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READ THIS FIRST

THESE INSTRUCTIONS ARE INTENDED FOR QUALIFIED TECHNICAL PERSONNEL. PRIOR COMMENCING WITH
ANY ACTIVITIES...

» you must carefully read and understand this manual and

» you must follow the instructions given therein.

IDX DRIVES ARE CONSIDERED AS PARTLY COMPLETED MACHINERY ACCORDING TO EU DIRECTIVE 2006/42/
EC, ARTICLE 2, CLAUSE (G) AND ARE INTENDED TO BE INCORPORATED INTO OR ASSEMBLED WITH OTHER
MACHINERY OR OTHER PARTLY COMPLETED MACHINERY OR EQUIPMENT.

THEREFORE, YOU MUST NOT PUT THE DEVICE INTO SERVICE,...

» unless you have made completely sure that the other machinery fully complies with the EU directive’s requirements!

» unless the other machinery fulfills all relevant health and safety aspects!

» unless all respective interfaces have been established and fulfill the herein stated requirements!
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m x n About this Document

1 ABOUT
1.1 About this Document

1.1.1 Intended Purpose

The purpose of the present document is to provide you specific information to cover particular cases or sce-
narios that might come in handy during commissioning of your drive system.

Use for other and/or additional purposes is not permitted. maxon, the manufacturer of the equipment
described, does not assume any liability for loss or damage that may arise from any other and/or additional
use than the intended purpose.

The present document is part of a documentation set. The below overview shows the documentation hierar-
chy and the interrelationship of its individual parts:

Setup

| Feature Chart

Installation Configuration Programming Application

User Manual l EPOS Studio | Command Libraries | Application Notes

5 =

| Setup Release Notes | Communication Guide

& /s

B ]

| FW Version Readme Firmware Specification
= =
Figure 1-1 Documentation structure

1.1.2 Target Audience

This document is meant for trained and skilled personnel working with the equipment described. It conveys
information on how to understand and fulfill the respective work and duties.

This document is a reference book. It does require particular knowledge and expertise specific to the equip-
ment described.

IDX Application Notes
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1.1.3 How to use
Take note of the following notations and codes which will be used throughout the document.

Notation Explanation

«Abcd» indicating a title or a name (such as of document, product, mode, etc.)

indicating an action to be performed using a software control element (such as
oAbcdg folder, menu, drop-down menu, button, check box, etc.) or a hardware element
(such as switch, DIP switch, etc.)

(n) referring to an item (such as order number, list item, etc.)

I

referring to an internal value
referring to a not yet implemented item

denotes “see”, “see also”, “take note of”, or “go to”

Table 1-1 Notations used

In the later course of the present document, the following abbreviations and acronyms will be used:

Short form Meaning

EPOS4 hardware and/or firmware functionalities based on maxon EPOS4 platform

IDX any type of IDX drive

IDX 56 any type of IDX 56 drive

DY @SN N\[oJoliB |DX 56 drive with positioning controller and CANopen interface
D) QNS HIEI(ONEIN |DX 56 drive with positioning controller and EtherCAT interface
IDX 56 1/0 IDX 56 drive with speed controller and 1/O interface

IDX 70 any type of IDX 70 drive

D) QrAONe7N\[o]ol)8 |DX 70 drive with positioning controller and CANopen interface
D) QT ON= (SN |DX 70 drive with positioning controller and EtherCAT interface

IDX 70 1/0O IDX 70 drive with speed controller and I/O interface
Table 1-2 Abbreviations and acronyms used
1.1.4 Symbols and Signs

Requirement / Note / Remark
Indicates an action you must perform prior continuing or refers to information on a particular item.

Best Practice
Gives advice on the easiest and best way to proceed.

Material Damage
Points out information particular to potential damage of equipment.

* 0@
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1.1.5 Trademarks and Brand Names

For easier legibility, registered brand names are listed below and will not be further tagged with their respec-
tive trademark. It must be understood that the brands (the below list is not necessarily concluding) are pro-
tected by copyright and/or other intellectual property rights even if their legal trademarks are omitted in the

later course of this document.

Brand name Trademark owner

R[] oJSIGNREET [SI{@ © Adobe Systems Incorporated, USA-San Jose, CA

APOSS® © zub machine control AG, CH-Rothenburg

CANopen®

CiA® © CiA CAN in Automation e.V, DE-Nuremberg

© EtherCAT Technology Group, DE-Nuremberg, licensed by Beckhoff Automation
GmbH, DE-Verl

EtherC
Sysmac © OMRON Corporation, JP-Kyoto
TwinCAT® © Beckhoff Automation GmbH, DE-Verl
Windows® © Microsoft Corporation, USA-Redmond, WA

Table 1-3 Brand names and trademark owners

1.1.6 Sources for additional Information
For further details and additional information, please refer to below listed sources:

Reference

IEC/EN 60204-1: Safety of machinery — Electrical equipment of machines
IEC/EN 61800-5-2: Adjustable speed electrical power drive systems

CiA 301 CANopen application layer and communication profile
Www.can-cia.org

(3]

CiA 305 Layer Setting Services (LSS) and protocols
Www.can-cia.org

(4]

CiA 402 CANopen device profile for drives and motion control
Www.can-cia.org

(5]

Table 1-4 Sources for additional information

1.1.7 Copyright

This document is protected by copyright. Any further use (including reproduction, translation, microfilming,
and other means of electronic data processing) without prior written approval is not permitted. The men-
tioned trademarks belong to their respective owners and are protected under intellectual property rights.
© 2021 maxon. All rights reserved. Subject to change without prior notice.

CCMC | IDX Application Notes | Edition 2021-03 | DoclD rel9613

maxon motor ag
Briinigstrasse 220 +41 41 666 15 00
CH-6072 Sachseln WWW.maxongroup.com
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1.2 About the Devices
maxon's «IDX» are compact, high-performance, IP65-protected, brushless DC drives with either integrated
positioning controller or speed controller particularly suitable for the use in harsh environmental conditions.
They deliver a high continuous torque and come in a wide range of configurable options that allow full adap-
tion to suit specific needs.
The IDX firmware is based on maxon's EPOS4 platform. Therefore, some of the content covered in the
present application notes is identical or similar to EPOS4.

IDX Application Notes
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1.3 About the Safety Precautions

A

Keep in mind:
Safety first!
Always!

A\

IMPORTANT NOTICE: PREREQUISITES FOR PERMISSION TO COMMENCE INSTALLATION

IDX drives are considered as partly completed machinery according to EU Directive 2006/42/EC, Article 2,
Clause (g) and are intended to be incorporated into or assembled with other machinery or other
partly completed machinery or equipment.

WARNING

Risk of Injury

Operating the device without the full compliance of the surrounding system with the EU directive

2006/42/EC may cause serious injuries!

« Do not operate the device, unless you have made sure that the other machinery fulfills the require-
ments stated in EU directive!

« Do not operate the device, unless the surrounding system fulfills all relevant health and safety
aspects!

« Do not operate the device, unless all respective interfaces have been established and fulfill the stated
requirements!

SAFETY FIRST!
+ Do not engage with any work unless you possess the stated skills (= chapter “1.1.2 Target Audi-
ence” on page 1-5)!
+ Refer to =»chapter “1.1.4 Symbols and Signs” on page 1-6 to understand the subsequently used
indicators!

* You must observe any regulation applicable in the country and/or at the site of implementation with
regard to health and safety/accident prevention and/or environmental protection!

DANGER

High voltage and/or electrical shock

Touching live wires causes death or serious injuries!

¢ Consider any power cable as connected to live power, unless having proven the opposite!

¢ Make sure that neither end of cable is connected to live power!

¢ Make sure that power source cannot be engaged while work is in process!

¢ Obey lock-out/tag-out procedures!

« Make sure to securely lock any power engaging equipment against unintentional engagement and tag
it with your name!

Requirements

» Make sure that all associated devices and components are installed according to local regulations.

» Be aware that, by principle, an electronic apparatus cannot be considered fail-safe. Therefore, you must
make sure that any machine/apparatus has been fitted with independent monitoring and safety equip-
ment. If the machine/apparatus should break down, if it is operated incorrectly, if the control unit breaks
down or if the cables break or get disconnected, etc., the complete drive system must return — and be
kept — in a safe operating mode.

» Be aware that you are not entitled to perform any repair on components supplied by maxon.

Continued on next page.

IDX Application Notes
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A Electrostatic sensitive device (ESD)
Azad + Wear working cloth and use equipment in compliance with ESD protective measures.
» Handle devices with extra care.

IDX Application Notes
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2 CONTROLLER ARCHITECTURE

2.1 In Brief

CONTENT

I BriEf . 2-1
O IV W . . o ot 2-12
Regulation Methods . . . ... . e 2-12
Regulation TUNING. . ... . e e 2-19

A wide variety of operating modes permit flexible configuration of drive and automation systems by using
positioning, speed and current regulation. The built-in interface allows online commanding by CAN or Ether-
CAT bus master units as well as networking to multiple axes drives.

Good quality velocity PI control is made possible by the use of algorithms for estimating the motor rotation
velocity from the measured rotor position that are based either on a low pass filter or on a velocity observer.

OBJECTIVE
The present application note explains the EPOS4/IDX controller architecture.

In addition to PID position regulation, the functionalities of the built-in acceleration and velocity feedforward
are described.

The functionality of the velocity Pl controller, the low pass filter, and the observer used for estimating the
velocity are described. The benefits of each velocity estimation method are highlighted and illustrated by
using practical examples.

SCOPE
EPOS4/IDX 0160h IDX Firmware Specification
IDX 56 various  0160h or higher
IDX 70 various  0170h or higher
Table 2-5 Controller architecture | Covered hardware and required documents
TOOLS
Software «EPOS Studio» Version 3.6 or higher
Table 2-6 Controller architecture | Recommended tools

IDX Application Notes
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2.2 Overview
The EPOS4/IDX controller architecture contains three built-in control loops.
« Current regulation is used in all modes.

» Position or velocity regulation is only used in position-based or velocity-based modes, respectively.

Position demand value
Position
Controller
Velocity demand value
Velocity
Controller
Estimated
motor
velocity

Low Pass Filter| \OH s ]
Controller Power Device

or
Observer
Current demand value L T T Motor current
[ [ Motor position
Figure 2-2 Controller architecture | Overview

2.3 Regulation Methods

2.3.1 Current Regulation

During a movement within a drive system, forces and/or torques must be controlled. Therefore, as a princi-
pal regulation structure, EPOS4/IDX offers current-based control.

current_set PI U ! U_set Motor
Controller Power Device +
Load

current_measured

Figure 2-3 Controller architecture | Current regulator

CONSTANTS
Sampling period: T4 = 0.04ms

OBJECT DICTIONARY ENTRIES

Symbol Unit Name Index Subindex
mV
KP_EPOS4 -K Current controller P gain 0x30A0 0x01
mV
K Current controller | gain 0x30A0 0x02
|_EPO+A A-ms
Table 2-7 Controller architecture | Current regulation — Object dictionary

IDX Application Notes
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CONVERSION OF PI CONTROLLER PARAMETERS (EPOS4/IDX TO SI UNITS)
Kp g = 0.001:-Kp gposs

Ki s = K| eposa

Current controller parameters in S| units can be used in analytical or numerical simulations via the following
transfer function:

— KI Sl
Ccurrent(s) - KP_SI +

ANTI-WINDUP

In order to prevent degradation of the control performance when the control input stays at the limit value for
long time, an anti-windup algorithm is implemented preventing the integral part of the Pl controller to take
values larger than the ones bound on the control input.

TRANSPORT DELAY OF THE CONTROL LOOP
Total transport delay of the current regulation loop is always smaller than 0.06 ms.

2.3.2 Velocity Regulation (with Feedforward)
EPOS4/IDX offers velocity regulation based on the subordinated current control.

Required acceleration Acceleration |
Feedforward

Velocity |
Feedforward

Current demand
value

Velocity demand value Current

Controller Power Device

Pl
Controller

Motor current

Motor

Observer v
\( E < ] Motor position Lload

Estimated
motor velocity

Low Pass Filter]|

Figure 2-4 Controller architecture | Velocity regulator with feedforward

CONSTANTS
Sampling period: T = 0.4ms

IDX Application Notes
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Regulation Methods

OBJECT DICTIONARY ENTRIES FOR CONTROLLER

Symbol Unit Name Index Subindex

KPu) EPOS4 n:fgds Velocity controller P gain 0x30A2 0x01
mA

KI o EPOSA I:-a-a Velocity controller | gain 0x30A2 0x02
mA - s

FF, eposa = Velocity controller FF velocity gain 0x30A2 | 0x03

A 2
FF. eposs MA-S Velocity controller FF acceleration gain 0x30A2 | Ox04
- rad

1 . .

f g Velocity controller filter cut-off frequency 0x30A2 0x05

Table 2-8 Controller architecture | Velocity regulation — Object dictionary

CONVERSION OF PI CONTROLLER PARAMETERS (EPOS4/IDX TO SI UNITS)

Kpy g = 0.001- Kpy, eposa

Kio s = 0.001-K,, gposa

FF, o = 0.001-FF, gposa

Velocity controller parameters in Sl units can be used in analytical or numerical simulations via transfer
function for the PI controller:

KIo) Sl
S

Cvelocity(s) = KPm_SI +

ANTI-WINDUP

An anti-windup algorithm is implemented to prevent integration wind-up in Pl controller, when the actuators
are saturated.

LOW PASS FILTER
The estimation of the motor velocity can be done by using the measured time between consecutive sensor

edges, which is low pass filtered in order to eliminate the effects of measurement noise. The transfer func-
tion of the low pass filtered estimation functionality that can be used in simulations has the following form:

2-m-f
CFilterEstimator(S) = S+2—ch

OBSERVER

An alternative to the low pass filter is the use of an observer. Thereby, the observed velocity is calculated in
two steps. First; prediction of the velocity, position, and external torque, based on the parameters that
define the mechanical transfer function of the system. Second; correction of the predicted values based on
the newly measured rotor position.

2-14
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OBJECT DICTIONARY ENTRIES FOR OBSERVER

Controller Architecture
Regulation Methods

Symbol Unit Name Index Subindex
MNmM

Kn EPOSA A Torque constant 0x3001 0x05

|e EPOSA 1 Velocity observer position correction gain | 0x30A3 0x01

lw EPO4 Hz Velocity observer velocity correction gain | 0x30A3 0x02
mMNm

|T EPO4 m Velocity observer load correction gain 0x30A3 0x03

Nm

lreposa gm Velocity observer friction 0x30A3 0x04
rpm

‘]EPOS4 g- sz Velocity observer inertia 0x30A3 0x05

Table 2-9 Controller architecture | Velocity observer — Object dictionary

All parameters relevant for the observer operation can be entered either manually or can be obtained from
the EPOS4/IDX auto tuning procedure. The auto tuning automatically executes the identification experi-

ments, identifies the relevant parameters that characterize the drive train, and calculates the values of the
observer correction gains.

CONVERSION OF OBSERVER PARAMETERS (EPOSA4/IDX TO SI UNITS)
Km s = 0.001 - K, gposa

_ 0.00003
'ss = =7 Tepons

|e_5| = |e_EPos4

l(o_Sl = I(o_EPOS4

l_s = 0.001 It gposs

The transfer functions characterizing the two steps in the observer calculations and that can be used in
numerical simulation of the velocity controller with observer are the following:

IDX Application Notes
CCMC | 2021-03 | rel9613

2-15



Controller Architecture
Regulation Methods m x n

PREDICTION STEP

0 _ Wobserved
Observed — s

_ kM Sl IMeasured_TObserved

®opserved =

CORRECTION STEP

eObserved = eObserved + IG_SI ’ (eMeasured _eObserved)
Wobserved = Pobserved + Ic)_SI ) (eMeasured - eObserved)
TObserved = TObserved + IT_SI ) (eMeasured - eObserved)

WHEN SHOULD THE LOW PASS FILTER BE USED TO ESTIMATE THE VELOCITY?

The estimation of the motor velocity based on measuring the time between consecutive sensor edges and
low pass filtering does not rely on any additional information on the mechanical system to which the motor is
attached. Therefore, it is suitable in cases when there is no information on the mechanical properties of the
system available or when the characteristics of the system change significantly over time.

Typical examples are cases in which the moment of inertia or viscous friction that the motor encounters
change significantly during operation.

The solution with the filter gives good results in cases when a high-resolution position sensor is used and
when the motor is operated at relatively high velocities (more than 20% of nominal motor speed). However,
in cases when the resolution of the position sensor is low and/or the motor operates at low speed, the esti-
mation with the observer results in a better control performance.

WHEN SHOULD THE OBSERVER BE USED TO ESTIMATE THE VELOCITY?

In order to use the observer for estimating the rotational velocity of the motor, parameters, such as inertia
and viscous friction coefficient of the drive system, need to be known and must be stable over time and
should not change a lot during operation. In EPOS4/IDX, there is an option to identify all the required
parameters by using the «Auto Tuning Wizard».

The use of the observer brings most advantages when the position feedback sensor has a low resolution.
Typical example is the use of Hall sensors for feedback instead of an incremental encoder, or the use of
incremental encoders with up to 500 counts per turn. In general, the use of the observer provides a less
noisy estimation of the rotor velocity resulting in better regulation and less audible noise especially at low
operational velocities.

In addition, the velocity observer can be set stiffer (compared to the case when the filter is used) due to bet-
ter quality of the estimated feedback signal resulting in a very good dynamical response.

However, when encoders with high resolution (above 500 counts per turn) are used, the performance of the
system with observer is similar to its performance in the case when the low pass filter is used.

TRANSPORT DELAY OF THE CONTROL LOOP
Total transport delay of the velocity regulation loop is always smaller than 0.4 ms.

IDX Application Notes
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2.3.3 Position Regulation (with Feedforward)
EPOS4/IDX is able to close a positioning control loop based on the subordinated current control.

Required acceleration Acceleration
Feedforward

Required velocity Velocity |
Feedforward
" Current demand
Position demand value 3 Comrguer value C%Lrigg]rl‘;r Power Device
Motor position Mitor
Load
Figure 2-5 Controller architecture | Position regulator with feedforward
CONSTANTS
Sampling period: T4 = 0.4msec
OBJECT DICTIONARY ENTRIES
Symbol Unit Name Index Subindex
mA
Kpp EPOS4 Eﬂ Position controller P gain 0x30A1 0x01
mA
Kip EPOHA Position controller | gain 0x30A1 0x02
- rad-s
mA-s
Kpp EPOHA 2 Position controller D gain 0x30A1 0x03
mA - s
F FO) EPOS4 rad Position controller FF velocity gain 0x30A1 0x04
mA- s
FFoc EPOS4 _ Position controller FF acceleration gain 0x30A1 0x05
- rad
Table 2-10 Controller architecture | Position regulation — Object dictionary

The position controller is implemented as PID controller. To improve the motion system's setpoint fol- low-

ing, positioning regulation is supplemented by feedforward control. Thereby, velocity feedforward serves for
compensation of speed-proportional friction, whereas acceleration feedforward considers known inertia. In

addition, the differential part of the PID Controller signal is low pass filtered before it is added to the propor-
tional and integral part. Low pass filtering is done to prevent negative influence on the control performance

by the differentiation of noisy measured motor position.

IDX Application Notes
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CONVERSION OF PI CONTROLLER PARAMETERS (EPOS4/IDX TO SI UNITS)
Kpp g = 0.001-Kp gposa

Kip g = 0.001- K| gposs

Kpp_g = 0.001-Kp gposs

Position controller parameters in Sl units can be used in analytical or numerical simulations via transfer
function:

Kip s, Kpp 5 S

Cposition(8) = Kpp g + S . Kop g

10- Kpp_g
ANTI-WINDUP
The anti-windup method is used to prevent integration wind-up in PID controller when the actuators are sat-
urated.

2.3.4 Operation Modes with Feedforward

Acceleration and velocity feedforward are effective in «Profile Position Mode» (PPM), «Profile Velocity
Mode» (PVM), and «<Homing Mode» (HMM). All other operating modes are not affected.

PURPOSE OF VELOCITY FEEDFORWARD

Velocity feedforward provides additional current in cases, where the load increases with speed, such as
speed-dependent friction. The load is assumed to proportionally increase with speed. The optimal velocity
feedforward parameter in Sl units is:

r
_ Sl
FRo s = i
m_SI
Meaning: With given total friction proportional factor in Sl units I'g relative to the motor shaft, and the

motor's torque constant also in S| units km g » You ought to adjust the velocity feedforward parameter to:

r
FF,, eposs = 1000 FF, g = 1000 k—S'SI
m_

IDX Application Notes
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PURPOSE OF ACCELERATION FEEDFORWARD

Acceleration feedforward provides additional current in cases of high acceleration and/or high load inertias.
The optimal acceleration feedforward parameter in Sl units is:

J
— Sl
I:Fa_SI - k
m_Sl
Meaning: With given total inertia in Sl units JSl relative to the motor shaft, and the motor's torque constant

in Sl units km g) » You ought to adjust the acceleration feedforward parameter to:

J
FF, eposs = 1000 FF, g = 1000 R——S-I;
m_

TRANSPORT DELAY OF THE CONTROL LOOP
Total transport delay of the position regulation loop is always smaller than 0.4 ms.

24 Regulation Tuning

maxon's «kEPOS Studio» features regulation tuning as a powerful wizard allowing to automatically tune all
controller, estimator, and feedforward parameters described above for most drive systems within a few min-

utes.
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3 FIRMWARE UPDATE WITHOUT USE OF «EPOS STUDIO»

3.1 In Brief

CONTENTS

I BriEf . 3-21
Preconditions . . ... 3-22
Firmware Update via USB . .. ... ... .. . e e 3-24
Firmware Update via CANOPEN . . ... .. e e e 3-24
Firmware Update via EtherCAT . . ... . e 3-25
Steps: HOW 0., .. 3-25
Object Dictionary . . ... . 3-28
OBJECTIVE

The present application note explains how to carry out a firmware update of an EPOS4/IDX drive without
the use of the «kEPOS Studio» directly via the existing bus systems. The compatibility of the various ver-
sions as well as the necessary implementation sequences for the different communication interfaces are
described.

SCOPE
EPOS4/IDX 0160h IDX Firmware Specification
IDX 56 various  0160h or higher
IDX 70 various  0170h or higher

Table 3-11 EtherCAT integration | Covered hardware and required documents

TOOLS

«EPOS Studio» Version 3.6 or higher

Software (required for initial export of Program Data File, only)

Table 3-12 EtherCAT integration | Recommended tools

IDX Application Notes
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3.2 Preconditions

SUPPORTED INTERFACES
The IDX drive supports the following communication interfaces:

« USB
»  CANopen
« EtherCAT

The firmware version 0x0160 or higher is required.

The firmware update sequence requires a «Program Data File» containing the desired firmware version.
These files are exported using the «kEPOS Studio».

STARTING «EPOS STUDIO»

1) Make sure you installed «kEPOS Studio» version 3.6 (or higher) on your PC.
If not the case, download the latest version here: =»http://epos.maxongroup.com

2) Start «kEPOS Studio» without creating a new project. Thereby, an online connection to an IDX drive
is not necessary.

EXPORTING «<PROGRAM DATA FILE»
1) In the main menu aExtras®, open the dialog #Firmware File Registrations.
2) Add a firmware file and click the @Add Filex button.

(Z) EPOS Studio 3.4. 8 _

File View | Extras | Window Help

™ < & Firmware Flle Registration... H
Navigation Device Capzlaa
~Following Firmware versions are available
Date Software Hardware ADDNumbev|Aaners>on File Name \
addre | [ emove e, | | Remove Al gies
| ok | cancel || mep |
Figure 3-6 Firmware update without «kEPOS Studio» | Open firmware file registration dialog

IDX Application Notes
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3) Select the firmware and click right to open the context menu, then click aExport Program Data

Filer.
-

) Offnen =)
@uvl |, « 03 Configu... b Firmware Files EPOS4 50-5 b « [ 49 ||| Firmware Fites £POS4 50-5 dur... £ |
Organisieren = Neuer Ordner =~ O @

li EPOS4 “ Name A
|\ 02 Installation
. History 2
|| 03 Configuration -
- £ EPOS4_0130h 6350h_0000h_0000h.bin 19
|| Firmware Files EPOS4 50-5
| Fitmware Files EPOS4 Module 24-1_

~Following Firmware versions are avaiabl

. Firmware Files EPOS4 Module 50-5
. Firmware Files EPO54 Module 50-8
. Firmware Files EPOS4 Module 50-15

Add File

1 04 Programming Remove File

. 05 Applicati

|H ‘ pplications Remove All Files
10 Helper

Show ReadMe File
Export EDS File
Export ESI File

Dateiname: EPOS4_0130h_6350h 4|

‘ Export Program Data File

@ Hep F1

3
T

| addFe | | memoveFie || RemoveAlfies |

Do | o | e

O i

Figure 3-7 Firmware update without «kEPOS Studio» | Export program data file

4) Select the directory to export file and click ®OKx.

r .
Select Directory [

Select directory for file export!

M Desktop
» € Netzwerk
» || Odermatt Roland
4 M| Computer
i+ &L, Lokaler Datentrager (C:)
¢ |=g Lokale Daten (D3) |
b i DVD-RW-Laufwerk (E:)

»

m

| I i BD-ROM-Laufiverk (F:)
e

Figure 3-8 Firmware update without «kEPOS Studio» | Select export directory

5) Click ®OK= to confirm.

Export Program Data File [

@ File successfully exported!

Figure 3-9 Firmware update without «kEPOS Studio» | Confirm export directory

6) Check the exported firmware file (*.msdc).

1% Computer =

| || EPOS4_0130h_6350h_0000h_0000h.msdc 02.02.2018 14:41 MSDC-Datei 337 KB

£, Loksler Datentrager (C:)
s Lokale Daten (D)

Figure 3-10 Firmware update without «kEPOS Studio» | Check firmware file
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3.3 Firmware Update via USB

SUPPORTED UPDATE PATHS

The following table shows the compatibility of a given firmware version for direct update via the USB inter-
face.

) . NEW firmware version
OLD firmware version

0x0160 higher
0x0160 v
higher v
Table 3-13 Firmware update without «kEPOS Studio» | USB — Old vs. new firmware version
SEQUENCE
Steps

a) Prepare controller (= “Prepare Controller” on page 3-25)

b) Download «program data file» (CiA 302-3) “IDX_wwwwh_xxxxh_yyyyh_zzzzh.msdc”
(= “Download «Program Data File» (CiA 302-3)” on page 3-26)

c) Check identity (=“Check Identity” on page 3-27)

3.4 Firmware Update via CANopen

SUPPORTED UPDATE PATHS

The following table shows the compatibility of a given firmware version for direct update via the CANopen
interface.

. . NEW firmware version
OLD firmware version

0x0160 higher
0x0160 v
higher v
Table 3-14 Firmware update without «kEPOS Studio» | CANopen — Old vs. new firmware version
SEQUENCE
Steps

a) Prepare controller (= “Prepare Controller” on page 3-25)

b) Download «program data file» (CiA 302-3) “IDX_wwwwh_xxxxh_yyyyh_zzzzh.msdc”
(= “Download «Program Data File» (CiA 302-3)” on page 3-26)

c) Check identity (=“Check Identity” on page 3-27)

IDX Application Notes
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3.5 Firmware Update via EtherCAT

SUPPORTED UPDATE PATHS

The following table shows the compatibility of a given firmware version for direct update via the EtherCAT
interface.

NEW firmware version
0x0160 higher

0x0160 v

higher v

OLD firmware version

Table 3-15 Firmware update without «kEPOS Studio» | EtherCAT — Old vs. new firmware version

SEQUENCE
Steps
a) Prepare controller (= “Prepare Controller’ on page 3-25)

b) Download «program data file» (FoE) “IDX_wwwwh_xxxxh_yyyyh zzzzh.msdc” (=2“Download
«Program Data File» (FOE)” on page 3-27)

c) Check identity (=“Check Identity” on page 3-27)

3.6 Steps: How to...

The following section describes the implementation of the required steps during the different firmware
update sequences.

3.6.1 Prepare Controller

# | Step Description
A Change to device control state =>separate document «IDX Firmware Specification»; chapter
Change to deyicee «Disabled» “Device Control”

__________

Is state
«Disabled»
reached?

1| B | Check state

Table 3-16 Firmware update without «kEPOS Studio» | How to prepare the controller
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Steps: How to...

Change to NMT state
«Pre-Operational»

3.6.2

Download «Program Data File» (CiA 302-3)

maxon

Step

Description

Change to device control state «Pre-
Operational» [a]

=>»separate document «IDX Communication Guide»; chapter
“CAN Communication”

B | Check NMT state [a]

__________

it Write «Stop» to object «Program Control»
e e e | C | Stop program [b] Object 0x1F51-01
reached? Value 0x00 (Stop)
Timeout 10 ms
Ylés
A4
stop prog Read value from object «Program Control»
D | Wait until program is stopped Object 0x1F51-01
e Expected value | 0x00 (Stopped)
N Wait timeout 10°000 ms
Is progrgf)n _‘:
SRES Write «Clear» to object «Program Control»
e E | Clear program Object 0x1F51-01
v Value 0x03 (Clear)
Timeout 20’000 ms
Clear program
Write file content to object «Program Data»
F | Download program Object 0x1F50-00
Download program File IDX_wwwwh_xxxxh_yyyyh_zzzzh.msdc
Timeout 10°000 ms
Write «Start» to object «Program Control»
Start program -
G| Start program [b] ObJeCt 0x1F51-01
Y Value 0x01 (start)
i Timeout 10 ms
Nlo
Is program AJ:
Startedg Read value from object «Program Control»
H | Wait until program is started Object 0x1F51-01
Expected value | 0x01 (Started)
Wait timeout 10’000 ms
[a] only for CANopen interface
During starting or stopping the program, the communication protocol is aborted. The controller
[b] does not respond to the received command. Reduce timeout and do not check communication
result.
Table 3-17 Firmware update without «kEPOS Studio» | How to download the program data file

(CiA 302-3)

3-26
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3.6.3 Download «Program Data File» (FOE)

# | Step Description

A | Change to ESC state «Bootstrap»

Change to ESC state
«Bootstrap»

B | Check ESC state

__________

Is state ! Write file content to file «IDX» using FoE protocol

«Bootstrap»

. C | Download file «IDX» Password 0
: Source file IDX_wwwwh_xxxxh_yyyyh_zzzzh.msdc
@s Target file IDX

Download file
«EPOS4»

D | Change to ESC state «Init»

Change to ESC state
«Init»

E | Wait for reboot Read ESC state

Wait for reboot

Table 3-18 Firmware update without «kEPOS Studio» | How to download the program data file (FoE)

3.6.4 Check Identity

Step Description

Read value from object «ldentity — Product code»

( Download _ ) Check «Product Code» Object 0x1018-02
Program Data File . . .

Expected value | Hardware version and application number
. Read value from object «ldentity — Revision number»
Check identity L
(0xiCL Check «Revision number» Object 0x1018-03

Expected value | Software version and application version
Table 3-19 Firmware update without «kEPOS Studio» | How to check identity
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Object Dictionary

3.7 Object Dictionary

OBJECTS IN «<STOPPED» STATE
While the program is stopped, only a few objects are accessible.

maxon

Index Name

0x1000-00 Device type

0x1008-00 Manufacturer device name

0x1018-01 Identity — Vendor-ID

0x1018-02 Identity — Product code

0x1018-03 Identity — Revision number

0x1018-04 Identity — Serial number

0x1F50-00 Program data

0x1F51-00 Program control

0x1F56-00 Program software identification
Table 3-20 Firmware update without «kEPOS Studio» | Objects in «Stopped» state

OBJECTS VALUES IN «<STOPPED» STATE

While the program is stopped, the displayed values of the following objects differ.

Program started Program stopped
ke (22 Name Application active Bootloader active
0x1000-0x00 Device type 0x00020192 0x0000012E

» High word: * High word:
0x1018-0x02 Product code Hardware.versmn Hardware.versmn

* Low word: * Low word:

Application number 0x0000

» High word: * High word:
0x1018-0x03 Revision number Software Yersmn 0x0000 .

* Low word: * Low word:

Application version 0x0000

Table 3-21

Firmware update without «kEPOS Studio» | Objects values in «Stopped» state

3-28
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4 CANOPEN BASIC INFORMATION

4.1 In Brief

CONTENTS

Network StruCtUre . . . . .o 4-30
Configuration . . ... 4-31
SDO CommuUNICAtION . . . ..ottt 4-35
PDO CommuniCation . . . .. ..o 4-41
Heartbeat Protocol . . . ... . 4-47

A wide variety of operating modes permit flexible configuration of drive and automation systems by using
positioning, speed and current regulation. The built-in CANopen interface allows networking to multiple
drives as well as online commanding by CAN bus master units.

For fast communication with several IDX drive, we suggest to use the CANopen protocol. The individual
devices within the network are commanded by one common CANopen master.

OBJECTIVE

The present Application Note explains the functionality of the CANopen structure and protocol. It also
describes the configuration process in a step-by-step procedure.

SCOPE
EPOS4/IDX 0160h IDX Firmware Specification
IDX 56 various  0160h or higher
IDX 70 various  0170h or higher
Table 4-22 CANopen basic information | Covered hardware and required documents
TOOLS
Software «EPOS Studio» Version 3.60 or higher
Table 4-23 CANopen basic information | recommended tools

IDX Application Notes
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4.2 Network Structure
maxon IDX drives’ CAN interface follows the CANopen specifications CiA 301 V4.2 «CANopen application
layer and communication profile» and CiA 402 V3.0 «Drives and motion control device profile».
CANopen Master CANopen Slave CANopen Slave CANopen Slave
IDX IDX IDX
s o= = === e =
I == =257 g 1l prEessgT g U
CAN AN ! ' I chnlod ! L aNN ! | cAN'OUT !
9 S Sle ol
= | T2 - % | T (% (]/:) 5 ; Ifa =] % (%
Z‘ ZI =z =z ZI ZI Z| ZI ZI Z‘ = ZI =z ! = Z‘
5|5 S S 3|1515(15|5]  8|3|3|S|S| | 5551518
120 Q 120 Q
(662933)
Figure 4-11 CANopen basic information | Topology with external bus termination (example)
The CAN bus line must be terminated at both ends using a termination resistor of typically 120 Q. For the
IDX, a ready-made termination resistor available with maxon P/N 662933.
IDX Application Notes
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4.3 Configuration
Follow below step-by-step instructions for correct CAN communication setup.

43.1 Step 1: CANopen Master

Use one of the PC/CAN interface cards or PLCs listed below. For all of them, motion control libraries, exam-
ples and documentation are available on the Internet (for URLs <»page 1-7).

Manufacturer / Contact | Supported Product maxon Motion Control Library [c]
Component

Windows 32-Bit/64-Bit DLL
All offered CANopen cards Linux 32-Bit/64-Bit (Intel x86)
Linux 32-Bit (ARM V7/V8)

IXXAT
www.ixxat.de

Windows 32-Bit/64-Bit DLL

Kvasﬁ\r/aser com All offered CANopen cards Linux 32-Bit/64-Bit (Intel x86)
S ’ Linux 32-Bit (ARM V7/V8)
PC/CAN - . .

Interface Card [a] MTTCAN nVidia Jetson-TX2 Linux 64-Bit (ARM V8)
National Instruments oo CANopen cards Windows 32-Bit/64-Bit DLL
www.ni.com/can
piCAN2 Raspberry Pi 2/3 Linux 32-Bit (ARM V7/V8)
vector . All offered CANopen cards Windows 32-Bit/64-Bit DLL
www.vector-informatik.de
Beckhoff .

beckhoff.de All offered CANopen cards IEC 61131-3 Beckhoff Library
PLCs [b] Sieme_ns
RAAVSIEENSEOT S7-300 with Helmholz CAN300 Delivered and supported by
Helmholz Master Helmholz
www.helmholz.de
Dedicated . . ) .
motion control zub machine control AG All offered MACS controllers Commanding gnd .conflgured directly
www.zub.ch by MACS application program

masters

[a] Interface driver of CANopen card must be installed

[b] All CAN products of other manufacturers may also be used. However, no motion control library is available

[c] Find detailed information and specifications on library usage and function calls in the separate document 2 «EPOS
Command Library» documentation

Table 4-24 CANopen basic information | recommended components

IDX Application Notes
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4.3.2 Step 2: CAN Bus Wiring

The two-wire bus line must be terminated at both ends using a termination resistor of 120 Q (a ready-made
termination resistor is available with maxon P/N 662933). Twisting is recommended, shielding is suggested
(depending on EMC requirements).

3 5 1 1 5 3

4 2 2 4
Figure 4-12 CAN IN connector X1 (left) and CAN OUT connector X2 (right)

CAN connectors
CAN IN M8, male, 5 poles, B-coded
CAN OUT M8, female, 5 poles, B-coded

Table 4-25 CAN connectors — Specification

Signal Description
1 red CAN_V+ CAN external supply
2 — CAN_SHLD Shield
3 white CAN_H CAN high bus line
4 blue CAN L CAN low bus line
5 black CAN_GND Ground

Table 4-26 CAN OUT connector X2 — Pin assignment

4.3.3 Step 3: CAN Node ID
Set the Node ID using the «<EPOS Studio».

Generally applicable Rules
* An unique Node ID must be defined for all devices within the CAN network.

» The Node IDs may be configured by software (changing the object “Node ID”, Index 0x2000, Subindex
0x00). The number of addressable nodes is 127.

 If you intend to operate more than one IDX with the same Node ID, you can use LSS to assign them
each a unique Node ID. For details see separate document =2»«IDX Communication Guide», chapter
“CAN Communication”; section “Layer Setting Services (LSS)".

IDX Application Notes
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434

Step 4: CAN Communication

For IDX, following CAN bit rates are available:

CANopen Basic Information
Configuration

Object “CAN Bitrate” Bit rate Max. .Line Lepgth
(Index 0x2001, Subindex 0x00) according to CiA 102
0 1 MBit/s 25m
1 800 kBit/s 50 m
2 500 kBit/s 100 m
3 250 kBit/s 250 m
4 125 kBit/s 500 m
(5) reserved -
6 50 kBit/s 1000 m
7 20 kBit/s 2500 m
(8) not supported (10 kBit/s) -
9 automatic bit rate detection -
Table 4-27 CANopen basic information | CAN communication — Bit rates and line lengths
Note

» All devices within the CAN bus must use the same bit rate.

» If "fautomatic bit rate detection” is in use, at least one CANopen device (e.g. CANopen master) must be
present in the network with a fixed defined CAN bit rate configuration.

» The CANopen bus’ maximum bit rate depends on the cable length. Use «EPOS Studio» to configure bit
rate by writing object “CAN Bit rate” (Index 0x2001, Subindex 0x00).

4.3.5 Step 5: Activate Changes
Activate changes by saving and resetting the IDX using «kEPOS Studio».
1) Execute menu item aSave All Parameterss.

2) Select context menu item ®#Reset Nodexr of the selected node.

IDX Application Notes
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4.3.6 Step 6: Communication Test

Use a CAN monitor program (supported by PC’s or PLC CAN interface’s manufacturer) to check wiring and
configuration:

1) Reset all IDX devices in the bus.
2) Upon power on, the IDX will send a boot up message.

3) Make sure that all connected devices send a boot up message. If not, IDX will produce a «CAN
passive mode error» (0x8120).

4) Boot up message:
COB-ID = 0x700 + Node ID
Data [0] = 0x00

As an example, the figure below shows the incoming message on the CAN bus (IDX Node ID = 1) displayed
by a CAN monitor supplied by IXXAT.

File View Functions Options Help
o0 KB 208 7
I>XXKAT Interfaces Time {ms) Identifier Farmat Flags
-2 USB-to-CAN T :00:34. 701 Std
Al CAN 1: SJA1000
L CAN 22 SJA 1000

Identifier

Controller initialized

4 Low speed transceiver

Transmit pending

Data overrun

Error warning level
& Busoff

Baudrate: 250 khit/s
Busload %

Ready

Figure 4-13 CANopen basic information | Example: Boot up message of node 1

IDX Application Notes
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4.4 SDO Communication

A Service Data Object (SDO) reads from/writes to entries of the Object Dictionary. The SDO transport pro-
tocol allows transmission of objects of any size. SDO communication can be used to configure the IDX’s

object.
Peer-to-Peer Communication
SDO Client Node n-1
SDO 1
Data
[01] oss |
Node n SDO Server
Figure 4-14 CANopen basic information | SDO communication

Two different transfer types are supported:

» Normal transfer: A segmented SDO protocol used to read/write objects larger 4 bytes. This means
that the transfer is split into different SDO segments (CAN frames).

+ Expedited transfer: A non-segmented SDO protocol, used for objects smaller 4 bytes.

Almost all IDX Object Dictionary entries can be read/written using the non-segmented SDO protocol (expe-
dited transfer). Only the data recorder buffer must be read using the segmented SDO protocol (normal
transfer). Thus, only non-segmented SDO protocol will be further explained. For details on the segmented
protocol (normal transfer) =»CANopen specification (CiA 301).

44.1 Expedited SDO Protocol
In the subsequent description, the terms will be used as follows:

+ «Client» refers to the CANopen master reading or writing an object

» «Server» refers to the IDX (or any other CANopen slave) which reacts on the request

READING OBJECT (= SDO UPLOAD)

Client =>

Data

COB-ID Data Data Data Data Data Data Data
Server [Byte 0] | [Byte 1] [Byte 2] [Byte 3] | [Byte 4] | [Byte 5] | [Byte 6] | [Byte 7]
0x600 + Index Index Sub-
Node-ID LowByte | HighByte Index Reserved
[ Btz | Bit6 | Bit5 | Bit4 | Bit3d | Bit2 | Bit1 | Bit0 |
Lo [+ | o | x [ x [ x [ X [ X |
Server => COB-ID Data Data Data Data Data Data Data Data
Client [Byte 0] | [Byte 1] [Byte 2] [Byte 3] | [Byte4] | [Byte 5] | [Byte 6] | [Byte 7]
0x580 + Index Index Sub- Object Object Object | Object
Node-ID LowByte | HighByte Index Byte 0 Byte 1 Byte 2 Byte 3
| Bit7 [ Bité [ Bit5 [ Bit4 [ Bit3 | Bit2 [ Bit1 | Bit0 |
\ 0 | 1 0 | X \ n e | s |
Figure 4-15 CANopen basic information | SDO upload protocol (expedited transfer) — Read
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WRITING OBJECT (= SDO DOWNLOAD)

Client => COB-ID Data Data Data Data Data Data Data Data
Server [Byte 0] | [Byte 1] [Byte 2] [Byte 3] | [Byte4] | [Byte 5] | [Byte 6] | [Byte 7]
0x600 + Index Index Sub- Object Object Object | Object
Node-ID LowByte | HighByte Index Byte 0 Byte 1 Byte 2 Byte 3
[ Bit7 [ Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 |
0 \ 0 1 \ X \ n e \ s \
Server=> | ~4p n Data Data Data Data Data Data Data Data
Client [Byte 0] | [Byte 1] [Byte 2] [Byte 3] | [Byte 4] | [Byte 5] | [Byte 6] | [Byte 7]
0x580 + Index Index Sub- Reserved
Node-ID LowByte | HighByte Index
[ Bitz | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 [ Bit1 | Bit0 |
L o | + [ 1+ [ x | x [ x [ x | x |
Figure 4-16 CANopen basic information | SDO upload protocol (expedited transfer) — Write

ABORT SDO PROTOCOL (IN CASE OF ERROR)

Server=> | o n Data Data Data Data Data Data Data Data
Client [Byte 0] | [Byte 1] | [Byte2?] | [Byte3] | [Byte4] | [Byte 5] | [Byte 6] | [Byte 7]
0x580 + Index Index Sub-
Node-ID LowByte | HighByte Index Abort Code
—
[ Bit7 | Bit6 | Bit5 | Bit4 [ Bit3 | Bit2 | Bit1 | Bit0 |
[ + | o [ o [ x [ x [ x [ x [ x |
Figure 4-17 CANopen basic information | SDO upload protocol (expedited transfer) — Abort
Note

For detailed descriptions of “Abort Codes” =*FwSpec.

Legend Data [Byte 0]
ccs client command specifier (Bit 7...5)
Read Object: ccs = 2 / Write Object: ccs = 1
scs | Server command specifier (Bit 7...5)
Read Object: scs = 2 / Write Object: scs = 3
cs command specifier (Bit 7...5)
SDO abort transfer: cs = 4
X not used (always “0”)
n Only valid ife =1 and s = 1, otherwise 0. If valid, it indicates the number of bytes in Data [Byte
4...7] that do not contain data. Bytes [8 — n, 7] do not contain segment data.
e Transfer type (0: normal transfer; 1: expedited transfer)
s Size indicator (0: data set size is not indicated; 1: data set size is indicated)
Table 4-28 CANopen basic information | SDO transfer protocol — Legend
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OVERVIEW ON IMPORTANT COMMAND SPECIFIER ([BYTE 0] = BIT 7...5)

40 4F

1 Byte
Reading
Object 2 Byte 40 4B
3 Byte 40 43
1 Byte 2F (or 22) 60
Writing 2 Byte 2B (or 22) 60
Object 4 Byte 23 (or 22) 60
not defined 22 60
Table 4-29 CANopen basic information | Command specifier (overview)

442 SDO Communication Examples
Read «Statusword» (Index 0x6041, Subindex 0x00) from node 1:

CANopen Sending SDO Frame CANopen Receiving SDO Frame

COD-ID 0x601 0x600 + Node ID COD-ID 0x581 0x580 + Node ID

Data [0] 0x40 ccs =2 Data [0] 0x4B scs=2,n=2,e=1,s=1
Data[1] 0x41 Index LowByte Data[1] 0x41 Index LowByte

Data [2] 0x60 Index HighByte Data [2] 0x60 Index HighByte

Data [3] 0x00 Subindex Data [3] 0x00 Subindex

Data [4] 0x00 reserved Data [4] 0x08 Data [Byte 0]

Data [5] 0x00 reserved Data [5] 0x00 Data [Byte 1]

Data [6] 0x00 reserved Data [6] 0x00 reserved

Data [7] 0x00 reserved Data [7] 0x00 reserved

Statusword: 0x0008 = 8

Table 4-30 CANopen basic information | Example “Read Statusword”

Write «Controlword» (Index 0x6040, Subindex 0x00: Data 0xO00F) to node 1:

CANopen Sending SDO Frame CANopen Receiving SDO Frame

COD-ID 0x601 0x600 + Node ID COD-ID 0x581 0x580 + Node ID
Data [0] 0x22 ccs=1,n=0,e=1,s=0 Data [0] 0x60 scs =3

Data [1] 0x40 Index LowByte Data [1] 0x40 Index LowByte
Data [2] 0x60 Index HighByte Data [2] 0x60 Index HighByte
Data [3] 0x00 Subindex Data [3] 0x00 Subindex

Data [4] OxOF Data [Byte 0] Data [4] 0x00 reserved

Data [5] 0x00 Data [Byte 1] Data [5] 0x00 reserved

Data [6] 0x00 reserved Data [6] 0x00 reserved

Data [7] 0x00 reserved Data [7] 0x00 reserved

Controlword: new value

Table 4-31 CANopen basic information | Example “Write Controlword”
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Try to read the content of an object's subindex which does not exist (Index 0x2000, Subindex 0x08) from

node 1:
COD-ID  0x601 0x600 + Node ID COD-ID 0x581 0x580 + Node ID
Data [0] 0x40 ccs =2 Data [0] 0x80 scs =4
Data[1] 0x00 Index LowByte Data[1] 0x00 Index LowByte
Data [2] 0x20 Index HighByte Data [2] 0x20 Index HighByte
Data [3] 0x08 Subindex Data [3] 0x08 Subindex
Data [4] 0x00 reserved Data [4] Ox11 Abort Code [Byte 0]
Data [5] 0x00 reserved Data [5] 0x00 Abort Code [Byte 1]
Data [6] 0x00 reserved Data [6] 0x09 Abort Code [Byte 2]
Data [7] 0x00 reserved Data [7] 0x06 Abort Code [Byte 3]
Abort code: 0x06090011 — the last read or write
command had a wrong object subindex.
Table 4-32 CANopen basic information | Example “Read non-existent subindex”

Read «Position actual value» (Index 0x6064, Subindex 0x00) from node 1:

CANopen Sending SDO Frame CANopen Receiving SDO Frame

COD-ID 0x601 0x600 + Node ID COD-ID 0x581 0x580 + Node ID

Data [0] 0x40 ccs =2 Data [0] 0x43 scs=2,n=0,e=1,s=1
Data [1] 0x64 Index LowByte Data [1] 0x64 Index LowByte

Data [2] 0x60 Index HighByte Data[2] 0x60 Index HighByte

Data [3] 0x00 Subindex Data [3] 0x00 Subindex

Data [4] 0x00 reserved Data [4] OxCA Data [Byte 0]

Data [5] 0x00 reserved Data [5] 0x04 Data [Byte 1]

Data [6] 0x00 reserved Data [6] 0x00 Data [Byte 2]

Data [7] 0x00 reserved Data [7] 0x00 Data [Byte 3]

Position actual value: 0x000004CA = 1226

Table 4-33 CANopen basic information | Example “Read Position actual value”

Write «Target position» (Index 0x607A, Subindex 0x00: Data OxO00008AE — 2222dec) to node 1:

CANopen Sending SDO Frame CANopen Receiving SDO Frame

COD-ID 0x601 0x600 + Node ID COD-ID 0x581 0x580 + Node ID
Data [0] 0x22 ccs=1,n=0,e=1,s=0 Data [0] 0x60 scs =3

Data [1] Ox7A Index LowByte Data [1] Ox7A Index LowByte
Data [2] 0x60 Index HighByte Data[2] 0x60 Index HighByte
Data [3] 0x00 Subindex Data [3] 0x00 Subindex

Data [4] OxAE Data [Byte 0] Data [4] 0x00 Abort Code [Byte 0]
Data [5] 0x08 Data [Byte 1] Data [5] 0x00 Abort Code [Byte 1]
Data [6] 0x00 Data [Byte 2] Data [6] 0x00 Abort Code [Byte 2]
Data [7] 0x00 Data [Byte 3] Data [7] 0x00 Abort Code [Byte 3]

Target position: new value

Table 4-34 CANopen basic information | Example “Write Target position”
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4.4.3 EPOS Studio Command Analyzer

If you connect the «kEPOS Studio» via CANopen to the IDX, it is possible to process a CANopen command
using the «kEPOS Studio» tool «Command Analyzer». Thereby, a CANopen command can be executed and
the sent and received data packets will be recorded.

The «Command Analyzer» is based on maxon’s DLL whereby the commands are arranged similarly to the
maxon Library. Thereby...

» SDOs can be sent
+ PDOs cannot be processed

1) Connect «kEPOS Studio» and the IDX via CAN.

View Extras  Window Help

aRls2 00850,

2 x

B2 ¥ LocalHost
E ¥ DHAT_USB-to-CANTO

2 L cam
2 EPOSA CAN [Node1]

Figure 4-18 CANopen basic information | Connect IDX

2) Open the tool ®Command Analyzer=s.
3) Select rninterfacer from the drop-down list aLayer Filters.

EPOS Stu [ =)
: Fle Vew Bdras Wndow Hep
Dad U200 F:oa
hvisation ? % |= command Analyzer - EPOS4 CAN [Node 1]| ap T x
Tools
Device Selection 2 < EPOSICAN (W is dissbled
EPOS4 CAN [Node 1] |
al|l |« Standard Command Trace Layer Filter (Al -
B 7 Tools €11 Configurstion Al
] Object Dictionary 2|1 Operation Mode State  Command Index Abs. Timems] Layer Input Parameters  Output Parameters | appiication
£ Homing Mode 2| 1 Profile Pasition Mode EEV:“ :
E= Profile Position Mode. g I Homing Mode kistscl
E] Profile Velocity Mode ;T I Profile Velocity Mode
5 Cyclic Sync Position Mode Sl Motioninfo
E7 Cyclic Sync Velocity Mode  Inputs and Outputs
25 Cyclic Sync Torque Mode .
I State Machine
[ Data Recorder
£ 1O Monitor I CAN Commands
5 Command Analyzer " Object Dictionary
I Error Handling
" Version
Details
_________ Input Parameters Output Parameters
[] workspace Data Type Name Value Data Type Name Value
J® communication
[/ Wizards
~)
e N\

Figure 4-19 CANopen basic information | Select interface layer
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COMMAND EXAMPLES
* Read Object GetObject(): Read Position Data 0x6064 0x00 32Bit (4Byte)

(Z) Execute Command

GetObject
DetaType  MNeme Value
b
objectSublndex 0:00
Ulnt32 bO
© Decimal Format
@ Hexadecimal Format
» Bccte| [ Cancel | [ Hep |
[navigation * % |E7 command Analyzer - EPOS4 CAN [Hode 1]| 4b Tx
Device Selection 2 P EPOSACAN s disabled
EPOSA CAN [Node 1] =1
5 7 Took g 1 Configuration
Object Dictionary 2|t Operation Mode State Command Index Abs. Time [ms] Layer Input Parameters  Output Parameters  Duration [us]
Homing Mode 2| | Profile Position Mode Ok Transmit CAN-Frame 4 00:24:17976 Interface 000000601 False 00000.025
9
-] Profile Position Mode @ I Homing Mode gﬁg g:ég az w
£ Profile Velocity Mode % I Profile Velocity Mode 000
£ Cyclic Sync Position Mode sl
Motien Info ok Receive CAN-Frame 5 00:24:17.976 - Interface 0x00000581 False 00001784
B Cyclic Sync Velocity Mode: ' Inputs and Outputs
008 0x43 0x64 0x60
Cyclic Sync Torque Mod
£ Cydlic Sync Torque Mode | Stote Mochine 0x00 0x00 0x00 0:00
[4] Data Recorder
£ 10 Moriter I CAN Commands 0x00
ES] Command Analyzer 4 Object Dictionary
GetObject Details
SetObject
Store Interface Layer > Transmit CAN-Frame Error Code: 0x00000000 (No error]
Restare Input Parameters Output Parameters
I Error Handling
E | Version DataType  MName Value DataType  HName Value
Workspace
Ulnt32 cotld 0x00000601
¥ communication Boolean i False
52 wnzares Ulnts dle 008
Array data 0x40 064 0x50 000
A Toois 0x00 000 0x00 0:00

Figure 4-20 CANopen basic information | Command example — Read Object (= GetObject)

»  Wirite Object SetObject(): Write Target Position 0x607A 0x00 32Bit (4Byte) 0Ox000008AE (2222d)

Ulnt8 objectSublndex 0x00
Array data 0x000008AE

© Decimal Format

® Hexadecimal Format
» Execute Cancel Hel
J | J | p_| er - EPOS4 CAN [Node 1]| dbO=
Device Selection % < EPOSHCAN i i disabled
EPOSH CAN [Node 1] -
2| ([ s —
B 7 Tooks g| 1 Configuration
Object Dictionary 5| 1 Operstion hode State  Command Index  Abs. Time [ms] Layer Input Parameters  Output Parameters  Duration [ps]
=1 Homing Mode &| 1 Profile Position Mode Ok Transmit CAN-Frame 9 0027:23324 Interface 0x00000B0L False 00000057
£ Profile Position Mode 21 1 Homing Mode 0x08 0x22 xTA Ox60
51 Profile Velocity Mode |1 Profile Velocity Mode 333 EFECIHTIT
E5 Cyclic Sync Position Mode El I Metion Info
=1 Cyclic Sync Velocity Made | It and Outots Ok Receive CAN-Frame 10 0027:23324  Interface 0x00000561 False 00001618
E-] Cyclic Sync Torque Mode P N # 008 0%60 0x7A Ox60 1
) Date Recorder I State Machine 000 0x00 0x00 0x00 =
0x00
£ 10 Monttor I CAN Commands
E-| Command Analyzer 4 Object Dictionary -
GetObject Details
SetObject
Store Interface Layer > Transmit CAN-Frame Error Code: 0x00000000 (Ne errer)
Restore Input Parameters Output Parameters
I Error Handling
Data Type Name Value Data Type Name Velue
D Workspace I Version
Ulnt32 cobld 0500000601
17 communication Boolean r False
-"}., C— Ulnt8 dic 0x08
Array dota 0x22 0x7A 050 000
/ Tools OxAE 0x08 0x00 0:00

Figure 4-21 CANopen basic information | Command example — Write Object (= SetObject)
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45 PDO Communication

Start
Remote Node
Protocol

Enter
Pre-Operational
Protocol

Enter
Stopped

Protocol

Enter
Reset Application
Protocol

Enter

Reset Communi-
cation

Protocol

Process Data Objects (PDOs) — unconfirmed services containing no protocol overhead — are used for fast
data transmission (real-time data) with a high priority. Consequently, they represent an extremely fast and
flexible method to transmit data from one node to any number of other nodes. PDOs may contain up to 8
data bytes that can be specifically compiled and confirmed to suit own requirements. Each PDO has a
unique identifier and is transmitted by only one node, but it can be received by more than one (producer/
consumer communication).

The CANopen network management is node-oriented and follows a master/slave structure. It requires one
device in the network, which serves as NMT (Network Management) Master. The other nodes are NMT
Slaves.

NMT Master

NMT

o] ]
\ I 1 1

NMT Slave NMT Slave NMT Slave NMT Slave

Figure 4-22 CANopen basic information | Network Management (NMT)

The CANopen NMT Slave devices implement a state machine that automatically brings every device to
state «Pre-Operational», once powered and initialized. In this state, the node may be configured and
parameterized via SDO (e.g. using a configuration tool), PDO communication is not permitted. Thus, to
switch from «Pre-Operational» to «Operational», you will need to send the “Start Remote Node Protocol”.
For detailed information on NMT Services see separate document = «IDX Communication Guide».

Node ID

All IDX (all CANopen nodes) will enter NMT state

o el «Operational»

0 0x01 n The IDX (or CANopen node) with Node ID n will enter NMT
state «Operational»
All IDX (all CANopen nodes) will enter NMT state «Pre-

v Ul vED Operational»

0 0x80 n The IDX (or CANopen node) with Node ID n will enter NMT
state «Pre-Operational»

0 0x02 0 (all) All IDX (all CANopen nodes) will enter NMT state «Stopped»

0 0x02 n The IDX (or CANopen node) with Node ID n will enter NMT
state «Stopped»
All IDX (all CANopen nodes) will enter NMT state «Reset

¢ e O (ED) Application»

0 0x81 n The IDX (or CANopen node) with Node ID n will enter NMT
state «Reset Application»
All IDX (all CANopen nodes) will enter NMT state «Reset

¢ xt2 Uil Communication»

0 0x82 n The IDX (or CANopen node) with Node ID n will enter NMT

state «Reset Communication»

Table 4-35 CANopen basic information | NMT functionality
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Initialization

Pre-Operational

maxon

23 Stopped

45

Operational

Figure 4-23 CANopen basic information | NMT slave state diagram

451

PDO Transmissions

PDO transmissions may be driven by remote requests, event triggered and actuated by Sync message
received:

Remotely requested:
Another device may initiate the transmission of an asynchronous PDO by sending a remote trans-
mission request (remote frame).

Event triggered (only Transmit PDOs):

An event of a mapped object (e.g. velocity changed) will cause the transmission of the TxPDO.
Subindex 0x03 of object « Transmit PDO X parameter» contains the inhibit time, which represents
the minimum interval for PDO transmission. The value is defined as a multiple of 100 us.

Synchronous transmission:

In order to initiate simultaneous sampling of input values of all nodes, a periodically transmitted
Sync message is required. Synchronous PDO transmission takes place in cyclic and acyclic trans-
mission mode. Cyclic transmission means that the node waits for the Sync message after which it
sends its measured values. Its PDO transmission type number (1...240) indicates the Sync rate it
listens to (the number of Sync messages the node waits before next transmission of its values).
The EPOS supports only Sync rates of 1.

4-42
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45.2 PDO Mapping

Default application objects’ mapping as well as the supported transmission mode is described in the Object
Dictionary for each PDO. PDO identifiers may have high priority to guarantee short response time. PDO
transmission is not confirmed. PDO mapping defines the application objects to be transmitted within a PDO.
It describes sequence and length of the mapped application objects. A device supporting variable mapping
of PDOs must support this during the state «Pre-Operational». If dynamic mapping during state «Opera-
tional» is supported, the SDO Client is responsible for data consistency.

| Index | Subindex | Functionality
0x1A00 0x00 Number of mapped objects: 3
—t— Ox1A00 0x01 Mapped object 1: 0x6041 0x00 16
——— 0x1A00 0x02 Mapped object 2: 0x6064 0x00 32 TxPDO1
——P—— 0x1A00 0x03 Mapped object 3: 0x6077 0x00 16
L—> 0x6041 0x00 Statusword
0x6064 0x00 Position actual value
0x6077 0x00 Torque actual value

Figure 4-24 CANopen basic information | PDO mapping example

45.3 PDO Configuration
For PDO Configuration, the device must be in state «Pre-Operational»!

The following section will explain how a configuration must be implemented step-by-step. Use the CANopen
wizard in «EPOS Studio» for PDO configuration as described. For each step, an example quotes “PDO 1”
and “Node 1.

4531 Step 1: Configure COB-ID

The default value of the COB-ID depends on the Node ID (Default COB-ID = PDO-Offset + Node ID). Other-
wise, the COB-ID can be set in a defined range. Below table shows all default COB-IDs and their ranges:

Object Index Subindex COBI?IEI;aItIJcl)tde 1
TxPDO 1 0x1800 0x01 0x181
TxPDO 2 0x1801 0x01 0x281
TxPDO 3 0x1802 0x01 0x381
TxPDO 4 0x1803 0x01 0x481
RxPDO 1 0x1400 0x01 0x201
RxPDO 2 0x1401 0x01 0x301
RxPDO 3 0x1402 0x01 0x401
RxPDO 4 0x1403 0x01 0x501
Table 4-36 CANopen basic information | COB-IDs — Default values and value range
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Changed COB-IDs can be reset by “Restore Default PDO COB-IDs” using context menu of ®CANopen
Object Dictionaryx view in «kEPOS Studio»:

1) Connect «EPOS Studio» using #Wizardsxa \ ®CANopens.

View Extras  Window

Help

rNaEl#2 008 L@,
3 %

Navigation

Device Selection
EPOSA CAN [Node 1]

B 7P Wizards
[ Startup
[ Regulation Tuning
Firmware Update
[©] Parameter Export/Import
CANopen

[ workspace

w Communication

CANopen basic information | Start CANopen wizard

Figure 4-25

2) Select the receive PDOs by right click on aReceive PDOsx and select #Restore default COB-IDsx.

< s Data Object .
o ervice bata J, = Receive PDOs
£ 4 Process Dats Objects
2 Receive PDOs Configure the Receive PDO parameters and map desired objects.
2 Transmit PDOs - - N
",E Error Protocol COB-ID Valid Transmission Bytes Name Index Bytes -
v SRxPDO1  0x0000 0201 H “asynchronous 20f8 Nominal current 3001-00 4 “|&
g
Contraiword 2 Output current limit 300102 4 3
SRPDO2  0x0000 0301 i 3of8 Current controller P gain 30A0-0L 4 8
Controlword 2 Current controller [ gain om0-02 4 |0 B
Modes of operation 1 Pasition centroller P gain 08101 4
SRPDO3  0x0000 0401 i {asynchronous 6of8 Position cantraller] gain 08102 4 L
Controlwerd 2 Position centroller D gain 08102 4
Target iti a
rget posttion ( Position controller FF velocity gait 30A1-04 4
= RxPDO 4 0x0000 0501 i “asynchronous 60of8 .
| Position contraller FF acceleration 30A1-05 4
Controlword 2
Velodity controller P gain 04201 4
Target velocity 4
Velodity controller I gain 04202 4
Velocity controller FF velodity gair 304203 4
Restore default COB-IDs
Velodity controller FF acceleration 30A2-04 4
Restore default mappings
Velocity observer position corect 30A3-0L 4
Expand Al Velocity observer velocity correcti 30A3-02 4
Collapse All Velocity observer load correction 30A3-03 4
\?‘ Velocity observer friction 30A3-04 4
@ tep f ‘f‘ Velogity observer inertia 304305 4
‘f‘ Main loop P gain low bandwidth  30AE-0L 4
. A 1 D nain hinh handwidth  200E.0° A -
Back | [ Net | [ nsh | [ Cancel | [ Help

Figure 4-26

CANopen basic information | Receive PDOs: Restore default COB-IDs
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3) Select the transmit PDOs by by right click on #Transmit PDOs® and select @Restore default COB-
IDsm.

]
CANopen basic information | Transmit PDOs: Restore default COB-IDs

Figure 4-27

Example:

Default COB ID RxPDO 1

Example:

Default COB ID TxPDO 1

4532 Step 2: Set Transmission Type

Type 0x01  TxPDOs

RxPDOs

Type OXFD  TxPDOs

Type OXFF ~ TxPDOs

RxPDOs

Example: /e = 0x01

Data is sampled and transmitted after the occurrence of the SYNC.

Data is passed on to the IDX and processed after the occurrence of the

SYNC.

Data is sampled and transmitted after the occurrence of a remote
transmission request (RTR).

€1 Senice Data Object: .
o erviee et Thjects Transmit PDOs
| 4 Process Data Objects
k] Receive PDOS Configure the Transmit PDO parameters and map desired objects.
3 Transmit PDOs = N
£ eor rotocol coB-ID Valid RIR Transmission Inhibit Bytes Name bdex|Bpes | 2
- ETxPDO1  0x4000 0181 [C] asynchronous 10ms 20f8 Digital incremental encoder Lind 301004 4 “ &
3
Statusword 2 Analog incremental encoder inde. 301103 4 s
STxPDO2  O0xC000 0281 [[] . ] asynchronous 10ms 30f8 S5l special bits data 012060 2 o
Statusword 2 Digital incremental encoder 2 ind’ 3020-04 © 4 &
Mades of operation display 1 Current actual value averaged  30D1-01 4
ETxPDO3  0xC000 0381 [0 [ asynchronous 1.0ms 60of8 Current actual value 00102 4
Statusword 2 Torque actual value averaged | 3002011 2
Position actual val 4
osttion actuslvalue ( Velocity actual value averaged  20D3-01° 4
= TxPDO4  0xC0O00 0481 [F] ] asynchronous 10ms 60f8 o
Digital inputs logic state L0l 2
Statusword 2
Digital outputs logic state 315001 2
Velocity actual value 4
Analog input 1 voltage 316001 2
Analog input 2 voltage 316002 2
Restore default COB-IDs
Analog eutput 1 valtage 38001 2
Restore default mappings
Analog eutput 2 valtage 318002 2
Expand All I2t level mator 320001 2
Collapse Al I2t level controller 320002 2
~ Position actual value sensor L 60E4-0L 4
@ Help Fl ~ Position actual value sensor 2 60E4-02 4
= Position actual value sensor 3 0E4-02 4
Vel nenel AOFS.O1 4
[ Back | [ Net | [ Fnish | [ Camcel | [ e

J

Object = “COB-ID used by RxPDO 1” (Index 0x1400, Subindex 0x01):

= 0x200 + Node ID = 0x201

Object = “COB-ID used by TxPDO 1” (Index 0x1800, Subindex 0x01):

= 0x180 + Node ID = 0x181

Data is sampled and transmitted after one mapped object of the PDO has

changed its value and the configured “Inhibit time” has been exceeded.

Data is transmitted (by the master to the IDX) asynchronously and then

directly processed by the IDX.

Object = «Transmission type RxPDO 1» (Index 0x1400, Subindex 0x02)

IDX Application Notes
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45.3.3 Step 3: Number of Mapped Application Objects
Disable the PDO by writing a value of “0” (zero) to the subindex 0x00 holding «Number of mapped objects

in...».
Examole: Object = «Number of mapped objects in RxPDO 1» (Index 0x1600, Subindex 0x00)
pie: Value = 0x00 (i.e. this PDO is disabled)
Example: Object = «Number of mapped objects in TXPDO 1» (Index 0x1A00, Subindex 0x00)

Value = 0x00 (i.e. this PDO is disabled)

4534 Step 4: Mapping Objects
Set value from an object.

Object1 = «1st mapped object in RxPDO 1» (Index 0x1600, Subindex 0x01)

Example:  qpicct2 - «2m mapped object in RxPDO 1» (Index 0x1600, Subindex 0x02)

RxPDO 1 # Mapped Object

1 Object_1 = 0x60400010 - Controlword (16 Bit)
2 Object_2 = 0x607A0020 - Target position (32 Bit)
Note
For details on all mappable objects =»FwSpec, chapters “Receive PDO... parameter” and “Transmit PDO...

parameter”.

4535 Step 5: Number of mapped Application Objects
Enable PDO by writing the value of the number of objects in object «Number of mapped objects in...».

Example: Object = «Number of mapped objects in RxPDO 1» (Index 0x1600, Subindex 0x00)

Example: Object = «Number of mapped objects in TxPDO 1» (Index 0x1A00, Subindex 0x00)

45.3.6 Step 6: Activate Changes
Changes will directly be activated.

Execute menu item rSave All Parameters® in the context menu of the used node («kEPOS Studio» \ Naviga-
tion Window \ Workspace or Communication) or in the context menu in the view “Object Dictionary”.

IDX Application Notes
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4.6 Heartbeat Protocol

The IDX transmits a cyclic heartbeat message if the Heartbeat Protocol is enabled (Heartbeat Producer
Time 0 = Disabled / greater than 0 = enabled). The Heartbeat Consumer guards receipt of the Heartbeat
within the Heartbeat Consumer Time. If the Heartbeat Producer Time is configured in IDX, it will start imme-
diately with the Heartbeat Protocol.

Remark

If «cAutomatic bite rate detection» is activated (Object 0x2001), a couple of frames must be sent first by the
Master System for the IDX to synchronize to this bit rate. Only then IDX will start to send the Heartbeat Sig-
nal.

Master(s) e.g. PLC IDX
COB-ID Data’

-------- <indication le  10x700+Nodeld | 0x00 fa——- T

NMT State:
Boot-up

Heartbeat Consumer Heartbeat Producer

Time? (Object 0x1016) COB-ID Data’ Time? (Object 0x1017)
——————— —e-indication le 10x700+Nodeld | Ox7F f—oi| _x ————_.NMT State:
Pre-Operational

Heartbeat Producer

Heartbeat Consumer ; )
Time? (Object 0x1017)

Time? (Object 0x1016) COB-ID Data’

e —_— <ndicalion leg  |0x700+Nodeld | 0x05 jat—— —z ————— ggﬂ;ast:s;zl

Heartbeat Producer

Heartbeat Consumer

Time? (Object 0x1016) COB-ID Data’ Time? (Object 0x1017)
e <-indication Lq 1 0x700+Nodeld | 0x04 f4——f-F ----- P
Stopped

Heartbeat Producer
Heartbeat Consumer o s .
Time? (Object 0x1016) Time” (Object 0x1017)

Heartbeat Event®

Legend: 1) Data Field / 2) Heartbeat Producer and Heartbeat Consumer Time / 3) Hearbeat Event

Figure 4-28 CANopen basic information | Heartbeat protocol — Timing diagram

DATA FIELD
Holds the NMT state. Therefore the following values for the data field are possible:

Value IDX NMT state
0x00 Bootup

0x04 Stopped

0x05 Operational
Ox7F Pre-Operational

Table 4-37 CANopen basic information | Heartbeat protocol — Data field
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HEARTBEAT PRODUCER TIME AND HEARTBEAT CONSUMER TIME

The Heartbeat Consumer Time must be longer than the Heartbeat Producer Time because of generation,
sending and indication time (HeartbeatConsumer Time > HeartbeatProducer Time + 20ms ). Each indication
of the Master resets the Heartbeat Consumer Time.

HEARTBEAT EVENT

If IDX is in an unknown state (e.g. supply voltage failure), the Heartbeat Protocol cannot be sent to the Mas-
ter. The Master will recognize this event upon elapsed Heartbeat Consumer Time and will generate a Heart-
beat Event.

IDX Application Notes
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5 ETHERCAT COMMUNICATION & MASTER INTEGRATION

5.1 In Brief

CONTENTS

N BriEf .o 5-49
Setup of Windows Defender Firewall for EtherCAT Communication . . .......... ... ... ... ...... 5-50
Beckhoff TWINCAT Integration . . ... ... e e e 5-57
Zub MACS Integration. . . ... ..o e 5-71
OMRON Sysmac NJ Integration. . .. ... e 5-80
OBJECTIVE

The present application note explains the necessary Firewall settings to operate EPOS4 devices with
«EPOS Studio» and how to integrate them into different EtherCAT Master Environments.

SCOPE
EPOS4/IDX 0160h IDX Firmware Specification
IDX 56 various  0160h or higher
IDX 70 various  0170h or higher

Table 5-38 EtherCAT integration | Covered hardware and required documents

TOOLS

«EPOS Studio» Version 3.6 or higher
for zub’s MACS Multi-Axis EtherCAT Masters =»“Required Tools” on page 5-72

Software

Table 5-39 EtherCAT integration | Recommended tools
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5.2

Setup of Windows Defender Firewall for EtherCAT Communication

This section describes how to setup the Windows Defender Firewall for EtherCAT communication.

For a Windows application to communicate with an EtherCAT network, the «Windows Defender Firewall»
needs to be configured to allow sending and receiving network traffic. The required rules for an application
to communicate via a EtherCAT network adapter are as follows:

* Allow inbound TCP traffic
* Allow inbound UDP ftraffic
» Allow outbound TCP ftraffic
* Alllow outbound UDP traffic

You can manually create the required rules or refer to your IT department if you do not have the required
permissions.

5.2.1 Add a new Firewall Rule
1)  Open the «Windows Defender Firewall Control Panel».

All Apps Documents Web More =

Best match

Windows Defender Firewall
Control panel

Windows Defender Firewall
W Windows Defender Firewall with > Control panel
Advanced Security

Apps

Settings
= open
¥ Windows Security >

¥ Firewall & network protection >

AR

Search the web

£ Windows Defender Firewall - See web

results

Figure 5-29 EtherCAT integration — Firewall setup | Windows Defender Firewall Control Panel
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2) Click aAllow an app or feature trough Windows Defender Firewallx.

& Windows Defender Firewall — a x
= « 4 @ « SystemandS.. > Windows Defender Firewall v O L Search Control Panel

Help protect your PC with Windows Defender Firewall

Control Panel Home

Windows Defender Firewall can help prevent hackers or malicious software from gaining access te your PC
through the Internet or a network,

Allew an app or feature

through Windows Defender

Firewall .
cenat @ l ° Private networks Not connected ()

) Changewotifreation settings

&) Turn Windows Defender . 0 Guest or publlc networks Connected

Firewall on or off
®) Restore defaults
®) Advanced settings

Troubleshoot my network

Figure 5-30 EtherCAT integration — Firewall setup | Allow passage

3) Click aChange settings=.

@ Allowed apps - O X

&« v 4 @ < Windows Defender Firewall > Allowed apps v | D & Search Control Panel

Allow apps to communicate through Windows Defender Firewall
To add, change, or remove allowed apps and ports, click Change settings.

What are the risks of allowing an app to communicate? Gchange settings k

Allowed apps and features:

Name Private  Public *

rewallAP1.dll,-80201

DFirewallAPIdII,-80206
3D Viewer

Figure 5-31 EtherCAT integration — Firewall setup | Change settings

4) Click mAllow another app...=.

&« v 4 @ <« Windows Defender Firewall > Allowed apps v | D & Search Control Panel

Allow apps to communicate through Windows Defender Firewall
To add, change, or remove allowed apps and ports, click Change settings.

What are the risks of allowing an app to communicate? GChange settings

Allowed apps and features:

Name Private  Public *
@FirewallAP1.dll,-80201
@FirewallAP1.dll,-80206
3D Viewer
[ AlJoyn Router ]
B App Installer
[ BranchCache - Content Retrieval (Uses HTTP) ] ]
[ BranchCache - Hosted Cache Client (Uses HTTPS) O O
[ BranchCache - Hosted Cache Server (Uses HTTPS) O m}
[ BranchCache - Peer Discovery (Uses WSD) m} m}
[¥l Captive Portal Flow
4 Connected Devices Platform
Core Networking b
Details... Remove

Allow another app... k

QK Cancel

Figure 5-32 EtherCAT integration — Firewall setup | Allow app to communicate

IDX Application Notes
CCMC | 2021-03 | rel9613 5-51



EtherCAT Communication & Master Integration
Setup of Windows Defender Firewall for EtherCAT Communication m x n

5) Click aBrowse...n.

Add an app X

Select the app you want to add, or dick Browse to find one that is not
listed, and then dick OK.

Apps:

=~

i
Path: “ Emwse...&l}

What are the risks of unblocking an app?

You can choose which network types to add this app to.

Network types... Cancel

Figure 5-33 EtherCAT integration — Firewall setup | Browse

6) Browse for the application executable (e.g. «kEPOS Studio.exe»).

Click nOpena.
Allowed apps — ] X
c 0 Browse *
+ « maxon motorag » EPOSIDX » EPOS Studio » v | B S5 Search EPOS Studio
Organize = New folder ==~ M e
-‘ Downloads (s Mame Date medified Type Size
b Music Help 19/03/2021 0 File folder
[&] Pictures Samples File folder
B videos Templates File folder
i, Local Disk (C3) (Z) EPOS Studio.exe 14/04/2020 16:02 Application 22.703 KB
Perflogs [&] ProxyEpos.exe Application KB
Progtsin Files [%] ProxyEpos2.exe Application
Program Files |
Cornmon File
InstallShield |
Internet Exple
maxon moto
EPOS DX
Driver Pac
EPQSStud v < >
File name: |EPOS Studio.exe v | | Applications (*.exe™.com;™.icd) |
[ OK | cancel |
Figure 5-34 EtherCAT integration — Firewall setup | Select executable
IDX Application Notes
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7) Click aNetwork types...x.

Select the app you want to add, or dick Browse to find one that is not
| listed, and then dick OK.

| Apps:

1 /EPOS Studio

I path: | C:\Program Files (x86)Ymaxon motor ag\EPDE|

| What are the risks of unblocking an app?

You can choose which network types to add this app to.

Figure 5-35

Browse...

Cancel
1

EtherCAT integration — Firewall setup | Select network types

EtherCAT Communication & Master Integration
Setup of Windows Defender Firewall for EtherCAT Communication

8) Check both “Private” and “Public”.

Click =rOK=,

Choose Network Types *

Allow this app or port to communicate through Windows
Firewall for the selected network type:

Private: JMetworks at home or work where you

fromrand trust the people and devices on the

network
twnrks in public places such as airports
urooifee shops
Figure 5-36

9) Click =Addm=.

Add an app

Select the app you want to add, or dick Browse to find one that is not

listed, and then dick OK.

Apps:

1 /EPOS Studio

Path: | C:\Program Files (x86)Ymaxon motor ag\EPDE| Browse...
What are the risks of unblocking an app?
You can choose which network types to add this app to.
I Network types... | G Add Cancel

Figure 5-37

EtherCAT integration — Firewall setup | Choose network types

EtherCAT integration — Firewall setup | Add network types

IDX Application Notes
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10) Verify that your App has been added to the list.

Click =OKn
@ Allowed apps - a x
« v 4 ﬂ <« Windows Defender Firewall » Allowed apps ) O Search Control Panel

Allow apps to communicate through Windows Defender Firewall
To add, change, or remove allowed apps and ports, click Change settings.

What are the risks of allowing an app te communicate? !;Change settings

Allowed apps and features:

Name Private  Public *

Feedback Hub

[ File and Printer Sharing | ]
[JFile and Printer Sharing over SMBDirect O O
Get Help
O HemeGroup m} m}
[JiSCSI Service ] ]
[0 Key Management Service O O
[# Mail and Calendar
mDNS
Microsoft Content h
Details... Remove

Allow another app...

QK Cancel

Figure 5-38 EtherCAT integration — Firewall setup | Check app list

5.2.2 Modify an existing Firewall Rule

Any possibly misconfigured firewall rules might prevent the application from communication with the Ether-
CAT network. Modify existing rules to “allow” traffic on your network adapter’s profile.

11) Open the «Windows Defender Firewall».
12) Click ®Advanced settings®n

& Windows Defender Firewall — a x
- v 4 @ « System and S... » Windows Defender Firewall ) O Search Control Panel

Help protect your PC with Windows Defender Firewall

Control Panel Home

‘Windows Defender Firewall can help prevent hackers or malicious software from gaining access te your PC

Allow an app or feature through the Internet or a network.
through Windows Defender
Firewall . N
. 9 Private networks Not connected ()
) Change notification settings
& Tum Windows Defender . 0 Guest or public networks Connected
Firewall on or off
) Restore defaults Networks in public places such as airports or coffee shops

) . i
Advanced settings
= Windows Defender Firewall state: On
oubleshoot my network
¥ Incoming connections: Block all connections to apps that are not on the list

of allowed apps

Active public networks: T Unidentified network
Notification state: Notify me when Windows Defender Firewall blacks a
new app

Figure 5-39 EtherCAT integration — Firewall setup | Advanced settings
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13) Click ®Inbound rulesz

@ Windows Defender Firewall with Advanced Security - m] X
Eile Action View Help
e #m ]

@ Windows Defender Firewall wit] [ L 1) Actions

Inbound Rul -~
n ounc fues Name Group Profile Enabled # || Inbound Rules -

Ea Connection Security Rules (5 EPOS Studio Private... Yes &3 MNewRule..
B, Monitoring () EPOS Studio Private.. Yes T Filter by Profile N
@FirewallAP.dll,-80201 @FirewallAP.dIl,-80200 All Yes .
@FirewslIAPLdil.-30206 @FirewslIAPL.dIl.-30200 Al Yes W Filter by State '
AllJoyn Router (TCP-In) Allloyn Router Domai.. Yes 7 Filter by Group »
Allloyn Router (UDP-In) Alloyn Router Domai... Yes View »
App Installer App Installer Domai... Yes
& Refresh
BranchCache Content Retrieval (HTTP-In)  BranchCache - Content Retr...  All Mo
BranchCache Hosted Cache Server (HTTP... BranchCache - Hosted Cach... All Mo |z Export List...
BranchCache Peer Discovery (WSD-In) BranchCache - Peer Discove... All No Help

Connected Devices Platform - Wi-Fi Dire..  Connected Devices Platform  Public Yes

Figure 5-40 EtherCAT integration — Firewall setup | Inbound rules

14) Find any entries for your application (e.g. «kEPOS Studio») by verifying the “Program” path and ver-
ify their settings.
If the action is set to “Block” or if the profile does not match the EtherCAT network adapter, double-
click the rule to modify it.

@ Windows Defender Firewall with Advanced Security
Eile Action View Help
ke A olIEY

@ Windows Defender Firewall with | R kil =

Inbound Rul
&3 Inbound Rules Name Group Profile Enabled Action Program
Outbound Rules
Y Connection Security Rules ) EPOS Studio Public Yes Block C:\Program Files (x86)\maxon motor ag\EPOS [DX\EPOS Studio'
sk
8., Monitoring (- EPOS Studio Public Yes Block C:\Program Files (x26)\maxon motor ag\EPOS IDXVEPOS Studio’
O @FirewallAPLdIl,-280201 @FirewallAPLdI|-20200  All Yes Allow 2SystemRoot¥6\system32\svchost.exe
Y sy:
@FirewallAP.dll,-80206 @FirewallAPL.dIl,-80200  All Yes Allow FSystemRoote\system32\svchost.exe

Figure 5-41 EtherCAT integration — Firewall setup | Set rules

15) Select the aGeneralx tab.
Change the action from “Block the connection” to “Allow the connection”.
Click aOK=,

EPOS Studio Properties X

Protocols and Ports ~ Scope  Advanced  Local Principals ~ Remote Users
General Programs and Services Remote Computers

General
% Name
[EPOS Studio

Description:

Enabled

Action
<54 (®) Allow the connection
J
Q & (O Hlow the connection ff it is secure

(O Block the connection

oK Cancel Apply

Figure 5-42 EtherCAT integration — Firewall setup | Allow connection
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16) Select the ®Advanced= tab.
Check both “Private” and “Public”.
Click vOK=,

EPOS Studio Properties X

General Programs and Services Remote Computers
Protocols and Ports ~ Scope  Advanced Local Principals ~ Remote Users
Profiles
. | Specify profiles to which this rule applies
- [1 Domain

Private
Public
Interface types

T Specify the interface types to which this
ft rule applies

Customize

Edge traversal

= Edge traversal allows the computer to accept unsolicited
inbound packets that have passed through an edge device
such as a Network Address Translation (NAT) router or
firewall.

Block edge traversal ~

Prevent applications from receiving unsolicited traffic from
the Intemiet through & NAT edge device.

Cancel Eoply

Figure 5-43 EtherCAT integration — Firewall setup | Set rules

17) Check for any blocking outbound rules and correct them if necessary by repeating the above steps
14 through 16.

IDX Application Notes
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5.3 Beckhoff TwinCAT Integration

5.3.1 Integrating ESI Files

To integrate an IDX EtherCAT axis into the Beckhoff Master System, copy the ESI (EtherCAT Slave Infor-
mation) XML file to the following folder. Note that the actual folder designation (***) depends on the Twin-
CAT version you are using:

+ For TwinCAT XAE use path “C:\TwinCAT\***3.1\Config\lo\EtherCAT\".
+ For TwinCAT2 use path “C:\TwinCAT\lo\EtherCAT\".

5.3.2 How to export the ESI File
You can export the ESI file using the «kEPOS Studio»:

1) Make sure that the EPOS4/IDX is connected and Online.
2) In the Object Dictionary, click right to open the context menu, then select ®sExport ESI Filer.

Fle View Extras Window Help
MNodiss 0000
'_\'“‘93“0” ] X Object Dictionary - EPOS4 EtherCAT. 4r s x
] 2 Object Dictionary EPOS4 @ oissbied =
a LocalHost
ap UEE Active Fiter Al Objects -
=] use2 T T T T TT
B <% EPOSA EtherCAT Index T |SubIndex |Name |Type  |Access |Value =
W EtherCAT -+ 0x1000 0x00 Device type Ulnt32 RO 0x00020192
L 0x1001 0x00 Error register UInt8 RO 0x00
0x1008 0x00 Manufacturer device name String RO EPOS4 ==
Store parameters
Restore default parameters
Read Value
0x1600 Write Value
0x1601 Edit Value
I-__-l s i Eﬁ:ss [BF Rread Al Values
P - o Ox1A00 Save Al Parameter
Lomenicason 0x1A01 Restore All Defauft Parameter
as
}' Wizards Eﬁﬁg: Expand Al
/ T 0x1C00 Colapse Al e
ox1€12 Export ESI File
i@ 0x1C13
0x1C32 Show Active Update
Dynamic Help e XI 0133 Show Enum Text
@ Contents W Index ﬁgaanm IL - 0x2000 [¥) Show Raw Values UInt8  RW 1
L 0x2002 0; Enum RW 115.2 kbits/s
(2 Manuals 0%2005 O B Define Object Fiter uIntl6 RW 500 ms /
lanua £
Hardware Reference 2006 0; @ Help F1 UIntle RW 474 ms
Firmware Specification - 0x2010 0x00 Active fieldbus Enum RO EtherCAT
Cor ide L. 0x2100 Additional identity ¥
e |

Figure 5-44 EtherCAT integration — Beckhoff TwinCAT | Export ESI file
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5.3.3 Scanning the EtherCAT Slave Device
1) Connect the IDX to the EtherCAT Master and turn on power.
2) Open the Beckhoff System Manager and create a new project using menu aFiler, then aNewx,
3) Open menu aOptions®, then select aShow Real Time Ethernet Compatible Devicesz.

|85 EPOSA Ethert?

File Edit View Project Build Debug TwinCAT | PLC Tools Scope Window Help
Pl S @ 4 -0 8| 9| 1 Activate Configuration
e B R2 NG| e |[<Lod Restart TwinCAT System -

n
TR 1 Restart TwinCAT (Cenfig Mode)
2 Reload Devices
= :
- Solution 'EPOSA EtherCAT (1 project) |~
4 il EPOSA EtherCAT & Toggle Free Run State
> [l svsTEm & Show Online Data
W] “. ShowSubltems
e P
& saFeTy & Security Management...
[ c++ Access Bus Coupler/IP Link Register...
>l VO Update Firmware/EEPROM »
Show Realtime Ethernet Compatible Devices...
Selected Ttem ,
EtherCAT Devices ,
About TwinCAT

Figure 5-45 EtherCAT integration — Beckhoff TwinCAT | Create new project

4) If “Installed and ready to use devices” does not list a network card, you will need to install the Eth-
erCAT driver for one of the present network cards.

a) Click one of the listed network cards.
b) Click rInstallz.

Installation of TwinCAT RT-Ethernet Adapters

_— — h
- Ethemet Adapters

[E] L;P Installed and ready to use devices -
¥ Local Area Connection 2 - ASIX £X88178 USB2.0 to Gigabit Ethemet Adapter &
E-l.} Compatible devices g
¥ Local rea Connection - InteliR] PRO/1 000 MT Network Connention
& Incampatible devices o
-&F Disabled devices
Enable
Disable

I~ Show Bindings

Figure 5-46 EtherCAT integration — Beckhoff TwinCAT | Install Ethernet adapters
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5) In the TwinCAT System Manager navigation tree, click right on &l/O Devices®, then select #Scan=.

File Edit View Project Build Debug TwinCAT PLC Tools Scope
i A @ § D9 - - E-5 | b [Release
feBB2AE|a [ gn

Solution Explorer - 3%

=
54 Solution 'EPOS4 EtherCAT' (1 project)
4 gill EPOS4 EtherCAT

> [l SYsTEM

5 Add NewTtem... Ctrl=Shift=A

[ Add Edsting Item... Shifts Alt=A
Export EAP Config File

. Scan

2y Paste Ctrl+V
Paste with Links

Figure 5-47 EtherCAT integration — Beckhoff TwinCAT | Scan devices

6) Click ®OK= to confirm.

TwinCAT XAE [

I, HINT: Not ll types of devices can be found automatically

Figure 5-48 EtherCAT integration — Beckhoff TwinCAT | Confirmation

7) All detected E/A devices (network cards) will be listed.

a) Tick to select the network card to which the EtherCAT devices are connected to and untick all
others.

b)  Click aOK=,

1 new I/O devices found

2]
[ Eievics 2 [EIReCaT] - ILosalArea Commeatan 3 1Mo g8 78 USB 0 15 BIAwE oK

Select Al
Unszelect All

Figure 5-49 EtherCAT integration — Beckhoff TwinCAT | New I/O devices found

8) Click aYESH® to confirm.

TuinCAT XAE =X
\Qw Scan for boves N

Figure 5-50 EtherCAT integration — Beckhoff TwinCAT | Scan for boxes confirmation
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9) The TwinCAT System Manager now searches for connected devices. If one or more controller
were found, the following message will appear.
Click aYesn.

TwinCAT XAE h |

‘0‘ EtherCAT drive(s) added. Append linked asis to NC-Configuration

Figure 5-51 EtherCAT integration — Beckhoff TwinCAT | Add drives message

10) Make your selection depending on the intended use:

« Click »Yesx if you plan to use the drive as a NC-Configuration

* Click ®Nox if you do not plan to use the drive a NC-Configuration
11) Click »Yesxn to confirm.

TwinCAT XAE . |

ke

f@ Activate Free Run

Figure 5-52 EtherCAT integration — Beckhoff TwinCAT | Activate free run message

12) Save the project.

2 EPOSA EtherCAT - e
File Edit View Project Build Debug TwinCAT PLC Teols Scope Window Help
igl-a- S e B - - S-E | B [Release ~| | TwinCAT RT (x86) < | [# | Setstate SR B E O )
BB 2RE o0 |[<Loco> (2 s @|mea=0laws (00 .-
Solution Explorer Ml EPOSA EtherCAT X ~
General | EtherCAT [ DC | Process Data | Slots | Startup | CoE - Oniine | Diag History | Oniine | =
4 Selution EPOS4 EtherCAT' (1 project)
4 il EPOSA EtherCAT Name [Dive 1 EPOS4] d: 1
@l sysTem
4 S Object Id: ©03020001
4 [B] NC-Task1 SAF Type EPOS4 50/5
[Z1 NC-Task1 SvB
R Comment -
[ Tables 1
Objects
4 S fxes
s B Ais1
LC [] Disabled Create symbols
1 SAFETY
(6 c++
s Fvo
4 % Devices L4
4 = Device3 (EtherCAT)
2% Image =
2% Image-nfe -
ie e Name Online Type Size  »Addr. In/Out UserlD Linkedto =
S SyncUnit
o I:::“"' d # Statusword X 576 UINT 20 70 gm0 nStatel, nState2
| > W Outputs # Position actual v.. X 0 DINT 40 730 Input 0 nDatalnl . In . Inputs . E... £
. @ InfoData # Velocity actualv.. 0 DINT 40 770 Input 0 k
. Drivel (POSY) # Torqueactualv.. X 0 INT 20 810 Input 0 nDataln3[0] . nDateln3 . I...
4 &% Mappings # Mode of operati.. 8 SINT 10 830 Input 0
&, NC-Tack 1 SAF - Device 3 (EtherCAT) 1 #1 Digital inputs 0 UDINT 40 840 Input 0
&7, NC-Task 1 SAF - Device 3 (EtherCAT) Info #1 WcState X0 BIT 01 15223 Input O nStated, nStated
' InputToggle X0 BT 01 15243 Input O nStated, nStated
# State 8 UINT 20 15480  Input O S
Error List =
D 0Emors |\ 0 Warmings | (i) 0 Messages | Clear
Description - File L. Colu. Project
) Solution Explorer [[=JGEESTIEN 3 Error List IO
Ready [ ]

Figure 5-53 EtherCAT integration — Beckhoff TwinCAT | Save project
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5.3.4  Configuration for commanding in a Cyclic Synchronous Mode
Via the EtherCAT interface, usually the following operating modes will be used:
* Cyclic Synchronous Position (CSP)
» Cyclic Synchronous Velocity (CSV)
* Cyclic Synchronous Torque (CST)
If you intend to operate the IDX in Cycle Synchronous Mode, you will need to configure PDO Mapping
accordingly by defining “Slots”.
Additionally, the following “regular” EPOS4/IDX operating modes may be used:
» Profile Position Mode (PPM)
» Profile Velocity Mode (PVM)

1)  Upon recognition of the involved axes, the structure tree will be displayed (example).

File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help
i FEd@| 49 -o- =L | b [Releass || TwinCATRT (86) ~| | % | setstate e FarmEa--.
i EEE=1E =0 e wE |00 [|EE L]

Solution Explorer MRl EPOSH EtherCAT X

General | BherCAT | DC | Process Deta | Slots | Startup | CoE -Oniine [ Diag Histery | Oniine |

[ Solution 'EPOS4 EtherCAT' (L project)
4 il EPOSA EtherCAT Name Drive 1 (EFOS4) id; [t
s (@l SYSTEM
a MOTION
4 [ NC-Task1 SAF Type EPOS4 505
[ NC-Task 1 5vB

*H Image

[ Tables

[&] objects

Object Id: 03020001

[ Disabled Create symbols

4 % Devices
4 = Device 3 (EtherCAT)
*8 Image
% Image-Info
2 SyncUnits

» [ Inputs
> [ Outputs
> I3 InfoData Name Online In/Out  UserlD  Linkedto

» & Drive1 (EPOS4) #1 Statusword X ! Input 0 nStatel, nState?

By
4 &% Mappings
Position actual v... X y ! Input Datalnl . In . Inputs . E...
&%) NC-Task 1 SAF - Device 3 (EtherCAT) 1 LR somoniactielhy g rhalint i Inputs
#1 Velocity actual v. Y ' Input

0

571 NC-Task 1 SAF - Device 3 (EtherCAT) Info 0
# Torque actugl ve, X y y Input 0 nDataln3[0] . nDateln3 . L.

0

%1 Mode of operati... . : Input

Error List
@ 0Emors | 1\ 0Warnings | (i)0Messages | Clear

Description File L. Colu.. Project

&3] Solution Explorer [N arEEVioY [EYEAiEd B Output

| Ready

Figure 5-54 EtherCAT integration — Beckhoff TwinCAT | Structure tree

2) Use the tab raSlotsx to allocate the operating mode to be used:
a) Select a nSlota from the left pane.
b) Select the desired operating mode from the right pane ®Modulex.

| General | EtherCAT [ DC [ Process Data | Sets | Startup | CoE - Online | Diag History | Online |

Slot Module Module Moduleldert  Description
el s 1 CSP Mode z | PPM Mode (61000000 Profile Position Mods

]l PVM Mode (x63000000  Profile Velocity Mode

#]CSP Mode (68000000 Cyclic Synchronous Postion Made

1SV Mode (x590000D0 Cyclic Synchronous Velocty Mode

ST Mode (x6AD0DD00  Cyclic Synchronous Torque Mode

Figure 5-55 EtherCAT integration — Beckhoff TwinCAT | Configure slots
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5.3.5 Changing PDO Mapping using Beckhoff TwinCAT
1) Select the device in the Solution Explorer, then click the PDO you wish to edit.

Edit View Project Build Debug TwinCAT TwinSAFE PLC Toels Scope Window Help

S| ¥ SS9 - L5 B [Release ~| | TwinCAT RT (86) || (3 [setstate JREFRe e
8RS @ | < ~| i ir udg| Oléw |00 FEG-
Savtion o T (e G e
. : | General [ BtherCAT [DC__ | Process Data | Slots | Startup [ CoE - Online | Diag History | Oniine |
o4 Solution ‘EPOSH EtherCAT (1 project]
4 il EPOSA EtherCAT Syno Manager PDO List
b [l SYSTEM SM  Sizz  Type  Flags Index  Sie  Name Flags Mo su
’ 0 42 MexOuwt BdADD 170 CSPinputs 3 0
148 M 61600 170 CSPOuputs 2 0
2 17 Oupuis
317 s
4
4 % Devices
4 = Device 3 (EtherCAT)
*® Image
*B Image-Info
> 2 SyncUnits
b I Inputs
. W Outputs [ ———
; i!ﬂg‘::i,it:@ e PDO Assignment ((x1C12) PDO Cortent (Bx1ADD):
© ad Module 1 (CSP Mode) (/] 0<1600 Index Size Offs Name Type Defaut (hex)
b WeState 0604100 20 00 Statusword UINT
4 @ InfoData 0606400 40 20 Postion actual value DINT
# State 60SC00 40 60 Velooiy actual value DINT
b # AdsAddr 0607700 20 100 Torque actual value INT
 Chn0 0606100 1.0 120 Mods of operation display SINT
# DcOutputshitt O<GOFD:00 4.0 130 Digtalinputs UDINT
! DelnputShift )
4 &% Mappings
%) NC-Task 1 SAF - Device 3 (EtherCAT) 1
7 NC-Task 1 SAF - Device 3 (EtherCAT) Info Download | Predefined PDO Assignment: (none)
Fod fsdawnent [[o2d PO info from devica |
[7PDOC: -
(8yne Unit Assignment )

Figure 5-56 EtherCAT integration — Beckhoff TwinCAT | Display process data

2) Click the desired preconfigured PDO mapping from the list. Click right to open the context menu.
3) Choose either nDeleter to remove an existing variable or minserta to add a new variable.

File Edit View Project Build Debug TwinCAT TwinSAFE PKJ Tools

EHd | f @908

pe Window Help

5| b [Release || TwinCAT RT (:86) || (4 |Setstate S ERA BB
B2 @@ [<octr -] 1A = gl=; Olgas | D0 . iFEE-:
% Solution Explorer Sl EPOSH EtherCAT
2 — ; : | General | BherCAT [DC | Process Data | Siots | Startup | CoE - Online [ Diag History | Oniine |
M (5 Solution 'EPOSH EtherCAT' (1 project)
b0 . [ EPOS4 EtherCAT Syne Manager. PDO List:
= 3 Rk SM Szz  Type  Flags Index  Sze  Name Flags sM su
& » | moTioN
¥ PLC 0 48 MxOu DIADD 170 CSPinputs 3 0
g 17 saFETY 148 Mbxh 01600 170 CSPOutputs 2 (]
T =1 2 1 Outpts
= il - 17 s
4 @vo "
% Devices
4 B Device 3 (EtherCAT)
*8 Image
2 Image-Info
b 2 SyncUnits
b L0 Inputs
» [ Outputs e i — |8
» @ InfoData -
= Il Diive . ERGH) PDO Assignment (x1C12) PDO Cortent (D1 ADD):
b sl Module 1 (C5P Mode) [ 0x1800 Index  Sze Oy Name Type Defaut (hex)
W WeState 604100 20 00  Stetsword UINT
4 [ InfoData DEDGA00 40 20 Postion actual value DINT
#1 State BEDECOD 40 60 Velochy actual value DINT
b # AdsAddr 0607700 20 100 Torque actual value INT
% Chnd DE06100 1.0 120 Mode of operation display SINT
#1 DeOutputshift IxEOFD:00 4.0 130 Digtalinputs UDINT
1 DelnputShift
4 3% Mappings
&7 NC-Task 1 SAF - Device 3 (EtherCAT) 1 Delete.
@’ NC-Task 1 SAF - Device 3 (EtherCAT) Info Download | Predefi Edit brs)
] PDO Assignment e ‘
[#] PDO Configuration VveSp
@meld - Move Down \
Figure 5-57 EtherCAT integration — Beckhoff TwinCAT | Select PDO
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4) Select the object you wish to map and click ®OKx.

- 3
£dit Pdo Entry =

Name | i
Index hesl: D 0

Sub Indes: 0
| DalaType [nane) =
Bit Lentgh: 1 =

Shaw only objects from related maduls

From Dictionary:

0¥10F3.04 - New messages available
04301004 - Digital incremental encoder T index position
0¥30171.03 - Analog incremental encoder index position

043012.06 - 551 special bits data

0302004 - Digital incremental encoder 2 index position
043000 - Curent demand vahie =
04300101 - Cunent actual value averaged

0+30D1-02 - Curent actual value

04300201 - Torque actual value averaged

04300301 - Velacity actual value averaged

0v3141-01 - Digital inputs logic stat

0+3150-01 - Digital outputs logic state

0¥3160-01 - Analoginput 1 valtags .

»

m

Figure 5-58 EtherCAT integration — Beckhoff TwinCAT | Edit PDO values

VERIFY CSP SETTINGS
5) Enable the Distributed Clock from the EPOS4/IDX.

View Project Build Debug TwinCAT PLC Tools Scope Window Help B - 1
L §  |Release ~| | TwinCAT RT (@) - | [ |setstate | =g plE -
i [Zp == )

Jution Explorer

General | BherCAT | DC | Process Data | Slets | Startup | CoE - Oniine | Diag History | Oniie |

[ Solution 'EPOS4 EtherCAT' (1 project)

4 il EPOSA EtherCAT Operation Mode: [DC-Smehven -
i @l svsTEM
< moTon
4[] NC-Task1 SAF -
[B1 NC-Task1svB Advanced Settings [
*8 Image —
[] Tables 2B Distributed Clock] Distributed Clock
[ Objects .
4 T Axes iy
B Aois1 Operation Mode: [DC-5ynehron -
@ e 7] Enble Sync Unit Cydle (us): 2000 ]
B zﬁm SYNCO
Cycle Time (us): Shift Time (us)
4 @wo
4 % Devices @ Sync Unit Cycle x4 - User Defined o
Rl ©) User Defined + 5YNCO Cycle
*¥ Image _
8 mage-Info 2000 g
. 7
b ge Synclinits 5] Based on Input Reference
> [ Inputs
W Outputs o
[ InfoData Enable SYNC 0 = 0
=l Drivel (EPOS4) i
4 % Mappings
&7 NC-Task 1 SAF - Device 3 (Ed| S
g7 NC-Task1 SAF - Device 3 (Ef)| (© Sync Unit Cycle Cycle Time (us): 2000
@ SYNC 0 Cyce «1__ =] Snift Time ) 0
[ Enable SYNC 1
[7] Use as potential Reference Clock

G

Figure 5-59 EtherCAT integration — Beckhoff TwinCAT | Set distributed clock
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6) In the Solution Explorer, click on tree item ®NC-Task 1 SAF#, then tab aTask=.
Set cycle time to 2 ms.

File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help

fgl-il- S | K a9 - - -G | B [Relesse -] | TwinCAT RT (6) || (% [setstate
in BB 2R @6 [<oc ] <E || ¥ = g|e=
Solution Explorer = 1 > | EROSA EtherCAT
=
" Task | Settings | Orline
23 Solution 'EPOSA EtherCAT' (1 project)
4l EPOSA EtherCAT Name NC-Task 1SAF Port 501
b @l svstEm i =
5 Auto start Object Id:  (x05000010
[] Auto Priority Management Options
Bty 4 = 7] Disable
Cycleticks: 2 5] 2000 ms [l Creste sbals
Start tick (modulo): v B Include extemal symbols
[7] Separate input update:
Pre ticks: 0
[ Waming by excesding 1/0 st task begin
Message box
a G
0=
7 Wiatchdog Cycles
4 5% Device 3 (EtherCAT)
£l | 1
m+ mage Comment
28 Image-Info
» 2 SyncUnits
i o L0 Inputs
» @ Outputs
» I InfoDats
» =l Drive 1 (EPDS4)
4 3% Mappings
&% NC-Task 1 SAF - Device 3 (EtherCAT) L
&% NC-Task 1 SAF - Device 3 (EtherCAT) Info

Figure 5-60 EtherCAT integration — Beckhoff TwinCAT | Set cycle ticks 1

7) For CSP and CSV mode, set object 0x60C2-01 to the same value as the “Cyclic ticks” in aNC-Task
1 SAFxa (9»step 6). For CST mode, set it to zero.

Object Dictionary - EPOS4 EtherCAT|
‘ Object Dictionary EPOS4 @ oiscbed =
Active Filter Al Objects
T SubIndex Name [Type  |Access [Value
0x00 Motion profile type Enum  RW Linear ramp (trapezoidal profile)
0x00 Homing method Enum  RW Home Switch Positive Speed and Index
Homing speeds
0x00 Homing acceleration UInt32 RW 1000 rpmys
0x00 SIunit position Struct  RwW 0x00 0xBS 0x00 0x00
0x00 SI unit velocity Struct  RW 0x00 0xB4 0x47 0x00
0x00 SI unit acceleration Struct  RW 0x00 0xCO 0x03 0x00
0x00 Position offset Int32  RW 0inc
0x00 Velocity offset Int32  RW 0 rpm
0x00 Torgue offset Intl6 RW 0.0 %
B-0x60C2 Interpolation time period
. 0x60C2 0x02 Interpolation time index Ints RW -3
-0x60C5 0x00 Max acceleration UInt32 RW 4294967295 rpm/s

Figure 5-61 EtherCAT integration — Beckhoff TwinCAT | Set cycle ticks 2
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5.3.6  Configuration of the Axis

1) In the tab aSettings®, verify that aLink To I/O...7 is assigned to the EPOS4/IDX axis (naming is by
your choice).

co\émﬂlbb;

Solution Explorer

e
[ Solution ‘EPOS4 EtherCAT' (1 project) Seos. | ooty Dvania) Ovine | Jiawsions| ok | Covespedion
4 il EPOSA EtherCAT LLink To 110... Drive 1(EFOS4)# A
b @l sYSTEM
5 MOTION [bokToPLC. ]
4 [B NC-Task1 SAF
B NCTosk 1518 s Type:  [CANopen DS402/Profie MDP 742 (e.g. EtherCAT CoE: Dive) -
‘ 4% mage Uit = Dsplay (Ony)
7 Tables
Objects Postion: [ [7] Moduio
4 D Aves Velocty:  [Cmm/min
‘ b ek Adsl
i PLC Result
‘ SAFETY Position: Velocty Aceeleration Jeik:
e mm mm/s mm/s2 mm/s3
‘ « @Evo
4 ¥ Devices
4 = Device 3 (EtherCAT) i e o S |
28 jmage Divider 1 [+ Cycle Tme ims) 2000 |
2% Image-Info Moduls: o B |
2 SyncUnits - |
[ |
» [ Outputs
» [ InfoData
» al Drivel (EPOS4)
4 §* Mappings
| &% NC-Task 1 SAF - Device 3 (EtherCAT) L
| &7 NC-Task 1 SAF - Device 3 (EtherCAT) Info

Figure 5-62 EtherCAT integration — Beckhoff TwinCAT | Link axis

2) Inthe tab aParameters, adjust the motor speed settings as to the motor’s capability and to the sup-
ply voltage.

General | Seftings | Parameter [ Dynamics [ Oniine | Funcions | Coupling | C: n |

[52) Solution 'EPOSA EtherCAT' (1 project)
< al ;ﬂss:ssfé‘;'c” Parameter Offline Value Online Value Unit

) 5

. B eToN - Maximum Dynsmmics:

- Bl NG TR Reference Velacity 2000 | memys

B NC-Task1 5VB Masimum Velacity 20000 | memys
*% Image Maximum Acceleration 150000 mm/e2
i Maximum Deceleration E | mm/s2
Objects i

o M Aces +  Default Dynamics:
b Bk Aisl +  Manual Metion and Homing: |
PLC +  Fast Axis Stop:
B sarery +  Limit Switches: |
Cor o
‘ . Bwo - onitoring:
4 ¥ Devices +  Setpoint Generator: ‘
4 = Device 3 (EtherCAT) +  NCIParameter: |
% Image +  Other Settings: ‘
*® Image-Info |
» 2 SyncUnits
v [ Inputs
> [l Outputs
» @ InfoData

=] Drive1 (EPOS4)

4 E&* Mappings
%) NC-Task1 SAF - Device 3 (EtherCAT) 1
@7 NC-Task 1 SAF - Device 3 (EtherCAT) Info | Download | [ Upbad | ([ GpandAl ] [ ColapsAl | [ SelectAl |

v

Figure 5-63 EtherCAT integration — Beckhoff TwinCAT | Set speed settings
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3) Set Dead Time Compensation to approximately three to four times the set NC-Task SAF Cycle
ticks (=»“Verify CSP Settings” on page 5-63; step 5)

Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help

P EH-S A d | %R - -8 \D\Relaase ~| | TwinCaT RT (s6) || % |Setstate -H@ﬂﬁ"}&;‘ﬂlﬁ“ﬂ--
L N I e |2 » = gls=
Solution Explorer
e General | Seftings | Parameter | Dynamics | Online | Functions | Coupling | Compensation |
23 Solution 'EPOSA EtherCAT (1 project)
4 il EPOSA EthercaT Offline Value Online Value
o |@ll sysTEm T
oo +  Manitoring:
4 [ NC-Task1 5aF +  Setpoint Generator:
B NC-Task 158 +  NCIParameter
o T -
%% Image - Other Settings:
(] Tables Position Correction FALSE |
] objects :
5 ik | Filter Time Positien Correction (P-T1) 00 s
b AL Backlash Compensation FALSE |
PLC Backlash 00 i
SAFETY Error Propagation Mode INSTANTANEQUS® =
[
iy
. Bw Error Propagation Delay 00 = |
4 %2 Devices Couple slave to actual values if not ensbled FALSE =
4 5 Device 3 (EtherCAT) Velocity Window 10 s
jE Image Filtes Time for Velocity Window 001 s
| ]
as Image Jnig Allow motion commands to slave axis TRUE ~|
> 2 SyncUnits ! -
- Allow motion commands to extemal setpoint axis  FALSE |
» I Outputs Dead Time Compensation (Delay Velo and Position) s
» @ InfoDeta Data Persistence FALSE |
» ] Drive 1 (EPDS4) =
-3 Wappings <l 0 v
# NC-Task 1 SAF - Device 3 (EtherCAT) 1
j NC-Task 1 SAF - Device 3 (EtherCAT) Info Downlozd | [ Upad | [ EpandAl | [ ColapsAl | [ SelectAl ]

Figure 5-64 EtherCAT integration — Beckhoff TwinCAT | Set dead time compensation

4) Make sure to set the correct encoder resolution.

File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help

EPOS4 EtherCAT 3¢

S General | NCEncoder | Parameter | Time Compensation | Online |
(3 Selution 'EPOS4 EtherCAT (1 project)
4 il EPOSE EtherCAT “[Parameter Offline Value Online Valus.
ﬂ SYSTEM AT
- B MoToN - ncoder Evaluation:
T TR Invert Encoder Counting Direction FALSE =
[B NC-Task15VB Scaling Factor Numerator 0.0001 mmL.
% Image Scaling Factor Denominator (default: 1.0) 10
[ Tables Position Bias 00 mm
Objects . : |
4 es Modulo Factor (e.g. 360.0%) 13600 | mm
4 B Axisl Tolerance Window for Modulo Start 00 mm
> % Enc Encoder Mask (maximum encoder value) QxFFFFFFFF
»o~l g”“’e Enceder Sub Mask (absolute range maximum value) | 0x000FFFFF
trl T
- Reference System INCREMENTAL' =l
b 120 Inputs
» T Outputs - Limit Switches:
LC Soft Position Limit Minimum Menitoring FALSE =l
SAFETY Minimumm Position 00 mm
[ c++
e Soft Position Limit Maximum Monitoring FALSE =l
« Evo
i 4 " Devices Maximum Position 0.0 mm
4 = Device 3 (EtherCAT) +  Filter
2% Image +  Homing:
1 ]
% Image-Info +  OtherSettings:
B g mcats |
i Inputs
W Outputs | Download | [ Upload | [ BEpandAl | [ CollapsAl | [ Selectal |
+ [ InfoData
» = Drivel (EPOSH)
oy
4 Mappings
L Error List - 1 X

% NC-Task 1 SAF - Device 3 (EtherCAT) 1
I
7, NC-Task 1 SAF - Device 3 (EtherCAT) Info D 0Erors | 1 0 Wamnings | (i) 0 Messages | Clear

Figure 5-65 EtherCAT integration — Beckhoff TwinCAT | Set encoder settings

IDX Application Notes
5-66 CCMC | 2021-03 | rel9613



EtherCAT Communication & Master Integration
x Beckhoff TwinCAT Integration

5) Configure the modes as follows:

SETTINGS FOR CSP MODE

| General | EtherCAT [ DC [ Process Data | Siots | Startup | CoE - Oniine | Diag History | Oniine |

| Slot | Moduie Module Moduleldent  Descrption
=l s 1 CSP Mode [ <] |=dPPM Mode 51000000 Profiic Position Modz
— | =lPVM Mode x63000000 Profii Velocity Mode

|_x_\ %ICSP Mode (668000000 Cyclic Synchronous Postion Mode

| =lCSV Mode 2663000000 Cyclic Synchronous Velocty Mode

&)CST Mode (x6A000000 Cyclic Synchronous Torque Mode

Figure 5-66 EtherCAT integration — Beckhoff TwinCAT | Set CSP settings

Configure the position control loop as follows:

« Position control: Proportional Factor Kv = select a Kv factor suitable for your drive system
» Feedforward Velocity: Pre-Control Weighting [0.0...1.0] = “1.0”

[ Solution 'EPOSA EtherCAT' (1 project)
4 gl EPOSA EtherCAT
b [l svsTem
MOTION
C-Task 1 SAF
[Br NC-Task15VB
% Image
[T Tables
i P I: P | Factor K 00 | |
4 B Ares esition centrol: Proportienal Facter Ky | mm/s...

4 B Axisl | Feedforward Velocity: Pre-Control Weighting [0.0 ...
> % Enc + | Other Settings:
i =) Drive
Iy Curl
» [ Inputs
[ Outputs
PLC
SAFETY
[ o+
4 @wo
4 Devices
4 = Device 3 (EtherCAT)
% Image
8 Image-Info
2 SyncUnits
b [ Inputs.
» [ Outputs
b
B

Monitoring:
Pasition Log Moritoring | TRUE -l

Wit Position Lag Vol 50 | =

Maximum Position Lag Filter Time 002 s

Position Contrel Loop:

| Dowrload | [ Upload | [ ExpandAl | [ CollapsAl | [ SelectAl ]

@ InfoData
a1 Drive1 (EPOSH)
4 &% Mappings
% NC-Task1 SAF - Device 3 (EtherCAT) 1
57 NC-Task1 SAF - Device 3 (EtherCAT) Info

Error List
@ OErors | 5\ 0 Wamnings | (i) 0 Messages | Clear

Figure 5-67 EtherCAT integration — Beckhoff TwinCAT | Set position control loop settings

SETTINGS FOR CSV MODE

| General [ EherCAT | DC_ [ Process Data | Siots | Starup [ CoE - Online [ Diag History [ Oniine |

\ Slot | Module Module Moduleldert  Description
el s 1 CSV Mode ‘ ] PPM Mode (x61000000 Profile Posttion Mads
| sUPVM Mode (x63000000 Profile Velocity Mode
?‘ =JCSP Mode (x6B000000 Cyclic Synchronaus Position Mode
| ®ICSVMode (63000000 Cyclic Synchronous Velocty Mode
2JC5T Mode  BxGADDIOOD  Cydlic Synchronous Torque Mode

Figure 5-68 EtherCAT integration — Beckhoff TwinCAT | Set CSV settings

Configure the position control loop as follows:
» Position control: Proportional Factor Kv - “0.0”
+ Feedforward Velocity: Pre-Control Weighting [0.0...1.0] = “1.0”
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maxon

ion 'EPOSA EtherCAT CSV' (1 project)
4 Gl EPOS4 EtherCAT CSV
v @l svstem
4 MOTION
. NC-Task1 SAF
[B1 NC-Task1 SVB
28 Image
Tables
Objects
4 B fxes

4 % Device 3 (EtherCAT)
28 mage
28 Image-Info

» @ SyncUnits

b [ Inputs

» B Outputs

» @ InfoData

» =l Drivel (EPOS4)

4 3% Mappings
&7 NC-Task 1 SAF - Device 3 (EtherCAT) 1

a7, NC-Task 1 SAF - Device 3 (EtherCAT) Info

Figure 5-69

General | NG Contraler | Parameter [onine

Parametﬂ Dfﬂ ine Value Online Value

- Monitoring: |
Péition Loy Maisilonig TRUE =l
Maximum Position Lag Value 50 |
Mesimur Position Lag Filter Time |

[l

Position Control Loop:

Position control: Proportional Factar Kv

Feedforward Velocity: Pre-Control Weighting [0.0 .. 10]

Other Settings:

[ Dowrioad | Upload | [ Expand Al Collapss Al Select

EtherCAT integration — Beckhoff TwinCAT | Set position control loop settings

In the tab ®Parameterx, set the correct “Output Scaling Factor (Velocity)”. Scaling may be calculated as fol-

lows:

Scaling = 7500 / (Encoder count number * 4)
e.g. Encoder with 500 counts per turn: Scaling = 7500 / (500 * 4) = 3.75

o4 Solution 'EPOSA EtherCAT CSV' (1 project)
4 Gl EPOS4 EtherCAT CSV
v @l svstem
4 MOTION
. NC-Task1 SAF
[B1 NC-Task 1 SVB
28 Image
Tables
Objects
4 S fxes
PR
» 4 Enc
=l Drive
Ty, Ctrl
p [0 Inputs
» [ Outputs
3 P
SAFETY
Cot
4 Fvo
4 *L Devices
4 = Device 3 (EtherCAT)
28 mage
28 Image-Info
» @ SyncUnits
b [ Inputs
» R Outputs
» @ InfoData
5 =l Drivel (EPOS4)
4 3% Mappings
57 NC-Task 1 SAF - Device 3 (EtherCAT) 1

&7 NC-Task 1 SAF - Device 3 (EtherCAT) Info

Figure 5-70

General [ NC-Drive | Parameter | Time C: tion |

Parameter Offline Value Online Value

Output Settings: |
| et Misfor Bolaiity: FALSE ]
Reference Velocity 2500
2t Output Ratio 00 .. 1.0] 10
Position and Velocity Scaling:

Output Scaling Factor (Pesition)

Output Scaling Factor (Velocity)

Output Delay (Velocity)

Minimum Drive Output Limitation [-1.0 ... 1.0]

+  Torque and Acceleration Scaling:

Maximum Drive Qutput Limitation [-1.0 ... 1.0]

+  Optional Position Command Output Smoothing Filter:

+  Other Settings:

EtherCAT integration — Beckhoff TwinCAT | Set output scaling factor

5-68
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SETTINGS FOR CST MODE

| General | EherCAT | DC [ Process Data | Siots | Starup [ CoE - Oniine | Diag History | Onine |

Slot Module Module Moduleldert.  Description
el fudis 1 CST Mode z [ PPM Mode (61000000 Frofile Posttion Mode
={PVM Mode (x63000000  Frofile Velocty Mode

+ | | %ICSP Mode (x6B000DDO  Cyclic Synchronous Position Mode

=0CSV Mode (x69000000 Cyclic Synchronaus Velocity Mode

#4CST Mode  BBADDD00D  Cyclic Synchronous Torque Mode

Figure 5-71 EtherCAT integration — Beckhoff TwinCAT | Set CST settings

In the Solution Explorer, select ®CST Outputsa and set the link for the “Target Torque” variable.

D& EPOSA EtherCAT CST - Microsoft Visual Studio ¥
FLE EDT VW PROJECT BULD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE WINDOW  HELP
0| B-o-U Y A2 C | b Atach. - |[Relesse =] [TwinCAT RT (@6) 1| A -

ZAE2 8™ | | [ & | <

Solution Explorer MRl EPOSA EtherCAT CST # X

®|o-a|F = Varizble |Fags | Online
Search Solution Explorer (Ctrl+a) P
Name Target torque
b &, Enc -
b =l Drive Type INT
Iy, Ctrl Group: CST Outputs Size: 20
> Inputs
b W Outputs Address 73 (0cdg) Ussr D 0
SAFETY
Commert
4 Fvo
4 Devices
4 = Device3 (EtherCAT)

8 Image
*8 Image-Info

b 2 SyncUnits

b Inputs ADS Ifo Port: 11, 1Grp: &<3040010, [Offs: $x81000048, Len: 2

b Outputs

b @ InfoData

4 | Drivel (EPOS4) Full Name: TID Device 3 (EtherCAT) Drve 1 (EPOS) Module 1 (CST Mods) CST Ot
4 Module1 (CST Mode)

4 17 CSTInputs

# Statusword

&1 Position actual value

#1 Velocity actual value

#1 Torque actual value

#1 Mode of operation display
#! Digital inputs

Controlword
Y -

OFrmors | ¢ 0Wamings 0 Messages | Clear

+ Target torque
- Torque offsct Description i
I Mode of operation
- Digital outputs
b WeState
b @ InfoData

Figure 5-72 EtherCAT integration — Beckhoff TwinCAT | Set target torque

In folder »Driver \ ®QOutr, select “nDataOut2(0)” of Axis 1 as link variable.

- .
¥ Attach Variable Target torque (Output) ]

Search E Show Variables

B nData0ut5[1] > OB 2780 UINT[20] = = \jeod and unused

-3 nDataluts =
Exclude disabled
rData0uE(0] > OB 280.0,UINT [20] ] Ercice ther Devioes
B rData0u[] > QB 2820, UINT [20]

Exclude same Imags

Bt Diive
e Out 9] Show Toalips
-4 nDatabut! [T Sort by Address

B rData0u[0] 3 OB 296.0,UINT [20]

Show Variable T
nData0ut[1] > OB 298.0. UINT [20] ow Variable Types

45 nDatalu2 [ Matching Type
| Malching Size
= Bl Tapes
nDatalut3 | &y Mode:
B¢ Dats0uA0] > B 3080, LINT [20]
fl nDatsOut31] > OB 3100 UINT [20] Oifsets
nDatalutd | [ Continuous
B¢ Dats0ud0] > B 3120, LINT [20] 7] Show Diskog

rData0utd{1] > OB 314.0,UINT [20]

4 nDatalluts Varlable Mame / Comment

B rData0us(0] 5 OB 316.0,UINT [20] # [T Hard over
rData0uE[1] > OB 318.0.UINT [20] [14 ] Take over
S rDatallu =

” | () o

Figure 5-73 EtherCAT integration — Beckhoff TwinCAT | Configure position control loop
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Configure the position control loop as follows:

* NC-Controller Type: Position controller PID (with Ka)

N EPOS4 EtherCAT CST - Microseft Visual Studie
FILE EDIT VIEW PROJECT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE WINDOW |

O|B-o-WEHE X AFa]2-Q-| patach.-[ | [Releaze -

B2 @ @ Lo el I
e Al £POS4 EtherCAT CST & X
cof e-a| &= [ General | NC-Cortraller | Parameter | Orfine
Search Solution Explorer (Ctrl+ ) P~
Type: [Postion controller PID with Ka)

[3] Solution ‘EPOSA EtherCAT CST' (1 project)
4 gl EPOSA EtherCAT CST
4 [ sYSTEM
F Licence
4 @ Real-Time
[Z /O Idle Task
B Tasks
g Routes
25 Type System
[ZH TcCOM Objects
4 MOTION
4 NC-Task 1 SAF
[E1 NC-Task1 SVB
+9 Image
[] Tables
[ Objects
4 B Axes
4 B Aisl
P &, Enc
b =+ Drive
Ly Crrl
b [0 Inputs
b @ Outputs

Figure 5-74 EtherCAT integration — Beckhoff TwinCAT | Configure position control type

+ Tn=Kp/Ki(EPOS4/IDX object 0x30A1-01 and object 0x30A1-02)
+ Tv=Kd/Kp (EPOS4/IDX object 0x30A1-03 and object 0x30A1-01)
* Kv must be termined empirically

D EPOSH EtherCAT CST - Microsoft Visual Studio Y2  QuickLaunch (Ctr
FLE EDIT VIEW PROJKCT BUID DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE  WINDOW  HELP
io-o|B-o-AEdE|Xda|2-C ] » Atk - —]lREIEasE - | | TwinCAT RT (:86) B JmemEseE
i - e | ] ) =l dl¢-ter=tawis 0D WG,
co®| -8 =
Search Solution Explorer (Ctl+d) P~
= | [Parameter [ offline Value Online Value
1 Solution 'EPOS4 EtherCAT CST' (L project) i =
4l EPOSH EtherCAT CST = | Montoring |
bl svsTEM Psition Lag Menitoring FALSE = B
4 [ MoTIoN Maximum Position Lag Value 50 F
4 [ NC-Tesk 1 SAF Maximum Position Lag Filter Time 002 F
[ NC-Task1 SVB e
8 lmage osition Centrol Loop:
[ Tables Pasition control: Dead Band Position Deviation 00 F
Objects Position contrak Proportional Factor ki EXN F
4 S Axes
a Pasition control: Integral Action Time Tn F
Axis1
A A Pasition control: Derivative Action Time Ty F
b &, Enc
b = Diive Pasition control: Damping Time Td 0.001 F
T Cl Pasition control: Min.fmax. limitation I-Part [0.0 ... 10] 10 F
b L Inputs Pasition control: Min.fmax. limitation D-Part [0.0 ... 1.0] 10 F
b bl Outputs Disable I-Part during active positioning FALSE -l B
Ay Feedforward Acceleration: Proportional Factor Ka 01 F
[~ o Feedforward Velocity: Pre-Control Weighting [0.0 ... 1.0] 00 F
b Evo + Other Settings:
[ Dowrload | [ Upioad | [(Epand Ml | [[Colapse Al | [ SelectAl |

Figure 5-75 EtherCAT integration — Beckhoff TwinCAT | Configure position control parameters
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5.4 zub MACS Integration

OBJECTIVE

This chapter explains the required configuration of so-called «MasterMACS» or kMACS5» multi-axis motion
controllers to command an EPOS4/IDX by EtherCAT.

BASICS

The MACS master controller product series of the Swiss company zub AG (=®www.zub.ch/en) are freely
programmable just as a PLC but are mainly designed for sophisticated coordination and synchronization of
multi-axis drive systems. These masters can process the motion of one or multiple axis and command the
EPOS4/IDX via CAN or EtherCAT.

As member of the maxon group, the company «zub machine control AG» provides you with industry-
proven, high-end solutions that are supported by both maxon motor ag and zub AG.

Available are different types of masters: =2»www.zub.ch/en/products/product-gallery.html

The information given in this chapter refers to the following two product types. They are commanding the
EPOS4/IDX in Cyclic Synchronous Position (CSP) mode via EtherCAT:

* MasterMACS
« MACS5

With other MACS product types, with other EPOS4/IDX operating modes (e.g. CSV), or for commanding via
CAN (instead of EtherCAT), an adapted configuration will be required.

PRECONDITIONS

The information given in this chapter presumes that there is some level of experience present concerning
the functionality and usage of zub’s development environment («<APOSS») as well as to programming lan-
guage.

The software and all manuals are free for download from zub’s website:
=>www.zub.ch/en/downloads.html

FUNDAMENTALS

Typical PLCs use the *:esi file and a System Manager tool to configure master and slave. The MACS soft-

ware development environment does not offer such a System Manager tool. The configuration of the com-

munication and data exchange is defined as part of the application’s source code. This code section will be
typically handled by an include file (*.mi) which can easily be copied into application programs. Thus, config-
uration can be quite simple but remains still very flexible.

The present chapter provides the code of a typical configuration of the MACS master and the EPOS4/IDX
commanded via EtherCAT based on the CSP mode. You may copy/paste the required code from the docu-
ment into the source code editor of the APOSS development environment in use by MACS controllers.

Take note of the remarks and explanations in the code. They will help you to get a better understanding on
the different configuration tasks and the possible additional motor configuration which must be checked or
adapted.
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REQUIRED TOOLS

Software Development Environment

APOSS

EPOS Studio

Firmware Versions

MACS5 /
MasterMACS

EPOS4/IDX

V 6.12.239 (or higher)

Menu item Help
» About Program

V 3.6 (or higher)

Menu item Help
» About EPOS Studio

7.4.26 (or higher)

Menu item Controller
» Diagnostics

0x160 (or higher)

e Icon
» Properties
* Version

maxon

About Aposs

Zub\?’

www.zub.ch

Aposs

ZbMoc Interface Driver 6.12.239 (2018/02/28)
APOSS Compiler 6.12.231 (2018.02.02)
FTDZXX Driver: Library 3.2 4 Driver 2.8 20

Copyright® 2010-2018 zub machine cortrol AG

=]
6.12.239 (2018/02/28)

-
‘About EPOS Studio

[

EPOS Studio 3 4 Revision 1
Copyright (c) 2010 - 2018 maxon motor ag

Find latest documentation, software and
fimmware for EPOS Devices at
maxon motor’s online catalog

For support visit our Service & Support Desk

Diagnostics ==
]
D 1 CPU Type: 1-DSP2812
Name: LLLLFED> Axis Type: H
Type: MACSS Options: 2
Firmware: 7.4.26 Board: c
FPGA: 3.48 Speed: 0
Bootloader: 12 Date: 1984/01/01 -
Coprocessor: 70425 Time: 01:58:35.822
Amplifier: 0 OffsetfromPC:  -273:31:11.
Interface: UsB Select
IP Address:  0.0.0.0

Properties - EPOS4 EtherCAT

Settings Version |Infe |

Software version 00140
Hardware version 016350
Application number 0:0000
Application version 0:0000
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5.4.1 EPOS4/IDX: Configuration Tasks

EPOS STUDIO’S “STARTUP WIZARD”
1) Configure motor, sensor, and system data.

[ Startup - EPOS4 EtherCA "-

: Safety Instructions Motar

si‘ 4 Motor/Sensors

5 Enter motor type and characteristics (consult maxon catalog).

& Sensars

B4 Controller Maotor type maxon EC motor (BLDC) ']
Commutation Norninal current 5000 ma [
Regulation
Limits Torque constant Identify during mechanical system identification
Device Control 0000 mim/a [

4 Inputs / Outputs —

Digitel Inputs Thermal time constant winding 405
Digital Outputs Nurber of pole pairs 1

Figure 5-76 EtherCAT integration — zub’s MACS Multi-Axis EtherCAT Masters | EPOS Studio “Startup
Wizard”

2) Conclude by pressing the aFinisha button to save all configured data in the EPOS4/IDX.

EPOS STUDIO’'S “REGULATION TUNING*

1)  Tune the current control (with or without load).
Current control parameters do not depend on the load. Therefore, current control tuning can be

processed without a load.

Figure 5-77 EtherCAT integration — zub’s MACS Multi-Axis EtherCAT Masters | EPOS Studio “Regula-
tion Tuning* 1

2) Tune the position control loop with load.
Position control parameters depend on the load, particularly if no gear box is present. Therefore,

position control tuning should be processed with the attached load.

3 e b

Figure 5-78 EtherCAT integration — zub’s MACS Multi-Axis EtherCAT Masters | EPOS Studio “Regula-
tion Tuning” 2
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3) Velocity control does not apply in CSP mode. Thus, tuning of the velocity control loop is not manda-
tory but recommended anyway.

4) Find detailed information on control tuning in the application note =»chapter “2 Controller Architec-
ture” on page 2-11.

5) Conclude by pressing the aFinisha buttonto save all configured data in the EPOS4/IDX controller.

5.4.2 MasterMACS / MACS5S: Setup Tasks

MACS5 IP MODE CONFIGURATION
With a MACSS5 in use, configuration of the IP mode as “EtherCAT Master” is necessary.
* Menu item: Controller
+ Parameters
* Global / Axis
+ Mark the radio button “EtherCAT Master”

Note
@ By default, the MasterMACS is configured as “EtherCAT Master”.

Controller - Parameters

dlobal |

Name: | <<2<>>>>

CAN Bus

CANID: 1

CAN Baudrate: 8

SYNC Period [ms]: |1

TP Address

IPMode: (" DIP Switch
 pHCP

€ Fixed IP Address
(¥ EtherCAT Master

Figure 5-79 EtherCAT integration — zub’s MACS Multi-Axis EtherCAT Masters | MACS5 IP Mode Con-
figuration

MACS & EPOS4/IDX: CONFIGURATION OF CONSISTENT PARAMETERS
1) Configure the encoder resolution of the MACS and EPOS4/IDX with matching values.

2) Configure the “Following error window” of the MACS parameter “POSERR” with a higher value
than the EPOS4/IDX object 0x6065-00.

3) Ensure that configuration of the MACS’ parameter “EtherCAT SYNC period” (default: 1000 ps) and

the EPOS4/IDX’s “Interpolation time period value” object 0x60C2-01 correspond to each other.

- We recommend to keep the MACS’ default setting of 1000 ys and to configure the EPOS4/
IDX’s object 0x60C2-01 to a value of 1 ms.

- If the settings of this MACS and EPOS4/IDX parameters do not match, electrical noise and/or
malfunction in position control may occur.

DEACTIVATION OF MACS POSITION CONTROL

The MACS position control is not required in case of EPOS4/IDX’s “Homing” or “CSP” mode. Therefore,
position control can be deactivated by setting the MACS position control parameters (P, |, D) to “0” (zero),
compare code extract “SetupAxisParam”.

LOCATION OF INCLUDE FILES (*.MI)

If there are include files (*.mi) in use by a program they must be located in the same directory as the appli-
cation program (*.m). Otherwise, the include file will not be found by the APOSS compiler.

IDX Application Notes
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HOMING PROCESSED BY EPOS4/IDX
It is recommended to use the “Homing” mode of the EPOS4/IDX before activating CSP and the MACS con-
troller to process path planning and generation of cyclic demand position updates.

* Using EPOS4/IDX’s “Homing” mode offers the possibility to use all homing methods of the EPOS4/
IDX.

» Refer to separate document 2»«IDX Firmware Specification»; chapter “Homing Mode (HMM)” to
learn more about the different homing methods.

5.4.3 MACS: Configuration of EtherCAT Communication & Start-up Procedure

The initial configuration of communication and start-up procedure of the MACS can be split into different
consecutive steps (functions) which can be integrated in an include file (*.mi) for usage by multiple applica-
tion programs.

The typical flow of function calls will look as follows:
1) Initial setup tasks
a) Setup some base axis parameters of the MACS
=>»source code of function “SetupAxisParam()”
b)  Setup CSP: Configure PDOs, SYNC period, and activate CSP mode
=>»source code of function “SetupDriveCommandingCSP()”
2) Start EtherCAT communication

a) Configure and intitiate EtherCAT communication
=>source code of function “EtherCATMasterStart()”

3) MACS system setup tasks

a)  Setup the bus module

=>»source code of function “SetupBusModule()”
b)  Setup virtual amplifier

=>»source code of function “SetupVirtAmp()”

c)  Setup virtual counter inputs
=>»source code of function “SetupVirtCntinp()”

The later description provides code samples of all above mentioned functions as well as a simple applica-
tion program. The source code can be copied from the document and pasted into an include file (such as
“‘MACS-EPOS4/IDX-Config.mi”) which then initially can be called up by the application program (such as
“MACS-EPOS4/IDX-Test.m”).

INITIAL SETUP TASKS: SETUPAXISPARAM(), SETUPPDOMAPPING()
#i nclude "sysdef.m" // Standardized include file by zub
#pragma NO MPLICI T

/1 Setup MACS axis paraneters

| ong Set upAxi sParan{long axis, long EncCpt, |ong MaxRpm | ong MaxAcc)

{

/1 Ensure that this corresponds to the encoder and EPOS4/1 DX confi gurati on!
set posencqc x(Axis) (EncCpt*4) // Set enc. resolution per turn [inc]

set posencrev x(Axis) 1 /1 Default: 1

set feeddist x(Axis) (EncCpt*4) // Set feed resolution (= output) per turn [inc]
set feedrev x(Axis) 1 /] Default: 1

set vel max x(Axis) MaxRpm /1 Set max. velocity [rpn]

set rampm n x(Axis) MaxAcc /1 Set nmax. acceleration [ns] (0- > MaxRpm)

set kprop x(Axis) O /1 Disable P-Gain of PID Controller

IDX Application Notes

CCMC | 2021-03 | rel9613 5-75



EtherCAT Communication & Master Integration
zub MACS Integration m x n

set kder x(Axis) O /1 Disable D-Gin of PID-Controller
set kint x(Axis) O /Il Disable I-Gin of PID-Controller

set poserr x(Axis) 200000 // Set max follow ng error [inc]
/1 EPOS4/ 1 DX processes position control,
/1l => Configuration of EPOS4/1DX s “Fol |l owi ng Error Wndow' (0x6065-00) [inc]

}

/'l Setup CSP: Configure PDOs, SYNC period, activate OP node
| ong Set upDri veCommandi ngCSP(| ong Dri vel d)
/1 Driveld is 1000000 plus the EtherCAT slave position in the bus

{

sdowiten Driveld 0x1Cl12 0x00 1 0x00 /| Disable entry 0x1Cl12

sdowiten Driveld 0x1C13 0x00 1 0x00 /1 Disable entry 0x1C13

sdowiten Driveld Ox1A00 0 1 O /1 C ear PDO 0x1A00 entries

sdowriten Driveld Ox1A00 1 4 0x60410010 // PDO 0x1A00 entry: Status

sdowriten Driveld Ox1A00 2 4 0x60640020 // PDO 0x1B0O entry: Actual position
sdowiten Driveld Ox1A00 0 1 2 /1 PDO 0x1A00 entry: Nunmber of entries
sdowiten Driveld Ox1A01 0 1 O /1 C ear PDO Ox1A0l1 entries

sdowriten Driveld 0x1A02 0 1 O /'l clear PDO Ox1A02 entries

sdowriten Driveld 0x1A03 0 1 0 /'l clear PDO Ox1A03 entries

sdowriten Driveld 0x1600 0 1 O /1 Clear PDO 0x1600 entries

sdowiten Driveld 0x1600 1 4 0x60400010 // PDO 0x1600 entry: Cnd

sdowiten Driveld 0x1600 2 4 0x607A0020 // PDO 0x1600 entry: Position set point
sdowiten Driveld 0x1600 0 1 2 /1 PDO 0x1600 entry: Nunmber of entries
sdowriten Driveld 0x1601 0 1 O /1 Clear PDO 0x1601 entries

sdowriten Driveld 0x1602 0 1 O /'l Clear PDO 0x1602 entries

sdowriten Driveld 0x1603 0 1 O /'l Clear PDO 0x1603 entries

sdowriten Driveld 0x1Cl2 1 2 0x1600 /1 PDO 0x1C12: 01 i ndex

sdowriten Driveld 0x1Cl2 0 1 1 /1 PDO 0x1C12 count

sdowriten Driveld 0x1Cl3 1 2 0x1A00 /1 PDO 0x1C13: 01 i ndex

sdowriten Driveld 0x1C13 0 1 1 /1 PDO 0x1C13 count

/'l Ensure that the Ether CAT SYNC and EPOS4/| DX interpolation time period correspond

/1 1t is recommended to use 1 ns (which is also the default setting value of the MACS)
ecat mast erconfi g 0x1000 O 1000 /1 MACS: EtherCAT naster SYNC. 1000 us

sdowiten Driveld Ox60C2 1 0 1 /1 EPOS4/1DX: Interpolation tinme period value: 1nms

/| Set EPCS4/1DX operating node: CSP
sdowiten Driveld Ox6060 0 1 8 // CSP = node 8

}

START ETHERCAT COMMUNICATION: ETHERCATMASTERSTART()
/] Starting EtherCAT
| ong Et her CATMaster Start ()

{

ecat mast er conmand 0x1000 2 /1 Map Input and Qutput buffers (go to safeop)
ecat mast er conmand 0x1000 3 /1 Request & wait OP state for all slaves

}

5-76
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MACS SYSTEM SETUP TASKS: SETUPBUSMODULE(), SETUPVIRTAMP(), SETUPVIRTCNTINP()
/1 Setup bus nodul es

| ong Set upBusMddul e(1 ong Axi s, |ong PdoNumnber)

{

| ong busnod

busnmod = Axis-1

BUSMOD_PARAM busnod, BUSMOD MODE) = 0 /1 del ete existing bus nmodul e
BUSMOD_PARAM busnod, BUSMOD BUSTYPE) = 2 // Ether CAT Master

BUSMOD_PARAM busnod, BUSMOD_PI SRC | NPUT1) =
VI RTAMP_PROCESS_SRC| NDEX( busiod, PO_VI RTAMP_CVMDWORD)  // CVD Wr d

BUSMOD_PARAM busnod, BUSMOD_PI SRC_| NPUT2) =
VI RTAMP_PROCESS_SRCI NDEX( busnod, PO_VI RTAMP_REFPQCS) /'l Position setpoint

BUSMOD_PARAM busnod, BUSMOD TXMAP_|I NPUT1) = PdoNunber *0x01000000 + 2*0x00010000 + O
/1 pdo; length in bytes; bytes offset of control word

BUSMOD_PARAM busnod, BUSMOD _TXMAP_| NPUT2) = PdoNunber *0x01000000 + 4*0x00010000 + 2
/1 pdo; length in bytes; bytes offset of target position

BUSMOD_PARAM busnod, BUSMOD RXMAP_POVALUEl) = PdoNunber *0x01000000 + 2*0x00010000 + O
/1 pdo ; length in bytes; bytes offset of status word

BUSMOD_PARAM busnod, BUSMOD RXMAP_POVALUE2) = PdoNumber *0x01000000 + 4*0x00010000 + 2
/1 pdo ; length in bytes; bytes offset of position actual val ue

BUSMOD_PARAM busmod, BUSMOD MODE) = 2

/1 Start bus nodul e
ecatmasterconfig (Axis) busnod 0O

}

/1 Setup Virtual Amplifier

I ong SetupVirtAmp(long Axis)

{

| ong nodno

modno = Axis-1

/1 virtual anplifiers have a fixed connection to axes nunber, axe 1 use anmp O

VI RTAMP_PARAM nodno, VI RTAMP_PI SRC_CVDWORD) = AXE_PROCESS_SRCI NDEX( modno, REG_CNTRLWORD)
VI RTAMP_PARAM nodno, VI RTAMP_PI SRC_REFPCS) AXE_PROCESS_SRCI NDEX( modno, REG_COMPCS)

VI RTAMP_PARAM nodno, VI RTAMP_PI SRC_REFVEL) AXE_PROCESS_SRCI NDEX( nodno, REG_REFERENCE)
VI RTAMP_PARAM nodno, VI RTAMP_PI SRC_REFACC) AXE_PROCESS_SRCI NDEX( nodno, Pl D_FFACCPART)

VI RTAMP_PARAM nodno, VI RTAMP_PI SRC_STATUS) =
BUSMOD_PROCESS_SRCI NDEX( modno, PO_BUSMOD_VALUEL)

VI RTAMP_PARAM modno, VI RTAMP_CNTRLW PWROFF) = 0x06
VI RTAMP_PARAM nmodno, VI RTAMP_CNTRLW PWRONDI S) = 0x06
VI RTAMP_PARAM nodno, VI RTAMP_CNTRLW PWRONENP) = OXOF
VI RTAMP_PARAM nodno, VI RTAMP_CNTRLW PWRONENN) = OXOF
VI RTAMP_PARAM nmodno, VI RTAMP_CNTRLW QUI CKSTOP) = 0x02

VI RTAMP_PARAM nodno, VI RTAMP_CNTRLW RESET) = 0x80
VI RTAMP_PARAM nodno, VI RTAMP_STOPDELAY) = 0x0
VI RTAMP_PARAM nodno, VI RTAMP_ERROR_BI TMASK) = 0x0008

1

VI RTAMP_PARAM rodno, VI RTAMP_ERROR_POLARI TY)

VI RTAMP_PARAM nodno, VI RTAMP_MODE) = 1
/1 has to be the | ast one because it activates all
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/1 Setup Virtual Counter inputs
long SetupVirtCntlnp()
{

VI RTCOUNTI N_PARAM 0, VI RTCNTI N_PI SRC_COUNTER) =
BUSMOD_PROCESS_SRCI NDEX( 0, PO_BUSMOD_VAL UE2)

VI RTCOUNTI N_PARAM 0, VI RTCNTI N_MODE) = 3 /'l source is absolute and is taken as it is
}
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5.4.4  Simple Application Program

The include file “MACS-EPOS-Config.mi“ holds the functions and source code listed on the last pages. This
include file must be part of the application program.

/1 Main-Program (. mFile)

/'l Include file providing the required setup functions
#i ncl ude " MACS- EPOS4/ | DX- Config. m "
/'l Remark: Include files have to be located in the sane directory like the *.mfile

long Axi s, PdoNunmber, Driveld, EncCpt, MaxRpm MaxAcc
Axis =1

PdoNunber = 1
Driveld = 1000001 // = 1000000 plus the EtherCAT slave position in the bus

EncCpt = 500 /1 Encoder resolution [cpt]
MaxRpm = 3000 /'l Max. speed [rpm
MaxAcc = 100 /1 Max. acceleration [nms]: O -> MaxRpm

errclr // Clear all error states, if there are any present

ecat mast er command 0x1000 0O /1 Disable nmaster
ecat mast ercommand 0x1000 1 /1 Start nmaster

/'l Initial setup tasks
Set upAxi sParan( Axi s, EncCpt, MaxRpm MaxAcc)
Set upDr i veCommandi ngCSP( Dri vel d)

/1 Start Ether CAT communi cation
Et her CATMast er Start ()

/1 MACS system setup tasks

Set upBusModul e( Axi s, PdoNunber)
Set upVi rt Amp( Axi s)
SetupVirtCntl np()

/1l Clear error states, if there are any present
Errclr /1 Clear MACS error states

Anperrclr x(Axis) /'l Cear EPOS4/1DX error states

del ay( 20) /1 Wait 20 ns
mot or on x(Axis) /'l Enabl e the power stage

/1 Start sinple cyclic novenent of the notor

whil e(1) do
vel x(Axis) 50 /'l Use 50% of MACS nmex. velocity
acc x(Axis) 30 /'l Use 30% of MACS nmex. accel eration
dec x(Axis) 30 /1 Use 30% of MACS nex. decel eration

/1 Move absolute 10 turns
posa x(Axis) (get posencqc)*10

del ay 500 /1 Wait 500 ns
posa x(Axis) O // MNove absolute to position O
del ay 200 /1 Wit 200 ns

endwhi | e
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5.5 OMRON Sysmac NJ Integration
The below descriptions are based on the following items:
+ Sysmac Studio Standard Edition 1.44
+ NJ301-1100 (Firmware Version 1.40)

CREATING PROJECT FILE
1) Create a Project File form the Project Window.

ETHERCAT CONFIGURATION
2) In the Multiview Explorer, select mConfigurations and Setupw, then nEtherCAT=.

> T
Figure 5-80 EtherCAT integration — OMRON Sysmac NJ | Configuration and Setup

This will open the aEdit Panex and will automatically create the master.

Multiview Expl

Seting <= Actual device:
check

[] Mccmsren
[ fetsaontact vt
[[] FerLsaostat reto
[ e omontact vevt
[ e saasricT Rt
[ FeeoLsmacn e revto
[ fesaasrecTReto

Dey e

Set aname for the master. [ e
[L] R LA T Revto

[ Fetsmnrat revt

[ Reeo-LsaacricTReuto

Program | Location

Figure 5-81 EtherCAT integration — OMRON Sysmac NJ | Master

IDX Application Notes
5-80 CCMC | 2021-03 | rel9613



maxon

IMPORT ESI LIBRARY
3) Inthe EtherCAT tab, click right on the master and select aDisplay ESI Library=.

EtherCAT Communication & Master Integration
OMRON Sysmac NJ Integration

PR | i ‘ Node Address [Network configuration

A Configurations and Setup

> T

Figure 5-82

4) Click rlnstall (File)= to import the EPOS4/IDX ESI file.

B £l Library

Figure 5-83

5) Store your settings, close and restart the «Sysmac Studio».

Import Slave Settings and Insert New Siave.

Clear All Settings.

Display ES Library

Export Configuration Information
Output to ENS File

Export All Cauplers' /O Allocations
Assign Drives to Axes

Safety Related PDOs Batch Setting

Ttem name

tname

7 of Slaves.
»mmunications Cycle
ission Delay Time:

e Clock

able Length
tOperation Setting
me for Slave Startup
immunications timeout detection count
n Check Method
lumber Check Method

ame for the master.

Edit Settings

5

Sefting <= Actual device
No dhedk

EtherCAT integration — OMRON Sysmac NJ | Import of ESI library

times

EtherCAT integration — OMRON Sysmac NJ | Import of EPOS4/IDX ESI file

Toolbox
Al vendors

0] Terminal Goupler

[ Servo Drives

O Integrated Motors

By =

S Digital 10

= Analog 10

= Encoder Input |
S Measurement Sensor

3 Vision Sensor |

.

M Show all versions

[ MecczReni

[ M

[ Feosazrec vt
[[] R ismeiiea reso
[ reosamniec vt
[ R Lsanacr i Revio
[ R Lsanachec reto
[ Feoisaasr et et
[[] Feeisaasiiea ret
[ reoisazr i Rt

[ ReroLsanamriet vecto
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6)
tera in the EtherCAT tab.

ER

Multiview Explorer

e Node Address INetwork configuration

| Vister,
I oSt
Rev0+01610000

> T

PSR WS—

Figure 5-84

EPOS4/IDX PARAMETERS
7)

Product name
Number of Slaves
PDO Communications Cyde

Transmission Delay Time

Reference Clack
Total Cable Length

Fail-soft Operation Setting

Wait Time for Slave Startup.

PDO communications timeout detection count
Revision Check Method

Serial Number Check Method

Device name
Set a name for the master.

maxon

Edfit Settings
Not exist

e
Fai-coft aperation -
E

3
Setting <= Actua device
No dheck.

Select the desired EPOS4/IDX slave(s) from the »Toolboxa and Drag&Drop it (them) to the aMas-

Input Keyword
B Show all versions
Y] cPost Reviu1:00000

) trost Revountsoons
Y] cPost Reviun1coooo
) Erost Revisa1aoo0
Y] crost Revdun1s0000
) trost Revosntconon
Y] cPos# Reviuntciono
-
I trost Revosttaooo

) cPost Revoua1a0000

) trost Revosntzonos

> Y] cPost Revina130000

EtherCAT integration — OMRON Sysmac NJ | Slave

In the EtherCAT tab, click right on the slave and select =Edit Module Configurationz.

2| Toolbox

 ®emname Vake |

Copy
Delete

Undo

> I

Cable Redundancy

Import Slave Settings and Insert New Slave:
Export Slave Settings

Reset Node Address

Edit Medule Configuration

Settings
strbuted Clock
: Setting

Clock
wrameters

rameter Settings

| .
{onfiguration
>

Address

EPOS4.

EPOS4 50/5 EtherCAT

001610000
t
Fer
000000000

Enabled (DC-Syrichror)
Disabled
Exist
Setting
Edit Backup Parameter Settings
Setting
Edit Module Configuration

ther than 0,
the context

Figure 5-85

EtherCAT integration — OMRON Sysmac NJ | Slave parameters

axon motor ag

B Show al versions
I trost Revtsnzsoon

1 EPOSA Rev:0301500000
E EPOSA Rev:0x01600000
AT
: EPOSA Rev0301400000
N
1 EPOSA Rev:0301600000
1 EPOSA Rev:0x01610000
W
l EPOSA Rev0301300000

I tross Revasazzoon

This will open a new tab named “Node1: EPOS4/IDX (xxx)”.
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8) Select the desired operation mode from the »Toolbox® and Drag&Drop it to the respective axis in
the EtherCAT tab.

Multiview Explorer

+ Toolbox
new_ Controller 0 v 1Posit] [ Module —
Node1 ; EPOS4 (E001)

M Configurations and Setup 0 st

CSP Mode
Cyclic Synchronous Position Mode
0

Mo
Product name
Connected position
0c6040:00 CSP Qutputs/Controlword
0c607A:00 CSP Outputs/Target position
P Outputs/Position offset
CSP Outputs/Torque affset
CSP Outputs/Modes of operation
CSP Outputs/Physical outputs
PDO Map Settings CSP Inputs/ d PO
CSP Inputs/Posi e ey
6077:00 CSP Inputs/Torque actual valu = -
0<6061:00 CSP Inputs/Modes of operatior y mEe
5 Q<60FD:00 CSP Inputs/Digital inputs =0
Edit PDO Map Settings ) ©° Mode
Setting Parameters
= i GV Mode
Backup Parameter Settings: d . =
P 9 ‘Edit Backup Parameter Setti —
m T Moce

Figure 5-86 EtherCAT integration — OMRON Sysmac NJ | Operation mode

9) Change PDO mapping #Edit PDO Map Settings=.

v 3 Tooibox
new, Controller 0 ' | 1 ‘ Module
(4 Configurstions and Setup

Device name
Model

Product name
Connected position

PRM|

> T

Edit PDO Map Settings
Setting Parameters.

Bk Baninete e it Backup Parameter Setings

PDO Map Settings
The data are input/output periodically by the process data (PDO) cammunications.

Figure 5-87 EtherCAT integration — OMRON Sysmac NJ | PDO mapping
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10) Change the mapping with ®’Add PDO Entry= or aDelete PDO Entry=.

File Edit View Insert Project Controller Simulation Tools Window.

|Comment|

32bit] DINT
160bit] INT
8[bit]  SINT

Ox60FEO1 | 32(bif] UDINT  Physical outputs

Move Down Align

Add PDO Entry te PDO Entry

Figure 5-88 EtherCAT integration — OMRON Sysmac NJ | Change PDO mapping

11) Set the EtherCAT Node Address for each EPSO4 by either using the graphic (on the left) or by
using the variable list (on the right). Take note that each EtherCAT node requires a unique node
address.

EROS4 ReviD01610000 v =
Product name
Revision

=

Edit Backup Parameter

Module Configuration ] Erost Revasn1s00000

Y] £Post Revtxm1s00000
] Erost Revasnacoonon
e Revx01400000
Y] £POSA Revits0onc0

] £rost Revtsnacoonon

) £PoSt Reviu16L0000

) £rost Revisntzoonoo
Y] £POSA Revisn1300000
Y] £POSA Reta00000

) Erost Revasntaoonon

Figure 5-89 EtherCAT integration — OMRON Sysmac NJ | Set EtherCAT node address

12) Go Online to set the connection method (*»OMRON’s «Sysmac Studio Operation Manual»).

Multiview Explorer

new_Controller 0 v

Figure 5-90 EtherCAT integration — OMRON Sysmac NJ | Going Online
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13) In the EtherCAT tab, click right on the master and select @Write Slave Node Addressx.

Setting

Not exist
1000

Expand All i ai. ion “eposa
Collapse All e m

out detection count times ) £Post RevDu1400000

hod Setting <= Actual device
S Method No check O =

DY) cPost Revtun1coo00

Y] Erost Revdutzaoo0
Actual Network Configuration ) crost revoansann
) £rost Revduzeon0
I trost Revduicionns

Display Diagnosis/Statistics Information
Display Production Information DY) crost Revua1a0000

Display ESI Library

+ master.

Gutput

Figure 5-91 EtherCAT integration — OMRON Sysmac NJ | Slave node address

This will display a dialog box.

[ Stave Node Adelress Witing

Present valuelSet valuelActual netwark configuration

T

4 ﬂt! EPOS4 Revi0x01610000

Update With Latest Actual Network Configuration

Figure 5-92 EtherCAT integration — OMRON Sysmac NJ | Write slave node address

14) If the node address is set correct, click aCanceln. Otherwise edit the node address and click
a\Writer and power off/power on the EPOS4/IDX to activate the new node address.
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15) In the EtherCAT tab, click right on the master and select ®Compare and Merge with Actual Network
Configurationz.

| Toolbox

Tiem name

‘cations Cydie

|refay Time

K
gth
Expand All tion Setting Fail-soft operation
Collapse All lave Startup 30
dete

> ] EP0s4 Rev40000
S <= Achn e =

No check ! EPOSA Rev:0x01500000
>

O 7o o
[ o rvomon

Write Slave Node Address
| Compare and Merge with Actual Network Configuration E EPOS4 Rew001500000

Get Slave Serial Numbers
E EPOS4 Rev:0x01600000
! g o womio

iagnosis/Statistics Information

i g 7o o

Display ESI Library

Output ’ + 3 X Controller Status

Figure 5-93 EtherCAT integration — OMRON Sysmac NJ | Network configuration

16) Both the actual network and Sysmac Studio configuration will be read and compared. Upon com-
pletion, the results are displayed.

[ Compare and Merge with Actual Network Configuration

EPOSA Rev:001610000 iy EPOSA Rev:0x01610000

€Apply actual network configur

Some slaves such as Power Supply Units are not included in th

Figure 5-94 EtherCAT integration — OMRON Sysmac NJ | Comparison & Merger

17) Click =Apply actual network configuration®, then click aClosex.
18) Go Offline.
19) In the Multiview Explorer, click right on @Axis Settings® and select ®Addr, then rAxis Settingsxa.

Toolbox

oo

7 D

9 Frogenming |

Figure 5-95 EtherCAT integration — OMRON Sysmac NJ | Axis settings
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20)
21)

Rename the axis as desired.

— Axis use = Used axis
— Axis type = Servo axis
— Output device 1" = Node:1, Slot : 0 CSP Mode(M1).

Feedback control
Input device 1
Tnput device 2
Input devi

Qutput device 1
Output device 2
Output device 3

» Detailed Seftings

Used axis
Servo axs v
No control loop ¥

Channel
Channel
Channel
Channel
Channel
Channel

EtherCAT Communication & Master Integration
OMRON Sysmac NJ Integration

Go to mAxis Basic Settings® and set the following parameters:

Figure 5-96

EtherCAT integration — OMRON Sysmac NJ | Axis basic settings

22) Expand the Detail Settings pane and set the respective values in the columns rDevice® and &Pro-
cess Datan.

Input device 3
Output device 1
Output device 2
Output device 3

¥ Detailed Seftings

Reset to Default

|

Node13,
<Not assian
<Not assigned> | v

Function Name Device

= Outpit (Controller to Device)

elocity.

Figure 5-97

TSP Mode(M1)
ot 1 0 CSP Mode(M)

<MNot assigned>
<Not assianed

peration Node : 1, Slot : 0 €SP Mode(M1)
fimit value <Not assiqned>
<ot assigned>
<Not assigned>
< Inpu ‘2Nok assianed>

TSP ModeiM1)
ctual value 0CSP Mode(M1)
actual value

SP Mode(M1)

<Not assigned>
<ot assiqned>
<Hiot assigned>
<Not assianed>

Channel
Channel
Channel
Channel

Process Data

D{CSP Outputs_Controlword_6040.00)
(CSP Oiitputs _Target position.607A_00)

P Ot Wodes of operabor 6060.00)

D{CSP Inputs_Statusword 6041 00)
0(CSP Inputs_Position actual value_6064_00)

P Inputs_Modes of operation display 6061 v

EtherCAT integration — OMRON Sysmac NJ | Axis detailed settings
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23) Go to aUnit Conversion Settingsa and set the following parameters:
— pulses per motor rotation (e.g. 500 pulse encoder - 2'000 pulse/rev)
— travel distance per motor rotation

v Unit
Unitofdisplay O pulse @ mm @ um @ degree @ inch

¥ Travel Distance

Figure 5-98 EtherCAT integration — OMRON Sysmac NJ | Unit conversion settings

24) Go to & Operation Settings® and set the following parameters:
— velocity (converting rpm - pulses/s (e.g. 10'000rpm / 60m*s *2'000 pulses = 333'333 pulses/s)
— acceleration rate
— deceleration rate
— other monitor parameters

¥ Torque
e I

¥ Monitor

In-posi
Actual velocity fiter tim

Figure 5-99 EtherCAT integration — OMRON Sysmac NJ | Operation settings
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25) Go to = Servo Drive Settings® and set the following parameters:
— maximum position setting
— minimum position setting
— main circuit power supply OFF detection to ®Do not detects.

lue 2147483647 [N
e [EPRVREECTTY pulse

o1 by Servo OFF v

Figure 5-100  EtherCAT integration — OMRON Sysmac NJ | Servo drive settings

PROGRAMMING

For in-depth details see OMRON’s operating instruction manual = «Sysmac Studio Operation Manual
(W504)».

26) In the Multiview Explorer, select ®Programming= \ ®POUsx \ sPrograms® \ ®Program0x= \ aSec-
tionOm=.

Click right on aSection0x= to add a program.

Figure 5-101  EtherCAT integration — OMRON Sysmac NJ | Add program
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27) Write a short program as to the following example.

2 Toolbox

new.Controller 0

A4 Configurations and Setup
= AT MC_Axis000—

5_Power MC_MoveAbsolute
MIC_Power MC_MoveCircular2D
MC_AxiS000—|Axis ———— Axis
enabie Pover
f

F

MC_MoveFeed

MC_Movelog
MC_Movelinear

MC_MovelinearAbsolute:

75 MoveRel MovelinearRelative
WIC MoveRethe
MC_Axis000—| Aot ———— axi elink

enabie MoveRel
L

Distance—| Distance
Velocity—{ velocity

Accelertion—| Acceleration Commandiaorted

Deceleration—| Deceleration

Jerk

BufferMode MC_ReadAxisParameter

MC_Reset
5| MC_ResetFollowingError
SaveCamTable

MC_MoveRelative
B Filter

Figure 5-102  EtherCAT integration — OMRON Sysmac NJ | Example program

TASK SETTINGS
28) Go to aProgram Assignment Settingsa and assign the application program to the “Primary Task”.

File Edit View Insert Project Controller Simulation T

- _T&, 7 3| Foolbox

[<Search>

new_Contraller 0

84 Coniigurations and Setup
W W Primary Task

Program name Iniial status
1 Programl v KR

Output

Figure 5-103  EtherCAT integration — OMRON Sysmac NJ | Task settings

29) Go Online and download the program.
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30) Click aExecuten to transfer the program to the controller.

s 00 e
The following data will be transferred.
- Configurations and Setup
EtherCAT, CPU/Expansion Racks, /O Map, Controller Setup

Motion Control Setup, Cam Data Settings, Event Settings
Task Settings

- Programming
POUs, Data, Library

Options

Clear the present values of variables with Retain attnbute.

Do not transfer the POU program source. All data will be re-transferred when this option is changed.
Do not transfer the following. (All items are not transferred.)

Special Unit parameters and EtherCAT slave backup parameters.

- Slave Terminal Unit operation settings and NX Unit application data.
Do not transfer the EtherMNet/IP connection settings (i.e., tag data link settings).

eries

Bxecute Close

Figure 5-104  EtherCAT integration — OMRON Sysmac NJ | Transfer to controller options

31) Click aYesx to confirm.

Confirm that there is no problem if the controller operation is stopped.

The operating mode will be changed to PROGRAM mode. Then, EtherCAT slaves will be reset and forced refreshing will
be cancelled.

Are you sure that you want to execute the transfer?{Y/N)

Yes I No |

Figure 5-105 EtherCAT integration — OMRON Sysmac NJ | Controller reset
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6 DEVICE PROGRAMMING

CONTENT

I BriEf . 6-93
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Homing Mode (HMM) . . ..o e e e e e e 6-95
Profile Position Mode (PPM). . . .. ... e 6-96
Profile Velocity Mode (PVM). . .. ..o e 6-98
Cyclic Synchronous Position Mode (CSP) . . ... ... e e 6-99
Cyclic Synchronous Velocity Mode (CSV) . . ... . i e e e 6-100
Cyclic Synchronous Torque Mode (CST) . . . ... ottt e s 6-101
State Machine. . . .. .. 6-102
Motion INfO . . . o 6-103
UtilteS . .ot 6-104

6.1 In Brief

A wide variety of operating modes permit flexible configuration of the drive system by using positioning,
velocity, and current regulation. The built-in CANopen interface allows networking to multiple axes drives as
well as online commanding by CAN bus master units.

Some parameters of the IDX are defined during the course of factory configuration. Therefore, the corre-
sponding objects can no longer be changed during operation.

OBJECTIVE

The present application note explains typical commanding sequences for different operating modes based
on writing/reading commands to access the Object Dictionary. For detailed information...

» on the objects itself see separate document = «IDX Firmware Specification» (subsequently
referred to as “FwSpec”),

+ on the command structure see separate document = «IDX Communication Guide» and 2*«EPOS
Studio»; tool “Command Analyzer”.

SCOPE
EPOS4/IDX 0160h IDX Firmware Specification
IDX 56 various  0160h or higher
IDX 70 various  0170h or higher
Table 6-40 Device programming | Covered hardware and required documents
TOOLS
Software «EPOS Studio» Version 3.6 or higher
Table 6-41 Device programming | Recommended tools

IDX Application Notes
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First Step

6.2 First Step
Before the motor will be activated, motor parameters, position sensor parameters, and controller gains must

be set. For detailed description =»FwSpec.

Notes

maxon

» For detailed information on the command structure ®*«EPOS Studio» (command analyzer).
» In the later course of the present chapter, the stated units ([inc], [rpm], [rpm/s]) can vary depending on
the system units configured by the objects 0x60A8, 0x60A9, and 0x60AA. All stated units correspond to

their respective default configuration.

# | Object name Object User value [default value]
User-specific [1];
Set com A Node-ID 0x2000-00 typically configured by DIP switches
CAN bit rate 0x2001-00 | User-specific [0] (= 1 Mbit/s)
St Output current limit 0x3001-02 | User-specific [mA]
Paramei B | Max motor speed 0x6080-00 | User-specific: Motor or mechanical limits [rpm]
Max gear input speed 0x3003-03 | User-specific: Gear or mechanical limits [rpm]
Sf:tafgr?a"aﬁ:trig ] C | Software position limit 0x607D-xx | User-specific [0 inc]
D Current control parameter. set: Ox30A0-XX
» Current controller Pl gains
Set current
controller gains
Velocity control parameter set:
E . Veloc!ty controller Pl gains 0x30A2-xx Motor-specific and load-specific:
Set velosity * Velocity controller FF gains Determine optimal parameter using
- Velocity observer parameter set 0x30A3-xx | “Regulation Tuning” in «kEPOS Studio».
N Position control parameter set:
compesi F |+ Position controller PID gains 0x30A1-xx
« Position controller FF gains

Table 6-42 Device programming | First step

6-94
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6.3 Homing Mode (HMM)

Note
@ For details on Controlword bits (0x6040) =*FwSpec.

START HOMING
The axis references to an absolute position using the selected homing method.

# | Object name Object User value [default value]
A | Modes of operation 0x6060-00 | 0x06 (Homing Mode)
Set operation mode
Following error window 0x6065-00 | User-specific [2'000 inc]
Home offset move distance 0x30B1-00 | User-specific [0 inc]
Set parameiey Quick stop deceleration 0x6085-00 | User-specific [10'000 rpm/s]
B | Speed for switch search 0x6099-01 | User-specific [100 rpm]
Speed for zero search 0x6099-02 | User-specific [10 rpm]
Homing acceleration 0x609A-00 | User-specific [1'000 rpm/s]
Set homiiSE Home position 0x30B0-00 | User-specific [0 inc]
C | Homing method l 0x6098-00 | Select homing method (for details =»FwSpec)
Enable device
b Controlword (Shutdown) 0x6040-00 | 0x0006
Controlword (Switch on & Enable) 0x6040-00 | OxO00F
Start homing
E | Controlword (Start homing) 0x6040-00 | Ox001F
Table 6-43 Device programming | Homing Mode (Start)
READ STATUS
Object name Object User value [default value]
Read sl Stat.usword (Target reached / Homing 0x6041-00 H.oming procgdure is'compl.eted successfully if
attained) bit 12 (="Homing attained”) is set to “1”.
Table 6-44 Device programming | Homing Mode (Read)
STOP HOMING
Object name Object User value [default value]
Controlword (Switch on & Enable) 0x6040-00 | OxO00F
or
Stop homing Controlword (Halt homing) \ 0x6040-00 | 0x011F
or
Controlword (Quick stop) | 0x6040-00 | 0x000B

Table 6-45 Device programming | Homing Mode (Stop)
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6.4 Profile Position Mode (PPM)

Note
@ For details on Controlword bits (0x6040) and Statusword bits (0x6041) =*FwSpec.

SET POSITION
The axis moves to an absolute or relative position using a motion profile.

# | Object name Object User value [default value]
A | Modes of operation 0x6060-00 | 0x01 (Profile Position Mode)
Set operalioiy Following error window 0x6065-00 | User-specific [2'000 inc]
Profile velocity 0x6081-00 | Desired velocity [1'000 rpm]
B Profile acceleration 0x6083-00 | User-specific [10'000 rpm/s]
Set parameter Profile deceleration 0x6084-00 | User-specific [10'000 rpm/s]
Quick stop deceleration 0x6085-00 | User-specific [10'000 rpm/s]
Motion profile type 0x6086-00 | User-specific [0]
Enable device
c Controlword (Shutdown) 0x6040-00 | 0x0006
TR Controlword (Switch on & Enable) 0x6040-00 | OxO000F
Set target position i D | Target position | 0x607A-00 ‘ Desired position [inc]
i Controlword (absolute position) | 0x6040-00 ‘ 0x001F
- | or
Start positioning | —
. i Qontro!word (absolute position, start 0x6040-00 | 0x003F
L 28|58 2| immediately)
2 |38(88| =8| E
S 18EICE| ° | [ — o
: Qontro!word (relative position, start 0x6040-00 | 0x007F
: immediately)
i or
Toogle NewEELE-Y | Controlword (relative position) | 0x6040-00 ‘ 0x005F
F ‘ Controlword (New Position) | 0x6040-00 ‘ 0x000F (toggle “New Position”)

[a] We recommended to check the status of the drive after an updated Controlword by a request of
the Statusword (0x6041). Thereby, a delay of at least 1 ms must be respected before the Sta-
tusword is checked. For details on how to check the Statusword consult =»chapter “6.10 Motion
Info” on page 6-103.

[b] Make sure to observe the delay of at least 1 ms in between Controlword commands

Table 6-46 Device programming | Profile Position Mode (Set)
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READ STATUS

Object name Object User value [default value]

The axis has reached the target position if bit 10
(="Target reached”) is set to “1” and bit 8
(="Halt”) of the Controlword (0x6040) was not
activated (for details *FwSpec).

Read statusword Statusword (Target reached) 0x6041-00

Table 6-47 Device programming | Profile Position Mode (Read)

STOP POSITIONING

Object name Object User value [default value]
Controlword (Halt profile position mode) | 0x6040-00 | Ox010F

Stop positioning or
Controlword (Quick stop) ‘ 0x6040-00 ‘ 0x000B

Table 6-48 Device programming | Profile Position Mode (Stop)
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6.5 Profile Velocity Mode (PVM)

Note
@ For details on Controlword bits (0x6040) and Statusword bits (0x6041) =*FwSpec.

START VELOCITY
Motor shaft rotates with a certain speed with velocity profile.

# | Object name Object User value [default value]
A | Modes of operation 0x6060-00 | 0x03 (Profile Velocity Mode)
Set operation mode
Profile acceleration 0x6083-00 | User-specific [10'000 rpm/s]
5 Profile deceleration 0x6084-00 | User-specific [10'000 rpm/s]
Set paramae Quick stop deceleration 0x6085-00 | User-specific [10'000 rpm/s]
Motion profile type 0x6086-00 | User-specific [0]
c Controlword (Shutdown) 0x6040-00 | 0x0006
Bl Controlword (Switch on & Enable) | 0x6040-00 | 0xO00F

[
' D | Target velocity | 0x60FF-00 | Desired velocity [rpm]
Set target velocity i
i E | Controlword 0x6040-00 | OxO00F
Start move !
Table 6-49 Device programming | Profile Velocity Mode (Start)
READ STATUS
Object name Object User value [default value]
. Target velocity is reached if bit 10 is set (for
Read statusword Statusword (Target velocity reached) 0x6041-00 details >FwSpec).
Table 6-50 Device programming | Profile Velocity Mode (Read)
STOP VELOCITY
Object name Object User value [default value]
Controlword (Halt profile velocity mode) | 0x6040-00 | Ox010F
Stop velocity or
Controlword (Quick stop) \ 0x6040-00 \ 0x000B

Table 6-51 Device programming | Profile Velocity Mode (Stop)
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6.6

0

Note
For details on Controlword bits (0x6040) =>FwSpec.

Cyclic Synchronous Position Mode (CSP)

SET POSITION
The axis moves to an absolute or relative position.

Device Programming
Cyclic Synchronous Position Mode (CSP)

# | Object name Object User value [default value]
A | Modes of operation 0x6060-00 | 0x08 (Cyclic Synchronous Position Mode)
Set operation mode
Max motor speed 0x6080-00 | User-specific; motor or mechanical limits [rpm]
Max gear input speed 0x3003-03 | User-specific: Gear or mechanical limits [rpm]
Set parameteh B | Profile deceleration [a] 0x6084-00 | User-specific [10'000 rpm/s]
Quick-stop deceleration [a] 0x6085-00 | User-specific [10'000 rpm/s]
Interpolation time period [b] 0x60C2-xx | Master's SYNC period (Cycle ticks) [1 ms]
B < | Controlword (Shutdown) 0x6040-00 | 0x0006
P Controlword (Switch on & Enable) 0x6040-00 | OxO000F
Set offset : Torque offset 0x60B2-00 Torquei.offset [per thousand of “Motor rated
' D torque”; 0x6076]
T 1: Position offset 0x60B0-00 | Position offset [0 inc]
Set position i
i E | Target position 0x607A-00 | Desired position [inc]
[a] Deceleration values are used for stopping only, they are not used for normal operation
[b] The «Interpolation time period value» must be configured to correspond with the master's synchro-
nized PDO command cycle that updates the CSP set value, respectively the CSV set value.
If a value of “0” (zero) is configured, the EPOS4 immediately takes the new set value and adapts
the position (in case of CSP mode), respectively the velocity (in case of CSV mode) to it within the
next control cycle (i.e. 0.4 ms). Afterwards it holds this set value until the next set value of the mas-
ter is received. This results in an interrupted and noisy motion if the master just provides new set
values at cycle rates of 1 ms, 2 ms, or even lower.
If the «Interpolation time period value» is configured properly based on the master's PDO cycle
time, the EPOS4 interpolates the new set value in between the period. This results in a smooth
motion and less noisy control result.
Table 6-52 Device programming | Cyclic Synchronous Position Mode (Set)
STOP MOTION
Object name Object User value [default value]
Stop positioning Controlword (Quick stop) 0x6040-00 | 0x000B

Table 6-53

Device programming | Cyclic Synchronous Position Mode (Stop)

IDX Application Notes
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6.7 Cyclic Synchronous Velocity Mode (CSV)

@

Note
For details on Controlword bits (0x6040) =*FwSpec.

SET VELOCITY
The axis moves with the commanded velocity.

# | Object name Object User value [default value]
A | Modes of operation 0x6060-00 | 0x09 (Cyclic Synchronous Velocity Mode)
Set operation mode
Max motor speed 0x6080-00 | User-specific; motor or mechanical limits [rpm]
Max gear input speed 0x3003-03 | User-specific: Gear or mechanical limits [rpm]
Set parameteh B | Profile deceleration [a] 0x6084-00 | User-specific [10'000 rpm/s]
Quick-stop deceleration [a] 0x6085-00 | User-specific [10'000 rpm/s]
Interpolation time period [b] 0x60C2-xx | Master's SYNC period (Cycle ticks) [1 ms]
Bl < | Controlword (Shutdown) 0x6040-00 | 0x0006
P Controlword (Switch on & Enable) 0x6040-00 | Ox000F
Set offset i D | Velocity offset | 0x60B1-00 | Velocity offset [rpm]
S
Set velocity i E | Target velocity 0x60FF-00 | Desired velocity [rpm]
[a] Deceleration values are used for stopping only, they are not used for normal operation
[b] The «Interpolation time period value» must be configured to correspond with the master's synchro-
nized PDO command cycle that updates the CSP set value, respectively the CSV set value.
If a value of “0” (zero) is configured, the EPOS4 immediately takes the new set value and adapts
the position (in case of CSP mode), respectively the velocity (in case of CSV mode) to it within the
next control cycle (i.e. 0.4 ms). Afterwards it holds this set value until the next set value of the mas-
ter is received. This results in an interrupted and noisy motion if the master just provides new set
values at cycle rates of 1 ms, 2 ms, or even lower.
If the «Interpolation time period value» is configured properly based on the master's PDO cycle
time, the EPOS4 interpolates the new set value in between the period. This results in a smooth
motion and less noisy control result.
Table 6-54 Device programming | Cyclic Synchronous Velocity Mode (Set)
STOP MOTION
Object name Object User value [default value]
Target velocity 0x60FF-00 | 0x0000
Stop velocity or
Controlword (Quick stop) ‘ 0x6040-00 | 0x000B

Table 6-55 Device programming | Cyclic Synchronous Velocity Mode (Stop)

6-100

IDX Application Notes
CCMC | 2021-03 | rel9613



maxon

6.8 Cyclic Synchronous Torqgue Mode (CST)

0

Note

For details on Controlword bits (0x6040) =>FwSpec.

SET TORQUE

Device Programming
Cyclic Synchronous Torque Mode (CST)

Applies a certain torque (that is: torque = current x torque constant) to the motor winding.

# | Object name Object User value [default value]
A | Modes of operation 0x6060-00 | Ox0A (Cyclic Synchronous Torque Mode)
Set operation mode
Max motor speed 0x6080-00 | User-specific; motor or mechanical limits [rpm]
5 Max gear input speed 0x3003-03 | User-specific: Gear or mechanical limits [rpm]
Set paramiie Profile deceleration [a] 0x6084-00 | User-specific [10'000 rpm/s]
Quick-stop deceleration [a] 0x6085-00 | User-specific [10'000 rpm/s]
Controlword (Shutdown) 0x6040-00 | 0x0006
Enable device Cc .
Controlword (Switch on & Enable) 0x6040-00 | OxO00F
e -
i D | Torque offset Ox60B2-00 Torque".offset [per thousand of “Motor rated
a i torque”; 0x6076]
et offset :
e -nenene :
i ) Desired torque [per thousand of “Motor rated
Set torque i E | Target torque 0x6071-00 torque”; 0x6076]
[a] deceleration values are used for stopping only, they are not used for normal operation
Table 6-56 Device programming | Cyclic Synchronous Torque Mode (Set)
STOP MOTION
Object name Object User value [default value]
Target torque 0x6071-00 | 0x0000
Stop torque or
Controlword (Quick stop) ‘ 0x6040-00 | 0x000B

Table 6-57 Device programming | Cyclic Synchronous Torque Mode (Stop)
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6.9 State Machine

CLEAR FAULT
Resetting “Fault” condition sends the Controlword with value 0x0080.

Object name Object User value [default value]
Clear fault Controlword (Fault reset) 0x6040-00 | 0x0000;0x0080
Table 6-58 Device programming | State machine (clear fault)

SEND NMT SERVICE

Object name Object User value [default value]
Node ID (Unique Node ID or “0” (zero)
for all nodes)
Command specifier: 0x01 Start remote node
Send NMT service 0x02 Stop remote node
0x80 Enter pre-operational
0x81 Reset node
0x82 Reset communication
Table 6-59 Device programming | State machine (send NMT service)
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6.10 Motion Info

Read statusword

Read position

Read velocity

Read torque

GET MOVEMENT STATE

Object name Object User value [default value]
) The bits are partly depending on the operating
Read statusword 0x6041-00 mode (for details FwSpec)
Table 6-60 Device programming | Motion info (Get movement state)

READ POSITION

Object name Object User value [default value]
Read position 0x6064-00 | Position actual value [inc]
Table 6-61 Device programming | Motion info (Read position)
READ VELOCITY
Object name Object User value [default value]
Read velocity actual value averaged 0x30D3-01 | Velocity actual value averaged [rpm]
Table 6-62 Device programming | Motion info (Read velocity)
READ TORQUE
Object name Object User value [default value]

Torque actual value [per thousand of “Motor

Read torque actual value 0x6077-00 rated torque”; 0x6076]

Table 6-63 Device programming | Motion info (Read torque)
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Utilities
6.11 Utilities
STORE ALL PARAMETERS
Saves all parameters.
Object name Object User value [default value]
Store Save all parameters 0x1010-01 | Ox65766173 “save”
Table 6-64 Device programming | Utilities (Store all parameters)
RESTORE ALL DEFAULT PARAMETERS
Restores all parameters to factory settings.
Object name Object User value [default value]
Restore Restore all default parameters 0x1011-01 | Ox64616F6C “load”
Table 6-65 Device programming | Utilities (Restore all default parameters)
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