:22 [»_126] - DMC_PositioningStatus_In-Target (0.1)
0x6040:23 [»_126] - DMC_PositioningStatus_Warning (0.1)
0x6040:24 [»_126] - DMC_PositioningStatus_Error (0.1)

0x6040:25 [»_126] - DMC_PositioningStatus_Calibrated (0.1)
0x6040:26 [»_126] - DMC_PositioningStatus_Accelerate (0.1)
0x6040:27 [»_126] - DMC_PositioningStatus_Decelerate (0.1)
0x6040:28 [»_126] - DMC_PositioningStatus_Ready to execute (0.1)

0x6040:31 [»_126] - DMC_Set position (4.0)
0x6040:32 [» 126] - DMC_Set velocity (2.0)
0x6040:33 [»_126] - DMC_Actual drive time (4.0)
0x6040:34 [»_126] - DMC_Actual position lag (4.0)
0x6040:35 [»_126] - DMC_Actual velocity (2.0)
0x6040:36 [»_126] - DMC_Actual position (4.0)
0x6040:37 [»_126] - DMC_Error id (4.0)

0x6040:38 [»_126] - DMC_Input cycle counter (1.0)
0x6040:39 [»_126] - DMC_Channel id (1.0)
0x6040:3A [»_126] - DMC_Latch value (4.0)
0x6040:3B [»_126] - DMC_Cyclic info data 1 (2.0)
0x6040:3C [P_126] - DMC_Cyclic info data 2 (2.0)
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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 EtherlCAT DC

Process Data Pl

Statup CoE-Online  Diag History  Online

Sync Manager: PDO List:
SM Size Type Flags Index Size MName Flags 5M su "
0 128 MbeOwt (b 1ADD 40 FB Position F 3 0
1 128 Mbz<In 1A 20 DRV Statusword F 3 0
2 [ Cutputs T 1AD2 40 DRV Velocity actual value F 0
3 10 Inputs M 1AD3 20 DRV Torque actual value F 0
O 1AD4 20 DRV Info data 1 F 0
e 1ADD 20 DRV Info data 2 F 0
1406 40 DRY Following emor actual value F 3 0 W
PDO Assignment ((1C12): PDO Content (b 1,400
[+ 1600 & Index Size (Offs MName Type Default fhex)
[1601
1602 600011 4.0 0.0 Position UDINT
[J@1602 40
[Joc1604
ﬂﬂﬁﬂﬁ ]
Download Predefined PDO Assignment: {none)
PDO Assignment Predefined PDO Assignment: {none)
) ) Predefined DO Assignment: Velocity”
[1PDO Canfiguration Predefined PDO Assignment: "Position”
Predefined PDO Assignment: Torque’
Predefined PDO Assignment: "Drive motion cantrol (For TC3 Drive MotionContral Lib)
Predefined PDO Assignment: "Drive motion contral (32 Bit)’

Fig. 65: Selection of the Predefined PDO Assignment

The following PDO assignments are available:

0x1602 [»_132] (DRV Target torque)

Name SM2, PDO assignment SM3, PDO assignment
Velocity 0x1600 [»_132] (DRV Controlword) 0x1A00 [»_135] (FB Position)
0x1601 [»_132] (DRV Target velocity) 0x1A01 [»_135] (DRV Statusword)

Position 0x1600 [»_132] (DRV Controlword) 0x1A00 [»_135] (FB Position)

(default 0x1606 [»_133] (DRV Target position) 0x1AO01 [»_135] (DRV Statusword)
0x1AQ6 [»_136] (DRV Following error
actual value)

Torque 0x1600 [»_132] (DRV Controlword) 0xTAQ00 [»_135] (FB Position)

0x1A01 [»_135] (DRYV Statusword)

Drive motion control (For
TC3 DriveMotionControl

0x1640 [>_134] (DMC Outputs)

0x1A40 [> 139] (DMC Inputs)

Lib)

Drive motion control (32- |0x1641 [»_135] (DMC Outputs 32 Bit) 0x1A41 [»_141] (DMC Inputs 32 Bit)

bit)
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9 Error diagnosis

9.1 Diag History

Status messages of EtherCAT devices are displayed in the Diag History. The status messages are used for
diagnosis and troubleshooting.

R e poiect - < [
sy | T . o ) .
G& O | © g | }' |E| General EBtherCAT DC Process Data Pl Startu

Search Selution Explorer (Ctrl+ ) P~ Dﬂu.rlo Update
[ Only new Messages

| Solution Explorer

Update Histony Ack. Messages Export Diag History Advanced. ..

fa] Solution 'TwinCAT Project!’ (1 project)
4l TwinCAT Project1

Type Flags Timestamp Message

b @l SYSTEM
b MOTION
b PLC
(1) SAFETY
IE C++
ANALYTICS
¥ [fs]
4 #E Devices
4 == Device 1 (EtherCAT)
*B mage
*B |mage-Info
2 SyncUnits
Inputs
B Outputs
[ InfoData
[] Term1 (E11100)
I @ InfoData
b "3 Terrn 2 (E17411)

AV OV W W

4 ﬁ:l Mappings

Solution Explorer [EETNSTITES

Fig. 66: Display of status messages in the "Diag History" tab

The following table shows all possible status messages of EJ7411:

Hex English

German

0x1201 |Communication re-established

Verbindung zur Feldseite wiederhergestellt

0x4101 |Terminal-Overtemperature

Modul-Ubertemperatur

0x4102 |PDO configuration is incompatible to the

selected mode of operation

PDO-Konfiguration ist zur gewahlten Betriebsart nicht

kompatibel

0x4107 |Undervoltage Up

Unterspannung Up

0x4109 |Overvoltage Up

Uberspannung Up

0x410B |Error detected, but disabled by
suppression mask

Ausmaskierter Fehler erkannt

0x4301 |Feedback warning

Feedback-Warnung

0x4411 |DC link undervoltage

Unterspannung DC-Zwischenkreis

0x4412 |DC link overvoltage

Uberspannung DC-Zwischenkreis

0x4413 |I2T Amplifier overload

I12T-Modell Verstarker Uberlast

0x4414 |I12T Motor overload

I12T-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 12T-Modell Gbersteigt 100%

0x441A |Limit: Motor I12T-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
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Hex English German
0x441E |Invalid configuration of touch probe inputs Ungultige Konfiguration der Touchprobe-
Eingange
0x8002 |Communication aborted Kommunikation abgebrochen
0x8102 |Invalid combination of Inputs and Outputs PDOs |Unglltige Kombination von In- und Output PDOs
0x8104 |Terminal-Overtemperature Modul-Ubertemperatur
0x8105 |PD-Watchdog PD-Watchdog
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 pus 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 Encoder-Terminierung
0x830E |Overvoltage on encoder track %s Uberspannung auf Encoder-Spur %s
0x830F |Weak signals on encoder track %s Schwache Pegel auf Encoder-Spur %s
0x8340 |Hall sensor supply error Hallsensor Netzteil Fehler
0x8341 |Hall sensor 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 |I12T -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 Encoder-Inkremente oder
pole pairs incorrect Polpaarzahl 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 Process Timeout (Enable,
Zwischenkreis, ...)
0x8441 |Maximum following error distance exceeded Maximaler Schleppfehlerabstand Uberschritten
0x8442 |Encoder resolution insufficient Encoder-Auflosung 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 grof3
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10 Object description and parameterization

@® EtherCAT XML Device Description

1 The display matches that of the CoE objects from the EtherCAT XML Device Description. We
recommend downloading the latest XML file from the download area of the Beckhoff website and
installing it according to installation instructions.

NOTICE
Parameterization via the CoE list (CAN over EtherCAT)
,I The EtherCAT device is parameterized via the CoE - Online tab (with a double click on the

respective object) or via the Process Data tab (assignment of PDOs). A detailed description
can be found in the EtherCAT System-Documentation in chapter “EtherCAT subscriber
configuration”

Please note the general CoE notes in the EtherCAT System Documentation in chapter
“CoE-interface” when using/manipulating the CoE parameters:

- Keep a startup list if components have to be replaced

- Differentiation between online/offline dictionary,

- existence of current XML description

- use "CoE reload" for resetting changes

NOTICE

Risk of damage to the device!

We strongly advise not to change settings in the CoE objects while the axis is active, since this could impair
the control.

10.1 Restore object

Index 1011 Restore default parameters

Index Name Meaning Data type |Flags |Default
(hex)
1011:0 Restore default Restore default parameters UINT8 RO 0x01 (146c)
parameters
1011:01 | Sublndex 001 If this object is set to “0x64616F6C” in the set value UINT32 RW  |0x00000000 (Og,)
dialog, all backup objects are reset to their delivery state.

10.2 Configuration data

Index 8000 FB settings

Index Name Meaning Data type |Flags |Default

(hex)

8000:0 FB Settings Observer settings UINT8 RO 0x16 (22¢4,)

8000:11  |Device type Description of the available feedback profiles UINT32 RW |0x00000605
(incremental encoder and Hall sensor) (1541 4e0)

8000:14 |Observer bandwidth Bandwidth of the velocity observer UINT16 RW  |0x00C8 (2004.)
Unit: [Hz]
Typical value range: 200 ... 500 Hz

8000:15 |Observer feed-forward |Load ratio UINT8 RW  |0x00 (04.)
Unit: [%]

100% = load-free

50% = mass moments of inertia of input and output are
equal
Pre-control for velocity measurement.

8000:16 | Sub-increment bits Bitwise shift to left from target and actual position and UINT8 RW 0x00 (0yec)
following error
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Index 8001 FB Touch probe Settings

Index Name Meaning Data type |Flags |Default
(hex)
8001:0 FB Touch probe Maximum subindex UINT8 RO 0x12 (184c)
Settings
8001:11 | Touch probe 1 source |Position value digital input 1: INT16 RW  |0x0001 (14c)
1: Touch probe input 1
5: Hardware zero impluse
8001:12 |Touch probe 2 source |Position value digital input 2: INT16 RW  |0x0002 (24)
2: Touch probe input 2
5: Hardware zero impluse
Index 8008 FB Settings ENC
Index Name Meaning Data type |Flags |Default
(hex)
8008:0 FB Settings ENC Maximum subindex UINT8 RO 0x13 (19¢ec)
8008:01 |Invert feedback Inversion of the encoder counting direction. Adjusted by |BOOLEAN |RW  |0x00 (O4.)
direction the Scan Feedback feature.
8008:02 |Enable power supply Enabling the encoder supply voltage BOOLEAN |RW  |0x00 (Oy)
8008:05 |Enable ENC C input Enabling the C-input of the module for the evaluation of |BOOLEAN |RW  |0x01 (1)
the C-track at the incremental encoder
8008:11  |Supply voltage output |Voltage level of encoder supply UINT32 RwW 0x00001388
Unit: [mV] (50004)
Typical value range: 2 ... 24 V
8008:12 |Encoder type Encoder type selection: UINT16 RW  |0x0004 (44.)
0: disabled
1: RS422 differential
2: TTL single ended
3: HTL differential
4: HTL single ended (default)
5: RS422 differential - high impedance input
6: TTL single ended - input filters disabled
7: open collector
8008:13 |Encoder Increments per |[Resolution of the encoder after 4-fold evaluation UINT32 RwW 0x00001000
Revolution (40964,)
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Index 800A FB Settings Hall

Index Name Meaning Data type |Flags |Default
(hex)

800A:0 FB Settings Hall Maximum subindex UINT8 RO 0x14 (204,)
800A:02 |Enable power supply Activates voltage supply for the Hall sensor BOOLEAN |RW  |0x00 (O4.)

800A:05 |Enable extrapolation Extrapolation of the measured values of the Hall sensor. |BOOLEAN |RW  |0x00 (Og)
This does not improve the physical resolution.
800A:11 |Supply voltage output  |Voltage level of the supply voltage for the Hall sensor, UINT32 RW  |0x00001388

Unit: [mV] (50004,)
Typical value range: 2 ... 4 V
800A:12 |Phasing Arrangement of the Hall sensors. Determined by the UINT8 RW  |0x01 (144c)

Scan Feedback function.

See chapter Scan Feedback [P 62].

A-B: 60°/ B-C. 60

A-B: 120° / B-C. 120° (default)
A-B: 240° / B-C. 240

A-B: 300° / B-C. 300

A-B: 60° / B-C. 240

A-B: 120°/B-C. 300

A-B: 240° / B-C. 60

7: A-B: 300° / B-C. 120

800A:13 |Hall commutation adjust |Commutation offset of the Hall sensors in 60° UINT8 RW  |0x00 (Oyec)
increments. Determined by the Scan Feedback function.
See chapter Scan Feedback [P 62].

0: 0° (default)
1: 60°

SuhwN2O

800A:14 |Hall sensor type Enable or disable the Open Collector Hall sensor inputs |UINT8 RW  |0x01 (146c)

0: disabled
1: open collector (default)

116 Version: 1.3 EJ7411



BECKHOFF

Object description and parameterization

Index 8010 DRV Amplifier Settings

Index Name Meaning Data type |Flags |Default
(hex)
8010:0 DRV Amplifier Settings |Amplifier settings UINT8 RO 0x64 (1004.)
8010:01 |Enable TxPDOToggle |Activate or deactivate the TxPDO toggle in bit 10 of the |BOOLEAN |RW  |0x00 (0O4.)
status word
8010:02 |Enable input cycle 1: enabled BOOLEAN |RW  |0x00 (Ogy)
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 determination. (Effective |BOOLEAN |RW  |0x01 (14e)
commutation for all FOC operation modes)
8010:05 |Enable cogging torque |Enable or disable the cogging torque compensation (for |BOOLEAN |RW  |0x00 (0Og.)
compensation FOC operation modes only).
8010:12  |Current loop integral Integral component of current controller UINT16 RW  |0x000A (10g4,)
time Unit: 0.1 ms
8010:13 |Current loop Proportional component of current controller UINT16 RW  |0x000A (104.)
proportional gain Unit: 0.1 V/A
8010:14 |Velocity loop integral Integral component of velocity controller UINT32 RW  [{0x00000032
time (current mode) Unit: 0.1 ms (504ec)
(For feedback systems with field-oriented control (FOC).
See chapter Configuration of the feedback system [P 52])
8010:15 |Velocity loop Proportional component of velocity controller UINT32 RW  |0x00000014
proportional gain Unit: pA / (°/s) (204ec)
(current mode) (For feedback systems with field-oriented control (FOC).
See chapter Configuration of the feedback system [P 52])
8010:17  |Position loop Proportional component of position controller UINT32 RW  |0x0000000A
proportional gain Unit: (°/s)/° (1046c)
8010:19 |Nominal DC link voltage |Injected DC link voltage UINT32 RW  |0x0000BB80
Unit: mV (480004,)
8010:1A  |Min DC link voltage Minimum DC link voltage UINT32 RW  |0x00001A90
Unit: mV (68004)
8010:1B |Max DC link voltage Maximum DC link voltage UINT32 RW  |0xO000EAG0
Unit: mV (600004,)
8010:29 |Amplifier I2T warn level |I°T model warning threshold UINT8 RW  |0x50 (804.)
Unit: %
8010:2A |Amplifier 12T error level |I>T model error threshold UINT8 RW  |0x69 (1054)
Unit: %
8010:2B |Amplifier Temperature |Warning threshold for overtemperature of the module UINT16 RW  |0x0320 (8004.)
warn level Unit: 0.1 °C
8010:2C |Amplifier Temperature |Error threshold for overtemperature of the module UINT16 RW  |0x03ES8 (10004,,)
error level Unit: 0.1 °C
8010:31 |Velocity limitation Limitation of the velocity setpoint setting UINT32 RW  |0x000186A0
Unit: 1/min (1000004,)
8010:33 |Stand still window Standstill window UINT16 RwW 0x0000 (Ogec)
Unit: 1/min
Velocity range for which the axis is considered to be at a
standstill.
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Index Name

(hex)

Meaning

Data type

Flags |Default

8010:39 |Select info data 1

Selection "Info data 1"
Optional display of additional information in the cyclic
process data.

Permitted values:

2

DC link voltage (mV) (default)

4

PCB temperature - module temperature (0.1 °C)

7

12T Motor
Unit: [%]

12T Amplifier
Unit: [%]

10

Digital inputs

Bit0:
Bit1:
Bit2:
Bit3:
Bit4:
Bit5:
Bit6:
Bit7:

Digital Input 1 Level
Digital Input 2 Level
unused

unused

Encoder A

Encoder B

Encoder C

unused

Bit8: Hall Sensor U

Bit9: Hall Sensor V
Bit10: Hall Sensor W

Bit 11: unused

Bit12: Hardware Enable Input Level (required
for STO functionality)

12

Phase Voltage U
Unit: [mV]

13

Phase Voltage V
Unit: [mV]

14

Phase Voltage W
Unit: [mV]

UINT8

RW  |0x02 (2..)

8010:3A |Select info data 2

Selection "Info data 2"
Optional display of additional information in the cyclic
process data.

2

DC link voltage (mV) (default)

4

PCB temperature - module temperature (0.1 °C)

7

12T Motor
Unit: [%]

12T Amplifier
Unit: [%]

10

Digital inputs

BitO: Digital Input 1 Level
Bit1: Digital Input 2 Level
Bit2: unused

Bit3: unused

Bit4: Encoder A

Bit5: Encoder B

Bit6: Encoder C

Bit7: unused

Bit8: Hall Sensor U

Bit9: Hall Sensor V
Bit10: Hall Sensor W

Bit 11: unused

Bit12: Hardware Enable Input Level (required
for STO functionality)

12

Phase Voltage U
Unit: [mV]

13

Phase Voltage V
Unit: [mV]

14

Phase Voltage W
Unit: [mV]

UINT8

RW  |0x04 (44.)
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Index
(hex)

Name

Meaning

Data type

Flags

Default

8010:50

Following error window

Following error monitoring: following error window

Unit: reference to increments of the raw position data.
Can be scaled in the PLC if necessary.

OXFFFFFFFF (-14e) =
following error monitoring OFF

Any other value =
following error monitoring ON
Unit: [inc]

Applies in conjunction with index 0x8010:51 "Following
error time out."

UINT32

RwW

OXFFFFFFFF
('1 dec)

8010:51

Following error time out

Following error monitoring: timeout
Unit: ms

If the following error is larger than the following error
window for a time that exceeds the timeout, this leads to
an error reaction.

UINT16

RwW

0x0000 (04..)

8010:54

Feature bits

Reserved

UINT32

RwW

0x00000000 (Ogec)

8010:57

Position loop Velocity
feed forward gain

Velocity pre-control of the position controller
Unit: %

UINT8

RwW

0x64 (1004..)

8010:58

Select info data 3

Selection "Info data 3"
Optional display of additional information in the cyclic
process data.

Permitted values:

2 DC link voltage (mV) (default)

4 PCB temperature - module temperature (0.1 °C)

7 12T Motor
Unit: [%]

8 12T Amplifier
Unit: [%]

10 Digital inputs

Bit0:
Bit1:
Bit2:
Bit3:
Bit4:
Bit5:
Bit6:
Bit7:

Digital Input 1 Level
Digital Input 2 Level
unused

unused

Encoder A

Encoder B

Encoder C

unused

Bit8: Hall Sensor U

Bit9: Hall Sensor V
Bit10: Hall Sensor W

Bit 11: unused

Bit12: Hardware Enable Input Level (required
for STO functionality)

12 Phase Voltage U
Unit: [mV]

13 Phase Voltage V
Unit: [mV]

14 Phase Voltage W
Unit: [mV]

UINT8

RwW

0x07 (7dec)

8010:59

Error suppression mask

Error suppression mask

Bit 0: suppresses detection of a wire break of the motor
phases

Bit 1: suppresses commutation angle monitoring

UINT32

RwW

0x00000000 (Ogec)

8010:5A

Velocitiy loop integral
time (voltage mode)

Integral component of velocity controller

Unit: 0.1 ms

(For feedback systems with six-step. See controller
optimization Sensorless operation and Operation with
Hall sensors only)

UINT32

RwW

0x000001F4
(Soodec)

8010:5B

Velocity loop
proportional gain
(voltage mode)

Proportional component of velocity controller

Unit: pV / (°/s)

(For feedback systems with six-step. See controller
optimization Sensorless operation and Operation with
Hall sensors only)

UINT32

RwW

0x00000064
(1 Oodec)
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Index Name Meaning Data type |Flags |Default
(hex)
8010:5C |Velocity loop voltage Velocity pre-control of the velocity controller UINT8 RW  |0x32 (504,)
feed forward gain Unit: %
(voltage mode) (For feedback systems with six-step. See controller
optimization Sensorless operation and Operation with
Hall sensors only)
8010:5E |Sensorless offset Configures the voltage output at standstill UINT16 RW  |0x0032 (504.)
voltage scaling Unit: %
8010:5F |Sensorless observer Bandwidth of the position/velocity observer in sensorless |[UINT16 RW  |0x0064 (1004)
bandwidth operation
Unit:Hz
8010:60 |Sensorless max. Max. acceleration UINT32 RW  |0x0000186A0
acceleration Unit:° / s2 (1000004,,)
8010:61 |Cogging torque Contains the coefficients of the cogging torque OCTET- RwW  |{0}
compensation compensation. These are determined by the Cogging STRING[16]
Scan function. See chapter Scan Motor Cogging [ 63]
8010:62 |Position loop deadband |Deadband window of the position controller [Inc] UINT32 RW  |0x00000000 (0g.)
window For position deviations smaller than the defined range,
the following applies (provided the target velocity is within
the "Stand still window" (see parameter: 0x8010:33)):
0 - 75% position controller switched off
75 - 100% linear transition of the position controller gain
8010:63 |Find commutation time |Defines the time for determining the commutation angle |UINT16 RW  |0x0009 (9yec)
[0.1 8]
This process is divided into two phases. In total, it takes
twice the time specified here. Required time depends on
application
8010:64 |Commutation type Method for determining the commutation angle: UINT8 RW  |0x01 (14ec)
1: FOC with incremental encoder (default)
2: Six Step with hall
3: Six Step sensorless
4: FOC with incremental encoder and hall
Index 8011 DRV Motor Settings
Index Name Meaning Data type |Flags |Default
(hex)
8011:0 DRV Motor Settings Maximum subindex UINT8 RO 0x31 (49¢ec)
8011:11  |Max current Peak current UINT32 RW  |0x00001770
Unit: mA (60004,.)
Limitation by maximum output current of the EJ7411
module.
The motor current values are to be specified as peak
value.
8011:12 |Rated current Nominal current of the motor UINT32 RW  |0x0O00003E8
Unit: mA (10004..)
Corresponds to the maximum continuous 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 RW  |0x01 (144)
8011:16 | Torque constant Torque constant UINT32 RW  |{0x00000032
Unit: mNm /A (504ec)
8011:18 |Rotor moment of inertia |Moment of inertia of the motor including mechanics UINT32 RW  |0x00000064
Unit: g cm? (10044,)
8011:19 |Winding inductance Winding inductance UINT16 RW  |0x0064 (1004.)
Unit: 0.01 mH
8011:1B |Motor speed limitation |Motor speed limitation UINT32 RW  |0x000186A0
Unit: 1/min (1000004,)
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Index Name Meaning Data type |Flags |Default

(hex)

8011:29 |12T warn level 12T motor warning threshold UINT8 RW  |0x50 (804,)
Unit: %

8011:2A |I12T error level 12T motor error threshold UINT8 RW  |0x69 (1054.)
Unit: %

8011:2D |Motor thermal time Motor thermal time constant of the winding UINT16 RW  |0x0028 (404.)

constant Unit: 0.1s

8011:2E |Rated speed Nominal speed UINT32 RW  |0x000003E8
Unit: 1 /min (10004)

8011:2F |Rated voltage Nominal voltage of the motor UINT32 RW  |0x0000B880
Unit: mV (48000,)

8011:30 |Winding resistance Winding resistance phase - phase UINT32 RW  |0x000003E8
Unit: mOhm (10004)

8011:31 |Voltage constant Voltage constant UINT32 RW  |0x0000B880
Unit: pV /(1 / min) (480004.)
Specifies the voltage induced by the motor as a
generator (counter-electromotive force).

Index 8012 DRV brake settings

Index Name Meaning Data type |Flags |Default
(hex)
8012:0 DRYV brake settings Maximum subindex UINT8 RO 0x14 (204c,)
8012:01 |Manual override Manual release of the motor holding brake BOOLEAN |RW 0x00 (0yec)
(release) Intended for commissioning purposes.
8012:11 |Release delay Time that the holding brake requires to open (release) UINT16 RW  |{0x0000 (04e.)
after power was applied.
Unit: ms
8012:12 |Application delay Time that the holding brake requires to close (hold) after |UINT16 RW  |0x0000 (0y4.)
the power was switched off.
Unit: ms

8012:13 |Emergency application |Time that the amplifier waits until the speed reaches the |[UINT16 RW  |0x0000 (0y4.)
timeout standstill window after a stop request.
If the set waiting time is exceeded, the holding brake is
triggered independently of the speed.

Unit: ms

* Note:
This parameter must be adjusted to at least the
longest time of "coasting" of the axis.

» 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 inertia |Motor brake moment of inertia UINT16 RW  |0x0000 (0y.)
Unit: g cm?
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The following note refers to the DMC objects 0x6040, 0x7040, 0x8040 and 0x8041.

INT64 data type for all positions in the drive motion control

1 The data type INT64 is used for all positions in the drive motion control.
* The single-turn position is located in the lower 32 bits.
* The multi-turn position is located in the upper 32 bits.

Index 8040 DMC Settings

Index Name Meaning Data type |Flags |Default
(hex)
8040:0 DMC Settings Settings for Drive Motion Control. UINT8 RW 0x17 (23 4ec)
8040:07 |Emergency deceleration |Deceleration for the emergency stop ramp. UINT16 RW 0x64 (1004)
Indication in milliseconds from nominal motor speed to
standstill.
8040:08 |Calibration position If homing is successful, the "Actual position" is set to this |UINT64 RW 0x00 (Oyec)
value.
Observe the note on the data type [P 122]!
8040:09 |Calibration velocity Speed for driving on the referencing cams. UINT16 RW 0x64 (1004,.)
(towards plc cam) Is specified in 10,000ths of 0x8011:1B "Motor speed
limitation".
8040:0A |Calibration velocity (off |Speed to drive down from the referencing cam. UINT16 RW 0x0A (104)
plc cam) Is specified in 10,000ths of 0x8011:1B "Motor speed
limitation".
8040:0E |Modulo factor Modulo factor for modulo travel commands. UINT64 RW 0x100000000
The default value of 2*32 corresponds to a single-turn (4294967296 )
revolution and thus e.g. 360°.
8040:12 |Block calibration torque |Torque limitation for block calibration. UINT16 RW 0x64 (1004.)
limit The value is specified in 1000ths of 0x8011:12 "Rated
current".
8040:13 |Block calibration stop Specifies the distance by which to move out of the block |UINT64 RW 0x100000000
distance after calibration. (4294967296,,)
Observe the note on the data type [P 122]!
8040:14 |Block calibration lag Maximum permissible following error during block UINT64 RW 0x100000000
threshold calibration. (4294967296,,.)
Observe the note on the data type [»_122]!
8040:15 |Target position window |General position target window for travel commands for |UINT64 RW 0x16C16C1
reaching the InTarget state. (23860929,,.)
Observe the note on the data type [P 122]!
The "Target position window" is valid in connection with
0x8040:16 "Target position monitor time".
8040:16 |Target position monitor |The actual position must be within the position target UINT16 RW 0x14 (204c,)
time window 0x8040:15 for the specified time to reach the
InTarget state.
Unit: ms.
8040:17 |Target position timeout |Specifies the time for the timer to start when the setpoint |UINT16 RW 0x1770 (60004,,)
generator reaches the target 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.
122 Version: 1.3 EJ7411




BECKHOFF

Object description and parameterization

Index 8041 DMC Features

Index Name Meaning Data type |Flags |Default
(hex)
8041:0 DMC Features Drive Motion Control functions UINT8 RW 0X1B (27 4oc)
8041:13 |Invert calibration cam For the default homing sequence the direction for BOOLEAN |[RW 0x00 (Oyec)
search direction referencing cam search can be 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 impulse For the default homing sequence the direction for sync  |BOOLEAN |RW 0x01 (14ec)
search direction pulse search can be 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 source |Signal source of the referencing cam: UINT8 RW 0x00 (Oyec)
* 0:lnput1
* 1:Input 2
8041:1A |Calibration cam active  |Signal level of the referencing cam that is evaluated as |UINT8 RW 0x00 (Oyec)
level "active".
8041:1B |Latch source Signal source of the latch signal: UINT8 RW 0x00 (0yec)
* 0:Input 1
* 1:Input 2
10.3 Configuration data (vendor-specific)
Index 801F DRV Vendor data
Index Name Meaning Data type |Flags |Default
(hex)
801F:0 DRV vendor data Vendor-specific data UINT8 RO 0x18 (244.)
801F:11 |Amplifier peak current |Amplifier peak current UINT32 RW  |0x000031B8
Unit: mA (12728,.)
801F:12  |Amplifier rated current |Amplifier nominal current UINT32 RW  |0x000018DC
Unit: mA (6364 ..)
801F:13 |Amplifier thermal time |Amplifier thermal time constant UINT16 RW  |0x0023 (354)
constant Unit: 0.1s
801F:14  |Amplifier overcurrent Threshold value for short-circuit detection UINT32 RW  |0x000057E3
threshold Unit: mA (22499.)
801F:15 |Max rotary field Maximum rotary field frequency UINT16 RW  |0x0257 (599.)
frequency Unit: Hz
801F:16* |Amplifier peak current |Amplifier peak current in operation with fan (EL7411 UINT32 RW  |0x0000501A
with fan only) (20506,.)
Unit: mA
801F:17* |Amplifier rated current |Amplifier nominal current in operation with fan (EL7411  |UINT32 RW  |0x00002C31
with fan only) (113134.)
Unit: mA
801F:18 |Vendor feature bits Reserved UINT32 RW  |0x00000000 (0g.)
*) Serves only for compatibility to EL7411, no configuration for EJ7411
Index FB13 DRV Key Code
Index Name Meaning Data type |Flags |Default
(hex)
FB13:0 |DRV Key code UINT8 RO 0x01 (14ec)
FB13:01 |Code OCTET[32] RW |{0}
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10.4 Command object

Index FB0O0 command

Index Name Meaning Data type |Flags |Default
(hex)
FBO00:0 Command Command register UINT8 RO 0x03 (34.)

Used for the scan functions.

See chapter Scanning the hardware [»_61]

FB00:01 |Request Request OCTET- RwW  |{0}
STRINGI[2]

FB00:02 |[Status Status UINT8 RO 0x00 (0yec)

FB00:03 |Response Response OCTET- RO {0}
STRING[4]

10.5 Input data

Index 6000 FB inputs

Index Name Meaning Data type |Flags |Default
(hex)
6000:0 FB Inputs Maximum subindex UINT8 RO 0x12 (18¢4ec)
6000:0E |TxPDO State TRUE: BOOLEAN |RO 0x00 (Oyec)
the position data is invalid.
FALSE:
the position data is valid.
6000:0F |Input cycle counter Incremented with each process data cycle, switches to 0 |BIT2 RO 0x00 (Oyec)
after reaching the maximum value of 3.
6000:11  |Position Position UINT32 RO 0x00000000 (04.)
6000:12 |Enc Position Position value of the incremental encoder UINT32 RO 0x00000000 (0y4e.)

Index 6001 FB Touch probe inputs

Index Name Meaning Data type |Flags |Default

(hex)

6001:0 FB Touch probe inputs |Maximum subindex UINT8 RO 0x14 (204.)

6001:01 |TP1 Enable Touch probe 1 enabled BOOLEAN RO 0x00 (0yec)

6001:02 |TP1 Pos value stored |Positive value of Touch probe 1 stored BOOLEAN RO 0x00 (Oyec)

6001:03 | TP1 Neg value stored |Negative value of Touch probe 1 stored BOOLEAN RO 0x00 (0yec)

6001:08 |TP1 Input Digital input Touch probe 1 BOOLEAN RO 0x00 (0yec)
The input must be addressed with a 1-wire +24 V signal.

6001:09 |TP2 Enable Touch probe 2 enabled BOOLEAN RO 0x00 (Oyec)

6001:0A |TP2 Pos value stored |Positive value of Touch probe 2 stored BOOLEAN RO 0x00 (Oyec)

6001:0B | TP2 neg value stored |Negative value of Touch probe 2 stored BOOLEAN |RO 0x00 (0yec)

6001:10 |TP2 Input Digital input Touch probe 2 BOOLEAN |RO 0x00 (0yec)
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 0x00000000 (0y4e.)

The given value must be multiplied by the corresponding
scaling factor.

6001:12 | TP1 Neg position Negative value of Touch probe 1 UINT32 RO 0x00000000 (04e.)

The given value must be multiplied by the corresponding
scaling factor.

6001:13 | TP2 Pos position Positive value of Touch probe 2 UINT32 RO 0x00000000 (0y4e.)

The given value must be multiplied by the corresponding
scaling factor.

6001:14 | TP2 Neg position Negative value of Touch probe 2 UINT32 RO 0x00000000 (0y4ec)

The given value must be multiplied by the corresponding
scaling factor.
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Index 6010 DRV Inputs

Index Name Meaning Data type |Flags |Default
(hex)
6010:0 DRV Inputs Maximum subindex UINT8 RO 0x14 (204.)
6010:01 |Statusword Bit 0: Ready to switch on UINT16 RO 0x0000 (0yec)
Bit 1: Switched on
Bit 2: Operation enabled
Bit 3: Fault Bit
Bit 4 +5: reserved
Bit 6: Switch on disabled
Bit 7 - 11: reserved
Bit 12: Drive follows the command value
Bit 13-15: reserved
6010:03 |Modes of operation Permitted values: UINT8 RO 0x00 (04ec)
display 8: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)
131: Drive Motion Control (DMC)
6010:06 |Following error actual  |Following error INT32 RO 0x00000000 (04.)
value The given value must be multiplied by the corresponding
scaling factor.
6010:07 |Velocity actual value Current actual velocity INT32 RO 0x00000000 (0y4ec)
Scaling s. index 0x7010:06 [» 128
6010:08 |Torque actual value Actual torque INT16 RO 0x0000 (0yec)
Scaling see index 0x7010:09 [»_128]
6010:12 |Info data 1 Synchronous information (selection via subindex INT16 RO 0x0000 (0Oyec)
0x8010:39 [»_1171)
6010:13 |Info data 2 Synchronous information (selection via subindex INT16 RO 0x0000 (0yec)
0x8010:3A [» 117])
6010:14 |Info data 3 Synchronous information INT16 RO 0x0000 (0gec)
Index 6020 DI Inputs
Index Name Meaning Data type |Flags |Default
(hex)
6020:0 DI Inputs UINT8 RO 0x0D (13c)
6020:01  |Input 1 BOOLEAN |RO 0x00 (Ogec)
6020:02 |Input 2 BOOLEAN |RO 0x00 (Ogec)
6020:05 |Encoder A BOOLEAN |RO 0x00 (Ogec)
6020:06 |Encoder B BOOLEAN |RO 0x00 (Og4ec)
6020:07 |Encoder C BOOLEAN |RO 0x00 (0g4ec)
6020:09 |Hall A BOOLEAN |RO 0x00 (O4ec)
6020:0A |HallB BOOLEAN |RO 0x00 (Ogec)
6020:0B |HallC BOOLEAN |RO 0x00 (Ogec)
6020:0D |Level of ENA input BOOLEAN |RO 0x00 (Ogec)

The following note refers to the DMC objects 0x6040, 0x7040, 0x8040 and 0x8041.

® INT64 data type for all positions in the drive motion control

1 The data type INT64 is used for all positions in the drive motion control.

* The single-turn position is located in the lower 32 bits.

* The multi-turn position is located in the upper 32 bits.
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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__FeedbackStatus |An edge was detected on the external input and BOOLEAN RO 0x00 (Oyec)
__Latch extern valid latched.
6040:03 |DMC__FeedbackStatus |The setting of the feedback position was successful. |BOOLEAN RO 0x00 (Oyec)
__Set counter done - . - "
This bit remains present until "Set counter” is
released again
6040:0D |DMC__FeedbackStatus |Status of the external latch input. BOOLEAN RO 0x00 (Oyec)
__Status of extern latch
6040:11 |DMC__DriveStatus__Re |The drive hardware is ready for activation. BOOLEAN RO 0x00 (0yec)
ady to enable
6040:12 |DMC__DriveStatus__Re |The drive hardware is activated. BOOLEAN RO 0x00 (Oyec)
ady
6040:13 |DMC__DriveStatus__W |A warning is pending in the drive. BOOLEAN RO 0x00 (Oyec)
arning
6040:14 |DMC__ DriveStatus__Err|An error is pending in the drive. BOOLEAN RO 0x00 (Oyec)
or The "Ready to enable" bit and the "Ready" bit are set
to FALSE.
6040:15 |DMC__DriveStatus__M |The axis moves in positive direction. BOOLEAN RO 0x00 (0yec)
oving positive
6040:16 |DMC__DriveStatus__M |The axis moves in negative direction. BOOLEAN RO 0x00 (0yec)
oving negative
6040:1C |DMC__DriveStatus__Di |Status of the first digital input. BOOLEAN RO 0x00 (0yec)
gital input 1
6040:1D |DMC__ DriveStatus__Di |Status of the second digital input. BOOLEAN RO 0x00 (0yec)
gital input 2
6040:21 |DMC__PositioningStatu |The positioning task is running. BOOLEAN RO 0x00 (04ec)
s_ Busy
6040:22 |DMC__PositioningStatu |The axis is at the target position. BOOLEAN RO 0x00 (Ogec)
s__In-Target
6040:23 |DMC__PositioningStatu |Warning BOOLEAN RO 0x00 (04ec)
s__Warning
6040:24 |DMC__PositioningStatu |Error BOOLEAN RO 0x00 (Ogec)
s__Error
6040:25 |DMC__PositioningStatu |The axis is calibrated. BOOLEAN RO 0x00 (04ec)
s__Calibrated
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Index Name Meaning Data type Flags |Default
(hex)
6040:26 |DMC__PositioningStatu |The axis accelerates. BOOLEAN RO 0x00 (Oyec)
s__Accelerate
6040:27 |DMC__PositioningStatu |The axis is decelerating. BOOLEAN RO 0x00 (04ec)
s__Decelerate
6040:28 |DMC__PositioningStatu |The drive motion control is ready to accept a BOOLEAN RO 0x00 (Oyec)
s__Ready to execute command.
This bit is FALSE ...
+ ...if the drive has a fault
+ ...if the drive is not activated
» ... as long as the "PositioningControl__Execute"
is pending.
6040:31 |DMC__Set Position Current target position specified by the ramp INT64 RO 0x000000000000
generator in feedback increments. 0000 (Ogee)
6040:32 |DMC__Set velocity Current velocity specified by the ramp generator in INT16 RO 0x0000 (Oyec)
10000ths of the nominal motor speed
6040:33 |DMC__Actual drive time |The time since the start of the travel command in ms. [UINT32 RO 0x00000000 (0y4ec)
Stops when the target position is reached.
6040:34 |DMC__Actual position  |Following error INT64 RO 0x000000000000
lag 0000 (Ogec)
6040:35 |DMC__Actual velocity  |Current velocity in 10000ths of the nominal motor INT16 RO 0x0000 (0yec)
speed.
6040:36 | DMC__ Actual position  |Current position from the feedback (incl. possible INT64 RO 0x000000000000
offsets due to homing, ...). 0000 (Ogec)
6040:37 |DMC__Errorid Error Id (identical to Diag History). UINT32 RO 0x00000000 (04.)
6040:38 |DMC__Input cycle Incremented with each process data cycle. UINT8 RO 0x00 (Oyec)
counter
6040:39 |DMC__Channel id UINT8 RO 0x00 (Oyec)
6040:3A |DMC__ Latch value Feedback position at latch time. INT64 RO 0x000000000000
0000 (Ogec)
6040:3B |DMC__ Cyclic info data 1 |Synchronous info data INT16 RO 0x0000 (0Oyec)
6040:3C |DMC__ Cyclic info data 2 |Synchronous info data INT16 RO 0x0000 (0Oyec)
10.6 Output data
Index 7001 FB Touch probe outputs
Index Name Meaning Data type |Flags |Default
(hex)
7001:0 FB Touch probe outputs |[Maximum subindex UINT8 RO O0x0E (144.)
7001:01 |TP1 Enable Switch on Touch probe 1. BOOLEAN RO 0x00 (04ec)
7001:02 |TP1 Continous 0: triggered only on the first event. BOOLEAN RO 0x00 (04ec)
1: triggered on every event.
7001:03 |TP1 Trigger mode No function BIT2 RO 0x00 (Oyec)
7001:05 |TP1 Enable pos edge |Trigger on positive edge BOOLEAN |RO 0x00 (0yec)
7001:06 |TP1 Enable neg edge |Trigger on negative edge BOOLEAN RO 0x00 (Oyec)
7001:09 |TP2 Enable Switch on Touch probe 2. BOOLEAN RO 0x00 (0yec)
7001:0A | TP2 Continous 0: triggered only on the first event. BOOLEAN RO 0x00 (04ec)
1: triggered on every event.
7001:0B | TP2 Trigger mode No function BIT2 RO 0x00 (Oyec)
7001:0D |TP2 Enable pos edge |Trigger on positive edge BOOLEAN |RO 0x00 (0yec)
7001:0E |TP2 Enable neg edge |Trigger on negative edge BOOLEAN RO 0x00 (Oyec)

EJ7411

Version: 1.3

127




Object description and parameterization

BECKHOFF

Index 7010 DRV Outputs

Index Name Meaning Data type |Flags |Default
(hex)
7010:0 DRV Outputs Maximum subindex UINT8 RO OX0E (144c.)
7010:01 |Controlword Controlword: UINT16 RO 0x0000 (0yec)
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
7010:03 Modes of operation Selection of operation mode [P 42]: UINT8 RW 0x08 (Sdec)
8: 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)
131: Drive Motion Control (DMC)
7010:05 |Target position Configured target position INT32 RW  |{0x00000000 (0y4e.)
The value must be multiplied by the corresponding
scaling factor.
7010:06 |Target velocity Configured target velocity INT32 RO 0x00000000 (04e.)
The velocity scaling can be found in object 0x9010:14
[»_130] ("Velocity encoder resolution").
7010:09 |Target torque Configured target torque INT16 RO 0x0000 (Ogec)
The value is specified in 1000ths of "Rated current"
(0x8011:12 [»_120])
7010:0B |Torque limitation Torque limit value (Bipolar Limit) UINT16 RW  |OX7FFF (32767 )
The value is specified in 1000ths of "Rated current”
(0x8011:12 [»_120])
7010:0E |Commutation angle Commutation angle for the operation mode CSTCA UINT16 RO 0x0000 (0gec)
Unit: 360 °/ 2'®
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The following note refers to the DMC objects 0x6040, 0x7040, 0x8040 and 0x8041.

INT64 data type for all positions in the drive motion control

1 The data type INT64 is used for all positions in the drive motion control.
* The single-turn position is located in the lower 32 bits.
* The multi-turn position is located in the upper 32 bits.

Index 7040 DMC Outputs

Index Name Meaning Data type |Flags |Default
(hex)
7040:0 DMC Outputs UINT8 RO 0x36 (544.)
7040:02 |DMC__FeedbackControl |Latches to the positive edge of the external input. BOOLEAN [RO 0x00 (Oyec)
__Enable latch extern
on positive edge
7040:03 |DMC__FeedbackControl |With a rising edge "Actual position" is set to the value of |BOOLEAN |RO 0x00 (04ec)
__Set counter "Set counter value".
7040:04 |DMC__FeedbackControl |Latches to the negative edge of the external input. BOOLEAN |RO 0x00 (0yec)
__Enable latch extern
on negative edge
7040:11 |DMC__DriveControl__E |Activate drive. BOOLEAN [RO 0x00 (Oyec)
nable
7040:12 |DMC__DriveControl__R |Perform a reset of the drive hardware. BOOLEAN |RO 0x00 (Oyec)
eset
7040:21 |DMC__PositioningContr |Start travel command with a rising edge. BOOLEAN |RO 0x00 (0yec)
ol__Execute The task runs as long as this bit is set or 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__PositioningContr |In the event of a rising edge, decelerate to a standstill BOOLEAN |RO 0x00 (Oyec)
ol__Emergency stop with the emergency stop ramp.
7040:31 |DMC__Set counter See index 0x7040:03. INT64 RO 0x000000000000
value 0000 (Ogec)
7040:32 |DMC__Target position  |Position specification in feedback increments. INT64 RO 0x000000000000
0000 (Ogec)
7040:33 |DMC__Target velocity |Maximum velocity during the travel command in UINT16 RO 0x0000 (Oyec)
10000ths of the motor nominal speed.
7040:34 |DMC _Start type [»_101] |Type of positioning task: UINT16 RO 0x0000 (0yec)
* 0x0001: Absolute
* 0x0002: Relative
» 0x0003: Endless +
* 0x0004: Endless —
* 0x0105: Modulo short
» 0x0205: Modulo +
»  0x0305: Modulo —
» 0x6000: Cali PLC cam
» 0x6200: Cali Block
+ 0x6EO00: Cali set
» 0x6FO00: Cali clear
7040:35 |DMC__Target Acceleration: time in ms from standstill to reaching the  |UINT16 RO 0x0000 (0gec)
acceleration nominal motor speed.
7040:36 | DMC__Target Deceleration: time in ms for the deceleration from the UINT16 RO 0x0000 (O4ec)
deceleration nominal motor speed to standstill.
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10.7 Information / 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 (21 4ec)
9010:11  |Amplifier temperature  |Internal temperature of the module UINT16 RO 0x0000 (Oyec)
Unit: 0.1 °C
9010:12 |DC link voltage DC link voltage UINT32 RO 0x00000000 (Ogec)
Unit: mV
9010:13 |Supported drive modes |Information on supported drive modes. UINT32 RO 0x00000000 (0y4e.)
(DS402: object 0x6502)
Only modes CSV, CST, CSTCA and CSP are
supported
Bit 7: CSP
Bit 8: CSV
Bit 9: CST
Bit 10: CSTCA
9010:14  |Velocity encoder Display of the configured encoder increments / s and UINT32 RO 0x00000000 (0y4e.)
resolution motor revolutions / s. The "Velocity Encoder Resolution"”
is calculated according to the following formula:
Velocity Encoder Resolution =
(encoder_increments / s ) / (motor_revolutions / s)
9010:15 |Position encoder Feedback increments per motor revolution UINT32 RO 0x00000000 (04.)
resolution increments
Index A010 DRV Amplifier Diag data
Index Name Meaning Data type |Flags |Default
(hex)
A010:0 DRV Amplifier Diag Amplifier diagnostic data UINT8 RO 0x11 (17 gec)
data
A010:11  |Amplifier 12T Amplifier 1°T-model utilization UINT8 RO 0x00 (Oyec)
temperature Unit: %
Index A011 DRV Motor Diag data
Index Name Meaning Data type |Flags |Default
(hex)
A011:0 DRV Motor Diag data  |Motor diagnosis data UINT8 RO 0x11 (17 o)
A011:11  |Motor I2T temperature |Motor I°T-model utilization UINT8 RO 0x00 (04ec)
Unit: %
Index FB40 Memory interface
Index Name Meaning Data type |Flags |Default
(hex)
FB40:0 |Memory interface Maximum subindex UINT8 RO 0x03 (34c)
FB40:01 |Address reserved UINT32 RW  |0x00000000 (0g.)
FB40:02 |Length reserved UINT16 RW  |0x0000 (0y4e.)
FB40:03 |Data reserved OCTET- RwW  |{0}
STRINGI8]
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10.8 Standard objects

Index 1000 Device type

Index Name Meaning Data type |Flags |Default

(hex)

1000:0 Device type Device type of the EtherCAT slave: The Lo-Word UINT32 RO 0x00001389
contains the CoE profile used (5001). The Hi-Word (5001 4c)
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 EJ7411

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 01

Index 100B Bootloader version

Index Name Meaning Data type |Flags |Default

(hex)

100B:0 Bootloader version Bootloader version STRING RO

Index 1018 Identity

Index Name Meaning Data type |Flags  Default

(hex)

1018:0 Identity Information for identifying the slave UINT8 RO 0x04 (44ec)

1018:01 |Vendor ID Vendor ID of the EtherCAT slave UINT32 RO 0x00000002 (24.)

1018:02 |Product code Product code of the EtherCAT slave UINT32 RO 0x1CF32852

(485697618,..)

1018:03 |Revision Revision number of the EtherCAT slave; the Low Word  |[UINT32 RO 0x00000000 (04.)
(bit 0-15) indicates the special device number, the High
Word (bit 16-31) refers to the device description

1018:04 |Serial number Serial number of the EtherCAT slave; the Low Byte (bit |UINT32 RO 0x00000000 (0y4e.)
0-7) of the Low Word contains the year of production, the
High Byte (bit 8-15) of the Low Word contains the week
of production, the High Word (bit 16-31) is O

Index 10E2 Manufacturer-specific Identification Code

Index Name Meaning Data type |Flags  Default

(hex)

10E2:0 Manufacturer-specific UINT8 RO 0x01 (14ec)

identification code

10E2:01 |Subindex 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 saving of UINT8 RO 0x01 (14ec)

handling backup entries

10F0:01 |Checksum Checksum across all backup entries of the EtherCAT UINT32 RO 0x00000000 (0y4ec)
slave
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Index 10F3 Diagnosis History

Index Name Meaning Data type |Flags |Default
(hex)
10F3:0 Diagnosis History Maximum subindex UINT8 RO 0x37 (554ec)
10F3:01 |Maximum Messages Maximum number of stored messages. A maximum of 50 |[UINT8 RO 0x00 (Oyec)
messages can be stored
10F3:02 |Newest Message Subindex of the latest message UINT8 RO 0x00 (0yec)
10F3:03 |Newest Acknowledged |Subindex of the last confirmed message UINT8 RW  |0x00 (Oye)
Message
10F3:04 |New Messages Indicates that a new message is available BOOLEAN |RO 0x00 (0yec)
Available
10F3:05 |Flags not used UINT16 RW  |0x0000 (0y.)
10F3:06 |Diagnosis Message 001 |Message 1 OCTET- RO {0}
STRING[28]
10F3:37 |Diagnosis Message 050 [Message 50 OCTET- RO {0}
STRING[28]
Index 10F8 Actual Time Stamp
Index Name Meaning Data type |Flags |Default
(hex)
10F8:0 Actual Time Stamp Timestamp UINT64 RO
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 (146c)
control word
1600:01 |Sublndex 001 1. PDO mapping entry (object 0x7010 (DRV outputs), UINT32 RO 0x7010:01, 16
entry 0x01 (control word))
Index 1601 DRV RxPDO-map target velocity
Index Name Meaning Data type |Flags |Default
(hex)
1601:0 DRV RxPDO-map target |PDO Mapping RxPDO 2 UINT8 RO 0x01 (14ec)
velocity
1601:01 |Sublndex 001 1. PDO Mapping entry (object 0x7010 (DRV Outputs), UINT32 RO 0x7010:06, 32
entry 0x06 (Target velocity))
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 (146c)
Target torque
1602:01 |Sublindex 001 1. PDO mapping entry (object 0x7010 (DRV outputs), UINT32 RO 0x7010:09, 16
entry 0x09 (target torque))
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 (14ec)
commutation angle
1603:01 |Subindex 001 1. PDO mapping entry (object 0x7010 (DRV outputs), UINT32 RO 0x7010:0E, 16
entry OXOE (commutation angle))
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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 (146c)
torque limitation
1604:01 |Sublindex 001 1. PDO mapping entry (object 0x7010 (DRV outputs), UINT32 RO 0x7010:0B, 16
entry 0x0B (torque limitation))
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 (146c)
Target position
1606:01 |Sublindex 001 1. PDO mapping entry (object 0x7010 (DRV outputs), UINT32 RO 0x7010:05, 32
entry 0x05 (target position))
Index 1607 FB RxPDO-Map Touch probe control
Index Name Meaning Data type |Flags  Default
(hex)
1607:0 FB RxPDO-Map Touch |PDO Mapping RxPDO 8 UINT8 RO 0x0C (124.)
probe control
1607:01 |Sublndex 001 1. PDO Mapping entry (object 0x7001 (FB Touch probe |UINT32 RO 0x7001:01, 1
outputs), entry 0x01 (TP1 Enable))
1607:02 |Sublndex 002 2. PDO Mapping entry (object 0x7001 (FB Touch probe |UINT32 RO 0x7001:02, 1
outputs), entry 0x02 (TP1 Continous))
1607:03 |Subindex 003 3. PDO Mapping entry (object 0x7001 (FB Touch probe |UINT32 RO 0x7001:03, 2
outputs), entry 0x03 (TP1 Trigger mode))
1607:04 |Sublndex 004 4. PDO Mapping entry (object 0x7001 (FB Touch probe |UINT32 RO 0x7001:05, 1
outputs), entry 0x05 (TP1 Enable pos edge))
1607:05 |Subindex 005 5. PDO Mapping entry (object 0x7001 (FB Touch probe |UINT32 RO 0x7001:06, 1
outputs), entry 0x06 (TP1 Enable neg edge))
1607:06 |Sublndex 006 6. PDO Mapping entry (2 bits align) UINT32 RO 0x0000:00, 2
1607:07 |Subindex 007 7. PDO Mapping entry (object 0x7001 (FB Touch probe |UINT32 RO 0x7001:09, 1
outputs), entry 0x09 (TP2 Enable))
1607:08 |Subindex 008 8. PDO Mapping entry (object 0x7001 (FB Touch probe |UINT32 RO 0x7001:0A, 1
outputs), entry 0xOA (TP2 Continous))
1607:09 |Sublndex 009 9. PDO Mapping entry (object 0x7001 (FB Touch probe |UINT32 RO 0x7001:0B, 2
outputs), entry 0xOB (TP2 Trigger mode))
1607:0A |Sublndex 010 10. PDO Mapping entry (object 0x7001 (FB Touch probe |UINT32 RO 0x7001:0D, 1
outputs), entry 0xOD (TP2 Enable pos edge))
1607:0B |Sublindex 011 11. PDO Mapping entry (object 0x7001 (FB Touch probe |UINT32 RO 0x7001:0E, 1
outputs), entry OXOE (TP2 Enable neg edge))
1607:0C |Sublndex 012 12. PDO Mapping entry (2 bits align) UINT32 RO 0x0000:00, 2
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Index 1640 DMC RxPDO-Map Outputs

Index Name Meaning Data type |Flags |Default

(hex)

1640:0 DMC RxPDO-Map DMC RxPDO-Map Outputs UINT8 RO 0x12 (184.)

Outputs

1640:01 | Sublindex 001 1. PDO Mapping entry (1 bit align) UINT32 RO 0x0000:00, 1

1640:02 |Subindex 002 2. PDO Mapping entry (object 0x7040 (DMC Outputs), |[UINT32 RO 0x7040:02, 1
entry 0x02 (DMC_FeedbackControl__Enable latch
extern on positive edge))

1640:03 |Sublindex 003 3. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:03, 1
entry 0x03 (DMC_FeedbackControl__Set counter))

1640:04 |Subindex 004 4. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:04, 1
entry 0x04 (DMC__ FeedbackControl__Enable latch
extern on negative edge))

1640:05 |Subindex 005 5. PDO Mapping entry (12 bits align) UINT32 RO 0x0000:00, 12

1640:06 |Sublindex 006 6. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:11, 1
entry 0x11 (DMC__ DriveControl__Enable))

1640:07 |Sublindex 007 7. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:12, 1
entry 0x12 (DMC__ DriveControl__Reset))

1640:08 |Sublindex 008 8. PDO Mapping entry (14 bits align) UINT32 RO 0x0000:00, 14

1640:09 |Subindex 009 9. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:21, 1
entry 0x21 (DMC__ PositioningControl__Execute))

1640:0A |Subindex 010 10. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:22, 1
entry 0x22 (DMC__ PositioningControl__Emergency
stop))

1640:0B |Sublindex 011 11. PDO Mapping entry (14 bits align) UINT32 RO 0x0000:00, 14

1640:0C |Subindex 012 12. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:31, 64
entry 0x31 (DMC__ Set counter value))

1640:0D |Subindex 013 13. PDO Mapping entry (object 0x7040 (DMC Outputs), [UINT32 RO 0x7040:32, 64
entry 0x32 (DMC__ Target position))

1640:0E |Subindex 014 14. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:33, 16
entry 0x33 (DMC__Target velocity))

1640:0F |Subindex 015 15. PDO Mapping entry (object 0x7040 (DMC Outputs), [UINT32 RO 0x7040:34, 16
entry 0x34 (DMC__ Start type))

1640:10 |Subindex 016 16. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:35, 16
entry 0x35 (DMC__ Target acceleration))

1640:11 |Subindex 017 17. PDO Mapping entry (object 0x7040 (DMC Outputs), [UINT32 RO 0x7040:36, 16
entry 0x36 (DMC__ Target deceleration))

1640:12 |Subindex 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

(hex)

1641:0 DMC RxPDO-Map PDO Mapping RxPDO 66 UINT8 RO 0x14 (204.)

Outputs 32 Bit

1641:01 | Sublindex 001 1. PDO Mapping entry (1 bit align) UINT32 RO 0x0000:00, 1

1641:02 |Subindex 002 2. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:02, 1
entry 0x02 (DMC__ FeedbackControl__Enable latch
extern on positive edge))

1641:03 |Subindex 003 3. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:03, 1
entry 0x03 (DMC__ FeedbackControl__Set counter))

1641:04 |Subindex 004 4. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:04, 1
entry 0x04 (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 |Sublindex 006 6. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:11, 1
entry 0x11 (DMC__ DriveControl__Enable))

1641:07 |Sublindex 007 7. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:12, 1
entry 0x12 (DMC__ DriveControl__Reset))

1641:08 |Sublindex 008 8. PDO Mapping entry (14 bits align) UINT32 RO 0x0000:00, 14

1641:09 |Subindex 009 9. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:21, 1
entry 0x21 (DMC__ PositioningControl__Execute))

1641:0A |Subindex 010 10. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:22, 1
entry 0x22 (DMC__ PositioningControl__Emergency
stop))

1641:0B |Sublindex 011 11. PDO Mapping entry (14 bits align) UINT32 RO 0x0000:00, 14

1641:0C |Subindex 012 12. PDO Mapping entry (object 0x7040 (DMC Outputs), [UINT32 RO 0x7040:31, 32
entry 0x31 (DMC__ Set 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 (DMC Outputs), |UINT32 RO 0x7040:32, 32
entry 0x32 (DMC__ Target position))

1641:0F |Subindex 015 15. PDO Mapping entry (32 bits align) UINT32 RO 0x0000:00, 32

1641:10 |Subindex 016 16. PDO Mapping entry (object 0x7040 (DMC Outputs), [UINT32 RO 0x7040:33, 16
entry 0x33 (DMC__ Target velocity))

1641:11  |Subindex 017 17. PDO Mapping entry (object 0x7040 (DMC Outputs), |UINT32 RO 0x7040:34, 16
entry 0x34 (DMC__ Start type))

1641:12 |Subindex 018 18. PDO Mapping entry (object 0x7040 (DMC Outputs), [UINT32 RO 0x7040:35, 16
entry 0x35 (DMC__ Target acceleration))

1641:13 |Subindex 019 19. PDO Mapping entry (object 0x7040 (DMC Outputs), [UINT32 RO 0x7040:36, 16
entry 0x36 (DMC__Target deceleration))

1641:14 |Sublindex 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

(hex)

1A00:0 |FB TxPDO-Map Position|PDO Mapping TxPDO 1 UINT8 RO 0x01 (146c)

1A00:01 |Subindex 001 1. PDO Mapping entry (object 0x6000 (FB Inputs), entry |UINT32 RO 0x6000:11, 32
0x11 (Position))

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 (146c)

Statusword

1A01:01 |Subindex 001 1. PDO Mapping entry (object 0x6010 (DRV Inputs), UINT32 RO 0x6010:01, 16
entry 0x01 (Statusword))
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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 (146c)
Velocity actual value
1A02:01 |Subindex 001 1. PDO Mapping entry (object 0x6010 (DRV Inputs), UINT32 RO 0x6010:07, 32
entry 0x07 (Velocity actual value))
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 (146c)
Torque actual value
1A03:01 |Sublndex 001 1. PDO Mapping entry (object 0x6010 (DRV Inputs), UINT32 RO 0x6010:08, 16
entry 0x08 (Torque actual value))
Index 1A04 DRV TxPDO-Map Info data 1
Index Name Meaning Data type |Flags  Default
(hex)
1A04:0 DRV TxPDO-Map Info  |PDO Mapping TxPDO 5 UINT8 RO 0x01 (14ec)
data 1
1A04:01 |Sublindex 001 1. PDO Mapping entry (object 0x6010 (DRV Inputs), UINT32 RO 0x6010:12, 16
entry 0x12 (Info data 1))
Index 1A05 DRV TxPDO-Map Info data 2
Index Name Meaning Data type |Flags |Default
(hex)
1A05:0 DRV TxPDO-Map Info  |PDO Mapping TxPDO 6 UINT8 RO 0x01 (14ec)
data 2
1A05:01 |Subindex 001 1. PDO Mapping entry (object 0x6010 (DRV Inputs), UINT32 RO 0x6010:13, 16
entry 0x13 (Info data 2))
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 (146c)
Following error actual
value
1A06:01 |Sublndex 001 1. PDO Mapping entry (object 0x6010 (DRV Inputs), UINT32 RO 0x6010:06, 32
entry 0x06 (Following error actual value))
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Index 1A07 FB TxPDO-Map Touch probe status

Index Name Meaning Data type |Flags |Default
(hex)
1A07:0 |FB TxPDO-Map Touch |PDO Mapping TxPDO 8 UINT8 RO 0XO0A (104c.)
probe status
1A07:01 |Sublndex 001 1. PDO Mapping entry (object 0x6001 (FB Touch probe |UINT32 RO 0x6001:01, 1
inputs), entry 0x01 (TP1 Enable))
1A07:02 |Subindex 002 2. PDO Mapping entry (object 0x6001 (FB Touch probe |UINT32 RO 0x6001:02, 1
inputs), entry 0x02 (TP1 pos. value stored))
1A07:03 |Subindex 003 3. PDO Mapping entry (object 0x6001 (FB Touch probe |UINT32 RO 0x6001:03, 1
inputs), entry 0x03 (TP1 Neg. 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 Touch probe |UINT32 RO 0x6001:08, 1
inputs), entry 0x08 (TP1 Input))
1A07:06 |Sublndex 006 6. PDO Mapping entry (object 0x6001 (FB Touch probe |UINT32 RO 0x6001:09, 1
inputs), entry 0x09 (TP2 Enable))
1A07:07 |Sublndex 007 7. PDO Mapping entry (object 0x6001 (FB Touch probe |UINT32 RO 0x6001:0A, 1
inputs), entry 0x0A (TP2 pos value stored))
1A07:08 |Subindex 008 8. PDO Mapping entry (object 0x6001 (FB Touch probe |UINT32 RO 0x6001:0B, 1
inputs), entry 0x0B (TP2 neg value stored))
1A07:09 |Sublndex 009 9. PDO Mapping entry (4 bits align) UINT32 RO 0x0000:00, 4
1A07:0A |Subindex 009 8. PDO Mapping entry (object 0x6001 (FB Touch probe |UINT32 RO 0x6001:10, 1
inputs), entry 0x10 (TP2 Input))
Index 1A08 FB TxPDO-Map Touch probe 1 pos position
Index Name Meaning Data type |Flags |Default
(hex)
1A08:0 FB TxPDO-Map Touch |PDO Mapping TxPDO 9 UINT8 RO 0x01 (14ec)
probe 1 pos position
1A08:01 |Subindex 001 1. PDO Mapping entry (object 0x6001 (FP Touch probe |UINT32 RO 0x6001:11, 32
inputs), entry 0x11 (TP1 Pos position))
Index 1A09 FB TxPDO-Map Touch probe 1 neg position
Index Name Meaning Data type |Flags |Default
(hex)
1A09:0 FB TxPDO-Map Touch |PDO Mapping TxPDO 10 UINT8 RO 0x01 (14ec)
probe 1 neg position
1A09:01 |Subindex 001 1. PDO Mapping entry (object 0x6001 (FB Touch probe |UINT32 RO 0x6001:12, 32
inputs), entry 0x12 (TP1 Neg position))
Index 1A0A FB TxPDO-Map Touch probe 2 pos position
Index Name Meaning Data type |Flags |Default
(hex)
1A0A:0 |FB TxPDO-Map Touch |PDO Mapping TxPDO 11 UINT8 RO 0x01 (14ec)
probe 2 pos position
1A0A:01 |Subindex 001 1. PDO Mapping entry (object 0x6001 (FB Touch probe |UINT32 RO 0x6001:13, 32
inputs), entry 0x13 (TP2 Pos position))
Index 1A0B FB TxPDO-Map Touch probe 2 neg position
Index Name Meaning Data type |Flags |Default
(hex)
1A0B:0  |FB TxPDO-Map Touch |PDO Mapping TxPDO 12 UINT8 RO 0x01 (146c)
probe 2 neg position
1A0B:01 |Subindex 001 1. PDO Mapping entry (object 0x6001 (FB Touch probe |UINT32 RO 0x6001:14, 32
inputs), entry 0x14 (TP2 neg position))
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Index 1A0D DRV TxPDO-Map Info data 3

Index Name Meaning Data type |Flags |Default

(hex)

1A0D:0 |DRV TxPDO-Map Info |PDO Mapping TxPDO 13 UINT8 RO 0x01 (146c)

data 3

1A0D:01 |Sublndex 001 1. PDO Mapping entry (object 0x6010 (DRV Inputs), UINT32 RO 0x6010:14, 16
entry 0x14 (Info data 3))

Index 1A0E FB TxPDO-Map Enc Position

Index Name Meaning Data type |Flags |Default

(hex)

1A0E:0 |FB TxPDO-Map Enc PDO Mapping TxPDO 14 UINT8 RO 0x01 (14ec)

Position

1AOE:01 |Sublindex 001 1. PDO Mapping entry (object 0x6000 (FB Inputs), entry |UINT32 RO 0x6000:12, 32
0x12 (Enc Position))

Index 1A10 DI TxPDO-Map Inputs

Index Name Meaning Data type |Flags  Default

(hex)

1A10:0 DI TxPDO-Map Inputs  |PDO Mapping TxPDO 13 UINT8 RO 0x0D (134c)

1A10:01 |SubIndex 001 1. PDO Mapping entry (object 0x6020 (DI Inputs), entry  |UINT32 RO 0x6020:01, 1
0x01 (Input 1))

1A10:02 |Subindex 002 2. PDO Mapping entry (object 0x6020 (DI Inputs), entry |UINT32 RO 0x6020:02, 1
0x02 (Input 2))

1A10:03 |Subindex 003 3. PDO Mapping entry (2 bits align) UINT32 RO 0x0000:00, 2

1A10:04 |Subindex 004 4. PDO Mapping entry (object 0x6020 (DI Inputs), entry |UINT32 RO 0x6020:05, 1
0x05 (Encoder A))

1A10:05 |Sublndex 005 5. PDO Mapping entry (object 0x6020 (DI Inputs), entry |UINT32 RO 0x6020:06, 1
0x06 (Encoder B))

1A10:06 |Subindex 006 6. PDO Mapping entry (object 0x6020 (DI Inputs), entry |UINT32 RO 0x6020:07, 1
0x06 (Encoder C))

1A10:07 |Sublndex 007 7. PDO Mapping entry (1 bits align) UINT32 RO 0x0000:00, 1

1A10:08 |Sublndex 008 8. PDO Mapping entry (object 0x6020 (DI Inputs), entry |UINT32 RO 0x6020:09, 1
0x09 (Hall A))

1A10:09 |Subindex 009 9. PDO Mapping entry (object 0x6020 (DI Inputs), entry |UINT32 RO 0x6020:0A, 1
0x0A (Hall B))

1A10:0A |Sublndex 010 10. PDO Mapping entry (object 0x6020 (DI Inputs), entry |UINT32 RO 0x6020:0B, 1
0x0B (Hall C))

1A10:0B |Sublndex 011 11. PDO Mapping entry (1 bits align) UINT32 RO 0x0000:00, 1

1A10:0C |Sublndex 012 12. PDO Mapping entry (object 0x6020 (DI Inputs), entry |UINT32 RO 0x6020:0D, 1
0x0D (Level of ENA input))

1A10:0D |Subindex 013 13. PDO Mapping entry (3 bits align) UINT32 RO 0x0000:00, 3
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Index 1A40 DMC TxPDO-Map Inputs
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Index Name Meaning Data type |Flags |Default

(hex)

1A40:0 |DMC TxPDO-Map PDO Mapping TxPDO 65 UINT8 RO 0x26 (384.)

Inputs

1A40:01 |Sublndex 001 1. PDO Mapping entry (1 bit align) UINT32 RO 0x0000:00, 1

1A40:02 |Subindex 002 2. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:02, 1
entry 0x02 (DMC__ FeedbackStatus__Latch extern
valid))

1A40:03 [Subindex 003 3. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:03, 1
entry 0x03 (DMC__ FeedbackStatus__Set counter done))

1A40:04 |Subindex 004 4. PDO Mapping entry (9 bits align) UINT32 RO 0x0000:00, 9

1A40:05 |Subindex 005 5. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:0D, 1
entry 0xOD (DMC__ FeedbackStatus__ Status of extern
latch))

1A40:06 |Sublindex 006 6. PDO Mapping entry (3 bits align) UINT32 RO 0x0000:00, 3

1A40:07 |Sublindex 007 7. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:11, 1
entry 0x11 (DMC__ DriveStatus__Ready to enable))

1A40:08 |Subindex 008 8. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:12, 1
entry 0x12 (DMC__ DriveStatus__Ready))

1A40:09 |Subindex 009 9. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:13, 1
entry 0x13 (DMC__ DriveStatus__Warning))

1A40:0A |Subindex 010 10. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:14, 1
entry 0x14 (DMC__ DriveStatus__Error))

1A40:0B |Subindex 011 11. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:15, 1
entry 0x15 (DMC__ DriveStatus__Moving positive))

1A40:0C |Subindex 012 12. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:16, 1
entry 0x16 (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 (DMC Inputs), UINT32 RO 0x6040:1C, 1
entry 0x1C (DMC__ DriveStatus__Digital input 1))

1A40:0F |Subindex 015 15. PDO Mapping entry UINT32 RO 0x6040:1D, 1
(object 0x6040 (DMC Inputs), entry 0x1D
(DMC__ DriveStatus__Digital input 2))

1A40:10 |Subindex 016 16. PDO Mapping entry (3 bits align) UINT32 RO 0x0000:00, 3

1A40:11 |Sublindex 017 17. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:21, 1
entry 0x21 (DMC__ PositioningStatus__Busy))

1A40:12 |Subindex 018 18. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:22, 1
entry 0x22 (DMC__ PositioningStatus__In-Target))

1A40:13 |Sublindex 019 19. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:23, 1
entry 0x23 (DMC__ PositioningStatus__Warning))

1A40:14 |Subindex 020 20. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:24, 1
entry 0x24 (DMC__ PositioningStatus__Error))

1A40:15 |Sublindex 021 21. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:25, 1
entry 0x25 (DMC__ PositioningStatus__Calibrated))

1A40:16 |Subindex 022 22. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:26, 1
entry 0x26 (DMC__ PositioningStatus__ Accelerate))

1A40:17 |Sublindex 023 23. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:27, 1
entry 0x27 (DMC__ PositioningStatus__Decelerate))

1A40:18 |Subindex 024 24. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:28, 1
entry 0x28 (DMC__ PositioningStatus__Ready to
execute))

1A40:19 |Subindex 025 25. PDO Mapping entry (8 bits align) UINT32 RO 0x0000:00, 8

1A40:1A |Subindex 026 26. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:31, 64
entry 0x31 (DMC__ Set position))

1A40:1B |Subindex 027 27. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:32, 16
entry 0x32 (DMC__ Set velocity))

1A40:1C |Subindex 028 28. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:33, 32
entry 0x33 (DMC__ Actual drive time))

1A40:1D |Subindex 029 29. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:34, 64
entry 0x34 (DMC__ Actual position lag))

1A40:1E |Subindex 030 30. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:35, 16
entry 0x35 (DMC__ Actual velocity))

1A40:1F |Sublndex 031 31. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:36, 64
entry 0x36 (DMC__ Actual position))

1A40:20 |Subindex 032 32. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:37, 32

entry 0x37 (DMC__ Error id))
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Index Name Meaning Data type |Flags |Default

(hex)

1A40:21 |Subindex 033 33. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:38, 8
entry 0x38 (DMC__ Input cycle counter))

1A40:22 |Subindex 034 34. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:39, 8
entry 0x39 (DMC__ Channel id))

1A40:23 |Sublindex 035 35. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:3A, 64
entry 0x3A (DMC__Latch value))

1A40:24 |Subindex 036 36. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:3B, 16
entry 0x3B (DMC__ Cyclic info data 1))

1A40:25 |Subindex 037 37. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:3C, 16
entry 0x3C (DMC__ Cyclic info data 2))

1A40:26 |Subindex 038 38. PDO Mapping entry (64 bits align) UINT32 RO 0x0000:00, 64

Index 1A41 DMC TxPDO-Map Inputs 32 Bit

Index Name Meaning Data type |Flags |Default

(hex)

1A41:0 |DMC TxPDO-Map PDO Mapping TxPDO 66 UINT8 RO 0x2A (424.)

Inputs 32 Bit

1A41:01 |Sublndex 001 1. PDO Mapping entry (1 bit align) UINT32 RO 0x0000:00, 1

1A41:02 |Subindex 002 2. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:02, 1
entry 0x02 (DMC__ FeedbackStatus__Latch extern
valid))

1A41:03 |Subindex 003 3. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:03, 1
entry 0x03 (DMC__ FeedbackStatus__Set counter done))

1A41:04 |Subindex 004 4. PDO Mapping entry (9 bits align) UINT32 RO 0x0000:00, 9

1A41:05 |Sublindex 005 5. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:0D, 1
entry 0xOD (DMC__ FeedbackStatus__Status of extern
latch))

1A41:06 |Subindex 006 6. PDO Mapping entry (3 bits align) UINT32 RO 0x0000:00, 3

1A41:07 |Sublindex 007 7. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:11, 1
entry Ox11 (DMC__ DriveStatus__Ready to enable))

1A41:08 |Subindex 008 8. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:12, 1
entry 0x12 (DMC__ DriveStatus__Ready))

1A41:09 |Subindex 009 9. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:13, 1
entry 0x13 (DMC__ DriveStatus__Warning))

1A41:0A |Subindex 010 10. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:14, 1
entry 0x14 (DMC__ DriveStatus__Error))

1A41:0B |Subindex 011 11. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:15, 1
entry 0x15 (DMC__ DriveStatus___Moving positive))

1A41:0C |Subindex 012 12. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:16, 1
entry 0x16 (DMC__ DriveStatus__Moving negative))

1A41:0D |Subindex 013 13. PDO Mapping entry (5 bits align) UINT32 RO 0x0000:00, 5

1A41:0E |Subindex 014 14. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:1C, 1
entry 0x1C (DMC__ DriveStatus__Digital input 1))

1A41:0F |Subindex 015 15. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:1D, 1
entry 0x1D (DMC__DriveStatus__ Digital input 2))

1A41:10 |Subindex 016 16. PDO Mapping entry (3 bits align) UINT32 RO 0x0000:00, 3

1A41:11  |Subindex 017 17. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:21, 1
entry 0x21 (DMC__ PositioningStatus__Busy))

1A41:12 |Subindex 018 18. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:22, 1
entry 0x22 (DMC__ PositioningStatus__In-Target))

1A41:13 |Subindex 019 19. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:23, 1
entry 0x23 (DMC__ PositioningStatus__Warning))

1A41:14  |Subindex 020 20. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:24, 1
entry 0x24 (DMC__ PositioningStatus__Error))

1A41:15 |Sublndex 021 21. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:25, 1
entry 0x25 (DMC__ PositioningStatus__ Calibrated))

1A41:16 |Sublindex 022 22. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:26, 1
entry 0x26 (DMC__ PositioningStatus__ Accelerate))

1A41:17 |Subindex 023 23. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:27, 1
entry 0x27 (DMC__ PositioningStatus__Decelerate))

1A41:18 |Subindex 024 24. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:28, 1
entry 0x28 (DMC__ PositioningStatus__Ready to
execute))

1A41:19 |Subindex 025 25. PDO Mapping entry (8 bits align) UINT32 RO 0x0000:00, 8
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Index Name Meaning Data type |Flags |Default

(hex)

1A41:1A |Subindex 026 26. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:31, 32
entry 0x31 (DMC__Set position))

1A41:1B |Subindex 027 27. PDO Mapping entry (32 bits align) UINT32 RO 0x0000:00, 32

1A41:1C |Subindex 028 28. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:32, 16
entry 0x32 (DMC__ Set velocity))

1A41:1D |Subindex 029 29. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:33, 32
entry 0x33 (DMC__ Actual drive time))

1A41:1E |Subindex 030 30. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:34, 32
entry 0x34 (DMC__ Actual position lag))

1A41:1F |Sublndex 031 31. PDO Mapping entry (32 bits align) UINT32 RO 0x0000:00, 32

1A41:20 |Subindex 032 32. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:35, 16
entry 0x35 (DMC__ Actual velocity))

1A41:21 |Subindex 033 33. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:36, 32
entry 0x36 (DMC__ Actual position))

1A41:22 |Subindex 034 34. PDO Mapping entry (32 bits align) UINT32 RO 0x0000:00, 32

1A41:23 |Subindex 035 35. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:37, 32
entry 0x37 (DMC__ Error id))

1A41:24 |Subindex 036 36. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:38, 8
entry 0x38 (DMC__ Input cycle counter))

1A41:25 |Subindex 037 37. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:39, 8
entry 0x39 (DMC__Channel id))

1A41:26 |Subindex 038 38. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:3A, 32
entry Ox3A (DMC__ Latch value))

1A41:27 |Subindex 039 39. PDO Mapping entry (32 bits align) UINT32 RO 0x0000:00, 32

1A41:28 |Subindex 040 40. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:3B, 16
entry 0x3B (DMC__ Cyclic info data 1))

1A41:29 |Sublndex 041 41. PDO Mapping entry (object 0x6040 (DMC Inputs), UINT32 RO 0x6040:3C, 16
entry 0x3C (DMC__ Cyclic info data 2))

1A41:2A |Subindex 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 type Using the Sync Managers UINT8 RO 0x04 (44ec)

1C00:01 |Sublndex 001 Sync-Manager Type Channel 1: Mailbox Write UINT8 RO 0x01 (14ec)

1C00:02 |Sublndex 002 Sync-Manager Type Channel 2: Mailbox Read UINT8 RO 0x02 (24ec)

1C00:03 |Sublndex 003 Sync-Manager Type Channel 3: Process Data Write UINT8 RO 0x03 (34ec)
(Outputs)

1C00:04 |Subindex 004 Sync-Manager Type Channel 4: Process Data Read UINT8 RO 0x04 (44.)
(Inputs)

Index 1C12 RxPDO assign

Index (hex) |Name Meaning Data type |Flags |Default

1C12:0 RxPDO assign PDO Assign Outputs UINT8 RW  |0x02 (24)

1C12:01 Subindex 001 1. allocated RxPDO (contains the index of the associated |[UINT16 RW  |0x1600 (5632)
RxPDO mapping object)

1C12:02 Subindex 002 2. allocated RxPDO (contains the index of the associated |UINT16 RW  |0x1606 (5638,..)
RxPDO mapping object)

Index 1C13 TxPDO assign

Index (hex) |Name Meaning Data type |Flags |Default

1C13:0 TxPDO assign PDO Assign Inputs UINT8 RW  |0x03 (34ec)

1C13:01 Subindex 001 1. allocated TxPDO (contains the index of the associated |UINT16 RW  |0x1AQ0 (6656)
TxPDO mapping object)

1C13:02 Subindex 002 2. allocated TxPDO (contains the index of the associated |UINT16 RW  |0x1A01 (6657 )
TxPDO mapping object)

1C13:03 Subindex 003 3. allocated TxPDO (contains the index of the associated |UINT16 RW  |0x1A06 (6662)
TxPDO mapping object)
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Index 1C32 SM output parameter

Index (hex)

Name

Meaning

Data type

Flags

Default

1C32:0

SM output parameter

Synchronization parameters for the outputs

UINT8

RO

0x20 (324.)

1C32:01

Sync mode

Current synchronization mode:
* 0: Free Run
* 1: Synchron with SM 2 Event
» 2: DC-Mode - Synchron with SYNCO Event
» 3: DC-Mode - Synchron with SYNC1 Event

UINT16

RwW

0x0000 (Oy.c)

1C32:02

Cycle time

Cycle time (in ns):
* Free Run: cycle time of the local timer

» Synchronous with SM 2 Event: cycle time of the
master

» DC-Mode: SYNCO/SYNC1 Cycle Time

UINT32

RwW

0x00000000 (Ogec)

1C32:03

Shift time

Time between SYNCO event and output of the outputs (in
ns, DC mode only)

UINT32

RO

0x00000000 (Ogec)

1C32:04

Sync modes
supported

Supported synchronization modes:
* Bit0 = 1: Free Run is supported
» Bit 1 =1: Synchron with SM 2 Event is supported
» Bit2-3 =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 0x1C32:08)

UINT16

RO

0x0000 (0yc)

1C32:05

Minimum cycle time

Minimum cycle time (in ns)

UINT32

RO

0x00000000 (Ogec)

1C32:06

Calc and copy time

Minimum time between SYNCO and SYNC1 event (in ns,
DC mode only)

UINT32

RO

0x00000000 (Oyec)

1C32:07

Minimum delay time

Minimum time between SYNC1 event and output of the
outputs (in ns)

UINT32

RO

0x00000000 (Ogec)

1C32:08

Command

* 0: Measurement of the local cycle time is stopped
* 1: Measurement of the local cycle time is started

The entries 0x1C32:03, 0x1C32:05, 0x1C32:06,
0x1C32:09, 0x1C33:03 [P _144], 0x1C33:06 [P _144],
0x1C33:09 [P _144] are updated with the maximum
measured values.

For a subsequent measurement the measured values
are reset

UINT16

RwW

0x0000 (Oy..)

1C32:09

Maximum delay time

Time between SYNC1 event and output of the outputs (in
ns, DC mode only)

UINT32

RO

0x00000000 (Ogyec)

1C32:0B

SM event missed
counter

Number of missed SM events in OPERATIONAL (DC
mode only)

UINT16

RO

0x0000 (0yc)

1C32:0C

Cycle exceeded
counter

Number of occasions the cycle time was exceeded in
OPERATIONAL (cycle was not completed in time or the
next cycle began too early)

UINT16

RO

0x0000 (0y..)

1C32:0D

Shift too short counter

Number of occasions that the interval between SYNCO
and SYNC1 event was too short (DC mode only)

UINT16

RO

0x0000 (04..)

1C32:20

Sync error

The synchronization was not correct in the last cycle
(outputs were output too late; DC mode only)

BOOLEAN

RO

0x00 (O4ec)
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Index 1C33 SM input parameter

Index (hex) |Name Meaning Data type |Flags |Default
1C33:0 SM input parameter |Synchronization parameters for the inputs UINT8 RO 0x20 (32¢4,)
1C33:01 Sync mode Current synchronization mode: UINT16 RW  |0x0000 (0Oye.)
* 0: Free Run
* 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
1C33:02 Cycle time Cycle time (in ns): UINT32 RW  |0x00000000 (0g.)
* Free Run: cycle time of the local timer
» Synchronous with SM 2 Event: cycle time of the
master
DC-Mode: SYNCO/SYNC1 Cycle Time
1C33:03 Shift time Time between SYNCO event and reading of the inputs (in |UINT32 RO 0x00000000 (0y4e.)
ns, DC mode only)
1C33:04 Sync modes Supported synchronization modes: UINT16 RO 0x0000 (Ogec)
supported » Bit 0: Free Run is supported
» Bit 1: Synchron with SM 2 Event is supported
(outputs available)
» Bit 1: Synchron with SM 3 Event is supported (no
outputs available)
» Bit2-3 =01: DC-Mode is supported
» Bit4-5 = 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 0x1C32:08 or 0x1C33:08)
1C33:05 Minimum cycle time  |Minimum cycle time (in ns) UINT32 RO 0x00000000 (0y4ec)
1C33:06 Calc and copy time | Time between reading of the inputs and availability of the |[UINT32 RO 0x00000000 (0y4e.)
inputs for the master (in ns, only DC mode)
1C33:07 Minimum delay time |Min. time between SYNC1 event and the reading of the |UINT32 RO 0x00000000 (04e.)
inputs (in ns, DC mode only)
1C33:08 Command » 0: Measurement of the local cycle time is stopped UINT16 RW  |0x0000 (0Oye.)
* 1: Measurement of the local cycle time is started
The entries 0x1C32:03, 0x1C32:05, 0x1C32:06, 0x1C€32:09
[»_143], 0x1C33:03, 0x1C33:06, 0x1C33:09 are updated
with the maximum measured values.
For a subsequent measurement the measured values
are reset
1C33:09 Maximum delay time |Time between SYNC1 event and reading of the inputs (in |UINT32 RO 0x00000000 (04.)
ns, only DC mode)
1C33:0B SM event missed Number of missed SM events in OPERATIONAL (DC UINT16 RO 0x0000 (Ogec)
counter mode only)
1C33:0C Cycle exceeded Number of occasions the cycle time was exceeded in UINT16 RO 0x0000 (Ogec)
counter OPERATIONAL (cycle was not completed in time or the
next cycle began too early)
1C33:0D Shift too short counter |Number of occasions that the interval between SYNCO  [UINT16 RO 0x0000 (0yec)
and SYNC1 event was too short (DC mode only)
1C33:20 Sync error The synchronization was not correct in the last cycle BOOLEAN RO 0x00 (0yec)
(outputs were output too late; DC mode only)
Index FO00 Modular device profile
Index (hex) [Name Meaning Data type |Flags |Default
000F:0 Modular device profile |General information for the modular device profile UINT8 RO 0x02 (244c)
000F:01 Module index Index distance of the objects of the individual channels  |UINT16 RO 0x0010 (164)
distance
000F:02 Maximum number of |Number of channels UINT16 RO 0x0005 (54¢c)
modules
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Index F0O08 Code word

Index Name Meaning Data type |Flags |Default

(hex)

F008:0 Code word reserved UINT32 RW  |{0x00000000 (0y4.)

Index F010 Module list

Index (hex) |Name Meaning Data type |Flags |Default

010F:0 Module list Maximum subindex UINT8 RW  |0x04 (44)

010F:01 Subindex 001 Encoder profile number UINT32 RwW 0x00000201
DS402 / MDP 513 (5134ec)

010F:02 Subindex 002 Encoder profile number UINT32 RwW 0x000002E6
DS402 / MDP 742 (7424cc)

010F:03 Sublndex 003 Reserved UINT32 RW  |0x00000064

(1 Oodec)
010F:04 Sublndex 004 Reserved UINT32 RW  |0x00000000 (04.)
010F:05 Sublndex 005 Profile number drive motion control UINT32 RW  |0x000002EE
(7506ec)

Index F081 Download revision

Index Name Meaning Data type |Flags |Default

(hex)

081F:0 Download revision Download revision UINT8 RO 0x01 (14ec)

081F:01 |Revision number Revision number of the module UINT32 RW  |0x0000000 (Oye)
Relevant as a startup list entry for compatibility

Index FO83 BTN

Index Name Meaning Data type |Flags |Default

(hex)

083F:0 Download revision Beckhoff Traceability Number STRING RO
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11 Appendix

11.1 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:

e 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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