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READ THIS FIRST

maxon

The present document represents a compilation of helpful “Good-to-Knows” that might come in handy in your daily work with
MAXPQOS Positioning Controllers. The individual chapters cover particular cases or scenarios and are intended to give you a

hand for efficient setup and parameterization of your system.

We strongly stress the following facts:

» The present document does not replace any other documentation covering the basic installation and/or parameterization

described therein!

» Also, any aspect in regard to health and safety, as well as to secure and safe operation are not covered in the present docu-

ment — it is intended and must be understood as complimenting addition to those documents!
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m axo n About this Document

1 ABOUT THIS DOCUMENT

1.1 Intended Purpose

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

Use for other and/or additional purposes is not permitted. maxon, the manufacturer of the equipment

described, does not assume any liability for loss or damage that may arise from any other and/or additional
use than the intended purpose.

The present document is part of a documentation set. Please find below an overview on the documentation
hierarchy and the interrelationship of its individual parts:

Setup
Feature Chart |
Installation Configuration Programming Application
Hardware Reference | MAXPOS Studio | Firmware Specification | Application Notes |
Wiring Overview |—
T
|
FW Version Readme |
Setup Release Notes I
Figure 1-1 Documentation Structure

1.2 Target Audience

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

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

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

Explanation

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

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

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

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

Table 1-1 Notations used in this Document

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

CiA CAN in Automation

CoE CAN Application Protocol over EtherCAT

CSP Cyclic Synchronous Position Mode

CST Cyclic Synchronous Torque Mode

CsVv Cyclic Synchronous Velocity Mode

EtherCAT Slave Information (EtherCAT Device Description)
EtherCAT State Machine

EtherCAT Technology Group
File Access over EtherCAT
MAXPOS MAXPQOS Positioning Controller
Process Data Object

Profile Position Mode

Profile Velocity Mode

Service Data Object

STO Save Torque Off

Table 1-2 Abbreviations & Acronyms

MAXPOS Application Notes
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1.4 Symbols and Signs

In the course of the present document, the following symbols and signs will be used.

Type Symbol Meaning
DANGER Indlf:ates'an _|mm|nen_t hazardous S|t_uat|o_n: If not
avoided, it will result in death or serious injury.
Indicates a potential hazardous situation. If not
Safety Alert /6\ WARNING avoided, it can result in death or serious injury.
(typical) Indicates a probable hazardous situation or calls the
CAUTION attention to unsafe practices. If not avoided, it may
result in injury.
Pro_hlblted @ Indicates a dangerous action. Hence, you must not!
Action
(typical)
Ma|_1datory Indicates a mandatory action. Hence, you must!
Action
(typical)
Requirement / Ind@atesl an actl\(lty you must_ perfo['m prior continuing,
or gives information on a particular item you need to
Note / Remark
observe.
. . Indicates an advice or recommendation on the easiest
Information Best Practice and best way to further proceed.
*‘ Material Indicates information particular to possible damage of
Damage the equipment.

Table 1-3 Symbols & Signs

1.5 Trademarks and Brand Names

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

later course of this document.

Trademark Owner
Et

© iC-Haus GmbH, DE-Bodenheim
© DR. JOHANNES HEIDENHAIN GmbH, DE-Traunreut

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

T GibH. DE-Verl

© Fritz Kiibler GmbH, DE-Villingen-Schwenningen

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

Table 1-4 Brand Names and Trademark Owners

MAXPOS Application Notes
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1.6 Sources for additional Information

Find the latest edition of the present document as well as of additional documentation and software on the
Internet: =®»*maxpos.maxongroup.com

For further details and additional information, please refer to below listed sources:

Reference

BiSS-C specifications
=2>www.ichaus.de

ETG.1000: EtherCAT Specification
=>www.ethercat.org

USB Implementers Forum: Universal Serial Bus Revision 2.0 Specification:
=>www.usb.org/developers/docs/usb20_docs/

Manufacturer-specific USB protocol:
=>www.microchip.com/mcp2210/

IEC 61158-x-12: Industrial communication networks — Fieldbus specifications

IEC 61800-7: Adjustable speed electrical power drives systems

maxon: MAXPOS Firmware Specification
= maxpos.maxongroup.com

[71]

Dr. Urs Kafader: The selection of high-precision microdrives
ISBN 978-3-9520143-6-3
=>academy.maxongroup.com

—
Q
=3
)
-_—
1
o

Sources for additional Information

1.7 Copyright
This document is protected by copyright. Any further use (including reproduction, translation, microfilming,
and other means of electronic data processing) without prior written approval is not permitted. The men-
tioned trademarks belong to their respective owners and are protected under intellectual property rights.
© 2019 maxon. All rights reserved. Subject to change without prior notice.

CCMC | MAXPOS Application Notes | Edition 2019-08 | DoclD rel8960

maxon motor ag
Brinigstrasse 220 +41 41 666 15 00
CH-6072 Sachseln WWW.maxongroup.com
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COMMUNICATION GUIDE

In Brief

OBJECTIVE
The present application note explains the MAXPOS communication interfaces.

CONTENTS

2.2 Functionality . . . ... . e 2-7
2.3 EtherCAT Interface. . . ... oo 2-7
2.4 Integration Of ESIFiles . . . .. ..o e 2-10
2.5 USB INterface . . . ... e 2-10
2.6 Error Code Definition . . ... .. . 2-10

Functionality

MAXPOS controllers are commanded by an EtherCAT Master. The USB interface is used for configuration
only.

EtherCAT Interface

The MAXPOS Positioning Controllers’ implementation of EtherCAT follows the EtherCAT Technology
Group (ETG) specifications.

Reference

You may access all relevant data and the free-for-download documentation (available in different lan-
guages) from the EtherCAT website (=2http://ethercat.org/). Navigate to downloads section and search for
the document “EtherCAT Technology Introduction”.

The document “EtherCAT _Introduction_xxxx.pdf” will serve well as an introduction to EtherCAT and does
include information on the technology, implementation, and possible applications.

For MAXPOS firmware and hardware, consult maxon’s comprehensive documentation set available at
=>http://maxpos.maxongroup.com. Among others, you will find the following documents:

MAXPOS FIRMWARE SPECIFICATION
* Operating modes
+ Communication and error handling
» Object dictionary
* etc.

MAXPOS HARDWARE REFERENCE
+ Technical data
» Wiring diagrams and connection overview
* etc.

MAXPOS Application Notes
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EtherCAT Interface

2.3.1 Communication Specifications

Topic Description

Aoplicable IEC 61158 Type 12 EtherCAT Slave

Cg?nmunication CoE (CAN Application Layer over EtherCAT) according to IEC 61800-7
Standards Profile Type 1 (CiA 402) CANopen-Standard Device Profile for Drives and

Motion Control
Physical Layer IEEE 802.3 100 Base T (100 Mbit/s, Full Duplex)

X9 (RJ45): EtherCAT Signal IN
X10 (RJ45): EtherCAT Signal OUT

SMO: Mailbox output
SM1: Mailbox input

Fieldbus Connection

SyncManager SM2: Process data outputs
SM3: Process data inputs
FMMUO: Mapped to process data output (RxPDO) area
FMMU FMMU1: Mapped to process data input (TxPDO) area
FMMU2: Mapped to mailbox status
Process Data Variable PDO mapping

SDO Request, SDO Response, SDO information

Note: TXPDO/RxPDO and Remote TxPDO/RxPDO are not supported.
Free-run, DC mode (can be selected)

Supported DC cycle: 100 pus minimal (200 us typical)

EtherCAT Status (green LED / red LED)
EtherCAT Port Activity/Link Status (green LED)

Mailbox (CoE)

Distributed Clocks

LED Indicator

Table 2-6 Communication Specifications

2.3.2 EtherCAT State Machine (ESM)

The EtherCAT State Machine coordinates both Master and Slave during startup and operation. Their inter-
action (Master © Slave) results in changes of states being related to writes to the Application Layer Control-
word: AL Ctrl (0x0120).

Upon initialization of Data Layer and Application Layer, the ESM enters “Init” state which defines the Appli-
cation Layer's root of the communication relationship between Master and Slave. In the Application Layer,
no direct communication between Master and Slave is possible. The Master uses “Init” state...

» toinitialize a configuration register set and
» to configure the Sync Manager.

Operation of the connected MAXPOS (the Slave) requires its prior initialization by the Master via the ESM.
Within the ESM, transitions between certain states must follow a given scheme and will be initiated by the
Master. The Slave itself must not execute any transition.

For an overview of the EtherCAT State Machine =»Figure 2-2, for further descriptions =»as from Table 2-7.

@By BN

Pre-Operational Bootstrap (optional)

Operational
Figure 2-2 EtherCAT State Machine — Scheme

2-8
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Condition

Description

Power ON

* MAXPOS is ON
*« MAXPOS autonomously initializes and switches to state “Init”

Init

» Master will synchronize the EtherCAT field bus

» Asynchronous communication between Master and Slave (Mailbox) will be
established. At this time, no direct communication (Master n Slave) will yet take
place.

* When all devices have been connected to the field bus and have successfully
passed configuration, state will be changed to “Pre-Operational”

Pre-Operational

» Asynchronous communication between Master and Slave (Mailbox) will be active.

» Master will setup cyclic communication via PDOs and necessary parameterization
via acyclic communication.

» Upon successful completion, the Master will change to state “Safe-Operational”.

Safe-Operational

» Used to establish a safe operation condition of all devices connected to the
EtherCAT field bus. Thereby, the Slave sends actual values to the Master while
ignoring new setpoint values of the Master and using save default values instead.

» Upon successful completion, the Master will change to state “Operational”

» Acyclic as well as cyclic communication is active

Operational » Master and Slave exchange setpoint and actual values
* MAXPOS be enabled and operated via the CoE protocol
* Only FoE is possible (Mailbox)
Bootstrap » Firmware download via FoE
Table 2-7 EtherCAT State Machine — Conditions

Status Transition | Status
IP Start of acyclic communication (Mailbox)
PI Stop of acyclic communication (Mailbox)
Start of cyclic communication (Process Data)
PS Slave sends actual values to Master
Slave ignores setpoint values by the Master and uses default values
sp Stop of cyclic communication (Process Data)
Slave ceases to send actual values to the Master
SO Slave evaluates actual setpoint values of the Master
oS Slave ignores setpoint values from Master and uses internal default values
Stop of cyclic communication (Process Data)
OoP Slave ceases to send actual values to the Master
Master ceases to send actual values to the Slave
Stop of cyclic communication (Process Data)
si Stop of acyclic communication (Mailbox)
Slave ceases to send actual values to the Master
Master ceases to send actual values to the Slave
Stop of cyclic communication (Process Data)
ol Stop of acyclic communication (Mailbox)
Slave ceases to send actual values to the Master
Master ceases to send actual values to the Slave
B Start Bootstrap Mode
Firmware download via FoE (Mailbox)
BI Reset device after successful firmware download
Table 2-8 EtherCAT State Machine — Transitions

MAXPOS Application Notes
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Parameter Address Bit Description
0x01: Init Request
0x02: Pre-Operational Request
Control 0x120 3...0 0x03: Bootstrap Mode Request
0x04: Safe-Operational Request
0x08: Operational Request
0x00: No error acknowledgment
Error Acknowledge 0x120 4 0x01: Error acknowledgment at rising edge
Reserved 0x120 7..5 -
Application-specific 0x120 15...8 -
Table 2-9 EtherCAT State Machine — Control Register

24 Integration of ESI Files

SDOs are used to access the object dictionary. The corresponding interface is CoE. The MAXPOS is
described with an XML file bearing the so-called ESI (EtherCAT Slave Information).

For in-detail description and examples on integration into the EtherCAT Master Environment =»chapter “3
Integration into EtherCAT Master Environment” on page 3-11.

2.5 USB Interface

The USB interface is used for configuration only, MAXPQOS controllers are commanded by an EtherCAT

master.

maxon MAXPOS drives' USB interface follows the “Universal Serial Bus Revision 2.0 Specification”. You
may wish to download the file from the Internet (for URL =»page 1-6, item [ 3 ]; full details are described in
chapter “7.3 Physical Layer”).

For further information on manufacturer-specific USB protocol =»page 1-6, item [ 4 ].

2.6 Error Code Definition

For for detailed information on error codes, device-specific errors, and error handling methodology =»sepa-
rate document «MAXPOS Firmware Specification», chapter “Error Handling”.

2-10
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Integration into EtherCAT Master Environment
x In Brief

3 INTEGRATION INTO ETHERCAT MASTER ENVIRONMENT

3.1 In Brief

OBJECTIVE

The present application note explains how to integrate the MAXPOS into several EtherCAT Master Environ-
ments by using various tools. Additional Master Environments will follow.

CONTENTS
3.2 Beckhoff TWINC AT . . ... e e e e 3-11
3.30mMron Sysmac NJ . . ... e 3-21

3.2 Beckhoff TwinCAT

INTEGRATING ESI FILES

To integrate a MAXPOS 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\".

SCANNING THE ETHERCAT SLAVE DEVICE
1) Connect the MAXPOS 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®.

MAXPOS - Microsoft Yisual Studio

Fle Edt Wew Project Debug | TwinCAT | PLC  Tools Window Help

R | §| 4 oo *B Generate Mappings
i 01| 2 @ |6y | B Acivate Configuration
I Restart TwinCAT System
solution Explorer
ET  Restart TwinCAT (Config Made)
e
- T
) Solution MAKPOS' (1 project) | ¥ Beiadlerices [Tupt
£ [l Marpos ¥ sean
SESTER (@ Toaals Free Run State
MOTION
PLC 6 Show Orline Data
[ SAFETY * Show Sub Ttems
CH
= Show Realtime Ethernet Compatible Devices...
Selected Ttem v
520
I ittp: /v beckholf.com
Figure 3-3 Integration — Beckhoff TwinCAT | Create new Project

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

a) Click one of the listed network cards.
b) Click rinstall=.

Installation of TwinCAT RT-Ethernet Adapters

— — I:}
- Ethemet Adapters :

E-8F Installed and 12ady to uze devices -
¥ Lacal Ares Conrection 2 - A1 AX881 78 USB2.0 to Gigabit Ethermet Adapter iie]
Compatitle devices
¥ Local Ares Connection - Intel[) PROAD00 MT Netwark Connection ;
Incompatible devices o
¥ Disabled devices
Enable
Disable

™ Show Bindings

0y

4]

Figure 3-4 Integration — Beckhoff TwinCAT | Install Ethernet Adapters

5) In the TwinCAT System Manager navigation tree, click right on &l/O Devices®, then select #Scanx.

MAXPOS - Microsoft Yisual Studio

File Edit Wiew Project Debug TwinCAT PLC  Took  window H

R = A N N A R R ~ = Y

T G e —
Solution Explorer - 7 X Qmaxpos x.
= Humber | Devi
(o) Selution MAXPOS' (1 proect)
B [l Maxpos
] svsTEm
MOTION
FLC
=

22| Add Mew Teem... Chrl+Shift+a
Add Existing Ttem... Shift-+Alt+8

& Sean
Paste Chrlav
Paste with Links

|
Figure 3-5 Integration — Beckhoff TwinCAT | Scan Devices

6) Click aOK= to confirm.

TwinCAT XAE =Eem|

B, HINT: Not all types of devices can be found automatically

Figure 3-6 Integration — Beckhoff TwinCAT | Confirmation

MAXPOS Application Notes
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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 /0 devices found i L]
[ Davice 2 (e AT ] [Loral Arss Conmschion » (ol bwti 7 LIGR2 1 o GiaavOk] oK.
Select All
Figure 3-7 Integration — Beckhoff TwinCAT | New |/O Devices found
8) Click ®YESx to confirm.
TwinCAT XAE [ —-
\_@I Scan for boxes I}

Figure 3-8 Integration — Beckhoff TwinCAT | Scan for Boxes Confirmation

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 l\ (-]

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

]
Figure 3-9 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 ®Yes® to confirm.

TwinCAT XAE L)
[

\_e. Activate Free Run

Figure 3-10 Integration — Beckhoff TwinCAT | Activate Free Run Message

MAXPOS Application Notes
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12) Save the project.

MAXPOS - Microsoft Visual Studio
Fle Edit View Project Debug TwinCAT PLC Todls Window Help

R T I T LR 1 I — 1 )
L P e e r— [3) =QAl=Ga=0laua 00,

Stlution Explorer v 3 X Qmazpos X
: — General | EthercAT | DC | Process Data| Siots | Startup | Co - Onine | Disg History | Oriine |
g Solution MAZFOS' (1 project)
2 [l mazros

u Wame: Diive 1 M
SYSTEM
g MOTION Objectld,  [0x03020001
2 B Ne-Task 1 587
[ MC-Task 1 VB Type: [M&xPOS B0/5
]

B 1age Comment =l

St Aes
st Axis 1

[
I™ Disabled Create symbols [0
B %% Devices
2] = Device 2 [EtherCAT)
8 Image
8 Image-Info

2 SyncUnits

Inputs

I Outputs

I Infobats

21 Drive 1 (MAXPOS)

B &% Mappings

+¥, NC-Task 1 SAF - Device 2 (EtherC

# NC-Task 1 SAF - Device 2 (Ethercall Homs [ [ oniine [ Tvpe [size [ =addr... | Injout | User ID | Linked to [ -
1 statuswiord % 00540 (1344) INT 20 8.0 Inpt 0 nistatel, nState?
1 PositionActusivalue % 0x00000000 (0) DINT 40 60.0 Input 0 nDatalnt . In . Inputs . E...
# YeloctyActuaialue  0x00000000 (0) DINT 4.0 64.0 Inpt 0
# TorqueActualvalue 050000 (D) T 20 68.0 Input 0
# ModeOfOperatio. . 00 (0) SINT 10 0.0 Inpt 0
#I Digitallnput 000000000 (0} UDINT 40 710 It 0
1 westate %0 BIT 01 15222 Inpt 0 nistated . In . Inputs . Dri... |
%1 State 00008 (8 UINT 20 15480 Input 0
1 adsaddr 172.18,66.108.3.1;... AMSADDR 8.0 15500 Input 0
# Chrp 000 (0) UsINT 1.0 15580  Input O
) Deoutputshift % OXDO094FFC (610300) DINT 4.0 15590 Input 0 nDCOutputTime . In . Inpu, .
# Delnputshift OxDO3BI04 (3369...  DINT 40 15630 Input O

Error List

Q oErrors || 0\ 0Warnings | (i) 0 Messages || Clear
|| escription | Fie_~ | Line_| Project

<| N ——®,
Figure 3-11 Integration — Beckhoff TwinCAT | Save Project

CHANGING OPERATING MODES TO CSP

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 MAXPOS in Cycle Synchronous Mode, you will need to configure PDO Mapping
accordingly by defining “Slots”.

Additionally, the following “regular” MAXPOS operating modes may be used:
+ Profile Position Mode (PPM)
» Profile Velocity Mode (PVM)

MAXPOS Application Notes
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13) Upon recognition of the involved axes, the structure tree will be displayed as to the following exam-
ple.

MAXPOS - Microsoft ¥isual Studio
File Edit View Project Debug TwinCAT PLC Todls Window  Help
ekl IO R - [ Es=xeEa-.
L P e e r— [3) sdl=Ea=0lasa00,
o .. A ]
: : General | EtherCAT | DC | Process Data | Siots | Startup | CoE - Dnine | Disg History | Oriine |
) Saltion "MAXPOS' (1 project)
=] atfmxpos -
SYSTEM
=} MOTION Dbiect Id [0x03020001
= [ nCTask 1 5aF
[21 NC-Task 1 S48 Type: [MexFOS 50/5
+0
+ Image Comment: =
[ Tables
B S Axes
o Ais 1
LC
@ saFETY -]
+
B & 1o I~ Disabled Create symbofs I
= “E Devices
b 5 Device 2 (EtherCAT)
8 Image
*8 Image-Info
2 SyncUnits
Inputs
W Outputs
I Infobata
& | Drive 1 (MAXPOS)
= @ Mappings
* NC-Task 1 SAF - Device 2 (EtherC
7 NC-Task 1 SAF - Device 2 (EtherCAl ame [ [ oniine [ Type [Size [ »éddr.. [infout [ userio | Linkedta | -
1 Statuswiord % 0x0540 (1344) UINT z0 58.0 Tt 0 niStatel, nState?
) PositionActualvalue X 000000000 (0) DINT 4.0 60.0 Inpt 0 nDatalnt . In . Inputs . E...
# elockyActualvslus  0x0D000DDO (0) DINT 40 64.0 Input 0
# TorqueActualvalue 00000 {0) T 20 68.0 Inpt 0
% ModeOFOperatio. . 000 (0) SINT 1.0 70.0 Input 0
#I Digiallnpat 000000000 {0} LDINT 4.0 710 Iput 0
F westate X0 BIT ot 15222 Input 0 niState4 . In . Inputs . Dri... |
¥ state 00005 (8) UINT 20 15480 Inpt 0
#1 Adsaddr 172.18.66.108.3.1;... AMSADDR 8.0 15500 Input O
#l Chno 000 (0) usINT 10 15560 Input 0
) Deoutputshift X OxDOOS4FFC (610300) DINT 40 15590 Input O nDeOutpUETime: . In . Inpu. .
# Delnputshift OXDOFIEI04 (3369...  DINT 4.0 15630 Input 0 |
Error List
@ oErors | 1\ 0Warnings | () 0Messages | Clear
| | mescription | File ~ | Line | Project
<| |+ 1 e I

Figure 3-12 Integration — Beckhoff TwinCAT | Structure Tree

14) Use the tab aSlots® 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| EtherCaT| OC | PracessData Slols | Startup | CoE - Onine | Diag Histary | Orline |

Slot Hadule | Deseription
& @ CSP Mods Cyclic Synchionous Pasition Mode; synchrona
acl hodule T (L3P Mode) J @ 05V Mode Cyclic Synchionaus Velocity Mode: synchiona,
05T Mods Cyclic Spnchionous Tarque Mads; synchronou:
ﬂ @ FPM/PYM Made Profile Position Mode/Prafile Velocily Mode

Figure 3-13 Integration — Beckhoff TwinCAT | Configuration of Slots

MAXPOS Application Notes
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VERIFY CSP SETTINGS

maxon

15) Enable the Distributed Clock from the MAXPOS.

MAXPOS - Microsoft Visual Studio -

File Edit View Projsct Dsbug TWinCAT  PLC Tools  Window  Help
cal-SHa s @90 -2
082G |60 |[doca> -

|21k =

al~

General | EtherCAT  DE

[ Solution MALFOS' (1 project)

Process Data | Slats | Staitup |

CoE - Online | Disg History | Oniine |

2 [l Mazros ’ 7 —
e Operation Mode: |DE-Spnchion |
MOTION g
Advanced Settings..
=[] NC-Task 1 58F 2 |
Distributed Clock 1
- Cyclic Made
Operation Mode: [pCspmchion = |
W Enatle Syne Unit Cycle (ush (2000
~SYNCO

Cyele Time (s Shift Time: (s}
@ SyoUniCycle  [x1 7] | | UseiDefied [0
2 SyncUnits
- I:puts © User Defired + BYNEI Cyels
W Outputs [z000 [xo =l o
@ Infobats
2+ Drive 1 (MAXPOS) I™ Based on Input Reference:
&%, Mappings ) l—
IV Enabls SYNCOD - i

SN

Figure 3-14

16) In the Solution Explorer, click on tree item aNC-T.
Set cycle time to 2 ms.

Integration — Beckhoff TwinCAT | Distributed Clock

ask 1 SAFx, then tab aTasks.

MAXPOS - Microsoft Yisual Studio -

File Edit View Project Debug TwinCAT FLC  Tools  Window Help

cEA-SH@ S aBo-e -8B
BB 2@ o |

@ | 9F@xeda-.

Start tick [modulal

™ Separate input update

™ Create symbals

I Include extemal symbols

=l

|3 > = E|2(==r=D |t @ & (DD
Stlution Explorer v 3 X Qmazpos X
: - e Task | Retain| Onine |
[ Solution MARPOS' (1 project)
= @l meeos Wame: NC-Task 1 54F Port 501 -
g rF Aupdal ————— " Opjeotld: [0x05000010
™ Aute Priority Management Wt
Priatity: 4 3: [~ Disable
Cplsticks  [2 =] [2000 s

: 0
- B e Pre ticks
B T Davkes I~ Warming by ercesdin
5. 7= Device 2 (EtherCAT) clis - [ 140 at task begin
8 Iage I essage box
+l
Image-Info . -
113 watchdag Cycles: =
2 SyncUrits S
Inputs
I Outputs .
3 InfoData Comaery

2+ Drive 1 (MAXPOS)
&%, Mappings

Figure 3-15 Integration — Beckhoff TwinCAT | Cycle Tic

ks
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CONFIGURATION OF THE AXIS
17) In the Settings tab, verify that aLink To I/O...x is assigned to the MAXPOS axis (naming is by your

choice).

-3 Solution 'MAXPOS' (L project)
4[5 MAXPOS
v (@l SYSTEM

|8 NC-Task1 SAF
[Z MC-Task1 SVB
*® Image
[7] Tables
a4 T Aves
4 B Axisl
b % Enc
= Drive
tag, Ctrl
b [ Inputs
- [ Outputs

a el
4 "% Devices

4 5 Device 2 (EtherCAT)

2% Image

2% Image-Info

2 SyncUnits

17 Inputs

W Outputs

InfoData

= Drive1 (MAXPOS)

4 % Mappings
5*) NC-Task1 SAF - Device 2 (EtherCAT) 1
% NC-Task 1 SAF - Device 2 (EtherCAT) Info

Figure 3-16

vwwvw

v

Integration into EtherCAT Master Environment

Beckhoff TWinCAT

AP s d[rE==0)s a0,

General | Settings | Parsmeter | Dynamics | Online | Functions | Coupling | Compensation |

Drve T WAXPOS i

[Link To PLC...
Axis Type:  [CANopen DS402/Profiis MDF 742 fe.g. EtherCAT CoE Dive) -
Unit mm + | Display {Only}
Posttion im Modulo
Velocity: mm/min
Result
Postion: Velocity Accslerstion Jerk:
mm mm/s mm/s2 mm/s3
fads Cycls Time / Access Divider
Divider 1 Cycle Time (ms} 2,000
Modulo: 0 |

Integration — Beckhoff TwinCAT | Axis Link

18) In the Parameter tab, adjust the motor speed settings as to the motor’s capability and to the supply
voltage.

=

NC-Task 1 SAF
[Z: NC-Task 1 SVE
*® Image

[ Tables

4 B Axes

b [ Inputs

a FGvo
4 "% Devices
4 5 Device 2 (EtherCAT)
2% Image
2% Image-Info
2 SyncUnits
17 Inputs
W Outputs
InfoData
= Drive1 (MAXPOS)
a3 Mappmgs
?) NC-Task 1 SAF - Device 2 (EtherCAT) 1
.r'J NC-Task 1 SAF - Device 2 (EtherCAT) Info

Figure 3-17

vwwvw

v

General | Seftings| Parsmeter | Dynamics | Online | Functions | Coupling | Compensation |

]_ Ee— Offfine Value Online Value Unit

Velocities:
Reference Velocity
Maximurm Velocity
Manual Veloity (Fast)
Manual Velacity (Slow)

+  Dynamics:
+ Limit Switches:

+  Monitering:

+  Setpoint Generator:
+  NCIParameter

+  Other Settings:

Caksiabion Vekotity (towars ple can) 20
Calibration Velocity (off plc cam) 20
Ty Sncsenent (Bowran) 50
JogIncrement (Backward) 50

m M m M M m om o

mm/s
| mm/s
|mmfs
|mm/s
| mm/s

mm/s

'mm

Integration — Beckhoff TwinCAT | Speed Settings

MAXPOS Application Notes
CCMC | 2019-08 | rel8960
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Integration into EtherCAT Master Environment
Beckhoff TwinCAT m x n

19) Set Dead Time Compensation to approximately three to four times the set NC-Task SAF Cycle
ticks (=»“Verify CSP Settings” on page 3-16; step 16)

[ Solution "MAXPOS' (1 project) Geners | Setigs | Parsmeter| Dynamics | Onine | Functons | Gouing | Compensation|
+ E maxeos ]7 P— Offline Value Qnline Value it
| ;VS;E% Velocities: |
NC-Task1 SAF + | Dynamics:
[ NC-Task 1 SVB + Limit Switches:
*% Image + |Monitoring:
‘ EE:‘:‘ + | Setpoint Generator:
e +  NCIPsrsmeter:
b &, Enc - Other Settings
» = Drive Position Correction FALSE ~| I
T, Ctrl Filter Time Position Correction (P-T1) 00 ' E E
g E g‘zﬁt; Backlash Compensation FALSE = B
Backlash 00 F o mm
Error Propagation Mode INSTANTANEQUS' =l e |
s -+ Error Propagation Delay 00 | BB
4 '“L';D Couple slave to actusl values if not enabled FALSE =l e |
‘ ” ‘-;v;::cez (EtherCAT) Velnchy Windew . P
8 Image Filter Time for Velocity Window .01 | [F |
28 Image-Info Allow motion commands to slave axis TRUE =l B
z ’_ﬁ If‘:";:“'“ Allow motion commands to external setpoint axis ;[ :B [
: L" Ostpu('s Dezd Time Compensation (Delay Velo and Position) [F s
» i InfoData Data Persistence B
& =l Drive 1 (MAXPOS)
4 @ Mappings
47 NC-Task 1 SAF - Device 2 (EtherCAT) 1
;% NC-Task 1 SAF - Device 2 (EtherCAT) Info

Figure 3-18 Integration — Beckhoff TwinCAT | Dead Time Compensation

20) Make sure to set the correct encoder resolution.

Solution Explorer

o = = = 5
-3 Solution "MAXPOS' (1 project) meal | HC | P g saton | ‘

+ [l maeos [— Offline Value Online Value Un
> (@l SYSTEM

Encoder Evaluation:

NC-Task 1 SAF Invert Encoder Counting Direction FALSE =l e
[y NC-Task1 SVB Scaling Factor Numerator oooos | F o mn
% Image Scaling Factor Denominator (default: 1.0) 10 I3
[ Tables Position Bias 00 Fmn
4 B Axes |
T mana Modulo Factor (e.g. 360.0%) 3600 F |
b (EnE Tolerance Window for Module Start X o |mn
b =) Drive Encoder Mask (maximum encoder value] O:FFFFFFFF o
Iy, Curl Encoder Sub Mask (absolute range maximum value) | 0000FFFFF I
B M hpins Reference § INCREMENTAL' =l |e
W Outputs erence System |
Limit Switches:
Soft Position Limit Minimum Menitoring FALSE =l B
Minimum Position 00 Fomm
<« @w Soft Position Limit Maximum Monitoring FALSE =l B
4 "% Devices
4 B Dovice 2 (EtherCAT) Maximum Position 00 Fomm
2% Image ~ Filter
2% Image-Info +  Homing:

2 SyncUnits

17 Inputs

W Outputs

InfoData

= Drive1 (MAXPOS)

4 % Mappings

?) NC-Task 1 SAF - Device 2 (EtherCAT) 1
%) NC-Task 1 SAF - Device 2 (EtherCAT) Info

Figure 3-19 Integration — Beckhoff TwinCAT | Encoder Settings

2

+  Other Settings:

vww

v

MAXPOS Application Notes
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Integration into EtherCAT Master Environment
Beckhoff TwinCAT

21) 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”

4 NC-Task1 SAF

g rLc
| SAFETY
& o+
4 Guo
a4 ¥ Devices
4 = Device 2 (EtherCAT)

‘ i

Figure 3- 20

22)

4 Zafxes

- Mapp'mgs

@ NC-Task 1 SVE
2B mage

[ Tebles

4 B Aisl
b @ Enc
b ad Drive
fa Cirl]

¢ I Inputs

[l Outputs

2% Image

2% Image-Info

2 SyncUnits

1 Inputs

W Outputs

H InfoData

] Drivel (MAXPOS)

v e v w

5%, NC-Task 1 SAF - Device 2 (EtherCAT) 1

Parameter | Online |

General | NC-Controller

§%) NC-Task 1 SAF - Device 2 (EtherCAT) Infy

tion Explorer

[ Solution 'MAXPOS' (1 project)
4[5 MAXPOS
b SYSTEM
4 MOTION
4 NC-Task1 SAF

o pLC
| SAFETY
| =t
| 4 Fvo
| 4 Devices
|
|

| s

Figure 3-21

4 Ba s

a4 7= Device 2 (EtherCAT)

&%, Mappings

[—— [Offfne Value Online Value [ Unit

 Monitoring:

| TRUE

|Pasition Lag Menitaring

| Maximum Position Lag Value 50 | mm

Maximum Position Lag Filter Time 002 s

Position Control Loop:

Position control: Proportional Factor Kv

_ =

| Feedforward Velocity: Pre-Control Weighting [0.0

+  Other Settings:

| [ BpndAl ] [ ColpsAl ] [ Seectdl ]

[ Downioad_| [ Upioad |

Integration — Beckhoff TwinCAT | Position Control Loop Settings

[Z: NC-Task 1 SVE
8 Image

7] Tables

4 B Axisl
> % Enc
= Drive
T, Ctrl
b L0 Inputs
[l Outputs

2% Image
2% Image-Info
s 2 SyncUnits

b [ Inputs

» [ Outputs

» @ InfoData

o =]l Drive1 (MAXPOS)

@7 NC-Task 1 SAF - Device 2 (EtherCAT) 1

N [ General [ NC-Dnve | Parameter | Time Compensation |

@7 NC-Task 1 SAF - Device 2 (EtherCAT) Infy

[ [Parameter Offhr\e Value Dnhr\e Value [ Unit

Output Settings:
| |Invert Motor Polarity |FaLse ;l .
| Reference Velocity 11330 | | mm/s

| atOutput Ratio [0.0 .. 1.0] 10

| Position and Velocity Scaling: | |
|| Output Scaling Factor (Position)
|| Qutput Scaling Factor (Velocity)
| Output Delay (Velocity)
[ | Minimum Ditve Output Limitation [10 ... 10]
| Maximum Drive Output Limitation [-1.0 ... 1.0] 110

+ | Torque and Acceleration Scaling: | | |
+ | Other Settings: |

[ Download ] |

Upload | [ Bpand Al ] [ ColapsAl ] [ SelectAl |

Integration — Beckhoff TwinCAT | Output Settings

In the Parameter tab, set the correct “Output Scaling Factor (Velocity)”. Scaling may be calculated
as follows:
— Scaling = 7500 / (Encoder impulse number * 4)

—e.g. Encoder with 500 impulse per turn: Scaling = 7500 / (500 * 4) = 3.75

MAXPOS Application Notes
CCMC | 2019-08 | rel8960
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Beckhoff TwinCAT

maxon

23) In the Solution Explorer, select ®CSP Outputsa and set the link for the “Velocity Offset” variable.

@ SHd | aBe - -3

5y

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

¥ [ Relezse +| [TwincaT T p6) Tl [

R EAe BEa-

8|82 6.

| <Local>

A =4l

[ Solution 'MAXPOS' (1 project)
4 3l Mmaxpos
b |l SYSTEM
4 |2 MOTION
4 [ NC-Task 1 SAF
[E1 NC-Task1 SVB
2% Image
[=] Tables
4 B Axes
4 o Aoisl
> 4 Enc
> = Drive
Iy Ctrl
> Inputs
» [ Outputs

4 2 Devices

a4 = Device 2 (EtherCAT)

8 Image
*8 Image-Info

2 SyncUnits
Inputs

W Outputs

I InfoDate

4w Drivel (MAXPOS)
4 ] Module 1 (CSP Mode)
b [ €SP Inputs
4 W CSP Outputs
- ControlWord
| B TargetPosition
B PositionOffset
B+ VelocityOffset

[ B+ TorqueOffset
B ModeOfOperation
I W MinitalObnot

Figure 3-22

(i

Varizble | ags | Orine |

Name: lelocityOffset

Type: DINT

Group: CSP Outputs Size: 40
Address: 81 (De57) User ID: o
Comment:

ADS Info Port: 11, 1Grp: (x3040010, IOffs: 0<81000051, Len: 4

Full Name TIID"Device 2 (EtherCAT) " Drive 1 (MAXPOS)"Madule 1 (CSP Mode)"CSP

Q@ 0Erors || 10 Wanings | (i) 0 Messages || Clear

Description

Integration — Beckhoff TwinCAT | Variable Settings

Line Column  Project

24) In folder aDriver \ =Outr, select “nDataOut2” of Axis 1 as link variable.

Attach Variable VelocityOffset (Output)

=

[ MOTION
NC-Task 1 54F
Anes

B s 1
i, Enc

----- e rDatalutl >
Jr rDatalut2 >
----- Jr nDataluld >
----- 1 nDatalutd >
B rDataluls >
B rDataluls >

£ Diive

w
B rDataluid >
B rDatalutd >
B rDatalus >
B rDataluts >

=M Out > OB 2560, MCHNCENCODERSTRUCT_OUTZ [4(

(B 256.0, UINTARRZ [4.0]
(B 260.0, UINTARRZ [4.0]
(B 268.0, UINTARRZ [4.0]
(B 2720, UINTARRZ [4.0]
QB 276.0, UINTARRZ [4.0]
QB 280.0, UINTARRZ [4.0]

= M OQut > (B 236.0, MCNCDRIVESTRUCT_QUT2 [40.0]
)

QB 308.0, UINTARRZ [4.0]
QB 312.0, UINTARRZ [4.0]
QB 316.0, UINTARRZ [4.0]
QB 3200, UINTARRZ [4.0]

=M ToPlc > OB 0.0, MCNCTOPLC_&xI5_REF [256.0]
- StateDWord > (B 0.0, MCNCTOPLC_AXIS_REF_ST#
Ev EnoCode > (B 4.0, UDINT [4.0]
Ev AvisState > QB 8.0, UDINT [4.0]
B AxisModeConfimation >

< n

QB 12.0, UDINT [4.0]
|

= Show Yariables

@ Unused

0 Used and unused

[7] Exclude disabled
Exclude other Devices
[¥] Exclude same Image
[H Show Toalips

[T Sort by Address

m

Show Variable Types
[7] Matching Type
[¥] Matching Size
[T Al Types

& Aniay Mode

Dffsets

[7] Continuos
[ Show Dislog
Varizble Name

Hand over
[T Take over

v 5 Cancel oK

Figure 3-23

Integration — Beckhoff TWinCAT | Variable Offset
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Integration into EtherCAT Master Environment
m x n Omron Sysmac NJ

3.3 Omron Sysmac NJ

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

ETHERCAT CONFIGURATION
2) In the Multiview Explorer, select aConfigurations and Setup=, then nEtherCAT=.

‘Multview Explorer -y Toolbox
- v
new_Controller 0 v

b4 Configurations and Setup

> T

Figure 3-24 Integration — Omron Sysmac NJ | Configuration & Setup

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

e N
[§ MAXPOS Project - new_Controlier 0 - Sysmac Studio [E=E

File Edit View Insert Project Controller Simulation Tools Help

.i =ii= L] Toolbox

Node Address|Network confiquration All vendors

L/
Multiview Bxplorer

-
new _Controller 0 v | l ‘

— Ttem name Value =
¥ R AT

Model name Master Hl Servo Drives

Product name Master ] Frequency Inverter
Number of Slaves 0 = Digital IO

:Df() Cnmng:lml({almn... LO(:(]_ - B Analog [0
‘ eference Clocl 0% CIE = Encoder Input

Total Cable Length Gl m Al
i Meas t Sensor
i . Fail-soft Operation ...  Fail-saft operatior v gu::‘;':;;'r e
Wait Time for Slav 30 HEE
PDO communication.. RN tme: [—

Revision Check Meth..  Setting <= Actusl B Siow aivers
Serial Number Check... N check v OSSO

> DC Synchronaus Cor...  Disable slave mon v NX-ECC201 Revi12
C201 EthercAT coupler

I:I NXC-ECC202 Revil.2
EI NX-ECC203 Revil3
u RBBD-KNO1H-ECT Rew:2.1
m RBBD-KNO1H-ECT-L Revil.1
u RBBD-KNOLL-ECT Revi2.1
m RB8D-KNOLL-ECT-L Rev:11
RBBD-KNO2H-ECT Revi21
Device name ——————————————— u
t a name for the master. m REBD-KNOZH-ECT-L Revil.1
u RB8D-KNOZL-ECT Rev:2.1

m REBD-KND2L-ECT-L ReviL.1
Output

u RBBD-KNO4H-ECT Revi2.1

OMRON Corpo
‘Comment : EtherCAT Cou
URL: O

A Filter

L

Figure 3-25 Integration — Omron Sysmac NJ | Master

MAXPOS Application Notes
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Integration into EtherCAT Master Environment

Omron Sysmac NJ

maxon

IMPORT ESI LIBRARY

3)

In the EtherCAT tab, click right on the master and select aDisplay ESI Library=.

Multiview Explorer

new _Controller 0 v

84 Configurations and Setup
=

Gl
CPU/Ex

> T

Figure 3-26

4)

.i :i:iin = Toolbox

-
| l ‘ Node Address|Network confiquration | All vendors

Item name
Device name

Value
Model name Master s
Product name Master
Number of Slaves 0
PDO Communication... 1000 3
Reference Clock Not exist
Total Cable Length SO
Fail-soft Operation §... Fail-soft operatior v

Wit Time for Slave 5. ECHEN-  —

PDO communication... e [PEEYETET]
Setting <= Actual ¥
C201 Rev:1.2

Revision Check Meth -
Serial Number Check... N check — Lsimmaliezme s
Disable slave mon ¥ E
CCo01 EthercAT coupler
[] Merccane rent2

3 Frequency Inverter

= Digital IO

= Analog [0

= Encoder Input

= Measurement Sensor
ion Sensor

Import Slave Settings and Insert New Slave ARG

EI NX-ECC203 Rev:il3

u R88D-KNO1H-ECT Rev:2.1
Clear Al Settings

m RE8D-KNO1H-ECT-L Rew:l.1

u R88D-KNOLL-ECT Rev:2.1

splay Sl Library

Export Configuration Information
Output to ENS File
Export All Couplers’ /O Allocations

m RBBD-KNOLL-ECT-L Revl1

u REBD-KNDZH-ECT Rev:2.1
icename —————————————————

name for the master. m RBBD-KNOZH-ECT-L ReviL.1
u RBBD-KND2L-ECT Rev:2.1

m REBD-KND2L-ECT-L ReviL.1
Output

u RBBD-KNO4H-ECT Revi2.1

Integration — Omron Sysmac NJ | Import of ESI Library

Click mthis Folder= to import the MAXPOS ESI file.

() Es1 Library

Omron ZW-CEL
MAXPOS EtherCAT

ve Information_0120h_3001h_0000h_0

Figure 3-27

5)

Integration — Omron Sysmac NJ | Import of MAXPOS ESI File

Store your settings, close and restart the «Sysmac Studio».
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Integration into EtherCAT Master Environment
m x n Omron Sysmac NJ

6) Select the desired MAXPOS slave(s) from the aToolbox= and Drag&Drop it (them) to the ®Mastera
in the EtherCAT tab.

B e e SR S S s e

File Edit View Insert Project Controller Simulation Tools Help

1 = - 1 1
4 6 @ p = & : ;

1 4 @ O n 1 |

Multiview Explorer L] Toolbox ~ 0

3

maxon motor ag

nevcGonioies v [ ||
Ttem name Value

M Configurations and Setup patos T R

B Model name Master El

Product name: Master

Number of Slaves o0

PDO Communication... 1000

Reference Clock Not exist

Total Cable Length 1000

Fail-soft Operation S...  Fail-soft operatior v

Wit Time for Siave 5...  EC -
PDO communication...  ERtimes
Revision Check Metl Setting <= Actual ¥ e

f Serial Number Check...  No check - ot b

> DC Synchronous Cor...  Disable siave mon v m MAXPOS Rev:0x01000000

m MAXPOS Rev:0x01100000

MAXPOS ReviOx01200000
MAXPOS 50/5

 Device name
et a name for the master.

Output

Figure 3-28 Integration — Omron Sysmac NJ | Slave

MAXPOS PARAMETERS
7) In the EtherCAT tab, click right on the slave and select »Edit Module Configurations.

T _ EtherCAT X +| Toalbox

: Node AddressiNetwork configuration n motor ag
new_Controller 0 ¥ ‘ i |

— I_ll Master Value
¥
] = Model name MAXPOS
Cony Product name MAXPOS 50/5
2 Revision 0x01200000
Node Address T
Enable/Disable Settin...  Enabled
————————— Serial Number 0x00000000
Unda PDO Map Settings e
Enable Distributed Cl...  Enabled (OCSynd v
Reference Clock
i e [iut keyord |

B Show all versions

Delete

Setting
Edit Backup Parame I MAXPOS Rev:(x01000000

_ Setting

Module Configuration’  seyprmaIEEBHI [

Backup Parameter Se..

8 Froginring —— | —
Import Slave Setf
Export Slave Settings

Reset Node Address

Edit M, u\E Configuration

 Device name

Set a name for the

Output

Figure 3-29 Integration — Omron Sysmac NJ | Slave Parameters
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Figure 3-31

Integration into EtherCAT Master Environment
Omron Sysmac NJ

maxon

This will open a new tab named “Node1: MAXPOS (xxx)”.

r
[Bl] MAXPOS Project - new_Contraller_0 - Sysmac Studio

File Edit View Insert Project Controller

HME=)
Simulation  Tools  Help.

., e/
Item name Value s

Model MAXPOS
MAXPOS 50/5
0x01200000

Product name
Revision

Number of module:
PDO Map Settings
Module config send...

CSP Mode
Cychc Synchronous Position Mods

m v Mode

> T

1 CSTMode

M PPMWPYM Mode:

~ Device name

Set a name for the slave.

Output

Model: CSP Mode
Product name : Cyclic Syr

H Fifter

-

Figure 3-30

Integration — Omron Sysmac NJ | New Node

8) Select the desired operation mode from the »Toolbox= and Drag&Drop it to the respective axis in
the EtherCAT tab.

Multiview Explarer

oF
'osit! Slat
Seconplerg v ‘ i | ! Nodel : MAXPOS (EQ0;
A4 Configurations and Setup. 051 [ Acusil

Model
Product name
Connected position

PDO Map Settings

B Fogamming —— |

T PPM/PVM Mode

( Device name

Output

Integration — Omron Sysmac NJ | Operation Mode

MAXPOS Application Notes
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Integration into EtherCAT Master Environment
m x n Omron Sysmac NJ

9) Go Online to set the connection method (=&»Omron’s “Sysmac Studio Operation Manual”).

Multiview Explorer =
‘new_Controller 0 v | l ‘

| Corfgurstons and Seup___|
Figure 3-32 Integration — Omron Sysmac NJ | Going Online

10) In the EtherCAT tab, click right on the master and select a\Write Slave Node Addressx.

e N
[§ MAXPOS Project - new_Controlier 0 - Sysmac Studio [E=E

File Edit View Insert Project Controller Simulation Tools Help

~ 0 Toolbox
All vendors
new _Controller 0 v | l ‘

- ffem name Value e M—
A Configurations and Setup I e
i Model name Master ==

I Servo Drives

Product name Master s T

Number of Slaves 1 = Digitol 10

PDO Commurication... 1000 Epttnes

Reference Clock Not exist =

Total Cable Length

Fail-soft Operation
Expand All Wait Time for Slave E
Collapse All PDO communication... 2 times

R ——————————— Revision Check Meth.. Setting <= Actual dev... NX-ECC201 EtherCAT coupler|
Serial Number Check... Mo check [1] ccen: reiz
DC Synchronous Cor..  Disable slave monitori...
[ 1Eccees reviz
ikt bigeblodedddiess ls m RBBD-KNOLH-ECT Revi21
Compare and Merge with tual Network Configuration
Gt Slave Serial Numbers [ Peeo-xot-ECT L Rerd L.
[] o ron £TRer2
lay Diagnosis/Statistics Information

lay Production Information m R DAL oL
oo REBD-KNO2H-ECT Revi2:1
lay ESI Library |

[TEl RBBD-KNOZH-ECT-L Rewill

— — Model name : NX-ECC20
" B L EcC2
Set a name for the master. r

on
Vendor: OMRON Corpo
Comment : EtherCAT Cou
URL:

Output ~ B x Controller Status

ONLINE 19 .
ERR/ALM RUN mode

A Filter

Figure 3-33 Integration — Omron Sysmac NJ | Slave Node Address

MAXPOS Application Notes

CCMC | 2019-08 | rel8960 3-25



Integration into EtherCAT Master Environment
Omron Sysmac NJ m x n

This will display a dialog box.

r N
5 Slave Node Address Writing =lE

Present valuelSet valuel Actual network configuration

=2 gy
1 1 ﬂg MAXPOS Rev:0x01200000

Node addresses are set for slaves.

When any value other than 0 s set to a slave whose node address can be set from hardware, the setting has priority. In other cases, the addresses
set here are applicable.

Cancel

Figure 3-34 Integration — Omron Sysmac NJ | Slave Node Address Writing

11) If the node address is set correct, click ®Canceln. Otherwise edit the node address and click
a\Writer and power off/power on the MAXPOS to activate the new node address.

12) In the EtherCAT tab, click right on the master and select ®Compare and Merge with Actual Network
Configurationz.

S Toolbox -
All vendors v
HE I—
- e rame e
A cenigusion: nd seup =
= = [ Terminal Coupler
vz CAT Model name Master =
I Servo Drives
Product name Master i e
3 Frequency Inverter
Number of Slaves 1 = Digital I0
PDO Communication... 1000 = Analog 10
Reference Clock Not exist =

Total Cable Length 1000
_— Fail-soft Operation S... ~ Fail-soft operation -

Expand All Wait Time for Sla 0 s M Show all versions
Collapse All PDO communication... times NX-ECC201 Revil2

Revision Check Meth. Setting <= Actual de... NX-ECC201 EtherCAT coupler|

Serial Number Check... No check I:I NX-ECC202 Revil2

DC Synchronous Cor...  Disable slave monitori...

I:I INXC-ECC20~

ﬂ REED-KND1H-ECT Revi2.1

new_Controller 0 v

> EETET R W Sove o e
Compare and Merge with Actual Network Configuration N

Get Slave Serial Numbers E RE8D-KND1H-ECT-L Rev:ll

ﬂ RB8D-KNO1L-ECT Rev:2.1.
Display Diagnosis/Statistics Information

Display Production Information

Display Packet Monitor

Display ESI Library

m RESD-KNO1LECT-L Rev:l.
ﬂ R8BD-KNO2H-ECT Revi21
[Tl RE88D-KNO2H-ECT-L Revill
(- Device name

Set a name for the master.

Comment: EtherCAT Cou
URL:

Output ~ 1 X Controller Status -0

Figure 3-35 Integration — Omron Sysmac NJ | Network Configuration

MAXPOS Application Notes
3-26 CCMC | 2019-08 | rel8960



Integration into EtherCAT Master Environment
m x n Omron Sysmac NJ

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

] Compare and Merge with Actual Network Configuration [

Node Address|Network configuration on Sysmac Studio Node address|Actual network confiquration

Master

EQ01
MAXPOS Revi0x012( ﬂ MAXPOS Rev:0x012000(8S REYIN Matched Mo Matched

4 Apply actual network configuration

Some slaves such as Power Supply Units are not indluded in the actual network configuration.

Close

Figure 3-36 Integration — Omron Sysmac NJ | Comparison & Merger

14) Click ®=Apply actual network configuration®, then click ®Closex.

15) Go Offline.
16) In the Multiview Explorer, click right on #Axis Settings® and select ®Add®, then rAxis Settingsx.

Toolbox

<Search> v

Figure 3-37 Integration — Omron Sysmac NJ | Axis Settings

17) Rename the axis as desired.
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18) Go to mAxis Basic Settingsa and set the following parameters:
— Axis use = Used axis
— Axis type = Servo axis
— Output device 1" = Node:1, Slot : 0 CSP Mode(M1)
Expand the Detail Settings pane and set the respective values in the columns aDevicex and =Pro-
cess Datan.

Used axis
Servo axis
Feedback control  |Na control laop.
Input device 1 |<Not assigned= Channel
Input device 2 = Channel
3 Channel
Node : 1, Slot : 0 €SP Mode{M1) ¥ Tl
<Notassigned> v Channel
<Notassigned> ¥ Channel

Function Name | Device

" Output (Controller o Device)

*1 olword Node : 1, Slot : 0 CSP Mode(M1) v 6040h-00.0{CSP Outpu ¥
Node : 1, Slot : 0 CSP Mode(M1) v 607Ah-00.0(CSP Outpt ¥
<Not assigned>

et torque <Not assigned>
9. Max profile Velocity <Not assigned>
11. Modes of operation <Not assigned>
15. Positive torque limit value <Not assigned>

rque limit value <Not assigned>
function <Not assigned>
Swiitch of Encoder’s Input [<Nok assigned>
~ Input (Device to Controller)

% 22. Statusword Node : L, Skt : 0CSP Mode(ML) v G04Th-D00(CSP Tnputs
CSPnpus v

24, Velocity actual value <Not assigned> v

orque actual value <Not assigned> -
lodes of operation display

Figure 3-38 Integration — Omron Sysmac NJ | Axis Basic Settings

19) Go to mUnit Conversion Settingsa and set the following parameters:
— pulses per motor rotation
— travel distance per motor rotation

Unit of display © pulse ® mm ® um [y @ degree @ inch
Command pulse count per motor rotation P pulse/rev
Work travel distance per motor rotation PO pulse/rev
~Reference: Unit conversion formula

s _1 _ Command pulse count per motor rotation (UDINT) , . . _
e e e e e AR i

Figure 3-39 Integration — Omron Sysmac NJ | Unit Conversion Settings
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20) Go to = Operation Settingsa and set the following parameters:
— velocity
— acceleration rate
— deceleration rate
— other monitor parameters

Maximum velocity : Velocity wamning value [ >
Start velocity >
Maximum jog velocity :
Maximum acceleration > Acceleration warning value ‘
Maximum deceleration P Deceleration warning value
Acceleration/deceleration over Use rapid acceleration/deceleration (Blending is changed to Buffered) v
Operation selection at Reversing [Deceleration stop ¥
¥ Torque

Positive torque warning value | N N RRRR) Negative torque warning value | N NS

¥ Monitor

In-posit pulse: In-position check time | ) -

Actual velocity filter t stant. [ Z sition range pulse

Figure 3-40 Integration — Omron Sysmac NJ | Operation Settings

21) Go to = Servo Drive Settings® and set the following parameters:
— maximum position setting
— minimum position setting
— main circuit power supply OFF detection to @Do not detecta.

¥ Modulo Position Settings

Modulo masimum position setting value 2147483647 [N
Modulo minimum position setting value [JIEEEEIZCERE] pulse
¥ Detailed Settings

PDS state control method  |Switched on by Sero OFF ¥
Main circuit power supply OFF detection @ Detect ©) Do rnot detect

Figure 3-41 Integration — Omron Sysmac NJ | Servo Drive Settings
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REGISTER ST PROGRAM

22) In the Multiview Explorer, select ®Programming= \ ®POUs®, click right on ®Programs= and select
wAdda \ aStructured texts.
“Program0” will now be added to ®Programsx.
Select #Program0=, click right on aAdd= \ aSection= to add a new section.

Bi| MAXPOS Project - new_Contraller_0 - Sysmac Studio HEI=

S T |

Multiview Explorer ~ 0 Toolbox

<Search> -

new_Controller 0 v | l ‘

44 Configurations and Setup

v CAT

} A Filter d
Figure 3-42 Integration — Omron Sysmac NJ | Register ST Program

23) Rename the newly added section to “VelOffsetPart”.

24) Insert the following structure text and code. Define the variable as “External”. Thereby...
60 = rescaling turns per second to turns per minute,
2000 = encoder impulse number per turn * 4 (for example, encoder with 500 impulses per turn: 500
* 4 =2000).

- I I_l 1 Vel Rpm_MAXPOS1:=LREAL_TO_DINT(MAXPOS1.Cmd.Vel) * 60 / EODD;|
Figure 3-43 Integration — Omron Sysmac NJ | Section0 Variables
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Integration into EtherCAT Master Environment

25) Add the variable “Vel_Rpm_MAXPOS1” to the “I/O Map”.

Omron Sysmac NJ

Multiview Explorer

new Controller 0 ¥

‘ Pasition |

44 Configurations and Setup. _ [hemy
Nodel
" sloto

] P ——

¥ @ POuUs

h
" CPURac

Figure 3-44

o
¥ & EtherCAT Network Configuration

Master

¥ * MAXPOS
w  CSP Mode

€SP Outputs ControlWord_6040_ 0
CSP Outputs TargetPosition_607A_
CSP Outputs PositionOffset 60B0.{

CSP Outputs TorqueOffset 6082 0
SP Outputs ModeOfOperation 60
SP Outputs DigitalOutput 60FE 0
SP Outputs TouchProbeFunction_
€SP Inputs_StatusWord_6041 00
€SP Inputs_PositionActualValue 60
€SP Inputs VelocityActualValue 60
€SP Inputs TorqueActualValue 607
€SP Inputs ModeOfOperationl
€SP Inputs Digitallnput_60FD.C
€SP Inputs TouchProbeStatus 608!
€SP Inputs_TouchProbePosition1Pe
€SP Inputs_TouchProbePosition1N:
CPU/Expansion Racks
CPURack 0

w UINT
w it

N
SINT
UDINT

Integration — Omron Sysmac NJ | I/O Map

S e~ R—
—

INT
v
0 ey

26) Add a new program in folder @Programming= \ ®PUOsx \ aProgramsx.

| l ‘ Variables

Namesp

new_Controller 0 v

84 Configuretions and Setup

xpan:

Comment

0 Map

Figure 3-45

Integration — Omron Sysmac NJ | Program

Toolbox

Variable Comment v

Toolbox

Al <Gearch> v

S
>
>
>
>
>
>
>
>
>
>
>
>
>

Analog Conversion
BCD Conversion

Bit String Processing
Communications
Comparisan
Conversion

Counter

Data Movement
Data Type Conversion
FCS

Ladder Tools

Math

Motion Control

Other
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Omron Sysmac NJ

27) Write a short program as to the following example:

e o
5| MAXPOS Project - new_Controller_0 - Sysmac Studio B

L

new_Controller 0 ¥

H Fifter

File Edit View Insert Project Controller Simulation Tools Help

84 Configurations and Setup MAXPOST—{Axis —. [-maxpos

g
| l ‘ Variables

enable_Reset MC_MoveAbsolute
L

T s |— MC_MoveCircular2D
Busy|—Enter V

MC_MoveFeed
Failure— Enter V
MC_Mavelog
Error|[—Enter V
MC_Movelinear
ErrorlD - Enter Varioh
MC_MovelinearAbsolute

FB_Power

VC_Power MC_MovelinearRelative

MAXPOS1— — Axis—MAXPOS1

enable_Power 8| MC_MoveLink
f

Busy|—Enter V
MC_MaveVeloci
Error (—Enter Variable

MC_MoveZeroPosition

ErmoriD |~ Enter Var

MC_Phasing
78 MoveRel
MC_MoveRelative MC_Power
MAXPOS1—{ s ———— s [~ MAXPOSL
enable_MoveRel 3| MC_ReadAxisParameter
I e
I

MC_Reset
Distance—|Distance r Varia

MC_ResetFollowingError
Velocity— Velocity i r Variabie -

Acc—| Acceleration CommandAborted r Varigbie MC_SaveCamTable

Decelerat £ riable 3| MC_SetCamTablePropert

MC_SetOverride

Enter Variable— BufferMode 8 |— MC_SetPosition

MC_SetTorqueLimit
X Rung Comment VoSt

MC_MoveRelative

g [Motion Control]

SR Relative Positioning
Description Program Location

@ i oveut ERD

Build -~ X

Figure 3-46

Integration — Omron Sysmac NJ | Example Program
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TASK SETTINGS

28) Go to nTask Settingsa and set the following parameters:
— ProgramO (VelOffsetPart) must executed within the communication task
— the sample program may be executed in a lower task (set the tasks as below)

new_Controller 0 v

Gunllguml\ons and Setup

|__ Task Name _[Period/Execution (Detailed aauuunrra k P=nud ExcesdTask Timeout DetefrelVe
PrimaryTask 1ms v S
[ [Priority-16 Periodic Task hal| PeriodicTesk0 [FULH v +'| S0ms(Period | v | 16 [}

+'8

B brogomming —— |

Figure 3-47 Integration — Omron Sysmac NJ | Task Settings

29) Go to #Program Assignment Settingsa and assign the scaling program to the “Primary Task” and
the application program to the “Periodic Task”.

¥ B PrimaryTask
Program name Initial status
1 [Program0d v [Run
+

¥ [4 PeriodicTask0

Program name Initial status

[ Programt ~ [l Run

+ (1]
> T

Figure 3-48 Integration — Omron Sysmac NJ | Program Assignment Settings

30) Go Online and download the program.
31) Click nExecuter to transfer the program to the controller.

[Transter to Controller =l

The following data will be transferred.

- Configurati tup
pansion Racks, /0 Map, Controller Setup
ontrol Setup, Cam Data Setfings, Event Settings

- Programmi
POUs, Data, Library

-Optons —M8¥ —M™MM
B Clear the present valu riables with Retain attribu
B Do not transfer the progra Al data will be re-transferred when this option is changed.
o are not transfers

therCAT slave backup parameters.
sl al Unit operation s and NX Unit application data.
e e 2 e T e S e e (S P e

Execute  Close

Figure 3-49 Integration — Omron Sysmac NJ | Transfer to Controller Options
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32) Click aYesx to confirm.

Confirm that there is no problem if the controller operation is stopped.
Q T i w hanged to PROGRAM mode. Then, EtherCAT slaves will be reset and forced refreshing will

Figure 3-50 Integration — Omron Sysmac NJ | Controller Reset

MAXPOS Application Notes
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4 PDO MAPPING

4.1 In Brief

PDO Mapping
In Brief

4.2

OBJECTIVE

The present application note explains how to change the default PDO mapping settings and how to exclude
or customize them using Beckhoff TwinCAT.

Changing PDO Mapping using Beckhoff TwinCAT

1) Select the device using the project tree in “Solution Explorer”. Click the PDO you wish to edit.

File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help
S @ % B9 - 55 b [Release -| | TwinCAT RT (e6) -1

B e e tec R 51

. 8. 8286w o (g =a| oo [EE.
Solution Explorer I X §MAXPOS X
| General [ EtherCAT [ DC__| Process Data | Slots | Stariup | CoE - Online | Diag History | Onine |
|5 Solution 'MAXPOS' (1 project)
4 3 maxpos Sync Manager PDO List
> [l sysTEM
. [ moTon SM  Sze Tye  Flags Index Sze  Name Flags sM su
g eLc 0 1024 MbxOut DADD 270 CSF Inputs 3 [
] saFeTY 1 1024 Mhbxn 1600 230 CSF Ouputs 2 0
o 2 23 Odpds
327 Input
4 BEvo e
4 * Devices
4 = Device2 (EtherCAT)
28 Image
28 Image-Info
- 2 SyncUnits
[3 Inputs ] r—p—
> [ Outputs
> [ InfoDats PDO Assignment (<1C12): PDO Content (Bc1ADD):
w5l ] Drive 1 (MAXPOS) (V] 01600 Index  Sze  Offs  Name Type Defauit thex)
4 @% Mappings 606C00 40 60 VeloctyActualValue DINT
@71 NC-Task 1 SAF - Device 2 (Ether( 6077:00 20 100 TorqueActuslValue INT
g7 NC-Task1 SAF - Device 2 (Etherd De061:00 1.0 120 ModeOfOperationDisplay SINT
D6OFD:00 40 130 Digtallnput UDINT
D60B9.00 20 170 TouchProbeStatus UINT
D<60BA0D 40 190  TouchProbePostionPosiiveValus  DINT
DGUBE:00 4.0 230 TouchProbePostion1NegativeVa... DINT
270
Download Predefined PDO Assignment: {none;
- }
200 Aasonment [Coad POC infa from devige
[7]FDOCe
(Syne Lnit Assignment.

Figure 4-51 PDO Mapping — Beckhoff TwinCAT | Process Data Display
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2) Click the desired preconfigured PDO mapping from the list. Then click right to open the context
menu.
Click either mDeleter to remove an existing variable or mlnserta to add < new variable.

MAXPOS
General | BherCAT | DC | Process Data [ Siats | Stariup | CoE - Online | Diag History | Oniine |
Syne Manager PDO Lig
SM  Seze Type  Fags Index  Szz Name Fags M su
0 1024 MaOu OKIADD 270 CSF inpuis 3 i
11024 Mbxn OO0 230 CSPOupuis 2 i
2 23 Oupus
3027 inpus
< . ] »
PDO Assignment (0<1C12) PDO Cortent (Bc1ADD)
(7] 01600 Index Size Offs Name Type Defautt frex)
DEIGCO0 40 60 VelociyActualVaiue DINT
B6IT700 20 100 TomueActualValue INT
OeE051:00 10 120 ModsOfOpsrationDisplay SINT
G6OFD:00 40 130 Dighelinput UDINT
608300 20 170 TouchProbeStaius UINT
D6GIEA00 40 190 TouchProbePostioniPostiveValue  DINT
0605800 40 230 TouchPy - o DINT
270 [ Insert..
Delete...
Download Prtehned PO Mascpent i) x| oEe
Gl o4 PO info from device R
7]PDOC:
EmolniA Move Up

Figure 4-52 PDO Mapping — Beckhoff TwinCAT | Select PDO from Default List

3) Choose the object you wish to map.

Edit Pdo Entry = |

Index [hes: D 0

Sub Index: 0
Data Tupe. [none] -
Bit Lentoh 1 =]

From Dictionary:

10F3:04 - New Messages Available

04301004 - Digital Incrementsl Encader 1 Index Pasition
043011:03 - Analog Incremental Encader Index Pastion
043012:05 - 551 Special Bts

0302004 - Digital Incremental Encoder 2 Index Position
0430B0 - Home Pasition

043000 - Cunent Demand Value

043001 - Cunent Actual Value veraged

043005 - Velogity Aetual Vahie Averaged

043141:01 - Digital Input Properties Logic State
04315001 - Digital Dutpuit Froperties Logic State
031E401 - Intemal Data Recorder Controbward
0431E4:02 - Intemal D ata Recorder Statusword

04B03F - Enor Cods

045040 - Contialword -

(] »

Figure 4-53 PDO Mapping — Beckhoff TwinCAT | Edit PDO Values
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PDO Mapping
Changing PDO Mapping using Beckhoff TwinCAT

4) You may map up to ten objects for RxPDO and ten for TxPDO.
Do so by entering the object name and the desired values, then press ®OKxa. Repeat for other
objects, if desired.
For details on the default settings =»Table 4-10 and <> Table 4-11.
:::] ?igx \[,)aelf::It E(ietngth Description Function Group
0x6040 |16 Controlword
0x607A | 32 Target Position
0x60B0 |32 Position Offset
0x1600 0x60B1 | 32 Velocity Offset Cyc!icl: Synchronous
0x60B2 | 16 Torque Offset Position Mode
0x6060 |8 Mode of Operation
O0x60FE | 32 Digital Output
0x60B8 | 16 Touch Probe Function
0x6040 |16 Controlword
Ox60FF |32 Target Velocity
0x60B1 | 32 Velocity Offset )
0x1601 | 0x60B2 | 16 Torque Offset Sg%gtj{\;‘gggonous
0x6060 |8 Mode of Operation
0x60FE | 32 Digital Output
0x60B8 | 16 Touch Probe Function
0x6040 |16 Controlword
0x6071 |16 Target Torque
0x1602 0x60B2 | 16 Torque Offset Cyclic Synchronous
0x6060 |8 Mode of Operation Torque Mode
Ox60FE | 32 Digital Output
0x60B8 | 16 Touch Probe Function
0x6040 |16 Controlword
0x607A | 32 Target Position
Ox60FF |32 Target Velocity
oxio0s | 0X6083 |32 Profile Acceleration Profile Position Mode
0x6084 | 32 Profile Deceleration Profile Velocity Mode
0x6081 |32 Profile Velocity
0x6060 |8 Mode of Operation
Ox60FE | 32 Digital Output
Table 4-10 PDO Mapping — Default Values for RxPDO
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PDO Default | Bit Description Si?e

Index Value Length [Bits]
0x6041 | 16 Statusword
0x6064 | 32 Position Actual Value
0x606C | 32 Velocity Actual Value
0x6077 |16 Torque Actual Value .

0x1A00 | Ox6061 |8 Mode of Operation Display ggg:ltfoﬁy,\;gz;onous
0x60FD | 32 Digital Input
0x60B9 | 16 Touch Probe Status
0x60BA | 32 Touch Probe Position 1 Positive Value
0x60BB | 32 Touch Probe Position 1 Negative Value
0x6041 | 16 Statusword
0x6064 | 32 Position Actual Value
0x606C | 32 Velocity Actual Value
0x6077 | 16 Torque Actual Value .

0x1A01 | 0x6061 |8 Mode of Operation Display \C/zﬁ)'gsmfgg’”ous
0x60FD | 32 Digital Input
0x60B9 | 16 Touch Probe Status
Ox60BA | 32 Touch Probe Position 1 Positive Value
0x60BB | 32 Touch Probe Position 1 Negative Value
0x6041 | 16 Statusword
0x6064 | 32 Position Actual Value
0x606C | 32 Velocity Actual Value
0x6077 | 16 Torque Actual Value .

0x1A02 | Ox6061 |8 Mode of Operation Display ?gfc;feshﬁzgt;ronous
0x60FD | 32 Digital Input
0x60B9 | 16 Touch Probe Status
0x60BA | 32 Touch Probe Position 1 Positive Value
0x60BB | 32 Touch Probe Position 1 Negative Value

0x1A03 | 0x6041 |16 Statusword
0x6064 | 32 Position Actual Value
0x606C | 32 Velocity Actual Value Profile Position Mode
0x6078 | 16 Current Actual Value
Ox60F4 |32 Following Error Actual Value Profile Velocity Mode
0x6061 |8 Mode of Operation Display
0x60FD | 32 Digital Input

Table 4-11 PDO Mapping — Default Values for TxPDO
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5 EXTENDED ENCODERS CONFIGURATION

OBJECTIVE

The present application note explains the configuration of some selected BiSS-C encoder types. Neverthe-
less, it will not explain BiSS-C fundamentals.

SCOPE

MAXPOS 0121h Firmware Specification

MAXPOS 50/5 447293 0121h or higher Hardware Reference

Table 5-12 PDO Mapping — covered Hardware and required Documents

TOOLS

«MAXPQOS Studio» Version 1.3 or higher

Table 5-13 PDO Mapping — recommended Tools

5.1 BiSS-C Absolute Serial Encoder

511 Requirements
Using a BiSS encoder with bidirectional communication capability is mandatory.

The MAXPOS checks on the used type of encoder by polling certain information on the bidirectional data
exchange. With a BiSS encoder featuring just unidirectional communication, a respective BiSS error state
will be the result due to a timed-out data exchange.

Take note that it is not possible to operate the MAXPOS with a BiSS encoder that offers only unidirectional
communication. Therefore, check the BiSS encoder's communication type by consulting the data sheet or

other suitable information made available by the supplier of the encoder. If a BiSS encoder with bidirectional
communication capability should not be available, choose another type of encoder instead.

TECHNICAL BACKGROUND

BiSS specifies both bidirectional and unidirectional communication. In addition, other features, such as
electronic data sheets, are specified although most of these features are not mandatory. There is some vari-
ation on these higher layers and features and if and how they actually are implemented by the encoder sup-
pliers.

Bidirectional communication enables the controller to read certain information of the encoder. Most BiSS
encoders support bidirectional data exchange because this can be seen as one of the BISS-C’s key advan-
tages (compared to SSI).

MAXPOS’S BISS IMPLEMENTATION

The MAXPOS uses peer-to-peer communication relying on bidirectional data exchange (with CDM and
CDS) during initialization phase to poll certain base data for identification of the encoder. This cannot work if
the encoder supports unidirectional communication only. It is then not possible for the MAXPOS to request
for data of the encoder, such as reading information of an electronic data sheet. If the encoder does not
respond to a bidirectional communication request, as a consequence, the MAXPOS encoder initialization
routines will end up with a BiSS time-out error state. The MAXPOS will then stop any further communication
due to the missing reaction of the encoder, the MAXPOS’ internal state for exchanging position data is not
reached because the encoder does not reply to the initial request.

MAXPOS Application Notes
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5.1.2 Configuration

51.21 Timing

LR VAVAVAVAVAVAVAVAWAYAWAWAWAW R0
so | 2 ) )

1
| f

L Busy R ' tout
< »! !

-

CDM Control Data Master Bit START  Start Bit
MA Master Clock tausy Busy Time
SLO Slave Data Out tout Timeout Time

Figure 5-54 Extended Encoders — BiSS | Timing

Note

If tgusy OF trimeout Time (low) ShOUId not be specified by the manufacturer, start with 40 us and iteratively reduce
until a communication error occurs. Data rate, number of data bits, and timeout time will affect the sampling
rate. Therefore, keep timeout time and busy time as short as possible.

5.1.2.2 Data Frame

Data Frame
[cos/mss | .. |ss[F1]Fo msg .. |LsB
Data Bits (max. 55 Bits) ‘ CRC
‘Feedback
Bits

Figure 5-55 Extended Encoders — BiSS | Data Frame

5.1.2.3 Difference between Position Bits and Data Bits

The maximum position size that can be processed by MAXPOS is 32 bits internally. Therefore, the original
data size must be manually reduced if necessary. For original multi-turn data sizes smaller 32 bits, no
reduction is required. Single-turn encoders are limited by 31 bits.

max. 55 Bit
MT ‘ ST (Bl\:ﬁi.bcer of Data Bits)
max. 32 Bit
I MT ‘ ST L ?nNﬁﬁZer of Position Bits)

Figure 5-56 Extended Encoders — BiSS | Position Bits
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51.24 Supported Data Formats

Some encoder manufacturers require 12 Bit data patterns (BiSS-C Profile BP1). Therefore, the original data
is padded with zeros if its own data format is unequal to n* 12 bit. Zero padding can be left or right aligned.
Data alignment is defined by the object “Data Format 0x3014-0x06".

Single-turn Data

Format max. 31 Bits

ST

I ST 2]

= G |

Multi-turn Data

Format
max. 55 Bits ‘
-
MT \ ST |
[ z | MT \ ST -z |
ST Single-turn V4 Zero bits (12 bit padding)
MT Multi-turn

Figure 5-57 Extended Encoders — BiSS | Data Formats

5.1.3 Configuration Examples

MAXON BISS 12 BIT SINGLE-TURN #488783

Object ID Object Name Value Comment
0x3014-0x03 BiSS Data Rate 3400 kBit/s Up to 9400 kBit/s possible
0x3014-0x04 BiSS Timeout Time 3us
0x3014-0x05 BiSS Busy Time 1us
0x3014-0x06 BiSS Data Bits
Single-turn Bits 12
Multi-turn Bits 0
Data Format Single-turn Without zero bits, right aligned
FO none
F1 Error
0x3014-0x07 BiSS Position Bits
Single-turn Bits 12
Multi-turn Bits 0
0x3014-0x08 BiSS Encoder Type
Direction CCw Depending on application
0x3014-0x09 BiSS Encoder Protocol
CRC Polarity CRC inverse
CRC Polynomial 0x43

Table 5-14 Extended Encoders — BiSS | Configuration Example MAXON 12 Bit ST
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HENGSTLER 19 BIT SINGLE-TURN, AD34/0019AU.ONBVB

Object ID Object Name Value Comment
0x3014-0x03 BiSS Data Rate 3400 kBit/s Up to 7500 kBit/s possible
0x3014-0x04 BiSS Timeout Time 15 us
0x3014-0x05 BiSS Busy Time 4 us
0x3014-0x06 BiSS Data Bits
Single-turn Bits 19
Multi-turn Bits 0
Data Format Single-turn Without zero bits, right aligned
FO none
F1 Error
0x3014-0x07 BiSS Position Bits
Single-turn Bits 19
Multi-turn Bits 0
0x3014-0x08 BiSS Encoder Type
Direction CcCw Depending on application
0x3014-0x09 BiSS Encoder Protocol
CRC Polarity CRC inverse
CRC Polynomial 0x43

Table 5-15 Extended Encoders — BiSS | Configuration Example Hengstler 19 Bit ST

HENGSTLER 12 BIT MULTI-TURN, 19 BIT SINGLE-TURN AD34/1219AU.ONBVB

Object ID Object Name Value Comment
0x3014-0x03 BiSS Data Rate 3400 kBit/s Up to 9400 kBit/s possible
0x3014-0x04 BiSS Timeout Time 12 us
0x3014-0x05 BiSS Busy Time 5us
0x3014-0x06 BiSS Data Bits
Single-turn Bits 19
Multi-turn Bits 12
Data Format l\SAi:Igt]IIZEJt?rn Without zero bits, right aligned
FO none
F1 Error
0x3014-0x07 BiSS Position Bits 1
Single-turn Bits 19
Multi-turn Bits 12
0x3014-0x08 BiSS Encoder Type
Direction CCw Depending on application
0x3014-0x09 BiSS Encoder Protocol
CRC Polarity CRC inverse
CRC Polynomial 0x43

Table 5-16 Extended Encoders — BiSS | Configuration Example Hengstler 12 Bit MT
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KUBLER SENDIX ABSOLUTE TYPE 5873, 17 BIT SINGLE-TURN

Object ID Object Name Value Comment
0x3014-0x03 BiSS Data Rate 3400 kBit/s Up to 7500 kBit/s possible
0x3014-0x04 BiSS Timeout Time 16 us
0x3014-0x05 BiSS Busy Time 4 us
0x3014-0x06 BiSS Data Bits
Single-turn Bits 17
Multi-turn Bits 0
Data Format Single-turn Without zero bits, right aligned
FO none
F1 Error
0x3014-0x07 BiSS Position Bits
Single-turn Bits 17
Multi-turn Bits 0
0x3014-0x08 BiSS Encoder Type
Direction cCcw Depending on application
0x3014-0x09 BiSS Encoder Protocol
CRC Polarity CRC inverse
CRC Polynomial 0x43

Table 5-17 Extended Encoders — BiSS | Configuration Example Kiibler Sendix 17 Bit ST

KUBLER SENDIX ABSOLUTE TYPE F3663, 24 BIT MULTI-TURN, 17 BIT SINGLE-TURN

Object ID Object Name Value Comment
0x3014-0x03 BiSS Data Rate 3400 kBit/s Up to 7500 kBit/s possible
0x3014-0x04 BiSS Timeout Time 16 us
0x3014-0x05 BiSS Busy Time 4 us
0x3014-0x06 BiSS Data Bits
Single-turn Bits 17
Multi-turn Bits 24
Data Format Single-turn Without zero bits, right aligned
FO none
F1 Error
0x3014-0x07 BiSS Position Bits
Single-turn Bits 17
Multi-turn Bits 15 SPSr?]itéKAnT?g%aligned to 32 bitsin a
0x3014-0x08 BiSS Encoder Type
Direction CcCcw Depending on application
0x3014-0x09 BiSS Encoder Protocol
CRC Polarity CRC inverse
CRC Polynomial 0x43

Table 5-18 Extended Encoders — BiSS | Configuration Example Kiibler Sendix 24 Bit MT/17 Bit ST
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6 USING SAFE TORQUE OFF (STO) FUNCTIONALITY

6.1 In Brief

OBJECTIVE
The MAXPOS offers the STO (Safe Torque Off) safety feature based on IEC61800-5-2.

The present application note explains how to setup and configure the MAXPQOS controller for using the STO
functionality. Certification of the STO functionality is under process but not yet finalized. Thus, up to now,
the STO functionality of the MAXPOS is not certified.

6.2 Functionality

* STO

.
l—— At ——} t—=
Safe Torque Off (STO) — Working Principle

Figure 6-58

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 fric-
tion, 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.

6.3 STO I/O States
The below table defines the behavior of the STO inputs.

STO-IN1 (DigIN5)

STO-IN2 (DigIN6)

STO-OUT(DigOUT4)

Power Stage

Inactive Inactive Inactive Disabled

Inactive Active Inactive Disabled

Active Inactive Inactive Disabled

Active Active Active Can be enabled
Table 6-19 Safe Torque Off (STO) — States of STO 1/Os
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6.4 Configuration

6.4.1 Hardware Settings

By default, the galvanic isolated digital inputs 5 and 6 are defined as “general purpose inputs” and digital
output 4 is defined as “general purpose output”. With the following steps they will be set for «Safe Torque
OFF».

STOP!
/A\ Make sure to disconnect the MAXPQOS controller from any power source.

1)  Open the housing.
2) Find jumper JP3 (=»Figure 6-59).

Figure 6-59 Safe Torque Off (STO) | MAXPOS 50/5 — Location JP3

3) Set both jumper switches 1 and 2 to “OFF” (=»Figure 6-60).

i

Figure 6-60 Safe Torque Off (STO) | MAXPOS 50/5 — JP3 OFF; STO activated

4) Close the housing.

The MAXPOS controller is now configured for STO functionality:
* DigIN5 (X7 pin 7) and DigIN6 (X7 pin 8) are now set as STO input (STO-IN1 and STO-IN2).
+ DigOUT 4 (X8 pin 6) is now set as STO-OUT (Safe Torque OFF output signal).

MAXPOS Application Notes
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6.4.2 Digital Inputs 5 and 6 PLC Level

DigIN5...6

Type of input Galvanic isolated, single-ended
Input voltage +24 VDC
Max. input voltage +30 VDC
Logic 0 U, <5VDC
Logic 1 U, >9VvDC

>1.5mA@5VDC
Input current at logic 1 >2.0mA @ 9VDC

typically 2.6 mA @ 24 VDC
Switching delay <2 us @ 24 VDC

Table 6-20 Safe Torque Off (STO) | DigIN5...
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Figure 6-61 Safe Torque Off (STO) | DigIN5...6 Input Circuit — PLC Level
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6.4.3 Digital Output 4

DigOUT4
Type of output Galvanic isolated, open source
Output voltage Uout = (+Vpigour = 0.2 V)
Max. load current lag <500 MA
Leakage current loak 10 pA
Switching delay (rising edge) <50 ys @ 24 VDC; |,y <10 mA
Switching delay (falling edge) <200 pys @ 24 VDC; |,.,g <10 mA
Max. load inductance 175 mH @ 500 mA

Table 6-21 Safe Torque Off (STO) | DigOUT4

— oo [377]
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——e
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DigOUT4
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—I|—-o

COMoyour @

Figure 6-62 Safe Torque Off (STO) | DigOUT4 Output Circuit
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