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READ THIS FIRST

These instructions are intended for qualified technical personnel. Prior commencing with any activities...
e you must carefully read and understand this manual and
» you must follow the instructions given therein.

EPOS4 positioning controllers 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!

A-2

maxon motor control
Document ID: rel8235 EPOS4 Positioning Controllers
Edition: November 2018 EPOS4 Application Notes
© 2018 maxon motor. Subject to change without prior notice.



maxon motor

4 Firmware Update without use of «kEPOS Studio» 37
4.1 InBrief. ... 37
4.2 Preconditions. . .. ... .. 38
4.3 ProgramDataFile ......... ... .. . . . e 38
44 FirmwareUpdateviaUSB ... ... ... ... . ... . .. 40
4.5 Firmware Update via CANOpENn. . ... . i 41
4.6 Firmware Update viaRS232 ....... ... ... .. . . . . .. 41
4.7 Firmware Update via EtherCAT . . ... ... . .. . . .. 42
4.8 Steps:HOWO..... ... e 43
4.8.1 Prepare Controller . ... ... . 43
4.8.2 Download «Program Data File» (CIA302-3) . .. ...t 44
4.8.3 Download «Program Data File» (FOE). .. ......... ... .. . . . i, 45
4.8.4 Check existence of «Extension EtherCAT» . .. ........ .. ... .. ... ... 45
4.8.5 Checkldentity .. ... ... 45
4.9 ObjectDictionary . .. ... ... 46
5 EtherCAT Integration 47
5.1 InBrief. . . . e 47
5.2 Beckhoff TWINCAT . . ... .. e e 48
521 Integrating ESIFiles. . .. ... . 48
522 Howtoexportthe ESIFile...... ... .. . . . . . i 48
5.2.3 Scanning the EtherCAT Slave Device . . . .. ... . e 49
5.2.4 Configuration for commanding in a Cyclic SynchronousMode . .. ................ 52
5.2.5 Changing PDO Mapping using Beckhoff TWinCAT ................ ... ... ...... 53
5.2.6 Configuration of the AXis ... ... .. . . e 56
5.3 zub’s MACS Multi-Axis EtherCAT Masters .. .......... ... .. ... . ..... 63
5.3.1 EPOS4: Configuration Tasks. .. ... 65
5.3.2 MasterMACS / MACSS5: Setup Tasks . ... ...t 66
5.3.3 MACS: Configuration of EtherCAT Communication & Start-up Procedure .......... 67
5.3.4 Simple Application Program. . ... e 71
6 Device Programming 73
6.1 InBrief. ... . 73
6.2 First Step . ..o i e 75
6.3 Homing Mode (HMM) . .. ... . . . . . e 76
6.4 Profile Position Mode (PPM) . .. ... .. 77
6.5 Profile Velocity Mode (PVM) . . ... e 79
6.6 Cyclic Synchronous Position Mode (CSP). . .......... ... ... 80
6.7 Cyclic Synchronous Velocity Mode (CSV). . ....... ... ... ... .. ..., 81
6.8 Cyclic Synchronous Torque Mode (CST) . ..., 82
6.9 StateMachine .. ... . .. . 83
6.10 Motion Info. .. ... 84
6.11 Utilities . . . ... 85
maxon motor control
EPOS4 Positioning Controllers Document ID: rel8235 A-3

EPOS4 Application Notes

Edition: November 2018
© 2018 maxon motor. Subject to change without prior notice.



maxon motor

7  Adjustment of SSI Commutation Offset Value 87
7.1 InBrief . e 87

7.2 Preconditions . ....... . 89

7.3 Determination of the «SSI commutation offsetvalue» .. ................ 92

7.4 Calculation Example. . .. ... 97

8 Safe Torque Off (STO) Functionality 99
8.1 InBrief ... e 99

8.2 Precautionary Measures . ............ .. 99

8.3 Descriplion . ... .. 100

8.4 Functional Diagram . .. ... .. 100

85 STOIdleConnector . ........ i e e e 101

8.6 STOINPUIS T & 2 .. e 102

8.6.1 Specifications. . .. ... ... . . 102

8.6.2 TestPulses ... ... . 102

8.6.3 Input Current . ... ... . 102

8.7 STOOUPUL . ... . 103

8.7.1 Specifications. . .. ... .. . 103

8.7.2 DiagnostiCs . . . ..ot 103

9 Dual Loop Control 105
9.1 InBrief .. 105

0.2 OVEIVIEW . .ttt e 106

9.3 Auxiliary Control LOOD . .. oo e 107

9.4 Main Control LOOP . ..o e 108

9.4.1 Proportional Controller. . . . ... . . e 108

9.4.2 GainScheduler . . ... ... . 108

9.4.3 MainLoop Filter. . ... ... 109

9.4.4 Transport Delay of the Control Loop . .. ... . i 109

9.5 ProperUseof DualLoopControl........... ... ... ... .. .. 110

9.6 BestPractice Examples........ ... ... . 111

9.7

9.6.1 Use Case 1:
System with high Reduction Gear, moderate Backlash, and no Coupling Elasticity. . 112

9.6.2 Use Case 2:
System with considerable Backlash and with Coupling Elasticity . . .............. 118

CoNClUSION . . .. o 122

A-4

maxon motor control
Document ID: rel8235 EPOS4 Positioning Controllers
Edition: November 2018 EPOS4 Application Notes
© 2018 maxon motor. Subject to change without prior notice.



maxon motor

About
About this Document

1 About

1.1 About this Document

111 Intended Purpose

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

Use for other and/or additional purposes is not permitted. maxon motor, the manufacturer of the equip-
ment 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
hierarchy and the interrelationship of its individual parts:

Setup

Feature Chart |

L
| | | |

Installation Configuration Programming Application

| | | |

Hardware Reference | | EPOS Studio | | Command Libraries* Application Notes |
Wiring Overview. '— IEC 61131 Libraries*® |
g =
FW Version Readme | | Communication Guide |
Setup Release Notes | | Firmware Specification |
}( ﬁ * including software programming examples
Figure 1-1 Documentation structure

Find the latest edition of the present document as well as additional documentation and software for
EPOS4 positioning controllers also on the Internet: =»http://epos.maxonmotor.com

11.2 Target Audience
This document is meant for trained and skilled personnel working with the equipment described. It con-
veys 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
equipment described.

maxon motor control
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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.

Compact referring to any of the EPOS4 Compact versions

referring to a fully integrated, compact, ready-to-use EPOS4 assembly of
Compact CAN plug-in module and CANopen connector board (such as «<EPOS4
Compact 50/8 CAN» or «kEPOS4 Compact 50/15 CAN»)

referring to a fully integrated, compact, ready-to-use EPOS4 assembly of

Compact EtherCAT plug-in module and EtherCAT connector board (such as «kEPOS4
Compact 50/8 EtherCAT» or «kEPOS4 Compact 50/15 EtherCAT»)
EPOS4 stands for “EPOS4 Positioning Controller”

referring to an EPOS4 plug-in module version (such as “EPOS4 Module
Module 50/8” or “EPOS4 Module 50/15”) for use with EPOS4 connector boards
or customer-specific motherboards

«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
gAbcda (such as 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.)
* referring to an internal value
o 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:

“ston paserpion

STO Safe Torque Off

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.

1-6
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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
respective trademark. It must be understood that the brands (the below list is not necessarily conclud-
ing) are protected 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

Adobe® Reader® © Adobe Systems Incorporated, USA-San Jose, CA
APOSS® © zub machine control AG, CH-Rothenburg
O NS © CiA CAN in Automation e.V, DE-Nuremberg
CiA®
© EtherCAT Technology Group, DE-Nuremberg, licensed by Beckhoff
lusrSae Automation GmbH, DE-Verl
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

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

Table 1-4 Sources for additional information

1.1.7 Copyright

© 2018 maxon motor. All rights reserved.

The present document — including all parts thereof — is protected by copyright. Any use (including repro-
duction, translation, microfilming, and other means of electronic data processing) beyond the narrow
restrictions of the copyright law without the prior approval of maxon motor ag, is not permitted and sub-
ject to prosecution under the applicable law.

maxon motor ag

Brunigstrasse 220 Phone +41 41666 15 00
P.O.Box 263 Fax +41 41666 16 50
CH-6072 Sachseln Web www.maxonmotor.com

1.2 About the Devices

maxon motor control’'s EPOS4 positioning controllers are small-sized, full digital, smart positioning con-
trol units. Their high power density allow flexible use for brushed DC and brushless EC (BLDC) motors
with various feedback options, such as Hall sensors, incremental encoders as well as absolute sensors
in a multitude of drive applications.

maxon motor control
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1.3

About the Safety Precautions

A\

Keep in mind:
Safety first! Always!

At

IMPORTANT NOTICE: PREREQUISITES FOR PERMISSION TO COMMENCE INSTALLATION

EPOS4 positioning controllers are considered as partly completed machinery according to EU Direc-
tive 2006/42/EC, Atrticle 2, Clause (g) and are intended to be incorporated into or assembled with
other machinery or other partly completed machinery or equipment.

Risk of Injury

Operating the device without the full compliance of the surrounding system with the EU direc-

tive 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!
+ Make sure that you have read and understood the note “READ THIS FIRST” on page A-2!

» Do not engage with any work unless you possess the stated skills (= chapter “1.1.2 Target
Audience” 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!

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
equipment. 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 motor.

Electrostatic sensitive device (ESD)
» Wear working cloth and use equipment in compliance with ESD protective measures.
» Handle devices with extra care.

maxon motor control
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2 Controller Architecture
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2.1 In Brief

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 EtherCAT bus master units as well as networking to multiple axes drives.

Good quality velocity Pl control is made possible by the use of algorithms for estimating the motor rota-
tion 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 controller architecture.

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

The functionality of the velocity PI 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 0100h Firmware Specification

EPOS4 Module 24/1.5 536630 0110h or higher

EPOS4 Compact 24/1.5 CAN 546714  0110h or higher

EPOS4 Compact 24/1.5 EtherCAT 628092 0150h or higher

EPOS4 Module 50/5 534130 0110h or higher

EPOS4 Compact 50/5 CAN 541718  0110h or higher

EPOS4 Compact 50/5 EtherCAT 628094 0150h or higher

EPOS4 Module 50/8 504384 0100h or higher

EPOS4 Compact 50/8 CAN 520885 0100h or higher

EPOS4 Compact 50/8 EtherCAT 605298 0140h or highe

EPOS4 Module 50/15 504383 0100h or higher

EPOS4 Compact 50/15 CAN 520886 0100h or higher

EPOS4 Compact 50/15 EtherCAT 605299  0140h or higher

EPOS4 50/5 546047 0120h or higher

EPOS4 70/15 594385 0140h or higher

Table 2-5 Controller architecture | Covered hardware and required documents

maxon motor control
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Overview
TooLs
Tools Description
Software «EPOS Studio» Version 3.0 or higher
Table 2-6 Controller architecture | Recommended tools
2.2 Overview
The EPOS4 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, respec-
tively.
Position demand value
Position
Controller
Velocity demand value L
i Velocity
Controller
Estimated
motor
velocity
IS
Low Pass Filter] ~ s !
& aosrs b~ C%:gglr;ér >| Power Device
Observer
R
Current demand value L Motor current
Motor
[ Motor position ( Lo+ad
Figure 2-2 Controller architecture | Overview
maxon motor control
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23 Regulation Methods

2.31 Current Regulation

During a movement within a drive system, forces and/or torques must be controlled. Therefore, as a
principal regulation structure, EPOS4 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
KPfEPOS4 T Current controller P gain 0x30A0 0x01
mV
K Current controller | gain 0x30A0 0x02
|_ EPO4 A-ms
Table 2-7 Controller architecture | Current regulation — Object dictionary

CONVERSION OF Pl CONTROLLER PARAMETERS (EPOS4 TO S| UNITS)

KI_SI - KI_EPOS4

Current controller parameters in Sl units can be used in analytical or numerical simulations via the fol-
lowing transfer function:

C - K K| Sl
current(s) - NP g +T

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 PI 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.

maxon motor control
EPOS4 Positioning Controllers Document ID: rel8235 2-11
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2.3.2 \Velocity Regulation (with Feedforward)
EPOS4 offers velocity regulation based on the subordinated current control.

Required acceleration Acceleration
Feedforward

Velocity
Feedforward
Current demand
Velocity demand value Pl value Curemt ]
Controller Controller Power Device

Motor current
Observer ( MTOF

\( ): < ] Motor position
Estimated P Load

motor velocity

Low Pass Filter]|

Figure 2-4 Controller architecture | Velocity regulator with feedforward

CONSTANTS

Sampling period: Tg = 0.4ms

OBJECT DICTIONARY ENTRIES FOR CONTROLLER

Symbol Unit Name Index Subindex
mA -
K s Velocity controller P gain 0x30A2 0x01
Pow EPO4 rad
mA
K —_— Velocity controller | gain 0x30A2 0x02
lo_EPOA4 rad
mA - s
FF, eposs p— Velocity controller FF velocity gain 0x30A2 | 0x03
A 2
FF. Epost MmA-S Velocity controller FF acceleration gain | 0x30A2 | 0x04
- rad
Table 2-8 Controller architecture | Velocity regulation — Object dictionary

CONVERSION OF Pl CONTROLLER PARAMETERS (EPOS4 TO S| UNITS)
KmeSI = 0.001 - KPcoiEPOSA
KI(o_SI = 0.001 - KI(D_EPOS4

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

K
+ lo S
S

Creloci ty(S) = KPcLLS.I

ANTI-WINDUP

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

Low PaAss FILTER

The estimation of the motor velocity can be done by using the measured time between consecutive sen-
sor edges, which is low pass filtered in order to eliminate the effects of measurement noise. The transfer
function of the low pass filtered estimation functionality that can be used in simulations has the following
form:

1

KPa) S
48 - KIm_SI

CrilterEstimator (S) =
1+

OBSERVER

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

OBJECT DICTIONARY ENTRIES FOR OBSERVER

Symbol Unit Name Index Subindex
Kn EPOSH %ﬂ Torque constant 0x3001 0x05
Velocity observer position correction
| 0_EPOS4 1 gain 0x30A3 0x01
Velocity observer velocity correction
lo EPOSH Hz gain 0x30A3 | Ox02
lT EPOA4 ml’glam Velocity observer load correction gain | 0x30A3 0x03
Nm
lePoss Him Velocity observer friction 0x30A3 0x04
rpm
‘JEPOS4 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 auto tuning procedure. The auto tuning automatically executes the identification exper-
iments, identifies the relevant parameters that characterize the drive train, and calculates the values of
the observer correction gains.

maxon motor control
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CONVERSION OF OBSERVER PARAMETERS (EPOS4 10 Sl UNITS)

km75| = 0.001 - kmﬁEPOS4

~0.00003
'ss = = Tepows

leSI - leEPOS4
la)_Sl - IOJ_EPOS4

It g = 0.001 -1 gposy

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:

PREDICTION STEP

) _ Wopserved
Observed
S
_ kM s 'Measured — Tobserved
Wopserved

Jg - Strg

CORRECTION STEP

9Observed - 9Observed + |e_5| ’ (eMeasured - eObserved)
Wopserved ~ Pobserved + Iu)_SI ) (eMeasured o eObserved)
TObserved - TObserved + IT78I ) (eMeasured o 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 prop-
erties 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 estimation 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 iner-
tia 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, 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 resolu-
tion. 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 espe-
cially at low operational velocities.

2-14
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In addition, the velocity observer can be set stiffer (compared to the case when the filter is used) due to

better 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.

233

EPOS4 is able to close a positioning control loop based on the subordinated current control.

Required acceleration

Acceleration

Required velocity

Feedforward |

Velocity

Position demand value

Feedforward |

PID
Controller

Position Regulation (with Feedforward)

Current demand

value Current

Controller 7

Power Device

Motor position

Motor

Lo+ad
Figure 2-5 Controller architecture | Position regulator with feedforward
CONSTANTS
Sampling period: Tg = 0.4msec
OBJECT DICTIONARY ENTRIES
Symbol Unit Name Index Subindex
mA
KPP EPOS4 Ej Position controller P gain 0x30A1 0x01
mA
K Position controller | gain 0x30A1 0x02
IP_EPO4
- rad-s
mA - s
KDP EPOSA P Position controller D gain 0x30A1 0x03
mA - s
FF, Eposs p—r Position controller FF velocity gain 0x30A1 0x04
mA - §°
FF. Eross LA 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-
lowing, positioning regulation is supplemented by feedforward control. Thereby, velocity feedforward
serves for compensation of speed-proportional friction, whereas acceleration feedforward considers

maxon motor control

EPOS4 Positioning Controllers
EPOS4 Application Notes

Document ID: rel8235
Edition: November 2018

© 2018 maxon motor. Subject to change without prior notice.

2-15



maxon motor

Controller Architecture
Regulation Methods

known inertia. In addition, the differential part of the PID Controller signal is low pass filtered before it is
added to the proportional and integral part. Low pass filtering is done to prevent negative influence on
the control performance by the differentiation of noisy measured motor position.

CONVERSION OF Pl CONTROLLER PARAMETERS (EPOS4 TO Sl UNITS)

Kpp g = 0.001 - Kp gposy

Kip s = 0.001-K, gposy

KDP_SI = 0.001 - KD_EPOS4

FF(X_S' = 0.001 * FF(X_EPOS4

Position controller parameters in S| units can be used in analytical or numerical simulations via transfer

function:
K K - S
_ 1P Sl DP Sl
Cposition(s) - KPP_SI T S + K
1+ DP S
10- KPP_SI
ANTI-WINDUP
The anti-windup method is used to prevent integration wind-up in PID controller when the actuators are
saturated.
maxon motor control
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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 veloc-
ity feedforward parameter in Sl units is:

I'g
FF(D_Sl = k 5
m

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:

}
FF,, poss = 1000 FF, o = 1000-k—~'°"SI
m_

PURPOSE OF ACCELERATION FEEDFORWARD

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

J
— Sl
FFaﬁSI o Kk
m_Sl
Meaning: With given total inertia in Sl units ‘JSI relative to the motor shaft, and the motor's torque con-

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

J
FF, eposs = 1000 FF, g = 1000-k—5'SI
m7

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 motor'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 minutes.
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2.5 Application Examples

Find below “in-practice examples” suitable for daily use.

2.51 Example 1: System with High Inertia and Low Friction

SYSTEM COMPONENTS

Controller

EPOS4 Compact 50/8 CAN

(520885)
No load speed (line 2)
No load current (line 3)
Nominal current (line 6)

Motor

maxon DCX 32 L 110 W 36 V Terminal resistance (line 10)
Terminal inductance (line 11)
Torque constant (line 12)

Rotor inertia (line 16)

ST ET Encoder counts per turn
HEDL 5540 P
Mechanical load .
. Inertia
Disc
Table 2-11 Controller architecture | Example 1: Components

2511 Current Regulation — Simulation Part

SIMPLE MODEL OF THE DRIVE PLANT
The following parameters can be deduced:

Ny = 7940 rpm

[, =103 mA
l,=2.93A
R=0.764 Q
L=0.254 mH

Kk, =42.9 mNm/A
Jmotor = 76.8 g*ecm?

500 pulses/revolution

Jioag = 1800 g*cm2

Current

JUL

Velocity

Voltage

Figure 2-6 Controller architecture | Example 1: Model of the plant

INPUT/OUTPUT PARAMETERS
Input is the voltage at the motor winding.

Outputs are current, velocity, or position.

Position

Document ID: rel8235
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MODEL PARAMETERS

Resistance R = 0.764[ Q]

Inductance L = 0.254[mH]

Torque constant K = 42.9|:mm}

Mass inertia 3= Jiotor + Jioad = 1876.8[g- cm’]

Viscous friction K|

(approximated from the r = m' o _ 44ImNm__ 53 [MJ
friction at no-load divided 2nradlmin 831.45rad/s “lrad/s
by the no-load speed of o 6_05-

the motor)

Note

» All model parameters, expect the load inertia (J,,,,), can be taken from the motor data sheet in the

maxon catalog.
» All parameters (R, L, k,, l,, n,) taken from the motor data sheet are nominal variables, they have tol-

erances (for more details =additional document «Standard Specification N0.100»).

CURRENT CONTROL
The figure below depicts the model of the PI current controller.

JULE

current_set

control_error

up
u 7~£y voltage_set Current—,
lo

Drive Plant

motor_actual_current Dw

Transport Delay
Figure 2-7 Controller architecture | Example 1: Current regulation

MODEL PARAMETERS OF CURRENT CONTROL
+ EPOS4 PI current controller gains converted in S| Units.

* Transport delay = 0.060 ms.

* U, corresponds to the nominal voltage of the motor (for details =»maxon catalog, motor data,
line 1).
maxon motor control
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251.2 Velocity Regulation with Feedforward - Simulation Part

The figure below displays the model of the Pl velocity controller. The PI velocity controller is connected
to the current regulation.

FF

a_S|

feedforward_acceleration

FFoS

acceleration_set feedforward_velocity

velocity_set +| control_error K n
lo_SI
_)‘j Out1

Path Planner In2
Anti-windup

up
L ctr u |/_y ﬁ current_set position |—
lo -/|

+ + + +

Current Limits Current Regulation

Drive Plant

velocity_estimated
position_actual
velocity_estimated -
Low Pass Filter

Oﬁ— velocity_estimated

position_actual Transport Delay

Observer

Figure 2-8 Controller architecture | Example 1: Velocity regulation

INPUT/OUTPUT PARAMETERS
* Inputs are the path planner set acceleration and set velocity.

» Outputs are the motor actual position and the motor estimated angular velocity.

MoDEL PARAMETERS OF VELOCITY CONTROL
+ EPOS4 Pl velocity controller gains converted in S| Units.
» EPOS4 feedforward gains converted in S| Units.
* Transport delay = 0.4 ms.

* .., corresponds to the motor’s nominal current (for details =»maxon catalog/motor data/line 6).

INPUT/OUTPUT PARAMETERS OF LOW PAss FILTER / OBSERVER
* Input is the motor actual position.

» Output is the motor estimated angular velocity.

MODEL PARAMETERS OF LOW PASS FILTER
« EPOS4 Pl velocity controller gains converted in S| Units.

1

- 2-SiE Ki, o ¢S

position_actual 48 velocity_estimated

filter_estimator

Figure 2-9 Controller architecture | Example 1: Velocity regulation — Low pass filter
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MODEL PARAMETERS OF OBSERVER
» The observer is implemented as Matlab function in Simulink.
* The relevant observer parameter, converted in Sl Units, are:

Mass inertia Js|
Motor torque constant km_SI
Viscous friction g
Position correction gain |9_5|
Velocity correction gain I(o_SI

Disturbance torque |
correction gain T_S

POSITION REGULATION WITH FEEDFORWARD — SIMULATION PART

The figure below displays the model of the PID position controller with feedforward. The PID position
controller is connected to the current regulation.

FF

a_SL

feedforward_acceleration

FF. 3

acceleration_sef feedforward_velocity

velocity_set

position_set +| control_error |K n1
IP_SI
3 | Oout1

Path Planner

I_ctrl R I_set A
_ctr u 7~£y ;5-3 current_set position f—

Current Limits Current Regulation

Anti-windup Inte-
grator

op.si” S

K
Kop_si pp_si) * S*1

Drive Plant

/10(K

D Gain

position_actual Dw

Transport Delay
Figure 2-10 Controller architecture | Example 1: Position control with feedforward

INPUT/OUTPUT PARAMETERS
* Inputs are the path planner set acceleration, set velocity and set position.
» Output is the motor actual position.

MoODEL PARAMETERS OF POSITION CONTROL
« EPOS4 PID position controller gains converted in S| Units
+ EPOS4 Feedforward gains converted in SI Units
+ Transport delay = 0.4 ms

* .., corresponds to the motor’s nominal current (for details =»maxon catalog/motor data/line 6)

maxon motor control
EPOS4 Positioning Controllers Document ID: rel8235 2-21
EPOS4 Application Notes Edition: November 2018

© 2018 maxon motor. Subject to change without prior notice.



maxon motor

Controller Architecture
Application Examples

2,5.2 Example 2: System with Low Inertia and High Friction

Figure 2-11 Controller architecture | Example 2: System with low inertia/high friction

SYSTEM COMPONENTS

o ovseipion oot

Controller
EPOS4 Compact 50/8 CAN
(520885)

No load speed (line 2) n, = 17800 rpm

No load current (line 3) l, =270 mA

Nominal current (line 6) l,=2.82A
Motor Resistance phase to phase (line 10 R =0.836 Q
maxon EC-4pole 30 (309758) Resistance phase to phase (line 10) =0.

Inductance phase to phase (line 11) L=0.118 mH

Torque constant (line 12) K., =25.5 mNm/A

Rotor inertia (line 16) Jmotor = 18.3 g*cm?
Encoder .
AEDL-5810 (516208) Encoder counts per turn 5000 pulses/revolution

Inertia Joaa = 170 g*cm?
Mechanical load Nm
Linear drive Friction M, = 6.88mNm - sgn(w) + 4457520 . )

rad/s
Table 2-12 Controller architecture | Example 2: Components
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SIMPLE MODEL OF THE DRIVE PLANT
The following parameters can be deduced:

Current

Velocity
+
JUL il [ )
Voltage £ %—,E - Position

KmI

Figure 2-12 Controller architecture | Example 2: Model of the plant

INPUT/OUTPUT PARAMETERS
Input is the voltage at the motor winding.

Outputs are current, velocity, or position.

MODEL PARAMETERS

Resistance R = 0.836[Q]
Inductance L =0.118[mH]
mNm
Torque constant km = 25.5|:T:|
N 2
Mass inertia J = Jotor T Jioag = 188.3[g-cm]
Viscous friction K|
(approximated from the r. = m’ o = 4457 _I-lN_m
friction at no-load divided 1 2nradlmin “"lrad/s
by the no-load speed of Ny —_—
the motor) 1 60s
Static friction ro = Kplg = 6.88[mNm]
maxon motor control
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2.6 Best Practice Example
«Differences in the use of Observer and Filter to estimate Motor Velocity»

Velocity regulation in EPOS4 can be configured by choosing either the low pass filter or the observer for
estimating the motor velocity from the position measurement signals. The configuration choice is made
in the «Startup Wizard» dialog box under the tab «Regulation» as illustrated in the following figure.

Safety Instructions .
o, Regulation
4 Motar/Sensors
Motor

Sensors

Select control loop structures.

sdajg dnpels A

Current [PI current controller 'l

4 Controller

P —— Velocity Ip{ velocity contraller (low-pass filter) -

Regulation None
Positi
e PLvelocity controller (low-pass filter)

Limits. 1
PLvelocity controller (observer)

4 Inputs / Cutputs Main sensar
Digital Inputs

Digital Qutputs

[ Back | [ e« | [ Fnish ] [ Gancal | [ kelp |

Figure 2-13 Controller architecture | Case 1: Configuration of velocity regulation mechanism

The following examples demonstrate two typical cases, the use of the observer for estimating the rota-
tional velocity of the motor to increase the control performance compared with the case of using the low
pass filter. In another example the observer does not bring much advantage and can, in fact, result in
reduced control performance if the mechanical characteristics of the system are not well-identified or if
they change over time.

2.6.1 Case 1: System with Low-Resolution Incremental Encoder

SYSTEM COMPONENTS

o osseipion oot

Controller
EPOS4 Compact 50/8 CAN
(520885)
No load speed (line 2) n, = 8140 rpm
No load current (line 3) I, =321 mA
Nominal current (line 6) [,=6.0A
Motor Terminal resistance (line 10 R =0.0792Q
maxon DCX 35, 80 W, 12\ rerminal resistance (line 10) =0.
Terminal inductance (line 11) L=0.0263 mH
Torque constant (line 12) k., = 13.7 mNm/A
Rotor inertia (line 16) Jinotor = 99.5 g*cm?
Encoder .
ENX16 EASY Encoder counts per turn 256 pulses/revolution
M.echanlcal load Inertia J.., = 250 gcm?
Disc
Table 2-13 Controller architecture | Case 1: Components
maxon motor control
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After running the regulation tuning algorithm, the following set of parameters which describe the velocity

controller used by EPOS4 are obtained.

Index Subindex | Name Value Unit
mNm
0x3001 0x05 Torque constant 14.452 T
0x30A2 0x01 Velocity controller P gain 324.927 n::d S
, : mA
0x30A2 0x02 Velocity controller | gain 2675.916 —_—
rad
mA -
0x30A2 0x03 Velocity controller FF velocity gain 0.000 a ds
mA - s
0x30A2 0x04 Velocity controller FF acceleration gain 2.466 —_
rad
0x30A3 0x01 Velocity observer position correction gain 0.600 1
0x30A3 0x02 Velocity observer velocity correction gain 151.120 Hz
mNm
0x30A3 0x03 Velocity observer load correction gain 78.971 m
0x30A3 0x04 Velocity observer friction 0.000 B—N—m
rpm
0x30A3 0x05 Velocity observer inertia 357.503 g- sz
Table 2-14 Controller architecture | Case 1: Velocity regulation with low pass filter parameters, real
Note

The same control parameters are used for both experiments, low pass filter and observer. These param-
eters were obtained during the auto tuning procedure where the filter in closed loop was selected. The
auto tuning algorithm normally gives different parameters when the observer is selected. These param-
eters correspond to a more aggressive PI controller as it can better utilize the advantages present when
the observer is used in closed loop (more about this point is said later on after the presentation of the
results).

The comparison of the two different velocity estimation algorithms is done by looking at the step
response of the controller for a reference of 1000 rpm and to the ripple in the case of 50 rpm velocity ref-
erence.
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The measured step response data are given in the following figure.

Step response with filter Step response with observer

1400 1400

1200 -

1200 -

1000 - 1000 -

@

=]

S

=]

=]

=]
T

@
[=1
S

auiudl VEIVUILy (1]
@
=]
=]
T

actual velocity [rpm]

400 400

200 - 200 [

. . L 0 I, 1 1
0 50 100 150 200 0] 50 100 150 200
time [ms] time [ms]

Figure 2-14 Controller architecture | Case 1: Comparison of velocity step responses

0

These results show the advantage of using the observer instead of the low pass filter. The controller with
observer in closed loop results in much smaller overshoot and, hence, tighter reference following. The
main reason for this is that the observer introduces much less phase shift in the loop than the filter
would.

As a result, the velocity Pl controller can be made more aggressive in the case when the observer is
used compared to the use of the filter. Thus, using the observer allows much tighter reference tracking.
This fact is illustrated by a step response performance comparison for the following set of control param-
eters which correspond to a more aggressive PI controller than in the first experiment:

Index Subindex | Name Value Unit
0x3001 0x05 Torque constant 14.452 m_'lz\ll’]_”l
mA -
0x30A2 0x01 Velocity controller P gain 1127.098 s
rad
, , mA
0x30A2 0x02 Velocity controller | gain 12838.180 @
0x30A2 0x03 Velocity controller FF velocity gain 0.000 rT;gdS
A 2
0x30A2 0x04 Velocity controller FF acceleration gain 1.368 MmA-S
rad
0x30A3 0x01 Velocity observer position correction gain 0.600 1
0x30A3 0x02 Velocity observer velocity correction gain 351.120 Hz
0x30A3 0x03 Velocity observer load correction gain 280.971 %ﬂ
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Index Subindex | Name Value Unit
0x30A3 0x04 Velocity observer friction 0.000 M
rpm
0x30A3 0x05 Velocity observer inertia 357.503 g- sz
Table 2-15 Controller architecture | Case 1: Velocity regulation with observer parameters, real

Comparison of the step responses for the more aggressive controller is given in the following figure. As
can be seen, the controller with observer shows a very good performance while the performance of the
controller with low pass filter deteriorates and the overshoot becomes extremely high. Additionally, the
use of the filter with these high control gains results in significant amplification of audible noise.

In order to exploit this advantage of the observer, the PI controller obtained in auto tuning has higher
gains when the observer is used, than when the low pass filter is used.

tep response with observer
1400 S‘ P p T T

Step response with filter

1400
1200 1200 -
|
\Li I \| DA | LA
1000 T e 1000
g E
2L (=%
= 800 — 800+
> 2
2 i+
2 o
5 K]
> >
g 600 A g 600 -
3 ©
o ©
400 & 400 [
200 + B 200 -
0 . . . 0 I, . .
0 50 100 150 200 0 50 100 150 200
time [ms] time [ms]

Figure 2-15 Controller architecture | Case 1: Comparison of velocity step responses

In addition to the step response, also the steady state control performance at a low rotational velocity
reference value of 50 rpm are compared. The following comparison is given for the tuning parameters in
=>Table 2-15. The averaged values of the measured velocity are shown and compared for the two
velocity estimation strategies.
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Steady state response with observer
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Figure 2-16 Controller architecture | Case 1: Comparison of velocity steady states

At very low velocity, the estimate obtained when the observer is used has higher quality and therefore
the overall closed loop results in less ripple at steady state (i.e. more tight velocity reference following),
as can be seen in >Figure 2-16.

2.6.2 Case 2: System with Hall Sensor

SYSTEM COMPONENTS

o ouseipion 5ot |

Controller

EPOS4 Compact 50/8 CAN

(520885)
No load speed (line 2) n, = 8000 rpm
No load current (line 3) lo =352 mA

Motor Nominal current (line 6) I,=5.7A

maxon EC-i 40 (496660) Resistance phase to phase (line 10) R =0.207 Q

7 pole pairs Inductance phase to phase (line 11) L=0.169 mH
Torque constant (line 12) K., = 37.5 mNm/A
Rotor inertia (line 16) Jinotor = 44 g*cm?

Encoder 42 pulses/revolution

(7 pole pairs x 6 Hall
sensor states)

i Encoder counts per turn
Built-in Hall sensors P

Mechanical load
Two discs coupled to the Inertia Jioas = 324 g*cm?
motor through a belt

Table 2-16 Controller architecture | Case 2: Components
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Figure 2-17 Controller architecture | Case 2: Belt drive system

The advantages of using the observer instead of the filter for estimating the motor velocity are best visi-
ble in the case when the motor has no incremental encoder, but when a Hall sensor is used for both
commutating the motor and estimating its velocity.

The control and observer parameters used in the experiments are the following:

Index Subindex | Name Value Unit
0x3001 0x05 Torque constant 38.120 %ﬂ
mA -
0x30A2 0x01 Velocity controller P gain 138.551 S
rad
, , mA
0x30A2 0x02 Velocity controller | gain 10494.003 | —
rad
, Lo mA-s
0x30A2 0x03 Velocity controller FF velocity gain 89.548 ad
mA - s
0x30A2 0x04 Velocity controller FF acceleration gain 0.601
rad
0x30A3 0x01 Velocity observer position correction gain 0.399 1
0x30A3 0x02 Velocity observer velocity correction gain 68.056 Hz
mNm
0x30A3 0x03 Velocity observer load correction gain 67.834 m
maxon motor control
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Index Subindex | Name Value Unit
0x30A3 0x04 Velocity observer friction 0.366 M
rpm
0x30A3 0x05 Velocity observer inertia 402.538 g- sz
Table 2-17 Controller architecture | Case 2: Velocity regulation parameters, real

Compared are the averaged measured motor velocity for a square velocity profile in the cases when the
low pass filter and observer are used for estimating the rotor velocity respectively.

Velocity profile with filter Velocity profile with observer

600 600 T

400 | 400

200 “ 200 |
‘

actual velocity averaged |rpmj
o

actual velocity averaged [rpm]
[=]

-200 -200 ‘ ‘f

-400 | -400 |

L . | 600 L L I
500 1000 1500 2000 0 500 1000 1500 2000

time [ms] time [ms]

Figure 2-18 Controller architecture | Case 2: Comparison of velocity step responses

-600
0

As it can be seen, the use of the observer leads to tighter velocity reference tracking. In addition, the
controller with the observer in closed loop produces much less audible noise during operation.
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2.6.3 Case 3: System with High-Resolution Encoder

SYSTEM COMPONENTS

o oaserpion————seung

Controller

EPOS4 Compact 50/8 CAN

(520885)

Motor

maxon EC 4pole 30 (309758)

Encoder

AEDL-5810 (516208)

Mechanical load

Two discs coupled to the

motor through a belt

Table 2-18

No load speed (line 2)

No load current (line 3)

Nominal current (line 6)

Resistance phase to phase (line 10)
Inductance phase to phase (line 11)
Torque constant (line 12)

Rotor inertia (line 16)

Encoder counts per turn

Inertia

Controller architecture | Case 3: Components

n, = 17800 rpm

l, = 270 mA
I,=2.82A

R=0.836 Q
L=0.118 mH

K., = 25.5 mNm/A

J

motor

=18.3 g*cm?2

5000 pulses/revolution

J

load

=324 g*cm?

In this application example, the encoder resolution is very high and therefore the controller with the filter
in closed loop has very similar behavior as the closed loop with the observer.

The control parameters, obtained from auto tuning for which the comparison is made, are the following:

Index Subindex | Name Value Unit
0x3001 0x05 Torque constant 26.518 %n
0x30A2 0x01 Velocity controller P gain 968.601 mrg.d S
, , mMA
0x30A2 0x02 Velocity controller | gain 16748.581 Ej
mA -
0x30A2 0x03 Velocity controller FF velocity gain 0.000 2 ds
A 2
0x30A2 0x04 Velocity controller FF acceleration gain 1.313 mA-S
rad
0x30A3 0x01 Velocity observer position correction gain 0.650 1
0x30A3 0x02 Velocity observer velocity correction gain 369.465 Hz
mNm
0x30A3 0x03 Velocity observer load correction gain 53.370 m
maxon motor control
EPOS4 Positioning Controllers Document ID: rel8235 2-31

EPOS4 Application Notes

Edition: November 2018

© 2018 maxon motor. Subject to change without prior notice.



maxon motor

Controller Architecture

Best Practice Example «Differences in the use of Observer and Filter to estimate Motor

Index Subindex | Name Value Unit
0x30A3 0x04 Velocity observer friction 0.000 M
rpm
0x30A3 0x05 Velocity observer inertia 348.148 g- sz
Table 2-19 Controller architecture | Case 3: Velocity regulation parameters, real

The comparison of the controller transient behavior is done by experiments in which a 1000 rpm step
should be followed.
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Controller architecture | Case 3: Comparison of velocity step responses

In addition, the steady state controller behavior for a constant reference of 20 rpm are compared.
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Controller architecture | Case 3: Comparison of velocity steady states
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As can be seen, there is very little to no difference in the control performance. The reason is that the
quality of the position and hence the velocity measurement is very good. Therefore, using the model of
the mechanical system to which the motor is attached, as is done when the observer is used does not
bring a lot of benefit. On the contrary, in such cases it may happen that the performance of the closed
loop with observer becomes worse than the performance with the filter if the mechanical model parame-
ters are not accurate or if they change over time.

2.7 Conclusion

The described application examples show that it makes sense to use the observer for estimating the
rotational velocity of the motor in cases when the position sensor has low resolution and when the
parameters of the mechanical system are constant and can be well identified. In these cases, the use of
the observer results in less ripple at low velocities and allows for more tight dynamic following of the ref-
erence signal than in the case when the low pass filter is used. On the other hand, when position sen-
sors with high resolution are used, the use of the observer cannot bring much benefit, but instead could
lead to deterioration in control performance if the mechanical model of the system is not accurate. In
these cases it is better to use a filter for estimating the rotational velocity.
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In Brief

3 Comparison of maxon Serial Protocols for RS232

31 In Brief

With the introduction of the EPOS4 series, the positioning controllers’ RS232 transmission protocol has
been optimized and is now identical to the USB transmission protocol. This results in higher stability and
improved performance of the RS232 serial communication data flow.

3.2 Description

Note
@ The protocol change has an effect on RS232 communication, only. Hence, USB communication remains

unchanged.

The differences between the protocols «maxon V1» and «maxon V2» are as to the following details.

Interface
Type of controller
RS232 USB
EPOS2 maxon V1 maxon V2
EPOS4 maxon V2 maxon V2
Table 3-20 maxon serial protocol V1 vs. V2 | Protocol change — Overview

The two protocols feature different RS232 data flow while transmitting and receiving frame for EPOS2
and EPOS4 positioning controllers.

maxon V1 maxon V2
RS232 RS232
Master Slave Master Slave
PC EPOS2 PC EPOS4
: SendByte(OpCode) : : SendByte('DLE") e i
4 LFl 4
< SendByte(ReadyAck) SendByte('STX') .
__________________ S
SendStuffedData
SendData(Len-1, Data, Crc) H H (OpCode, Len, Data, Crc) \l
4 4
¢ _SendByte(EndAck) _ __ | i i
i | Note: ReadyAck, EndAck ;
,0=0K / ,F“=failed

Figure 3-21 maxon serial protocol V1 vs. V2 | RS232 communication — Sending a data frame
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3.21 maxon Serial V1

The data bytes are sequentially transmitted in frames. After sending the first frame byte (OpCode), the
Master needs to wait for the “Ready Acknowledge”. A frame composes of...

e header,
» variably long data field, and

* 16-bit long cyclic redundancy check (CRC) for verification of data integrity.

OpCode Len-1 Data[0] Data[Len-1] CRC
(8-bit) (8-bit) (16-bit) v (16-bit) (16-bit)
HEADER DATA CRC

Figure 3-22 maxon serial protocol V1 vs. V2 | maxon serial V1 protocol — Frame structure

3.2.2 maxon Serial V2

The data bytes are sequentially transmitted in frames. The first two bytes (DLE/STX) are used for frame
synchronization. Therefore, there is no need to wait for an acknowledge and thus, communication is
simplified compared to maxon serial V1 protocol. A frame composes of...

* synchronization characters,

* header with data stuffing,

» variably long data field with data stuffing, and

» 16-bit long cyclic redundancy check (CRC) for verification of data integrity with data stuffing.

DLE STX OpCode Len Datal[0] Data[Len-1] CRC
(8-bit) (8-bit) (8-bit) (8-bit) (16-bit) g (16-bit) (16-bit)
SYNC HEADER DATA CRC

Figure 3-23 maxon serial protocol V1 vs. V2 | maxon serial V2 protocol — Frame structure

Note
For further details on commissioning, control possibilities, and command instruction examples for an

EPOS2 =»separate document «<EPOS2 Communication Guide».
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4.1 In Brief

OBJECTIVE

The present application note explains how to carry out a firmware update of an EPOS4 controller includ-
ing EPOS4 Extensions (such as EtherCAT) without the use of the «kEPOS Studio» directly via the exist-
ing bus systems. The compatibility of the various versions as well as the necessary implementation
sequences for the different communication interfaces are described.

SCOPE
EPOS4 0100h Firmware. Sp.ecificaFion
Communication Guide
EPOS4 Module 24/1.5 536630 0110h or higher
EPOS4 Compact 24/1.5 CAN 546714  0110h or higher
EPOS4 Compact 24/1.5 EtherCAT 628092 0150h or higher
EPOS4 Module 50/5 534130 0110h or higher
EPOS4 Compact 50/5 CAN 541718 0110h or higher
EPOS4 Compact 50/5 EtherCAT 628094 0150h or higher
EPOS4 Module 50/8 504384 0100h or higher
EPOS4 Compact 50/8 CAN 520885 0100h or higher
EPOS4 Compact 50/8 EtherCAT 605298 0140h or higher
EPOS4 Module 50/15 504383 0100h or higher
EPOS4 Compact 50/15 CAN 520886 0100h or higher
EPOS4 Compact 50/15 EtherCAT 605299 0140h or higher
EPOS4 50/5 546047 0120h or higher
EPOS4 70/15 594385 0140h or higher
Table 4-21 EtherCAT integration | Covered hardware and required documents
TooLs

«EPOS Studio» Version 3.4 or higher

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

Table 4-22 EtherCAT integration | Recommended tools
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4.2 Preconditions

SUPPORTED INTERFACES AND EXTENSIONS

The following table shows the relation of a given firmware version on an EPOS4 positioning controller
and its support of the firmware update functionality for a specific communication interface or extension.

The firmware update of an extensions (such as EtherCAT) is part of the firmware update of the EPOS4
positioning controller itself (loop through) and cannot be processed independently.

) ) UsB \ RS232 \ CANopen | EtherCAT | EtherCAT
Firmware version inoHace extension
0x0100 v — — — —
0x0110 v — — — —
0x0120 v — — — —
0x0130 v — — _ v
0x0140 v — v — v
0x0150 or higher v — v v v

Table 4-23 Firmware update without «kEPOS Studio» | Firmware version vs. interface or extension

4.3 Program Data File

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

STARTING «EPOS STUDIO»

1) Make sure you installed «kEPOS Studio» version 3.4 (or higher) on your PC.
If not the case, download the latest version here: =»http://epos.maxonmotor.com

2) Start «kEPOS Studio» without creating a new project. Thereby, an online connection to an
EPOS4 controller is not necessary.

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

EEEESSSSSSS———
Fle View | Extras | Window Help

E=] & Fimware Fle Registration... H

Navigation Device Ca

Following Firmware versions are available

Date Software| Hardware | AppNumber AppVersion | File Name

Add File " Remove File Remove All Fles Add Files from Directory

oK Cancel Help

Figure 4-24 Firmware update without «kEPOS Studio» | Open firmware file registration dialog
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3) Select the firmware and click right to open the context menu, then click ®Export Program Data

Filen.
.

) Offnen ==
@uvl || « 03 Configu... » Firmware Files EPOS4 50-5 » v [ 43 ||| Firmware Fites EP0S4 50-5 dur... P |
Organisieren Meuer Ordner fl @
| EpOSt 4 Name : A

|| 02 Installation )
e | History 20
|| 03 Configuration -
£ EPOS4_0130h_6350n_0000h_0000h.bin 19
|| Firmware Files EPOSA 50-5
! Firmuware Files EPOS4 Module 24-1_

~Following Frmware versions are

. Firmware Files EPOS4 Modlule 50-5
! Firmware Files EPOS4 Module 50-8
. Firmware Files EPOS4 Module 50-15
|| 04 Programming

18.12.2017 14:21[ 0x0130 | 0x6350 [ 0x0000 i

i
Add File

Remave File
| 05 Applications

Remove All Files
J\ Helper

Show ReadMe File
Dateiname: EPOS4_0130h_6350h_{|

Export EDS File
I Export ESI File
‘ Export Program Data File
- - @ Hep . F1 .
addFle | | RemoveFie || Removelfies |

[ |[ o [ web |

Figure 4-25 Firmware update without «kEPOS Studio» | Export program data file

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

r .
Select Directory =

Select directory for file expart!

P Desktop
& €l Netzwerk
» | & Odermatt Roland
4 8 Computer
i &L, Lokaler Datentrager (C:)

| »

n

b |y Lokale Daten (D:) |

b i DVD-RW-Laufwerk (E:)

|| dmpatecr
« i v

Figure 4-26 Firmware update without «kEPOS Studio» | Select export directory

5) Click aOK= to confirm.

Export Program Data File =

@ File successfully exported!

Figure 4-27 Firmware update without «kEPOS Studio» | Confirm export directory

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

% Computer | L] EPOS4_0130h_6350h_0000h_0000k.msdc 02.02.2018 14:41 MSDC-Datei 337 KB

&, Lokaler Datentrager (C:)
4 Lokale Daten (D)

Figure 4-28 Firmware update without «kEPOS Studio» | Check firmware file
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4.4 Firmware Update via USB
SUPPORTED UPDATE PATHS
The following table shows the compatibility of a given firmware version for direct update via the USB
interface.
Note
With «<EPOS Studio», an update between all versions can be performed.
. . NEW firmware version
OLD firmware version .
0x0100 0x0110 0x0120 0x0130 0x0140 higher
0x0100 v 1 v 1 n/a n/a n/a
0x0110 v 1 v 1 n/a n/a n/a
0x0120 v 1 v 1 v2 V2 v 2
0x0130 v 1 v 1 v 1 v 1 v 1
0x0140 v 1 v 1 v 1 v 1 v 1
higher v 1 v 1 v 1 v 1 v 1
v'1 supported by Sequence 1
v’ 2 supported by Sequence 2
n/a not supported
Table 4-24 Firmware update without «kEPOS Studio» | USB — Old vs. new firmware version
SEQUENCE 1 (STANDARD)
Steps
a) Prepare controller (= “Prepare Controller” on page 4-43)
b) Download «program data file» (CiA 302-3) “EPOS4_wwwwh_xxxxh_yyyyh_zzzzh.msdc”
(=“Download «Program Data File» (CiA 302-3)” on page 4-44)
c) Check identity (=“Check Identity” on page 4-45)
SEQUENCE 2 (STANDARD + ETHERCAT EXTENSION)
Steps
a) Prepare controller (= “Prepare Controller” on page 4-43)
b) Download «program data file» (CiA 302-3) “EPOS4_wwwwh_xxxxh_yyyyh zzzzh.msdc”
(=»“Download «Program Data File» (CiA 302-3)” on page 4-44)
c) If you use an EtherCAT Extension:
— Check existence of «Extension EtherCAT» (=»“Check existence of «Extension Ether-
CAT»” on page 4-45)
— Re-download program data file (CiA 302-3) “EPOS4_wwwwh_xxxxh_yyyyh zzzzh.msdc”
(=»“Download «Program Data File» (CiA 302-3)" on page 4-44)
d) Check identity (=2“Check Identity” on page 4-45)
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4-40 Document ID: rel8235 EPOS4 Positioning Controllers
Edition: November 2018 EPOS4 Application Notes

© 2018 maxon motor. Subject to change without prior notice.



maxon motor

Firmware Update without use of «<EPOS Studio»
Firmware Update via CANopen

4.5 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.

OLD firmware version NEW firmware version
0x0100 0x0110 0x0120 0x0130 0x0140 higher

0x0100 n/a n/a n/a n/a n/a
0x0110 n/a n/a n/a n/a n/a
0x0120 n/a n/a n/a n/a n/a
0x0130 n/a n/a n/a n/a n/a
0x0140 v 1 v 1 v 1 v 1 v 1
higher v 1 v 1 v 1 v 1 v 1

v' 1 supported by Sequence 1
n/a not supported

Table 4-25 Firmware update without «kEPOS Studio» | CANopen — Old vs. new firmware version

SEQUENCE 1 (STANDARD)
Steps
a) Prepare controller (=“Prepare Controller” on page 4-43)

b) Download «program data file» (CiA 302-3) “EPOS4_wwwwh_xxxxh_yyyyh zzzzh.msdc”
(=»“Download «Program Data File» (CiA 302-3)” on page 4-44)

c) Check identity (=“Check Identity” on page 4-45)

4.6 Firmware Update via RS$232

Note
@ The firmware update functionality for the RS232 interface is available on request.

SEQUENCE 1 (STANDARD)

Steps
a) Prepare controller (= “Prepare Controller’ on page 4-43)
b) Download «program data file» (CiA 302-3) “EPOS4_wwwwh_xxxxh_yyyyh_zzzzh.msdc”
(=>“Download «Program Data File» (CiA 302-3)” on page 4-44)

c) Check identity (=“Check Identity” on page 4-45)
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4.7 Firmware Update via EtherCAT

SuUPPORTED UPDATE PATHS

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

NEW firmware
OLD firmware version version
0x0150 higher
0x0150 v
higher 4

Table 4-26 Firmware update without «kEPOS Studio» | EtherCAT — Old vs. new firmware version

SEQUENCE 1 (STANDARD)

Steps
a) Prepare controller (= “Prepare Controller” on page 4-43)
b) Download «program data file» (FoE) “EPOS4_wwwwh_xxxxh_yyyyh_zzzzh.msdc”
(=>“Download «Program Data File» (FOE)” on page 4-45)
c) Check identity (=“Check Identity” on page 4-45)
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4.8 Steps: How to...

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

4.8.1 Prepare Controller

Step Description
. A Change to device control state =>separate document «kEPOS4 Firmware Specification»;
Change to oo «Disabled» chapter “Device Control”

__________

Is state
«Disabled»
reached?

_!'| B| Check state

Table 4-27 Firmware update without «kEPOS Studio» | How to prepare the controller
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4.8.2 Download «Program Data File» (CiA 302-3)

Step Description
Change to device control state =>separate document «kEPOS4 Communication Guide»;
«Pre-Operational» *1) chapter “CAN Communication”
Change to NMT state
«Pre-Operational» B CheCk NMT state *1)
Nfo Write «Stop» to object «Program Control»

el | | C Stop program *2) Object 0x1F51-01
reached? Value 0x00 (Stop)
Timeout 10 ms

Read value from object «Program Control»

D | Wait until program is stopped Object 0x1F51-01
__________ Expected value | 0x00 (Stopped)

! Wait timeout 10’000 ms

Stop program

Is program
stopped?

Write «Clear» to object «Program Control»

Yos E | Clear program Object 0x1F51-01
Y Value 0x03 (Clear)
Timeout 20’000 ms

Clear program

Write file content to object «Program Data»

F | Download program Object 0x1F50-00
Download RS File EPOS4_wwwwh_xxxxh_yyyyh zzzzh.msdc
Timeout 10’000 ms

Write «Start» to object «Program Control»

Start program :
G | Start program *2) Object 0x1F51-01
PR Value 0x01 (start)
: Timeout 10 ms

Is program
started?

Read value from object «Program Control»

Object 0x1F51-01
Expected value | 0x01 (Started)
Wait timeout 10’000 ms

H | Wait until program is started

*1)  only for CANopen interface

During starting or stopping the program, the communication protocol is aborted. The controller
*2) does not respond to the received command. Reduce timeout and do not check communication
result.

Table 4-28 Firmware update without «kEPOS Studio» | How to download the program data file
(CiA 302-3)
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4.8.3 Download «Program Data File» (FOE)

Step Description
Change to ESC state
O e «Bootstrap»

__________

' B \ Check ESC state

Is state
«Bootstrap»
reached?

Write file content to file «kEPOS4» using FoE protocol

. C | Download file «<EPOS4» Password 0
\(fj Source file EPOS4_wwwwh_xxxxh_yyyyh_zzzzh.msdc
Target file EPOS4
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 4-29 Firmware update without «kEPOS Studio» | How to download the program data file (FOE)

4.8.4 Check existence of «kExtension EtherCAT»

Step Description
@ Read value from object «Extension 1 type»
Download
Program Data File
Check «Extension 1 type» Object 0x2101-05
Expected value | 2 (EtherCAT)
Check existence
«EtherCAT»

Table 4-30 Firmware update without «kEPOS Studio» | How to check existence of
«Extension EtherCAT»

4.8.5 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
B Read value from object «ldentity — Revision number»
Check identity
(0x1018) Check «Revision number» Object 0x1018-03

Expected value | Software version and application version

Table 4-31 Firmware update without «kEPOS Studio» | How to check identity
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4.9 Object Dictionary

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

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 4-32 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

257 NEe Application active Bootloader active
0x1000-0x00 Device type 0x00020192 0x0000012E
» High word: » High word:
0x1018-0x02 Product code Hardware-ver3|on 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 4-33 Firmware update without «kEPOS Studio» | Objects values in «Stopped» state
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5 EtherCAT Integration
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5.1 In Brief

OBJECTIVE

The present application note explains how to integrate the EPOS4 into an EtherCAT Master Environ-
ment.

Note
To operate within an EtherCAT network, some EPOS4 controllers (marked ** in below list) require the
optionally available «<kEPOS4 EtherCAT Card» (581245).

SCOPE
EPOS4 0140h Firmwarel Spgcifica’Fion
Communication Guide
EPOS4 Module 24/1.5* 536630 0140h or higher
EPOS4 Compact 24/1.5 EtherCAT 628092 0150h or higher
EPOS4 Module 50/5** 534130 0140h or higher
EPOS4 Compact 50/5 EtherCAT 628094 0150h or higher
EPOS4 Module 50/8** 504384  0140h or higher
EPOS4 Compact 50/8 EtherCAT 605298 0140h or higher
EPOS4 Module 50/15** 504383 0140h or higher
EPOS4 Compact 50/15 EtherCAT 605299  0140h or higher
EPOS4 50/5 ** 546047  0140h or higher
EPOS4 70/15** 594385  0140h or higher
Table 5-34 EtherCAT integration | Covered hardware and required documents
TooLs

«EPOS Studio» Version 3.4 or higher

Software for zub’s MACS Multi-Axis EtherCAT Masters = “Required
Tools” on page 5-64

Table 5-35 EtherCAT integration | Recommended tools
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5.2 Beckhoff TwinCAT

5.2.1 Integrating ESI Files

To integrate an EPOS4 EtherCAT axis into the Beckhoff Master System, copy the ESI (EtherCAT Slave
Information) XML file to the following folder. Note that the actual folder designation (***) depends on the
TwinCAT version you are using:

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

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

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

Ele View Extras Window Help

Nagdl #2008 '@ ¢

N“““’” * % | Object Dictionary - EPOS4 EtherCAT| 4% x
I Communication
£ Object Dictionary EPOS4 @ Disabies =
B8 ¥ LocalHost
ap LI‘EE Active Fiter Al Objects -
B L use2 ;
B 57 EPOSA EtherCAT Index T |SubIndex }Name [Type  |Access |value | ‘:
W EtherCAT - 0x1000 0x00 Device type Ulnt32 RO 0x00020192
- 0x1001 0x00 Error register UInt8 RO 0x00
0x1008 0x00 Manufacturer device name String RO EPOS4 ==
0x1010 Store parameters
0x1011 Restore default parameters
0x1018
v
ox10F3 Read Value
0x1600 write Value
0x1601 Edit Value
0x1602
Read All Values
D Workspace 0x1603 ]
= Ox1A00 Save Al Parameter
F sttt Ox1A01 Restore All Defauft Parameter
bl Ox1A02
Wizards Expand Al
L Ox1A03 i
/ Tools el CO0 Colapse All o
0x1C12 Export ESI File
& 0x1C13 :
ox1C32 Show Active Update
Dynamic Help 2 % %1033 Show Enum Text
@ Contents W2 Index () Search IL i 0x2000 0 show Raw Values ulnt8 Rw 1
2002 [1} Enum  RW 115.2 kbits/s
Define Object Fits
(0 pemnsale 3 o005 gy 2 Define Object Fiter UIntis RW 500 ms
Hardware Reference L ox2006 0 @ Hep F1 UIntl6 RW 474 ms
Firmware Spedification - 062010 0x00 Active fieldbus Enum RO EtherCAT
Communication Guide L5 0x2100 Additional identitv X

Figure 5-29 EtherCAT integration — Beckhoff TwinCAT | Export ESI file
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5.2.3 Scanning the EtherCAT Slave Device
1) Connect the EPOS4 to the EtherCAT Master and turn on power.
2) Open the Beckhoff System Manager and create a new project using menu aFiler, then aNewxz.
3) Open menu aOptionsx, then select ®"Show Real Time Ethernet Compatible Devices®.

\ EPOSA Eth oFt Visual Stu

File Edit View Project Build Debug | TwinCAT | PLC Tools Scope Window Help
[ -l F @ & 2| 9| i Activate Configuration

B (B2 G o @ I Restart TwinCAT System =

SoliTion Bploies E3  Restart TwinCAT (Config Mode)
5 | 2 Reload Devices
- s
33 Solution 'EPOSA EtherCAT' (1 project) | = "
4 Gl EPOSA BthercaT @ Toggle Free Run State
> [l SYSTEM| @' Show Online Data
i Momon “ . Show SubTtems
pLC
SAFETY & Security Management...
[ c++ Access Bus Coupler/IP Link Register...
> Vo Update Firmware/EEPROM ,
Show Realtime Ethemet Compatible Devices...
Selected ltem y
EtherCAT Devices ,
About TwinCAT

Figure 5-30 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
EtherCAT driver for one of the present network cards.

a) Click one of the listed network cards.

b) Click rlnstall=.
Installation of TwinCAT RT-Ethemet Adapters — e
- Ethemet Adapter [ Updatslit |

E-8F Installed and ready to use devices -
----- ¥ Local Area Connection 2 - 451 AXE8178 LISB2.0 to Gigabi Ethemet Adapter Instal
£-&F Compatible devices =
----- ¥ Local Area Cannection - Intel(F) PRO/1000 MT Netwark Connection 4| £
& Incompatible devicss Unbind
& Disabled devices
Enabls
Disable

I~ Show Bindings

Figure 5-31 EtherCAT integration — Beckhoff TwinCAT | Install Ethernet adapters
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5) In the TwinCAT System Manager navigation tree, click right on =1/O Devices®, then select
uScang.

 EPOS4 Etf crosoft Visy
File Edit ject Build g TwinCAT PLC Tools Scope
Ba-c-Sdd | $ B9 -0 -2-3] b [Release
fe@m2a@|e oo .

Solution Explorer - X

=

=

[od Solution 'EPOS4 EtherCAT' (1 project)
4 gl EPOS4 EtherCAT
o [ svsTEM
MOTION

pLC

&, M = Add Newkem... Ctrl+Shift+A
| B Add Bxsting ltem... Shift+Alt+A
Export EAP Config File
5 Scan
i Paste CrleV
Paste with Links

Figure 5-32 EtherCAT integration — Beckhoff TwinCAT | Scan devices

6) Click aOKz= to confirm.

TwinCAT XAE [

(I, HINT: Notalltypes of devices can be found automatically

Figure 5-33 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 aOKx,

1 new 1/O devices found

[
[
[ Device 2 (EXeICAT) . [Local prea Carmecton 2 (ha 1ot ARaE 78 UGB 20 o GisasOE] oK

Cancel

Selact Al
Unselect &1

Figure 5-34 EtherCAT integration — Beckhoff TwinCAT | New /O devices found

8) Click ®YESx to confirm.

TwinCAT XAE L2 )
@ Scan for boxes I}

Figure 5-35 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 P} it |

|| EtherCAT drive(s) added. Append linked axis to NC-Configuration

Figure 5-36 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 aYes® to confirm.

TwinCAT XAE X

ks

@ Activate Free Run

Figure 5-37 EtherCAT integration — Beckhoff TwinCAT | Activate free run message

12) Save the project.

|60 EPOSA EtherCAT - \ fisual S
File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help
Pl e Sl @ % 4 ]9 - - - GL| b [Release -] |TwinCATRT (85) -/ | [ | setstate R e S i

BlBE2RE| o |[coar -] [ »dle =G o9 . iEEh-

olution Explorer L3l EPOS4 EtherCAT 3

General | EtherCAT | DC [ Process Data [ Slots [ Startup [ CoE - Oniine | Diag History [ Onine | 7

- Solution 'EPOSA EtherCAT' (1 project)

4 ] EPOSA EtherCAT Name g 1
> @l SvsTEM
i Object Id Q3020001
4[] NC-Task1 SAF Typs EPOS4 50/5

[21 NC-Task15v8
W nage Comment 2
[ Tables L
Objects I

] Disabled Create symbols

4 " Devices
4 =% Device 3 (EtherCAT)
2 Image
L]
a¢ IMage lifd Name Online .. In/Dut UserlD Linkedto
. 2 SyncUnits
i # Statusword 576 ! Input nStatel, nState2
= inuts # Position actual v, X 0 ! ! Input nDatalnd , In . Inputs . E.
i oo # Velocity actual v... ! i Input
o Drive L (EP034) # Torque actual v.. ! | Input nDataln3[0] . nDataln3 . 1.
# Mode of operati... ! ! Input

&% Mappings
&7 NC-Task1 SAF - Device 3 (EtherCAT) 1 . Digital inputs Input
@7 NC-Task1 SAF - Device 3 (EtherCAT) Info 1 WeState : Input nStated, nStated
! InputToggle Input nStated, nStated
¥ State y Input

Error List
D DErrors | 1\ 0 Warnings | (i) 0 Messages

Description Project

3 Solution Explorer [ NG RERIEN IRy B Output

Ready

Figure 5-38 EtherCAT integration — Beckhoff TwinCAT | Save project
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5.2.4 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 EPOS4 in Cycle Synchronous Mode, you will need to configure PDO Map-
ping accordingly by defining “Slots”.

Additionally, the following “regular” EPOS4 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 as to the following
example.

~| | TwinCAT RT (x86) < % |setstate
|2 b =g =0 Slels

Solution Explorer MRl EPOS4 EtherCAT %

General | BherCAT | DC | Process Data | Siots | Startup | CoE - Oriine | Diag History | Online |

[ Solution 'EPOS4 EtherCAT' (L project)
4 il EPOS4 EtherCAT Name Drive 1 (EPOS4) d: 1
> [l sYsTEM
4 MOTION
4 [ NC-Task1 SAF Type EPOS450/5
[B NC-Task1 SvB
2% Image
[T Tables
Objects

4 A

Object Id: (B<03020001

] Disabled Create symbols

4 T Devices
4 = Device 3 (EtherCAT)

*® Image
* Image-Info
2 SyncUnits

b 2 Inputs

b ‘Uutputs

» [ InfoData Neme Online In/Out  UserID  Linked to

. (ol Deuel (ERGS) #1 Statusword % ! Input 0 nStatel, nState2

@
4 &% Mappings
: Position actual v... X Y y Input Datalnl . In . Inputs . E...
&%) NC-Task 1 SAF - Device 3 (EtherCAT) 1 & Position actual v. o oAkt Inputs
#1 Velocity actual v. y ' Input

7 NC-Task 1 SAF - Device 3 (EtherCAT) Info
#1 Torque actusl v... X ! ¥ Input nDataln3(0] . nDataln3 . I...
#1 Mode of operati... ! ! Input

Error List
@ 0Emors | 1\ 0Warings | (i)0Messages | Clear
Description = File L.. Colu. Project

&3 Solution Explorer [ arESTiog RYELtnd B Output

Figure 5-39 EtherCAT integration — Beckhoff TwinCAT | Structure tree

2) Use the tab aSlotsa to allocate the operating mode to be used:
a) Select a aSlota from the left pane.
b) Select the desired operating mode from the right pane ®Module=.

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

Slat Module Maduie Moduieldent  Description
2+l s 1 CSP Mode | |+UPPM Mode (x51000000 Frofie Postion Mode
I PVM Mode (x63000000  Profile Velocity Mode

| | ™ICSP Mode (x68000000 Cyclic Synchronous Postion Mode

=ICSV Mode (683000000 Cycic Synchronous Velocty Mode

ST Mode (6SADDDO0D Cyclic Synchronous Torque Mode

Figure 5-40 EtherCAT integration — Beckhoff TwinCAT | Configure slots
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5.2.5 Changing PDO Mapping using Beckhoff TwinCAT
1) Select the device in the Solution Explorer, then click the PDO you wish to edit.

) EPOS4 Ether B
File Edit View Project Build Debug TwinCAT TwinSAFE PLC Tools Scope Window Help " —
- - | a9 -0 - F-5 | [Release ~| [ TwinCAT RT (86) -| | # [setstate S e B s -
, 1 I T : |

anz2selal | wa Mt [y =g Oleeis (00| EEE
Soution poer T e G
- General | BherCAT | DC. | Process Data | Slets | Startup | CoE - Oniine | Diag History | Orine |
o) Solution ‘EPOSA EtherCAT (1 project]
4 EPOSA EtherCAT Sync Manager: PDO List:
b SYSTEM
:‘ M ] SM  Sze  Type  Flags Index  Sze  MName Flags M sU
0 48 MeOu OcIAD 170 CSPinputs 3 0
148 Mon 0600 170 CSPOuputs 2 (i
2 17 Oupus
317 Ipu
< Evo —
4 ¥ Devices
4 Device 3 (EtherCAT)
28 Image
28 Image-Info
> 2 SyncUnits
b Inputs
> Outputs < n ] v
» [ InfoData
b Rl PDO Assignment (Bx1C12) PDO Content (0<1A00):
o [wll Drive 1 (EPOS4)| chalilie il
» =] Module 1 (CSP Mode) [7]0<1600 Index  Sze  OFs  Name Type Defaut (hex)
b WcState 0604100 20 00 Stetusword UINT
4 [ InfoData 00400 40 20 Posttion actual value DINT
#1 State OEECOD 40 6D Velooty actual value DINT
b # Adshddr 0E07700 20 100 Torqueactual value INT
% Chnd GE0ET00 10 120 Mode of aperation display SINT
#1 DeOutputshift OGDFD00 40 130 Digtalinputs UDINT
1 DelnputShift 170
4 3% Mappings
5% NC-Task 1 SAF - Device 3 (EtherCAT) 1
&7 NC-Task 1 SAF - Device 3 (EtherCAT) Info Downioad |Predefined PDO Assignment: {none)
i
R (Load PDO info from device )
] PDO Corfiguration
(Sync Unit Assignment )

Figure 5-41 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 mDeleter to remove an existing variable or minserta to add a new variable.

} EPOSA Ether B

File Edit View Project Build Debug TwinCAT TwinSAFE PLC Tools Scope Window Help " e —

Pl S| a9 - - E-E | b [Release -| | TwinCAT RT (a6) - |1 | setstate R BB O L)
882G (® [ |-t EEECIE Olae g0 . [ GEa:]

8 Solution Explorer il EPOSA EtherCAT 3
@
3
e " . General | BherCAT | DC. | Process Data | Slets | Statup | CoE - Oniine | Diag History | Oriine |
Sl (2 Solution ‘EPOSH EtherCAT' (1 project)
= . L ePost EtnercaT Syne Manager: PDO List:
!«; ”; iﬂm SM  Size  Type  Fags Index Size Name Flags 5M 5U
4 0 48 MmOw 01400 170 CSPinputs 3 0
3 148 M 01600 170 CSPOupuis 2 0
g 2 17 Outputs
2
-1 317 nputs
4 ¥ Devices
4 = Device 3 (EtherCAT)
28 Image
28 Image-Info
> 2 SyncUnits
b [ Inputs
. Outputs Cl} F——
. : E::Sitzw e FDO Assignment (&xIC12) PDO Content (0<1AQD)
v sl Module 1 (CSP Made) [710x1600 Index Size Offs Name: Type Defauit fhex)
b WeState 0604100 20 00 Stetusword UINT
4 @ InfoData 0606400 40 20 Fostion actual value DINT
# State 06G0ECO0 40 60 Velooty actual value DINT
b #1 Adshddr 0607700 20 100 Torqueactusl value INT
1 Chd 0606100 10 120 Mode of aperation display SINT
# DcOutputShift O6O0FD00 40 130 Digial inpuis UDINT
%! DelnputShift = =
4 8% Mappings .|
&% NC-Task 1 SAF - Device 3 (EtherCAT) 1 Delete
&) NC-Task 1 SAF - Device 3 (EtherCAT) Info Downioad | Predefi Edit.. ne)
PDO Assignment i ‘
[@] PDO Corfiquration Move Up
Bmel  pove Down )

Figure 5-42 EtherCAT integration — Beckhoff TwinCAT | Select PDO
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4) Select the object you wish to map and click aOKz.

-
Edit Pdo Entry

5o

Name |
Index lhexl: 0 0
Sublndex O

Data Type: [none]

Bit Lentgh: 1 &=

Show orlly objects fiom related module

From Diictionary:

aK

0x10F3:04 - New messages available

0x302:06 - 551 special bits data

0+30D0 - Cunent demand valus
04300101 - Cument actual valus sveraged
0¥30D1:02 - Cument: actual value
04300201 - Teraue actual value averaged
04300301 - Velacity actudl valuz averaged
04314101 - Digital Inputs logic state
0¥3150.01 - Digital outputs logie state
04316001 - Analog input 1 valiage

0v3010:-04 - Digital Incremental encoder 1 index position
0¥3011-03 - Analog incremental encoder inder position

0x3020:04 - Digital incremental encoder 2 index position

| »

n

)

Figure 5-43

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

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

n Explorer

[ Solution 'EPOS4 EtherCAT' (1 project)
4 ol EPOSA EtherCAT
b |l sysTem
MOTION
4 NC-Task1 SAF
B NC-Task1 SVE
*® Image
[ Tables
[ objects
P

b B Axisl

a

4 = Device 3 (EtherCAT)
*% Image
2% Image-Info
b 2 SyncUnits
b Inputs
I Cutputs
[ InfoData
» = Drivel (EPOSH)
4 @&* Mappings
&7 NC-Task1 SAF - Device 3 (E
7 NC-Task1 SAF - Device 3 (B

Figure 5-44

e L

N e

|| @ [setstate

| B [Release

EPOS4 EtherCAT 3¢

~| [ TwinCAT RT (e6)

| =&l

Bl ol

EtherCAT integration — Beckhoff TwinCAT | Edit PDO values

General | EtherCAT | DC

| Process Data | Sots | Startup | CoE - Oniine | Diag History | Online |

Cyclic Mode
Operation Mode
[@] Enable
sYNC O
Cycle Time {us):

@Symclnt Gy [x1

) User Defined

2000

Enable SYNC 0

SYNC1
) Syme Unit Cyole
@ SYNC 0 Cydle

] Enable SYNC 1

[] Use as potential Reference Clock

Operation Mode: [DC-Symebron -
Advanced Setings
r 4
Advanced Settings i
& uted Clock] Distributed Clock

[DC-Synchron

Sync Unit Cydle (s} 2000

Shit Time: {us).
User Defined o
+SYNCO Cycle
g
[T Bzsed on Input Reference

Cycle Time (us): 2000
Shift Time: (us): [}

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

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

S ;j.alﬁ\at qgﬁl-—"l - D 4\ 3 |REIEa§E v\|TwmcmRT(xaﬁ) < | 1% |setstate -H@f@%{«gﬂnﬂva [
E ==
e RN = |3 mdfs=(zez=0|mau|o0 @ L.
Solution Explorer ~ & %l Eposs EthercaT x
% Task | Settings | Oniine
20 Solution ‘EPOSH EtherCAT' (1 project]
4 n] EPOSA EtherCAT Name NC-Task 15AF Pott: 501
(@l SYSTEM - :
4 [= MOTION e Object ld:  Dx05000010
a NC-Task1 SAF| [F] Auto Prioiy Managemert Options
[Z NC-Task 1 SVB Prioy: 4 7] Disable
5% Image Cycetiks: 2 5] 2000 | ms [E Croste symbls
1 Tables
Objects Start tick {modula): 0 Include extemal symbols
4 Ha fxes [7] Separate input update
b B Adsl Pre ticks: 0
PLC
[ sareTy [ Waming by exceeding 1/0 at task begin
[ c+ Message bax
# ;{é — Watchdog Cycles 0
4 = Device 3 (EtherCAT)
29 Image Comment
28 Image-Info
- 2 SyncUnits
> [0 Inputs
» [ Outputs
» @ InfoData
& ) Drive 1 (EPOS4)
4§t Mapeings
%, NC-Task 1 SAF - Device 3 (EtherCAT) 1
.-3 NC-Task 1 SAF - Device 3 (EtherCAT) Info

Figure 5-45 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 ®NC-
Task 1 SAFa (<»step 6). For CST mode, set it to zero.

| Object Dictionary - EPOS4 EtherCAT|

EPOS4 @ nissbied =

Active Filter Al Objects

‘ Object Dictionary

Index T |Sublndex Name iType ‘Access iVaIue
-0X6086 0x00 Motion profile type Enum RW Linear ramp (trapezoidal profile)
0x6008 0x00 Homing method Enum RW Home Switch Positive Speed and Index
.- 0x6099 Homing speeds
-OX609A 0x00 Homing acceleration UInt32 RW 1000 rpm/s
-0x60A8 0x00 SI unit position Struct  RW 0x00 0xB5 0x00 0x00
0x60A9 0x00 SI untt velocity Struct  RW 0x00 0xB4 0x47 0x00
Ox60AA 0x00 SIunit acceleration Struct Rw 0x00 0xCO 0x03 0x00
-0x60B0 0x00 Position offset Int32  RW 0inc
-0x60B1 0x00 Velocity offset Int32 RW 0 rpm
0x6082 0x00 Torgue offset Intle RW 0.0 %
= UxﬁUCZ Interpalatmn time period
Pococs oo ineudnins g e e e e
: [IxB[IC! 0x02 Interpolatlon time index
0x60C5 0x00 Max acceleration uInt32 RW 4294967295 pmy's

Figure 5-46 EtherCAT integration — Beckhoff TwinCAT | Set cycle ticks 2
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5.2.6 Configuration of the Axis

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

w Project Buld Debug TwinCAT PLC Tools Scope Window Help
Ao & B9 - - DG b [Reease ~| | TwinCAT RT t6) - | (% | setstate Bl e N T R

cBEZREel e CJi[  [[Ar sdEE==0lans(00 i@8EE.
olution Explorer badll EPOS4 EtherCAT X

=

[0 Selution ‘EPOSH EtherCAT (1 project]

Settings | Parsmeter | Dynamics | Oriine | Functions | Goupiing | Compensstion |

4l EPOSA EtherCAT LLink To L/O Drive 1({EPOS&)#A
> [l SYSTEM
g A oN Link To FLC.
MC-Task1 SAF
[ NC-Task1 VB #o3 Type: [ CANepen DS402/Profile MOP 742 fe.g. EtherCAT CoE Dive) -
+0
I o
= i Unit mm + Display 0niy)
Objects Postion:  [um [ Modula
|
4 e Axes Velocity: [T mm/min
b ek Adsl
I pic Result
. SAFETY Position: Velocty: Accsleration Jerk:
mm mm/s mm/s2 mm/s3

‘ a 4% Devices
4 B Device 3 (EtherCAT) foss Cycle Time / Access Diider
B mage Divider T B OceTmems: 200
3% Image-info Mocido: T B
2 SyncUnits =
0 Inputs
W Outputs
@ InfoData
& Drive 1 (EPOS4)
. 8 Mapplngs
#, NC-Task 1 SAF - Device 3 (EtherCAT) 1
.j NC-Task 1 SAF - Device 3 (EtherCAT) Info

Figure 5-47 EtherCAT integration — Beckhoff TwinCAT | Link axis

=

2) Inthe tab aParameterr, adjust the motor speed settings as to the motor’s capability and to the
supply voltage.

Debug TwinCAT PLC 'Ionls &qpe
B9 -6 - 55| b [Retease TmeATRT(hﬁG] | | [# | setstate \Eﬂﬁ@xv Bl -]
alngigla \m i Ay =dlEEss : |

EPQS4 EtherCAT X

General | Settings | Parameter | Dynamics | Oriine | Functions | Coupling | C: 1

- Selution 'EPOS4 EtherCAT' (L project)

4 Gl EPOS EtherCAT [Paameter  [OffineValie |OnlineValue Unit
(il SvsTEM ’7

+ [ MoTIoN Maximum Dynamics:
o [ NC-Task1 SAF Reference Velocity 2000 \mmfs
[ NC-Task1 SVB Maximum Velocity mm/s
% Image Masimunn Accelerstion 150000 mm/e2
S Tables Maximurm Deceleration [mm/s2
Objects
- e +  Default Dynamics:
| Bk Avisl +  Manual Motion and Homing:
&g rc + Fast Auis Stop:
[ sapeTy + | Limit Switches:
[l o+ ~
4 Vo & onitoring:
4 %% Devices + | Setpoint Generator:
4 = Device3 (EtherCAT) +  NCIParameter:
% Image +  Other Settings:

+8 Image-Info
» 2 SyncUnits
v [ Inputs
» [l Outputs
» @ InfoData
i = Drivel (EPOSH)
4 &% Mappings
% NC-Task1 SAF - Device 3 (EtherCAT) 1
&7 NC-Task1 SAF - Device 3 (EtherCAT) Info | Download | [ Upbad | [ EwandAl ] [ ColapsAl | [ SelectAl |

Figure 5-48 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 5-54; step 5)

[ File. Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help
P S A @ & B9 - - L5 b [Release ~| | TwinCAT RT (&6 || (3 | setstate | R e B -
B82S 6]« || E 1" r =gl
Solution Explarer
23 Selution 'EPOS4 EtherCAT' (1 project)
4 il EPOSA EtherCAT
> (@l SYSTEM Hor
O eTeR +  Monitoring:
i NC-Task1 SAF +  Setpoint Generator:
[B1 NC-Task 1 5VB +  NCIParameter
59 Image - OtherSettings:
] Tables Position Correction FALSE ~|
[ Objects
g ipna | Filter Time Position Cormection (P-T1) 00 s
b B A Backlash Compensation FALSE |
pLC Backlosh 00 mm
5 sareTy Error Propagation Mode INSTANTANEQUS' JE |
[ ©
. -
. Eo Error Propagation Delay 00 = |
4 %2 Devices Couple slave to actual values if not enabled FALSE JE2 |
4 5 Device 3 (BtherCAT) Velacity Window 10 mm/s
;E Image Filter Time for Velocity Window oL s
uy Image ol Allow motion commands to slave axis TRUE ~|
» 2 SyncUnits
o MG ks Allow motion commands to extemal setpoint axis  FALSE ~|
» Hh Outputs Dead Time Compensation (Delay Velo and Position) [/ | s
» B InfoData Data Persistence FALSE =
» % Drive 1 (EPOS4) -
4 &% Mappings < o v
¥ NC-Task 1 SAF - Device 3 (EtherCAT) 1
g7 NC-Task 1 SAF - Device 3 (EtherCAT) Info Download Upload [ Expand Al ] [ Collaps All ] [ Select Al ]

Figure 5-49

4)

[Fie Eat

EtherCAT integration — Beckhoff TwinCAT | Set dead time compensation

Make sure to set the correct encoder resolution.

View Project Build Debug TwinCAT PLC Tools Scope Window Help

-] | SR A s B -

N

; General | NC-Encoder | Parameter | Time Compensation | Online |
|4 Solution 'EPOS4 EtherCAT (1 project)
4l EPOSA EthercaT [Parameter ~ |[OffineValie |OnlineV;
@l svsTEm e
. MOTION ncoder Evaluation: |
o B0 NC-Task1 SAF Invert Encoder Counting Direction FALSE =l
[B NC-Task1 SVB Scaling Factor Numerator 0.0001 mm/L
2% Image Scaling Factor Denominator (default: 1.0) 10
{3 Tables Position Bias 00 mm
Objects
4 e Aes Modulo Factor (e.g. 360.0%) 3600 mm
4 B Axisl Tolerance Window for Modulo Start 00 mm
v % Enc Encoder Mask (maximum encoder value) OxFFFFFFFF
> ] Drive Encoder Sub Mask (absolute range maximum value) | 0:x000FFFFF
Iy Crl - : S
B s Reference System | INCREMENTAL _J_
» Wl Outputs Limit Switches:
LC Soft Position Limit Minimum Menitoring FALSE =l
Minimum Position 0.0 mm
o= Soft Position Limit Maximum Monitaring FALSE =l
a4 "% Devices Maximum Position 00 o
4 = Device 3 (EtherCAT) +  Fiter
% Image + | Homing:
+0
a3 Image Info +  Other Settings:
B St |
b 1 Inputs
[ Outputs [ Download | [ Upload | [ Expand Al | [ Colleps&ll | [ SelectAl |
b InfoData
= Drivel (EPOSY)

a

Figure 5-50

5)

S S A B9 - - B P [Relesse
ang A6l [tk )i

SAFETY
[ o+
[

~| [ TwinCAT RT (86) ~| | (3 [setstate

=1 5|00 B Ga:

EPOS4 EtherCAT X

&7, Meppings
&7 NC-Task 1 SAF - Device 3 (EtherCAT) 1
%) NC-Task 1 SAF - Device 3 (EtherCAT) Info.

EtherCAT integration — Beckhoff TwinCAT | Set encoder settings

D DEnors | 1\ 0 Warnings || (i) 0 Messages | Clear

Configure the modes as follows:
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SETTINGS FOR CSP MoDE

| Genersl | BhercaT [ DC

| Process Data | Siots | Startup | CoE - Online | Diag History [ Online |

| St | Moduie Module Moduleldert  Description
2l s 1 " CSP Made |T‘ 2|/ PPM Mode 0<61000000 Profie Postion Mode
| %UPVM Mode 0<63000000  Profile Velocty Mode
[ |#ICSP Mode CeGBO0000D  CychcSimchronaus Postion Vode
| alCSV Mode 0¢63000000 Cycic Synchronous Velocty Mode
%JCST Mode Gc5ADD000D  Cycic Synchronous Torque Mode
Figure 5-51 EtherCAT integration — Beckhoff TwinCAT | Set CSP settings

Configure the position control loo

» Position control: Proporti

p as follows:

onal Factor Kv = “0.0”

» Feedforward Velocity: Pre-Control Weighting [0.0...1.0] = “1.0”

General | NC-Contraller | Parameter | Online
[ Solution 'EPOS4 EtherCAT' (1 project)
4 gl EPOSA EtherCAT
v Mo Matsars
N Position Lag Monitaring | TRUE =l
[1 NC-Task1 SVB Maximum Position Lag Value |50 | mm
% Image Maximum Position Lag Filter Time 002 B
] Tables Pasition Contral Loop:
Objects
4 B Axes _Pnsition control: Proportional Factor K :M I mm/s...
; 4 et Aaisl | Feedforward Velocity: Pre-Control Weighting [0.0 ... [
| ¥ Enc + | Other Settings:
| i | Drive
| I Ctrl
| [ Inputs
| » [ Outputs
‘ PLC
| SAFETY
[ c++
« o
4 ¥ Devices
4 = Device 3 (EtherCAT)
2% Image
*% Image-Info
» 2 SyncUnits
[ Inputs.
| - W Outputs | Download | [ Uplad | [ EpandAl ] [ ColapsAl | [ SelectAl |
\ » [ InfoData
=} Drivel (EPOS4)

‘ 4 @&* Mappings
&% NC-Task1 SAF - Device 3 (EtherCAT) 1
) NC-Task1 SAF - Device 3 (EtherCAT) Info

|oo&'m.s | 2,0 Warnings | (i) 0 Messages | Clear I

Figure 5-52 EtherCAT integration — Beckhoff TwinCAT | Set position control loop settings
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SETTINGS FOR CSV MoDE

Genel [ EnorcAT [ 0G| Poces Dota] 5 |t | Co -Crie | D sy | e

‘ Slot ‘ Module Module Moduleldent Descrption

 aellpgs 1 CSV Mode =+ PPM Mode (61000000 Profile Position Mode:
=+0PVM Mode (x63000000  Profile Velocity Mode
2lCSP Mode 62000000 Cyclic Synchronous Position Mode
&fCSV Mode 065000000  Cyclic Synchronous Velocty Mode
& CST Mode  (xGADDIOOD  Cylic Synchronous Torque Mode

Figure 5-53 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”

Monitoring:

4[] NC-Task1 SAF
[B1 NC-Task 1 SVB

Maxzmum Pasition Lag Value |50

Online Value

 Position Lag Monitoring | TRUE =l

2% Image
Tables
Objects
4 B fes [ |
4 i Ads | Feedforward Velocity: Pre-Control Weighting [0.
> % Enc +  Other Settings:
1 al Drive
oy Ctrl
b [ Inputs
- [ Outputs
[l ric
SAFETY
Cot
4 o
4 7% Devices
4 =% Device 3 (EtherCAT)
28 Image
28 Image-Info
b 2 SyncUnits
b L Inputs
Wl Outputs
b
b

Wi ag Filter Time 002

Position Control Loop:

Position control: Proportional Factor Kv.

& InfoData
] Drive 1 (EPOS4)
4 3% Mappings
57 NC-Task 1 SAF - Device 3 (EtherCAT) 1
&7 NC-Task 1 SAF - Device 3 (EtherCAT) Info

[ Download | [ Upload | [ EwandAl ] [ Colapse Al | [ Selectal ]

Figure 5-54 EtherCAT integration — Beckhoff TwinCAT | Set position control loop settings

maxon motor control
EPOS4 Positioning Controllers Document ID: rel8235
EPOS4 Application Notes Edition: November 2018
© 2018 maxon motor. Subject to change without prior notice.

5-59



maxon motor

EtherCAT Integration

Beckhoff TwinCAT

In the tab aParameters, set the correct “Output Scaling Factor (Velocity)”. Scaling may be calculated as

follows:

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

o7 Solution 'EPOSA EtherCAT CSV' (1 project)
4 Gl EPOS4 EtherCAT CSV
v @l svstem
MOTION
. NC-Task1 SAF
[B1 NC-Task 1 SVB
28 Image
[ Tables
Objects
4 S fxes
4 B Ais
» 4 Enc
b =l Drive
Ty, Ctrl
b [ Inputs
» [ Outputs

4 5% Device 3 (EtherCAT)

28 Image

*8 Image-Info

2 SyncUnits

[0 Inputs

W Outputs

& InfoData

] Drive 1 (EPOS4)

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

v v owww

General | NC-Dive | Parameter | Time Compensatior |

Parameter Offline Value Online Value

Output Settings:
Tivert Motor Polarity FALSE |
Reference Velocity 12500
at 0u€put Ratic [0.0 .. 1.0] 515"
Position and Velocity Scaling: |
Output Scaling Factor (Position) 10
Cutput Scaling Factor (Velocity) O
Output Delay (Velocity) 00
Minimum Drive Output Limitation [-10 .., 1.0] |10
Maximurm Drive Output Limitation [-1.0 .. 10] 10
+ Torque and Acceleration Scaling: |
Optional Position Cammand Output Smoothing Fiter:
5| [Oinesinn

[ Downioad | [ Uplbad | [ Ewand Al | [ Colapse Al Select Al

Figure 5-55 EtherCAT integration — Beckhoff TwinCAT | Set output scaling factor
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SETTINGS FOR CST MODE

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

| Siot Module Module Moduleldent Descrption
=0 s 1 CST Mode Z =JPPM Mode (61000000 Profile Postion Mode
; 2+0PVM Mode (x63000000  Profile Velocity Mode

| | %UCSF Mode (x6BI00DDO  Cyclic Synchronous Pesition Mode

*' | =+lCSV Mode 65000000 Cyciic Synchronous Velocity Mode

% CST Mode (<6A0DD00D  Cyclic Synchronous Torque Mods

Figure 5-56 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 1
FILE EDIT VIEW PROJECT BULD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE WINDOW  HELP
-0 [ B-o-SEH|XFa]2-Q | »atch. - [Release ~| [ TwincaT RT (6) B -
I R e— | | : 2
Solution Explorer B EPOS: EtherCAT CST @ X
@ o-a| &= Varisble | Fags | Oniine
Search Solution Explorer (Ctrl+ (i) P~
Name: Target torque
b Enc -
b =+l Drive Type: INT
i cal Growp: CSTOuputs Siz: 20
> Inputs :
b @ Outputs Address 73 (Dd5) User ID: 0
SAFETY
Commert
4 Fvo
4 7 Devices
4 == Device3 (EtherCAT)
*2 Image
*B Image-Info
b 2 SyncUnits
b [0 Inputs ADS Info: Port: 11, 1Grp: 0<3040010, IOffs: 0x81000049, Len: 2
b B Outputs
b @ InfoData
4 =] Drivel (EPOS4) Full Name: THID"Device 3 (EtherCAT) Drive 1 (EPOS) Module 1 [CST Modz] 'CST Ot
4w Modulel (CST Mode)
a CSTInputs
# Statusword
1 Position actual value
#1 Velocity actual value
#1 Torque actual value
%1 Mode of operation displa;
# Digital inputs
Controlword

Y -

OEmors | & 0Wamings | ) 0 Messages | Clear

+ Target torque

- Torque offset Tiscaption s
B Mode of operation
- Digital outputs

b WeState

b @ InfoData

Figure 5-57 EtherCAT integration — Beckhoff TwinCAT | Set target torque

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

- .
7 Attach Variable Target torque (Output) ==

Search E Show Variables

T B Date0uts(1] > GB 2780, UINT[20] -
-4 nDatalluts

B nDataOuiEll] > G 280.0.UINT [2.0]

LB nDateOutE1] > G 282.0,UINT [20]

[7] Evclude disabled
Exclude other Devices
Exclude same Image

-2 Diive
- Out 9] Show Toalips
E-% nDatalut] [ Sort by Address

B nDats0U[0] > OB 2860, LINT [20]
B rData0uil] 5 OB 236.0,UINT [20]

| Show Variable Types

B8 nDatalut2 [ Matching Type
\ = ] Matching Size
B rData0uiZ(1] > OB3020,UINT[20] || []AlTypes
B4 nDatalutd .
LM nDatsOW3(0] > OB 3080, LINT 20]
| B nDats0u31] > 0F 3100, LINT [20] Offsets
-5 nDatalutd | [ Continuous
B rData0utd(0] > OB 3120, LINT [20] 7] Shaw Dizlog

B rData0ud(] > QB 314.0,UINT [20]

D% rDatalus Viatiable Name / Comment

B nDats0utS(0] > OB 316.0, LINT [20] # [ Hand over
B rData0u[] > QB 3180, UINT [20] (14 ] Take aver
F-% nDataluts =

4 il | r Cancel ok

Figure 5-58 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 EPQS4 EtherCAT CST - Microsoft Visual Studic
FILE EDIT VIEW PROJECT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE  WINDOW |

C-0(B-o-T WP XIa|2 Q| » st -]
2@ @[> -] ||

R Il EPOS4 EtherCAT CST + X

e o &&= NC-Cortroller | Parameter | Onine
Search Solution Explorer (Ctrl) p-
Typs: [Pastion cartroller PID fith Ka)

[ Solution ‘EPOSA EtherCAT CST' (1 project)
4 ] EPOSA EtherCAT CST
4 [l svsTEM
F License
4 @ Real-Time
[E1 /0 Idle Task
B Tasks
gz Routes
215 Type System
&8 TcCOM Objects
4 MOTION
4 NC-Task 1 SAF
[Z1 NC-Task1 SVB
+8 Image
[] Tables
Objects
4 Fm fes
4 B Avisl
b &, Enc
b =2 Drive
Ly, Crl
b L Inputs
b [ Outputs

Figure 5-59 EtherCAT integration — Beckhoff TwinCAT | Configure position control type

+ Tn=Kp/Ki(EPOS4 object 0x30A1-01 and object 0x30A1-02)
+ Tv=Kd/Kp (EPOS4 object 0x30A1-03 and object 0x30A1-01)

* Kv must be termined empirically

DY EPOSH EtherCAT €5T - Microsoft Visual Studio Y2 |Quicklaun
FLE EDIT VIEW PROJCT BUID DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE  WINDOW  HELP
; O|B-o-SEWE| % T2 »smcn. [ - [Relesse -] [TwinCAT RT ) -] A Jmems
BBz @ @m0 s 166 ar=0lduiE| D0 GFEE.
EPOSA EtherCAT CST & X
©om|e-a|&- General | NCCortroller| Parameter | Oniine
Search Solution Explorer (Ctil+i) p-
| P t Offline Value Online Value
151 Solution 'EPOSA EtherCAT CST' (1 project) ] M
4 il EPOSA EtherCAT CST =0 [Mononig
b [l svsTem Position Lag Monitaring FALSE |
4 [z MOTION Maximurm Position Lag Value 50
+ Wl veTELsE Matimum Position Lag Filter Time 002
[ NC-Task1 SVB e
8 e Pasition Control Loop:
7] Tables Pasition control: Dead Band Position Deviation 00
Objects Pasition control: Proportional Factor Kv ET
4 S Axes
= Pasition control: Integral Action Time Tn
4 B fisl
Positon controt: Deriutive Acton Time v
b & Enc
b =] Drive Position control: Damping Time Td 0001
tag €l Position cantrol: Min./max. limitation 1-Part [0.0 ...1.0] 10
b Inputs Position control: Min./max. limitation D-Part [0.0 ... 1.0] 10
@ric > B Outputs Pisabile - Bark dhing mctiee pasiioning FALSE -l
@ sareTy Feedforward Acceleration: Propartional Factor Ka 01
o Feedforward Velocity: Pre-Control Weighting (0.0 .. 1.0] 00
> @vo + Other Settings:
[ Download Upbzd | [ EwandAl | [ ColepseAl | [ SelectAl |

Figure 5-60 EtherCAT integration — Beckhoff TwinCAT | Configure position control parameters

maxon motor control
5-62 Document ID: rel8235 EPOS4 Positioning Controllers
Edition: November 2018 EPOS4 Application Notes

© 2018 maxon motor. Subject to change without prior notice.



maxon motor

EtherCAT Integration
zub’s MACS Multi-Axis EtherCAT Masters

5.3 zub’s MACS Multi-Axis EtherCAT Masters

OBJECTIVE

This chapter explains the required configuration of so-called «MasterMACS» or «MACS5» multi-axis
motion controllers to command an EPOS4 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 via CAN or EtherCAT.

As member of the maxon motor 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: =@»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 in Cyclic Synchronous Position (CSP) mode via EtherCAT:

*  MasterMACS
« MACS5

With other MACS product types, with other EPOS4 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 concern-
ing the functionality and usage of zub’s development environment («<APOSS») as well as to program-
ming language.

The software and all manuals are free for download from zub’s website:
=2>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
software development environment does not offer such a System Manager tool. The configuration of the
communication 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, configuration 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
commanded via EtherCAT based on the CSP mode. You may copy/paste the required code from the
document into the source code editor of the APOSS development environment in use by MACS control-
lers.

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

Firmware Versions

EPOS Studio

MasterMACS

EtherCAT Module

V 6.12.239 (or higher)

Menu item Help
» About Program

V 3.4 Revision 1 (or
higher)

Menu item Help
+ About EPOS Studio

7.4.26 (or higher)

Menu item Controller
» Diagnostics

0x140 (or higher)

Communication Tree
« EPOS4 icon

» Properties

* Version

0x110 (or higher)

Communication Tree
« EPOS4 icon

* EtherCAT icon

» Properties

* Version

About Aposs

Zub\?’

www.zub.ch

Aposs 6.12.239 (2018/02/28)
Copyright® 2010-2018 zub machine cortrol AG

ZhMoc 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

-
About EPOS Studio

=)

fimware for EPOS Devices at
maxon motor's online cataloq

EPOS Studio 3 4 Revision 1
Copyright (c) 2010 - 2012 maxon motor ag

Find latest documentation, software and

For support visit our Service & Support Deskc

Diagnostics
Identification
D: 1 CPU Type: 1-D5P2812
MName: <XLLKBZ22> Axis Type: 5
Type: MACSS Options: 2
Firmware: 7.426 Board: c
FPGA: 3.48 Speed: 0
Bootloader: 12 Date: 1984/01/01 o
Coprocessor: 70426 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 |1"f,, |

Software version
Hardware version

Application number
Application version

00140
06350
0x0000
0:0000

-
¥ Properties - EtherCAT

Version | e |

Software version
Hardware version
Application number

Application version

0:0110
0:5100
00000
00000
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5.3.1 EPOS4: Configuration Tasks

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

|-, Startup - EPOS4 EtherCAT

Safety Instructions Motor
4 Motor/Sensors

Enter motor type and characteristics (consult maxon catalog).

sdajg dnpeis A

Motor type maxon EC moter (BLDC)

Sensors ]

4 Controller
Commutation Nominal current 5000 ma [
Regulation
Limits
Device Cantrol 0.000 mNm/A

4 Inputs / Qutputs
Digital Inputs Thermal time constant winding 40¢ E

Torque constant Identify during mechanical system identification

Digita Qutputs Number of pole pairs L

Figure 5-61 EtherCAT integration — zub’s MACS Multi-Axis EtherCAT Masters | EPOS Studio “Start-
up Wizard”

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

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.

NN
1 ;.E

iy

n

Figure 5-62 EtherCAT integration — zub’s MACS Multi-Axis EtherCAT Masters | EPOS Studio “Reg-
ulation Tuning® 1

2) Tune the position control loop with load.
Position control parameters depend on the load, particularly if no gear box is present. There-
fore, position control tuning should be processed with the attached load.

;l'if

il 50

I

Figure 5-63 EtherCAT integration — zub’s MACS Multi-Axis EtherCAT Masters | EPOS Studio “Reg-
ulation Tuning” 2

3) Velocity control does not apply in CSP mode. Thus, tuning of the velocity control loop is not
mandatory but recommended anyway.
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4) Find detailed information on control tuning in the application note =»“2 Controller Architecture”;
chapters “2.4 Regulation Tuning” and “2.5 Application Examples”.

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

5.3.2 MasterMACS /| MACS5: Setup Tasks

MACSS5 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

Global |

Name: | <<<<z>>>
CAN Bus

CAN ID: 1

CANBaudrate: |88

SYNC Period [ms]: | 1

TP Address

IP Mode: " DIP Switch
" DHCP

" Fixed IP Address
(" EtherCAT Master

Figure 5-64 EtherCAT integration — zub’s MACS Multi-Axis EtherCAT Masters | MACS5 IP Mode
Configuration

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

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

3) Ensure that configuration of the MACS’ parameter “EtherCAT SYNC period” (default: 1000 ps)
and the EPOS4’s “Interpolation time period value” object 0x60C2-01 correspond to each other.

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

- If the settings of this MACS and EPOS4 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’s “Homing” or “CSP” mode. Therefore,
position control can be deactivated by setting the MACS position control parameters (P, I, 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
application program (*.m). Otherwise, the include file will not be found by the APOSS compiler.
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HOMING PROCESSED BY EPOS4
It is recommended to use the “Homing” mode of the EPOS4 before activating CSP and the MACS con-
troller to process path planning and generation of cyclic demand position updates.

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

» Refer to separate document =2 «EPOS4 Firmware Specification»; chapter “Homing Mode
(HMM)” to learn more about the different homing methods.

5.3.3 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 appli-
cation 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 appli-
cation program. The source code can be copied from the document and pasted into an include file (such
as “MACS-EPOS4-Config.mi”) which then initially can be called up by the application program (such as
“MACS-EPOS4-Test.m”).

INITIAL SETUP TASKS: SETUPAXISPARAM(), SETUPPDOMAPPING()

#i nclude "sysdef.m" // Standardized include file by zub
#pragma NO MPLICI T

/1 Setup MACS axi s paraneters

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

{

/1 Ensure that this corresponds to the encoder and EPOS4 configuration!
set posencqgc 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 /1 Default: 1
set vel max x(Axis) MaxRpm /1 Set max. velocity [rpm
set ranmpm n x(Axis) MaxAcc /1 Set max. acceleration [nms] (0- > MaxRpm
set kprop x(Axis) O /'l Disable P-Gain of PID Controller
set kder x(Axis) O /'l Disable D-Gain of PID Controller
set kint x(Axis) O /1 Disable I-Gain of PID Controller
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set poserr x(Axis) 200000 // Set max follow ng error [inc]
/1 EPOS4 processes position control,
/'l => Configuration of EPOS4’s “Fol |l owing Error Wndow' (0x6065-00) [inc]

}

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

{

sdowriten Driveld 0x1Cl2 0x00 1 0x00 /1 Disable entry 0x1Cl2

sdowriten Driveld 0x1Cl3 0x00 1 0x00 /1 Disable entry 0x1Cl3

sdowiten Driveld Ox1A00 0 1 O /1 Cear PDO Ox1A00 entries

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

sdowriten Driveld 0x1A00 2 4 0x60640020 // PDO 0x1B0OO entry: Actual position
sdowriten Driveld Ox1A00 0 1 2 /1 PDO 0x1A00 entry: Number of entries
sdowiten Driveld Ox1A01 0 1 O /1 Clear PDO Ox1A01 entries

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

sdowriten Driveld Ox1A03 0 1 O /1 clear PDO Ox1A03 entries

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

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

sdowriten Driveld 0x1600 2 4 0x607A0020 // PDO 0x1600 entry: Position set point
sdowriten 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 /1 C ear PDO 0x1602 entries
sdowriten Driveld 0x1603 0 1 0O /1 Clear PDO 0x1603 entries
sdowiten Driveld 0x1Cl2 1 2 0x1600 /1 PDO 0x1C12: 01 i ndex
sdowriten Driveld 0x1Cl2 0 1 1 /1 PDO 0x1C12 count
sdowiten Driveld 0x1C13 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 interpolation tinme period correspond

/1 It is recommended to use 1 ns (which is also the default setting value of the MACS)
ecat masterconfig 0x1000 0 1000 /1 MACS: EtherCAT naster SYNC: 1000 us

sdowiten Driveld 0x60C2 1 0 1 /| EPOS4: Interpolation tine period value: 1ns

/1 Set EPCS4 operating node: CSP
sdowiten Driveld 0x6060 0 1 8 /1 CSP = node 8

}

START ETHERCAT COMMUNICATION: ETHERCATMASTERSTART()

/1 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 /'l Request & wait OP state for all slaves
}
maxon motor control
5-68 Document ID: rel8235 EPOS4 Positioning Controllers

Edition: November 2018 EPOS4 Application Notes
© 2018 maxon motor. Subject to change without prior notice.



maxon motor

EtherCAT Integration
zub’s MACS Multi-Axis EtherCAT Masters

MACS SYSTEM SETUP TASKS: SETUPBUSMODULE(), SETUPVIRTAMP(), SETUPVIRTCNTINP()
/] Setup bus nodul es

| ong Set upBusModul e(1 ong Axi s, | ong PdoNumber)

{

| ong busnod

busnod = Axis-1

BUSMCD_PARAM busnod, BUSMOD_MODE) = 0 /'l del ete existing bus nodul e
BUSMCD_PARAM busnod, BUSMOD BUSTYPE) = 2 /'l Ether CAT Master

BUSMOD_PARAM busimod, BUSMOD_PI SRC_| NPUT1) =
VI RTAMP_PROCESS_SRC| NDEX( busiod, PO VI RTAMP_CMDWORD)  // CVD Wr d

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

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

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

BUSMOD_PARAM busnod, BUSMOD_RXVAP_POVALUE1) = PdoNunber*0x01000000 + 2*0x00010000 + O

/1 pdo ; length in bytes; bytes offset of status word
BUSMOD_PARAM busnod, BUSMOD_RXMAP_POVALUE2) = PdoNunber *0x01000000 + 4*0x00010000 + 2
/1 pdo ; length in bytes; bytes offset of position actual val ue

BUSMOD_PARAM busnod, BUSMOD_MODE) = 2

/1 Start bus nodul e
ecat masterconfig (Axis) busnmod 0O

}

/1 Setup Virtual Amplifier

long SetupVirtAmp(long Axis)

{

| ong nodno

modno = Axis-1

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

VI RTAMP_PARAM nodno, VI RTAMP_PI SRC_CVDWORD) = AXE_PROCESS_SRCI NDEX( nodno, REG_CNTRLWORD)
VI RTAMP_PARAM nodno, VI RTAMP_PI SRC_REFPCS) = AXE_PROCESS_SRCl NDEX( nodno, REG_COVPQS)

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

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

VI RTAMP_PARAM nodno, VI RTAMP_CNTRLW PWROFF) = 0x06
VI RTAMP_PARAM nodno, VI RTAMP_CNTRLW PWRONDI S) = 0x06
VI RTAMP_PARAM nodno, VI RTAMP_CNTRLW PVWRONENP) = OxOF
VI RTAMP_PARAM nodno, VI RTAMP_CNTRLW PVWRONENN) = OxOF
VI RTAMP_PARAM nodno, 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
VI RTAMP_PARAM nodno, VI RTAMP_ERROR_POLARI TY) =1

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 /] source is absolute and is taken as it is
}
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5.3.4 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)

/1 Include file providing the required setup functions
#i ncl ude " MACS- EPOS4- Config. m "
/1 Remark: Include files have to be located in the same directory like the *. mfile

long Axis, PdoNumber, Driveld, EncCpt, MaxRpm MaxAcc
Axis =1

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

EncCpt = 500 /'l Encoder resolution [cpt]
MaxRpm = 3000 /1 Max. speed [rpm
MaxAcc = 100 /'l Max. acceleration [ms]: 0 -> MaxRpm

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

ecat mast ercommand 0x1000 O /1 Disable nmaster
ecat mast ercommand 0x1000 1 /] Start master

/1 Initial setup tasks
Set upAxi sParanm( Axi s, EncCpt, MaxRpm MaxAcc)
Set upDr i veCommandi ngCSP( Dri vel d)

/1 Start EtherCAT comruni cation
Et her CATMast er Start ()

/'l MACS system setup tasks

Set upBusMbodul e( Axi s, PdoNunber)
Set upVi rt Anp( Axi s)
SetupVirtCntlnp()

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

Anperrclr x(Axis) /1 Clear EPOCS4 error states

del ay(20) /1 Wit 20 ns
mot or on Xx(Axis) /1 Enabl e the power stage

/] Start sinple cyclic novenent of the notor

whi l e(1) do
vel x(Axis) 50 /1 Use 50% of MACS mex. velocity
acc x(Axis) 30 /1 Use 30% of MACS max. acceleration
dec x(Axis) 30 /1 Use 30% of MACS max. deceleration

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

del ay 500 /1 Wait 500 ns
posa x(Axis) O /1 Move absolute to position O
del ay 200 /1 \Wait 200 s
endwhi | e
maxon motor control
EPOS4 Positioning Controllers Document ID: rel8235 5-71
EPOS4 Application Notes Edition: November 2018

© 2018 maxon motor. Subject to change without prior notice.



maxon motor

EtherCAT Integration
zub’s MACS Multi-Axis EtherCAT Masters

sepage intentionally left blanksee

maxon motor control
5-72 Document ID: rel8235 EPOS4 Positioning Controllers
Edition: November 2018 EPOS4 Application Notes

© 2018 maxon motor. Subject to change without prior notice.



maxon motor

Device Programming

In Brief
6 Device Programming
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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.

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 »separate document «kEPOS4 Firmware Specification» (subsequently
referred to as “FwSpec”),

» on the command structure =»separate document «kEPOS4 Communication Guide» and
= «EPOS Studio»; tool “Command Analyzer”.

SCOPE

Hardware Order # | Firmware version | Reference

Firmware Specification

EPOS4 0140h Communication Guide
EPOS4 Module 24/1.5 536630 0140h or higher
EPOS4 Compact 24/1.5 CAN 546714  0140h or higher
EPOS4 Compact 24/1.5 EtherCAT 628092 0150h or higher
EPOS4 Module 50/5 534130 0140h or higher
EPOS4 Compact 50/5 CAN 541718 0140h or higher
EPOS4 Compact 50/5 EtherCAT 628094  0150h or higher
EPOS4 Module 50/8 504384 0140h or higher
EPOS4 Compact 50/8 CAN 520885 0140h or higher
EPOS4 Compact 50/8 EtherCAT 605298 0140h or higher
EPOS4 Module 50/15 504383  0140h or higher
EPOS4 Compact 50/15 CAN 520886 0140h or higher
EPOS4 Compact 50/15 EtherCAT 605299  0140h or higher
EPOS4 50/5 546047  0140h or higher
EPOS4 70/15 594385 0140h or higher

Table 6-36 Device programming | Covered hardware and required documents
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TooLs
Software «EPOS Studio» Version 3.4 or higher
Table 6-37 Device programming | Recommended tools
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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
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 Ox60AA. All stated units correspond

to their respective default configuration.

Set communication
settings

Set motor
parameters

Set position sensor
parameters

Set application
paramaters

Set current
controller gains

Set velocity
controller gains

Set position
controller gains

# | Object name Object User value [default value]
. ) User-specific [1];
Node-ID 0x2000-00 typically configured by DIP switches
A CAN bit rate 0x2001-00 | User-specific [0] (= 1 Mbit/s)
RS232 bit rate 0x2002-00 | User-specific [5] (= 115.2 kBit/s)
Motor type 0x6402-00 | Motor-specific [10] (= sinusoidal PM BL motor)
Nominal current 0x3001-01 | Motor-specific [mA]
Output current limit 0x3001-02 | User-specific [mA]
B Number of pole pairs 0x3001-03 | Motor-specific [1]
Thermal time constant winding 0x3001-04 | Motor-specific [40 x 0.1 s]
Torque constant 0x3001-05 | Motor-specific [UNm/A]
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]
Axis configuration 0x3000-xx | Sensor-specific and system-specific
Encoder-specific:
C | Digital incremental encoder 1 0x3010-01 | Number of pulses [500 pulses/revolution]
0x3010-02 | Encoder type [0x0001] (= maxon with index)
SSI absolute encoder 0x3012-xx | SSI encoder-specific
D | Software position limit 0x607D-xx | User-specific [0 inc]
E Current control parameter. set: OX30A0-XX
 Current controller Pl gains
Velocity control parameter set:
F  Velocity controller Pl gains 0x30A2-xx | Motor-specific and load-specific:
* Velocity controller FF gains Determine optimal parameter using “Regulation
Velocity observer parameter set | 0x30A3-xx | Tuning” in «<kEPOS Studio».
Position control parameter set:
G | » Position controller PID gains 0x30A1-xx
+ Position controller FF gains
Table 6-38 Device programming | First step
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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]
Max profile velocity 0x607F-00 | Motor-specific [25'000 rpm]
Set parameter B Quick stop deceleration 0x6085-00 | User-specific [10'000 rpm/s]
Speed for switch search 0x6099-01 | User-specific [100 rpm]
Speed for zero search 0x6099-02 | User-specific [10 rpm]
Set homing A Homing acceleration 0x609A-00 | User-specific [1'000 rpm/s]
Home position 0x30B0-00 | User-specific [0 inc]
C | Homing method ‘ 0x6098-00 | Select homing method (for details =& FwSpec)
Enable device
Controlword (Shutdown) 0x6040-00 | 0x0006
D N
Controlword (Switch on & 0x6040-00 | OXOO0OF
| Enable)
Start homing
E | Controlword (Start homing) | 0x6040-00 | 0x001F
Table 6-39 Device programming | Homing Mode (Start)
READ STATUS
Object name Object User value [default value]
Read sl Stat.usword (Target reached / Homing 0x6041-00 Hpming procgdure is.compl'eted successfully if
attained) bit 12 (="Homing attained”) is set to “1”.
Table 6-40 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 6-41 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)
Following error window 0x6065-00 | User-specific [2'000 inc]
St o Max profile velocity 0x607F-00 | Motor-specific [50'000 rpm]
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
Controlword (Shutdown) 0x6040-00 | 0x0006
PR C | Controlword (Switch on & 0x6040-00 | Ox000F
Enable)
Set target position
D ‘ Target position ‘ 0x607A-00 ‘ Desired position [inc]

Controlword (absolute position) \0x604o-00 \0xoo1F

Start positioning

or
o ;:E‘ +§ ° e

S |gs |2z 2 Contll'olword. (absolute position, 0x6040-00 | OX003F
2 182|582 o start immediately)

® | eE|SE

E or

Controlword (relative position,
start immediately)

0x6040-00 | Ox007F

Toggle ,New Position* bit or

Controlword (relative position) ‘ 0x6040-00 ‘ 0x005F

...........

F | Controlword (New Position) ‘ 0x6040-00 ‘ 0x000F (toggle “New Position”)

Table 6-42 Device programming | Profile Position Mode (Set)

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 6-43 Device programming | Profile Position Mode (Read)
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STOP POSITIONING

Object name Object User value [default value]
Controlword (Halt profile position 0x6040-00 | OX010F
mode)
Stop positioning or
Controlword (Quick stop) \ 0x6040-00 \ 0x000B

Table 6-44 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
Max profile velocity 0x607F-00 | Motor-specific [50'000 rpm]
Profile acceleration 0x6083-00 | User-specific [10'000 rpm/s]
Set paramae B | 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]
Eneble Controlword (Shutdown) 0x6040-00 | 0x0006
C .
P Controlword (Switch on & 0x6040-00 | OXO0OF
! Enable)
Set target velocity i
'D ‘ Target velocity 0x60FF-00 | Desired velocity [rpm]
- | E | Controlword 0x6040-00 | 0x000F

Table 6-45 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 6-46 Device programming | Profile Velocity Mode (Read)

STOP VELOCITY
Object name Object User value [default value]
Controlword (Halt profile velocity 0x6040-00 | OX010F
mode)
Stop velocity or
Controlword (Quick stop) ‘ 0x6040-00 ‘ 0x000B

Table 6-47 Device programming | Profile Velocity Mode (Stop)
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6.6 Cyclic Synchronous Position Mode (CSP)

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

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

# | 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 paramae B | Profile deceleration *1) 0x6084-00 | User-specific [10'000 rpm/s]
Quick-stop deceleration *1) 0x6085-00 | User-specific [10'000 rpm/s]
Interpolation time period 0x60C2-xx | Master's SYNC period (Cycle ticks) [1 ms]
Eneble Controlword (Shutdown) 0x6040-00 | 0x0006
c .
PR Controlword (Switch on & 0x6040-00 | OXOO0OF
! Enable)
Set offset i
i Torque offset OxB60B2-00 Torque”'offset [per thousand of “Motor rated
— I'p torque”; 0x6076]
i Position offset 0x60B0-00 | Position offset [0 inc]
Set position i
I E Target position 0x607A-00 | Desired position [inc]
NOTE: *1) The deceleration values are used for stopping only, they are not used for normal operation.
Table 6-48 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 6-49 Device programming | Cyclic Synchronous Position Mode (Stop)
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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 paramae B | Profile deceleration *1) 0x6084-00 | User-specific [10'000 rpm/s]
Quick-stop deceleration *1) 0x6085-00 | User-specific [10'000 rpm/s]
Interpolation time period 0x60C2-xx | Master's SYNC period (Cycle ticks) [1 ms]
Eneble Controlword (Shutdown) 0x6040-00 | 0x0006
C .
PR Controlword (Switch on & 0x6040-00 | OXO0OF
! Enable)
Set offset i
D ‘ Velocity offset 0x60B1-00 | Velocity offset [rpm]
e -eeneeee :
Setvei | E | Target velocity 0xB0FF-00 | Desired velocity [rpm]
NOTE: *1) The deceleration values are used for stopping only, they are not used for normal operation.
Table 6-50 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 6-51 Device programming | Cyclic Synchronous Velocity Mode (Stop)
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6.8 Cyclic Synchronous Torque Mode (CST)

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

SET TORQUE
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]
B Max gear input speed 0x3003-03 | User-specific: Gear or mechanical limits [rpm]
Setparamet Profile deceleration *1) 0x6084-00 | User-specific [10'000 rpm/s]
Quick-stop deceleration *1) 0x6085-00 | User-specific [10'000 rpm/s]
Controlword (Shutdown) 0x6040-00 | 0x0006
Enable device
c .
Controlword (Switch on & 0x6040-00 | OXO0OF
Enable)
A
setor b Torque offset OxB60B2-00 Torque”_offset [per thousand of “Motor rated
! torque”; 0x6076]
e -neeneee :
: Desired torque [per thousand of “Motor rated
Set torque i _
i E | Target torque 0x6071-00 torque”; 0x6076]
NOTE: *1) The deceleration values are used for stopping only, they are not used for normal operation.
Table 6-52 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 6-53 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 6-54 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 6-55 Device programming | State machine (send NMT service)
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6.10 Motion Info

GET MOVEMENT STATE

Object name Object User value [default value]
mode (for details =»FwSpec)
Table 6-56 Device programming | Motion info (Get movement state)

READ POSITION

Object name Object User value [default value]
Read position Read position 0x6064-00 | Position actual value [inc]
Table 6-57 Device programming | Motion info (Read position)
READ VELOCITY
Object name Object User value [default value]
Read velocity Read velocity actual value averaged | 0x30D3-01 | Velocity actual value averaged [rpm]
Table 6-58 Device programming | Motion info (Read velocity)

READ TORQUE

Object name Object User value [default value]
Torque actual value [per thousand of “Motor
Read torque Read torque actual value 0x6077-00 rated torque”; 0x6076]
Table 6-59 Device programming | Motion info (Read torque)
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6.11 Utilities
STORE ALL PARAMETERS
Saves all parameters.
Object name Object User value [default value]
Store Save all parameters 0x1010-01 | 0x65766173 “save”
Table 6-60 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 | 0x64616F6C “load”
Table 6-61 Device programming | Utilities (Restore all default parameters)
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71 In Brief

EPOS4 positioning controllers offer the possibility to use SSI absolute encoders for commutation of
BLDC motors without Hall sensor signals.

If you are using a combination of a maxon motor with a maxon SSI absolute encoder, the “zero” position
of the encoder is factory-aligned with the rotor position. Hence, the SSI commutation offset value is “0”
(zero) and no further actions will be required.

If you are using third party products, the encoder’s “zero” position is not necessarily aligned with the
rotor position. Thus, manual adjustment of the SSI commutation offset value will be required during
commissioning.

The present application note will guide you through the necessary steps.

Important

» The described adjustment is only valid for SSI absolute encoders in combination with EPOS4 posi-
tioning controllers.

« Ifagearis presentin the system, the mounting position of the SSI encoder shall be on the motor axis.
Otherwise, the encoder cannot be used for commutation.

» Certain SSI absolute encoders offer the possibility of programming an “Offset” or “Addition” value to
the encoder itself. If this case, make sure that no value is stored for your encoder in use.

» Do not execute any homing procedure with the EPOS4 positioning controller prior having completed
the described adjustment. If you accidentally did execute homing already, execute a «Restore all
default parameters» command (object 0x1011), first.

» Follow the instructions in given order.
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In Brief
SCOPE
EPOS4 0120h Firmware Specification
EPOS4 Module 24/1.5 536630 0120h or higher
EPOS4 Compact 24/1.5 CAN 546714  0120h or higher
EPOS4 Compact 24/1.5 EtherCAT 628092 0150h or higher
EPOS4 Module 50/5 534130 0120h or higher
EPOS4 Compact 50/5 CAN 541718 0120h or higher
EPOS4 Compact 50/5 EtherCAT 628094 0150h or higher
EPOS4 Module 50/8 504384  0120h or higher
EPOS4 Compact 50/8 CAN 520885 0120h or higher
EPOS4 Compact 50/8 EtherCAT 605298 0140h or higher
EPOS4 Module 50/15 504383 0120h or higher
EPOS4 Compact 50/15 CAN 520886 0120h or higher
EPOS4 Compact 50/15 EtherCAT 605299 0140h or higher
EPOS4 50/5 546047 0120h or higher
EPOS4 70/15 594385 0140h or higher
Table 7-62 Adjustment of SSI commutation offset value | Covered hardware and required
documents
TooLs
Software «EPOS Studio» Version 3.4 or higher
Table 7-63 Adjustment of SSI commutation offset value | Recommended tools
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7.2 Preconditions
EPOS Studio

1) Make sure you installed «kEPOS Studio» version 3.4 (or later) on your PC.
If not the case, download the latest version here: =»http://epos.maxonmotor.com

2) Connect «EPOS Studio» with your EPOS4 via USB, RS232, or CANopen.

EPOS4 Positioning Controller

3) Make sure you installed «<EPOS4 Firmware» version 0x0140 (or later) on your EPOS4.
If not the case, download the latest version here: =»http://epos.maxonmotor.com

4) Make sure that your EPOS4 is powered with the power supply voltage.

Motor and SSI absolute encoder
5) Make sure that motor and encoder are correctly wired to the EPOS4.

6) If you are not quite sure what parameters are set, execute the command «Restore all default
parameters» (=»Figure 7-65) before continuing.

@ Stop Refresh
R Deete

e [Node [cote_[Name Descipton |

Figure 7-65 Adjustment of SSI commutation offset value | Restore all default parameters

7) Configure the data for motor and SSI absolute encoder using «EPOS Studio» \ aStartupz wiz-
ard \ eMotor/Sensorsa \ aMotora or aSensors® respectively (= Figure 7-66).

2 Startup - EPOS4 [Node

Motor

Enter motor type and characteristics (consult maxon catalog).

sdaig dnpers A

Notor mexon EC motor (106) B
- wom]

Devee ontal oAl
< ot O =
Dl s Terma imeconant vinding w0055

iz [— E
= Startup - EPOSA [Node

Safety Instructions Sensors

Enter sensor data for connected sensors.

sdais dnyess &
z
H

Comector Type
X4l ensor Nane
15 Encadr Nane
X6 - Sensor . S8l absolute encoder

X6 - 551 absolute encoder

rcodng tpe =

Direction © mason
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= wer-upime omE
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o
)
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Figure 7-66 Adjustment of SSI commutation offset value | Set motor and sensor data
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Incorrect configuration can cause damage to the motor

Be aware that incorrect configuration settings can permanently damage the motor during the subse-
guent alignment process.

Previously to the next step, make sure that you have configured the motor data (including «Nominal cur-
rent») for the exact type of motor you are using.

A

8) Make sure that the motor can run freely and check that the brake, if any, does not engage.
9) Verify the SSI absolute encoder direction:
a) Open «EPOS Studio» and select the tool aProfile Position Modex.
b)  Turn the motor shaft by hand counterclockwise (CCW) as seen towards the motor’s
mounting flange (<> Figure 7-67).
CW
CCwW
Figure 7-67 Adjustment of SSI commutation offset value | Check sense of rotation
c) Theindication «Position actual value» (=»Figure 7-68) must increase.
P £05) @ isdisobled

Active operation mode

Inputs

Target position

Motion profie type Linear

© Relative target O Absolute target

9] Change set mmedistely

Profie Postion Mode.

mp (vapezoida profile)

Figure 7-68

d)

Adjustment of SSI commutation offset value | Check sense of rotation

If the indication decreases, open the aStartupa wizard \ ®Motor/Sensors® and select
nSensorsr. Toggle the sense of rotation by changing the active checkbox =Directionz
(=»Figure 7-69).

Click aFinish= to close the wizard and verify the correct setting as described above.

= Startup - EPOS4 [Node 1]

=]

sdaig dnums A

20ms ]

2000 kbite/s [

e
2ol
o8
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125 e 4

SS1 refresh frequency.

Cae) Cre) i) o)

Help

Figure 7-69

Adjustment of SSI commutation offset value | Toggle sense of rotation
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No indication or odd counting behavior
If the indication «Position actual value» does not change at all, or in case of an odd counting behavior:

Check the SSI absolute encoder for correct wiring and verify the configuration settings.
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Determination of the «SSI commutation offset value»

7.3 Determination of the «SSI commutation offset value»
To determine the «SSI commutation offset value», consider the following criteria:
* Number of pole pairs (0x3001-03)
« SSI single-turn bits (part of configuration for 0x3012-02; Bit 8...15)
» SSI encoder direction (part of configuration for 0x3012-03; Bit 4)
« SSI position raw value (0x3012-09)

1)  Open the aStartup= wizard \ aMotor/Sensors® and select aMotorxs.
Change the Motor type to smaxon DC motorxa.
Click aFinishx to close the wizard.

2 Startup - EPOS4 [Node 1) ===

Safe

Motor

Enter motor type and characteristics (consult maxon catalog).

sdaig dneis A

Motor type (mamnpemers |
2s00ma 5]
B dentity during mechanical systen identification

0000 mNim/A

100:3

) ) ) o) e

Figure 7-70 Adjustment of SSI commutation offset value | Select motor type maxon DC motor

2) Open the tool aCyclic Sync Torque Modex.
Select »Activate Cyclic Synchronous Torque Modex and click ®Enablex.

P 05t W idiabied

e oprsion mode. e Posiin Moce [Ererr—————

0rpm

00 mim oma

Torque actual value averaged 00%

Figure 7-71 Adjustment of SSI commutation offset value | Activate CST
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Determination of the «SSI commutation offset value»

3) Set the value «Target torque» to 30.0% and click ®Apply Torques.
The motor will now be aligned but it will not continually rotate.
Verify that the indication of «Current actual value averaged» shows 30% of the configured

«Nominal current» for the motor you are using.

228inc
0rpm

00 mhm

300%

Control

[ AppyTomue | [ Resettomue |

| Disable. Quick stop.

Figure 7-72 Adjustment of SSI commutation offset value | Apply target torque

Best Practice

If the motor is connected to a heavy load or to a system with high mechanical friction, more than 30%

«Target torque» might be needed for motor alignment.

4) Read object 0x3012-09 «SSI position raw value» from the Object Dictionary and note down

the value for future use.
Click mDisablex.

3405 e
Fle Vew Bxtms Wndow Heb
@0 s2 008 ;@ ;

# > [ Object Dictionary - EPOS4 CAN [Node 4] [ Profle Postion Moce - EPOS4 CAN [ods 4] -] Cyclc Sync Torque Mode - E90S4 CA

2 ‘ Object Dictionary

[£P0S4 CAN [Node ]

LTECT— o o ie e e e
ing Mode 00012
ot (ot
ootz 002
ooti> ot2
otz 008
oot 008
otz 007
ooti> 008
o0tz 000
oot 1008
oom
= oo

Untt6 RW 2000 kbits/s
Stuct W 0:0000C00
Stuct RW 00001
Untts RW 30
Unis RO 00000
Unt2 RO 125kHz
Unis RW  200ms
Unt2 RO 32Sinc
U2 RW Oinc

) werpecn e

¥ communication Coce 000

pALSD @ 00085
P oo Coa0 0o

x
@
g

Dynamic Help ®
[

Figure 7-73 Adjustment of SSI commutation offset value | Read SSI position raw value
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Determination of the «SSI commutation offset value»

5) Determine the «SSI commutation offset value» as follows (for detailed information you might
wish to also check on the =»“Calculation Example” on page 7-97):

Calculate the number of increments per electrical
revolution

INCeleq,_rey = 255-S19TUMB1S / NymberOfPolePairs

Calculate the relevant part of the actual position

by taking the remainder of the division (modulo)

of the raw position value by the increments per
electrical revolution.

IDosrelevant = SSlraw_pos modulo Irl‘-->elec_rev

[Check if sensor polarity is inverted]

[Yes] [No]
Calculate reference point: Calculate reference point:
Reference = 1/6 * InCele_rev Reference = 5/6 * InCelec_rev

Y
A

l

Calculate the difference between the reference
and the relevant position

Delta = Reference - P0Seievant

[Delta value is greater than zero]

[Yes] [No]
A
The SSI commutation offset is The SSI commutation offset is
SSlcom_offset = Delta SSlcom_offset = Delta + IrlCelec_rev

Figure 7-74 Adjustment of SSI commutation offset value | Determine SSI commutation offset value
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Determination of the «SSI commutation offset value»

6) Open the aStartupa wizard \ ®Motor/Sensors= and select ®Motorx.
Change the Motor type to smaxon EC motor (BLDC)=.

==

= Startup - EPOS4 [Node 1]

Motor

Enter motor type and characteristics (consult maxon catalog).

sdag i A

Mot tpe [mason EC motor B06) )
s00mal5]

(9 dentity during mechanicl ystem dentifation

0000 mNimvA £

utpu
DigialInputs Thermsl fime constant winding 1002/

D Oupus Numberof oepis =

Figure 7-75 Adjustment of SSI commutation offset value | Select motor type maxon EC motor

7) Switch to ®Commutation® and insert the above calculated value to «SSI commutation offset
value».
Verify all parameters.
Click ®=Finish= to close the wizard.

2 Startup - EPOSA [Node 1] -

Commutation

Enter commutation type and sensors.

sag dnis A

e [Frer— 3

Soon Ha-sstssohteenoder 3

DigtalInputs
Digital Outputs

Figure 7-76 Adjustment of SSI commutation offset value | Set SSI commutation offset value
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8) Open the mRegulation Tuning= wizard and complete all tuning steps.
(@ €P0s Studio 32 (C\Program Fies (4867 je Profile Position Mode - EPOS4 L ]
Fle Vew Extras Wndow Help

NaBl #2668 ;0,

2 = profile Position Mode - EPOS4 [Node 1] =1 Cyclc Sync Torque Mode - EPOS# [Node 1]

ex
2| < o5 W dsbies

[P0S4 [Node 1]

B 2 Wizards Active operation mode | Cyclic Synchronous Torque Mode
=

Acivae rfie Positon Mode )

Inputs

Target position

Motion profile type

0inc
inear ram (rapezoidal profie) B19inc
1000 pm = 0pm
10000 s = o oma

10000 prs £

EEER | ks dion vl
o

Absolute target

Dynarmic Help 3 x

@ conens Yo e @seon

U operation mode
erofie postion mode.

Enable

Yelocty actuel vele averaced

‘Current acual vale averaced

Status
Type Node

Code [Name

Figure 7-77 Adjustment of SSI commutation offset value | Identify parameters

9) Run the motor in «Profile Velocity Mode».
If «Current actual value averaged» shows an unusual high current, or if the velocity is not

according the value set, readjustment the «SSI commutation offset value» and repeat above
described procedure.
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7.4 Calculation Example

The following values are given as an example:

* Number of pole pairs (0x3001-03) 7
» SSI single-turn bits (part of configuration for 0x3012-02; Bit 8...15) 12 bit
» SSl encoder direction (part of configuration for 0x3012-03; Bit 4) maxon (0x0001h)
» SSI position raw value (0x3012-09) 3'205 inc
SSI_SingleTurnBits 12 _ i
Inc _ 2 _ 2" Calculate the number of increments per electrical
clecrev  Number OfPolePairs 7 revolution
INCje rey = 585.1iNC INCeleq,_rey = 255-SM9ETUMBIS ) NymberOfPolePairs
Posrelevant = 3205inc Modulo 585.1inc = 279.5inc Calculate the relevant part of the actual position

Note: Modulo finds the remainder after an integer
division.

Example:
3205i_nc — 54777
585.1inc
For this follows: The integer value of the division is
5, therefore...

5-585.1 = 2925.5inc

For this follows: The remainder of the integer
division is...
3205inc—2925.5inc = 279.5inc

0x3012-03; Bit4 =0
(0 = maxon (not inverted) / 1 = inverted)

Reference = = - 585.1inc = 487.6inc

N

Delta

Reference— Pos, g ayant
Delta = 487.6inc—279.5inc = 208inc

208inc > 0:
SSICOMfoffsct = Delta = 208inc

by taking the remainder of the division (modulo)
of the raw position value by the increments per
electrical revolution.

POSeievant = SSlraw_pos MOAUIO INCeec rev

[Check if sensor polarity is inverted]

I 1

l [Yes] /¢\ [No] l

Calculate reference point: Calculate reference point:

Reference = 1/6 * INCelec_rev Reference = 5/6 * InCelec_rev

Calculate the difference between the reference
and the relevant position

Delta = Reference - PoSrelevant

[Delta value is greater than zero]

[Yes] [No]
The SSI commutation offset is The SSI commutation offset is
SSIcom_oﬁset = Delta SSIcum_offset = Delta + Incelec_rev
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8 Safe Torque Off (STO) Functionality

CONTENT

N Bl . 8-99

Precautionary Measures. . . . ... ... 8-99

DS CriPliON . . o 8-100

Functional Diagram. . .. ... . 8-100

STO Idle CONNECION . . . .ottt e e e e e e e e e e 8-101

STO INPUES 1 & 2 .o 8-102

STO OUIPUL. . . oo e 8-103
8.1 In Brief

The EPOS4 offers the Safe Torque Off (STO) safety feature based on IEC/EN 61800-5-2.

The present application note explains how to setup and configure the EPOS4 controller for the STO
functionality. EPOS4’s certification of the STO functionality is under way but not yet finalized.

Pin numbering in the diagrams shown is related to EPOS4 controllers that feature connectors.

8.2 Precautionary Measures

Risk of Injury

Operating the device without the full compliance of all relevant safety regulations and/or

neglecting the basic working principle of Safe Torque Off (STO) may cause serious injuries!

« Carry out a comprehensive and thorough risk assessment covering the entire safety system and
all safety-relevant aspects to ensure that the STO function will fulfill all relevant safety require-
ments of the application.

¢ The STO function does not cut the power supply to the drive and does not provide electrical iso-
lation.

¢ The STO function can prevent unexpected motor rotation of an electronically commutated motor
(EC motor, BLDC motor, brushless DC motor) in a save manner. Even in error condition with one
or more short-circuited power stage transistors, an electronically commutated motor will not be
able to generate torque over a relevant rotation angle.

* Vice versa, the STO function cannot prevent unexpected motor rotation of a mechanically com-
mutated motor (DC motor, brushed motor) in a safe manner. Despite of the STO functionality, an
error condition of short-circuited power stage transistors may lead to unexpected motor rotation.
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8.3 Description

Figure 8-78 Safe Torque Off (STO) | Working principle

The STO function is the most common and basic drive-integrated safety function. It ensures that no
torque-generating energy can continue to act on a motor and prevents unintentional starting.

STO has the immediate effect that the drive can no longer supply any torque-generating energy. STO
can be used whenever the drive will be brought to a standstill in a sufficiently short time by load torque
or friction, or if coasting down of the drive is not relevant to safety. STO enables safe working when, for
example, the protective door is open (restart interlock) and has a wide range of uses in machinery with
moving axes (such as handling or conveyor systems).

Mechanical brakes must be used if output shafts of motors or gearboxes are affected by forces that
could trigger a movement once the motor has been shut down. Possible applications are vertical axes or
motors with high inertia.

The STO function can be utilized to perform a safe stop according to IEC/EN 60204-1, stop category 0
(uncontrolled stop by immediate shut-down of the power supply to the actuators).

8.4 Functional Diagram
VPower
J j )
PWM |4 PWM |9 PWM |H
STO-IN1+ o= ! WJ" WJ" WJ"
W2 hem e d e Lol 1
N4 1= I\
LN K _372_r;A M
STO-IN1- p
H H H Motor
PWM |4 PWM |9 PWM |H
STO-IN2+ 5= ! WJ* ﬁ\J" WJ"
| 2> el 11 __1
Y 11 N
N Nans o -+ -+ -
3.2mA
STO-IN2-
STO-OUT+ LT ! STO1
A4 ! ‘;SIZ:- ————— 21| 87102
P/
STO-OUT-
PTC
Figure 8-79 Safe Torque Off (STO) | Functional diagram
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Interrupting the current to either STO1 or STO2 input will disable the drive output. Thus, the power sup-
ply to the motor is cut by stopping the switching process of the output transistors in a safe way.

The STO output is activated when either STO1 or STO2 input is powered. For details on the STO logic
states =»Table 8-64.

8.5 STO Idle Connector

In order to activate the power stage, either both STO inputs must be powered or the «STO Idle Connec-
tor» (520860) must be plugged.

Do not use the activation voltage V4, (+5 VDC) for any other purpose.

The «STO Idle Connector» is included with every EPOS4 controller that features connectors.

V___ +5VDC VPower

NIHA
<
o
w W
—;'r-:
|

|

|

[

I

|

T

|

|

|

|

-

l

i

|

|

|

=

NIHA
I
[

oy _sto1
<

3 === 21| sT02
7

I

PTC

STO Idle Connector (520860)

X 7].CND

Figure 8-80 Safe Torque Off (STO) | STO Idle Connector
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8.6 STO Inputs 1 & 2

8.6.1 Specifications

Safe Torque Off inputs 1...2
Circuit type Optically isolated input
Input voltage 0...+30 VDC
Max. input voltage 130 VDC
Logic 0 <1.0VDC
Logic 1 >4.5VDC
Input current at logic 1 ;/iiTQI%Z\:nDAC@ 24 \VDC
Reaction time <25 ms

[ STOINT+
B17 ;

{ |

1 1

1

Y

el

(AN

% #z Al
>

STO-IN1- 10
iN|

| 1

1 T

B18 |

Fidure 8-81 Safe Torque Off (STO) | STO-IN1 circuit (analogously valid for STO-IN2)

8.6.2 Test Pulses
The STO1 and STO2 inputs are designed for use with fail-safe output terminals with test pulses.

) . Tp 250 ms
STO-INx > ! :
N { ' t,,<800 s
High
Low LI >t

Figure 8-82 Safe Torque Off (STO) | Test pulses

Test pulses that do not fuffill the stated specifications for T, and t; can have a negative impact on the
power stage gate control and can lead to unpredictable behavior.

8.6.3 Input Current

To achieve a fail-safe current measurement supervision on the output terminal, the current threshold
must be lower than the typical STO input current (3.2 mA @ 24 VDC).
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8.7 STO Output

8.7.1  Specifications

Safe Torque Off output
Circuit type thlgally |sola!ted output with self-resetting short-
circuit protection
Max. input voltage +30 VDC
Max. load current 15 mA
Leakage current <10 yA @ +30 VDC
13V@2mA
Max. voltage drop 25V @ 15 mA
i é ; STO-OUT+ \_,8‘51_
0!
L
SZ\\ i?; JAN %
(NN
igi STO-OUT- (b
o PTC i

Figure 8-83 Safe Torque Off (STO) | STO-OUT circuit.

8.7.2 Diagnostics

The STO output is used for proof test of the EPOS4’s internal STO functionality. Thereby, the proof test
must be triggered by an external logic.

Proof test is essential to reveal any dangerous, undetected failure after a given period of time.

STO logic state
STO-IN1 STO-IN2 STO-OUT Power Stage
0 0 open inactive
1 0 closed inactive
0 1 closed inactive
1 1 closed active

Table 8-64 Safe Torque Off (STO) | Logic state

For diagnostics, maintain the reaction time of <25 ms between STO input state change and the STO
output state change.
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9 Dual Loop Control
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9.1 In Brief

In applications where gearheads (subsequently called “gears”), spindles, or belt systems are used to
transmit the motor rotation to the load, imperfections of these transmission elements do have an influ-
ence on the performance of the load position control. If very accurate load positioning is required, it is
common practice to add an additional encoder at the load side to measure the exact load position. Such
drive systems contain two encoders; one on the motor shaft (so-called “auxiliary encoder”) and one on
the load side (so-called “main encoder”).

SCOPE
EPOS4 0150h Firmware Specification
EPOS4 Module 24/1.5 536630 0150h or higher
EPOS4 Compact 24/1.5 CAN 546714  0150h or higher
EPOS4 Compact 24/1.5 EtherCAT 628092 0150h or higher
EPOS4 Module 50/5 534130 0150h or higher
EPOS4 Compact 50/5 CAN 541718 0150h or higher
EPOS4 Compact 50/5 EtherCAT 628094 0150h or higher
EPOS4 Module 50/8 504384 0150h or higher
EPOS4 Compact 50/8 CAN 520885 0150h or higher
EPOS4 Compact 50/8 EtherCAT 605298 0150h or highe
EPOS4 Module 50/15 504383 0150h or higher
EPOS4 Compact 50/15 CAN 520886 0150h or higher
EPOS4 Compact 50/15 EtherCAT 605299 0150h or higher
EPOS4 50/5 546047 0150h or higher
EPOS4 70/15 594385 0150h or higher
Table 9-65 Dual loop control | Covered hardware and required documents
TooLs
Software «EPOS Studio» Version 3.5 or higher
Table 9-66 Dual loop control | Recommended tools
maxon motor control
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9.2 Overview
With two encoders present in the system both position measurements can be used for feedback control
in order to improve performance of the load position control. This control method, the use of the two
feedbacks of both motor and load side, is called dual loop control. The structure of the EPOS4 dual loop
control is shown in =»Figure 9-84.
+ + +
Main Auxilial Current
control controrly control Mool
Figure 9-84 Dual loop control | Control structure
The EPOS4 dual loop control consists of two distinct control loops:
+ Auxiliary control loop — controls the velocity of the motor and gives the motor current refer-
ence as its output
* Main control loop — controls the position of the load and gives the motor velocity and acceler-
ation references as its outputs
A more detailed structure of EPOS4 dual loop control is shown in =»Figure 9-85.
o T T TT TS T TS TS ST oSS m s m s s e mTTT T T T T !
| Demand Demand | 1 |
1load J motor : :
: acceleration %%ﬁ Maﬁ?tel?op acceleration : i :
I I
1 1 ! Velocif Demand !
! E}:r;and K ! Yopl contr(?lller current : Current > Power
velocity Demand ! ! with | controller device
: Demand moltor feedforward |
Main looj Main loop | velocity ]
j load P controllor [ fiter . !
i position L ; :
: N : + Motor
1 %, ! :
| X 1 .
1 % ! 1 i
I N ! I
I I
| : | ! i Motor
Gain | Motor position oL
i scheduler ; ! Obscil : (::éﬂ:gg)
I
: Main loop ! : Auxiliary loop : |
L | S b e 4 L
!
Load position Load >
(main)
encoder
Figure 9-85 Dual loop control | Control structure in detail
The two loops are implemented with the following sampling periods:
TAuiniary = 0.4ms
Tyain = 1.2ms
maxon motor control
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9.3 Auxiliary Control Loop

The inputs of the auxiliary control loop are the desired motor velocity and acceleration (which are gath-
ered from the main control loop) and the measured motor position from the auxiliary encoder. These
inputs serve as basis to calculate the desired motor current that is then sent to the current controller.
The auxiliary control loop consists of a Pl speed controller with feedforward and an observer for motor
velocity estimation. Find a detailed description on their structure in =»chapter “2.3.2 Velocity Regulation
(with Feedforward)” on page 2-12. The object dictionary entries relevant to the auxiliary control loop are
given in =»Table 9-67.

Symbol Unit Name Index Subindex
mA-s
Kpo Auxiliary Aucxiliary loop P gain 0x30AE | 0x20
= rad
mA
K T — Auxiliary loop | gain O0x30AE 0x21
lo_Auxiliary rad
mA - s
FFo Auxiliary g Auxiliary loop FF velocity gain OX30AE | 0x22
mA - §°
FF, Auxiliary LA Aucxiliary loop FF acceleration gain Ox30AE | 0x23
- rad
o Auxiliary loop observer position
l9_AUX| liary 1 correction gain Ox30AE | 0x30
o Auxiliary loop observer velocity
! o_Auxiliary Hz correction gain Ox30AE | 0x31
MNm Aucxiliary loop observer load correction
It Auxiliary — ain O0x30AE | 0x32
rad g
Nm
I Auxili ary gm Auxiliary loop observer friction 0x30AE 0x33
rpm
‘JAuiniary g- sz Auxiliary loop observer inertia 0x30AE 0x34
Table 9-67 Dual loop control | Auxiliary control loop parameters — Object dictionary entries
maxon motor control
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9.4 Main Control Loop

The inputs of the main control loop are the desired load position, velocity and acceleration (which are
gathered from the path planner) and the measured load position from the main sensor. The outputs of
the main control loop are the desired motor velocity and acceleration.

The key elements of the main control loop are the proportional controller, gain scheduler, and the main
loop filter which are subsequently described in detail. The respective object dictionary entries are given

in »Table 9-68.
Symbol Unit Name Index Subindex
1
KLowMain g Main loop P gain low bandwidth 0x30AE 0x01
K 1 . I .
HighMain g Main loop P gain high bandwidth 0x30AE 0x02
H 1 Main loop gain scheduling weight 0x30AE 0x03
FC 1 Main loop filter coefficient a 0x30AE | 0x10
A
FCB 1 Main loop filter coefficient b 0x30AE 0x11
FCc 1 Main loop filter coefficient ¢ OX30AE | 0x12
FC 1 Main loop filter coefficient d 0x30AE | 0x13
D
FCE 1 Main loop filter coefficient e 0x30AE 0x14
Fon/off 1 Dual loop configuration miscellaneous | 0x30AE 0x40
Table 9-68 Dual loop control | Main control loop parameters object dictionary entries

9.41 Proportional Controller

The velocity reference for the auxiliary control loop is calculated as sum of the multiplication of the track-
ing error (as seen by the main encoder) with the main loop proportional gain, and the load velocity refer-
ence scaled by the drivetrain amplification ratio. The resulting reference is limited to the maximal permit-
ted motor speed.

mReferenceAuiniary - KMain ’ (eDesired - eMeasured) + GearRatio- WReferenceMain

9.4.2 Gain Scheduler

The main loop proportional gain does not have a fixed value. Its value is continuously modified by the
gain scheduler based on the load position tracking error value. Particularly, with a large tracking error,
this block sets a high control gain in order that the load position quickly approaches the desired refer-
ence. On the other hand, when the tracking error is small (as the actual position almost reaches the ref-
erence), this block reduces the gain value in order to have less aggressive control and to avoid negative
effects caused by backlash and other nonlinear phenomena. The governing equation of the gain sched-
uler is as follows:

— 7H|(9MeasuredfeDesired)
KMain o KHighMain + (KLowMain - KHighMain)e

maxon motor control
9-108 Document ID: rel8235 EPOS4 Positioning Controllers
Edition: November 2018 EPOS4 Application Notes

© 2018 maxon motor. Subject to change without prior notice.



maxon motor

Dual Loop Control
Main Control Loop

The parameters KMain' KHighMain' and H are the tuning parameters that can either be manually

set or they can be automatically calculated in an auto tuning procedure. The shape of the gain schedul-
ing function for different values of the gain scheduling weight H is shown in =»Figure 9-86.

K, Gain scheduling
|gh T T T

£ ]

[+] ——

g =
v o

/ e
-
P 7
E—
H=125
H=20
lowg 10 20 30 40 50

Following error [inc]

Figure 9-86 Dual loop control | Gain scheduling function for different values of main loop gain sched-
uling weight

9.4.3 Main Loop Filter

The main loop filter is used to filter out the output of the proportional controller in the main control loop.
An identical filter is applied to the acceleration feedforward signal before it is passed to the auxiliary con-
trol loop. The purpose of this filter is to remove the part of the frequency spectrum that may cause strong
oscillations in the system (resonant oscillations caused by the elasticity of the drivetrain) from the control
loop. The transfer function of the second order filter is as follows:

GFiIter(S) - >
s +FCy+FC¢

All filter coefficients can be estimated automatically during the auto tuning procedure. The filter can also
be turned off by changing the F_ . value. With F_, .. = 0, the filter is turned off, with F_, . = 2, the

filter is turned on. To reactivate the turned off filter, the parameter F_, .. = 0 must be first set to

Fonore = 1, thento F_, .. = 2 for correct calculation of the filter parameters.

WHEN SHOULD THE MAIN LOOP FILTER BE USED?

Dual loop control can be configured such that the use of the filter in the main control loop is disabled.
Using the filter brings the most benefits with an elastic drivetrain that causes resonant oscillation in a
certain frequency range. In such case, the main loop filter may be used to eliminate these frequencies
from the closed loop control and prevent undesirable oscillations. However, if the drive train is rigid, the
filter is of not much use. However, if a high resolution main encoder is used, the main loop filter may also
be turned off without any influence on the control performance.

9.4.4 Transport Delay of the Control Loop
The total transport delay of the dual loop controller is always smaller than

TAuiniary+ TMain = 1.6 ms
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9.5 Proper Use of Dual Loop Control

Dual loop control should be employed when a gear with backlash is used and/or when the drivetrain
between motor and load has dynamic properties which influence the performance of the load position
control (for example, with an elastic shaft connecting motor and load).

The dual loop control structure has two degrees of freedom, as it uses both position measurements of
the load and the motor. This allows reduction or even elimination of any negative effects of the drive-
train, such as backlash and elasticity. This leads to fast and accurate control of the load despite the fact
that a dynamically complex drivetrain is used. Of course, the limitations of dual loop control are given by
the limitations of the drive system as a whole. If the motor and drivetrain are setup in a way that a certain
velocity and precision cannot be reached, dual loop control may not be able to change this fact. In addi-
tion, for a good performance of the dual loop controller, the resolution of the main encoder must not be
less than the resolution of the auxiliary encoder.

If the drivetrain between motor and load does not feature any dynamic or nonlinear effects, the advan-
tages of using dual loop control are minor. In this case and due to the fact that it is simpler to tune and
parametrize, the use of standard PID position control with either an auxiliary or a main encoder is rec-
ommended instead.

9-110
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9.6 Best Practice Examples

The load position control can be configured by choosing either PID position controller (for detailed
description =»chapter “2.3.3 Position Regulation (with Feedforward)” on page 2-15) or dual loop position
controller. If the PID position controller is used, the main sensor can be located either on the motor or on
the load (if both exist in the system). If dual loop position controller is selected, both the main encoder
(on the load side) and the auxiliary encoder (on the motor side) must be present in the system and be
properly configured. =»Figure 9-87 illustrates the correct configuration of dual loop control.

~
L= Startup - EPOS4 CAN [Node 1] [
< -
S safetyInstrucions Regulation
& 4 Drive System
5 Motor Select control loop structures.
i Gear
& censors Current [P curent controlier -
« Controller Velacity [Plva\nuty controller (low-pass filter} v]
Commutation
R Position lDuaI Ioop position controller -
Units None
Limits PID position controller
) Dual loop position controller
Device Control Main sensor op posit ntroller
“ Inputs / Outputs Auwliary sensor [xs B e v]
Digits! Inputs
Digital Outputs
Anzlog Outputs
+ Main + Auddinry
T B Control T _ Control
Back | [ Nex | [ Fnsh | [ cancal | [ hel
L
Figure 9-87 Dual loop control | Configuration

The following examples demonstrate the advantages of using dual loop control in eliminating the nega-
tive effects of backlash and elastic motor load coupling. They also illustrate how the auto tuning proce-
dure in the dual loop control structure works.

Systems used for these illustrations are rotative systems comprising a motor with attached encoder and
a load with a respectively attached encoder. Motor and load are coupled with a gear and a shaft that can
be rigid or elastic.
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9.6.1 Use Case 1:

System with high Reduction Gear, moderate Backlash, and no Coupling Elasticity

SYSTEM COMPONENTS

o oaserpion———seung

Controller
EPOS4 Compact 50/8 CAN
(520885)

Motor
maxon EC-4pole 30
brushless, 100 W (309755)

Auxiliary encoder

HEDL 5540

500 impulse, 3 channel, with
Line Driver (110514)

Main encoder

HEDL 5540

500 impulse, 3 channel, with
Line Driver (110514)

Gear

Planetary gear GP 32 HP
@32 mm, 4.0...8.0 Nm
(324946)

Mechanical load
connected via rigid coupling

No load speed (line 2)

No load current (line 3)
Nominal current (line 6)
Terminal resistance (line 10)
Terminal inductance (line 11)
Torque constant (line 12)

Rotor inertia (line 16)

Encoder counts per turn

Encoder counts per turn

Gear ratio

Load inertia

ng = 17500 rpm
lp =505 mA
l,=7.74 A
R=0.135Q
L=0.017 mH
km = 9.8 mMNm/A

Jmotor = 18.3 gcm?2

500 pulses/revolution

500 pulses/revolution

411:1
359424/875

Jioad = 95.3 gcm?2

Table 9-69 Dual loop control | Use case 1: System components
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In order to illustrate the advantage of using dual loop control for this configuration, regular PID position
control is considered first. Thereby, the sensor on the load side is configured as the main sensor. After
running the auto tuning procedure, the parameters of the PID position controller are automatically calcu-
lated and have the values listed in =»Table 9-70.

Index Subindex | Name Value Unit
" . mA
0x30A1 0x01 Position controller P gain 95159.615 Hj
" : mA
0x30A1 0x02 Position controller | gain 170609.607
rad-s
mA -
0x30A1 0x03 Position controller D gain 4247.317 S
rad
0x30A1 0x04 Position controller FF velocity gain 175.721 rT;':dS
A 2
0x30A1 0x05 Position controller FF acceleration gain | 68.528 mA-S
rad
Table 9-70 Dual loop control | Use case 1: PID position controller parameters

Using the path planner and executing the trajectory with the maximal velocity of 1 rpm, an acceleration

of IOOOr—%rD, and a position change of 25 increments, the result obtained is as in =»Figure 9-88.

25 -

- n
o o
T T

load position [inc]
5

. . . . .
-200 0 200 400 600 800 1000 1200
time [ms]

Figure 9-88 Dual loop control | Use case 1: Load position control with PID position controller

As seen, the reference tracking is generally good. However, after 700 ms (when the system should stop
moving and keep the load position fixed), several short changes in the actual load position may be
observed. These changes are caused by the backlash effects of the gear. Namely, the teeth of the gear
are imperfect to their theoretical shape and they have some play between them. Whenever the system
reverses the direction of motion or changes from movement to standstill, the use of a single loop control-
ler may result in oscillations of the load position due to nonlinear effects introduced by the backlash.

Now, the use of dual loop control in the application will be considered to illustrate how the negative
effects caused by the backlash can be eliminated.

The dual loop controller can also be tuned automatically by using the «Regulation Tuning Wizard».
Before starting dual loop tuning, the current controller must be properly tuned. Auto tuning of the dual
loop controller itself is done in two steps:

maxon motor control
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First, the auxiliary loop will be tuned using the respective dialog box given in =»Figure 9-89.

Upon pressing the mAuto tunex button, an identification experiment is conducted in which all the
mechanical parameters of the system relevant for the auxiliary loop are identified. In the tuning dialog
box, stiffness and damping of the feedforward Pl controller and the bandwidth of the observer used to
calculate motor velocity can be adjusted. Moving the sliders to the right results in faster and more
aggressive control in the auxiliary loop. By applying the test signal, a visual representation of the auxil-
iary loop performance is being produced. The auxiliary loop should be fast and aggressive without a lot
of overshoot in the signal and it should be adjusted with the sliders until the desired performance is
observed in the resulting test signal.

[ Regulation Tuning - EPOS4 CAN [Node 1] [E—— S
<7 EPOSACAN W is disabled
<[ 4 Blectrical Looy Velocity Cantrol Loop Verification
€ [ Auto tune ‘
g
2 ) System Identification
B
2 Step amplitude 2000 inc B s
g |/
k] Reidentify ] |
~) Controller Design [
- [ 1
Stifiness ¢ /1 |
w . /] |
ff T
<) Show parameters I/ \
/| \
‘Observer Desig I |l
- Jf L
Stiffness — pP— 8]
o s 1
Bandwidth Y Vi
ow I
1
Show parameters R
Test Signal W |
11 |
Type Velocity profile - (I 1
Setting Time s0oms ] |\ /]
Target Velocty 500 pm N )
Acceleration 10000 rpr's B
Deceleration 10000 rprv's
—— \
PPy fest o Scale offset Time base
B Auiary velocity actusl value averaged 260 romydiv orom Scale 2527 msjaiv
Actual velocity 0 rpm W Audlary velocity demand value 280 rom/iv Orom Offset: 00ms
Back Next Finish Cancel Help

Figure 9-89 Dual loop control | Use case 1: Auxiliary loop tuning dialog box

Then the main loop can be tuned by using the main loop tuning dialog box. Upon pressing the ®Auto
tuner button, an identification experiment is executed in which the transfer function of the system drive-
train together with the auxiliary loop control is identified.

Note

* Running the experiment for tuning of the main loop makes sense only if the auxiliary loop has been
tuned before. The auxiliary loop controller is used as a part of the main loop identification experiment
and its parameters influence the calculation of the parameters in the main control loop.

* The Bode plot of the experimentally determined transfer function and its fit are displayed in the alden-
tificationa tab. Based on this Bode plot, an impression on the characteristics of the system to be con-
trolled can be gained. For example, if the Bode plot is relatively straight, it means that the motor/load
coupling is rigid. On the other hand if a resonant peak (a lob in the Bode plot) can be observed, it
means that the coupling is elastic and that the controller will try to handle this elasticity by the use of
the main loop filter.

» The oVerificationa tab in the dialog box contains the test signal of the resulting controller. The «Band-
width» of the controller can be adjusted using a slider. Higher bandwidth means faster and more
aggressive control behavior. However, it should be noted that for each system there are limitations on
the achievable closed loop bandwidth and that the auto tuning algorithm will consider these limita-
tions when calculating the main loop parameters. The other two sliders may be used to set the
«Bandwidth ratio» and the «Gain scheduling weight». These parameters influence the elimination of
the backlash effects and should be adjusted such that no backlash effects (as shown in
=>Figure 9-88) are visible in the verification signal. Increasing the «Gain scheduling weight» (moving
the slider to the right) and decreasing the «Bandwidth ratio» (moving the slider to the left) has a posi-
tive effect on eliminating the negative effects caused by the backlash. The main loop tuning dialog
box is shown in =2»Figure 9-90 and =»Figure 9-91.
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[ Regulation Tuning - EPOS4 CAN [Node 1]
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Dual loop control | Use case 1: Main loop tuning dialog box with the «Identification» tab
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~ ig
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Figure 9-91
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Dual loop control | Use case 1: Main loop tuning dialog box with the «Verification» tab
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Dual loop controller parameters obtained after the auto tuning procedure for the considered application

example are given in »Table 9-71.

Index Subindex | Name Value Unit
1
0x30AE 0x01 Main loop P gain low bandwidth 221.34 g
0x30AE 0x02 Main loop P gain high bandwidth 44.268 é
0x30AE 0x03 Main loop gain scheduling weight 10.00 1
0x30AE 0x10 Main loop filter coefficient a 0 1
0x30AE 0x11 Main loop filter coefficient b 0 1
0x30AE 0x12 Main loop filter coefficient ¢ 35530.0 1
0x30AE 0x13 Main loop filter coefficient d 376.0 1
0x30AE 0x14 Main loop filter coefficient e 35530.0 1
mA -
0x30AE 0x20 Auxiliary loop P gain 138.825 S
rad
. . mA
0x30AE 0x21 Auxiliary loop | gain 2470.774 —_—
rad
0x30AE 0x22 Auxiliary loop FF velocity gain 0.151 I’T:_gds
mA - s
0x30AE 0x23 Auxiliary loop FF acceleration gain 0.173 —_
rad
OX30AE 0x30 Auxﬂmry Ioop observer position 0.950 1
correction gain
OX30AE 0x31 Auxnlaw Ioop_ observer velocity 751.283 Hz
correction gain
OX30AE 0x32 Au.)(lllary loop observer load correction 0.030 mNm
gain rad
0x30AE 0x33 Auxiliary loop observer friction 0 %m
0x30AE 0x34 Auxiliary loop observer inertia 20.48 g- sz
0x30AE 0x40 Dual loop configuration miscellaneous | 2 1
Table 9-71 Dual loop control | Use case 1: Dual loop load position controller parameters
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The use of dual loop control results in load position control shown in =»Figure 9-92. As can be seen,
negative effects caused by backlash are fully eliminated.

Load position regulation with dual loop

load position [inc]

. . . . .
-200 0 200 400 600 800 1000 1200
time [ms]

Figure 9-92 Dual loop control | Use case 1: Position control with dual loop controller
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9.6.2 Use Case 2:

System with considerable Backlash and with Coupling Elasticity

SYSTEM COMPONENTS

o oaserpion———seung

Controller
EPOS4 Compact 50/5 CAN
(541718)

Motor
maxon EC-4pole 30
brushless, 100 W (309756)

No load speed (line 2)

No load current (line 3)
Nominal current (line 6)
Terminal resistance (line 10)
Terminal inductance (line 11)
Torque constant (line 12)

Rotor inertia (line 16)

ng = 17500 rpm

lp = 379 mA
I, =5.56 A

R=0.248 Q
L =0.03 mH

Km = 13.1 mNm/A

Jmotor = 18.3 gcm?2

Auxiliary encoder

HEDL 5540

500 impulse, 3 channel, with
Line Driver (110514)

Main encoder

HEDL 5540

500 impulse, 3 channel, with
Line Driver (110514)

Encoder counts per turn 500 pulses/revolution

Encoder counts per turn 500 pulses/revolution

Gear

Planetary gear GP 32 HP Gear ratio 14:1
@32 mm, 4.0...8.0 Nm 676/49
(320247)

Mechanical load
connected via spring coupling Load inertia
FKZS 1225

Jioad = 51.2 gcm?2

Table 9-72 Dual loop control | Use case 2: System components

The first steps in properly configuring the dual loop controller for this application example is to run the
current controller auto tuning followed by the auxiliary loop auto tuning. Then, the main loop may be
tuned. The identification experiment that is run as part of the main loop tuning identifies the transfer
function of the system as seen by the main loop. The Bode plot of the identified transfer function is given
in =&»Figure 9-93.

The Bode plot indicates that the drivetrain has a resonant frequency at 48 Hz. At this frequency, the
Bode plot has a significant magnitude increase. The resonance is a direct consequence of the elastic
coupling between the gear and the load.

In order to achieve good control with the dual loop controller, the resonance must be taken into account
when designing the controller. In EPOS4 dual loop architecture this is done with the main loop filter,
which is automatically designed to neutralize the negative effects of the resonance. The transfer func-
tion obtained by multiplying the automatically calculated main loop filter with the identified transfer func-
tion is shown in =»Figure 9-93.
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Identified transfer function
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Dual loop control | Use case 2: Comparison of Bode plots

For cases with complex shapes of the identified Bode plot and if the automatic calculation of the main
loop filter does not give satisfactory performance, the main identification parameters may be saved. To
do so click right in the system identification area of the Regulation Tuning Wizard’s main loop tuning dia-
log (=Figure 9-94). Thereby, three files with the extension “.csv” are created. They contain the raw
recorded experimental data, fitted zeros and poles, and the experimental transfer function estimate
respectively. The saved values may be imported by an advanced calculation software and as such may
be used to manually configure the filter parameters. Note that such manual parameter configuration
requires expert knowledge.

After running main loop tuning, the dual loop controller parameters as to =»Table 9-73 are obtained.
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Dual loop control | Use case 2: Saving of the identification data
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Best Practice Examples

Index Subindex | Name Value Unit
0x30AE 0x01 Main loop P gain low bandwidth 4.321 é
1
0x30AE 0x02 Main loop P gain high bandwidth 120.12 g
0x30AE 0x03 Main loop gain scheduling weight 10 1
0x30AE 0x10 Main loop filter coefficient a 1 1
0x30AE 0x11 Main loop filter coefficient b 42.846 1
0x30AE 0x12 Main loop filter coefficient c 93660.611 1
0x30AE 0x13 Main loop filter coefficient d 612.080 1
0x30AE 0x14 Main loop filter coefficient e 93660.611 1
0x30AE 0x20 Auxiliary loop P gain 112.32 A - S
rad
mA
0x30AE 0x21 Auxiliary loop | gain 1109.41 —_—
rad
0x30AE 0x22 Auxiliary loop FF velocity gain 0 MA - S
rad
A 2
0x30AE 0x23 Auxiliary loop FF acceleration gain 0.18 mA-S
rad
OX30AE 0x30 Auxmary Ioop_ observer position 08 1
correction gain
OX30AE 0x31 Auxnlaw Ioop observer velocity 502 74 Hz
correction gain
OX30AE 0x32 Au.X|I|ary loop observer load correction 11.21 Mﬂ
gain rad
0x30AE 0x33 Auxiliary loop observer friction 0 L:'ITIT(T
0x30AE 0x34 Auxiliary loop observer inertia 20.6 g- sz
0x30AE 0x40 Dual loop configuration miscellaneous | 2 1
Table 9-73 Dual loop control | Use case 2: Dual loop load position controller parameters
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The main loop filter is now used to eliminate the resonant effects. Therefore, turning the filter off may
significantly reduce the controller performance, or even lead to controller instability as illustrated in
=>Figure 9-95.

Regulation with main loop filter Regulation without main loop filter
wl ol [T
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2 200 200
<
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8150 | 1 150}
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0 200 400 600 0 200 400 600
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Figure 9-95 Dual loop control | Use case 2: Control performance with/without main loop filter

The reason for the controller to become instable when the filter is turned off lies in the fact that the sys-
tem has a resonant peak. In order for the controller to remain stable even in the case when the main
loop filter is not used, the controller bandwidth must be significantly reduced. However, in this case the
oscillation at resonant frequency of the system remains.

Due to strong backlash, the performance of the dual loop controller obtained by the default settings in
the main loop auto tuning is not ideal. This is particularly the case in the phase where the load position is
close to reaching the target. This can be improved by adjusting the sliders for «Bandwidth ratio» and
«Gain scheduling weight». Thereby, moving the «Bandwidth ratio» slider to the left and the «Gain
scheduling» slider to the right in order that the «Main loop P gain low bandwidth» and the «Main loop
gain scheduling weight» are set to 15.32 15 and 20 respectively will result in improved tracking perfor-
mance (=»Figure 9-96).
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Figure 9-96 Dual loop control | Use case 2: Control performance with default/fine-tuned main loop pa-
rameters
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Dual Loop Control

Conclusion
9.7 Conclusion
If a gear with backlash is involved and/or if the coupling between the motor and the load is elastic, the
described application examples show that using dual loop control results in better control performance
than using a PID position controller. In addition, using the main loop filter in the dual loop controller
structure is suggested when the drivetrain has a clearly prominent resonant frequency. If not the case,
the main loop filter can be turned off especially with a high resolution main encoder.
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