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Read This First

Whilst Technosoft believes that the information and guidance given in this manual is correct, all parties must
rely upon their own skill and judgment when making use of it. Technosoft does not assume any liability to anyone for
any loss or damage caused by any error or omission in the work, whether such error or omission is the result of
negligence or any other cause. Any and all such liability is disclaimed.

All rights reserved. No part or parts of this document may be reproduced or transmitted in any form or by any
means, electrical or mechanical including photocopying, recording or by any information-retrieval system without
permission in writing from Technosoft S.A.

The information in this document is subject to change without notice.

About This Manual

This manual describes how to program the Technosoft intelligent drives equipped with EtherCAT® communication
interface. These drives support CAN application protocol over EtherCAT® (CoE) in conformance with CiA 402 device
profile. The manual presents the object dictionary associated with this profile. The manual also explains how to combine
the Technosoft Motion Language and the CoE commands in order to distribute the application between the EtherCAT®
master and the Technosoft drives.
In order to operate the Technosoft drives with EtherCAT® communication, you need to pass through 3 steps:

O Step 1 Hardware installation

O Step 2 Drive commissioning using initially the Technosoft EasySetUp or EasyMotion Studio software
platforms and later via an EtherCAT® master

A.
B. developed using Technosoft EasyMotion Studio software

C. A distributed control approach which combines the above options, like for example a master calling
motion functions programmed on the drives in TML

This manual covers steps 2 and 3. For step 1, refer to the Technical Reference manual specific for each drive.

Scope of This Manual

This manual applies to the iPOS family of Technosoft intelligent drives having an EtherCAT® communication
interface.

Notational Conventions

This document uses the following conventions:

AL — Application Layer

CoE - CAN application protocol over EtherCAT®

TML — Technosoft Motion Language

iPOS — a Technosoft drive family, the code is usually iPOSxx0x xx-CAN
GUI — Graphical User Interface

IU — drive/motor internal units

IP — Interpolated Position

RegisterY.x- bit x or register Y; Example: Controlword.5 — bit 5 of Controlword data
¢s — command specifier

CSP - Cyclic Synchronous Position

CSV - Cyclic Synchronous Velocity

CST - Cyclic Synchronous Torque

RO —read only

RW —read and write

SW — software

H/W or HW — hardware

X1 — Subindex 1 of object 60C1h - Interpolation data record

X2 — Subindex 2 of object 60C1h - Interpolation data record

Trademarks

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

Help of the EasySetup software — describes how to use EasySetup to quickly setup any Technosoft drive
for your application using only 2 dialogues. The output of EasySetup is a set of setup data that can be
downloaded into the drive EEPROM or saved on a PC file. At power-on, the drive is initialized with the
setup data read from its EEPROM. With EasySetup it is also possible to retrieve the complete setup
information from a previously programmed drive. EasySetup can be downloaded free of charge from
Technosoft web page

Technical Reference Manual of each iPOS drive version — describes the hardware including the technical
data, the connectors, the wiring diagrams needed for installation and detailed setup information.

Motion Programming using EasyMotion Studio (part no. P091.034.ESM.UM.xxxx) — describes how to use
the EasyMotion Studio to create motion programs using in Technosoft Motion Language (TML).
EasyMotion Studio platform includes EasySetup for the drive/motor setup, and a Motion Wizard for the
motion programming. The Motion Wizard provides a simple, graphical way of creating motion programs
and automatically generates all the TML instructions. With EasyMotion Studio you can fully benefit from
a key advantage of Technosoft drives — their capability to execute complex motions without requiring an
external motion controller, thanks to their built-in motion controller. A demo version of EasyMotion
Studio (with EasySetup part fully functional) can be downloaded free of charge from Technosoft
web page

If you Need Assistance ...

If you want to ... Contact Technosoft at ...

Visit Technosoft online World Wide Web: http://www.technosoftmotion.com/
Receive general information World Wide Web: http://www.technosoftmotion.com/
or assistance (see Note) Email: contact@technosoftmotion.com

Ask questions about product Fax: (41) 32 732 55 04

operation or report suspected

problems (see Note) Email: hotline@technosoftmotion.com

Make suggestions about, Mail: Technosoft SA

or report errors in documentation.
Avenue des Alpes 20
CH-2000 Neuchatel, NE

Switzerland
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1 Getting Started

1.1 Setting up the drive using EasySetup or EasyMotion Studio

1.1.1 What are EasySetup and EasyMotion Studio?

EasySetup is a PC software platform for the setup of the Technosoft drives. Via EasySetup you can quickly commission
any Technosoft drive for your application using only 2 dialogues.

The output of EasySetup is the setup data that can be stored into the drive EEPROM or saved on a PC file. The setup
data contains all the information needed to configure and parameterize a Technosoft drive. At power-on, the drive is
initialized with the setup data read from its EEPROM. EasySetup may also be used to retrieve the setup data previously
stored in a drive EEPROM.

EasySetup also includes evaluation tools like: Data Logger, Control Panel and Command Interpreter which help you to
quickly measure, check and analyze your drive commissioning.

EasyMotion Studio is an advanced PC software platform that can be used both for the drives setup and for their motion
programming. With EasyMotion Studio you can fully benefit from a key advantage of the Technosoft drives — their
capability to execute stand-alone complex motion programs thanks to their built-in motion controller.

EasyMotion Studio includes EasySetup for the drive setup, and a Motion Wizard for the motion programming. The
Motion Wizard provides a simple, graphical way of creating motion programs written in Technosoft Motion Language
(TML). It automatically generates all the TML instructions, hence you do not need to learn or write any TML code. Via
TML you can:

O Set various motion modes

Change the motion modes and/or the motion parameters
Execute homing sequences

Control the program flow through:

o Conditional jumps and calls of TML functions

o Interrupts generated on pre-defined or programmable conditions (protections triggered, transitions of limit
switch or capture inputs, etc.)

o  Waits for programmed events to occur
O Handle digital /0O and analogue input signals
U Execute arithmetic and logic operations

The output of EasyMotion Studio is the application data that can be loaded into the drive EEPROM or saved on a file.
The application data includes both the setup data and the TML motion program.

Using TML, you can really simplify complex applications, by distributing the intelligence between the master and the
drives. Thus, instead of trying to command each step of an axis movement from the master, you can program the drives
using TML to execute complex tasks, and inform the master when these tasks have been completed.

Oo0o

Important: You need EasyMotion Studio full version, only if you use TML programming. For electronic camming
applications, you need the free of charge EasyMotion Studio demo version to format the cam data. For all the other
cases, you can use the free of charge EasySetup.

1.1.2 Installing EasySetup or EasyMotion Studio

EasySetup and EasyMotion Studio demo version can be downloaded free of charge from Technosoft web page.
Both include an Update via Internet tool through which you can check if your software version is up-to-date, and when
necessary download and install the latest updates.

EasyMotion Studio demo version includes a fully functional version of EasySetup, hence you do not need to install
both of them.
You can install the EasyMotion Studio full version in 2 ways:

a) Using the CD provided by Technosoft. In this case, after installation, use the Update via Internet tool to check
for the latest updates;

b) Transforming EasyMotion Studio demo into a full version, by introducing in the application menu command
Help | Registration Info the serial number provided by Technosoft.

The 2" option is especially convenient if the EasyMotion Studio demo version is already installed.

Remark: The next paragraphs present only the drive commissioning with EasySetup. Par. 17.1.1. shows how to perform
the same steps with EasyMotion Studio demo or full version.
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1.1.3  Establishing serial communication with the drive

EasySetup communicates with the drive via an RS-232 serial link. If your PC has no serial port, use an USB to RS232
adapter. For the serial connections, refer to the drive Technical Reference manual. If the drive or the Starter Kit board
accompanying the drive has a 9-pin serial port, use a standard 9-wire, non-inverting (one to one) serial cable.

@ Esetp =3 =

Setup  Communicaton - Yiew  Help

D&l & = ; 57

®

TECHNDSOFT

Ready Onhne AandD & N X553 Famware FS14E

Figure 1.1.1. EasySetup - Opening window

All Technosoft drives with EtherCAT® interface have a unique AxisID (address) for serial communication. The AxisID
value is by default 255 or it is set by the AxisID selection inputs, when these exist.

Remark: When first started, EasySetUp tries to communicate via RS-232 and COMT1 with a drive having axis ID=255
(default communication settings). When it is connected to your PC port COM1 via an RS-232 cable, the communication
shall establish automatically.

If the communication is established, EasySetUp displays in the status bar (the bottom line) the text “Online” plus the
axis ID of your drive/motor and its firmware version. Otherwise the text displayed is “Offline” and a communication error
message tells you the error type. In this case, use menu command Communication | Setup to check/change your PC
communication settings. Check the following:

Channel Type: RS232

CAN Protocol: can be any selection. The CANbus is not used

Port: Select the COM port where you have connected the drive

Baud rate: can be any value. The baud rate is automatically detected. For best performance, we recommend
to use the highest value: 115200.

Remark: Once the communication is established, you can reopen the Communication | Setup dialogue and
change the baud rate

Axis ID of drive/motor connected to PC is: autodetected or 255
Close the Communication | Setup dialogue with OK and check the status bar. If the communication is established, the

text “Online” shall occur in the status bar. If the communication is still not established, check the serial cable connections
and the drive power. Refer to the Technical reference manual of the drive for details.

Remark: Reopen the Communication | Setup dialogue and press the Help button. Here you can find detailed
information about communication setup and troubleshooting.

1.1.4  Choosing the drive, motor and feedback configuration

e

Press New button [2= = and select your drive category.

Continue the selection tree with the motor technology: brushless, brushed or stepper.
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Figure 1.1.2. EasySetup — Selecting the drive, motor and feedback

IPOTAS08 BX-CAN
PS40 BX-CAT
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The selection opens 2 setup dialogues: for Motor Setup and for Drive setup through which you can introduce your
motor data and commission the drive, plus several predefined control panels customized for the drive selected.

1.1.5

Introducing motor data

Figure 1.1.3 shows the Motor setup dialogue where you can introduce the data of your motor and the associated
sensors. Use the Guideline Assistant, and follow the steps described. This will guide you through the whole process
of introducing and/or checking the motor and sensors data. Use the Next button to see the next guideline step and the
Previous button to return to the previous step. Data introduction is accompanied by a series of tests having as goal to
check the connections to the drive and/or to determine or validate a part of the motor and sensors parameters.

When finished, click on Drive Setup button to move to the 2nd dialogue.

Remark: Press the Help button from the Motor setup dialogue for detailed information
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Figure 1.1.3. EasySetup — Introducing motor data

© Technosoft 2019

iPOS CoE Programming



1.1.6 Commissioning the drive; configuring motor tuning and protections

Figure 1.1.4 shows the Drive setup dialogue where you can configure and parameterize the drive for your application.
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Figure 1.1.4. EasySetup — Commissioning the drive

iPOS firmwares have an auto tuning feature. Assuming the motor data was entered or identified correctly, just click on
any “Tune & Test” button and a new window will appear.
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Figure 1.1.5. EasySetup — Auto tuning interface

Click the Start button and wait for the procedure to finish.
Once the procedure is finished, the tuning can be tested by pressing the newly appeared “Test tuning button”.

Test
IV Test tuning | ‘

Click start and observe the motor move. If the Load position follows the Target position without error, then the tuning is
OK.
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Figure 1.1.6. EasySetup — Testing the motor tuning

Eventually, if the motor vibrates or a softer tuning is needed, manually decrease the Kp, Ki and Kd gains.

Click Stop and wait for the test to stop. Click Ok to exit the window and keep the newly found tuning values. Click OK
once again to exit the Drive Setup window and proceed to the next chapter to download the setup to the drive.

Remark: the drive will not move the motor unless a valid setup is downloaded to the drive.

1.1.7 Downloading setup data to drive/motor

Closing the Drive setup dialogue with OK, keeps the new settings only in the EasySetup project. In order to store the
Download tol

new settings into the drive you need to press the Download to Drive/Motor button [EiveMeter]  This downloads the entire
setup data in the drive EEPROM memory. The new settings become effective after the next power-on, when the setup
data is copied into the active RAM memory used at runtime.

1.1.8  Saving setup data in a file

It is also possible to Save """ the setup data on your PC and use it later.
To summarize, you can define or change the setup data in the following ways:

- create a new setup data by going through the motor and drive dialogues
- use setup data previously saved in the PC
- upload setup data from a drive/motor EEPROM memory

1.1.9  Creating a .sw file with the setup data

Once the setup was validated, you can create with the menu command Setup | Create EEPROM Programmer File a
software file (with extension .sw) which contains all the setup data to write in the EEPROM of your drive.

A software file is a text file that can be read with any text editor. It contains blocks of data separated by an empty line.
Each block of data starts with the block start address, followed by the block data values ordered in ascending order at
consecutive addresses: first data value — what to write in drive EEPROM memory at block start address, second data —
what to write at block start address + 1, third data — what to write at block start address +2 etc. All data are hexadecimal
16- bit values (maximum 4 hexadecimal digits). Each line contains a single data value. When less than 4 hexadecimal
digits are shown, the value must be right justified. For example 92 is 0x0092.

The .sw file can be programmed into a drive:

e from an EtherCAT® master, using the communication objects for writing data into the drive EEPROM (see Par
16.3 for a detailed example)

e from an EtherCAT® master, using the FoE (File over EtherCAT) protocol available only with F515F or newer
firmware. Check Par. 16.4.3.

e using the EEPROM Programmer tool, which comes with EasySetUp but may also be installed separately. The
EEPROM Programmer was specifically designed for repetitive fast and easy programming of .sw files into the
Technosoft drives during production

© Technosoft 2019 16 iPOS CoE Programming



1.1.10 Checking and updating setup data via .sw files with an EtherCAT® master

You can program an EtherCAT® master to automatically check after power on if all the Technosoft drives connected to
the EtherCAT® network have the right setup data stored in their EEPROM. The comparison shall be done with the
reference .sw files of each axis. These need to be loaded into the EtherCAT® master. There fastest way to compare a
.sw file with a drive EEPROM contents is by comparing the checksums computed on the .sw file data with those
computed by the drive on the same address range. In case of mismatch, the reference .sw file has to be reloaded into
the drive by the EtherCAT® master. Par 16.4 presents examples how to program a .sw file in a drive and how to check
its consistency versus a .sw reference file.

1.1.11 Testing and monitoring the drive behavior

The Data Logger or the Control Panel can be used for evaluation tools to quickly measure and analyze the application
behavior. In case of errors like protections triggered, check the Drive Status control panel to find the cause.

1.2 Setting the current limit

In Easy Setup if a feedback device is used, the user can choose a current limit. It is advised to use a lower value than
the one set in current protection.

Drive Setup @
Guideline assistant Control mode External reference
Mext i+ Poziion " No o+ Yes Setup
Step 1. Inthe <<Control mode>» @oup bo, selectwhat do  + " Speed 7 Analogue I~ Incremental Encoder _ G |
you want to contiol position, speed or torque. In the 1 [ Automatically sctivated sfter Powsr On Help
<< Commutation method>» group biow, choose sinuscidal or EliEl _
\iapezoidal mode. The trapezaidal mode is possible orly if your S — Commutation methad
mata is equipped with digital Hall sensars: ance: " Trapezoidal & Sinusaidal Motor
Axis 1D selection _
- Drive Info Jw Set/change axis ID [HAw - Setup
CANbus Protections
¥ Baud rate FAw defalt = CaMNopen settings... ¥ Over cument
Motor current » {106 I3 - | fi than [0.01 s -
e S
v Control emror
oralionll| 4 v =] % Position encr > (04935 ot | for more than [3 B =l
Cunent limit |4 I hd 4— =
————— B [ 1 R I 1

Figure 1.2.1. EasySetup — Setting the current limit

The current limit can also be set using Object 207Fh: Current limit.

1.3 Factor group setting from Setup GUI

The CANopen Settings button opens an interface that allows access to the scaling factors for position, speed,
acceleration and time objects. These settings are linked directly to the objects 6089n, 608An, 608Bn, 608Ch, 608D,
608En, 206Fn,2070n, 6093, 6094n, 6097h and 207 1n. This means that these settings can be chosen either from Setup
or by later setting the objects themselves. The factor group dialogue can select the units to be used when writing or
reading the Position, Velocity or Acceleration objects. These settings already have a list standard units defined in the
standard CiA402 and there is the option of customization.

Drive Setup
Guidefine assistant
Mext

Step 1. Inthe <<Control mode>> group o, select whatdo + Speed factors ==
vou want to control position, speed of torque. Inthe
<<Commutation method> > group box. choose sinusoidal or f Factor numeratar
trapeznidal mode. The tapezoidal mode is possible only if pour _ ENS
motor is equipped with digital Hal sensors CANopen - Factor Group (e Factor divisor

Pogition units: | deg - Details Dimensian index
e Speed units: [IL1 - Details. Motatior index |73
W Baudrate [FAWdefaul | | C4Nopen seftings... | Acosleration units: | oy Details... Factor numerator |65535 99998

s
Drive aperation patameters Time urits: |_TSE,,.;|E|mE.j Details. | Factor divisor | 1966080
Power supply |24 \'2 - Dietect
Curtent limit [4 A - oK Cancel ‘ Help ‘ 0K | Cancel | Help |

In the last case, the user can set the factor numerator and divisor in order to obtain the needed scaling. The dimension

and notation index (and their linked objects) have no influence over any scaling. Their purpose is only to define an [SI]

unit name like rpm, rad, deg, etc. The factor group settings are stored in the setup table. By default, the drive uses its

internal units. The correspondence between the drive internal units and the [SI] units is presented in the drives user

manual.

For the [SI] dimension and notation index list, see Dimension/Notation Index Table.

Remarks:

e the dimension and notation index objects (6089, 608An, 608Bh, 608Ch, 608Dn, 608Eh, 206F1 and 2070n) have

been classified as obsolete by the CiA 402 standard. They are now used only for legacy purposes, on EtherCAT
masters which still need them.
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e because the iPOS drives work with Fixed 32 bit numbers (not floating point), some calculation round off errors
might occur when using objects 6093n, 6094n, 60971 and 2071n. If the EtherCAT® master supports handling
the scaling calculations on its side, it is recommended to use them instead of using the “Factor’ scaling objects.

1.4 Using the built-in Motion Controller and TML

One of the key advantages of the Technosoft drives is their capability to execute complex motions without requiring an
external motion controller. This is possible because Technosoft drives offer in a single compact package both a state of
art digital drive and a powerful motion controller.

1.4.1 Technosoft Motion Language Overview

Programming motion directly on a Technosoft drive requires to create and download a TML (Technosoft Motion
Language) program into the drive memory. The TML allows you to:

e  Set various motion modes (profiles, PVT, PT, electronic gearing or camming, etc.)
¢ Change the motion modes and/or the motion parameters
e Execute homing sequences
e  Control the program flow through:
=  Conditional jumps and calls of TML functions

= Interrupts generated on pre-defined or programmable conditions (protections triggered, transitions of limit
switch or capture inputs, etc.)

= Waits for programmed events to occur
e Handle digital I/O and analogue input signals
e Execute arithmetic and logic operations
In order to program a motion using TML you need EasyMotion Studio software platform.

Chapter 17 describes in detail how the TML features can be combined with the CoE programming.

1.5 Setting up EtherCAT® communication. Example with TwinCAT3

This paragraph shows how to set up the EtherCAT® communication using Beckhoff TwinCAT3 software, running on a
PC and provides several examples how to program the drive for different modes of operation: position profile and cyclic
synchronous position. Another example shows how to map objects in TxPDOs and RxPDOs.

The TwinCAT version used in all examples presented is the 7 day free version v3.1.4022.29 downloaded from
www.beckhoff.de.

1.5.1 Adding the XML file

The .xml file can be found on the Technosoft web page of each EtherCAT drive. After TwinCAT installation is
complete, copy the appropriate .xml file for your product in:

TwinCAT2 installation folder \lo\EtherCAT. The default location is “C:\TwinCAT\lo\EtherCAT”

TwinCATS3 installation folder \3.1\Config\lo\EtherCAT. The default location is “C:\TwinCAT\3.1\Config\lo\EtherCAT”
TwinCAT will need a restart in order to load the new file.

1.5.2 Understanding EtherCAT® addressing modes supported

Three device addressing modes are available: auto increment addressing, configured station address, and broadcast.
EtherCAT® devices can have up to two configured station addresses, one is assigned by the master (Configured Station
Address) and the other one can be changed by the iPOS drive (Configured Station Alias address). The Configured
Station Alias address is loaded from the drive only after power-on or reset.

In case of device addressing mode based on node address, the iPOS-CAT drive sets the configured station alias
address with its AxisID value. The drive AxisID value is set after power on in one of the following ways:
a) By hardware’, function of the axis ID inputs. The AxisID value is computed in the same way as in the case of
iPOS-CAN drives using the CANopen® protocol (see the user manual of the drive)

Remark: any other combination of voltage levels not included in the CANopen addressing table, like for
example the levels from TMLCAN addresses will set the axis ID equal with 255.

By software, imposed via EasySetUp a specific AxisID value in the range 1-255.

' Some drives do not have hardware Axis ID input pins
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1.5.3  Detecting the drive with TwinCAT3

If everything is connected and turned on, the link and activity LEDs on the EtherCAT® drive should be ON.

Start TwinCAT XAE and create a new project. Select the menu command TwinCAT->Show Real Time Ethernet
Compatible Devices...

o0 TwinCAT Project2] - Microsoft Visual Studio (Administrator)

File Edit View Project Build Debug | TwinCAT | PLC Tools Scope Window Help
Ple -l | & s8] 9] cenersteMappings L -l
GIE . s BB 2% @) 5 Activate Configuration

Show Online Data

| ]

Solution Explorer 1 Restart TwinCAT System

= E1  Restart TwinCAT (Config Mode)
= =

3 Solution "TwinCAT Project?1’ (1 project] "’ Bicad Levices
4 [ TwinCAT Project21 . Scan
> |l SYSTEM @ Toggle Free Run State
MOTION e

Show Sub Items

Access Bus Coupler/IP Link Register...
Update Firmware/EEPROM (]

Show Realtime Ethernet Compatible Devices...
EtherCAT Devices

If in Installed and ready to use devices no network card is displayed, you must first install one with an EtherCAT® driver.
Select one Network Ethernet Card (NIC) from those listed at Compatible devices and click on the button Install.
Remark: In most cases, this operation is done automatically when TwinCAT is installed

[ Installation of TwinCAT RT-Ethemet Adapters ==

Ethemnet Adapters Update List
E- l;f Installed and ready to use devices
[ g Loc tel PCI Ethen b abit

PCI Etheme

Compatible devices

Incompatible devices

Disabled devices
Enahle
Disable

[ Show Bindings

On the left tree of the Solution Explorer, expand the I/O Configuration, then click the right mouse button over the
Devices and choose Scan. Confirm the next dialogue with OK.

0 TwinCAT Project?1 - Microsoft Visual Studic (Administratar)
File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help

Pl S @ #5229 -0 - S-5 | b [Release ~| | TwinCAT RT (:86) -
el e e N ‘
Solution Explorer > 0 x

4 Selution TwinCAT Project2l' (1 project)
4 3l TwinCAT Project21
> [l sYSTEM

& Map 2 Add New kem... CtrlShift+A
(] Add Bdsting Item... Shift+ Alt+A
% Sean
{4 Paste Ctrl=V
Pastewit

In the list of I/O interfaces found, select only the ones you want to add to the list and click OK.

Remark: if the scan is commanded a few seconds after the drive powers up, it might not be detected. After powering
up the drive, wait about 10-20 seconds before scanning for new devices.

3 new /O devices found @
[[|Device 1 [EtherCAT Automation Protocol] — [Local Area Connection (TwinCAT -Intel P oK
iy (CAT)  [L tion T-Intel PCI Ethernet]
[|Device 2 [FC51me)  [Slat 5 A& (DsFDEFEDDD]]
Select All
Unselect All

The following dialog appears. Click Yes to confirm:

© Technosoft 2019 19 iPOS CoE Programming



Microsoft Visual Studio

.‘ew Scan for bores
L 2]

Click Yes, to add drives to NC-Configuration.

Microsoft Visual Studio

\'_el EtherCAT drive(s) added. Append linked axis to NC-Configuration
L ¢

Click Yes to activate Free run in the next dialogue.
Microsoft Visual Studio

I@I Activate Free Run

Remark: The Free Run mode was used in the following examples to keep them as simple as possible, without adding

the PLC extra layer.

1.5.4 Configuring Technosoft EtherCAT drives for NC PTP compatibility (CSP example)

After the instructions from chapter 1.5.3 are complete, do the following:

1.5.4.1 Setting the communication cycle time for RUN mode

Double-Click the NC-Task to select the communication cycle time. Under the Tab Task, select 1 for cycle ticks to set
the communication cycle time of 1 ms (same as the drive slow loop) to obtain the best performance.
Note: If the drive slow loop time is set different than 1 ms, the communication cycle time must be equal or a multiple of

that time.
o AT P VEcesch Vi s Barins
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- ko sar Dbt i DeDS000M0
At Pecety Maragement Owson
ooy 4 G Datin
LA
St ok i) (e
Secame roud widle
Wiarring by exceding o1 L0 o ek oy
4 ™ Dewce 3 (FtheCAT) bt L] i
"B image
1.5.4.2  Setting the interface factor group settings

Click Axis 1, select the Settings tab and select - if your motor is rotative and mm if it is linear.

e e R P ==
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Setting the scaling factor:

Click Axis 1_Enc(1) and select the Parameter(2) tab. Write the scaling factor for your encoder (3). The formula is [360%
Number of encoder counts of one full motor rotation]. If the encoder is 500 lines quadrature, it will have 2000 encoder
counts per rotation. So the scaling factor in this case would be 360/2000 = 0.18.

T T (= e |

File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help
LiR-E-S i d] %] 9 -0 - 25| b [Reiease ~| | TwinCAT RT (6) B
B82S &l ol HE [ r =g|ss

Ml TwinCAT Project2l %

— | Generml | NC-Encede] Faramster |Time C | Online |
23 Selution TwinCAT Project2t (L project)
4[] TwinCAT Project2t
v [l SYsTEM T t .
- & vomon ncoder Evaluation:
2 [ NC-Task1 SAF Invert Encoder Counting Direction =l 3
-Tasl caling Factor Numerator mm/.
NC-Task1 SVE Scaling Factor N F NC
¥ Image Scaling Factor Denominator (default: 1.0} f F
[T Tables Position Bias F mm
4 s
g , Modulo Factor (.. 360.07) ! F mm
1 Tolerance Windew for Meduls Start 00 F mm
T = Drve Encoder Mask (maximum encoder value) OxFFFFFFFF D
Ty Chl Encoder Sub Mask (absolute range maximum valug) 0:000FFFFF )
> B Inputs Ref Systs INCREMENTAL' = £
g = | Reference System
PLC - Limit Switches:

1.5.4.3 Choosing a position lag value

Double-Click Axis 1 and choose the Parameter tab. Choose a larger number for the Maximum Position Lag Value like
90. This setting is just for demonstration purposes and for the drive not to enter in position control error too fast in
case of bad motor tuning.

TweerCAT Progect?] X

ud
o Sokition TwinCAT Project2l” (1 project]
4 [ TWinCAT Project?t
il srstem
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E Ly Pesmen Lag Monmonryg 5 | E
« @vo r 1
o B Deice 3 {BCAT) Masinutm Posdtion Lag Filter Time ol | Fos
8 yrage Penien Hange Mondening TRUE =l B

Remark: the position lag protection also exists on all Technosoft drives and can be set with Easy Setup under the
“Control error/ Position error” fields.

1.5.4.4 Mapping a digital input as the home switch for the NC-PTP interface

In the left tree, under NC — Configuration/Axes/Axis1/Inputs, expand the Axis1_FromPLC, expand ControlDWord and
select the variable HomingSensor.

Right click the variable, and select change link... .

File 2 View Projet Rukd Debug TwinCAT PLC Touh Siope Window - Help

(el = Tl G N[ = = LSRR [Relese [ TanCAT R oat) -JIE _ L3
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ki 05 L 101 ]

L 1o

]

] Dener
s ol
Enputs
& * FromPic
4 ® Comretiond
* Erable ADIS o Puet 50, K OxFORY. KOs G Lam. 1
* FeedmablePius

Full e TG MG Task | SAF e Aot 1 ity T ContralDVHond Homng
T
% NeDebugfiay
[ Coleghitta
- el

Click the checkbox “All Types” (1) and then choose the variable Digital inputs (2). Click OK.
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Attach Variable HomingSensar (Input)
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#] CigSlaveCount > B 1546.0, LINT [2.00
- 4 Drive 1 iPOS4808 MY-CAT-STO

g
0, AMSADDR [8.0]

2 nefld > |B1550.0, AMSNETID [E.0]
----- #1 pat > 1B 1356.0. wWORD [2.0]
fodEl Chall > 1B 15580, USINT [1.00

-~ Show Variables

@ Unused

(1 Uzed and unused
[ Exchude dizabled

Exclude other Devices

relude same Image
Show Tooltips

[ Sort by Address
Show Variable Types
Matching Type

m

Offsets
[ Continuous
[ Show Diglog

Wariable Mame

[ Hand aver
Take over

Cancel oK

1

A new menu will appear where the offset will have to be chosen. Digital inputs status is a 32 bit variable and the Homing
Sensor is a BOOLEAN (1 bit) variable. Choose an offset of 23 to select the INO input and click OK.

Wariable Size Mismatch

Linked Variable: Digital inputs

Size Offzet
Linked Variable: 32 2
Own Yariable: 1 0
Overlapped. 1

[ Size and Offset in bits |

==l

1.5.4.5 Running the NC-PTP interface

Click the Activate configuration button and to enter PLC Run mode.
LI P e ) T

Solution Explore
PO e Configuration

- Selution TwinCAT Project2l’ (1 project)
4 [5] TwinCAT Project2t
> [l svsTEM
a MOTION
4[] NC-Task1 SAF
[E1 NC-Task 1 SVB
28 Image
[T Tables
4 ¥ Aves
4 B Aisl
¥ Enc
, ] Drive
Ty Ctrl
» 12 Inputs
> W Outputs

e

Click OK.

Microsoft Visual Studio =

45y Activate Configuration

L = 4 (Old Configurations will be overwritten!)

[ ok [ concel |

Click OK.

Microsoft Visual Studio (=3

) Restart TwinCAT System in Run Mode

[ ok ][ canca |

Click Axis 1 and choose the Online tab. Click the Set button and a new window will appear. Click the All button to

activate the power to the motor.

MR TwinCAT ProjectZl X

General | Settings | Parameter | Dynamics| Orline: | Functions | Coupling |

N

0 |

: ]

Status fog.} Status (phys.)
Ready NOT Moving
Calibrated Moving Fw
Has Job Moving Bw
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A Sebution TwinCAT Preject2l” {1 project)
4 5l TwnCAT Projectil
il svsTEm
+ g MOTION
a [ NC-Taskl 54F
[F BC-Task1 WE

1| SAFETY
[ R=
+« @vo
4 ¥ Devices
4 5% Device 3 (EtherCAT)
=% Image
8 Image-Info
= Synctinits
Inqists

TwinCAT Project?] X

G| Somnge | P ] orive | it Copin | Compraston

Selpurd Postin. r1
1472312.3730 WTNZITH
Lag Distance fmnvi 11 Actus Velacey /2] Setport Vebocty,  ['/a]
0NN (0 DO, 0 (HTY 000D 00000
[r—— [5] Total / Cortod Chiggmd [3] Enor
00000 % 000/ 0.00% 1%
St dog) Status ) Enabivg
Beady FINGT Mg 7 Cougied Made [ Cortroter (5] [
| Cabrated Maviy Fre " Target Foe " Foed P et Ensbling [
Haa Jobs Meoving Bw I Pos. Fiange Foed Bw
" Cortroles .=
Cortroter KiFactee [Par]  Refewce Viocty fusl| L Feediu [=fia]
1 1 20 A Crenina | Cancel |
Target Pastien Pl Torpet Velocty tal Gueside
—_— - -+ ++ g —
Fi | F2| F3| ¥4 | ks

If everything is OK, all the checkboxes under Enabling will be ON. The motor will start keeping its position.
For debugging purposes, you can click the yellow F1-F4 buttons to move the motor.

= BT N BN [ | [3» = g5z |z
Solution Explorer - TWinCAT Project2l X
% Onli
Gi | | Settir P; et nling - | Functi Coupli Ce J
-3 Selution ‘TwinCAT Project2l’ (1 project) Iiapert] Setivon [ Bomnear] D’mmﬂl. ||. pnctors [\l |
4 [ TwinCAT Project2l Setpoint Position: [
A T 1472312.3730 s
. MOTION Lag Distance fmin/max):  [] Actual Velocty: ['/s] Setpoirt Velocty: /5]
o [B] NC-Task1 SAF 00000 (D527, 1.582) 0.0000 00000
21 NC-Task1 SVE Ovemide [%] Total / Cortrol Output:  [%) Emor
28 Image 100.0000 % 0.00/ 0.00% 0 (0:D)
] Tables Status Jog) Status (phys) Enablng
a Ready NOT Moving  [] Coupled Mode
fois1 [CCalbraied  [IMovingFw [l Target Pos.
p [7] Has Jobs [] Moving Bw [ in Pos. Range
SAFETY
Cov Controller Ku-Factor: [/ Reference Velocity [/
. Elo | 200
4 ¥ Devices Target Postion r Target Velocity: [/s)
4 5 Device 3 (EtherCAT) 0 Yy o
% Image
%% Image-Info - = + | ++ ®| —-
.2 SyncUnits Fi| Fz| F3| F4 F& | F9
b 1 Inputs
Click the Functions Tab and choose a Reversing Sequence.
Solution Explorer MRSl TwinCAT Project2l X
-
| General | Settings | Parameter | Dynamics | Online | Functions | Coupiing | Compensation |
o Solution TwinCAT Praject?1" (1 project)
Fl a TwinCAT Project2l Setpoint Position 1
S foly Ny 1472312.3730 s
a MOTION Extendsd Start
4 NC-Task 1 SAF Start Mode: [Apselte -] [tart ]
|;%. NC-Task 1 SVB Target Position Qbfg‘lute [1 Stop
& # Image Target Velocity: e+ Il
[ Tables Endless - 3
. 7] Acceleration Endess '/s2)
[] Decsleration Modulo shortest way  |[62]  |ast Time B
Flderk Modulo plus direct. /6]
o1 = Maodulo minus direct [/s3] 0.00000
SAFETY Raw Drive Output ar
Ces
Ot Mode: 4
< = Output Value: o %1 Stop
4 ¥ Devices put Value: :33‘1)1 -
4 = Device 3 (EtherCAT) Set Actual Positon 3
% mage o
*% Image-Info Set Target Posttion oo
2 SyncUnits e

Inputs
W Outputs
& InfoData

= Drive1 (iPOS4808 MY-CAT-STO)

Op Sequence
Velo Step Sequence
Sinus Sequence (Bode)

Sinus Oscillation

Write 720 for target position 1 for the motor to rotate twice. Write 720 /s velocity (2 rps). Click the start button. The
motor should start rotating smoothly, without shaking, back and forth 2 rotations.

Solution Explorer

=
- Solution ‘TwinCAT Project21’ (1 project)
4 3 TwinCAT Project21
> |l SvSTEM
a MOTION
a NC-Task1 SAF
[Z1 NC-Task15V8
8 Image

[ Tables

Rl TinCAT Project2l X
| General | Settings | Parameter | Dynamics | Oniine | Functions | Coupling | C: ion |
14723123730
Bdended Start
Start Mode l%mmg Sequence | I[Start 1|
Target Position & Stop
Target Velocty 720 T/
Target Position2: [1] §]
Ide Time: [ s Last Time o
0.00000

Click on the Online tab (2) and observe the Lag Distance (position error according to TwinCAT).
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A Selutsan TwanCAT PeepeetZL" (1 progeet]
# [l TwinCAT Progectzl

ol svsTEm

4 T Device 3 (EtherCAT)
v

TwinCAT Project?l

wimir-m_mrmicmicw

492.8906 " e

+ [ MoTicN \ag Datance pnimar) | I'/%] Seipoire Veleety |
a B NC-Tak 1 5AF 00435 {1 200, 1 569 15 R IETH
B NC-Tak ] VB Cremrme =] Tatal / Contml Cutput 4] Emor
"B image 100 0000 % P28 ER e 0=
[T Tables ot fag st iy | Enaning
] Raady NOT Mo Coughed Mode o Controler Set
Calbeated ] Mg Fw In Target Pou SlFeed Fw
41 Has b Maung Bu In Pos. ange 1 Foed B
Cortrober y-Facior (a7 Raference Velocty 4
i 4 mn i ]
Targst Postun

Target Visocty. '

ﬁ o

i S 180

Checking and updating the XML file stored in the drive

After these settings are done, the setup will be compatible with PLC open motion blocks in the PLC Control program to
run automated scripts.

The XML file data is stored in the EtherCAT ASIC EEPROM, not of the drive. The EtherCAT EEPROM can be written
only via the Ethernet port. The XML data also contains supported CoE object data information. With firmware updates,
new objects might be implemented and an XML update is also needed.

To correctly identify your product, read the label on the drive or read Object 1018 sub index 2 which shows the correct
Product code.

Technosoft Drive name

Product code in 1018h, sub 02

iPOS360x VX-CAT

28002021

iPOS4808 MY-CAT-STO

27314121

iPOS4808 BX-CAT-STO

27314221

To write a new XML file, first make sure that this is present in the right folder i.e. in TwinCAT installation folder
\lo\EtherCAT.
The default location is “C:ATwinCAT\lo\EtherCAT” for TwinCAT2 and “C:\TwinCAT\3.1\Config\lo\EtherCAT” for
TwinCAT3. In TwinCAT System Manager, if you know the product ID of the drive, select the target drive from the left
side menu. Select the EtherCAT tab and click Advanced Settings...button. See figure below.

- I——

Salution Exploser = 4 % B TuanCAT Propectd]

In the Advanced Settings window, select from the left side tree option ESC access/E?PROM/ Smart View. Click the
Write EZPROM... button.
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Advanced Settings =

- General Smart View
i LBehavior i
o s Config Data (evaluated from ESC) Device Identty hex)
-~ Identification EPROMSke (Byie) (2088~ Vendor Id: DI00001A3
FMMU / SM PDI Type: SPlsave - Product Code BOTADCTCS
. LInit Commands _ i
H [T] Device Emulation (state machine emulation} Revison No 35313549
- Mailbox
SP1/8/ 16 4C Iterface Serial No: 00000000
[7BUSY Open Drain 9] BUSY High Active
[T]INT Open Drain [ INT High Active: Product Revision:
2 Bt Interface e _ =
[Z]WD Open Drain (] WD High Active [Lie BSE: Bt i foF:
[linput Latch El&E
Bootstrap Corfiguration
Syne Signal Corfiguration Out Start/Length: 4096 128
[Z]SYNCD Open Drain [ ] SYNCD High Active
- 3 n Start/Length 5120 128
[7|SYNCDEnsbled (7] SYNCDto PDI IRQ
[T SYNC1 Open Drain [T SYNCT High Active
= - Standard Corfiguration
[CSYNC1 Enabled  [] SYNCT to PDIIRQ
Out Stant/Length: 4086 8
Impulse Lengih (s} 50
n Start/Length 5120 128
[ wieEPROM.. || [ Read EPROM.. |
‘ i v
[ ok ][ Cancel ]

If the XML file is present (see 1.5.1 Adding the XML file), a list of available product descriptions will be available.

The current XML on the drive will be already selected. Choose your correct drive name with the highest revision number
( number on the right) and click OK.

Write EEPROM ==
Available EEPROM Descriptions: [ Show Hidden Devices 0K
| POS4308 BX-CAT 10 (27214221 / 292417350) -
iPO54808 BX-CAT-5T0  [27314221 / 832417350)

IPOS4808 MY-CAT-STO (27314121 / 832417350]
iPOS4808 5Y-CAT #1 [27051424 / B25308466)
IPOS 4805 S5Y-CAT #2 (27051424 / 842085702)
iPOS4808 5Y-CAT #3 (27051424 / B58862918)
IPOS4B05 SY-CAT #4 (27051424 / 5756401 34]
POSB010 BX-CAT [29025221 / B92417350]
IPOSB020 BX.CAT (28026221 / B92417350)
POSB010 BA-CAT [29025222 / B92417350]
IPOSB020 BACAT (28025222 / B92417350)
iPOSB010 BR-CAT [29025224 / B32417350)
|POSB020 BR-CAT (23026224 / 892417350)
POS4808 BX-CAT w10 (27214221 / 892417353
IPOS4808 BX-CATSTO (27314221 / 832417353)
POS4808 MY-CAT-5TO  [27314121 / 892417353)
IPOS4B08 5Y-CAT #1 (27051424 / 825308483]
iPOS4808 5Y-CAT #2 [27051424 / B42085705)

iPOS4E08 5Y-CAT H3 (27051424 / 853862321) =
iPOS4808 5Y-CAT #4 [27051424 / B75640137)

IPOSBO10 BX.CAT (28025221 / B92417353)

POSB020 BX-CAT [29026221 / B92417353)

IPOSBO10 BACAT (28025222 / B92417353)

POSB020 BA-CAT [29026222 / B92417353)

IPOSBO10BR-CAT (20025224 / 892417353)

iPOSE020 BR-CAT [29026224 / B32417353) -

PR P EEEEEEREEEEEEEEEEREE LR

The first number represents the drive Product number and the second one represents the revision number. The revision
number represents the current firmware version. It can be converted into hex and later into ASCII characters. So, if the
current firmware F515I, the revision number will be 5151 (ASCII), 0x35313149 (hex) and 892417353 (decimal).

Remark: Newer firmwares work even with older XML file information. There is no need to update the XML info in the
ECAT adapter with every firmware update. Sometimes, newer firmwares do not have an associated XML. Example:
F515G firmware has no new CoE objects or functionalities, so it works with the XML made for F515F.

After the writing process is complete, reset the drive, and rescan the devices in the network. Now the correct device
description will be found automatically.

1.5.5 Setting the free run communication cycle

In the left tree, at I/O devices, select Device 3 (EtherCAT). On the right side, select Adaptertab. Set the Freerun Cycle
(ms) for example at 1ms.

Remark: When TwinCAT is operated in Freerun mode, this is the only setting needed for the communication cycle
time
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To activate all settings done so far (including PDO mapping changes) click the Reload I/O Devices (F4) button shown
below. This will also activate SYNC 0 signal if it was enabled.

=Yeols Scope Window

| Redesie

Tl : -
3 Selition TwanCAT Projectdl! {f progect)
[l TwinCAT Project?l

el
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i s =
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1 sarery M Fags Vil ]
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4+ Gllvo [ R 00
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1.6 Controlling the drive using CoE commands. Examples

1.6.1

Starting a position profile with CoE commands in TwinCAT

Assuming the motor has been connected to the drive, it has a valid setup downloaded (see 1.1) and it has been identified
in TwinCAT (see 1.5.3), the next steps describe a positive trapezoidal motion in position profile mode:

1.

Solution Explorer
[ Solution ‘TwinCAT Project22’ (1 project)
a5 TwinCAT Project22

b |l SYSTEM
3 MOTION

PLC

SAFETY

[Eed c++

o

4 *f Devices

4 =¥ Device3 (EtherCAT)

2% Image

%9 Image-Info

2 SyncUnits

Inputs

B Outputs

[ InfoData

4 =] Drivel (iPOS4

3

a

3
3

3

I¥-CAT-5T0)|
Tansmit POO 1 mapping parameters
Transmit PDO 2 mapping parameters
I Receive PDO1 mapping parameters
WcState
I3 InfoData

3
3

3

3

2.

In the left tree, at /O Devices, click on Drive 1.

- 0 x

e

General | EtherCAT | DC

| Process Data | Startup [ CoE - Online | Oniine |

Name:
Object Id:
Type:
Comment

Dnve 1(POS4808 MY-CAT-STO) d: 1
3020001

iPOS4208 MY-CATSTO

[C] Disabled Create symbols

Click on CoE — Online tab on the right side. If the provided .xml file matches the characteristics of the drive,

the CoE objects will have an associated name, like object 0x6064 Position Actual value. Else, all CoE objects
will be read directly from the drive without anything in the name column.
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3.

TwmCAT Project? %

A Sohaticn “TwnnCAT Propt2Z (L project) Geen| BheCAL| 26| Pocom Jue
o [ TwinCAT Projecta? Upetute List fuan Upesie (] Single Lpee 1] Show Offire Ditn
l sesien s —
& momon
@ e i Daia Madule 00 (AoE Pt}
B sareTY
Con Index Nome Fags [
+« @ 50 Mo of opentn MRWE 9
o "% Dences %1 Uiasies of epampen duplay MROP 1]
4 S Device 2 {EtherCAT) 5082 Pastion demand voiue ROF 0
5 brage 5053 Postion actisal intemal value ROP el
28 bmage dnfo = il
2 Synclinits s Folawing amor wndow [ 00001333 4315}
Inputs o Folloming s brmect RWE IaFFFF §5525)
W Owtputs [ Postion: mreis AW (00001000 4056}
& Wfoblats (38 Praren mrdon e BEWE 0001 [T}
4 = Drive | GPOSIE08 MY-CAT-STO) g‘; \'Haﬂ\-'wu” :ﬂ“" :g: 2
Tramsmit P | mapping pasameters -~ S (S »
Transrnit PDO 2 mapping paiamiters o Valorty Thrsahokd BWP 0000 03
W Peceive PDO 1 mapping parameters P Turost somyabumrt) WP "
W Westate o Toru{Ciror) actusl vikvn (1 ]
5k InfaDats Py Tingel postiin: w0y o
« 2% Mappings SRS ] Lo yie
&7, NC-Task 1 SAF - Device 3 (FtherCAT) 1 [ d Hame offant R P 0
% NC-Task L SAF - Device 3 (ExherCAT) Info BITDD Sowere postion imt R o

In the CoE online list, search for object 6060h and double click it. In the new window, write the value 1.

This step writes with an SDO command into object 6060h the value 1 to set the modes of operation object into

position profile.

Remark: if the drive is reset, object 6060h will be re-initialized with 8 (CSP mode). This happens because this

command is defined in the Startup tab (the one beside the CoE-Online tab) and is added if the Technosoft XML is

present.
TwnCAT Project2
(o [BwEAT 56 [oeem o B ot e
Lindate it 7 it Uprctatm  [F] Sirigion Uit [7] S (1o [l
e Dats Module 00 (A0E Pot): 0
T
Flss Vshot
Aort Conecon Uplion Code W U
Ll D000 {0
MRWP k0000
MROF  DeI27D {720
Ghsck: Stop Opton Code. aw 2
Shuedown Optian Code o ] .
Disable Dperston Opton Code AW ' " [
A 1
Fpuk et Dot Code A 3 I D 1| I O
MEWP 0 Hex (] [ Concal_|
Viodes of operation dapiay WFO T b
sue mP ] ERaE
Pastion sctusi rtemal value AOP 20072
Tostion actual velue: mar 200726 =y
Folowing oo window RW P oeaoppy Bod [ O | He ikt
Feluang emor et AW BFFFFY gy = ‘
AW P T
Prasier wandew reee BWP o0 Bt S 1 &8 e Bk Rl
Velnety seror actunl vk ROF 0

4.

5.

Right click on Control word variable, and choose Online Write.. .

all

T3 Soktien TormCAT Project22 { groject] e | ErweCAT [0 Pocews Oua | Same riea
o T TwweCAT Prejeeszl fr===ry it Upe 7] S Updse £ Shew (Wi Dt
M 00 e Pt
en o R o
R Mo e NRWE 1
= Moen o s dapiny uer o
BE Poston demar ke mE 0
SED  Fostenactus reerd vk F ]
a6 Foster ctud vakm FOP 3w
s Fokowrg seor RWP  CaGOOTI) NS
e Folumg o tmmcns P R s
BET Powenwndr FNF  (aDDOOO00 056}
GEE Posonwew e RNF 0N
o o Dinnd (POMI08 MY-CAT-5T0) ;"-‘:‘ ;‘mm’fm‘““m il :L :
:rm::g;m-p;q Farsmetars - oo e
et PO 1 map pavirnetirs poe i i i
L LT npe— o ,M“‘Im"" ’ BNE o
et : < Wr o
& bfolets i e &
4 BN Mappmg o 224
£, NC-Tock 1 5AF - Device ) (TharCAT) 1 L
ity NG Tk 1 SAF - Device ) EharCAT) ol ™ s3e
WO LD Lnkads
’ v Stoel. nstste
ki 0 nbetakd b nputs £
R e T
| ] nflstaled . In_Inpats.. Do
Sl
] 0 el sttt
| nstated, nitatel
- presy, bwa 0
. “’x || #3- o i i :
ko T 2
iy B s P e
1 DeDutpustn | ek Wt O nOcOdputioa. bn b
Rermcn i Wik U DT g
e A 0u0000000 1) oot 4 13D Oupa 0 nbetadud O Ouepu

To enter in Ready to switch on state, write in the hex field 0x0006 and click OK.
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10.
11.

12.
13.

14.
15.

Set Value Dialog @
Dec: E Ok

Hes: 00006
Float:

Back Lo J[L1] Hen Edit.
Binary 0500 2

Bit Size: ©1 ©8 @15 ©R2 OB O7

Repeat Step 4 and send Switch On (0x0007) into Control word.
Do the same as Step 4 for the PDO Target position and write 80000 into Dec field. The drive will finally execute
80000 internal position units (encoder counts) after the start motion command is given.

In the CoE object list choose the object with index 0x6081 Profile velocity and double click on it just like step
3. Write the hex value 0x00090000 in the Hex field and click OK. The profile will be executed with a velocity of
9.0 IU (encoder counts)/ms.

[ Uipdae Lt | Idute Updse T Singla Upeats [7]Show Offine Dl
| Bdvanced.. '
el i Dt Drine Cela Mudube 0D (A0E Fod) o
e Hama Ragz Vg
B05F Vaocky Threahoic Rw2 0000 40}
&7 Tamet tomuefzument) R # o
77 Torque{Cument} actusl vae ROP a
B07A Target pnetion A8
+ BUFAL  Foskion rangs i AW s2¢
i Home offzet AP a
= 80700 Software poaion bt RW »2<
SI7E Fulerty itila 3l 1)
] Pratie velac B 5 ; T =
et il vaiacty Ll EN e =)
H0B3 P acoolamtion RW 2 27 .
HIEY Quich dlop decsleralion ¥ # a Dec: 339320 Ok
608G Wiction profile type AW P
08 T ——— e | R Lt | Laridl
60BA Poedion dmermon rdes Ry # el 0} Flgal, 325319472040
&088 ‘Vielocty notmion ndex AP a
SO0 Welecky dmengicn indes AW Dl )
5050 Buseetelion rrobaion reex HW P 4 300l 0 Has Edi
GOBE Arcelerztion drersion ndex AV ? @00 (0}
el Poskion factor RV 3% iy, wwnn 4
it Size: P08 D6 @R 2] ¥

Remark: if the object you need to write is also mapped as a RxPDO, writing in it via SDO protocol is useless
because the PDO data comes each communication cycle and overwrites the data in the object. For example,
object 607Ah is mapped by default to an RxPDO. Writing in it via the CoE Online list will be overwritten by
the PDO value. That is why in Step 7, the PDO data is changed for Target position and not written with SDO
protocol.

Repeat Step 4 and send Operation Enable (OF 00) into Control word. After this command, the drive will apply
voltage to the motor and will keep its current position.

To start the motion, write in Control word variable (0x001F) as in Step 4.

To follow the actual position of the motor, scroll to the object index 0x6064 Position actual value and click the
check box Auto Update. The motor actual value shall update automatically by reading continuously through
SDO protocol.

[ General | EtherCAT [ DC__ | Process Data | Startup | CoE - Oriine [oriine

Update List I [¥] Auto Update I Single Update [T Show Offline Data
Advanced...
Add to Startup.. Online Data Module OD {AoE Port). o
Index Name Flags Value
6060 Modes of operation MRW P 8
6061 Modes of operation display MROP ]
6062 Posttion demand value ROP 0
6063 Posttion actual intemal value RO P 33496481
Position actual value RO P 33496481

An alternative is to watch the TxPDO value where this object is mapped.

Name Online Type Size >Addr.. InfOut UserID Linked to

3 Statuswerd X 0x1250 (4688) UINT 20 o Input 0 nStatel, nState2

= Position actual v... X 0x01FFIDAL (3349... [DINT 40 730 Input 0 nDatalnl . In . Inputs . E...
3! Torque (current)... X 00000 (0) INT 20 770 Input 0 nDataln3[0] . nDataln3 . L.,
' Following error ... X 0x00000000 (0) DINT 40 790 Input 0 nDatalnl . In . Inputs . Dr...
#! Digital inputs 0x0F800008 (26004... UDINT 40 830 Input 0

' WcState X0 BIT 01 15223 Input 0 nStated, nStated

After reaching 80000 counts, the motor will stop and hold its position until it receives new motion commands.

To issue a new motion command, reset bit 4 of control word to 0. Like in step 4, write the value 0x000F into
control word. It was previously set to 0x001F.

As in step 7, right click the Target position PDO value and change it from 80000 to 40000.
Right click the control word and set it to 0x001F again to start a new motion.
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1.6.2  Starting a Cyclic Synchronous Position mode (CSP) (manual commands)

Remark: The cyclic synchronous position mode is the one used by the TwinCAT software in chapter 1.5.4.5 Running
the NC-PTP interface. This example shows the manual steps that are behind this operation mode.

To write in a mapped RPDO variable, right click on the variable and choose Online Write...

First Edit the Control Word (which is the variable for object 6040h Controlword)

Write inside the Controlword 06 and then click OK.

Set Value Dialog ==
Dec: B oK
Hes: 00006
Float:

Binary: 08 00 2

Bit Size: @1 ©8 @16 @R O O7?

Using the same method, write 07 and then 0x000F. After 0xO00F, the drive should be in Operation Enable.

6060h should already be set to the value 08 if the XML file is loaded. If it is not 08, then modify Modes of operation
object 6060h value 08 via SDO write. This value sets the drive in Cyclic synchronous position mode.

Finally write a small value into RPDO variable Target position (which is object 607Ah). Maximum 20-200 encoder counts.
The data in the target position will be updated every free run cycle (which was previously set to 1ms). Every time the
data inside the Target position changes, the motor will move to that destination within that communication cycle time
value.

K
A Change Link..

Name X Clear Link(s) n/Out  UserlD  Linkedto
¥ statusword Gotao Link Variable ¥ Input 0 nStatel, nState2
#1 Position actu Take Name Over from linked Variable nput 0 nDstalnl . In . Inputs . E...
& Torque (U 5| adq Newliem.. Culochitoa  nput 0 nDataln3(0] . nDataln3 | L.
& Following err nput 0 nDstalnl . In . Inputs . Dr...
% Digital inputs et Exsting nput 0
# Wstate st bishng Honis, nput 0 nStated, nStated
F InputToggle Delete Del nput 0 nStated, nStated
# State Move Address nput 0
& "
. Adehddr I 53 Online Wite... ﬂ"”t 2

# netld put 0

T OrTne Toree.

# part § nput 0
% Chnd P& Release Force nput 0
# DecOutputShi (2 Add to Wetch nput 0 nDcOutputTime . In . Tn...
#1 Delnputshift R ervove from Watch nput 0 nDelnputTime . In . Inpu...
B Crntirshanind
- Target position | X 0x00000000 (7] | Y Output 0 nDataOutl . Out . Outpu...
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1.6.3  Mapping objects to TxXPDOs and RxPDOs in TwinCAT System Manager

1.6.3.1 Mapping objects to RxPDO2

e Set the drive in Config mode. The drive can be with free run mode activated or not.
o0 TwinCAT Project2? - Microsoft Visual Studio (Administrator)
File Edit View Prc_»jact Build Bebug_ TwinCAT PLC Teels Scope
Pl @] # a9 - - E -5 [ b [Debug

e To map new RxPDO data follow the steps:

Select or double-click Drive 1 on the left.
Select Process Data tab to the upper right of the screen
In Sync Manager, select the Outputs to enable or disable RxPDO1 to 4.

Under PDO Assignment (0x1C12), select which RxPDOs objects should be active. In this case, check
0x1601 to activate RxPDO2.

Under PDO List, select object 0x1601 (Receive PDO 2) by clicking on it.
Below, in the PDO content window, the default mapped objects are shown.

6. First clear the existing objects by right click and delete on them.

pON =

o

: G| B[ 06| rcers S [ | G e G
A Soktion TrinCAT Projectid’ (L project 1 F e
4 [ TwinCAT Projectas Syme Manager O L
o s =
@ Moman M See  Twe P b G Neew Fsg T
il Pic [ T GIA BD T 3 ]
i sarety o il oA B o
¥
Qi‘m ik Dbnes 3| miaw a0 0
E T fods ouAE 10 0
s .
[]
]
]
PO Aesgpvert (L
1
(e 14 2
et 1] tnsem. {
6
[ |
Eerwriand Frindalimd PO Aottt Mo Up |
& - Dirwita 1 (FERRCAT) 1 ’”:—‘J":!W T T i E
@ NC-Tek 1 SAF - Device 3 {EtherCAT) Info 1 FDO Corfguration. —

Do this step until all objects are deleted.
e  After current objects are deleted from PDO 0x1601, right click on the white space and choose Insert...

PDO Assignmert (B¢1C12) PDO Content (B<1501)

Index Sz Ofs  Mame Type

0.0

Download Predefined PDO Assignment: (]
FDO Assignmert Load PDO infa from device
PDO Configuration

[syne Unit Assignment..

e A new list of mappable objects will open. Choose for this example, object 60B8h — Touch probe function

and click Ok.
Edit Pdo Entry (55
Mame: Touch probe function
Indes [hest GBS 24760
Sublndes 0
Data Type:  [LINT -]
Bit Lentgh: 18

From Dictiohary:

04B08E - Acceleration dimension index -
0+6033:01 - Position factor Numerator

0+6093:02 - Position factor Divisor

0xE094:01 - Velocity encader factor Mumeratar

016094:02 - Velocity encoder factor Divisor

046097:01 - Acceleration factor Numerator

0x6097:02 - Acceleration factor Divisor

0wE098 - Homing methad

0xE033:01 - Speed during search for switch (high sped)

06095:012 - 5 peed during search for 2em (low speed)
W= (=T L, o ! i

L OG0BE - Touch probe function I

& ~TrTeTpoiaton SUbToae seled
08BOCT:07 -X7: the first parameter of ip function
OxE0C1:02 - %2: the second parameter of ip function

1

e Repeat the same step as before and add/insert object 2092h UserVari

Remark: each RxPDO or TxPDO can support up to 64 bits of data. This means that the sum of the size of all
objects mapped into a PDO must not exceed 64 bits. TwinCAT actually allows in the GUI to map more objects,

exceeding 64 bits. When the drive will be re-initialized with the new settings, it will send an emergency message that it
ignored the PDO mapping.
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Remark: the more data is mapped into the PDOs, the more data is transferred to and from the drive each
communication cycle. The data transfer time is increased and leads to decreased performance like bad synchronization
during CSP mode. It is recommended to map only the data that is used most often and leave one-time configuration
objects like 6060h Modes of operation to be written into only once using SDO protocol.

e Because 0x1601 is checked under PDO Assignment, the newly mapped objects names will be visible in
the PDO list below

[General [ EtnerCAT [ DC_| Process Data [ Startup | CoE - Oniine | Online |
Sync Marager: FDO Lit:
SM Sz Type  Fags Indec  Sze  Name Flags SM su
0 48 MmOu 0CAQ 80 Transmt PDO 1 mapping paramet... 3 ]
1128 Mbxn 0CADT B0 Transmt PDO 2mapping paramet 3 0
2 12 Oupus BCAD2 60 Trnsmit PDO 3mapping paramet 3 ]
3 2 hps DCAD3 10 Transmit PDO 4 mapping paramet [
060060 Receive PDO 1 mapping paramet 2 [
[EEi B0 Feceive PDO 2 mopping parmmet Z ] o
Gel602 30 Receve PDO 3mapping paramet... 0
0c603 B0  Receive PDO 4 mapping paramet... 0
| i S
PDO Assignment (E:1C12) [P0 coreer o |
FllialiL Indsx  Sze  Offs  Neme Type Defaul thex)
7/ 01601 .
T O60BEO0 20 00  Touch probefunciion UINT ]
o603 008201 40 20 UserVarl UDINT
1]
Download Predefined PDO Assignment: frane)
BP0 fmiyicrt [Load PDO i from device
] PDO Corfigurati
[Syne Unit Assignment..
MName Online Type Sze  >Addr. In/Out UserlD Linkedto
# netld 192168250541  AMSNETID 60 15500 Input O
# port 0039 (1001) WORD 20 15%0 Input O
%1 Chrd 0:00 0] USINT 10 1580 Input O
1 DcOutputShift X 0:000953E4 (611300) DINT 40 15590 Input O nDeOutput
! DelnputShift X 0x0015309C (13887... DINT 40 15630 Input O nDelnputTi
- Controlword X 040000 (@) UINT 20 710 Output 0 nCtill, nCtr
%%+ Target position 0,00000000 DINT 0 730 Output 0 nDataQutl .
5 Touch prabe function X 040000 (@) UINT 20 710 Output 0 nCtrls, nCtr
B UserVarl 000000000 (0) UDINT a0 790 Output 0

e To activate the new PDO setup, click Reload I/O devices button.
e = - AR I R
88w a aRlieje- |

1.6.3.2 Mapping objects to TxPDO3

e Set the drive in Config mode if not already.

©0 TwinCAT Project22 - Microsoft Visual Studio (Administrator)
File Edit View Project Build Debug TwinCAT PLC Tools Scope

s 0 A

® - =0 [ B [Debug

e To map new RxPDO data follow the steps:

1. Select or double-click Drive 1 in the left.

2. Select Process Data tab to the upper right of the screen

3. In Sync Manager, select the Inputs to enable or disable TxPDO1 to 4.

4. Under PDO Assignment (0x1C13), select which TxPDOs objects should be active. In this case,
check 0x1A02 to activate TxPDOS3.

5. Under PDO List, select object 0x1A02 (Transmit PDO 3) by clicking on it.

Below, in the PDO content window, the default mapped objects are shown.
6. First clear the existing objects by right click and delete on them.

TranCAT Projectld %

BiltherCAT) 2
A% NC-Tih | S4F - Device 3 {EtherCAT) Infe

Do this step until all objects are deleted.
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and click Ok.

==

Edit Pdo Entry

Name: Tauch probe status
Index (hex.  BOB3 24761
Sublnde O

BitLenigh: |16

Fiom Dictionary

04B093:02 - Position facter Divisor =

04B094:01 -Velocity encode factor Numerator

OWBDS4:02 - Velocity encoder factor Divisar

OWBDS7:01 - Acceleration factar Numerator

04B037-02 - Acceleration factor Divisor

046038 - Homing method

OWE09%:01 - Speed during search for switch Ibih sped)

4B Speed duing search for zero (low speed)

(15 mingsccaleation

|| 0<5083 - Touch probe status__|
TEDEE =T SUeR FroBe T FETiVE Edge

04B0BE - Touch probe 1 negalive edge

OWBUBC - Touch probe 2 pasitive edge

OWE0BD - Touch probe 2 negative edge

O4B0CD - Inkerpolation submade select

]

After current objects are deleted from PDO 0x1A02, right click on the white space and choose Insert...
A new list of mappable objects will open. Choose for this example, object 60B9h — Touch probe status

e Repeat the same step as before and add/insert object 0x60BA — Touch probe 1 positive edge

Remark: each RxPDO or TxPDO can support up to 64 bits of data.

Remark: the more data is mapped into the PDOs, the data transfer time is increased and leads to decreased

performance.

e Because 0x1A02 is checked under PDO Assignment, the newly mapped objects names will be visible in

the PDO list below

e To activate the new PDO setup, click Reload I/O devices button.
[ Gd @b aso-o
g8z agRlielo]

TwinCAT Project22 X
General | EtherCAT [ DC | Process Data | Startup | CoE - Online | Online |
Syme Manager FDO List
SM  Szz  Type  Flags Index  Sizz  Name Fags sM sU
0 48 MeOu A0 80 Transmit PDO 1 mapping parsmet 3 0
3 128 Mbin Dlil] S Jeosmit P00 2 mapniog, RaEmat el I
2 12 Oupts GIAD2 60 Transmit PDO 3 mapping parsmet 3 [ |
3 2 Inpuis | oAz 10 Transmit POO 4 mapping paramet... ]
600 60 Receive PDO 1 mapping paramet.. 2 [}
601 60 Receive PDO 2 mapping parsmet 2 0
ez 30 Receive POO 3 mapping paramet . (]
603 80 Receive PDO 4 mapping parsmet 0
C F——
PDO Assignment (B1C13): [0 Cortent mantzy. |
(]%x1A00 Index Size  Offs Name Type Defaut thex)
ey LE0ES00 20 00 Touch probe status UINT
T 60BA-00 4.0 20 Touch probe 1 postive edge DINT
€0
Download | Predefined PDO Assignment: fnone)
V|
Q Eta Load PDQ info from device:
[¢] PDO Configuration
[Sync Unit Assignmet..
Name Online Type Size  »Addr. In/Out UserlD Linkedto
& Statusword X 0x1250 (4688) UINT 20 70 Input nStatel, nState?
#' Position actuel value X 0:01FFRFAD (33525.. DINT 40 730 Input 0 nDatalnl . In . Inputs . E...
# Torque {current) actual value X 0:0000 (0) INT 20 770 Input 0 nDataln3(0] . nDataln3 . I...
# Following error actual value X 0+00000000 (0) DINT 40 790 Input 0 nDatalnl . In . Inputs . Dr..
# Digital inputs 0-0FB00008 (26004, UDINT 40 230 Input 0
- Touch probe status X 0x0003 (3) 20 &70 Input 0 nStates, nStated
F 2 Touch probe positive edge 0:00010007 (65543) 0 nDataln . In . Inputs  E...

2 CAN application protocol over EtherCAT® (CoE protocol)

EtherCAT® (Ethernet for Control Automation Technology) is an open high performance Ethernet-based fieldbus system
used in automation control systems. The CAN application protocol over EtherCAT® (CoE) enables the complete
CANopen profile family to be used via EtherCAT® and it specifies how various types of devices can use the EtherCAT®

network.
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2.1 EtherCAT® Architecture

EtherCAT® fieldbus accepts different network topologies, the most commonly used being presented in

Figure 2.1.1.

Linear Topology
N oo i not
ou v v v s J  connected
EtherCAT i i g A Do Tou]
Master
Drive 1 Drive 2 Drive n
Ring Topology
Io_i v [ 12 | 3
EtherCAT [ T our [On T our [In T out]
Master
E‘—| Drive 1 Drive 2 Drive n

Figure 2.1.1. EtherCAT® Architecture

Technosoft has extended the concept of distributed motion application allowing splitting the motion application
between the Technosoft drives and the EtherCAT® master. Using TML the user can build complex motion
applications locally, on each drive, leaving on the EtherCAT® master only a high level motion application and thus
reducing the network master complexity. The master has the vision of the motion application, specific tasks being
executed on the Technosoft drives.

2.2 Accessing EtherCAT® devices

An EtherCAT® device is controlled through read/write operations to/from objects performed by an EtherCAT® master.

2.2.1 CoE elements
Table 2.2.1 describes the Mailbox Header and CoE Header.

Table 2.2.1 — CoE elements

Frame part Data Data Type Value/Description
Field
Mailbox Header Length WORD Length of the Mailbox Service Data

Address | WORD(32 Station Address of the source, if a master is client, Station
Bit) Address of the destination, if a slave is client

Channel Unsigned6 0x00 (Reserved for future)

Priority Unsigned2 0x00: lowest priority

0x03: highest priority

Type Unsigned4 0x03: CoE

Cnt Unsigned3 Counter of the mailbox services (0 is the start value,
next value after 7 is 1)

Reserved | Unsigned1 0x00

CANopen Header | Number Unsigned9 Depending on the CANopen service
Reserved | Unsigned3 0x00

Service Unsigned4 0x01: Emergency

0x02: SDO Request

0x03: SDO Response

0x04: TxPDO

0x05: RxPDO

0x06: TxPDO remote request

0x07: RxPDO remote request

0x08: SDO Information

2.2.2  Object dictionary

The Object Dictionary is a group of objects that describe the complete functionality of a device by way of communication
objects and is the link between the communication interface and the application. All communication objects of a device
(application data and configuration parameters) are described in the Object Dictionary in a standardized way.
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2.2.3  Object access using index and sub-index

The objects defined for a device are accessed using a 16-bit index and an 8-bit sub-index. In case of arrays and records
there is an additional sub-index for each element of the array or record.

2.2.4  Service Data Objects (SDO)

Service Data Objects are used by the EtherCAT® master to access any object from the drive’s Object Dictionary.

48 bit 16 Bit 8 Bit 16 Bit 8 Bit 32 Bit
Mailbox Header CoE Header SDO Control Byte Index Subindex Data
— _ _/
' '
Mandatory Header Standard CANopen SDO frame

Figure 2.2.1. EtherCAT® message SDO structure

Standard CANopen SDO frames can be used:
— Initiate SDO Download

— Download SDO Segment

— Initiate SDO Upload

— Upload SDO Segment

— Abort SDO Transfer

The SDOs are typically used for drive configuration after power-on, for PDO mapping and for infrequent low priority
communication.

SDO transfers are confirmed services. In case of an error, an Abort SDO message is transmitted with one of the codes
listed below.

Table 2.2.2 — SDO Abort Codes
Abort code  Description
0503 0000h  Toggle bit not changed
0504 0000h  SDO protocol timeout
0504 0001h  Client/server command specifier not valid or unknown
0504 0005h  Out of memory
0601 0000h Unsupported access to an object.
0601 0001h  Attempt to read to a write only object
0601 0002h Attempt to write to a read only object
0602 0000h  Object does not exist in the object dictionary.
0604 0041h  Object cannot be mapped to the PDO.
0604 0042h The number and length of the objects to be mapped would exceed PDO length.
0604 0043h  General parameter incompatibility reason.
0604 0047h  General internal incompatibility error in the device.
0606 0000h  Access failed due to a hardware error
0607 0010h Data type does not match, length of service parameter does not match
0607 0012h Data type does not match, length of service parameter too high

0607 0013h Data type does not match, length of service parameter too low
0609 0011h  Sub-index does not exist.

0609 0030h  Value range of parameter exceeded (only for write access).
0609 0031h  Value of parameter written too high.

0609 0032h Value of parameter written too low.

0609 0036h Maximum value is less than minimum value
0800 0000h General error
0800 0020h Data cannot be transferred or stored to the application.

0800 0021h Data cannot be transferred or stored to the application because of local control.
0800 0022h Data cannot be transferred or stored to the application because of the present device state.

0800 0023h  Object dictionary dynamic generation fails or no object dictionary is present
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225 Process Data Objects (PDO)

Process Data Objects are used for high priority, real-time data transfers between the EtherCAT® master and the drives.
The PDOs are unconfirmed services and are performed with no protocol overhead. Transmit PDOs are used to send
data from the drive, and receive PDOs are used to receive data. The Technosoft drives accept 4 transmit PDOs and 4
receive PDOs. The contents of the PDOs can be set according with the application needs through the dynamic PDO-
mapping. This operation can be done during the drive configuration phase using SDOs.

The mapping PDO object contains the descriptions of the objects mapped into the PDO, i.e. the index, sub-index and
size of the mapped objects.

48 Bit

16 Bit 64 Bit

Mailbox Header CoE Header xxPDO mapped data

- A N
'

Mandatory Header

~
Standard CANopen PDO frame

Figure 2.2.2. EtherCAT® message PDO structure

2.3 Objects that define SDOs and PDOs

2.3.1 Object 1600n: Receive PDO1 Mapping Parameters

This object contains the mapping parameters of the receive PDO1. The sub-index 00n contains the number of valid
entries within the mapping record. This number of entries is also the number of the objects that shall be
transmitted/received with the corresponding PDO. The sub-indices from 01n to the number of entries contain the
information about the mapped objects. These entries describe the PDO contents by their index, sub-index and length.
The length entry contains the length of the mapped object in bits and is used to verify the overall mapping length.

The structure of the entries from sub-index 01 to the number of entries is as follows:

MSB
Index (16 bits)

LSB
Object length (8 bits)

Sub-index (8 bits)

In order to change the PDO mapping, first the PDO has to be disabled - the object 160xn sub-index 00n has to be set to
0. Now the objects can be remapped. If a wrong mapping parameter is introduced (object does not exist, the object
cannot be mapped or wrong mapping length is detected) the SDO transfer will be aborted with an appropriate error
code (0602 0000n or 0604 0041n). After all objects are mapped, sub-index 00n has to be set to the valid number of
mapped objects thus enabling the PDO.

If data types (index 01n - 07h) are mapped, they serve as “dummy entries”. The corresponding data is not evaluated by
the drive. This feature can be used to transmit data to several drives using only one PDO, each drive using only a part
of the PDO. This feature is only valid for receive PDOs.

Object description:

Index 1600n
Name RPDO1 Mapping Parameters
Object code RECORD
Data type PDO Mapping
Entry description:
Sub-index 00n
Description Number of mapped objects
Access RW
PDO mapping No
Value range 0: Mapping disabled

1 —64: Sub-index 1 to x is valid

Default value

1

Sub-index 01n

Description 15t mapped object
Access RW

PDO mapping No
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Value range

UNSIGNED32

Default value

60400010n — Controlword

2.3.2 Object 1601h: Receive PDO2 Mapping Parameters

This object contains the mapping parameters of the receive PDO2. The sub-index 00n contains the number of valid
entries within the mapping record. This number of entries is also the number of the objects that shall be
transmitted/received with the corresponding PDO.

Object description:

Entry description:

Index 1601n

Name RPDO2 Mapping Parameter
Object code RECORD

Data type PDO Mapping

Sub-index 00n

Description Number of mapped objects
Access RW

PDO mapping No

Value range 0: Mapping disabled

1 —64: Sub-index 1 to x is valid

Default value

2

Sub-index 01n

Description 15t mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60400010n — Controlword

Sub-index 02n

Description 24 mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60600008n — modes of operation

2.3.3 Object 1602n: Receive PDO3 Mapping Parameters

This object contains the mapping parameters of the receive PDO3. The sub-index 00n contains the number of valid
entries within the mapping record. This number of entries is also the number of the objects that shall be
transmitted/received with the corresponding PDO.

Object description:

Entry description:

Index 1602n

Name RPDO3 Mapping Parameter
Object code RECORD

Data type PDO Mapping

Sub-index 00n

Description Number of mapped objects
Access RW

PDO mapping No

Value range 0: Mapping disabled

1 — 64: Sub-index 1 to x is valid

Default value

2

Sub-index 01n

Description 15t mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60400010n — Controlword
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2.3.4

Sub-index 02n

Description 2"d mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

607A0020n — target position

Object 1603n: Receive PDO4 Mapping Parameters

This object contains the mapping parameters of the receive PDO4. The sub-index 00n contains the number of valid
entries within the mapping record. This number of entries is also the number of the objects that shall be
transmitted/received with the corresponding PDO.

Object description:

Entry description:

2.3.5

Index 1603n

Name RPDO4 Mapping Parameters
Object code RECORD

Data type PDO Mapping

Sub-index 00n

Description Number of mapped objects
Access RW

PDO mapping No

Value range 0: Mapping disabled

1 —64: Sub-index 1 to x is valid

Default value

2

Sub-index 01n

Description 15t mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60400010n — Controlword

Sub-index 02n

Description 2"4 mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60FF0020n — target velocity

Object 1A00n: Transmit PDO1 Mapping Parameters

This object contains the mapping parameters of the transmit PDO1. For detailed description see object 1600n (Receive
PDO1 mapping parameters)

Object description:

Entry description:

Index 1AQ0n

Name TPDO1 Mapping Parameters
Obiject code RECORD

Data type PDO Mapping

Sub-index 00n

Description Number of mapped objects
Access RW

PDO mapping No

Value range 0: Mapping disabled

1 — 64: Sub-index 1 to x is valid

Default value

1

Sub-index 01n

Description 18t mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60410010n — Statusword
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2.3.6

Object 1A01n: Transmit PDO2 Mapping Parameters

This object contains the mapping parameters of the transmit PDO2. For detailed description see object 1600n (Receive
PDO1 mapping parameters)

Object description:

Entry description:

2.3.7

Index 1A01n

Name TPDO2 Mapping Parameter
Obiject code RECORD

Data type PDO Mapping

Sub-index 00n

Description Number of mapped objects
Access RW

PDO mapping No

Value range 0: Mapping disabled

1 — 64: Sub-index 1 to x is valid

Default value

2

Sub-index 01n

Description 18t mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60410010n — Statusword

Sub-index 02n

Description 2"d mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60610008n — modes of operation

display

Object 1A02h: Transmit PDO3 Mapping Parameters

This object contains the mapping parameters of the transmit PDO3. For detailed description see object 1600n (Receive
PDO1 mapping parameters). By default, this PDO is disabled with object 18021 Sub-index 01 by setting Bit31 to 1.

Object description:

Entry description:

Index 1A02n

Name TPDO3 Mapping Parameter
Obiject code RECORD

Data type PDO Mapping

Sub-index 00n

Description Number of entries

Access RW

PDO mapping No

Value range 0: Mapping disabled

1 — 64: Sub-index 1 to x is valid

Default value

2

Sub-index 01n

Description 15t mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60410010 — Statusword

Sub-index 02n

Description 2"Y mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60640020n — position actual value
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2.3.8  Object 1A03h: Transmit PDO4 Mapping Parameters

This object contains the mapping parameters of the transmit PDO4. For detailed description see object 1600n (Receive
PDO1 mapping parameters). By default, this PDO is disabled with object 18031 Sub-index 01 by setting Bit31 to 1.

Object description:

Entry description:

Index 1A03n

Name TPDO4 Mapping Parameter
Obiject code RECORD

Data type PDO Mapping

Sub-index 00n

Description Number of entries

Access RW

PDO mapping No

Value range 0: Mapping disabled

1 — 64: Sub-index 1 to x is valid

Default value

2

Sub-index 01n

Description 18t mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60410010n — Statusword

Sub-index 02n

Description 2"d mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

606C0020n — velocity actual value

2.3.9 Object 1C00n: Sync Manager Communication type

Object description:

Entry description:

Index 1C00n

Name Sync Manager Com. type
Object code ARRAY

Data type UNSIGNED 8

Sub-index 00n

Description Number of entries
Access RO

PDO mapping No

Default value 4

Sub-index 01n

Description Communication Type Sync Manager 0
Access RO

PDO mapping No

Value range LN ENEDE

1 : mailbox receive (master to slave)

Default value

1

Sub-index 02
Description Communication Type Sync Manager 1
Access RO

PDO mapping No

Value range UNSIGNED8

2 : mailbox send (slave to master)

Default value

2

Sub-index 03n
Description Communication Type Sync Manager 2
Access RO
PDO mapping No
UNSIGNEDS8
Value range e e
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3 : process data output (master to slave)

Default value

3

Sub-index 04n
Description Communication Type Sync Manager 3
Access RO
PDO mapping No
UNSIGNEDS8
0: unused
Value range 1 : mailbox receive (master to slave)

2 : mailbox send (slave to master)
3 : process data output (master to slave)
4: process data input (slave to master)

Default value

3

2.3.10 Object 1C12n: Sync Manager Channel 2 (Process Data Output)

Assigns the RxPDO. This object can be modified only when State Machine is in Pre Operational and Subindex 0 = 0.
After configuration is done, set in Subindex 0 the number of configured RxPDOs.

Object description:

Entry description:

2.3.11

Index 1C12n

Name Sync Manager Channel 2

Object code ARRAY

Data type UNSIGNEDS8

Sub-index 00n

Description Number of entries

Access RO

PDO mapping No

Vv UNSIGNEDS8

alue Range 1-4
Default value 1
Sub-index 01n
- PDO Mapping object index of assigned

Description RxPDO :p1p st(‘r;napjped object ’

Access RW

PDO mapping No
UNSIGNED16
0x1600 (RxPDO1)

Value range 0x1601 (RxPDO2)
0x1602 (RxPDO3)
0x1603 (RxPDO4)

Default value 0x1600 (RxPDO1)

Object 1C13h: Sync Manager Channel 3 (Process Data Input)

Assigns the TxPDO. This object can be modified only when State Machine is in Pre Operational and Subindex 0 = 0.
After configuration is done, set in Subindex 0 the number of configured TxPDOs.

Object description:

Index 1C13n
Name Sync Manager Channel 3
Object code ARRAY
Data type UNSIGNEDS8
Entry description:
Sub-index 00n
Description Number of entries
Access RO
PDO mapping No
UNSIGNEDS8
Value Range 0-4
Default value 2
Sub-index 01n
. PDO Mapping object index of assigned
Description TxPDO : 15t mapped object
Access RW
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PDO mapping No

UNSIGNED16
Value range 0x1A00 — 0x1A03
(TxPDO1 - TxPDO4)
Default value 0x1A00 (TxPDO1)
Sub-index 02n
- PDO Mapping object index of assigned
Description TxPDO :pZF’)1d r%ap:)ed object ’
Access RW
PDO mapping No
UNSIGNED16
Value range 0x1A00 — 0x1A03
(TxPDO1 - TxPDO4)
Default value 0x1A01 (TxPDO2)

2.3.12 Object 207Dn: Dummy

This object may be used to fill a RPDO up to a length matching the EtherCAT® master requirements.

Object description:

Entry description:

Index 207Dn

Name Dummy
Object code VAR

Data type UNSIGNEDS8
Access RW

PDO mapping Possible
Value range 0...255
Default value 0

2.4 PDOs mapping general example

Follow the next steps to change the default mapping of a PDO:

1.
2.

3.

Set the drive into Pre-Operational.

Disable the Sync Manager Channels 2 and 3 for the RxPDOs and the TxPDOs: write 0 in sub-index 0 of
objects 1C12n and 1C13n

Disable the PDO. In the PDO’s mapping object (index 1600n-1603n for RxPDOs and 1A00x-1A03h for TXPDOs)
set the first sub-index (the number of mapped objects) to 0. This will disable the PDO.

Map the new objects. Write in the PDO’s mapping object (index 1600n-1603h for RxPDOs and 1A00n-1A03n
for TXPDOs) sub-indexes (1-8) the description of the objects that will be mapped. You can map up to 8 objects
having 1 byte size.

Enable the PDO. In sub-index 0 of the PDQO’s associated mapping object (index 1600nr-1603n for RxPDOs and
1A00n-1A03h for TXPDOs) write the number of mapped objects.

Map the enabled PDOs intro Sync Manager Channels 2 and 3. Set in sub-index 1-4 the hex value of the
enabled PDOs (1A00h-1A03h for TXPDOs in 1C13n and 1600n-1603h for RxPDOs in 1C12y).

Enable the Sync Manager channels. Set in their sub-index 0 the number of enabled Tx/Rx PDOs.

Set the drive into Operational state.

2.5 RxPDOs mapping example

Remark: for a TwinCAT example about mapping RxPDOs see paragraph 1.6.3.1.
Map the receive PDO3 with ControlWord (index 6040n) and Modes of Operation (index 6060n).

1.
2.

3.

Set the drive to Pre-Operational.
Disable the Sync manager with RxPDOs. Write zero in object 1C12n sub-index 0, this will disable the PDO.

Disable RxPDO3 mapping PDO. Write 0 in object 1602x sub-index 0, this will disable the PDO’s mapping.
Send the following message: SDO access to object 1602h sub-index 0, 8-bit value 0.

Map the new objects.
a. Write in object 1602n sub-index 1 the description of the Controlword:

. Resulting
Index Sub-index Length data
6040n 00n 10n 60400010n
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Send the following message: SDO access to object 1602n sub-index 1, 32-bit value 6040001 0n.
b. Write in object 1602n sub-index 2 the description of the Modes of Operation:

. Resulting
Index Sub-index Length data
6060n 00n 08h 60600008h

Send the following message: SDO access to object 1602h sub-index 2, 32-bit value 60600008k.

5. Enable the RxPDO3 mapped objects. Set the object 1602n sub-index 0 with the value 2 to enable both
mapped objects.
Send the following message: SDO access to object 1602n sub-index 0, 8-bit value 2.
6. Add the new TPDO to the Sync Manager.
-Write in object 1C12n sub-index 3 the RPDO3 mapping parameter object number:

Send the following message: SDO access to object 1C12h sub-index 3, 16-bit value 1602h.
-Write 03 1 in object 1C12n sub-index 0, this will enable the Sync. Manager.
Send the following message: SDO access to object 1C12n sub-index 0, 8-bit value 03h.

Note: if using TwinCAT System Manager, enter in Configuration Mode, select the drive, select Process Data
tab, uncheck the PDO Assignment and PDO Configuration boxes. Click Load PDO info from device button to
load the new PDO configuration. Reload the 10 devices and enter in Operation state.

7. Set the drive to Safe-Operational.
8. Set the drive to Operational.

2.6 TxPDOs mapping example

Remark: for a TwinCAT example about mapping TxPDOs see paragraph 1.6.3.2.

Map the transmit PDO4 with Position actual value (index 6064nr) and Digital inputs (index 60FDn).
1. Set the drive to Pre-Operational.
2. Disable the Sync manager with TxPDOs. Write zero in object 1C13n sub-index 0, this will disable the PDO.

3. Disable RxPDO4 mapping PDO. Write 0 in object 1A03h sub-index 0, this will disable the PDO’s mapping.
Send the following message: SDO access to object 1A03h sub-index 0, 8-bit value 0.

4. Map the new objects.
a. Write in object 1A03h sub-index 1 the description of the Position actual value:

Index  Sub-index  Length Re:ulting
ata
6064n 00n 20n 60640020,

Send the following message (SDO access to object 1A03h sub-index 1, 32-bit value 60640020n).
b. Write in object 1A03h sub-index 2 the description of the Digital inputs:

. Resulting
Index Sub-index Length data
60FDn 00n 20n 60FD0020n

Send the following message (SDO access to object 1A03h sub-index 2, 32-bit value 60FD0020n).

5. Enable the RxPDO3 mapped objects. Set the object 1A03n sub-index 0 with the value 2 to enable both
mapped objects.
Send the following message: SDO access to object 1A03h sub-index 0, 8-bit value 2.
6. Add the new TPDO to the Sync Manager.
-Write in object 1C13h sub-index 4 the TPDO4 mapping parameter object number:

Send the following message: SDO access to object 1C13x sub-index 4, 16-bit value 1A03h.
-Write 04 1 in object 1CG13n sub-index 0, this will enable the Sync. Manager.
Send the following message: SDO access to object 1C13n sub-index 0, 8-bit value 04n.

Note: if using TwinCAT System Manager, enter in Configuration Mode, select the drive, select Process Data
tab, uncheck the PDO Assignment and PDO Configuration boxes. Click Load PDO info from device button to
load the new PDO configuration. Reload the 10 devices and enter in Operation state.

7. Set the drive to Safe-Operational.
8. Set the drive to Operational.

© Technosoft 2019 42 iPOS CoE Programming



3 EtherCAT® State Machine (ESM)

3.1 Overview

The EtherCAT® State Machine (ESM) is responsible for the coordination of master and slave at start up and during
operation. State changes are mainly caused by interactions between master and slave. They are primarily related to
writes to Application Layer Controlword.

After Initialization of Data Layer and Application Layer the machine enters the INIT State. The ‘Init’ state defines the
root of the communication relationship between the master and the slave in application layer. No direct
communication between the master and the slave on application layer is possible. The master uses the ‘Init’ state to
initialize a set of configuration register. The corresponding sync manager configurations are also done in the ‘Init’
state.

The ‘Pre-Operational’ state can be entered if the settings of the mailbox have been. Both the master and the slave
can use the mailbox and the appropriate protocols to exchange application specific initializations and parameters.

No process data communication is possible in this state.

The ‘Safe-Operational’ state can be entered if the settings of the input buffer have been. The application of the slave
shall deliver actual input data without processing the output data. The real outputs of the slave will be set to their “safe
state”.

The ‘Operational’ state can be entered if the settings of the output buffer have been done and actual outputs have
been delivered to the slave (provides outputs of the slave will be used).

The application of the slave shall deliver actual input data and the application of the master will provide output data.

The ‘Bootstrap’ state can be entered only to update the firmware via FoE protocol. Entering this state will disable all
other communication channels (including RS232).

The ESM defines four states, which are supported:
Init

Pre-Operational

Safe-Operational

Operational

Bootstrap (only with F515F or newer)

3.1.1 Device control

All state changes are possible except for the ‘Init’ state, where only the transition to the ‘Pre Operational’ state is possible
and for the ‘Pre-Operational’ state, where no direct state change to ‘Operational’ exists.

State changes are normally requested by the master. The master requests a write to the Application Layer Control
register which results in a Register Event ‘Application Layer Control’ indication in the slave. The slave will respond to
the change in Application Layer Control through a local Application Layer Status write service after a successful or a
failed state change. If the requested state change failed, the slave will respond with the error flag set.

ESM is specified in Figure 3.1.1.
(B)| @)

Init

(on

‘ Operational ‘

Figure 3.1.1. EtherCAT® State Machine Diagram

The local management services are related to the transitions in the ESM, as specified in Table 3.1.1. If there is more
than one service related to the transition, the slave’s application will process all of the related services.
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Table 3.1.1 — State transitions and local management services

Table 3.1.2 — AL Control Description

3.1.2

State transition

Local management services

(IP) Start Mailbox Communication

(P1) Stop Mailbox Communication

(PS) Start Input Update

(SP) Stop Input Update

(SO) Start Output Update

(OS) Stop Output Update

(OP) Stop Output Update, Stop Input Update

(SI) Stop Input Update, Stop Mailbox Communication
(a1 Stop Output Update, Stop Input Update, Stop Mailbox Communication
(1B) Init to Bootstrap

(Bl Bootstrap to Init

Parameter Data Type Value
State Unsigned4 1: Init
3: Bootstrap
2: Pre-Operational
4: Safe-Operational
8: Operational
Acknowledge  Unsigned1 0: Parameter Change of the AL Status Register will be unchanged
1: Parameter Change of the AL Status Register will be reset
Reserved Unsigned3 Shall be zero
Application Unsigned8
Specific

EtherCAT® State Machine and CANopen State Machine

Init

1o 1

Pre-Operational I

v 1

Safe-OperationaIl

v 1

Operational

Figure 3.1.2. EtherCAT® State Machine

v
Start
"
Not ready to
Switch ON
Fault
Reaction
Active
A 4 v
»ISwitch On Disabled|* Fault
i _ <
»| Readyto
Switch On
v
Switched |
On
| Operation Quick Stop
-~ Enable < Active

Figure 3.1.3. Drive State-machine based on
CANopen (DS402).
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3.1.3 Emergency messages

A drive sends an emergency message (EMCY) when a drive internal error occurs. An emergency message is
transmitted only once per ‘error event’. As long as no new errors occur, the drive will not transmit further emergency
messages.

The emergency error codes supported by the Technosoft drives are listed in Table 3.1.3. Details regarding the
conditions that may generate emergency messages are presented at object Motion Error Register index 2000¢.

Table 3.1.3 — Emergency Error Codes

Error code (hex) Description

00xx Error Reset or No Error

1000 Generic Error; sent when a communication error occurs on CAN (object 2000n
bit0=1; usually followed by EMCY code 0x7500

2310 Continuous over-current

2340 Short-circuit

30xx Voltage

3210 DC-link over-voltage

3220 DC-link under-voltage

33xx Output Voltage

4280 Over temperature motor

4310 Over temperature drive

5441 Drive disabled due to enable or STO input

5442 Negative limit switch active

5443 Positive limit switch active

6100 Invalid setup data

7300 Sensor error; this emergency message also contains other data; see its description
at the end of this table

7500 Communication error

8100 EtherCAT® communication error

8210 PDO not processed due to length error

8220 PDO length exceeded

8331 12t protection triggered

8580 Position wraparound / or hall sensor error

8611 Control error / Following error

9000 Command error

AOxx ESM Transition Error

FOxx Additional Functions

FFO1 Generic interpolated position mode error (PVT / PT error)

FF02 Change set acknowledge bit wrong value

FFO3 Specified homing method not available

FF04 A wrong mode is set in object 6060h, modes_of operation

FF05 Specified digital I/0 line not available

FFO06 Positive software position limit triggered

FFO7 Negative software position limit triggered

FFO08 Enable/STO circuit hardware error

3.1.3.1 Emergency message structures

The Emergency message contains 8 data bytes having the following contents:
Most EMCY messages:
0 1 2 3 7

Error  Register
(Object 1001n)

Emergency Error Code Manufacturer specific error field

0x7300 Sensor error:

0 1 2 3 4 5 7
Emergency Error Code Error  Register Detail Error Register 2 Manufacturer specific  error
gency (Object 1001x)  (Object 2009n) field

0xFFO1 Generic interpolated position mode error (PVT / PT error):

0 1 2 3 4 5 7
Emergency Error  Error Register Interpolated position  status Manufacturer specific error
Code (0xFFO01) (Object 1001h) (Object 2072h) field

To disable the sending of PVT emergency message with ID OxFF01, the setup variable PVTSENDOFF must be set to
1.

To disable the automatic sending of some of the emergency messages, use Object 2001h: Motion Error Register Mark.
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3.2 EtherCAT® Synchronization

3.2.1 Overview

The drive uses the SYNC 0 signal in order to synchronize with the EtherCAT® master and the network. The SYNC 0
signal must have the period equal or multiple than the drive slow control loop which is by default at 1ms.

The synchronization assures the good functioning of modes like Cyclic Synchronous Position, Cyclic Synchronous
Velocity and Cyclic Synchronous Torque.

3.2.2  Synchronization signals

sweo A 1| |
R : : : : t'
Control
Loop ;
t
SPLIRQ ™~ | — [ ’
(EtherCAT - : : SR 4|_=
communication) |« AT, : : 5 t
— AT,
Q) ® @ ®

@

Figure 3.2.1. Synchronization signal and control loop timing

Time moments description:
1 — SYNCO descending edge. Everything is synchronized with this event
2 — Control loop start. Actual position Pi is read, immediately after entering in the control loop

3 — Control loop end. At this moment the actual position Pi is stored in the EtherCAT slave ASIC as TxPDO, so it will be
transmitted on next EtherCAT communication cycle

4 — A new EtherCAT frame is received. It puts in the ASIC in RxPDO the reference Ri+1 for next control loop and reads
from the ASIC from TxPDO the actual position Pi

5 — The EtherCAT data processing is finalized. The new reference Ri+1 is stored in the drive internal variables which
are used by the control loops

In order to work correctly the synchronization, the following conditions shall be respected:

a) communication cycle shall be a multiple of the SYNCO cycle

b) SYNCO shall be a multiple of control loop

c) time moment 3 shall be before time moment 4

d) time moment 5 shall be before time moment 1 of the next cycle
Remarks:

the minimum jitter between SYNCO and the control loop is obtained when both have the cycle tine

it is possible to have different values for control loop, SYNCO and communication cycle as long as conditions a)
and b) are respected. Example: control loop at 1ms; SYNCO at 2 ms and communication cycle at 4ms

On Beckhoff EtherCAT masters, the delay ATz between time moments 1 and 5 can be adjusted. By default, the
Beckhoff master tries to place the communication cycle to minimize the time interval between time moment 5 and time
moment 1 of next cycle. In many cases the “default” settings are not correct and moment 5 is superposed with 1. So,
the “default” “shift time” in the Beckhoff master needs to be changed in order to reduce ATz (increase the time interval
between time moment 5 and next SYNCO).
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Object 2109h: Sync offset can also adjust the AT1 time. Although it is recommended to modify only the syncO shift
time form the EtherCAT master.

Important:

Technosoft drives can be configured to generate on 3 outputs the above mentioned key signals:
- SYNCO on OUTO; Object 2089h bit0=1;

- Control loop on Ready/OUT3; Object 2089h bit1=1;

- EtherCAT Communication processing on Error/OUT2; Object 2089h bit2=1;

This feature can be activated by writing via SDO value 7 in object 2089h. It can be deactivated via reset or by writing 0
in object 2089h.

In order to preserve the synchronization when changing AT1 and ATZ2, conditions c¢) and d) shall be checked with an
oscilloscope to make sure that a safe margin exists considering the worst case jitter of the control loop and the
EtherCAT communication processing time

3.2.3  Object 2089h: Synchronization test config

This object enables the visualization of SYNCO, Control Loop and EtherCAT communication signals over the drive
digital outputs.

Object description:

Index 2089
Name Synchronization test config
Object code VAR
Data type INTEGER16
Entry description:
Access RW
PDO mapping No
Value range 0-7
Default value No

Table 3.2.1 —Bit Assignment in Synchronization test config

Bit Value Description
3-15 - Reserved
2 1 Trigger EtherCAT communication on Error/OUT2
1 1 Trigger Control Loop on Ready/OUT3
0 1 View SYNCO0 on OUTO

Remarks:
Before activating this feature, disconnect any other device connected to the 3 outputs;

Ready and Error outputs are also connected to the green and red LEDs. These will flicker when this feature is
activated. This case shall not be treated as an error condition!

SYNCO signal on OUTO is generated by the drive starting from SYNCO signal generated by the EtherCAT ASIC. OUTO0
goes down almost simultaneously with the SYNCO generated by the ASIC, but it rises much faster. So SYNCO from
OUTO will be shorter than the real signal.

3.2.4  Object 2109h: Sync offset

This object adjusts the AT time from 3.2.2 Synchronization signals. This time represents the difference between the
syncO signal start time and the Control loop start time.

Remark:
Use this object only if sync0 offset cannot be adjusted from the EtherCAT master.

Some EtherCAT masters start the communication loop immediately after the syncO signal. If the communication loop is
active while the control loop is active, the synchronization will not work and vibrations in the motor will be noticed while
moving in CSP mode.

If the syncO offset cannot be adjusted, this object will offset the control loop start.
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Object description:

Index 2109
Name Sync offset
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Value range 0 ... 55000 (not higher)
Default value 1000

The default value for this object can be changed by editing the parameter “SLSyncOffset” found in parameters.cfg of

the project file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.

3.2.5 Object 210Ah: Sync rate

This object adjusts the timing corrections applied to the internal clock in order to sync faster.

Remark:

Use this object only for fine tuning the synchronization signals. It should be adjusted only by viewing the sync signals
with the oscilloscope and observing the results while modifying it.

Object description:

Index 210An

Name Sync rate

Object code VAR

Data type INTEGER16
Entry description:

Access RW

PDO mapping No

Value range 0..32767

Default value 3
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4 Drive control and status

4.1

CiA402 State machine and command coding

The state machine from Drives and motion control device profile (CiA 402) describes the drive status and the
possible control sequences of the drive. The drive has to pass through the described states in order to control the motor.
The drive states can be changed by the object 6040n (Controlword) and/or by internal events. The drive current state
is reflected in the object 6041n_(Statusword). Figure 4.1.1 describes the state machine of the drive along with
Controlword and Statusword values for each transition. Table 4.1.1 describes each transition present in the state

machine.

Table 4.1.1 — Drive State Transitions

Not ready to
switch on

PXxXxx.xxxx.x0xx.0000]

1
RS

— 0 — @ Start

(drive power up)

Fault reset

XXXX. XXX%(.

i
XXX XXXX

Low-level power
Logic supply is present

Motor supply can be present or not

Switch on

12

Quick stop
active

A 4

disabled

7'y

15

oo 00X 13x.0000] ¢

Shutdown

7
XXXX.XXXX.0XXX.X110) |

Disable voltage

2

10

Disable voltage

XXXXXXXX. 0XXX. XXOX

Ready to
switch on

poxxx.xxxx.x01x.0001

Switch On

6
XXXX.XXXX.0xxX.0111 |
Shutdown

Disable voltage

XXXX.XXXX. 0XXX. XXO0X|

3 xooxxxxx.0xxx.x110)

Swiched on

xxxx.xxxx.x011.0011

Enable Operation 5

XXXX.XXXX.0XXX.1111 |
4 [ooxxoox.0xxx.0111

Enable operation
XXXX.XXXX.0xxx.1111

XxxX.xxxx.x00x.0111

16—

Operation

Switch On

8

1
Shutdown

XXX XXXX.0xxx.x110

enabled

< 1

XXXX.XXXX. XXXX. XXXX

Quick stop

XXXX.XXXX.0XXX.X01X]

6041n Statusword
binary value

9

boxxx.xxxx.x011.0111

Command name

XXXX.XXXX.XXXX. XXXX

Error
detected

Fault

Pxxxx.xxxx.x0xx.1000]

A

Fault reaction
active

XXXX.XXXX.X0xx.1111

Y

6040n Controlword
binary value

Figure 4.1.1. Drive’s status machine. States and transitions

High-level power

Motor supply must be present

(6041n.4=1)
No torque applied on motor

Torque

Motor supply must be present

(6041n.4=1)
Torque applied on motor

Transition Event Action
Automatic transition after power- e
0 on or reset application Hardware Initialization
1 Automatic transition. Inltlallzan_on c_:om_pleteq successfully.
Communication is active
Bits 1 and 2, are set in
> Controlword (Shutdown None
command).
Motor voltage may be present.
3 (B:g?]t?glv?onrgz ol Motor supply voltage must be present (6041h bit 4=1). The undervoltage
—( Switch On command) protection is active. The motor will not be powered and have no torque.
Motion function and power stage are enabled, assuming the enable or STO
input is also enabled. Depending on the mode of operation that is set, the
Bits 0,1,2 and 3 are set in motor will apply torque and keep its current position or velocity to 0. Depending
4 Controlword on the motor start mode, this transition may take more than a few ms to finish.
(Enable Operation command) Example: When using the start mode “Move till aligned with phase A” which is
the default method, the first executed Enable operation transition takes 2
seconds.
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Bit 3 is cancelled in Controlword Motion function is inhibited. The drive will execute the instructions from Object
5 (Disable Operation command) 605Ch: Disable operation option code and finally transition into Switched On
state. The motor has no torque.
6 ?gh%;Z;ﬁgiﬂﬁgqg]n—gf ntrolword Motor supply may be disabled. Motor has no torque.
Bit 1 or 2 is cancelled in
7 Controlword (Quick Stop or None
Disable Voltage command)
Bit 0 is cancelled in Controlword The drive v_vill execute_ Fhe ?nstructions from Qbiect 605Bh: Shutdown option
8 (Shutdown command) %eand finally transition into Ready to switch on state. The motor has no
Bit 1 is cancelled in Controlword Thg drive will exe_cute the in_s_truqtions fr(_)m Obiec_:t 605Ch: Disable operation
9 (Disable Voltage command) 2ogt;grr1qi%de and finally transition into Switch on disabled state. The motor has
Bit 1 or 2 is cancelled in
10 Controlword (Quick Stop or Motor supply may be disabled. Drive has no torque.
Disable Voltage command)
11 Bit 2 is cancelled in Controlword The drive will execute the instructions from Object 605Ah: Quick stop option
(Quick Stop command) code.
Quick Stop is completed or bit 1 is
12 cancelled in Controlword Output stage is disabled. Motor has no torque.
(Disable Voltage command)
13 Fault signal Exgcute specific fault treatment routine from Object 605Eh: Fault reaction
option code
14 The fault treatment is complete The drive function is disabled
Some of the bits from 4.4.2 Object 2000h: Motion Error Register are reset. If
15 Bit 7 is set in Controlword all the error conditions are reset, the drive returns to Switch On Disabled
(Reset Fault command) status. After leaving the state Fault bit 7, Fault Reset of the Controlword has
to be cleared by the host.
Bit 2 is set in Controlword (Enable
16 ,[Cr)f r?srsil;?]nis%nc;g?br;g)i.f -g]Lll?Ck-StOp- Drive exits from Quick Stop state. Drive function is enabled.
Option-Codeis 5, 6, 7 or 8

Table 4.1.2 — Drive States

State Description

The drive performs basic initializations after power-on.
N ieady 19 The drive function is disabled _

The transition to this state is automatic.

The drive basic initializations are done and the green led must turn-on if no error is detected. The drive is not
Switch on Ready to switch on; any drive paramet_ers can be modified, including a comp_lete update of the who_le EEPR_OM
Disabled data (setup table, TML program, cam files, etc.) The motor supply can be switched on, but the motion functions

cannot be carried out yet.
The transition to this state is automatic.

Ready to switch The motor supply voltage may be switched on, most of the drive parameter settings can still be modified, and
on motion functions cannot be carried out yet.

Suliel O The motor supply voltage must be applied. The power stage is switched on (enabled). The motor is kept with

(Operation ) ) :
Disabled) zero torque reference. The motion functions cannot be carried out yet.
No fault present, power stage is switched on, motion functions are enabled. If the operation mode set performs
Operation position control, the motor is held in position. If the operation mode set performs speed control, the motor is
Enabled kept at zero speed. If the operation mode is torque external, the motor is kept with zero torque. From this state,
the motor can execute motion commands.
Drive has been stopped with the quick stop deceleration. The power stage is enabled. If the drive was operating
Quick Stop  in position control when quick stop command was issued, the motor is held in position. If the drive was operating
Active in speed control, the motor is kept at zero speed. If the drive was operating in torque control, the motor is kept
at zero torque.
/Fﬁji\l/te Reaction The drive performs a default reaction to the occurrence of an error condition
Fault The motor power is turned off. The drive remains in fault condition, until it receives a Reset Fault command. If
following this command, all the bits from the Motion Error Register are reset, the drive exits the fault state
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4.2 Drive control and status objects

4.2.1 Object 6040n: Controlword

The object controls the status of the drive. It is used to enable/disable the power stage of the drive, start/halt the motions
and to clear the fault status. The status machine is controlled through the Controlword.

Object description:

Index 6040n

Name Controlword

Object code VAR

Data type UNSIGNED16
Entry description:

Access RW

PDO mapping Yes

Units =

Value range 0 ... 65535

Default value No

Table 4.2.1 — Bit Assignment in Controlword

Bit Value Meaning
15 0 Registration mode inactive
1 Activate registration mode
0 When an update is performed, keep unchanged the demand values for speed and
position (TML command TUMT;)
When an update is performed, update the demand values for speed and position with
the actual values of speed and position (TML command TUMO;)
When it is set, it cancels the execution of the TML function called through object 2006n.
The bit is automatically reset by the drive when the command is executed.
0 No action
12 If bit 14 = 1 — Force position demand value to 0
1 If bit 14 = 0 — Force position actual value to 0
This bit is valid regardless of the status of the drive or other bits in Controlword
11 Manufacturer Specific - Operation Mode Specific. The meaning of this bit is detailed
further in this manual for each operation mode
10-9 Reserved. Writes have no effect. Read as 0

No action

Halt command — the motor will slow down on slow down ramp

No action

Reset Fault. The faults are reset on 0 to 1 transition of this bit. After a Reset Fault
command, the master has to reset this bit.

Operation Mode Specific. The meaning of these bits is detailed further in this manual for
each operation mode

Enable Operation

Quick Stop

Enable Voltage

Switch On

14

13

- |O|—= O

o= NwWl

The following table lists the bit combinations for the Controlword that lead to the corresponding state transitions. An X
corresponds to a bit state that can be ignored. The single exception is the fault reset: The transition is only started by a
bit transition from 0 to 1.

Table 4.2.2 — Command coding in Controlword

Command Bit in object 6040, Transition

Bit 7 Bit3 Bit2 Bit1 Bit0
Shutdown 0 X 1 1 0 2,6,8
Switch on 0 0 1 1 1 3
Disable voltage 0 X X 0 X 7,9,10,12
Quick stop 0 X 0 1 X 7,10,11
Disable operation 0 0 1 1 1 5
Enable operation 0 1 1 1 1 4,16

1

Fault reset ot X X X X 13

For the command coding values see also Figure 4.1.1. Drive’s status machine. States and transitions.
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4.2.2 Object 6041n: Statusword

Object description:

Entry description:

Index 6041n

Name Statusword
Object code VAR

Data type UNSIGNED16
Access RO

PDO mapping Yes

Units -

Value range 0 ... 65535
Default value No

The Statusword has the following bit assignment:

Table 4.2.3 — Bit Assignment in Statusword

Bit Value Description
15 0 Axis off. Power stage is disabled. Motor control is not performed
1 Axis on. Power stage is enabled. Motor control is performed
14 0 No event set or the programmed event has not occurred yet
1 Last event set has occurred
13,12 Operation Mode Specific. The meaning of these bits is detailed further in this manual for each
B operation mode
11 Internal Limit Active — see Remark 1 below
10 Target reached
0 Remote — drive is in local mode and will not execute the command message.
9 1 Remote — drive parameters may be modified via CAN and the drive will execute the command
message.
0 No TML function or homing is executed. The execution of the last called TML function or homing
8 is completed.
1 A TML function or homing is executed. Until the function or homing execution ends or is aborted,
no other TML function / homing may be called
0 No Warning
7 1 Warning. A TML function / homing was called, while another TML function / homing is still in
execution. The last call is ignored.
6 Switch On Disabled.
5 Quick Stop. When this bit is zero, the drive is performing a quick stop
4 0 Motor supply voltage ?s absent See Remark 2 below
1 Motor supply voltage is present
3 Fault. If set, a fault condition is or was present in the drive.
2 Operation Enabled
1 Switched On
0 Ready to switch on

The drive state can be identified when Statusword coding is the following:

Table 4.2.4 — State coding in Statusword

Statusword Drive state

XXxX xxxx XOxx 0000y Not Ready to switch on
XXXX XXXX X1xx 0000b Switch on disabled
XXXX XXXX X01x 0001p Ready to switch on
XXxX Xxxx x01x 0011y Switched on

XXXX XXxX X01x 0111p Operation enabled
xxxX xxxx x00x 0111y Quick stop active

XXXX XXXX X0xx 1111p Fault reaction active
XXXX XXxX X0xx 1000p Fault

For the state coding values see also Figure 4.1.1. Drive’s status machine. States and transitions.

Remark 1: Bit11 internal limit active is set when either the Positive or Negative limit switches is active. If the internal
register LSACTIVE =1 or object 60B8h bit 6 = 1, this bit will not be set and the emergency messages for the active limit
switches will be disabled.

Remark 2: Bit 4 shows whether the +Vmot Input is supplied. The state machine cannot transition to states Switched On
and Operation enabled without this bit being set first. If this bit transitions to 0 while in Operation enabled or Switched
On states (+Vmot input is not present), the drive will enter fault state due to undervoltage error. If in a lower state than
switch On, the absence of +Vmot in will not trigger an undervoltage error.
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4.2.3 Object 6060n: Modes of Operation

The object selects the mode of operation of the drive.
Object description:

Index 6060n
Name Modes of Operation
Obiject code VAR
Data type INTEGERS
Entry description:
Access RW
PDO mapping Yes
Units -
Value range -128 ... 127
Default value No

Data description:

Value Description

-128...-1 Reserved

No mode change/no mode assigned
Profile Position Mode

Reserved

Profile Velocity Mode

Reserved

Reserved

Homing Mode

Interpolated Position Mode
Cyclic sync Position Mode (CSP)
Cyclic sync Velocity Mode (CSV)
10 Cyclic sync Torque Mode (CST)
11...127 Reserved

Remark: The actual mode is reflected in object 6061» (Modes of Operation Display).

OO N0 WN = O

4.2.4 Object 6061h: Modes of Operation Display

The object reflects the actual mode of operation set with object Modes of Operation (index 6060n).

If the drive is in an inferior state than Operation enabled and object 6060n Modes of operation is changed, object 6061n
will take the value of 6060n only after the drive reached Operation enabled state.

Object description:

Index 6061n
Name Modes of Operation Display
Object code VAR
Data type INTEGERS
Entry description:
Access RO
PDO mapping Possible
Units -
Value range -128 ... 127
Default value -

Data description: Same as for object 6060n Modes of Operation.

© Technosoft 2019 53 iPOS CoE Programming



4.3 Limit Switch functionality explained

4.3.1 Hardware limit switches LSP and LSN functionality

All iPOS drives have two limit switch inputs:

»  LSP - positive limit switch
= LSN — negative limit switch

Triggering a limit switch during a motion causes the drive to automatically stop using the deceleration value
defined in Object 6085h: Quick stop deceleration. After the motor stops, it will continue to hold its position and wait until
a new motion command is received in the opposite direction of the active limit switch. A new motion in the opposite
direction will be accepted only after the motor ends its deceleration, signaled by Statusword 6041 bit 10.

While the motor stops due to an activated limit switch, the Statusword will still report the Operation enabled
state and NOT actually enter Quick stop state (where Statusword = xxxx xxxx x00x 0111b). Object 605Ah: Quick stop
option code will have no effect if a limit switch is activated.

If during a positive motion LSP is activated, the motor will stop.

If during a negative motion LSN is activated, the motor will stop.

If during a positive motion LSN is activated, nothing will happen.

If during a negative motion LSP is activated, nothing will happen.

velocity ,

v, |

quick stop
deceleration
using 6085h
value

acceleration
using 6083h
value

[
to t1 t2 ta time
LSP active

Figure 4.3.1. Stopping a motion on the positive limit switch

Figure 4.3.1 depicts a positive motion where the speed increases from t0 until t1 using the acceleration value defined
in Object 6081h: Profile velocity. At moment t2, the positive limit switch is activated and the drive automatically stops
and it decelerates using the value defined in Object 6085h: Quick stop deceleration.

While the positive limit switch is active, no new positive motion will be accepted by the drive. Only a negative motion is
accepted while LSP is active.

While the negative limit switch is active, no new negative motion will be accepted by the drive. Only a positive motion is
accepted while LSN is active.

A limit switch can be defined as active while the input is in the low or high state in Drive setup:

IhpLts polarity

Enable] Lirit switch+ Limit switch- | Tupe
Active high [Connected to +Vlag] (v o * Sink [PMF)
Active low [Open/Mo connection]  + i . " Source[NPN]

Figure 4.3.2. Configuring the limit witch active state in Drive setup.

Status word Bit11 (internal limit active) is set when either the Positive or Negative limit switch is active. If the internal
parameter LSACTIVE = 1 or object 60B8h bit 6 = 1, status word bit11 will not be set and the emergency messages for
the active limit switches will be disabled. If the limit switches inputs are disabled, they can be used as regular digital
inputs.

If the positive limit switch is activated, the emergency error code 0x5443 will be sent automatically and object 2000h bit
6 will be 1.

If the negative limit switch is activated, the emergency error code 0x5442 will be sent automatically and object 2000h
bit 7 will be 1.

When a limit switch becomes inactive, the emergency error code 0x0000 will be sent automatically and object 2000h bit
6 or 7 will return to 0.

All iPOS drives can also use the limit switch inputs in order to capture the motor or load position. This function is
configurable through Object 60B8h: Touch probe function and Object 2104h: Auxiliary encoder function. If the feedback
type is incremental encoder, the position is captured within several us. If the feedback type is SSI/BiSS/Resolver/Linear
halls or Sin/Cos, the captured position is the latest one computed in the position loop, so by default it may be up to 1
ms old.
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4.3.2 Software limit switches functionality

The software limit switches work just like the hardware limit switches (LSP, LSN) in terms of functionality. An individual
position value is chosen for the negative and positive limits and when those values are reached, the motor will decelerate
until it stops. A new motion will be accepted only if the motion is opposite the active software or hardware limit switch.

v Software limits - restrict movement

Megative limit |-2 rot -
Pazitive limit |3 rot -

Figure 4.3.3. Configuring the software limit switches position values in Drive setup.

The software limit switches can also be configured through Object 607Dh: Software position limit.

If the positive software limit switch is activated, the emergency error code O0xFF06 will be sent automatically and object
2002h bit 6 will be 1.

If the negative software limit switch is activated, the emergency error code 0xFF07 will be sent automatically and object
2002h bit 7 will be 1.

When a limit switch becomes inactive, the emergency error code 0x0000 will be sent automatically and object 2002h bit
6 or 7 will return to 0.

4.4 Error monitoring

4.41 Object 1001n: Error Register

This object is an error register for the device. The device can map internal errors in this byte. This entry is mandatory
for all devices. It is a part of an Emergency object.

Object description:
Index 1001n
Name Error register
Object code VAR
Data type UNSIGNEDS8
Entry description:
Access RO
PDO mapping No
Value range UNSIGNEDS8
Default value No

Table 4.4.1 — Bit description of object 1001n

Bit Description

Generic error

Current

Voltage

Temperature
Communication error
Device profile specific
Reserved (always 0)
Manufacturer specific.

Valid bits while an error occurs — bit 0 and bit 4. The other bits will remain 0.

N[O O~ WN =IO

4.4.2 Object 2000n: Motion Error Register

The Motion Error Register displays all the drive possible errors. A bit set to 1 signals that a specific error has occurred.
When the error condition disappears or the error is reset using a Fault Reset command, the corresponding bit is reset
to 0.

The Motion Error Register is continuously checked for changes of the bits status. When a bit is set (e.g. an error has
occurred), if the corresponding bit from Motion Error Register Mask (2001+) is set to 1, an emergency message with the
specific error code is sent. When a bit is reset, if the corresponding bit from Motion Error Register Mask (2001+) is set
to 1, an emergency message for error reset is sent.

Object description:

Index 2000n
Name Motion Error Register
Object code VAR
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| Data type UNSIGNED16

Entry description:

Access RO

PDO mapping Possible
Units -

Value range 0 ... 65535
Default value 0

Table 4.4.2 — Bit Assignment in Motion Error Register

Bit Description

15 Drive disabled due to enable or STO input. Set when enable or STO input is on disable state. Reset when
enable or STO input is on enable state

Command error. This bit is set in several situations and acts as a warning. They can be distinguished either

by the associated emergency code, or in conjunction with other bits from the DER (2002;) register.

14

Under-voltage. Set when protection is triggered. Reset by a Reset Fault command. Can be triggered only
13 in Switch On or Operation enabled states. If in a lower state, the drive will not fault if no motor voltage
input is present.

12  Over-voltage. Set when protection is triggered. Reset by a Reset Fault command

11 Over temperature drive. Set when protection is triggered. Reset by a Reset Fault command.

10 Over temperature motor. Set when protection is triggered. Reset by a Reset Fault command. This protection
may be activated if the motor has a PTC or NTC temperature contact.

I°T protection. Set when protection is triggered. Reset by a Reset Fault command

Over current. Set when protection is triggered. Reset by a Reset Fault command

Negative limit switch active. Set when LSN input is in active state. Reset when LSN input is inactive state

Positive limit switch active. Set when LSP input is in active state. Reset when LSP input is inactive state

For F515F and newer: Feedback error. Details found in DER2 (2009;) bits. Set when protection is triggered.

Reset by a Reset Fault command.

For F510x/511Xx; it represents either digital Hall sensor missing or position wraparound.

Communication error. Set when protection is triggered. Reset by a Reset Fault command

Control error (position/speed error too big). Set when protection is triggered. Reset by a Reset Fault

command

Invalid setup data. Set when the EEPROM stored setup data is not valid or not present.

Short-circuit. Set when protection is triggered. Reset by a Reset Fault command

EtherCAT® communication error. Reset by a Reset Fault command or by Clear Error in the EtherCAT®

State Machine.

[N |0 |©
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4.4.3 Object 2001h: Motion Error Register Mark

The Motion Error Register Mask offers the possibility to choose which of the errors set or reset in the Motion Error
Register to be signaled via emergency messages. The Motion Error Register Mask has the same bit codification as the
Motion Error Register (see Table above) and the following meaning:

1 — Send an emergency message when the corresponding bit from the Motion Error Register is set
0 — Don’t send an emergency message when the corresponding bit from the Motion Error Register is set.
Object description:

Index 2001n
Name Motion Error Register Mask
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Possible
Units -
Value range 0 ... 65535
Default value 0

4.44  Object 2002n: Detailed Error Register (DER)

The Detailed Error Register displays detailed information about the errors signaled with command Error bit from Motion
Error Register. Not all bits represent errors. This register also displays the status of software limit switches and lock
EEPROM status. A bit set to 1 signals that a specific error has occurred. When the error condition disappears or the
error is reset using a Fault Reset command, the corresponding bit is reset to 0.
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Object description:

Index 2002n
Name Detailed Error Register
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Possible
Units -
Value range 0...65535
Default value 0

Table 4.4.3 — Bit Assignment in Detailed Error Register

Bit Description

15 EEPROM is Locked. The EEPROM can be locked via object 2091h or by Easy Motion
Studio — Select Communication — Lock EEPROM.

14 STO or Enable circuit hardware error

13 Self check error. The ECAT adapter EEPROM memory is not programmed with the
XML/ESI file data or has errors.

12 reserved

11 Start mode failed; Motionless start or pole lock minimum movement failed

10 Encoder broken wire; On a brushless motor, either the digital halls or the incremental
encoder signal was interrupted

9 Update ignored for S-curve

8 S-curve parameters caused an invalid profile. UPD instruction was ignored.

7 Negative software limit switch is active.

6 Positive software limit switch is active.

5 Cancelable call instruction received while another cancelable function was active.

4 UPD instruction received while AXISON was executed. The UPD instruction was ignored
and it must be sent again when AXISON is completed.

3 A call to an inexistent function was received.

2 A call to an inexistent homing routine was received.

1 A RET/RETI instruction was executed while no function/ISR was active.

0 The number of nested function calls exceeded the length of TML stack. Last function call
was ignored.

4.4.5 Object 2009x: Detailed Error Register 2 (DER2)'

The Detailed Error Register 2 mostly displays detailed information about the errors signaled with command Feedback
error bit 5 from Motion Error Register (2000n). A bit set to 1 signals that a specific error has occurred. When the error
condition disappears or the error is reset using a Fault Reset command, the corresponding bit is reset to 0.

Object description:

Index 2009
Name Detailed Error Register 2
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Possible
Units >
Value range 0 ... 65535
Default value 0

Table 4.4.4 — Bit Assignment in Detailed Error Register 2

Bit Description

15..6  reserved

6 Position wraparound. The position 23! was exceeded. It does not represent a Fault
condition.

Hall sensor missing; can be either Digital or Linear analogue hall error.

Absolute Encoder Interface (AEI) interface error; applies only to iPOS80x0 BA drives

BiSS sensor missing; No BiSS sensor communication detected.

BiSS data error bit is set. The BiSS protocol includes an error bit in its data.

BiSS data warning bit is set. If ASR2.10 = 1, this error will represent a Fault condition.

BiSS data CRC error. BiSS data stream CRC does not match computed CRC.

o= NWw s~ O

' Available only with F515x firmwares
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446 Object 603Fh: Error code

This object provides the error code of the last error which occurred in the drive device. These error codes are always
transmitted as Emergency messages.

The error codes are described in 3.1.3 Emergency messages.

Object description:

Index 603Fh

Name Error Code

Obiject code VAR

Data type UNSIGNED16
Entry description:

Access RO

PDO mapping Yes

Units -

Value range 0 ... 65535

Default value 0

4.4.7 Object 605An: Quick stop option code

This object determines what action should be taken if the quick stop function is executed. The slow down ramp is a
deceleration value set by the Profile acceleration object, index 6083n. The quick stop ramp is a deceleration value set
by the Quick stop deceleration object, index 6085h.

Object description:

Index 605An

Name Quick stop option code

Obiject code VAR

Data type INTEGER16

Entry description:

Access RW

PDO mapping No

Value range -32768 ... 32767

Default value 2

Data description:

Value Description

-32768...-1  Manufacturer specific

0 Disable drive function

1 Slow down on slow down ramp and transit into Switch On
Disabled

> Slow down on quick stop ramp and transit into Switch On
Disabled

3 Reserved

4 Reserved

5 Slow down on slow down ramp and stay in Quick Stop
Active

6 Slow down on quick stop ramp and stay in Quick Stop
Active

7...32767 Reserved

4.4.8 Object 605Bn: Shutdown option code

This object determines what action is taken if when there is a transition from Operation Enabled state to Ready to Switch
On state. The slowdown ramp is a deceleration value set by the Profile acceleration object, index 6083n.

Object description:

Index 605Bh

Name Shutdown option code
Object code VAR

Data type INTEGER16
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Entry description:

Data description:

4.4.9

Access RW

PDO mapping No

Value range -32768 ... 32767

Default value 0

Value Description

-32768...-1 Manufacturer specific

0 Disable drive function (switch-off the
drive power stage)

1 Slow down on slowdown ramp and
disable the drive function

2...32767 Reserved

Object 605Ch: Disable operation option code

This object determines what action is taken if when there is a transition from Operation Enabled state Switched On
state. The slowdown ramp is a deceleration value set by the Profile acceleration object, index 6083h.

Object description:

Entry description:

Data description:

Index 605Ch

Name Disable operation option code
Object code VAR

Data type INTEGER16

Access RW

PDO mapping No

Value range -32768 ... 32767

Default value

1

Value Description

-32768...-1 Manufacturer specific

0 Disable drive function (switch-off the
drive power stage)

1 Slow down on slow down ramp and
disable the drive function

2...32767 Reserved

4.4.10 Object 605Dn: Halt option code

This object determines what action is taken if when the halt command is executed. The slowdown ramp is a deceleration

value set by Object 6083h: Profile acceleration. The quick stop ramp is a deceleration value set by Object 6085h: Quick

stop deceleration.
Object description:

Entry description:

Data description:

Index 605Dn

Name Halt option code
Object code VAR

Data type INTEGER16
Access RW

PDO mapping No

Value range -32768 ... 32767

Default value

1

Value Description

-32768...-1 Manufacturer specific

0 Reserved

1 Slow down on slow down ramp and
stay in Operation Enabled

2 Slow down on quick stop ramp and
stay in Operation Enabled

3...32767 Reserved
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4.4.11 Object 605En: Fault reaction option code

This object determines what action should be taken if a non-fatal error occurs in the drive. The non-fatal errors are by
default the following:

Under-voltage

Over-voltage

[’t error —when the internal register ASR bit1 is 0 in setup.
Drive over-temperature

Motor over-temperature

Communication error (when object 6007+ option 1 is set)

Remark: the under-voltage protection is monitored while in Switched On and Operation enabled states. If in a lower
state, the drive will not fault if no motor voltage input is present.

Object description:

Index 605En
Name Fault reaction option code
Object code VAR
Data type INTEGER16
Entry description:
Access RW
PDO mapping No
Value range -32768 ... 32767
Default value 2
Data description:
Value Description
-32768...-2 Manufacturer specific
-1 No action
0 Disable drive, motor is free to rotate
1 Reserved
2 Slow down with quick stop ramp
3...32767 Reserved

4.4.12 Object 6007n: Abort connection option code

The object sets the action performed by the drive when a communication error occurs.

Object description:

Index 6007n
Name Abort connection option code
Obiject code VAR
Data type INTEGER16
Entry description:
Access RW

PDO mapping Yes
Value range -32768...32767
Default value 1

Table 4.4.5 — Abort connection option codes values

Option code Description

-32768...-1 Manufacturer specific (reserved)

0 No action

+1 Fault signal - Execute specific fault routine set in Object
605Eh: Fault reaction option code

+2 Disable voltage command

+3 Quick stop command

+4...+32767 Reserved

The default value for this object can be changed by editing the parameter “x6007” found in parameters.cfg of the project
file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.
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4.5 Digital I/0 control and status objects

4.5.1 Object 60FDn: Digital inputs

The object contains the actual value of the digital inputs available on the drive. Each bit from the object corresponds to
a digital input (manufacturer specific or device profile defined). If a bit is SET, then the status of the corresponding input
is logical ‘1’ (high). If the bit is RESET, then the corresponding drive input status is logical ‘0’ (low).

Remarks:

The device profile defined inputs (limit switches, home input and interlock) are mapped also on the manufacturer specific
inputs. Hence, when one of these inputs changes the status, then both bits change, from the manufacturer specific list
and from the device profile list.

The number of available digital inputs is product dependent. Check the drive user manual for the available digital inputs.

Object description:

Index 60FDn
Name Digital inputs
Object code VAR
Data type UNSIGNED32
Entry description:
Access RO
PDO mapping Possible
Value range UNSIGNED32
Default value 0
Bit Value Description
31 IN15 status
30 IN14 status
29 IN13 status
28 IN12 status
£ 27 IN11 status
g 26 IN10 status
& 25 IN9 status
o 24 IN8 status
g .23 IN7 status
..g 22 IN6 status
= 21 IN5 status
= 20 IN4 status
19 IN3 status
18 IN2 status
17 IN1 status
16 INO status
15..4 Reserved
- 0 Interlock (Drive enable/ STO input) activated; drive may
_°g’ 3 apply power to motor
“_003 1 Interlock (Drive enable/ STO input) deactivated; drive may
o not apply power to motor. Enter Switch on disabled state.
'“§ > 0 Home switch input status is low
[o% 1 Home switch input status is high
.8 1 0 Positive limit switch is inactive
) 1 Positive limit switch is active
e 0 0 Negative limit switch is inactive
1 Negative limit switch is active

4.5.2  Object 208Fh: Digital inputs 8bit

This object has 2x8 bit sub-indexes that show the same data as object 60FDn Digital inputs. Mapping shorter data to a
PDO decreases the total communication bus load and processing time.

Remark:
The number of available digital inputs is product dependent. Check the drive user manual for the available digital inputs.

Object description:

Index 208Fhn

Name Digital inputs 8bit
Object code ARRAY

Data type UNSIGNEDS8

Entry description:

© Technosoft 2019 61 iPOS CoE Programming



Sub-index 0

Description Number of entries

Access RO

PDO mapping No

Value range 1...2

Default value 2

Sub-index 1

Description Device profile defined inputs
Access RO

PDO mapping Possible

Value range UNSIGNEDS8

Default value no

Sub-index 2

Description Manufacturer specific inputs
Access RO

PDO mapping Possible

Value range UNSIGNEDS8

Default value no

Table 4.5.1 — Sub-index 1 bit description

Bit Value Description
4.7 Reserved
Interlock (Drive enable/STO input) activated; drive
may apply power to motor
3 Interlock (Drive enable/STO input) deactivated; drive
1 may not apply power to motor. Enter Switch on
disabled state.
Home switch input status is low
Home switch input status is high
Positive limit switch is inactive
Positive limit switch is active
Negative limit switch is inactive
Negative limit switch is active

Device profile defined input
N
—(OoO|=O=|O

208Fh:01

Table 4.5.2 — Sub-index 2 bit description

Bit Value Description
e 7 IN7 status
8 6 ING status
73 5 IN5 status
s 4 IN4 status
o % 3 IN3 status
= g, 2 IN2 status
3 c ‘g 1 IN1 status
Nsc 0 INO status

4.5.3 Object 60FEn: Digital outputs

The object controls the digital outputs of the drive. The first sub-index sets the outputs state to high or low if the mask
allows it in the second sub-index, which defines the outputs that can be controlled.

All iPOS drives have NPN type outputs. If an output bit is SET (1), then the corresponding drive output will be switched
to logical ‘1’ (high). The output will disconnect the load from the GND. If the bit is RESET(0), then the corresponding
drive output will be switched to logical ‘0’ (low). The output will connect the load to the GND.

Remarks:

The actual number of available digital outputs is product dependent. Check the drive user manual for the available digital
outputs.

If an unavailable digital output is selected in sub-index 2, the drive will issue an emergency message with ID OxFF05.
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Object description:

Index 60FEn

Name Digital outputs

Object code ARRAY

Data type UNSIGNED32
Entry description:

Sub-index 0

Description Number of entries

Access RO

PDO mapping No

Value range 1...2

Default value 2

Sub-index 1

Description Physical outputs

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value 0

Sub-index 2

Description Bit mask

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value 0

Table 4.5.3 — Bit mask description

Bit Description
31 OUT15 command
30 OUT14 command
29 OUT13 command
28 OUT12 command
£ 27 OUT11 command
§ 26 OUT10 command
(%) 25 OUT9 command
o 24 OUT8 command
% 23 OUT7 command
Ke 22 OUT6 command
% 21 OUT5 command
s 20 OUT4 command
19 OUT3 command
18 OUT2 command
17 OUT1 command
16 OUTO0 command
[
5o
a2
O = 15...0 Reserved
[SEN]
S0
[0]
Q

4.5.3.1 Example for setting the digital outputs

The example will Set OUTO to 0(connect to GND) and OUT1 to 1 (disconnect from GND).
1. Set sub-index 1 with the needed outputs states. Set bit 16 (OUTO) to 0 and bit17 (OUT1) to 1.
Set in 60FEh sub-index1 to 0x00020000.

2. Set sub-index 2 bit mask only with the output values that need to be changed. Set bit 16 and 17 to 1 to
allow the change of OUTO0 and OUT1 states.

Set in 60FEn sub-index2 to 0x00030000.
After the second sub-index is set, the selected outputs will switch their state to the values defined in sub-index 1.
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4.5.4  Object 2090n: Digital outputs 8bit

Has the same functionality as object 60FEn digital outputs, only that its two sub-indexes are 8 bit instead of 32bit.
Mapping shorter data to a PDO decreases the total communication bus load and processing time.

Object description:

Entry description:

Index 2090n

Name Digital outputs 8bit
Obiject code ARRAY

Data type UNSIGNEDS8
Sub-index 0

Description Number of entries
Access RO

PDO mapping No

Value range 1...2

Default value 2

Sub-index 1

Description Physical outputs 8bit
Access RW

PDO mapping Possible

Value range UNSIGNEDS8
Default value 0

Sub-index 2

Description Bit mask 8bit
Access RW

PDO mapping Possible

Value range UNSIGNEDS8
Default value 0

Table 4.5.4 — Sub-index 1&2 Bit description

Bit

Description

OUT7 command

OUT6 command

OUT5 command

OUT4 command

OUT3 command

OUT2 command

OUT1 command

Manufacturer
Specific Outputs
o= NDW SOOI

OUTO command

4.5.5 Object 2045n: Digital outputs status

The actual status of the drive outputs can be monitored using this object.

Object description:

Entry description:

Data description:

Index 2045y

Name Digital outputs status
Object code VAR

Data type UNSIGNED16
Access RO

PDO mapping Possible

Units -

Value range UNSIGNED16
Default value No

Bit Meaning Bit Meaning

15 OUT15 status 7 OUT?7 status
14 OUT14 status 6 OUT6 status
13 OUT13 status 5 OUTS5 status
12 OUT12 status 4 OUT4 status
11 OUT11 status 3 OUTS3 status
10 OUT10 status 2 OUT?2 status
9 OUT?9 status 1 OUT1 status
8 OUTS8 status 0 OUTO status
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If the any of the bits is SET, then the corresponding drive output status is logical ‘1’ (high). If the bit is RESET, then the
corresponding drive output status is logical ‘0’ (low).

4.5.6 Object 2102n: Brake status

The object shows the status for the digital output assigned to operate a mechanical brake on the motor. When bit1 is
SET (=1), the brake output is active. This object will show an inactive brake depending on the brake release delay
parameter set in the Motor Setup. The brake will start to deactivate when the command Switch On is received in Control
Word and it may still be active even when the drive reaches the Operation Enabled state is Status Word. In case a
mechanical brake is used, the CoE master should not send a motion command until this object is 0.

Object description:

Index 2102n

Name Brake status

Object code VAR

Data type USINT8
Entry description:

Access RO

PDO mapping Possible

Units -

Value range Oori

Default value No

4.5.7 Object 2046n: Analogue input: Reference

The object contains the actual value of the analog reference applied to the drive. Through this object, one can supervise
the analogue input dedicated to receive the analogue reference in the external control modes.

Object description:

Index 2046n
Name Analogue input: Reference
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Possible
Units -
Value range 0 ... 65520
Default value No

4.5.8 Object 2047h: Analogue input: Feedback

The object contains the actual value of the analogue feedback applied to the drive.
Object description:

Index 2047n
Name Analogue input: Feedback
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Possible
Units -
Value range 0 ... 65520
Default value No

459 Object 2055n: DC-link voltage

The object contains the actual value of the DC-link voltage. The object is expressed in internal voltage units.
Object description:

Index 2055n

Name Analogue input: DC-link voltage
Obiject code VAR

Data type UNSIGNED16
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Entry description:

Access RO

PDO mapping Possible
Units DC-VU
Value range 0 ... 65520
Default value No

The computation formula for the voltage [IU] in [V] is:
VDCMaxMeasurable[V ]

65520

where VDCMaxMeasurable is the maximum measurable DC voltage expressed in [V]. This value can be read in the
“Drive Info” dialogue, which can be opened from the “Drive Setup”.

Voltage _measured[V] =

-Voltage _measured[1U ]

4.5.10 Object 2058h: Drive Temperature

The object contains the actual drive temperature. The object is expressed in temperature internal units.
Object description:

Index 2058h
Name Analogue input for drive temperature
Obiject code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Possible
Units -
Value range 0 ... 65535
Default value No

Note: if the drive does not have a temperature sensor, this object should not be used.

The computation formula for the temperature [IU] in [°C] is:

3.3 DriveTempOutAtOoC * 65520
DriveTempSensorGain * 65520 33

where DriveTempSensorGain and DriveTempQOutAtOoC can be found as Sensor gain and Output at 0 °C in the “Drive

Temp[°C]= * (Temp[IU] -

Info” dialogue, which can be opened from the “Drive Setup”.

4.5.11

Object 208Bn': Sin AD signal from Sin/Cos encoder

The object contains the actual value of the analogue sine signal of a Sin/Cos encoder.

Object description:

Entry description:

Index 208Bn

Name Sin AD signal from Sin/Cos encoder
Obiject code VAR

Data type INTEGER16

Access RO

PDO mapping Possible

Units -

Value range -32768 ... 32767

Default value

No

" Object 208Bh is available only on firmware F515x
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4.5.12 Object 208Ch': Cos AD signal from Sin/Cos encoder

The object contains the actual value of the analogue cosine signal of a Sin/Cos encoder.

Object description:

Index 208Cn
Name Cos AD signal from Sin/Cos encoder
Obiject code VAR
Data type INTEGER16
Entry description:
Access RO
PDO mapping Possible
Units -
Value range -32768 ... 32767
Default value No

4.6 Protections Setting Objects

4.6.1 Object 607Dn: Software position limit

The object sets the maximal and minimal software position limits. If the actual position is lower than the negative position
limit or higher than the positive one, a software position limit emergency message will be launched. If either of these
limits is passed, the motor will start decelerating using the value set in Object 6085h: Quick stop deceleration. Once it
has decelerated, the motor will stand still until a new command is given to travel within the space defined by the limits.

Remarks:
A value of -2147483648 for Minimal position limit and 2147483647 for Maximal position limit disables the position limit

check.
Object description:

Entry description:

Index 607Dn

Name Software position limit
Object code ARRAY

Data type INTEGER32
Sub-index 0

Description Number of entries
Access RO

PDO mapping No

Value range 2

Default value 2

Sub-index 1

Description Minimal position limit
Access RW

PDO mapping Possible

Value range INTEGERS32

Default value 0x80000000
Sub-index 2

Description Maximal position limit
Access RW

PDO mapping Possible

Value range INTEGER32

Default value 0x7FFFFFFF

" Object 208Ch is available only on firmware F515x
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4.6.2 Object 2050n: Over-current protection level

The Over-Current Protection Level object together with object Over-Current Time Out (20511) defines the drive over-
current protection limits. The object defines the value of current in the drive, over which the over-current protection will
be activated, if lasting more than a time interval that is specified in object 2051n. It is set in current internal units.

Object description:

Index 2050n

Name Over-current protection level

Object code VAR

Data type UNSIGNED16
Entry description:

Access RW

PDO mapping No

Units Cu

Value range 0...32767

Default value No
The computation formula for the current [IU] in [A] is:

2 - Ipeak
current[A] = £ ipear curent[IU ]
65520

where Ipeak is the peak current supported by the drive and current[IU] is the command value for object 2050n.

4.6.3 Object 2051h: Over-current time out

The Over-Current time out object together with object Over-Current Protection Limit (2050r) defines the drive over-
current protection limits. The object sets the time interval after which the over-current protection is triggered if the drive
current exceeds the value set through object 2050n. It is set in time internal units.

Object description:

Index 2051n
Name Over-current time out
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Possible
Units TU
Value range 0 ... 65535
Default value No

4.6.4 Object 2052n: Motor nominal current

The object sets the maximum motor current RMS value for continuous operation. This value is used by the 12t motor
protection and one of the start methods. It is set in current internal units. See object 2053 for more details about the 12t
motor protection.

Object description:

Index 2052n

Name Motor nominal current

Object code VAR

Data type UNSIGNED16
Entry description:

Access RW

PDO mapping No

Units Cu

Value range 0...32767

Default value No
The computation formula for the current [IU] in [A] is:

2 - Ipeak
current[ A] = £iipedk curent[1U ]
65520

where Ipeak is the peak current supported by the drive and current[IU] is the read value from object 2052k.
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4.6.5 Object 2053n: 12t protection integrator limit

Objects 2053n and 2054n contain the parameters of the 1%t protection (against long-term motor over-currents). Their
setting must be coordinated with the setting of the object 2052n, motor nominal current. Select a point on the 1t motor

thermal protection curve, which is characterized by the points |_I12t (current, [A]) and t_I2t: (time, [s]) (see Figure 4.6.1)
iz

Ipeak'“"

|12t

Siat

t 12t

Figure 4.6.1.12t motor thermal protection curve

The points |_I2t and t_I2t on the motor thermal protection curve together with the nominal motor current In define the
surface Sit. If the motor instantaneous current is greater than the nominal current In and the I12t protection is activated,
the difference between the square of the instantaneous current and the square of the nominal current is integrated and
compared with the SI2t value (see Figure 4.6.2). When the integral equals the SI2t surface, the 12t protection is
triggered.

Object description:

Index 2053n
Name 12t protection integrator limit
Object code VAR
Data type UNSIGNED32
Entry description:
Access RW
PDO mapping No
Units -
Value range 0...2%1
Default value No

Current

JE-n)at

Sizt

Figure 4.6.2. |12t protection implementation
The computation formula for the i2t protection integrator limit (I2TINTLIM) is
(I_I12t)2 —(In)2
327672
where |_I2t and In are represented in current units (CU).

[2TINTLIM = .02
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4.6.5.1 |2t protection explained

The 12t protection can behave in two ways, depending on bit 1 of the ASR register found in parameters.cfg.
The default setting for all iPOS templates is ASR.1=1.

If ASR.1=0 — the drive will enter fault state and motor power will be OFF. The Software Protections Interrupt will be
executed when 12T protection triggered.

If ASR.1=1 — the motion will continue running with 90% of Nominal Current set as the current limit until the 12T integral
drops to 0. The Software Protections Interrupt will not be executed when 12T protection triggered.

4.6.6  Object 2054n: 12t protection scaling factor

Object description:

Index 2054h
Name 12t protection scaling factor
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Units -
Value range 0 ... 65535
Default value No

The computation formula for the i2t protection scaling factor (SFI2T) is
225 ) TS_S
t_ 12t

where Ts_S is the sampling time of the speed control loop [s], and t_I2t is the 12t protection time corresponding to the
point on the graphic in Figure 4.6.1.

SFI2T =

4.6.7 Object 207Fn: Current limit

The object defines the maximum current that will pass through the motor. This object is valid only for the configurations
using: brushless, DC brushed and stepper closed loop motor. The value is set in current internal units.

Object description:

Index 207Fn

Name Current limit

Obiject code VAR

Data type Unsigned16
Entry description:

Access RW

PDO mapping YES

Units -

Value range 0 ... 65535

Default value No

The computation formula for the current_limit [A] to [IU] is:
Current _ Limit[ A]- 65520
2 - Ipeak
where Ipeak is the peak current supported by the drive, Current_Limit[A] is the targ
et current in [A] and Current_Limit[IU] is the target value to be written in object 207F.

Current _ Limit[IU ] = 32767 —

4.7 Step Loss Detection for Stepper Open Loop configuration

By using a stepper open loop configuration, the command resolution can be greater than the one used for a normal
closed loop configuration. For example if a motor has 200 steps/ revolution and 256 microsteps / step, results in 51200
Internal Units/ revolution position command. If a 1000 lines quadrature encoder is used, it means it will report 4000
Internal Units/ revolution.

© Technosoft 2019 70 iPOS CoE Programming



By using the step loss detection, means using a stepper in open loop configuration and an encoder to detect lost steps.
When the protection triggers, the drive enters Fault state signaling a Control error. To enable the protection, a stepper
open loop + encoder on motor must be selected along with a correct Control error protection value.

4.71 Object 2083h: Encoder Resolution for step loss protection

Sets the number of encoder increments for one full motor rotation. For example, if an encoder has 2000
increments/revolution, then 2000 must be written into the object.

Remark: The value for this object is automatically calculated in the setup when choosing a Stepper Open Loop with
feedback on motor configuration.

Object description:

Index 2083n
Name Encodgr resolution for step loss
protection
Object code VAR
Data type UNSIGNED32
Entry description:
Access RW
PDO mapping Yes
Value range UNSIGNED32
Default value -

The value for this object can be changed by editing the parameter “ENCRESLONG” found in parameters.cfg of the
project file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.

4.7.2  Object 2084n: Stepper Resolution for step loss protection

Sets the number of microsteps the step motor does for one full rotation. For example, if the motor has 100 steps /
revolution (see Figure 4.7.1) and is controlled with 256 microsteps / step (see Figure 4.7.2), the value 100x256=25600
should be found into this object.

Remark: The value for this object is automatically calculated in the setup when choosing a Stepper Open Loop with
feedback on motor configuration.

Object description:

Index 2084n
Name Steppe_r resolution for step loss
protection
Object code VAR
Data type UNSIGNED32
Entry description:
Access RW
PDO mapping Yes
Value range UNSIGNED32
Default value -

Step Motor and Load Setup

Guidefine assistant

Step 1. Select your motor from a database. If your motor does not exist in any database, proceed through— ~
all the next steps in order to define your mator and sensors data. In sither case, use the tests from the next
steps to werify/detect the motor and sensors parameters and operation.

Mext

Motor data

Nominal curent |37
Peak current |7 4

| Ho. mator steps £ rev. [100 |
Torque constant | 0,04 [rame, j
Phase resistance [motor + drive] |0,35 Ohirnz

Identify Resistance and Inductance
Fhase inductance [mator + drive) 0.7

Matorinertia [12 kam"2E-7 w| [ Motor inettia is unknown

Motar type (& Biphase Stepper © Triphase Stepper

Test Phase Connections ‘

Figure 4.7.1. Motor steps / revolution
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Control made Extemnal reference oK
& Position
T No  ‘es Setup Cancel
" Speed ancel

P % finalogus " Incremental Encoder Help

Advanced ™ Automatically activated after Power On MO or
Az 1D selection _
Drive Info W' Set/ change asis ID [HAW hd setup
Miciostepping
Na. micrasteps ¢ step |256

Figure 4.7.2. Motor microsteps / step

The value for this object can be changed by editing the parameter “STEPRESLONG” found in parameters.cfg of the
project file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.

4.7.3 Enabling step loss detection protection

Before enabling the step loss detection protection, the Encoder resolution in object 2083h and the Stepper resolution in
object 20841 must be set correctly. These two objects should already be set automatically if the correct setup parameters
were introduced. In addition, the feedback sensor must be set on motor in Motor Setup:

Step Motor and Load Setup ==
Guideline assistant Databaze -
ep 1. Select your motor from a database. If pour motor does not exist in any database, proceed through = Ezca -
Step 1. Select tor hom a database. If tor does ot exist datab. d through o Drive
all the nest steps in order to define your motor and sensors data. In either case, use the tests fram the next
steps to verify/detect the motor and sensors parameters and operation totor
Nest [F83z_258 0.7_5F ~| [Setup
" | savetoUserDatabssz| Delete | Hep | Cacel |
otor data Motor brake

MNominal curent |3.7 3 -
Peak curent |7.4 A -

Test Phass Connections
I~ Motor braks on output fine :

Mo. motar steps A rev. (100
— ouTo
Torque constant [004 [um ]
Phase resistance [motor + drive] (0,35 Ohms -
Identify Resistance and Inductance
Phase inductance [motor + drive] |0.7 mH hd
¥/ t act
Motor type & Eiphase Stepper  Triphase Slepper e ncacve | e :
Brake applied | Erake released i
Control type - -+ e
IEontloI type % Open \unpl " Closed loop
Motor sensors - used only for step loss detection
Type | Incremental Encoder hd Connector |Feedback 1 hd |D |ms J ‘U |ms J

Encoder resolution [500 [lines =] Test Connestions | Detect Encodss Fissaluton |

Figure 4.7.3. Configuring the feedback sensor for step loss detection

The step loss detection protection parameters are actually the control error parameters: object 6066 - Following error
time and object 6065 - Following error window. The protection is triggered if the error between the commanded position
and the position measured via the encoder is greater than the value set in object 6065h for a time interval greater than
the value set in object 6066h.

The following error window is expressed in microsteps. The Following error time is expressed in multiples of
position/speed control loops (1ms by default for stepper configurations).

To enable the step loss detection protection, set first the Following error window in object 6056n, then set the Following
error time in object 6066n to a value different from 65535 (OxFFFF). To disable this protection, set a 65535 value in
object 6066n.

Example: Following error window is set to 1000 and Following error time is set to 20. The step motor has 100 steps/rev
and is controlled with 256 microsteps/step. The step loss protection will be triggered if the difference between the
commanded position and the measured position is bigger than 1000 microsteps (i.e. 1000/(100*256) rev = 14,06
degrees) for a time interval bigger or equal than 20 control loops of 1ms each i.e. 20ms.

Remark: the actual value of the error between the commanded position and the measured position can be read from
object 60F4n. It is expressed in microsteps.

4.7.4  Step loss protection setup

The following steps are recommended for optimal setup of the step loss protection parameters:
Move your motor with the highest velocity and load planned to be used in your application

During the movement at maximal speed, read object 60F4n - Following error actual value as often as possible to
determine its highest value.

Remark: Following error actual value can be read at every control loop using EasyMotion Studio or Easy Setup
by logging the TML variable POSERR.

Add a margin of about 25% to the highest error value determined at previous step and set the new obtained value into
object 6065n - Following error window.

Activate the step loss detection by writing a non-zero value in object 6066+ - Following error time out. Recommended
values are between 1 and 10.
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4.7.5 Recovering from step loss detection fault

When the step loss detection protection is triggered, the drive enters in Fault state. The EtherCAT® master will receive
an emergency message from the drive with control error/following error code. In order to exit from Fault state and restart
a motion, the following steps must be performed:

e Send fault reset command to the drive. The drive will enter in Switch On Disabled state;
e Send Disable voltage command into Controlword.
e  Send Switch On command into Controlword.

e Send Enable operation into Controlword. At this moment, voltage is applied to the motor and it will execute the
phase alignment procedure again. The position error will be reset automatically.

e  Start a homing procedure to find again the motor zero position.

4.7.6 Remarks about Factor Group settings when using step the loss detection

When the drive controls stepper motors in open loop, if the factor group settings are activated they are automatically
configured for correspondence between motor position in user units and microsteps as internal units. Because the motor
position is read in encoder counts, it leads to incorrect values reported in objects 6064 Position actual value and 6062
Position demand value.

Only object 6063n Position actual internal value will always show the motor position correctly in encoder counts.

If the factor group settings are not used, i.e. all values reported are in internal units (default), both 6064+ Position actual
value and 6062 Position demand value will provide correct values.

4.8 Drive info objects

4.8.1 Object 1000nh: Device Type

The object contains information about drive type and its functionality. The 32-bit value contains 2 components of 16-
bits: the 16 LSB describe the CiA standard that is followed.

Object description:

Index 1000n
Name Device type
Object code VAR
Data type UNSIGNED32
Value description:
Access RO
PDO mapping NO
Value range UNSIGNED32
Default value 60192 for iPOS family

4.8.2 Object 6502n: Supported drive modes

This object gives an overview of the operating modes supported on the Technosoft drives. Each bit from the object has
assigned an operating mode. If the bit is set then the drive supports the associated operating mode.

Object description:

Index 6502n
Name Supported drive modes
Obiject code VAR
Data type UNSIGNED32
Entry description:
Access RO
PDO mapping Possible
Value range UNSIGNED32
Default value 001CO3E5h - iPOS-CAT drives

The modes of operation supported by the Technosoft drives, and their corresponding bits, are the following:
Data description:

MSB LSB
0 0 «x ... x 0 0 1 1 0 0o 1 0o 1
Manufacturer specific rsvd ip hm rsvd tg pv vl pp
31 21 20 ... 16 15 .. 7 6 5 4 3 2 A 0
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Data description — manufacturer specific:

Bit Description

31...21 Reserved

20 External Reference Torque Mode
19 External Reference Speed Mode
18 External Reference Position Mode
17 Electronic Gearing Position Mode
16 Electronic Camming Position Mode

4.8.3 Object 1008n: Manufacturer Device Name

The object contains the manufacturer device name in ASCII form, maximum 15 characters.
Object description:

Index 1008h
Name Manufacturer device name
Object code VAR
Data type Visible String
Entry description:
Access Const
PDO mapping No
Value range No
Default value iPOS

4.8.4 Object 100An: Manufacturer Software Version

The object contains the firmware version programmed on the drive in ASCII form with the maximum length of 15
characters.

Object description:

Index 100An
Name Manufacturer software version
Object code VAR
Data type Visible String
Entry description:
Access Const
PDO mapping No
Value range No
Default value Product dependent

4.8.5 Object 2060n: Software version of a TML application

By inspecting this object, the user can find out the software version of the TML application (drive setup plus motion
setup and eventually cam tables) that is stored in the EEPROM memory of the drive. The object shows a string of the
first 4 elements written in the TML application field, grouped in a 32-bit variable. If more character are written, only the
first 4 will be displayed. Each byte represents an ASCII character.

Drive info =34
Irtelligent drive name: Product 1D E2ROM size Firmyrare [0
‘iPDSdSDB hr-CAN |PU27 A14E101 16 Kwords | | |FS14E = ]
ancel

Drive data Protections
Power supply (motor] — min_walee [11 v < |7
man valie [52 |V | | Tigger it power suppl > N
Logic supply min. walue ’E— m o
mee valus [0 [V < rTrlgger fpowersupply < {59557 v

4

4

4

4

Nominal curent e
— T Suppatt aver current [ 10 s~
Maximurn measurable DC voltage | 102.2 W - = for [15 ¢ :‘v
Analogue inputs range 9 v o= Triggerif T» T2max [105002 [T =
= Sensor gain (001 VP = | [“ammieaton D
Output al 0 [05 [« =] iz
Object description:
Index 2060n
Name Software version of TML application
Object code VAR
Data type UNSIGNED32
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Entry description:

Access RO
PDO mapping No
Units -

Value range No
Default value No

Example:

If object 2060n contains the value 0x322E3156, then the software version of the TML application is read as:
0x56 — ASCII code of letter V

0x31 — ASCII code of number 1

0x2E — ASCII code of character . (point)

0x32 — ASCII code of number 2

Therefore, the version is V1.2.

4.8.6 Object 1018n: Identity Object

This object provides general information about the device.
Sub-index 01n shows the unique Vendor ID allocated to Technosoft (1A3h).

Sub-index 02h contains the Technosoft drive product ID. It can be found physically on the drive label or in Drive Setup/
Drive info button under the field product ID. If the Technosoft product ID is P027.214.E121, sub-index 02 will be read
as the number 27214121 in decimal.

Sub-index 03n shows the Revision number.

Sub-index 04n shows the drives Serial number. For example the number 0x4C451158 will be 0x4C (ASCII L); 0x45
(ASCII E); 0x1158 --> the serial number will be LE1158.

Object description:

Index 1018hn
Name Identity Object
Object code RECORD
Data type Identity

Entry description:
Sub-index 00n
Description Number of entries
Access RO
PDO mapping No
Value range 1.4
Default value 1
Sub-index 01n
Description Vendor ID
Access RO
PDO mapping No
Value range UNSIGNED32
Default value 000001A3n
Sub-index 02n
Description Product Code
Access RO
PDO mapping No
Value range UNSIGNED32
Default value Product dependent
Sub-index 03n
Description Revision number
Access RO
PDO mapping No
Value range UNSIGNED32
Default value 0x30313030 (ASCII 0100)
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Sub-index 04n

Description Serial number
Access RO

PDO mapping No

Value range UNSIGNED32
Default value Unique number

4.9 Miscellaneous Objects

4.9.1 Object 2025h: Stepper current in open-loop operation

In this object, one can set the level of the current to be applied when controlling a stepper motor in open loop operation
at runtime.

Object description:

Index 2025n

Name Steppgr current in open-loop
operation

Object code VAR

Data type INTEGER16

Entry description:

Access RW

PDO mapping Possible

Units U

Value range -32768 ... 32767

Default value No

The computation formula for the current [IU] in [A] is:
2 Ipeak
65520
where Ipeak is the peak current supported by the drive and current[IU] is the commanded value in object 2025n.

current[ A] = -curent[1U ]

4.9.2 Object 2026n: Stand-by current for stepper in open-loop operation

In this object, one can set the level of the current to be applied when controlling a stepper motor in open loop operation
in stand-by.

Object description:

Index 2026n
Name Stand-by current for stepper in open-
loop operation

Obiject code VAR

Data type INTEGER16
Entry description:

Access RW

PDO mapping Possible

Units CuU

Value range -32768 ... 32767

Default value No

4.9.3 Object 2027h: Timeout for stepper stand-by current

In this object, one can set the amount of time after the value set in object 2026+, stand-by current for stepper in open-
loop operation will activate as the reference for the current applied to the motor after the reference has reached the
target value.

Object description:

Index 2027n

Name Timeout for stepper stand-by current
Obiject code VAR

Data type UNSIGNED16
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Entry description:

Access RW

PDO mapping Possible
Units TU

Value range 0 ... 65535
Default value No

4.9.4 Object 2075n: Position triggers

This object is used in order to define a set of four position values whose proximity will be signaled through bits 17-20 of
object 1002n, Manufacturer Status Register. If the position actual value is over a certain value set as a position trigger,
then the corresponding bit in Manufacturer Status Register will be set.

Object description:

Index 2075n
Name Position triggers
Object code ARRAY
Data type INTEGER32

Entry description:
Sub-index 00n
Description Number of sub-indexes
Access RO
PDO mapping No
Default value 4
Sub-index 01n — 04n
Description Position trigger 1 - 4
Access RW
PDO mapping Possible
Value range INTEGER32
Default value No

4.9.5 Object 2085h: Position triggered outputs

The object controls the digital outputs 0, 1 and 5 in concordance with the position triggers 1, 2 and 4 status from the
object 1002n Manufacturer Status Register.

Object description:

Index 2085n
Name Position triggered outputs
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Units -
Value range 0...65535
Default value No

The Position triggered outputs object has the following bit assignment:

Table 4.9.1 — Bit Assignment in Position triggered outputs

Bit Value Meaning

12-15 0 Reserved.
0 OUT5 = 1 when Position trigger 4 =0
OUT5 = 0 when Position trigger 4 = 1
1 OUT5 = 0 when Position trigger 4 =0
OUT5 = 1 when Position trigger 4 = 1

10 0 Reserved.
OUT1 = 1 when Position trigger 2 =0
OUT1 = 0 when Position trigger 2 = 1
OUT1 = 0 when Position trigger 2 =0
OUT1 = 1 when Position trigger 2 = 1

11
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OUTO = 1 when Position trigger 1 =0
OUTO = 0 when Position trigger 1 = 1
OUTO = 0 when Position trigger 1 =0
OUTO = 1 when Position trigger 1 = 1
Reserved

Enable position trigger 4 control of OUT5
Disable position trigger 4 control of OUT5
Reserved

Enable position trigger 2 control of OUT1
Disable position trigger 2 control of OUT1
Enable position trigger 1 control of OUTO
0 Disable position trigger 1 control of OUTO0

Note: Some drives may not have some outputs available. The object will control only the ones that exist.

4-7
31
2
1

—|Oo|=|O|lO|—= O

0

4.9.6 Object 2076n: Save current configuration

This object is used in order to enable saving the current configuration of the operating parameters of the drive. These
parameters are the ones that are set when doing the setup of the drive. The purpose of this object is to be able to save
the new values of these parameters in order to be re-initialized at subsequent system re-starts.

Writing any value in this object will trigger the save in the non-volatile EEPROM memory of the current drive operating
parameters.

Object description:

Index 2076n
Name Save current configuration
Obiject code VAR
Data type UNSIGNED16
Entry description:
Access WO
PDO mapping No
Value range UNSIGNED16
Default value -

4.9.7 Object 208An: Save setup status

This object is used in order to monitor the parameters saving process. Bit 0 will be set to 1 when the 2076h object can
be activated or the save function has been completed. It will stay 0 while the save function is ongoing.

Object description:

Index 208An

Name Save setup status

Obiject code VAR

Data type UNSIGNED16
Entry description:

Access RO

PDO mapping Yes

Value range INTEGER16

Default value 0

4.9.8 Object 2080n: Reset drive

This object is used to reset the drive by writing any non zero value in it.
Remark: it resets only the drive; it does not reset the ECAT interface.
Object description:

Index 2080n

Name Reset drive
Obiject code VAR

Data type UNSIGNED16

' Some outputs may not be available on all drives.
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Entry description:

4.9.9 Object 2082h: Sync on fast loop

Access WO

PDO mapping No

Value range USIGNED16
Default value 0

This object is used to synchronize the drive on the fast or slow loop sample period. The Distributed Clock time (SYNC
0) must be set accordingly with the time of the chosen sample loop in this object.

By default, the fast loop period for all configurations is set to 0.1 ms, the slow loop period 1ms.

Object description:

Entry description:

4.9.10 Object 2108n: Filter variable 16bit

Index 2082n

Name Sync on fast loop

Object code VAR

Data type UNSIGNED16

Access RW

PDO mapping No

Value range 0: synchronize on slow loop

1: synchronize on fast loop

Default value

0

This object applies a first order low pass filer on a 16 bit variable value. It does not affect the motor control when applied.
It can be used only for sampling filtered values of one variable like the motor current.

Object description:

Entry description:

Index 2108h

Name Filter variable 16bit
Object code Record

Data type Filter variable record
Sub-index 0

Description Number of entries
Access RO

PDO mapping No

Value range 3

Default value 3

Sub-index 1

Description 16 bit variable address
Access RW

PDO mapping Possible

Value range UNSIGNED16

Default value

0x0230 (address. or motor current)

Sub-index 2

Description Filter strength
Access RW

PDO mapping Possible
Value range UNSIGNED16
Default value 50

Sub-index 3

Description Filtered variable 16bit
Access RO

PDO mapping Possible
Value range 0 -32767

Default value
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How it works:

Sub-index 1 sets the filtered variable address. To find a variable address, in EasySetup or Easy Motion Studio, click
View/ Command Interpreter. The communication must be online with the drive. Write the desired variable name with a
? in front and press Enter.

Command Interpreter
FYJ_.} Imotor_ CUrrent

{0TCR_CURRENT = 0 {0x0000)
TML>
The variable address can be found between the parenthesis.

Sub-index 2 sets the filter strength. The filter is strongest when Sub-index 2 = 0 and weakest when it is 32767. A strong
filter increases the time lag between the unfiltered variable change and the filtered value reaching that value.

Sub-index 3 shows the filtered value of the 16 bit variable whose address is declared in Sub-index 1.

4.9.11 Object 208En: Auxiliary Settings Register

This object is used as a configuration register that enables various advanced control options.

Object description:

Index 208En
Name Auxiliary Settings Register
Obiject code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Value range UNSIGNED16
Default value 0x0100

Table 4.9.2 — Bit Assignment in Auxiliary Settings Register

Bit Value Description
9-15 0 Reserved.
0 Set interpolation mode compatible with PT and PVT (legacy)
8
1 Set interpolation mode (when 6060=7) as described in the CiA402 standard
4-7 0 Reserved
0 When 6040 bit 14 = 1, at the next update’, the Target Speed Starting Value is
3 the Actual Speed
1 When 6040 bit 14 = 1, at the next update, the Target Speed Starting Value is
Zero.
0-2 0 Reserved.

4.9.12 Object 210Bn: Auxiliary Settings Register2

This object is used as a configuration register that enables various advanced control options. The bits in this object are
linked to the internal register ASR2.

Object description:

Index 210Bn

Name Auxiliary Settings Register2
Object code VAR

Data type UNSIGNED16

" update can mean a 0 to 1 transition of bit4 in Controlword or setting a new value into object 60FFnh while in velocity
mode
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Entry description:

Access RW

PDO mapping No

Value range UNSIGNED16
Default value 0x0000

Table 4.9.3 — Bit Assignment in Auxiliary Settings Register2

Bit Value Description
13-15 0 Reserved.
0 Set actual position to the value of the homing offset 607Ch at the end of the
12 homing procedure
1 After finishing a homing procedure, do not reset the actual position.
Homing ends keeping position on home switch.
0-11 0 Reserved

4.9.13 Object 2100n: Number of steps per revolution

This object shows the number of motor steps per revolution in case a stepper motor is used. This number is defined
automatically in Motor Setup when configuring the motor data.

Object description:

Index 2100n
Name Number of steps per revolution
Object code VAR
Data type INTEGER16
Entry description:
Access RO
PDO mapping Yes
Value range INTEGER16
Default value -

4.9.14 Object 2101n: Number of microsteps per step

This object shows the number of motor microsteps per step in case a stepper open loop configuration is used. This
number is defined automatically when configuring Drive Setup.

Object description:

Index 2101n
Name Number of microsteps per step
Object code VAR
Data type INTEGER16
Entry description:
Access RO
PDO mapping Yes
Value range INTEGER16
Default value -

4.9.15 Object 2103n: Number of encoder counts per revolution

This object shows the number of encoder counts for one full motor rotation.
For example, if this object indicates 4000 and a 40001U position command is given, the motor will rotate 1 full mechanical

rotation.

Remark: this object will not indicate a correct number in case a Brushed DC motor is used.

Object description:

Index 2103n

Name Numbgr of encoder counts per
revolution

Obiject code VAR

Data type INTEGER32
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Entry description:

Access RO
PDO mapping Yes
Value range INTEGER32

Default value

4.9.16 Object 2091h: Lock EEPROM

This object can be used to lock/unlock the EEPROM data from being written. By reading it, it also acts as a status.
Once TML or Setup data is written into the drive memory, it can be protected from being overwritten by using this object.
If the EEPROM memory is already locked, it can be unlocked using this object in order to write new setup data.

Object description:

Entry description:

Index 2091n

Name Lock EEPROM
Object code VAR

Data type UNSIGNEDS8
Access RW

PDO mapping NO

Value range UNSIGNEDS8
Default value 0

Table 4.9.4 — Bit Assignment in Lock EEPROM

Bit Value Meaning
2-7 0 Reserved.
0 0 EEPROM is unlocked.
1 EEPROM is locked.

4.9.17 Object 2092h: User Variables?

This object contains 4x sub-indexes, each a 32bit User Variable. These variables are directly linked to parameters
present in the template and their values can be saved using object 2076n Save current configuration.

The variables are named: UserVar1, UserVar2, UserVar3 and UserVar4. They are linked to sub-index 1 to 4 of this

object.

Object description:

Entry description:

Index 2092

Name User Variables
Obiject code ARRAY

Data type ULONG32
Sub-index 00n
Description Number of sub-indexes
Access RO

PDO mapping No

Default value 4

Sub-index 01n — 04n
Description UserVari - 4
Access RW

PDO mapping Possible
Value range ULONG32
Default value No

" Object 2091+ is available only on firmware F515x
2 Object 2092 is available only on firmware F515x
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5 Factor group

The iPOS drives family offers the possibility to interchange physical dimensions and sizes into the device internal units.
This chapter describes the factors that are necessary to do the interchanges.

The factors defined in Factor Group set up a relationship between device internal units and physical units. The actual
factors used for scaling are the position factor (object 6093h), the velocity encoder factor (object 6094), the acceleration
factor (object 6097r) and the time encoder factor (object 20711). Writing a non-zero value into the respective dimension
index objects validates these factors. The notation index objects are used for status only and can be set by the user
depending on each user-defined value for the factors.

Because the iPOS drives work with Fixed 32 bit numbers (not floating point), some calculation round off errors might
occur when using objects 6093, 6094n, 6097h and 2071n. If the ECAT master supports handling the scaling calculations
on its side, it is recommended to use them instead of using the “Factor’ scaling objects.

5.1 Factor group objects

5.1.1 Object 607En: Polarity

This object is used to multiply by 1 or -1 position and velocity objects. The object applies only to position profile, velocity
profile, CSP and CSV in modes of operation.

Object description:

Index 607En

Name Polarity

Object code VAR

Data type UNSIGNED8
Entry description:

Access RW

PDO mapping Possible

Value range 0..256

Default value 0

The Polarity object has the following bit assignment:

Table 5.1.1 — Bit Assignment in Polarity object

Bit Bit name Value Meaning
7 Position 0 Multiply by 1 the values of objects 607An, 6062n and 6064
polarity
1 Multiply by -1 the values of objects 607An, 60621 and 6064n
6 Velocity 0 Multiply by 1 the values of objects 60FFh, 606Bn and 606Ch
polarity 1 Multiply by -1 the values of objects 60FFh, 606Bn and 606Ch
5-0 reserved 0 Reserved

The default value for this object can be changed by editing the parameter “POLARITY” found in parameters.cfg of the
project file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.

5.1.2  Object 6089n: Position notation index

The position notation index is used to define the position into [SI] units. Its purpose is purely informative for EtherCAT
masters which still use it and has no influence over the actual unit scaling. In the CiA 402 standard, the dimension and
notion index objects have been declared as obsolete. In case a custom position scaling is used, set it to 1 instead of 0.
For position scaling, use Object 6093h: Position factor.

A list of predefined values can be found in the Dimension/Notation Index Table.
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Object description:

Index 6089
Name Position notation index
Object code VAR
Data type INTEGERS
Entry description:
Access RW
PDO mapping Possible
Value range -128 ... 127
Default value 0

5.1.3  Object 608An: Position dimension index

The position dimension index is used to define the position into [SI] units. Its purpose is purely informative for EtherCAT
masters which still use it and has no influence over the actual unit scaling. In the CiA 402 standard, the dimension and
notion index objects have been declared as obsolete. In case a custom position scaling is used, set it to 1 instead of 0.
For position scaling, use Object 6093h: Position factor.

A list of predefined values can be found in the Dimension/Notation Index Table.

Object description:

Index 608An
Name Position dimension index
Obiject code VAR
Data type UNSIGNEDS8
Entry description:
Access RW
PDO mapping Possible
Value range 0...255
Default value 0

5.1.4 Object 608Bn: Velocity notation index

The velocity notation index is used to define the velocity into [SI] units. Its purpose is purely informative for EtherCAT
masters which still use it and has no influence over the actual unit scaling. In the CiA 402 standard, the dimension and
notion index objects have been declared as obsolete. In case a custom velocity scaling is used, set it to 1 instead of 0.
For velocity scaling, use Object 6094h: Velocity encoder factor.

A list of predefined values can be found in the Dimension/Notation Index Table.

Object description:

Index 608Bh
Name Velocity notation index
Object code VAR
Data type INTEGERS
Entry description:
Access RW
PDO mapping Possible
Value range -128 ... 127
Default value 0

5.1.5 Object 608Cn: Velocity dimension index

The velocity dimension index is used to define the velocity into [SI] units. Its purpose is purely informative for EtherCAT
masters which still use it and has no influence over the actual unit scaling. In the CiA 402 standard, the dimension and
notion index objects have been declared as obsolete. In case a custom velocity scaling is used, set it to 1 instead of 0.
For velocity scaling, use Object 6094h: Velocity encoder factor.

A list of predefined values can be found in the Dimension/Notation Index Table.
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Object description:

Index 608Cn
Name Velocity dimension index
Object code VAR
Data type UNSIGNEDS8
Entry description:
Access RW
PDO mapping Possible
Value range 0...255
Default value 0

5.1.6  Object 608Dn: Acceleration notation index

The acceleration notation index is used to define the acceleration into [SI] units. Its purpose is purely informative for
EtherCAT masters which still use it and has no influence over the actual unit scaling. In the CiA 402 standard, the
dimension and notion index objects have been declared as obsolete. In case a custom acceleration scaling is used, set
it to 1 instead of 0. For acceleration scaling, use Object 6097h: Acceleration factor.

A list of predefined values can be found in the Dimension/Notation Index Table.

Object description:

Index 608Dn
Name Acceleration notation index
Object code VAR
Data type INTEGERS
Entry description:
Access RW
PDO mapping Possible
Value range -128 ... 127
Default value 0

5.1.7  Object 608En: Acceleration dimension index

The acceleration dimension index is used to define the acceleration into [SI] units. Its purpose is purely informative for
EtherCAT masters which still use it and has no influence over the actual unit scaling. In the CiA 402 standard, the
dimension and notion index objects have been declared as obsolete. In case a custom acceleration scaling is used, set
it to 1 instead of 0. For acceleration scaling, use Object 6097h: Acceleration factor.

A list of predefined values can be found in the Dimension/Notation Index Table.

Object description:

Index 608En
Name Acceleration dimension index
Obiject code VAR
Data type UNSIGNEDS8
Entry description:
Access RW
PDO mapping Possible
Value range 0...255
Default value 0

5.1.8  Object 206Fn: Time notation index

The time dimension index is used to define the time into [S1] units. Its purpose is purely informative for EtherCAT masters
which still use it and has no influence over the actual unit scaling. In the CiA 402 standard, the dimension and notion
index objects have been declared as obsolete. In case a custom time scaling is used, set it to 1 instead of 0. For time
scaling, use Object 2071h: Time factor.
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Object description:

Index 206Fh
Name Time notation index
Object code VAR
Data type INTEGERS
Entry description:
Access RW
PDO mapping Possible
Value range -128 ... 127
Default value 0

5.1.9  Object 2070n: Time dimension index

The time dimension index is used to define the time into [S1] units. Its purpose is purely informative for EtherCAT masters
which still use it and has no influence over the actual unit scaling. In the CiA 402 standard, the dimension and notion
index objects have been declared as obsolete. In case a custom time scaling is used, set it to 1 instead of 0. For time
scaling, use Object 2071h: Time factor.

Object description:

Index 2070n
Name Time dimension index
Obiject code VAR
Data type UNSIGNEDS8
Entry description:
Access RW
PDO mapping Possible
Value range 0...255
Default value 0

5.1.10 Object 6093n: Position factor

The position factor converts the drive internal position units (increments) to the desired position (in position units) into
the internal format (in increments) for the drive to use.

Writing any non-zero value into the respective dimension and notation index objects activates this object.

.. .. . PositionFactor.Numerator
Position[IU | = Position[UserUnits] x

PositionFactor.Divisor

It scales the following objects:
60641 Position actual value; 6062n Position demand value; 607An Target position; 6067h Position window; 6068n

Following error window; 60F4+x Following error actual value

Object description:

Entry description:

Index 6093h

Name Position factor
Obiject code ARRAY
Number of elements 2

Data type UNSIGNED32
Sub-index 01n
Description Numerator
Access RW

PDO mapping Possible
Value range UNSIGNED32
Default value 1

Sub-index 02n
Description Divisor
Access RW

PDO mapping Possible
Value range UNSIGNED32

Default value

1
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5.1.10.1 Setting the numerator and divisor in a factor group object. Example

Important: when small values are used, errors may occur due to the internal calculation round off errors. In order to
avoid this, use larger values giving the same desired ratio Example = 6093.1 = 0x20000 and 6093.2 = 0x10000. This
will mean a factor of 2:1. In case 6093.1 = 0x2 and 0x6093.2 = 0x1, the position would not be computed correctly. As a
general rule, the bigger the numerator and denominator values are, the more precise is the fraction calculation.

Example

The desired user position units are radians. The drive internal position units are encoder counts. The load is connected
directly to the motor shaft and the motor has a 500-lines incremental encoder.

The conversion between user and internal units is:

(4x500)
X IT)

Hence (6093.2/6093.1) = 2 * pi/ (4 x 500) = 0.0031415926535897932384626433832795...

How to set the 2 numbers? Being a number less than 1, the denominator (6093.1) is bigger than the numerator (6093.2).
Hence set the denominator to the largest integer value for 32 bits i.e. OXFFFF FFFF = 4294967295 and the numerator
to

0.0031415926535897932384626433832795 x 4294967295 = 13493037.701380426305009189410434, rounded to
integer i.e. = 13493038.

Position[rad] x = Position|UserUnits|]

In conclusion: 6093.1 = 4294967295 (0xFFFF FFFF) and 6093.2 = 13493038 i.e. user position [rad] * 4294967295 /
13493038 = internal position [counts]

5.1.11 Object 6094n: Velocity encoder factor

The velocity encoder factor converts the desired velocity (in velocity units) into the internal format (in increments) for the
drive to use.

Writing any non-zero value into the respective dimension and notation index objects activates this object.

VelocityEncoderFactor.Numerator

Velocity[IU | = Velocity[UserUnits] x
VelocityEncoderFactor.Divisor
It scales the following objects:
606Ch Velocity actual value; 606Bn Velocity demand value; 606Fh Velocity threshold; 60FFr Target velocity;
60F8n Max slippage; 6081n Profile velocity
To configure the object with optimal values, see Setting the numerator and divisor in a factor group object. Example.

Object description:

Index 6094

Name Velocity encoder factor

Object code ARRAY

Number of elements 2

Data type UNSIGNED32
Entry description:

Sub-index 01n

Description Numerator

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value 1

Sub-index 02n

Description Divisor

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value 1
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5.1.12 Object 6097n: Acceleration factor

The acceleration factor converts the velocity (in acceleration units/sec?) into the internal format (in increments/sampling?)
for the drive to use.

Writing any non-zero value into the respective dimension and notation index objects activates this object.
AccelerationFactor.Numerator

Acceleration[1U | = Acceleration[UserUnits] x - —
AccelerationFactor.Divisor

It scales the following objects:
6083h Profile acceleration; 6085» Quick stop deceleration
To configure the object with optimal values, see Setting the numerator and divisor in a factor group object. Example.

Object description:

Index 6097

Name Acceleration factor

Obiject code ARRAY

Number of elements 2

Data type UNSIGNED32
Entry description:

Sub-index 01n

Description Numerator

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value 1

Sub-index 02n

Description Divisor

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value 1

5.1.13 Object 2071n: Time factor

The time factor converts the desired time values (in time units) into the internal format (in speed / position loop
samplings) for the drive to use.

Writing any non-zero value into the respective dimension and notation index objects activates this object.
TimeFactor.Numerator

Time[IU | = Time[UserUnits] x
TimeFactor.Divisor
It scales the following objects:
6066n Following error time out; 6068n Position window time; 2023h Jerk time; 2005x» Max slippage time out;
2051h Over-current time out
To configure the object with optimal values, see Setting the numerator and divisor in a factor group object. Example.

Object description:

Index 2071n

Name Time factor

Object code ARRAY

Number of elements 2

Data type UNSIGNED32
Entry description:

Sub-index 01n

Description Numerator

Access RW

PDO mapping Possible

Value range UNSIGNED32
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| Default value 1

Sub-index 02n
Description Divisor
Access RW

PDO mapping Possible
Value range UNSIGNED32
Default value 1

6 Homing Mode

6.1 Overview

Homing is the method by which a drive seeks the home position. There are various methods to achieve this position
using the four available sources for the homing signal: limit switches (negative and positive), home switch (INO) and
encoder index pulse.

Remark: on an iPOS drive or iMOT intelligent motor, the “home switch” is always the digital input INO.

A homing move is started by setting bit 4 of the Controlword object 6040n. The results of a homing operation can be
accessed in the Statusword (index 0x6041).

After the physical home position is found, the drive actual position (object 6064+ or internal variable APOS) will be set
with the value of Object 607Ch: Home offset.

A homing mode is chosen by writing a value to homing method (object 6098h) which will clearly establish:

1. the used homing signal (positive limit switch, negative limit switch, home switch or index pulse)
2. theinitial direction of motion
3. the position of the index pulse (if used).

The user can specify the home method, the home offset, two homing speeds and the acceleration.

The home offset (object 607Ch) is the difference between the zero position for the application and the machine home
position. During homing, the home position is found. Once the homing is completed, the zero position is offset from the
home position by adding the home offset to the home position. This is illustrated in the following diagram.

Home Zero
Position Position

| home_offset ‘l

| 'l

\/

Figure 6.1.1. Home Offset

In other words, after the home position has been found, the drive will set the actual position (object 6064n) with the value
found in object 607Ch.

There are two homing speeds: a fast speed (which is used for the initial motion to find the home switch), and a slow
speed (which is used after the home switch transition, when the motion is reversed).

The homing acceleration establishes the acceleration to be used for all accelerations and decelerations with the
standard homing modes.

The homing method descriptions in this document are based on those in the Profile for Drives and Motion Control
(CiA402 or IEC61800 Standard).

The figure below explains the homing method 1 diagram in detail. The other homing method diagrams are similar and
the explanation below applied to all of them.

The colors black and grey represent the original homing diagram as explained in the CiA 402 standard.
The green color represents the explanation for the various elements in the diagram.

The purple color represents the motion explanation for the current homing method diagram.
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Figure 6.1.2. Homing method 1 diagram explained

6.2 Homing methods

6.2.1 Method 1: Homing on the Negative Limit Switch and Index Pulse

If the negative limit switch is inactive (low) the initial direction of movement is leftward (negative sense). After negative
limit switch is reached the motor will reverse the motion, moving in the positive sense with slow speed. The home
position is at the first index pulse to the right of the position where the negative limit switch becomes inactive.

1 ] n

: ( i
Index Pulse —I—I—
Negative Limit Switch+|§—
Figure 6.2.1. Homing on the Negative Limit Switch and Index Pulse

6.2.2 Method 2: Homing on the Positive Limit Switch and Index Pulse

If the positive limit switch is inactive (low) the initial direction of movement is rightward (negative sense). After positive
limit switch is reached the motor will reverse the motion, moving in the negative sense with slow speed. The home
position is at the first index pulse to the left of the position where the positive limit switch becomes inactive.

n ] .

I : ) :
—l—l— Index Pulse
_,— Positive Limit Switch

Figure 6.2.2. Homing on the Positive Limit Switch and Index Pulse

6.2.3 Methods 3 and 4: Homing on the Positive Home Switch and Index Pulse.

The home position is at the index pulse either after home switch high-low transition (method 3) or after home switch
low-high transition (method 4).

The diagram shows two initial movements for each type of method. This is because the initial direction of movement is
dependent on the state of the home switch (if low - move positive, if high - move negative).
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Figure 6.2.3. Homing on the Positive Home Switch and Index Pulse

For method 3, if home input is high the initial direction of movement will be negative, or positive if home input is low,
and reverse (with slow speed) after home input low-high transition. The motor will stop at first index pulse after home
switch high-low transition.

For method 4, if home input is low the initial direction of movement will be positive, or negative if home input is high,
and reverse (with slow speed) after home input high-low transition. The motor will stop at first index pulse after home
switch low-high transition.

In all cases after home switch transition, the speed of the movement is slow.

6.2.4 Methods 5 and 6: Homing on the Negative Home Switch and Index Pulse.

The home position is at the index pulse either after home switch high-low transition (method 5) or after home switch
low-high transition (method 6).

The initial direction of movement is dependent on the state of the home switch (if high - move positive, if low - move
negative).
In all cases after home switch transition, the speed of the movement is slow.

e s I
0

Index Pulse. | |

Homeswieh . L1

Figure 6.2.4. Homing on the Negative Home Switch and Index Pulse

For method 5, if home input is high the initial direction of movement will be positive, or negative if home input is low,
and reverse (with slow speed) after home input low-high transition. The motor will stop at first index pulse after home
switch high-low transition.

For method 6, if home input is low the initial direction of movement will be negative, or positive if home input is high,
and reverse (with slow speed) after home input high-low transition. The motor will stop at first index pulse after home
switch low-high transition.

6.2.5 Methods 7 to14: Homing on the Home Switch using limit switches and Index Pulse.

These methods use a home switch that is active over only a portion of the travel distance; in effect the switch has a
‘momentary’ action as the axle’s position sweeps past the switch.

Using methods 7 to 10 the initial direction of movement is to the right (positive), and using methods 11 to 14 the initial
direction of movement is to the left (negative), except the case when the home switch is active at the start of the motion
(initial direction of motion is dependent on the edge being sought — the rising edge or the falling edge).

The home position is at the index pulse on either side of the rising or falling edges of the home switch, as shown in the
following two diagrams.

If the initial direction of movement leads away from the home switch, the drive will reverse on encountering the relevant
limit switch (negative limit switch for methods 7 to 10, or positive limit switch for methods 11 to 14).
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Figure 6.2.5. Homing on the Home Switch using limit switches and Index Pulse — Positive Initial Move

Using method 7 the initial move will be positive if home input is low and reverse after home input low-high transition, or
move negative if home input is high. Reverse also if the positive limit switch is reached. Stop at first index pulse after
home switch active region ends (high-low transition). In all cases after high-low home switch transition the motor speed
will be slow.

Using method 8 the initial move will be positive if home input is low, or negative if home input is high and reverse after
home input high-low transition. Reverse also if the positive limit switch is reached. Stop at first index pulse after home
switch active region starts (low-high transition). In all cases after low-high home switch transition the motor speed will
be slow.

Using method 9 the initial move will be positive and reverse (slow speed) after home input high-low transition. Reverse
also if the positive limit switch is reached. Stop at first index pulse after home switch active region starts (low-high
transition).

Using method 10 the initial move will be positive. Reverse if the positive limit switch is reached, then reverse once again
after home input low-high transition. Stop at first index pulse after home switch active region ends (high-low transition).
In all cases after high-low home switch transition the motor speed will be slow.
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Figure 6.2.6. Homing on the Home Switch using limit switches and Index Pulse — Negative Initial Move

Using method 11 the initial move will be negative if home input is low and reverse after home input low-high transition.
Reverse also if the negative limit switch is reached. If home input is high move positive. Stop at first index pulse after
home switch active region ends (high-low transition). In all cases after high-low home switch transition the motor speed
will be slow.

Using method 12 the initial move will be negative if home input is low. If home input is high move positive and reverse
after home input high-low transition. Reverse also if the negative limit switch is reached. Stop at first index pulse after
home switch active region starts (low-high transition). In all cases after low-high home switch transition the motor speed
will be slow.

Using method 13 the initial move will be negative and reverse after home input high-low transition. Reverse also if the
negative limit switch is reached. Stop at first index pulse after home switch active region starts (low-high transition). In
all cases after high-low home switch transition the motor speed will be slow.

Using method 14 the initial move will be negative. Reverse if the negative limit switch is reached, then reverse once
again after home input low-high transition. Stop at first index pulse after home switch active region ends (high-low
transition). In all cases after high-low home switch transition the motor speed will be slow.

Methods 15 and 16: Reserved
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6.2.6  Methods 17 to 30: Homing without an Index Pulse

These methods are similar to methods 1 to 14 except that the home position is not dependent on the index pulse but
only on the relevant home or limit switch transitions.

6.2.7 Method 17: Homing on the Negative Limit Switch

Using method 17 if the negative limit switch is inactive (low) the initial direction of movement is leftward (negative
sense). After negative limit switch reached the motor will reverse the motion, moving in the positive sense with slow
speed. The home position is at the right of the position where the negative limit switch becomes inactive.

I : L 0

Negative Limit Switch _I—

Figure 6.2.7. Homing on the Negative Limit Switch

6.2.8 Method 18: Homing on the Positive Limit Switch

Using method 18 if the positive limit switch is inactive (low) the initial direction of movement is rightward (negative
sense). After positive limit switch reached the motor will reverse the motion, moving in the negative sense with slow
speed. The home position is at the left of the position where the positive limit switch becomes inactive.

n i 0
I

_i— Positive Limit Switch

Figure 6.2.8. Homing on the Positive Limit Switch

6.2.9 Methods 19 and 20: Homing on the Positive Home Switch

The home position is at the home switch high-low transition (method 19) or low-high transition (method 20).

The diagram shows two initial movements for each type of method. This is because the initial direction of movement is
dependent on the state of the home switch (if low - move positive, if high - move negative).

|:| D . |:|

Home Switchj

Figure 6.2.9. Homing on the Positive Home Switch

Using method 19, if home input is high, the initial direction of movement will be negative, or positive if home input is
low, and reverse (with slow speed) after home input low-high transition. The motor will stop right after home switch high-
low transition.

Using method 20, if home input is low, the initial direction of movement will be positive, or negative if home input is
high, and reverse (with slow speed) after home input high-low transition. The motor will stop after right home switch low-
high transition.

6.2.10 Methods 21 and 22: Homing on the Negative Home Switch

The home position is at the home switch high-low transition (method 21) or after home switch low-high transition (method
22).

The initial direction of movement is dependent on the state of the home switch (if high - move positive, if low - move
negative).
In all cases after home switch transition, the speed of the movement is slow.
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Figure 6.2.10. Homing on the Negative Home Switch

Using method 21, if home input is high, the initial direction of movement will be positive, or negative if home input is
low, and reverse (with slow speed) after home input low-high transition. The motor will stop right after home switch high-
low transition.

Using method 22, if home input is low, the initial direction of movement will be negative, or positive if home input is
high, and reverse (with slow speed) after home input high-low transition. The motor will stop right after home switch low-
high transition.

6.2.11 Methods 23 t030: Homing on the Home Switch using limit switches

[ frsy I

Home switch |—//_|

Positive Limit Switch ////

—

Figure 6.2.11. Homing on the Home Switch using limit switches — Positive Initial Move

Using method 23 the initial move will be positive if home input is low and reverse after home input low-high transition,
or move negative if home input is high. Reverse also if the positive limit switch is reached. Stop right after home switch
active region ends (high-low transition).

Using method 24 the initial move will be positive if home input is low, or negative if home input is high and reverse after
home input high-low transition. Reverse also if the positive limit switch is reached. Stop right after home switch active
region starts (low-high transition).

Using method 25 the initial move will be positive and reverse after home input high-low transition. Reverse also if the
positive limit switch is reached. Stop right after home switch active region starts (low-high transition).

Using method 26 the initial move will be positive. Reverse if the positive limit switch is reached, then reverse once again
after home input low-high transition. Stop right after home switch active region ends (high-low transition).

\ 4

Home switch [ 7/ i

Negative Limit Switch . B 7/

Figure 6.2.12. Homing on the Home Switch using limit switches — Negative Initial Move
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Using method 27 the initial move will be negative if home input is low and reverse after home input low-high transition.
Reverse also if the negative limit switch is reached. If home input is high move positive. Stop right after home switch
active region ends (high-low transition).

Using method 28 the initial move will be negative if home input is low. If home input is high move positive and reverse
after home input high-low transition. Reverse also if the negative limit switch is reached. Stop right after home switch
active region starts (low-high transition).

Using method 29 the initial move will be negative and reverse after home input high-low transition. Reverse also if the
negative limit switch is reached. Stop right after home switch active region starts (low-high transition).

Using method 30 the initial move will be negative. Reverse if the negative limit switch is reached, then reverse once
again after home input low-high transition. Stop right after home switch active region ends (high-low transition).

Methods 31 and 32: Reserved

6.2.12 Methods 33 and 34: Homing on the Index Pulse

Using methods 33 or 34 the direction of homing is negative or positive respectively. During these procedures, the motor
will move only at slow speed. The home position is at the index pulse found in the selected direction.

I o] Jo 0
L e

Index Pulse | | | |

Figure 6.2.13. Homing on the Index Pulse

6.2.13 Method 35: Homing on the Current Position

In method 35 the current position set with the value of home position (object 607Cn).

Remark: see also Object 2081h: Set/Change the actual motor position which can be used to obtain the same outcome
as in Method 35.

6.2.14 Method -1: Homing on the Negative Mechanical Limit and Index Pulse

6.2.14.1 Method -1 based on motor current increase

This method applies to all closed loop motor configurations. It does not apply to Stepper Open Loop configurations.

Move negative until the “Current threshold” is reached for a specified amount of time, then reverse and stop at the first
index pulse. When the motor current is greater than the Homing Current Threshold (index 0x207B) for a specified
amount of time in the Homing Current Threshold Time object (index 0x207C), the motor will reverse direction. The home
position is at the first index pulse to the right of the negative mechanical limit. At the end of the procedure, the reported
motor position will be the one set in Home offset (index 0x607C).

The value of Homing Current Threshold must be lower than the drive current
limit. Otherwise, the homing will not complete successfully (no homing error
will be issued). The current limit is set during setup. See Paragraph 1.2.
Setting the current limit. Current Threshold < current limit

Warning!

Y
o=

Motor current

(0x207B) Homing Current threshold
Current limit

Index Pulse

(0x207C) Homing Current threshold time —,—l

Figure 6.2.14. Homing on the Negative Mechanical Limit and Index Pulse detecting the motor current increase
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6.2.14.2 Method -1 based on step loss detection

This method applies only to Stepper Open Loop with Encoder on motor (step loss detection) or Encoder on Load. It
does not apply to Closed loop configurations or Stepper Open Loop without an incremental encoder present.

If a Stepper Open Loop with Encoder on motor (step loss detection) or Encoder on Load configuration is selected, this
homing method will detect a Position control error when reaching the mechanical limit. The homing Position Control
Error parameters are set in the objects 6065n Following error window and 207Cn Homing current threshold time.

Move negative until a control error is detected, then reverse and stop at the first index pulse. The home position is at
the first index pulse to the right of the negative mechanical limit. At the end of the procedure, the reported motor position
will be the one set in Home offset (index 0x607C).

| — R

Position error

(6065h) Following error window

Index Pulse I

(0x207C) Homing Current threshold time —,_l

Figure 6.2.15. Homing on the Negative Mechanical Limit and Index Pulse detecting a control error

6.2.15 Method -2: Homing on the Positive Mechanical Limit and Index Pulse

6.2.15.1 Method -2 based on motor current increase

This method applies to all closed loop motor configurations. It does not apply to Stepper Open Loop configurations.

Move positive until the “Current threshold” is reached for a specified amount of time, then reverse and stop at the first
index pulse. When the motor current is greater than the Homing Current Threshold (index 0x207B) for a specified
amount of time in the Homing Current Threshold Time object (index 0x207C), the motor will reverse direction. The home
position is at the first index pulse to the left of the positive mechanical limit. At the end of the procedure, the reported
motor position will be the one set in Home offset (index 0x607C).

The value of Homing Current Threshold must be lower than the drive current
limit. Otherwise, the homing will not complete successfully (no homing error
will be issued). The current limit is set during setup. See Paragraph 1.2.
Setting the current limit. Current Threshold < current limit

Warning!

e Current limit

1+~ Homing Current threshold (0x207B)
Motor current .

I I Index Pulse

,—\— Homing Current threshold time (0x207C’

Figure 6.2.16. Homing on the Positive Mechanical Limit and Index Pulse detecting the motor current increase

6.2.15.2 Method -2 based on step loss detection

This method applies only to Stepper Open Loop with Encoder on motor (step loss detection) or Encoder on Load. It
does not apply to Closed loop configurations or Stepper Open Loop without an incremental encoder present.

If a Stepper Open Loop with Encoder on motor (step loss detection) or Encoder on Load configuration is selected, this
homing method will detect a Position control error when reaching the mechanical limit. The homing Position Control
Error parameters are set in the objects 6065n Following error window and 207Cn Homing current threshold time.

Move positive until a control error is detected, then reverse and stop at the first index pulse. The home position is at the

first index pulse to the left of the positive mechanical limit. At the end of the procedure, the reported motor position will
be the one set in Home offset (index 0x607C).
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Figure 6.2.17. Homing on the Positive Mechanical Limit and Index Pulse detecting a control error

6.2.16 Method -3: Homing on the Negative Mechanical Limit without an Index Pulse.

6.2.16.1 Method -3 based on motor current increase

This method applies to all closed loop motor configurations. It does not apply to Stepper Open Loop configurations.

Move negative until the “Current threshold” is reached for a specified amount of time, then reverse and stop at the
position set in “Home position”. When the motor current is greater than the Homing Current Threshold (index 0x207B)
for specified amount of time set in the Homing Current Threshold Time object (index 0x207C), the motor will reverse
direction and stop after it has travelled the value set in Home offset (index 0x607C). At the end of the procedure, the
reported motor position will be the one set in Home offset (index 0x607C).

The value of Homing Current Threshold must be lower than the drive current
limit. Otherwise, the homing will not complete successfully (no homing error
will be issued). The current limit is set during setup. See Paragraph 1.2.
Setting the current limit. Current Threshold < current limit

Warning!

1

1e
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Motor current
(0x207B) Homing Current threshold :
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(0x207C) Homing Current threshold time —’—]
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Figure 6.2.18. Homing on the Positive Mechanical Limit without an Index Pulse detecting the motor current increase

6.2.16.2 Method -3 based on step loss detection

This method applies only to Stepper Open Loop with Encoder on motor (step loss detection) or Encoder on Load. It
does not apply to Closed loop configurations or Stepper Open Loop without an incremental encoder present.

If a Stepper Open Loop with Encoder on motor (step loss detection) or Encoder on Load configuration is selected, this
homing method will detect a Position control error when reaching the mechanical limit. The homing Position Control
Error parameters are set in the objects 6065n Following error window and 207Cn Homing current threshold time.

Move negative until a control error is detected, then reverse and stop at the position set in “Home position”. The motor
will reverse direction and stop after it has travelled the value set in Home offset (index 0x607C). At the end of the
procedure, the reported motor position will be the one set in Home offset (index 0x607C).
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Figure 6.2.19. Homing on the Positive Mechanical Limit without an Index Pulse detecting a control error
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6.2.17 Method -4: Homing on the Positive Mechanical Limit without an Index Pulse.

6.2.17.1 Method -4 based on motor current increase

This method applies to all closed loop motor configurations. It does not apply to Stepper Open Loop configurations.

Move positive until the “Current threshold” is reached for a specified amount of time, then reverse and stop at the
position set in “Home position”. When the motor current is greater than the Homing Current Threshold (index 0x207B)
for specified amount of time set in the Homing Current Threshold Time object (index 0x207C), the motor will reverse
direction and stop after it has travelled the absolute value set in Home offset (index 0x607C). At the end of the procedure,
the reported motor position will be the one set in Home offset (index 0x607C).

The value of Homing Current Threshold must be lower than the drive current
limit. Otherwise, the homing will not complete successfully (no homing error
will be issued). The current limit is set during setup. See Paragraph 1.2.
Setting the current limit. Current Threshold < current limit

Warning!

- Current limit
Homing Current threshold (0x207B)

Motor current

- r_|— Homing Current threshold time (0x207C)
o ————g Home Offset

Figure 6.2.20. Homing on the Positive Mechanical Limit without an Index Pulse detecting the motor current increase

6.2.17.2 Method -4 based on step loss detection

This method applies only to Stepper Open Loop with Encoder on motor (step loss detection) or Encoder on Load. It
does not apply to Closed loop configurations or Stepper Open Loop without an incremental encoder present.

If a Stepper Open Loop with Encoder on motor (step loss detection) or Encoder on Load configuration is selected, this
homing method will detect a Position control error when reaching the mechanical limit. The homing Position Control
Error parameters are set in the objects 6065n Following error window and 207Cn Homing current threshold time.

Move positive until a control error is detected, then reverse and stop at the position set in “Home position”. The motor
will reverse direction and stop after it has travelled the value set in Home offset (index 0x607C). At the end of the
procedure, the reported motor position will be the one set in Home offset (index 0x607C).
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Figure 6.2.21. Homing on the Positive Mechanical Limit without an Index Pulse detecting the motor current increase
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6.3 Homing Mode Objects

This chapter describes the method by which the drive seeks the home position. There are 35 built-in homing methods,
as described in paragraph 6.1. Using the EasyMotion Studio software, one can alter each of these homing methods to
create a custom homing method.

You can select which homing method to be used by writing the appropriate number in the object 6098n homing method.

The user can specify the speeds and acceleration to be used during the homing. There is a further object homing offset
that allows the user to displace zero in the user’s coordinate system from the home position.

In the homing mode, the bits in Controlword and Statusword have the following meaning:

6.3.1 Controlword in homing mode

MSB LSB
See 6040n Halt See 6040n Reserved Homing operation start See 6040n
15 9 8 7 6 5 4 3 0

Table 6.3.1 — Controlword bits description for Homing Mode

Bit Name Value Description
Homing
4 operation 0->1 Only a 0 to 1 transition will start homing mode
start
8 Halt 0 Exeoutg the _instructipn of bit 4 .
1 Stop drive with homing acceleration

6.3.2  Statusword in homing mode

MSB LSB
Homing Homing See Target
See 6041n error attained  6041n  reached Lee Bl
15 14 13 12 11 10 9 0

Table 6.3.2 — Statusword bits description for Homing Mode

Bit Name Value Description
13 Homing 0 No homing error

error 1 Homing error occurred; homing mode not carried out successfully.
12 Homing 0 Homing mode not yet completed

attained 1 Homing mode carried out successfully

0 Halt = 0: Home position not reached

10 Target Halt = 1: Drive decelerates

reached 1 Halt = 0: Home position reached

Halt = 1: Velocity of drive is 0

Table 6.3.3 — Definition of Statusword bit 10,bit 12 and bit 13 in homing mode

Bit13 Bit12 Bit10 Definition
0 0 0 Homing procedure is in progress
0 0 1 Homing procedure is interrupted or not started
0 1 0 Homing is attained, but target is not reached
0 1 1 Homing procedure is completed successfully
1 0 0 Homing error occurred, velocity is not 0
1 0 1 Homing error occurred, velocity is 0
1 1 X reserved

6.3.3  Object 607Ch: Home offset

The home offset will be set as the new drive position (reported in object 6064+) after a homing procedure is finished. An
exception applies only to the homing motions -3 and -4. See their description for more details.

If Object 210Bh: Auxiliary Settings Register2 bit 12 is set to 1, then after the homing ends, the actual position (6064h)
will not be reset to the value of 607Ch. This option is useful when using an absolute encoder, and only the absolute
position of the home sensor is needed. The homing will end the positioning right on the home sensor.

Object description:

Index 607Ch
Name Home offset
Object code VAR

Data type INTEGERS32
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Entry description:

Access RW

PDO mapping Possible
Units PU

Value range INTEGER32
Default value 0

The default value for this object can be changed by editing the parameter “HOME_OFFSET_607C” found in

parameters.cfg of the project file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.

6.3.4  Object 6098n: Homing method

The homing method determines the method that will be used during homing.

Object description:

Index 6098n
Name Homing method
Obiject code VAR
Data type INTEGERS

Entry description:
Access RW
PDO mapping Possible
Value range INTEGERS
Default value 0

Data description:
Value Description
-128 ... -1 Reserved
-4..-1 Methods -4 to -1
0 No homing operation will be executed
1...14 Methods 1 to 14
15,16 reserved
17..30 Methods 17 to 30
31,32 reserved
33..35 Methods 33 to 35
36...127 reserved

There are 35 built-in homing methods, conforming to DSP402 device profile. Using the EasyMotion Studio software,

one can customize each of these homing methods.

The default value for this object can be changed by editing the parameter “HOME_NR_6098” found in parameters.cfg

of the project file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.

6.3.5 Object 6099n: Homing speeds

This object defines the speeds used during homing. It is given in velocity units. There are 2 homing speeds; in a typical
cycle the faster speed is used to find the home switch and the slower speed is used to find the index pulse.

Object description:

Index 6099n

Name Homing speeds

Obiject code ARRAY

Data type UNSIGNED32
Entry description:

Sub-index 0

Description Number of entries

Access RO

PDO mapping No

Value range 2

Default value 2

Sub-index 1

Description Speed during search for switch

Access RW

PDO mapping Possible
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Value range UNSIGNED32

Default value 0x00010000 (1.0 1U)
Sub-index 2

Description Speed during search for zero
Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value 0x00010000 (1.0 1)

The default value for sub-index 1 can be changed by editing the parameter “HOME_HSPD_6099_01" found in
parameters.cfg of the project file.

The default value for sub-index 2 can be changed by editing the parameter “HOME_LSPD_6099_02” found in
parameters.cfg of the project file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.

6.3.6 Object 609An: Homing acceleration

The homing acceleration establishes the acceleration to be used for all the accelerations and decelerations with the
standard homing modes and is given in acceleration units.

Object description:

Index 609An

Name Homing acceleration

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping Possible

Units AU

Value range UNSIGNED32

Default value 0x0000199A (0.1 1U)

The default value for this object can be changed by editing the parameter “HOME_ACC_609A” found in parameters.cfg
of the project file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.

6.3.7  Object 207Bn: Homing current threshold

The Homing Current Threshold Level object together with object Homing current threshold time (207Cn) defines the
protection limits when reaching a mechanical stop during homing methods -1,-2,-3 and -4. The object defines the value
of current in the drive, over which the homing procedure determines that the mechanical limit has been reached when
it lasts more than the time interval specified in object 207Cn. The current is set in internal units.

The value of Homing Current Threshold must be lower than the drive current
limit. Otherwise, the homing will not complete successfully (no homing error
will be issued). The current limit is set during setup. See Paragraph 1.2. Setting
the current limit. Current Threshold < current limit

Warning!

Object description:

Index 207Bn
Name Homing current threshold
Obiject code VAR
Data type INTEGER16
Entry description:
Access RW
PDO mapping Possible
Units U
Value range -32768 ... 32767
Default value 0

The default value for this object can be changed by editing the parameter “HOME_CRT_207B” found in parameters.cfg
of the project file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.
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6.3.8  Object 207Cn: Homing current threshold time

The Homing current threshold time object together with object Homing current threshold (207Bn) defines the protection
limits when reaching a mechanical stop during homing methods -1,-2,-3 and -4. The object sets the time interval after
the homing current threshold is exceeded. After this time is completed without the current dropping below the threshold,
the next step in the homing shall be executed. It is set in time internal units.

In case a Stepper Open Loop with Step loss detection is used, this object will set the control error time detection when
methods -1 to -4 are used.

Object description:

Index 207Cn
Name Homing current threshold time
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Possible
Units TU
Value range 0... 65535
Default value 0

The default value for this object can be changed by editing the parameter “HOME_TIME_207C” found in parameters.cfg
of the project file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.

6.4 Homing example

Execute homing method number 18.
1. Start remote node.
Enter Pre-Operational state.
Enter Safe-Operational state.
Enter Operational state.

2. Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by sending the
shutdown command.

Set in Control Word mapped in RPDO1 the value 06n.
3. Switch on. Change the node state from Ready to switch onto Switch on by sending the switch on command.
Set in Control Word mapped in RPDO1 the value 07n.

4. Enable operation. Change the node state from Switch onto Operation enable by sending the enable operation
command.

Set in Control Word mapped in RPDO1 the value OFh.

5. Homing speed during search for zero. Set the speed during search for zero to 150 rpm. By using a 500 lines

incremental encoder and 1ms sample rate for position/speed control the corresponding value of object 6099
sub-index 2 expressed in encoder counts per sample is 50000k.

Send the following message: SDO access to object 6099 sub-index 2, 32-bit value 00050000n.

6. Homing speed during search for switch. Set the speed during search for switch to 600 rpm. By using a 500
lines incremental encoder and 1ms sample rate for position/speed control the corresponding value of object

6099 sub-index 1 expressed in encoder counts per sample is 140000n.
Send the following message: SDO access to object 6099 sub-index 1, 32-bit value 00140000n.

7. Homing acceleration. The homing acceleration establishes the acceleration to be used with the standard
homing moves. Set this value at 5 rot/s?. By using a 500 lines incremental encoder and 1ms sample rate for

position/speed control the corresponding value of object 609An expressed in encoder counts per square
sample is 28Fh.

Send the following message: SDO access to object 609An, 32-bit value 0000028F.
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10.

11.

12.
13.

Home offset. Set the home offset to 1 rotation. By using a 500 lines incremental encoder the corresponding
value of object 607Ch expressed in encoder counts is 7D0n.

Send the following message: SDO access to object 607Ch, 32-bit value 000007DO0h.
Homing method. Select homing method number 18.

Send the following message: SDO access to object 6098, 8-bit value 12n.

Modes of operation. Select homing mode.

Set in Modes of Operation mapped in RPDO1 the value 06n.

Start the homing.

Set in Control Word mapped in RPDO1 the value 001Fh.

Press for 5s the LSP button.

Wait for homing to end.

When Status Word (object 6040n) bit13=0, bit12=1 and bit10=1, means homing procedure is completed
successfully.

14. Check the value of motor actual position.
Read by SDO protocol the value of object 6064n.

The node will return the value of motor actual position that should be the same with the value of home offset (plus or
minus few encoder counts depending on your position tuning).
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7 Position Profile Mode

7.1  Overview

In Position Profile Mode, the drive controls the position.
The Position Profile Mode supports 2 motion modes:

o Trapezoidal profile. The built-in reference generator computes the position profile with a trapezoidal shape of
the speed, due to a limited acceleration. The EtherCAT® master specifies the absolute or relative Target
Position (index 607As), the Profile Velocity (index 6081+) and the Profile Acceleration (6083h)

In relative mode, the position to reach can be computed in 2 ways: standard (default) or additive. In standard
relative mode, the position to reach is computed by adding the position increment to the instantaneous position
in the moment when the command is executed. In the additive relative mode, the position to reach is computed
by adding the position increment to the previous position to reach, independently of the moment when the
command was issued. Bit 11 of Controlword activates the additive relative mode.

e S-curve profile the built-in reference generator computes a position profile with an S-curve shape of the speed.
This shape is due to the jerk limitation, leading to a trapezoidal or triangular profile for the acceleration and an
S-curve profile for the speed. The EtherCAT® master specifies the absolute or relative Target Position (index
607An), the Profile Velocity (index 6081+), the Profile Acceleration (6083n) and the jerk rate. The jerk rate is
set indirectly via the Jerk time (index 2023h), which represents the time needed to reach the maximum
acceleration starting from zero.

There are two different ways to apply target positions to a drive, controlled by the change set immediately bit in
Controlword:

711 Discrete motion profile (change set immediately = 0)

After reaching the target position the drive unit signals this status to a EtherCAT® master and then receives a new set-
point. After reaching a target position the velocity normally is reduced to zero before starting a move to the next set-
point.

After the target position is sent to the drive, the EtherCAT® master has to set the new set-point bit in Controlword. The
drive responds with bit set-point acknowledge set in Statusword. After that, the master has to reset bit new set-point to
0. Following this action, the drive will signalize that it can accept a new set-point by resetting set-point acknowledge bit
in Statusword after the reference generator has reached the designated demand position.

velocity

\Z

\Z

AN >

t ot t;  time

7.1.2  Continuous motion profile (change set immediately = 1)

The drive unit immediately processes the next target position, even if the actual movement is not completed. The drive
readapts the actual move to the new target position.

In this case, the handshake presented for change set immediately = 0 is not necessary. By setting the new set-point bit,
the master will trigger the immediate update of the target position. In this case, if the target position is set as relative,
also bit 11 is taken into consideration (with or without additive movement).

Remark:

In case object 6086n (Motion Profile Type) is set to 3 (jerk-limited ramp = S-curve profile), then change set immediately
bit must be 0, else a command error is issued.

velocity
VZ

Vi

A

t t, t, time
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7.1.3  Controlword in profile position mode

MSB LSB
See Operation See See Change set New set- See
6040, Mode 6040, At gogp,  APSlimediately  point 6040,
15 12 11 10 9 8 7 6 5 4 3 0

Table 7.1.1 — Controlword bits description for Position Profile Mode

Name Value Description
Trapezoidal profile - In case the movement is relative, do not add the new
0 target position to the old demand position
Operation S-curve profile — Stop the motion with S-curve profile (jerk limited ramp)
Mode Trapezoidal profile - In case the movement is relative, add the new target
1 position to the old demand position to obtain the new target position
S-curve profile — Stop the motion with trapezoidal profile (linear ramp)
New set-point 0 ->1 Only a 0 to 1 transition will start a new motion
Change  set 0 Finish the actual positioning and then start the next positioning
. ) Interrupt the actual positioning and start the next positioning. Valid only for
immediately 1 . h
linear ramp profile.
Ab 0 Target position is an absolute value
s / rel PrS— :
1 Target position is a relative value
Halt 0 Execute positioning
1 Stop drive with profile acceleration
7.1.4  Statusword in profile position mode
MSB LSB
SepG@Al,  rolemng e See 6041, | arget See 6041
error acknowledge reached
15 14 13 12 11 10 9 0

Table 7.1.2 — Statusword bits description for Position Profile Mode

Name Value Description

0 Halt = 0: Target position not reached
Target reached Halt = 1: Drive decelle'rates

1 Halt = O: Target position reached

Halt = 1: Velocity of drive is 0
Set-point 0 Trajectory generator will accept a new set-point
acknowledge 1 Trajectory generator will not accept a new set-point.
. 0 No following error

Following error ;

1 Following error

7.2 Position Profile Mode Objects

7.2.1

Object 607An: Target position

The target position is the position that the drive should move to in position profile mode using the current settings of

motion control parameters such as velocity, acceleration, and motion profile type etc. It is given in position units.

The position units are user defined. The value can be converted into position increments using the position factor (see

Chapter 5 Factor group).

If Controlword bit 6 = 0 (e.g. absolute positioning), represents the position to reach.

If Controlword bit 6 = 1 (e.g. relative positioning), represents the position displacement to do. When Controlword bit 14
= 0, the new position to reach is computed as: motor actual position (6064n) + displacement. When Controlword bit 14

=1, the new position to reach is computed as: actual demand position (6062n) + displacement.

Object description:

Index 607An

Name Target position
Object code VAR

Data type INTEGERS32

Entry description:
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Access RW

PDO mapping Yes

Value range -231 ... 28114
Default value No

7.2.2  Object 6081n: Profile velocity

In a position profile, it represents the maximum speed to reach at the end of the acceleration ramp. The profile velocity
is given in speed units.

The speed units are user defined. The value can be converted into internal units using the velocity encoder factor (see
Chapter 5 Factor group).

By default, the velocity value is given in internal units. They are encoder increments/Sample loop. The default Sample
loop is Tms. The velocity variable is 32 bits long and it receives 16.16 data. The MSB takes the integer part and the LSB
takes the factionary part.

Example: for a target speed of 50.00 1U, 0x00320000 must be set in 6081+ if no factor group is chosen.

Object description:

Index 6081h

Name Profile velocity

Obiject code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value -

7.2.3  Object 6083n: Profile acceleration

In position or speed profiles, represents the acceleration and deceleration rates used to change the speed between 2
levels. The same rate is used when Quick Stop or Disable Operation commands are received. The profile acceleration
is given in acceleration units.

The acceleration units are user defined. The value can be converted into internal units using the acceleration factor (see
Chapter 5 Factor group).
If no factor is applied, the same description as object 6081 applies. So 65536 IU = 1 encoder increment / sample?.

Object description:

Index 6083h

Name Profile acceleration

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping Possible

Value range 0..(2%1)

Default value -

7.2.4  Object 6085nh: Quick stop deceleration

The quick stop deceleration is the deceleration used to stop the motor if the Quick Stop command is received and the
quick stop option code object (index 605An) is set to 2 or 6.

It is also used when:
- the fault reaction option code object (index 605En) and the halt option code object (index 605Ds) is 2.
- a limit switch is active. See also 4.3 Limit Switch functionality explained.

The quick stop deceleration is given in user-defined acceleration units.
Object description:

Index 6085n

Name Quick stop deceleration
Object code VAR

Data type UNSIGNED32

Entry description:
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Access RW
PDO mapping Possible
Value range 0..(2%-1)

Default value

7.2.5 Object 2023n: Jerk time

In this object, you can set the time to use for S-curve profile (jerk-limited ramp set in Object 6086n — Motion Profile Type).

The time units are given in ms.
Object description:

Index 2023n
Name Jerk time
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Possible
Value range 0 ... 65535
Default value -
7.2.6  Object 6086n: Motion profile type
Object description:
Index 6086n
Name Motion profile type
Object code VAR
Data type INTEGER16
Entry description:
Access RW
PDO mapping Possible
Value range INTEGER16
Default value 0

Data description:

Profile code Profile type

-32768 ... -1 Manufacturer specific (reserved)
0 Linear ramp (trapezoidal profile)
1,2 Reserved

3 Jerk-limited ramp (S-curve)
4...32767 Reserved

7.2.7

Object 6062nh: Position demand value

This object represents the output of the trajectory generation. The position demand value is

position units.
Object description:

given in user-defined

Index 6062n
Name Position demand value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Value range -231 ... 2811
Default value -
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7.2.8  Object 6063n: Position actual internal value

This object represents the actual value of the position measurement device in increments.
Object description:

Index 6063hn
Name Position actual value
Obiject code VAR
Data type INTEGERS32
Entry description:
Access RO
PDO mapping Possible
Units increments
Value range -231 ... 2811
Default value >

7.2.9  Object 6064n: Position actual value

This object represents the actual value of the position measurement device. The position actual value is given in user-
defined position units.

Remarks:

1. When using a stepper open loop motor with no encoder this object reports the value of object 6062n Position
demand value. In this case, object 6063h will report the value 0, as there is no feedback device.
2. When using a stepper open loop motor with no encoder with encoder on motor configuration (for step loss
detection), based on the internal register ASR bit 11, this object reports:
= ASR.11=0 (default) - the value of object 6062n Position demand value. In this case, object 6063n will show the
actual encoder value in increments.
= 1ASR.11=1 — the value of the feedback device scaled into microsteps which are the same value that is used
for position commands in 607An

Object description:

Index 6064n
Name Position actual value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Yes
Value range =281, 2314
Default value -

7.2.10 Object 6065n: Following error window

This object defines a range of tolerated position values symmetrically to the position demand value, expressed in
position units. If the position actual value is above the following error window for a period larger than the one defined in
following error time out, a following error occurs. If the value of the following error window is 232-1, the following control
is switched off.
The maximum value allowed for the following error window parameter, expressed in increments, is:

- 2%21 for F515x or newer firmware

- 32767 for F510x/511x firmware

Object description:

Index 6065n
Name Following error window
Object code VAR
Data type UNSIGNED32
Entry description:
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value -

" ASR.11=1 implementation is available only of F515x firmwares.
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This object is automatically set in Drive Setup by modifying the Position control error.
The value for this object can be changed by editing the parameter:

- “ERRMAXL” for F515x
- “ERRMAX” for F510x/511x

found in parameters.cfg of the project file.
Activating Object 2076h: Save current configuration, will set its current values as the a new default.

7.2.11 Object 6066n: Following error time out

See 6065n, following error window. The value is given in control loop time which is by default 1ms.
Remark: By default, without the Factor Group set, the time units are equal to the drive Slow/Control Loop time value.

Object description:

Index 6066n
Name Following error time out
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Possible
Units TU
Value range 0... 65535
Default value -

The value for this object can be changed by editing the parameter “TERRMAX” found in parameters.cfg of the project
file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.

7.2.12 Object 6067n: Position window

The position window defines a symmetrical range of accepted positions relative to the target position. If the position
actual value is within the position window for a time period defined inside the position window time object, this target
position is regarded as reached. The position window is given in position units. If the value of the position window is 232-
1, the position window control is switched off and the target position will be regarded as reached when the position
reference is reached.

The maximum value allowed for the position window parameter, expressed in increments, is 32767.

Object description:

Index 6067n

Name Position window

Obiject code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value -

This object is automatically set in Drive Setup by modifying the Band in Motion complete settings in Drive setup.
Motion complete settings
Band [0.5 [t | Tmefooor [ ~]

The value for this object can be changed by editing the parameter “POSOKLIM” found in parameters.cfg of the project
file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.
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7.2.13 Object 6068h: Position window time

See description of Object 6067h: Position window.
Remark: By default, without the Factor Group set, the time units are equal to the drive Slow/Control Loop time value.

Object description:

Index 6068h
Name Position window time
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Possible
Units TU
Value range 0 ... 65535
Default value -

This object is automatically set in Drive Setup by modifying the Time in Motion complete settings in Drive setup.
Mation complate settings
Band [0.5 ot | Time 0001 s =l

The value for this object can be changed by editing the parameter “TONPOSOK” found in parameters.cfg of the project
file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.

7.2.14 Object 607Bn: Position range limit

This object indicates the configured maximal and minimal position range limits. It limits the numerical range of the input
value. On reaching or exceeding these limits, the input value shall wrap automatically to the other end of the range.
Wrap-around of the input value may be prevented by setting software position limits as defined in software position limit
object (607Dh). To disable the position range limits, the min position range limit (sub-index 01h) and max position range
limit (sub-index 02h) must be set to 0. The values are given in user-defined position units.

Object description:

Index 607Bn
Name Position range limit
Object code ARRAY
Data type INTEGERS32
Entry description:
Sub-index 0
Description Number of entries
Access RO
PDO mapping No
Default value 2
Sub-index 1
Description Min position range limit
Access RW
PDO mapping Possible
Value range INTEGER32
Default value No
Sub-index 2
Description Max position range limit
Access RW
PDO mapping Possible
Value range INTEGER32
Default value No

This object and its values can be defined directly in Drive Setup under the “Position range limits” area.
Also, activating Object 2076h: Save current configuration, will set its current values as the a new default.
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7.2.15 Object 60F2h: Positioning option code

This object configures the positioning behavior as for the profile positioning mode or the interpolated positioning mode.

Object description:

Index 60F2n
Name Positioning option code
Obiject code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Possible
Value range UNSIGNED16
Default value 0000h
MSB LSB
Reserved | rado | Reserved
15 8 7 6 5 0

Table 7.2.1 — Positioning option code bits description

Name bit 7 bit 6 Description
Normal positioning similar to linear axis; If reaching or exceeding the
Position range limits (607Bh) the input value shall wrap automatically to the

0 0 other end of the range. Positioning can be relative or absolute.
Only with this bit combination, the movement greater than a modulo value
is possible.
Positioning only in negative direction; if target position is higher than actual
0 1 position, axis moves over the min position limit (607Dh, sub-index 01h) to

rado the target position.

Positioning only in positive direction; if target position is lower than actual
1 0 position, axis moves over the max position limit (607Bh, sub-index 02h) to
the target position.
Positioning with the shortest way to the target position.
1 1 NOTE: If the difference between actual value and target position in a 360°
system is 180°, the axis moves in positive direction.

The figure below shows movement examples depending on settings of the bits 6 and 7. Here the min position range
limit (607Bh, sub-index 01h) is 0° and the max position range limit (607Bh, sub-index 02h) is 360°.
330 360=0 330 360=0 330 360=0 330 360=0

Bit7 Bit6 Bit7 Bit6 Bit7 Bit6 Bit7 Bit6

00 01 10 11
210 150 210 150 210 150 210 150

Normal only negative only positive optimized
(similar to linear axis) direction direction (shortest way)

Figure 7.2.1. Rotary axis positioning example

A movement greater than a modulo value with more than 360° (bit 6 and 7 in this object are set to 0) on a rotary axis
can be done with relative and absolute values depending on the bit 6 in the controlword. There are positive and negative
values possible.

The figure below shows an example for absolute positioning in a 360° system. The actual position is 90° and absolute
target position is 630°. The axis will move in positive direction one time via the max position limit to 270°. To move in
negative direction, the negative sign for target position shall be used.
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-360, -180, 0, 90, 180, 270, 360, 450, 540, 630,
90, 180, 270,
A

Start position Target position

Figure 7.2.2. Example for absolute movement greater than modulo value

The figure below shows an example for relative positioning in a 360° system. The actual position is 300° and relative
target position is 500°. The axis will move in positive direction two times via the max position limit to 80°. To move in
negative direction, the negative sign for target position is used. The difference between min and max position range
limits (see object 607Bh) are representable in multiples of encoder increments.

360=0

Bit7 Bit6

00

Figure 7.2.3. Example for relative movement greater than modulo value

The default value for this object can be changed by editing the parameter “POSOPTCODE” found in parameters.cfg of
the project file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.

7.2.16 Object 60F4n: Following error actual value

This object represents the actual value of the following error, given in user-defined position units.
Object description:

Index 60F4n
Name Following error actual value
Object code VAR
Data type INTEGERS32
Entry description:
Access RO
PDO mapping Possible
Value range INTEGER32
Default value -

7.2.17 Object 60FCnh: Position demand internal value

This output of the trajectory generator in profile position mode is an internal value using position increments as units. It
can be used as an alternative to position demand value (6062n).

Object description:

Index 60FCn

Name Position demand internal value
Object code VAR

Data type INTEGER32
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Entry description:

Access RO

PDO mapping Possible
Units Increments
Value range =281 2311
Default value >

7.2.18 Object 2022n: Control effort

This object can be used to visualize the control effort of the drive (the reference for the current controller). It is available
in internal units.

Object description:

Index 2022n

Name Control effort

Object code VAR

Data type INTEGER16
Entry description:

Access RO

PDO mapping Yes

Value range INTEGER16

Default value -

7.2.19 Object 2081h: Set/Change the actual motor position

This object sets the motor position to the value written in it. It affects object 6064, 6063n and 6062n.
The object is not affected by the Factor Group and it receives its value in Internal Units.
Object description:

et 2081
Name Set actual position
Object code VAR
Data type INTEGER32
Entry description:
Access RW
PDO mapping No
Value range -231,..2%1-1
Default value -

7.2.20 Object 2088h': Actual internal position from sensor on motor

This object shows the position value read from the encoder on the motor in increments, in case a dual loop control
method is used.

The factor group objects have no effect on it.

Object description:

Index 2088n
N Actual internal position from sensor on
ame

motor
Object code VAR
Data type INTEGER32

Entry description:

Access RO
PDO mapping Possible
Units increments
Value range -231 ... 2811
Default value >

" Object 2088 applies only to drives which have a secondary feedback
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7.2.21

Object 208Dn': Auxiliary encoder position

This object represents the actual value of the auxiliary position measurement device in internal units. The factor group
objects have no effect on it.

Object description:

Entry description:

Index 208Dn

Name Auxiliary encoder value
Object code VAR

Data type INTEGER32

Access RO

PDO mapping Possible

Units increments

Value range -231 ... 2811

Default value =

7.3 Position Profile Examples

7.3.1

Absolute trapezoidal example

Execute an absolute trapezoidal profile with limited speed. First perform 4 rotations, wait motion complete and then set
the target position of 16 rotations.

1.

10.

Start remote node.

Enter Pre-Operational state.

Enter Safe-Operational state.

Enter Operational state.

Modes of operation. Select position mode.

Set in Modes of Operation mapped in RPDO1 the value 01h.

Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by sending the
shutdown command.

Set in Control Word mapped in RPDO1 the value 06n.
Switch on. Change the node state from Ready fo switch onto Switch on by sending the switch on command.
Set in Control Word mapped in RPDO1 the value 07h.

Enable operation. Change the node state from Switch onto Operation enable by sending the enable operation
command.

Set in Control Word mapped in RPDO1 the value OFh.

Target position. Set the target position to 4 rotations. By using a 500 lines incremental encoder the
corresponding value of object 607An expressed in encoder counts is 1F40n.

Set in Target position mapped in RPDO2 the value 00001F40k.

Target speed. Set the target speed normally attained at the end of acceleration ramp to 500 rpm. By using a
500 lines incremental encoder and 1ms sample rate for position/speed control the corresponding value of

object 6081h expressed in encoder counts per sample is T0AAACH.

Send the following message: SDO access to object 6081n, 32-bit value 0010AAACH.
Start the profile.

Set in Control Word mapped in RPDO1 the value 001Fh.

Wait movement to finish.

Wait for Bit10 to become 1 in Status Word.

Reset the set point.

Set in Control Word mapped in RPDO1 the value 000Fh.

" Object 208Dn is available only drives which have a secondary feedback
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11.

12.

13.

14.

15.

Target position. Set the target position to 16 rotations. By using a 500 lines incremental encoder the
corresponding value of object 607Anh expressed in encoder counts is 7D00.

Send the following message: SDO access to object 607An 32-bit value 00007DO00x.
Start the profile.

Set in Control Word mapped in RPDO1 the value 001Fh.

Wait movement to finish.

Wait for Bit10 to become 1 in Status Word.

Check the value of motor actual position.

Read by SDO protocol the value of object 6064n.

Check the value of position demand value.

Read by SDO protocol the value of object 6062h.

At the end of movement the motor position actual value should be equal with position demand value (plus or minus few
encoder counts depending on your position tuning) and the motor should rotate 16 times.

7.3.2

Absolute Jerk-limited ramp profile example

Execute an absolute Jerk-limited ramp profile.

1.

10.

11.

Start remote node.

Enter Pre-Operational state.

Enter Safe-Operational state.

Enter Operational state.

Modes of operation. Select position mode.

Set in Modes of Operation mapped in RPDO1 the value 01h.

Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by sending the
shutdown command.

Set in Control Word mapped in RPDO1 the value 06h.
Switch on. Change the node state from Ready fo switch onto Switch on by sending the switch on command.
Set in Control Word mapped in RPDO1 the value 07h.

Enable operation. Change the node state from Switch onto Operation enable by sending the enable operation
command.

Set in Control Word mapped in RPDO1 the value OFh.
Motion profile type. Select Jerk-limited ramp.
Send the following message: SDO access to object 6086n, 16-bit value 0003h.

Target position. Set the target position to 5 rotations. By using a 500 lines incremental encoder the
corresponding value of object 607Anh expressed in encoder counts is 2710n.

Set in Target position mapped in RPDO2 the value 00002710n.

Target speed. Set the target speed to 150 rpm. By using a 500 lines incremental encoder and 1ms sample

rate for position/speed control the corresponding value of object 6081, expressed in encoder counts per
sample is 00050000k.

Send the following message: SDO access to object 6081n, 32-bit value 00050000k.

Jerk time. Set the time to use for Jerk-limited ramp. For more information related to this parameter, see the
EMS help

Send the following message: SDO access to object 2023, 16-bit value 13Bs.
Start the profile.

Set in Control Word mapped in RPDO1 the value 001Fh.

Wait movement to finish.

Wait for Bit10 to become 1 in Status Word.
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12. Check the value of motor actual position.
Read by SDO protocol the value of object 6064n.

13. Check the value of position demand value.
Read by SDO protocol the value of object 6062h.

At the end of movement the motor position actual value should be equal with position demand value (plus or minus few
encoder counts depending on your position tuning).

8 Interpolated Position Mode

8.1 Overview

The interpolated Position Mode is used to control multiple coordinated axis or a single on with the need for time-
interpolation of set-point data. The Interpolated Position Mode can use the time synchronization mechanism for a time
coordination of the related drive units.

The Interpolated Position Mode allows a host controller to transmit a stream of interpolation data to a drive unit. The
interpolation data is better sent in bursts because the drive supports an input buffer. The buffer size is the number of
interpolation data records that may be sent to the drive to fill the input buffer.

The interpolation algorithm can be defined in the interpolation sub mode select. Linear (PT — Position Time) interpolation
is the default interpolation method.

8.1.1 Internal States

< disable voltage” Operation enabled” quickstop” >
shutdown”

Interpolation Positon  ¢hanging the Mode
Mode selected of Operation or
eselect Interpolate:
(1) d | | lated
Position Mode

(2)
1

Interpolation inactive

enable disable
Interpolation Interpolation

Interpolation active

Figure 8.1.1. Internal States for the Interpolated Position Mode

) See state machine Operation enabled’

Interpolation inactive: This state is entered when the device is in state Operation enabled and the Interpolated Position
Mode is selected. The drive will accept input data and will buffer it for interpolation calculations, but it does not move
the motor.

Interpolation active: This state is entered when a device is in state Operation enabled and the Interpolation Position
Mode is selected and enabled. The drive will accept input data and will move the motor.

State Transitions of the Internal States
State Transition 1: NO IP-MODE SELECTED => IP-MODE INACTIVE
Event: Select ip-mode with modes of operations while inside Operation enable
State Transition 2: IP-MODE INACTIVE => NO IP-MODE SELECTED
Event: Select any other mode while inside Operation enable
State Transition 3: IP-MODE INACTIVE => IP-MODE ACTIVE
Event: Set bit enable jp mode (bit4) of the Controlword while in ip-mode and Operation enable
State Transition 4: IP-MODE ACTIVE => IP-MODE INACTIVE
Event: Reset bit enable ip mode (bit4) of the Controlword while in ip-mode and Operation enable
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8.1.2  Controlword in interpolated position mode

MSB LSB
See : See See Abs / Enable ip
6040n Stop option 60405 Halt 6040r rel Reserved mode See 6040n
15 12 11 10 9 8 7 6 5 4 3 0

Table 8.1.1 — Controlword bits description for Interpolated Position Mode

Name 6040 bit Value Description
Enable ip 4 0 Interpolated position mode inactive
mode 1 Interpolated position mode active
Abs / rel 6 0 Set position is an absolute value
1 Set position is a relative value (similar to Cyclic Synchronous Velocity)
Halt 8 0 Executg the 'instructipn of bit 4 '
1 Stop drive with (profile acceleration)
0 On transition to inactive mode, stop drive immediately using profile
Stop 11 acceleration
option 1 On transition to inactive mode, stop drive after finishing the current
segment.

8.1.3  Statusword in interpolated position mode

MSB LSB
. . Target

See 6041n Reserved ip mode active  See 6041n reached See 6041n

15 14 13 12 11 10 9 0

Table 8.1.2 — Statusword bits description for Interpolated Position Mode

Name Value Description
0 Halt = 0: Final position not reached
Target reached Halt = 1: Drive decelerates
9 1 Halt = 0: Final position reached
Halt = 1: Velocity of drive is 0
. . 0 Interpolated position mode inactive
ip mode active = =
1 Interpolated position mode active

8.2 Interpolated Position Objects

8.2.1 Object 60COn: Interpolation sub mode select

In the Interpolated Position Mode the drive supports three interpolation modes:

1. Linear interpolation as described in the CiA 402 standard (when object 208Eh bit8=1); This mode is almost
identical with Cyclic Synchronous Position mode, only that it receives its position data into 60C1n sub-index 01

instead of object 607An. No interpolation point buffer will be used.
2. PT (Position — Time) linear interpolation (legacy) (when object 208Eh bit8=0)
3. PVT (Position — Velocity — Time) cubic interpolation (legacy) (when object 208En bit8=0).

The interpolation mode is selected with Interpolation sub-mode select object. The sub-mode can be changed only when
the drive is in Interpolation inactive state.

Each change of the interpolation mode will trigger the reset of the buffer associated with the interpolated position mode

(because the physical memory available is the same for both the sub-modes, size of each data record is different).
Object description:

Entry description:

Index 60C0n

Name Interpolation sub mode select
Object code VAR

Data type INTEGER16

Access RW

PDO mapping Possible

Value range 215 . 2154

Default value 0
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Data description:

Profile code Profile type
-32768 ... -2 Manufacturer specific (reserved)
1 PVT (Position — Velocity — Time) cubic
interpolation
0 Linear Interpolation or PT (Position —
Time)
+1...432767 Reserved

8.2.2  Object 60C1x: Interpolation data record

The Interpolation Data Record contains the data words that are necessary to perform the interpolation algorithm. The
number of data words in the record is defined by the interpolation data configuration.

Object description:

Index 60C1n

Name Interpolation data record

Object code ARRAY

Number of elements 2

Data Type Interpolated Mode dependent
Entry description

Sub-index 01n

Description X1: the first parameter of ip function

Access RW

PDO mapping Possible

Value range Interpolated Mode dependent

Default value -

Sub-index 025
Description ?l(JZn:Ctt?(;ensecond parameter of ip
Access RW

PDO mapping Possible

Value range Interpolated Mode dependent

Default value -

Description of the sub-indexes:
X1 and X2 form a 64-bit data structure as defined below:
8.2.2.1 a) For linear interpolation (standard DS402 implementation)
To work with this mode, object 208Eh bit8 must be 1. The default value of this bit is 1 with the current iPOS
templates.
There are 2 parameters in this mode:
Position — a 32-bit long integer value representing the target position (relative or absolute). Unit - position increments.
— the Linear interpolation position command is received in object 60C1n sub-index1; sub-index2 is not used
Time — the time is defined in object 60C2h.
The position points should be sent in a synchronous RxPDO at fixed time intervals defined in object 60C2n.
60C1, Sub-index 1

rrrrrrryprrrrrrryprrrrrrrrrrrrorT

Position
S Y A I v |

Byte 3 Byte 2 Byte 1 Byte 0

Figure 8.2.1. Linear interpolation point 32-bit data structure

8.2.2.2  b) For PT (Position —Time) linear interpolation (legacy).

To work with this mode, object 208Eh bit8 must be 0. The default value of this bit is 1 with the current iPOS
templates.
There are 3 parameters in this mode:
Position — a 32-bit long integer value representing the target position (relative or absolute). Unit - position increments.
Time — a 16-bit unsigned integer value representing the time of a PT segment. Unit - position / speed loop samplings.

Counter — a 7-bit unsigned integer value representing an integrity counter. It can be used in order to have a feedback
of the last point sent to the drive and detect errors in transmission.
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In the example below Position[7...0] represents bits 0..7 of the position value.

Byte 0 Position [7...0]
Byte 1 Position [15...8]
Byte 2 Position [23...16]
Byte 3 Position [31...24]
Byte 4 Time [7...0]"
Byte 5 Time [15...8]'
Byte 6 Reserved
Byte 7 Counter[6...0] Reserved
60C1, Sub-index 2 60C1, Sub-index 1
TITtTT_LT rrrrrrryrrrrrrryrrrrrrryrrrrrrryrrrrrrryrrrrrrr[rrrrorrr
ntegrity .
comter | [RESErVEd Time Position
) | S Y ) A A S I o v |
Byte 7 Byte 6 Byte 5 Byte 4 Byte 3 Byte 2 Byte 1 Byte 0

Figure 8.2.2. PT interpolation point 64-bit data structure

Remarks:
- The integrity counter is written in byte 3 of 60C1n Sub-index 2, on the most significant 7 bits (bit 1 to bit 7).

- The integrity counter is 7 bits long, so it can have a value up to 127. When the integrity counter reaches 127, the next
value is 0

8.2.2.3 c¢) For PVT (Position — Velocity — Time) cubic interpolation
To work with this mode, object 208En bit8 must be 0. The default value of this bit is 1 with the current iPOS
templates.
There are 4 parameters in this mode:
Position — a 24-bit long integer value representing the target position (relative or absolute). Unit - position increments.

Velocity — a 24-bit fixed value representing the end point velocity (16 MSB integer part and 8 LSB fractional part). Unit
- increments / sampling

Time — a 9-bit unsigned integer value representing the time of a PVT segment. Unit - position / speed loop samplings.

Counter — a 7-bit unsigned integer value representing an integrity counter. It can be used in order to have a feedback
of the last point sent to the drive and detect errors in transmission.

In the example below Position 0 [7...0] represents bits 0..7 of the position value.

Byte 0 Position 0 [7...0]

Byte 1 Position 1 [15...8]

Byte 2 Velocity 0 [15...8]

Byte 3 Position 2 [23...16]

Byte 4 Velocity 1 [23...16]

Byte 5 Velocity 2 [31...24]

Byte 6 Time [7...0]

Counter[6...0] Time[8]

Byte 7 bit7 - bit1 bit0

60C1, Sub-index 2 60C1, Sub-index 1

Integrity Time | Velocity 2| Velocity 1|Position 2| Velocity 0|Position 1|Position 0

‘C‘O‘Llr}te‘r‘ I e s
Byte 7 Byte 6 Byte 5 Byte 4 Byte 3 Byte 2 Byte 1 Byte 0
gh_/
Velocity Velocity
integer part fractional part

Figure 8.2.3. PVT interpolation point 64-bit data structure

Remarks:
- The integrity counter is written in byte 3 of 60C1n Sub-index 2, on the most significant 7 bits (bit 1 to bit 7).

- The integrity counter is 7 bits long, so it can have a value up to 127. When the integrity counter reaches 127, the
next value is 0.

" If object 207An Interpolated position 15t order time is used, these bits will we overwritten with the value defined in it

© Technosoft 2019 119 iPOS CoE Programming



8.2.3  Object 2072n: Interpolated position mode status

The object provides additional status information for the interpolated position mode.

Object description:

Entry description:

Index 2072n

Name Interpolated position mode status
Object code VAR

Data type UNSIGNED16

Access RO

PDO mapping Possible

Value range UNSIGNED16

Default value -

Table 8.2.1 — Interpolated position mode status bit description

Bit Value Description
15 0 Buffer is not empty
1 Buffer is empty — there is no point in the buffer.
0 Buffer is not low
14 1 Buffer is low — the number of points from the buffer is equal or less than the low
limit set using object 2074n.
13 0 Buffer is not full
1 Buffer is full — the number of points in the buffer is equal with the buffer dimension.
0 No integrity counter error
12 Integrity counter error. If integrity counter error checking is enabled and the
1 integrity counter sent by the master does not match the integrity counter of the
drive.
0 Valid only for PVT (cubic interpolation): Drive has maintained interpolated
11 position mode after a buffer empty condition (the velocity of the last point was 0).
1 Valid only for PVT (cubic interpolation): Drive has performed a quick stop after a
buffer empty condition because the velocity of the last point was different from 0
10...7 Reserved
6...0 Current integrity counter value

Remark: when a status bit changes from this object, an emergency message with the code OxFF01 will be generated.

This emergency message will have mapped object 2072h data onto bytes 3 and 4.
The Emergency message contains of 8 data bytes having the following contents:

0-1 2 3-4 5-7
Emergency Error  Error Register Interpolated position  status Manufacturer specific error
Code (0xFFO01) (Object 1001h) (Object 2072h) field

To disable the sending of PVT emergency message with ID OxFF01, the setup variable PVTSENDOFF must be set to

1.

8.2.4  Object 2073n: Interpolated position buffer length

Through Interpolated position buffer length object you can change the default buffer length. When writing in this
object, the buffer will automatically reset its contents and then re-initialize with the new length. The length of the buffer
is the maximum number of interpolation data that can be queued, and does not mean the number of data locations

physically available.
Remark: It is NOT allowed to write a “0” into this object.
Object description:

Index 2073n
Name Interpolated position buffer length
Object code VAR
Data type UNSIGNED16
Entry description:
Access WO
PDO mapping No
Value range UNSIGNED16
Default value 7
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8.2.5 Object 2074n: Interpolated position buffer configuration

Through this object you can control more in detail the behavior of the buffer.
Object description:

Index 2074n
N Interpolated position buffer
ame . X
configuration
Object code VAR
Data type UNSIGNED16
Entry description:
Access WO
PDO mapping No
Value range UNSIGNED16
Default value -

Table 8.2.2 — Interpolated position buffer configuration

Bit Value Description
15 0 Nothing
1 Clear buffer and reinitialize buffer internal variables
14 0 Enable the integrity counter error checking
1 Disable the integrity counter error checking
13 0 No change in the integral integrity counter
1 Change internal integrity counter with the value specified in bits 0 to 6
If absolute positioning is set (bit 6 of Controlword is 0), the initial position is read
0 from object 2079. It is used to compute the distance to move up to the first PVT
point.
12 If absolute positioning is set (bit 6 of Controlword is 0), the initial position is the
1 current position demand value. It is used to compute the distance to move up to
the first PVT point.
1.8 New parameter for buffer low signaling. When the number of entries in the buffer
is equal or less than buffer low value, bit 14 of object 2072 will set.
7 0 No change in the buffer low parameter
1 Change the buffer low parameter with the value specified in bits 8 to 11
6...0 New integrity counter value

8.2.6  Object 2079n: Interpolated position initial position

Through this object, you can set an initial position for absolute positioning in order to be used to compute the distance
to move up to the first point. It is given in position units.

Object description:

Index 2079
Name Interpolated position initial position
Obiject code VAR
Data type INTEGERS32
Entry description:
Access RW
PDO mapping Possible
Value range INTEGER32
Default value 0

8.2.7  Object 207An: Interpolated position 15t order time

Through this object, you can set the time in a PT (Position — Time) Linear Interpolation mode. By setting a value in this
object, there is no need to send the time together with the position and integrity counter in Object 60C1h: Interpolation
data record. This object is disabled when it is set with 0. It is given in IU which is by default 1ms.

Remark: By default, without the Factor Group set, the time units are equal to the drive Slow/Control Loop time value.
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Object description:

Index 207An
Name Interpolated position 15t order time
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Yes
Value range UNSIGNED16
Default value 0

8.2.8 Loading the interpolated points

The points can be loaded only in Legacy interpolation mode (object 208En bit8 must be 0 and its default is 1).

If the integrity counter is enabled, the drive considers and loads a valid IP point when it receives a new valid integrity
counter number. If the drive receives interpolation data with the same integrity number, it will ignore the point and
send an emergency message with the code OxFFO1. If it receives a lower or a +2 higher integrity number, it will ignore
the data and send an emergency message with code 0xFF01 and Object 207Ah: Interpolated position 1st order time
mapped on bytes 4 and 5 showing and integrity counter error. This error will be automatically reset when the data with
correct integrity number will be received. The 7 bit integrity counter can have values between 0 and 127. Therefore,
when the counter reaches the value 127, the next logical value is 0.

After receiving each point, the drive calculates the trajectory it has to execute. Because of this, the points must be loaded
after the absolute/relative bit is set in Controlword.

A correct interpolated PT/PVT motion would be like this:

Enter mode 07 in Modes of Operation

set the IP (Interpolated Position) buffer size

Clear the buffer and reinitialize the integrity counter

Set in Controlword the bit for absolute or relative motion

If the motion is absolute, set in 2079 the actual position of the drive (read from object 6063n)
If the motion is PT, set in object 207An a fixed time interval if not supplied in 60C1 sub-index2
Load the first IP points

Start the motion by toggling from 0 to 1 bit4 in Controlword

Monitor the interpolated status for buffer low warning (an emergency message will be sent automatically
containing the interpolated status when one of the status bits changes )

Load more points until buffer full bit is active

¢ Return to monitoring the buffer status and load points until the profile is finished

8.3 Linear interpolation example

To work with this mode, object 208En bit8 must be 1. The default value of this bit is 1, so there is no need to change it.
This example is identical with the Cyclic Synchronous Position Mode basic example with the following changes:

- the modes of operation 6060n must be set = 7 instead of 8

- object 60C1h sub-index 1 must be used instead of object 607An.
All the other commands and behavior is the same.

8.4 PT absolute movement example

Execute an absolute PT movement.
Remarks: Because this is a demo for a single axis, the synchronization mechanism is not used here.
To work with this mode, object 208En bit8 must be 0. The default value of this bit is 1
1. Start remote node.
Enter Pre-Operational state.
2. Disable the RPDO3. Write zero in object 1602n sub-index 0, this will disable the PDO.
Send the following message: SDO access to object 1602h sub-index 0, 8-bit value 0.

3. Map the new objects:
a. Write in object 1602h sub-index 1 the description of the interpolated data record sub-index 1:
Send the following message: SDO access to object 1602h sub-index 1, 32-bit value 60C10120k.
b. Write in object 1602n sub-index 2 the description of the interpolated data record sub-index 2:

Send the following message: SDO access to object 1602h sub-index 2, 32-bit value 60C10220k.
4. Enable the RPDO3. Set the object 1602h sub-index 0 with the value 2.
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Send the following message: SDO access to object 1602h sub-index 0, 8-bit value 2.

5.

© N o

13.

14.

15.

16.

17.

Add the new TPDO to the Sync Manager:
a. Write zero in object 1C12n sub-index 0, this will disable the Sync. Manager.
Send the following message: SDO access to object 1C12n sub-index 0, 8-bit value 00n.
b. Write in object 1C12n sub-index 3 the RPDO3 mapping parameter object number:

Send the following message: SDO access to object 1C12, sub-index 3, 16-bit value 1602.
c. Write 031 in object 1C12n sub-index 0, this will enable the Sync. Manager.
Send the following message: SDO access to object 1C12, sub-index 0, 8-bit value 03.

Note: if using TwinCAT System Manager, enter in Configuration Mode, select the drive, select Process Data
tab, uncheck the PDO Assignment and PDO Configuration boxes. Click Load PDO info from device button to
load the new DO configuration. Press F4 to reload the 10 devices and enter in Operation state.

Enter Safe-Operational state.

Enter Operational state.

Ready to switch on. Set in Control Word mapped in RPDO1 the value 06n.
Switch on. Set in Control Word mapped in RPDO1 the value 07h.

. Enable Operation. Set in Control Word mapped in RPDO1 the value OFn. For relative motion, set 4Fn.
11,
12.

Set in Modes of operation mapped in RPDO1 the value 7 to enable Interpolated mode.
Interpolation sub mode select. Select PT interpolation position mode.

Send the following message: SDO access to object 60C0n, 16-bit value 0000h.

Interpolated position buffer length.

Send the following message: SDO access to object 2073n, 16-bit value 000Ch. The maximum is 000Fh.

Interpolated position buffer configuration. By setting the value A001n, the buffer is cleared and the integrity
counter will be setto 1.

Send the following message: SDO access to object 2074, 16-bit value A001h.

Interpolated position initial position. Set the initial position to 0.5 rotations. By using a 500 lines incremental

encoder the corresponding value of object 2079 expressed in encoder counts is (10004) 3E8h. By using the
settings done so far, if the final position command were to be 0, the drive would travel to (Actual position —
1000).

Send the following message: SDO access to object 2079, 32-bit value 3E8h.

Loading the PT points. Assuming X1 and X2 are 60C1 sub index 01 and 02 which were recently mapped,
send the following data:

Send the 15t PT point.

Position= 20000 IU (0x00004E20) 1IU = 1 encoder pulse

Time = 1000 IU (0x03ES8) 11U = 1 control loop = 1ms by default
IC =1 (0x01) IC=Integrity Counter

The drive motor will do 10 rotations (20000 counts) in 1000 milliseconds.
Set X1=00004E20n; X2=020003E8 n;

18.

Send the 2" PT point.
Position= 30000 IU (0x00007530)
Time  =2000 IU (0x07D0)

IC =2 (0x02)

Set X1=00007530n; X2=040007D0 n;

19.

Send the 3 PT point.
Position= 2000 IU (0x000007D0)
Time  =1000 IU (0x03ES)

IC = 3 (0x03)

Set X1=000007D0n; X2=060003E8 n;

20.

Send the last PT point.
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Set X1=00000000+ (0 counts); X2=080001F4 (IC=4 (0x08), time =500 (0x01F4))

Position= 0 IU (0x00000000)
Time =500 IU (0x01F4)
IC = 4 (0x04)

Set X1=00000000n; X2=080001 F4;

21.

Start an absolute motion.
Set in Control Word mapped in RPDO1 the value 1Fh.

After the sequences are executed, if the drive actual position before starting the motion was 0, now it should be -1000
counts because of Step 15.

8.5 PVT absolute movement example

Execute an absolute PVT movement. The PVT position points will be given as absolute positions.

Remarks: Because this is a demo for a single axis the synchronization mechanism is not used here.

© N o

13.

14.

To work with this mode, object 208En bit8 must be 0. The default value of this bit is 1.
Start remote node.

Enter Pre-Operational state.

Disable the RPDO3. Write zero in object 1602n sub-index 0, this will disable the PDO.
Send the following message: SDO access to object 1602h sub-index 0, 8-bit value 0.

Map the new objects:
e  Write in object 1602n sub-index 1 the description of the interpolated data record sub-index 1:
Send the following message: SDO access to object 1602h sub-index 1, 32-bit value 60C10120n.
e Write in object 1602n sub-index 2 the description of the interpolated data record sub-index 2:

Send the following message: SDO access to object 1602h sub-index 2, 32-bit value 60C10220n.
Enable the RPDO3. Set the object 1602h sub-index 0 with the value 2.
Send the following message: SDO access to object 1602h sub-index 0, 8-bit value 2.
Add the new TPDO to the Sync Manager:
e  Write zero in object 1C12n sub-index 0, this will disable the Sync. Manager.

Send the following message: SDO access to object 1C12n sub-index 0, 8-bit value 00n.
e  Write in object 1C12n sub-index 3 the RPDO3 mapping parameter object number:

Send the following message: SDO access to object 1C12h sub-index 3, 16-bit value 1602h.
e  Write 031 in object 1C12n sub-index 0, this will enable the Sync. Manager.
Send the following message: SDO access to object 1C12n sub-index 0, 8-bit value 03h.

Note: if using TwinCAT System Manager, enter in Configuration Mode, select the drive, select Process Data
tab, uncheck the PDO Assignment and PDO Configuration boxes. Click Load PDO info from device button to
load the new PDO configuration. Press F4 to reload the 10 devices and enter in Operation state.

Enter Safe-Operational state.

Enter Operational state.

Ready to switch on. Set in Control Word mapped in RPDO1 the value 06n.
Switch on. Set in Control Word mapped in RPDO1 the value 07h.

. Enable Operation and set an absolute motion. Set in Control Word mapped in RPDO1 the value OFhn.
11.
12.

Set in Modes of operation mapped in RPDO1 the value 7 to enable Interpolated mode.
Interpolation sub mode select. Select PVT interpolation position mode.

Send the following message: SDO access to object 60CO0n, 16-bit value FFFFn.

Interpolated position buffer length.

Send the following message: SDO access to object 2073h, 16-bit value 000Fs. The maximum is 000Fk.

Interpolated position buffer configuration. By setting the value B001n, the buffer is cleared and the integrity
counter will be setto 1.
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Send the following message: SDO access to object 2074, 16-bit value BOO1n.

15. Loading the PVT points. Assuming X1 and X2 are 60C1 sub index 01 and 02 which were recently mapped,
send the following data:

16. Send the 15t PVT point.
Position = 88 IU (0x000058) 11U = 1 encoder pulse
Velocity = 3.33 IU (0x000354) 11U = 1 encoder pulse/ 1 control loop
Time =55 1U (0x37) 11U = 1 control loop = 1ms by default
IC =1 (0x01) IC=Integrity Counter
Set X1=00540058h; X2=02370003k;
17. Send the 2™ PVT point.
Position = 370 IU (0x000172)
Velocity = 6.66 1U (0x0006A8)
Time =55 U (0x37)
IC =2 (0x02)
Set X1=00A80172h; X2=04370006k;
18. Send the 3 PVT point.
Position = 2982 1U (0x000BAG)
Velocity = 6.66 1U (0x0006A8)
Time =390 IU (0x186)
IC = 3 (0x03)
Set X1=00A80BA6h; X2=07860006h;
19. Send the 4" PVT point.
Position = 5631 1U (0x0015FF)
Velocity = 6.66 1U (0x0006A8)
Time =400 IU (0x190)
IC =4 (0x04)
Set X1=00A815FFn; X2=09900006k;
20. Send the 5" PVT point.
Position = 5925 1U (0x001725)
Velocity = 3.00 IU (0x000300)
Time =60 IU (0x3C)
IC =5 (0x05)
Set X1=00001725n; X2=0A3C0003k;

21. Send the 6" PVT point.
Position = 6000 IU (0x001770)
Velocity = 0.00 U (0x000000)
Time =50 IU (0x32)

IC = 6 (0x06)

Set X1=00001770n; X2=0C320000;

22. Send the 7" PVT point.
Position = 5127 IU (0x001407)
Velocity = -7.5 IU (OxFFF880)
Time =240 IU (0xF0)

IC = 7 (0x07)
Set X1=00801407n; X2=0EF0 FFF8k;
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23. Send the 8" PVT point.
Position = 3115 IU (0x000C2B)
Velocity = -13.33 IU (OXFFF2AB)
Time =190 IU (OXBE)
IC = 8 (0x08)
Set X1=00AB0C2B n; X2=10BEFFF2s;
24. Send the 9t PVT point.
Position = -1686 1U (OXFFF96A)
Velocity = -13.33 IU (OXFFF2AB)
Time =360 IU (0x168)
IC = 9 (0x09)
Set X1=FFABF96A n; X2=1368FFF2;
25. Send the 10" PVT point.
Position = -7145 1U (OxFFE417)
Velocity = -13.33 IU (OXFFF2AB)
Time =410 IU (0x19A)
IC =10 (0x0A)
Set X1=FFABE417 n; X2=159AFFF2s;
26. Send the 11" PVT point.
Position = -9135 IU (OxFFDC51)
Velocity = -7.4 IU (OxFFF899)
Time =190 IU (OXBE)
IC =11 (0x0B)
Set X1=FF990C2B n; X2=16BEFFF8h;
27. Send the 12" PVT point. The last.
Position = -10000 IU (0OxFFD8FO)
Velocity = -7.4 IU (0x000000)
Time =240 IU (0xF0)
IC =12 (0x0C)
Set X1=FFOOD8FO0 n; X2=18F00000k;

28. Start an absolute PVT motion.
Set in Control Word mapped in RPDO1 the value 1Fn.
The PVT motion should be like the one below.

[YR]

o 0.5 1 1.5 2 25
Time[IL] x1e3d
Pasition[rot {YR}Velocity[ILN]

The motor should rotate 3 positive rotations and another 8 negatively (for a 500 lines encoder). If the initial position
before the motion was 0, the final position should be -10000 IU (-5 rotations). All points should be executed within 2.64s,
considering the default time base is 1ms.
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8.6 PVT relative movement example

Execute a relative PVT movement. The PVT position points will be given as a difference between next and last position.

Remarks: Because this is a demo for a single axis the synchronization mechanism is not used here.

o © ® N o

11.
12,

13.

14.

15.

16.

To work with this mode, object 208En bit8 must be 0. The default value of this bit is 1.
Start remote node.

Enter Pre-Operational state.

Disable the RPDO3. Write zero in object 1602n sub-index 0, this will disable the PDO.
Send the following message: SDO access to object 1602h sub-index 0, 8-bit value 0.

Map the new objects:
e  Write in object 1602n sub-index 1 the description of the interpolated data record sub-index 1:
Send the following message: SDO access to object 1602h sub-index 1, 32-bit value 60C10120n.
e Write in object 1602h sub-index 2 the description of the interpolated data record sub-index 2:

Send the following message: SDO access to object 1602h sub-index 2, 32-bit value 60C10220k.
Enable the RPDO3. Set the object 1602h sub-index 0 with the value 2.
Send the following message: SDO access to object 1602h sub-index 0, 8-bit value 2.

Add the new TPDO to the Sync Manager:
o  Write zero in object 1C12n sub-index 0, this will disable the Sync. Manager.
Send the following message: SDO access to object 1C12n sub-index 0, 8-bit value 00n.
e  Write in object 1C12n sub-index 3 the RPDO3 mapping parameter object number:

Send the following message: SDO access to object 1C12h sub-index 3, 16-bit value 1602h.
e  Write 03+ in object 1C12n sub-index 0, this will enable the Sync. Manager.
Send the following message: SDO access to object 1C12n sub-index 0, 8-bit value 03h.

Note: if using TwinCAT System Manager, enter in Configuration Mode, select the drive, select Process Data
tab, uncheck the PDO Assignment and PDO Configuration boxes. Click Load PDO info from device button to
load the new PDO configuration. Press F4 to reload the 10 devices and enter in Operation state.

Enter Safe-Operational state.

Enter Operational state.

Ready to switch on. Set in Control Word mapped in RPDO1 the value 06n.
Switch on. Set in Control Word mapped in RPDO1 the value 07h.

. Enable Operation and set a relative motion. Set in Control Word mapped in RPDO1 the value 4Fh. For an

absolute motion, set OFh but the example points will not apply.

Set in Modes of operation mapped in RPDO1 the value 7 to enable Interpolated mode.
Interpolation sub mode select. Select PVT interpolation position mode.

Send the following message: SDO access to object 60C0n, 16-bit value FFFFh.

Interpolated position buffer length.

Send the following message: SDO access to object 2073h, 16-bit value 000Ch. The maximum is 000Fh.

Interpolated position buffer configuration. By setting the value A001+, the buffer is cleared and the integrity
counter will be set to 1.

Send the following message: SDO access to object 2074, 16-bit value A001h.

Loading the PVT points. Assuming X1 and X2 are 60C1 sub index 01 and 02 which were recently mapped,
send the following data:

Send the 15t PVT point.

Position = 400 IU (0x000190) 11U = 1 encoder pulse

Velocity = 3.00 IU (0x000300) 11U = 1 encoder pulse/ 1 control loop
Time =250 IU (0xFA) 11U = 1 control loop = 1ms by default

IC =1 (0x01) IC=Integrity Counter

Set X1=00000190n; X2=02FA0003h;
17. Send the 2" PVT point.
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Position = 1240 IU (0x0004D8)
Velocity = 6.00 1U (0x000600)
Time =250 IU (0xFA)
IC = 2 (0x02)
Set X1=000004D8h; X2=04FA0006n;
18. Send the 3" PVT point.
Position = 1674 IU (0x00068A)
Velocity = 6.00 1U (0x000600)
Time =250 IU (OxFA)
IC = 3 (0x03)
Set X1=0000068An; X2=06FA0006#;

19. Send the 4t PVT point.
Position = 1666 IU (0x000682)
Velocity = 6.00 1U (0x000600)
Time =250 1U (OxFA)

IC =4 (0x04)

Set X1=00000682n; X2=08~A0006#;

20. Send the 5" PVT point.
Position = 1240 IU (0x0004D8)
Velocity = 3.00 U (0x000300)
Time =250 1U (0xFA)

IC = 5 (0x05)

Set X1=000004D8h; X2=0AFA0003h;

21. Send the last PVT point.
Position = 410 1U (0x00019A)
Velocity = 0.00 U (0x000000)
Time =250 IU (0xFA)

IC = 6 (0x06)
Set X1=0000019A h; X2=0CFA0000;

22. Start a relative PVT motion.
Set in Control Word mapped in RPDO1 the value 5Fh.
The PVT motion should be like the one below.

x1ed YR}

i} 0.5 1 1.8

Time[s]
Paositicn[IL TrREMVelocity[IU)

If the initial position before the motion was 0, the final position should be 6630 U (3.315 rotation for a 500line encoder).
All points should be executed in 1.5s, considering the default time base is 1ms.
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9 Velocity Profile Mode

9.1 Overview

In the Velocity Profile Mode the drive performs speed control. The built-in reference generator computes a speed profile
with a trapezoidal shape, due to a limited acceleration. The Target Velocity object (index 60FFn) specifies the jog speed
(speed sign specifies the direction) and the Profile Acceleration object (index 6083h) the acceleration/deceleration
rate. While the mode is active, any change of the Target Velocity object by the EtherCAT® master will update the drive’s
demand velocity enabling you to change on the fly the slew speed and/or the acceleration/deceleration rate. The motion
will continue until the Halt bit from the Controlword is set. An alternate way to stop the motion is to set the jog speed to
zero.

While the mode is active (profile velocity mode is selected in modes of operation), every time a write access is performed
inside the object target velocity, the demand velocity of the drive is updated.

Remark1: This mode works only if the speed loop is active in Drive setup/ Advanced button.

Remark2: If the velocity is already set when entering velocity mode, the motion will not start until a value (even if it is
the same) will be set again in Target Velocity 60FFh.

9.1.1 Controlword in Profile Velocity mode

MSB LSB
See 6040n Halt See 6040n reserved See 6040n
15 9 8 7 6 4 3 0

Table 9.1.1 — Controlword bits for Profile Velocity mode

Name Value Description
Halt 0 Execute the motion
1 Stop drive with profile acceleration

9.1.2  Statusword in Profile Velocity mode

MSB LSB
See 6041,  Max  slippage g0 0y See 6041, | arget See 6041
error reached
15 14 13 12 11 10 9 0

Table 9.1.2 — Statusword bits for Profile Velocity mode

Name Value Description
0 Halt = O: Target velocity not (yet) reached
Halt = 1: Drive decelerates
Halt = 0: Target velocity reached
Halt = 1: Velocity of drive is 0
Speed is not equal to 0
Speed is equal to 0
Maximum slippage not reached
Maximum slippage reached

Target reached

Speed

Max  slippage
error

o=l =

Remark: In order to set / reset bit 12 (speed), the object 606Fn, velocity threshold is used. If the actual velocity of the
drive / motor is below the velocity threshold, then bit 12 will be set, else it will be reset.

9.2 Velocity Mode Objects

9.2.1 Object 6069n: Velocity sensor actual value

This object describes the value read from the velocity encoder in increments.

The velocity units are user defined speed units. The value can be converted into internal units using the velocity factor
If no factor is applied, then the value 65536 = 1 encoder increment / sample.

Object description:

Index 6069
Name Velocity sensor actual value
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Object code VAR

Data type INTEGERS32
Entry description:

Access RO

PDO mapping Possible

Value range INTEGER32

Default value -

9.2.2 Object 606Bh: Velocity demand value

This object provides the output of the trajectory generator and is provided as an input for the velocity controller. It is

given in user-defined velocity units.

If no factor is applied, then the value 65536 = 1 encoder increment / sample.

Object description:

Index 606Bh
Name Velocity demand value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Value range INTEGER32
Default value -

9.2.3  Object 606Cn: Velocity actual value

The velocity actual value is given in user-defined velocity units and is read from the velocity sensor.

If no factor is applied, then the value 65536 = 1 encoder increment / sample.

Object description:

Index 606Ch
Name Velocity actual value
Obiject code VAR
Data type INTEGERS32
Entry description:
Access RO
PDO mapping Yes
Value range INTEGER32
Default value -

9.2.4  Object 606Fh: Velocity threshold

The velocity threshold is given in user-defined velocity units and it represents the threshold for velocity at which it is
regarded as zero velocity. Based on its value, bit 12 of Statusword (speed) will be set or reset.

If no factor is applied, then the value 65536 = 1 encoder increment / sample.

Object description:

Index 606Fh

Name Velocity threshold

Object code VAR

Data type UNSIGNED16
Entry description:

Access RW

PDO mapping Possible

Value range UNSIGNED16

Default value -
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9.2.5 Object 60FFh: Target velocity

This object is used for the velocity command only when 6060n Modes of Operation is 3 (Speed Mode).

The target velocity is the input for the trajectory generator and the value is given in user-defined velocity units.
If no factor is applied, then the value 65536 = 1 encoder increment / sample.

Object description:

Index 60FFn

Name Target velocity

Object code VAR

Data type INTEGER32
Entry description:

Access RW

PDO mapping possible

Value range INTEGER32

Default value -

9.2.6  Object 60F8h: Max slippage

The max slippage monitors whether the maximum speed error has been reached. The value is given in user-defined
velocity units. When the max slippage has been reached, the corresponding bit 13 max slippage errorin the Statusword
is set and the drive will fault by signalizing a control error (MER register/object 2000n bit3=1).

The Speed control error is active only if the speed loop is active in setup. By default it is disabled. The speed control
error is set when the actual speed error is greater than what is defined in object 60F8h for a time defined in object 2005¢.

Object description:

Index 60F8h

Name Max slippage

Object code VAR

Data type INTEGER32
Entry description:

Access RW

PDO mapping possible

Value range INTEGER32

Default value -

This object is automatically set in Drive Setup by modifying the Speed control error. To modify the speed control error
in setup, check the Speed radio button under control in Drive Setup and re-check the position button when done. Even
if the GUI does not allow modification, if checked, the protection will still be active.

The value for this object can be changed by editing the parameter “SERRMAX” found in parameters.cfg of the project
file.

If no factor is applied, then the value 65536 = 1 encoder increment / sample.
Activating Object 2076h: Save current configuration, will set its current values as the a new default.

9.2.7  Object 2005n: Max slippage time out

Time interval for max slippage. The value is given in slow loop (control loop) time which is by default set to 1ms. This
object is coupled with Object 60F8h: Max slippage.

Object description:

Index 2005n
Name Max slippage time out
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Value range UNSIGNED16
Default value -

The value for this object can be changed by editing the parameter “TSERRMAX” found in parameters.cfg of the project
file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.
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9.2.8  Object 2087x': Actual internal velocity from sensor on motor

This object describes the velocity value read from the encoder on the motor in increments, in case a dual loop control
method is used. The value is given in increments per sampling loop. The default sampling loop is 1ms.

If no factor is applied, then the value 65536 = 1 encoder increment / sample.
Object description:

Index 2087n
N Actual internal velocity sensor on
ame

motor
Object code VAR
Data type INTEGERS32

Entry description:

Access RO
PDO mapping Possible
Value range INTEGER32
Default value -

9.3 Speed profile example

Remark: any speed profile mode can be run only if the speed loop is active in setup (by default it is disabled).

To enable the Current + Speed loop, in Drive setup, select under Control mode the speed radio button:

Contral mode
" Position

" Tarque

Advanced

To enable the Current + Speed + Position loop, in Drive setup, select under Control mode the Position radio button and
then click the Advanced button. Under control scheme, select the “Close position, speed and current loop” radio button.

After the speed is selected, the tuning for the speed loop must be done.

" Cloze anly pozition and curent loop

& i iian, speed and cument loar , "
FRIE RSO, RREC AN RIS After all three loops are selected, the tuning for the speed and position must be done
again.

Execute a speed control with 600 rpm target speed.

1. Start remote node.
Enter Pre-Operational state.
Enter Safe-Operational state.
Enter Operational state.
2. Modes of operation. Select speed mode.
Set in Modes of Operation mapped in RPDO1 the value 03h.

3. Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by sending the
shutdown command.

Set in Control Word mapped in RPDO1 the value 06h.
4. Switch on. Change the node state from Ready to switch onto Switch on by sending the switch on command.
Set in Control Word mapped in RPDO1 the value 07h.

5. Enable operation. Change the node state from Switch onto Operation enable by sending the enable operation
command.

Set in Control Word mapped in RPDO1 the value OFh.

6. Target velocity. Set the target velocity to 600 rpm. By using a 500 lines incremental encoder and 1ms sample

rate for position/speed control the corresponding value of object 60FF expressed in encoder counts per
sample is 140000n (20.0 1U).

" Object 2087h applies only to drives which have a secondary feedback
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Send the following message: SDO access to object 60FFn 32-bit value 00140000n.

7. Check the motor actual speed. It should rotate with 600 rpm.
Read by SDO protocol the value of object 606Cr.

10 Electronic Gearing Position (EGEAR) Mode

10.1 Overview

In Electronic Gearing Position Mode the drive follows the position of an electronic gearing master with a programmable
gear ratio.
The electronic gearing slave can get the position information from the electronic camming master in three ways:

1. Via EtherCAT® master, which writes the master position in object Master position (index 201En).

2. Viaan external digital reference’ of type pulse & direction or quadrature encoder. Both options have dedicated
inputs. The pulse & direction signals are usually provided by an indexer and must be connected to the pulse &
direction inputs of the drive. The quadrature encoder signals are usually provided by an encoder on the master
and must be connected to the 2nd encoder inputs.

3. From one of the analogue inputs of the drive.

The reference type, i.e. the selection between the online reference received via communication channel and the digital
reference read from dedicated inputs is done with object External Reference Type (index 201Dn). The source of the
digital reference (pulse & direction or second encoder inputs) is set during drive commissioning.

The drive set as slave in electronic gearing mode performs a position control. At each slow loop sampling period, the
slave computes the master position increment and multiplies it with its programmed gear ratio. The result is the slave
position reference increment, which added to the previous slave position reference gives the new slave position
reference.

Remark: The slave executes a relative move, which starts from its actual position

The gear ratio is specified via EGEAR multiplication factor object (index 2013h). EGEAR ratio numerator (sub-index
1) is a signed integer, while EGEAR ratio denominator (sub-index 2) is an unsigned integer. The EGEAR ratio numerator
sign indicates the direction of movement: positive — same as the master, negative — reversed to the master. The result
of the division between EGEAR ratio numerator and EGEAR ratio denominator is used to compute the slave reference
increment.

The Master Resolution object (index 2012n) provides the master resolution, which is needed to compute correctly the
master position and speed (i.e. the position increment). If master position is not cyclic (i.e. the resolution is equal with
the whole 32-bit range of position), set master resolution to 0x80000001.

You can smooth the slave coupling with the master, by limiting the maximum acceleration of the slave drive. This is
particularly useful when the slave has to couple with a master running at high speed, in order to minimize the shocks in
the slave. The feature is activated by setting Controlword.5=1 and the maximum acceleration value in Object 6083h:
Profile acceleration.

10.1.1 Controlword in electronic gearing position mode (slave axis)

MSB LSB
— Halt See Reserved ﬁgg\é?;?ation Enable  Electronic  See
6040n 6040n Limitation Gearing Mode 6040n
15 9 8 7 6 5 4 3 0

Table 10.1.1 — Controlword bits for Electronic Gearing Position Mode

Name Value Description
Enable 0 Do not start operation
Electronic 0->1 Start electronic gearing procedure

Gearing Mode 1->0 Does nothing (does not stop current procedure)

Activate 0 Do not limit acceleration when entering electronic gear mode

Acceleration 1 Limit acceleration when entering electronic gear mode to the value set in

Limitation profile acceleration (object 6083h)
0
1

Halt Execute the instruction of bit 4
Stop drive with profile acceleration

" Not all drives have a secondary encoder input.
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10.1.2 Statusword in electronic gearing position mode

MSB LSB
Following Target

See 6041n S Reserved See 6041n e See 6041

15 14 13 12 11 10 9 0
Table 10.1.2 — Statusword bits for Electronic Gearing Position Mode

Name Value Description

0 Halt = 0: Always 0
Target Halt = 1: Drive decelerates
reached Halt = 0: Always 0

1 Halt = 1: Velocity of drive is 0
Following 0 No following error
error 1 Following error occurred

10.2 Gearing Position Mode Objects

10.2.1 Object 201En: Master position

This object is used in order to receive the position from the master, which is used for Electronic Gearing or Camming
calculations. The position units are in increments.

Example: if it takes 4000 increments for the motor to do one revolution, these same increments apply for this object.

Object description:

Index 201En

Name Master position

Object code VAR

Data type INTEGERS32
Entry description:

Access RW

PDO mapping Possible

Units Increments

Value range 0..2%1

Default value -

10.2.2 Object 2012n: Master resolution

This object is used in order to set the master resolution in increments per revolution. This object is valid for the slave
axis.

Object description:

Index 2012n
Name Master resolution
Object code VAR
Data type UNSIGNED32
Entry description:
Access RW
PDO mapping Possible
Units Increments
Value range 0...2%-1
Default value 80000001+ (full range)

10.2.3 Object 2013n: EGEAR multiplication factor

In digital external mode, this object sets the gear ratio, or gear multiplication factor for the slaves. The sign indicates the
direction of movement: positive — same as the master, negative — reversed to the master. The slave demand position is
computed as the master position increment multiplied by the gear multiplication factor.

Example: if the gear ratio is Slave/Master = 1/3, the following values must be set: 1 in EGEAR ratio numerator (sub-
index 1) and 3 in EGEAR ratio denominator (sub-index 2) .
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Remark: the gear ratio is computed after sub-index 2 is written. So sub-index1 must be written first and then sub-index
2. Even if sub-index 2 has the same value as before, it must be written again for the gear ratio to be computed correctly.

Object description:

Entry description:

10.2.4 Object 2017n: Master actual position

Index 2013n

Name EGEAR multiplication factor
Obiject code RECORD

Number of elements 2

Sub-index 1

Description EGEAR ratio numerator (slave)
Obiject code VAR

Data type INTEGER16

Access RW

PDO mapping Possible

Value range -32768 ... 32767

Default value

1

Sub-index 2

Description EGEAR ratio denominator (master)
Object code VAR

Data type UNSIGNED16

Access RW

PDO mapping Possible

Value range 0 ... 65535

Default value

1

The actual position of the master can be monitored through this object, regardless of the way the master actual position
is delivered to the drive (on-line through a communication channel in object 201Eh or from the digital inputs of the drive).
The units are increments.

Object description:

Entry description:

10.2.5 Object 2018n: Master actual speed

Index 2017n

Name Master actual position
Object code VAR

Data type INTEGER32

Access RO

PDO mapping Possible

Value range =281 |, 2314

Default value 0

This object is used to inform the user of the actual value of the speed of the master, regardless of the way the master
actual position is delivered to the drive (on-line through a communication channel or from the digital inputs of the drive).
The units are increments / sampling. 1 IlU = 1 encoder increment / sample.

Object description:

Entry description:

Index 2018h

Name Master actual speed
Obiject code VAR

Data type INTEGER16
Access RO

PDO mapping Possible

Value range -32768 ... 32767
Default value 0
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10.2.6 Object 201Dn: External Reference Type

This object is used to set the type of external reference for use with electronic gearing position, electronic camming
position, position external, speed external and torque external modes.

Object description:

Index 201Dn
Name External Reference Type
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Value range UNSIGNED16
Default value -

Table 10.2.1 — External Reference Type bit description

Value Description

0 Reserved

1 On-line. Received via object 201En.
Analogue.

2 In case of External Reference Position / Speed / Torque Modes, select this option in
order to read the reference from the dedicated analogue input.
Digital.

In case of External Reference Position Modes, select this option in order to read the
reference from the dedicated digital inputs as set in the setup made using EasySetup
3 / EasyMotion Studio (either 2" encoder or pulse & direction)

In case of Electronic Gearing and Camming Position Modes, select this option in
order to read master position from the dedicated digital inputs as set in the setup
made using EasySetup / EasyMotion Studio (either 24 encoder or pulse & direction)

4 ...65535 Reserved

10.3 Electronic gearing through second encoder input example

The encoder from the master drive can also be connected in parallel to the second encoder input of an iPOS drive (that

has one).
L1 7
-€.

Motor connector

Motor phases Motor phases :I

Drive
Master

iPOS Drive
Slave

Encoder connector

Encoder

Encoder

Second

Encoder

After connecting the master encoder to the second encoder input, the Electronic Gearing Slave can be started.

1. Start remote node.
Enter Pre-Operational state.
Enter Safe-Operational state.
Enter Operational state.
2. Modes of operation. Select Electronic Gearing mode (-1).
Set in Modes of Operation mapped in RPDO1 the value FFn.

3. Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by sending the
shutdown command.

" Not all drives and configurations have secondary encoder inputs.
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Set in Control Word mapped in RPDO1 the value 06n.

4. Switch on. Change the node state from Ready fo switch on to Switch on by sending the switch on
command.

Set in Control Word mapped in RPDO1 the value 07h.

5. Enable operation. Change the node state from Switch on to Operation enable by sending the enable
operation command.

Set in Control Word mapped in RPDO1 the value OFh.
6. External reference type. Slave receives reference through 2™ encoder input.
Send the following message: SDO access to object 201Dn 16-bit value 0003h.
7. Master resolution. Set the master resolution 2000, assuming a 500 line encoder is used.
Send the following message: SDO access to object 2012h 32-bit value 000007DO0s.
8. Electronic gearing multiplication factor.
Set EG numerator to 1.
Send the following message: SDO access to object 2013, sub-index 1, 16-bit value 0001+.
Set EG denominator to 1.
Send the following message SDO access to object 2013n,sub-index 2, 16-bit value 0001h.
9. Set the initial Master position into the associated RPDO where 201En is mapped.
10. Enable/Start EG slave in control word associated RPDO.
Set in Control Word mapped in RPDO1 the value 1Fn.

11. Start moving the master encoder and the slave will follow.

10.4 Electronic gearing through online communication example

Start an Electronic Gearing Slave.

1. Map in a RPDO the object 201Eh Master position to be able to send the drive the position reference every
communication cycle. See 2.4 PDOs mapping general example or paragraph 0 for a TwinCAT PDO
mapping example.

The PDOs must be sent every slow loop period which is by default 1ms. It is recommended to set the SYNC 0
time equal to the communication cycle and slow loop.

2. Start remote node.
Enter Pre-Operational state.
Enter Safe-Operational state.
Enter Operational state.
3. Modes of operation. Select Electronic Gearing mode (-1).
Set in Modes of Operation mapped in RPDO1 the value FFn.

4. Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by sending the
shutdown command.

Set in Control Word mapped in RPDO1 the value 06h.

5. Switch on. Change the node state from Ready to switch on to Switch on by sending the switch on
command.

Set in Control Word mapped in RPDO1 the value 07h.

6. Enable operation. Change the node state from Switch on to Operation enable by sending the enable
operation command.

Set in Control Word mapped in RPDO1 the value OFh.

7. External reference type. Slave receives reference through online communication.
Send the following message: SDO access to object 201Dn 16-bit value 0001+.

8. Master resolution. Set the master resolution 2000, assuming a 500 line encoder is used.
Send the following message: SDO access to object 2012n 32-bit value 000007DO0x.

9. Electronic gearing multiplication factor.
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Set EG numerator to 1.
Send the following message: SDO access to object 2013n, sub-index 1, 16-bit value 0001+.
Set EG denominator to 1.
Send the following message SDO access to object 2013n,sub-index 2, 16-bit value 0001n.
10. Set the initial Master position into the associated RPDO where 201En is mapped.
11. Enable EG slave in control word associated RPDO.
Set in Control Word mapped in RPDO1 the value 1Fh.
12. Start changing the Master position in the RPDO where 201En is mapped every communication cycle.

The slave motor should start rotating with the same speed as the difference between the master position values received
every slow loop.

11 Electronic Camming Position (ECAM) Mode

11.1 Overview

In Electronic Camming Position the drive executes a cam profile function of the position of an electronic camming
master. The cam profile is defined by a cam table — a set of (X, Y) points, where X is cam table input i.e. the position of
the electronic camming master and Y is the cam table output i.e. the corresponding slave position. Between the points
the drive performs a linear interpolation.

The electronic camming slave can get the position information from the electronic camming master in three ways:
1. Via EtherCAT® master, who writes the master position in object Master position (index 201En).

2. Via an external digital reference of type pulse & direction or quadrature encoder. Both options have dedicated
inputs. The pulse & direction signals are usually provided by an indexer and must be connected to the pulse &
direction inputs of the drive. The quadrature encoder signals are usually provided by an encoder on the master
and must be connected to the 2nd encoder inputs.

3. From one of the analogue inputs of the drive.

The reference type, i.e. the selection between the online reference received via communication channel and the digital
reference read from dedicated inputs is done with object External Reference Type (index 201Dn). The source of the
digital reference (pulse & direction or second encoder inputs) is set during drive commissioning.

The electronic camming position mode can be: relative (if ControlWord.6 = 0) or absolute (if ControlWord.6 = 1).

In the relative mode, the output of the cam table is added to the slave actual position. At each slow loop sampling period
the slave computes a position increment dY = Y — Yold. This is the difference between the actual cam table output Y
and the previous one Yold. The position increment dY is added to the old demand position to get a new demand position.
The slave detects when the master position rolls over, from 360 degrees to 0 or vice-versa and automatically
compensates in dY the difference between Ymax and Ymin. Therefore, in relative mode, you can continuously run the
master in one direction and the slaves will execute the cam profile once at each 360 degrees with a glitch-free transition
when the cam profile is restarted.

When electronic camming is activated in relative mode, the slave initializes Yold with the first cam output computed:
Yold = Y = {(X). The slave will keep its position until the master starts to move and then it will execute the remaining
part of the cam. For example if the master moves from X to Xmax, the slave moves with Ymax — Y.

In the absolute mode, the output of the cam table Y is the demand position to reach.

Remark: The absolute mode must be used with great care because it may generate abrupt variations on the slave
demand position if:

Slave position is different from Y at entry in the camming mode
Master rolls over and Ymax < Ymin
In the absolute mode, you can introduce a maximum speed limit to protect against accidental sudden changes of the

positions to reach. The feature is activated by setting ControlWord.5=1 and the maximum speed value in object Profile
Velocity (index 6081n).

Typically, the cam tables are first downloaded into the EEPROM memory of the drive by the EtherCAT® master or with
EasyMotion Studio. Then using the object CAM table load address (index 2019n) they are copied in the RAM address
set in object CAM table run address (index 201An). It is possible to copy more than one cam table in the drive/motor
RAM memory. When the ECAM mode is activated it uses the CAM table found at the RAM address contained in CAM
table run address.

A CAM table can be shifted, stretched or compressed.
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11.1.1 Controlword in electronic camming position mode
MSB LSB
Activate Enable
ngo Halt ngo Abs/Rel  Speed Electronic See 6040n
h h Limitation Camming Mode
15 9 8 7 6 5 4 3 0
Table 11.1.1 — Controlword bits for electronic camming position mode
Name Value Description
.0 Do not start operation
(E:r;?nbrﬁn El\}licét;omc 0->1 Start electronic camming procedure
9 1->0 Do nothing (does not stop current procedure)
. 0 Do not limit speed when entering absolute electronic camming mode
Activate Speed — . . -
Limitation 1 Limit spegd wher) enterln'g absolute electronic camming mode at the
value set in profile velocity (ONLY for absolute mode)
Perform relative camming mode — when entering the camming
0 mode, the slave will compute the cam table relative to the starting
Abs / Rel moment.
1 Perform absolute camming mode — when entering the camming
mode, the slave will go to the absolute position on the cam table
Halt 0 Execute the instruction of bit 4
1 Stop drive with profile acceleration
11.1.2 Statusword in electronic camming position mode
MSB LSB
Following See Target
See 6041 error Reserved 6041s reached See 6041
15 4 13 12 11 10 9 0
Table 11.1.2 — Statusword bits for electronic camming position mode

Name Value Description

Halt = 0: Always 0

Target reached 0 Halt = 1: Drive decelerates
9 1 Halt = 0: Always 0
Halt = 1: Velocity of drive is 0
. 0 No following error
Following error :
1 Following error occurred

11.2

Electronic Camming Position Mode Objects

11.2.1

Object 2019n: CAM table load address

This is the load address of the CAM table. The CAM table is stored in EEPROM memory of the drive starting from the
load address. The initialization of the electronic camming mode requires the CAM table to be copied from the EEPROM
ry to the RAM memory of the drive, starting from the run address, set in object 201An, for faster processing. The

memo

copy is made every time object 2019 is written by SDO access.

Rema

rk: The CAM table run address object must be set before writing the object CAM table load address to assure

a proper copy operation from EEPROM to RAM memory.
Object description:

Entry

Index 201%n

Name CAM table load address

Obiject code VAR

Data type UNSIGNED16
description:

Access RW

PDO mapping No

Units -

Value range UNSIGNED16

Default value Variable depepdlng on motor +

feedback configuration
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11.2.2 Object 201An: CAM table run address

This is the run address of the CAM table e.g. the RAM address starting from which the CAM table is copied into the
RAM during initialization of the electronic camming mode. (See also 2019h).

Object description:

Index 201An
Name CAM table run address
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Units =
Value range UNSIGNED16
Default value 9EQ0n

11.2.3 Object 201Bn: CAM offset

This object may be used to shift the master position in electronic camming mode. The position actually used as X input
in the cam table is not the master actual position (2017h) but (master actual position — CAM offset) computed as modulo
of master resolution (2012n) The CAM offset must be set before enabling the electronic camming mode. The CAM offset
is expressed in increments.

Object description:

Index 201Bn

Name CAM offset

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping No

Value range 0...2%-1

Default value 0

11.2.4 Object 206Bn: CAM: input scaling factor

You can use this scaling factor in order to achieve a scaling of the input values of a CAM table. Its default value of
00010000n corresponds to a scaling factor of 1.0.

Object description:

Index 206Bn
Name CAM input scaling factor
Object code VAR
Data type FIXED32
Entry description:
Access RW
PDO mapping Possible
Units =
Value range FIXED32
Default value 00010000n

11.2.5 Object 206Ch: CAM: output scaling factor

You can use this scaling factor in order to achieve a scaling of the output values of a CAM table. Its default value of
00010000n corresponds to a scaling factor of 1.0.

Object description:

Index 206Ch

Name CAM output scaling factor
Object code VAR

Data type FIXED32
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Entry description:

Access RW

PDO mapping Possible
Units -

Value range FIXED32
Default value 00010000n

11.2.6 Building a CAM profile and saving it as an .sw file example

Build your own cam profile in any program you like.

In this example, we have used MS Excel.

id] Fle Edit View Inset Format Tools Data Window Help  Adobe PDF -8 X
§@§§Ana| 20z BT UEESAS %o ]l O A
=ty - Hiee)

J100 - A

A | B | &€ T B [ E T F | & [ B [ i |

97| 6144 29
93| 6208 33
99| 6272 38 =
00 emE 43 —
101 6400 48
102| 6464 53
103 6528 59
104/ 6592 65
105] 6656 il
108| 6720 78
107 6784 85
108] 6848 52
109] 6912 100
110 6976, 107|
111] 7040 116
112| 7104 124
113 7168 133
1114 7232 142
115 7296 151
116 7360 160
17] 7424 170
118] 7488 181,
113 7562 191
120 7616 202
121 7680 213
122 7744 24 %
14 4 » [\ universal cam3 Ll I . |
Ready NUM

Figure 11.2.1. MS Excel interface

The numbers in the columns represent the input and output of the cam file. They are position points represented in the
drive’s internal units. Let us say that we have a 500 line quadrature encoder on the motor. This means that we will have
2000 counts per motor revolution. So the drive will rotate the rotor once if it receives a position command of 2000 internal
units, or it will return 2000 internal units if the rotor turned once.

The first column represents the input position. It is a series of numbers that represent an interpolation step. Meaning
that the difference between the values must be a number from the following: 20, 21, 22, 23, 24 25 26 and 27. So let us
say that we choose interpolation step of 28 (64). The first number in the first column must be 0, the second number must
be 64,the third number must be 128 and so on.

The second column represents the Output of the cam file. This number can be anything that fits in an Integer32 bit
variable.

For example, let us say we have in the first column the number 640 (which is a multiple of 28) and in the second column
we have the number 4000. This means that if the master is at position 640 (internal units), the slave must be at the
position 4000 (internal units).

70000

60000

50000

40000

30000

20000

10000

10000 20000 30000 40000 50000 60000 70000

-10000

Figure 11.2.2. Cam example
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After the cam is ready, save it as Text (Tab delimited) (*.txt) file.

-
L“ File name:  |universal_cam E
My Metwork = __
Places Save as type! | Text (Tab delimited) (*, bxt) E Cancel A
=

Figure 11.2.3. Save As example.

Once you have your cam file saved, start EasyMotion Studio, even the demo’ version.

T
- &

< EasySetUp
Setup  Communication Yiew  Help

D E|cee (B X USE TE S T

Press New button and select your drive type.

]

ClMew

5 4 POS3E02-VE ¥
2, Plug In Drives + B iz | 2 Phase Stepper Closed Loop. »
q 3, Open Frame Drives  » 3 Phase Stepper Cpenloop  *|  Load Sensor - Mane or Incremental Encoder
4. Closed Frame Drives - ¥ Brushed Mator
1 5. Inteligent Motors » Brushless Linear Moot
@_gpbn 6, Motion Controllers Brushless Rotary Motor
- 7 oOther L$
=== NI

Figure 11.2.4. Choose drive configuration.

After the project opens, select CAM Tables tab from the left of the screen. Press the import button and choose your
recently saved cam file (see Figure 11.2.5).

2 Project = e

= 0l unitied CAM Tables
= Untitled Application

8 Setup I Add Rename |

= M Motion

({1 Homing Modes Selected Load... | Import ...
[#1 Functions

(37 Interrupts
(] CAM Tables

/

Available Delete |

hove Up

Move Down

L

Figure 11.2.5. CAM tab.

If the CAM file loaded, it should look like this:

1 ESM demo version available in download section here.
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) EasyMotion Studia - Untitled
Frojed - Apphidion  Commamcaton View ContridParel Window  Hel

(-~ IR o - T I S O A SR b Al A R0

T Y |
h E%‘ﬁ"’md _— universal_cam3
B ;‘mﬁ"_q_ Master start valua [0 :
g !mmsw
g;ﬁ:"'ﬁ_‘ Intarpolation step: 24 | E
. ¥ valua |0
2|
Bomove | Update || koen |
Tabla langth | 1025
al2)
L
45
15
By G IOHARI-RETET bl 6
Figure 11.2.6. CAM file loaded.
= Untitled Application
5 Setup  <—
= kM Motion
(il Homing Modes
After loading the CAM file successfully, click over the Setup [ Functions tab and load your saved setup.

=] Untitled Application

S Setup
= M Motion \
[fn Homing Modes
[B1 Functions

Click the tab with the name of the application
Press the memory settings button (like in the figure below).

= 0 Untitled
= (B Ml atio

Application General Information

S Setup

= M Mation Application 1D:
(B Homing Modes g
[ Functions

3 Interrupts
B (& cam Tables Axis number: |255 - | | Memory Settings.

€, universal_cam3
Drive: IDMBB0-BELET

Product ID: P045.002 E103

Firmware ID: F5054

Figure 11.2.7. Memory Settings location.

In the window below, see if necessary CAM space is larger than reserved cam space. If it is, write a slightly larger
number than the necessary CAM space in the reserved one (Figure below).

Memory Settings

Cakd Tables
Space reserved for CAM Tables: |03E8 H G
Space needed for Ak Tables 0798 H  Owerflowl [nzufficient space for Cam Tqies

Figure 11.2.8. Adjusting the necessary CAM space.

In Memory Settings window look inside EEPROM memory section under CAM Tables. The first number is the cam table
Load Address that must be set also in object 2019n afterwards.

" To create a setup file, please check your drive’s user manual.
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Memory Settings [ x|

— CaM T able:
Space reserved for CAM Tables |M H

Space needed for CAR T ables 0808 H

— ThL Prograr:
& EEERIE bl o P % the same location [EEPROM]
. . begaining at address H and run f
Download in andun fem  RAM section of size I H

" R&M, in a section of size I H
—EEPROM memary Rt memary
4000..5637 - TML Program 5000..903F - P¥T Buffer
- 9040..97F5 - Data Acquisitions
5E42. BFFF - Setup Table 97FE..9FFF - CAM Tables

Ok I Cancel | Help |

Figure 11.2.9. Cam table load and run addresses.

Under the RAM memory section the first number in CAM Tables is the cam table Run Address that must also be set
in object 201 An afterwards.

Save the project and select Application -> Create EEPROM programmer file -> Motion and Setup... like in the figure
below. Save the EEPROM file that includes your setup and motion (including CAM data) onto your PC.

Project | application  Communication Wiew Control Panel ‘Window  Help

D& tew. bl s al A X | TRE|HEIS 2
Cuplicate
Insert. .
Edit....
Delete

Setup
Motion

Application General I

Run s
s Qi F2
fyels CFf E3 Application ID:
Reset F4

Shawslave errors

Binary Code Yiewer... Chrie Axis number: |255 - Memory Settings. |

Create EEPROM Programmer File Motion and Setup... BE0-BE-ET

Export ta TML_LIE... Setup Only...

| | Product ID: P048.002.E103

Figure 11.2.10. Create .sw file.

11.2.6.1 Extracting the cam data from the motion and setup .sw file

Open the recently saved .sw file with any text editor.
Inside the .sw file search for the number that corresponds to the CAM Table load address.

This number shall be delimited by an empty new line just before it (Figure 11.2.11) (the numbers before it represent the
setup data).

Select all these numbers that represent the cam file until you find another empty new line (Figure 11.2.12).

B untitled Application.sw - Not... [H[=] E3

:"; i lrmmzd =) lRed = P\ untitled Application.sw - Not... =]
-~
SA57 =i File Edit Format View Help
FFFF
8000
20
7484
2FB
4010

SE42

-

Fig [ ole

Figure 11.2.12. .sw file empty line

Copy all 1ew text file with the extension .sw instead of .xt.
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Now you have a file that can be loaded onto the drive either with THS EEPROM Programmer (supplied free with
EasySetup or ESM) or load it with the help of 2064n 2065h objects explained in next sub chapter.

. Drive / Motor EEPROM Programmer

Application | Configuration 1D | Cormunication Settings |

S File: |'|,'I,ts-:|ient'l,C'l,UntitIed application, sw Browse, ., I

Daownload | Checksun | Werify | Read... |

Last operation result

File {iksclientyCiuntitled Application, sw loaded successfully,

Help Close

|onling with axis 106 [Firmware on drivefmotar: FS00D 4

Figure 11.2.13. THS EEPROM Programmer.

Note: with the THS EEPROM programmer, you can write the entire setup and motion .sw file, not just the CAM .sw file
created in this example.

11.2.6.2 Downloading a CAM .sw file with objects 2064 and 20651 example

e Send the following message: SDO access to object 2064x 32-bit value xxxx0008h.

Where xxxx is the first 16 bit number found in the CAM .sw file and represents the CAM table load address. The
08 activates writing/reading 16 bit data in EEPROM memory in object 2064h (see more in the object description).

All the next numbers until the end of the file must be written with the following type of command.

e Send the following message: SDO access to object 2065n 32-bit value 0000xxxxh.

Where xxxx is the 16 bit number taken from the .sw file (the data to write) after the first one (which is the address
at which to first write the data and increment it).

When object 2064+ bit 7=0 (auto-incrementing is ON), do not read the object
list in parallel with a read/write operation using a script. By reading object
2066h in parallel with another application, the target memory address will be
incremented and will lead to incorrect data writing or reading.

Warning!
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11.3 Electronic camming through second encoder input example

Start an Electronic Gearing Slave.

The encoder from the master drive can also be connected in parallel to the second encoder input of an iPOS drive (that

has one).

Motor connector

Motor phases :I Motor phases :I

Drive
Master

iPOS Drive
Slave

Encoder connector

Encoder

1
MOTOR
Master
-

Encoder

Second

Encoder

After connecting the master encoder to the second encoder input, the Electronic Gearing Slave can be started.

1.

Start remote node.

Enter Pre-Operational state.

Enter Safe-Operational state.

Enter Operational state.

2.

3.

Modes of operation. Select Electronic Camming mode (-2).
Set in Modes of Operation mapped in RPDO1 the 8 bit value OxFE.

Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by sending the
shutdown command.

Set in Control Word mapped in RPDO1 the value 06h.

4.

Switch on. Change the node state from Ready to switch on to Switch on by sending the switch on
command.

Set in Control Word mapped in RPDO1 the value 07h.

5.

Enable operation. Change the node state from Switch on to Operation enable by sending the enable
operation command.

Set in Control Word mapped in RPDO1 the value OFn.

6.

10.

11.

12.

13.
14.

External reference type. Slave receives reference through 2" encoder input.
Send the following message: SDO access to object 201Dn 16-bit value 0003h.
Cam table load address. Set cam table load address as 5638k.

The cam table load address can be discovered as explained in paragraph_11.2.6 .
Send the following message: SDO access to object 2019 16-bit value 5638k.
Cam table run address. Set cam table load address as 97F6n.

The cam table load address can be discovered as explained in paragraph _11.2.6 .
Send the following message: SDO access to object 201An 16-bit value 97F6n.
Master resolution. Set the master resolution 2000, assuming a 500 line encoder is used.
Send the following message: SDO access to object 2012h 32-bit value 000007DO0x.
Cam offset. Set cam offset to 6000 counts (0x1770).

If the master resolution is 2000 counts/revolution, the slave shall start applying the cam when the master is
at position 6000 + CamX value.

Send the following message: SDO access to object 201Bn 32-bit value 00001770n.
Cam input scaling factor. Setitto 1.

Send the following message: SDO access to object 206Bn 32-bit value 00000001n.
Cam output scaling factor. Setitto 1.

Send the following message: SDO access to object 206Cn 32-bit value 00000001+.
Set the initial Master position into the associated RPDO where 201En is mapped.

Enable EG slave in control word associated RPDO.
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15.

Set in Control Word mapped in RPDO1 the value 3Fh to start electronic gearing and activate speed
limitation.

Start changing the Master position.

The slave motor should start rotating. After the master position of 6000 IU (cam offset), the slave motor will rotate
depending on the set cam values.

11.4 Electronic camming through online communication example

Start an Electronic Gearing Slave.

1.

2.

Map in a RPDO the object 201Eh Master position to be able to send the drive the position reference every
communication cycle. See 2.4 PDOs mapping general example or paragraph 0 for a TwinCAT PDO
mapping example.

The PDOs must be sent every slow loop period which is by default 1ms. It is recommended to set the SYNC
0 time equal to the communication cycle and slow loop.

Start remote node.

Enter Pre-Operational state.

Enter Safe-Operational state.

Enter Operational state.

3.

Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by sending the
shutdown command.

Set in Control Word mapped in RPDO1 the value 06n.

4.

Switch on. Change the node state from Ready to switch on to Switch on by sending the switch on
command.

Set in Control Word mapped in RPDO1 the value 07h.

5.

Enable operation. Change the node state from Switch on to Operation enable by sending the enable
operation command.

Set in Control Word mapped in RPDO1 the value OFn.

6.

10.

11.

12.

13.

14.
15.

External reference type. Slave receives reference through online communication.
Send the following message: SDO access to object 201Dn 16-bit value 0001+.
Cam table load address. Set cam table load address as 5638h.

The cam table load address can be discovered as explained in paragraph 171.2.6.
Send the following message: SDO access to object 2019 16-bit value 5638k.
Cam table run address. Set cam table load address as 97F6n.

The cam table load address can be discovered as explained in paragraph 11.2.6.
Send the following message: SDO access to object 201An 16-bit value 97F6n.
Modes of operation. Select Electronic Gamming mode (-2).

Set in Modes of Operation mapped in RPDO1 the 8 bit value OxFE.

Master resolution. Set the master resolution 2000, assuming a 500 line encoder is used.
Send the following message: SDO access to object 2012h 32-bit value 000007DO0x.
Cam offset. Set cam offset to 6000 counts (0x1770).

If the master resolution is 2000 counts/revolution, the slave shall start applying the cam when the master is
at position 6000 + CamX value.

Send the following message: SDO access to object 201Bn 32-bit value 00001770n.
Cam input scaling factor. Setitto 1.

Send the following message: SDO access to object 206Bn 32-bit value 00000001n.
Cam output scaling factor. Setitto 1.

Send the following message: SDO access to object 206Cn 32-bit value 00000001+.
Set the initial Master position into the associated RPDO where 201En is mapped.

Enable EG slave in control word associated RPDO.
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Set in Control Word mapped in RPDO1 the value 3Fh to start electronic gearing and activate speed
limitation.

16. Start changing the Master position in the RPDO where 201En is mapped every communication cycle.

The slave motor should start rotating. After the master reports the position 6000 IU (cam offset), the slave motor shall
rotate depending on the set cam values..

12 Cyclic Synchronous Position mode (CSP)

12.1 Overview

The overall structure for this mode is shown in Figure 12.1.1. With this mode, the trajectory generator is located in the
control device, not in the drive device. In cyclic synchronous manner, it provides a target position to the drive device,
which performs position control, velocity control and torque control. Measured by sensors, the drive provides actual
values for position, velocity and torque to the control device.

The cyclic synchronous position motion can be also limited to a maximum velocity by setting a number in object 6081n
Profile velocity when object 2086 is set to 1. By default the object 2086n has the value 0.
Profile

velocity
(6081,)

Target
position
(607A,)

A4

Position | Velocity .| Torque
control "| control "| control

Iy A A

Joraueactualvalue
(6077.)

(606C,)

Position actual value
44 ................................

Figure 12.1.1. Cyclic synchronous position mode overview

12.1.1 Controlword in Cyclic Synchronous Position mode (CSP)

MSB LSB
See See
6040r Halt 60401 Abs / rel Reserved Reserved See 6040n
15 9 8 7 6 5 4 3 0

Table 12.1.1 — Controlword bits description for Cyclic Synchronous Position Mode

Name Value Description

0 Absolute position mode
Abs / rel - =

1 Relative position mode

In absolute position mode, the drive will always travel to the absolute position given to object 607An . This is the standard
mode.

In Relative position mode, the drive will add to its current position the value received in object 607An. By sending this
value periodically and setting the correct interpolation period time in object 60C2s, it will be like working in Cyclic
Synchronous Velocity mode (CSV).

12.1.2 Statusword in Cyclic Synchronous Position mode (CSP)

MSB LSB

Following Target position
See 6041h " ignored See 6041n  Reserved See 6041n

15 14 13 12 11 10 9 0
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Table 12.1.2 — Statusword bit description for Cyclic Synchronous Position mode

Name Value Description
. 0 Reserved
Bit 10 1 Reserved
Target e
position 0 Target position ignored
ignored 1 Target position shall be used as input to position control loop
Following 0 No following error
error 1 Following error occurred

12.2 Cyclic Synchronous Position Mode Objects

12.2.1

Object 60C2x: Interpolation time period

The Interpolation time period indicates the configured interpolation cycle time. lts value must be set with the time
value of the EtherCAT master communication cycle time and sync time in order for the Cyclic Synchronous Position
mode to work properly. The interpolation time period (sub-index 01n) value is given in 1(Q(interpolation time index) g(second).
The interpolation time index (sub-index 02n) is dimensionless.

Example: to set a communication cycle time of 4ms, 60C2x sub-index 01n = 4 and 60C2n sub-index 02h = -3. The result

is 4ms = 4*103,

Because the drive default control loop is 1ms, it means that every new command (in CSP, CSV or CST) will be divided
by 4. In other words, in each 1ms, 1/4 of the command will be executed.

Object description:

Entry description:

Index 60C2n

Name Interpolation time period
Obiject code ARRAY

Number of elements 2

Data Type Interpolation time period record
Sub-index 00n

Description Number of sub-indexes
Access RO

PDO mapping No

Default value 2

Sub-index 01n

Description Interpolation time period value
Access RW

PDO mapping Possible

Value range Unsigned8

Default value 1

Sub-index 02n

Description Interpolation time index
Access RW

PDO mapping Possible

Value range INTEGERS, (-128 to +63)

Default value

-3

12.2.2 Object 2086n: Limit speed/acceleration for CSP/CSV'

This object is used to set a maximum velocity during CSP mode of operation.

Object description:

Index 2086n

Name Limit speed/acceleration for CSP
Object code VAR

Data type INTEGER16

' Available only with F515x firmware.
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Entry description:

Access RW

PDO mapping Yes

Value range UNSIGNED16
Default value 0000n

If 20861 = 1, the limit is active. During CSP mode, the maximum velocity will be the one defined in object 6081h. During
CSV mode, the maximum acceleration will be the one defined in object 6083h.

Remark: 11 6081h = 0 and 2086 =1, during CSP mode, the motor will not move when it receives new position commands
because its maximum velocity is limited to 0. The same scenario applies to the CSV mode.

12.3 Cyclic Synchronous Position Mode basic example

Start remote node.

Enter Pre-Operational state.

Enter Safe-Operational state.

Enter Operational state.

Set the interpolation time object to the value of the communication cycle.
By default a new project in TwinCAT runs at 4ms.

Set Object 60C2h sub-index 1 to 4.

Set object 60C2h sub-index 2 to (-3).

This means a value of 43 which means 4ms.

Because the drive default control loop is 1ms, it means that when every new position command is received in

object 607Ah, it will be divided by 4. In other words, over the course of 4ms, the position command will be reached
in a linear manner.

3.

Modes of operation. Select cyclic synchronous position mode.
Set in Modes of Operation mapped in RPDO1 the value 08h.

Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by sending the
shutdown command.

Set in Control Word mapped in RPDO1 the value 06n.
Switch on. Change the node state from Ready to switch onto Switch on by sending the switch on command.
Set in Control Word mapped in RPDO1 the value 07h.

Enable operation. Change the node state from Switch onto Operation enable by sending the enable operation
command.

Set in Control Word mapped in RPDO1 the value OFh.

Send position points. The drive will execute a new motion with every new value it receives in RxPDO2
variable Target position which is object 607An.

Set in Target position mapped in RPDO2, the 32bit value xxxxxxxxn. The motor will travel to the new position

value within 4ms (as set in 60C2:). If actual position =0 and the new target position is 40, then the motor will move 10
increments in 1 ms and translates to a speed of 10lU/ms.

12.4 Cyclic Synchronous Position Mode TwinCAT3 example

In TwinCAT, the NC-PTP interface actually uses by default the CSP mode. Read chapter 1.5.4 to run the TwinCAT 3
example.
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13 Cyclic synchronous velocity mode

13.1 Overview

The overall structure for this mode is shown in Figure 13.1.1. With this mode, the trajectory generator is located in the
control device, not in the drive device. In cyclic synchronous manner, it provides a target velocity to the drive device,
which performs velocity control and torque control. Measured by sensors, the drive device provides actual values for
position, velocity and torque to the control device.

The cyclic synchronous velocity motion is limited to a maximum acceleration by setting a number in object 6083 Profile
acceleration.

The cyclic synchronous velocity mode covers the following sub-functions:

Demand value input

Velocity capture using position sensor or velocity sensor

Velocity control function with appropriate input and output signals

Limitation of torque demand

Remark: the speed control loop must be active in Easy Setup for this mode to function.

Various sensors may be used for velocity capture. In particular, the aim is that costs are reduced and the drive power
system is simplified by evaluating position and velocity using a common sensor, such as is optional using a resolver or
an encoder.

Profile
acceleration
(6083,)

Target | Velocity .| Torque

velocity | control | control
(60FF,)

A4

A r N

S
<..Jorqueactualvalue )
(6077,
«...Velocity actualvalue
(606C,)
<. Positionactualvalue |
(6064,

Figure 13.1.1. Cyclic synchronous velocity mode overview

13.1.1 Controlword in cyclic synchronous velocity mode

The cyclic synchronous velocity mode uses no mode specific bits of the Controlword. See Object 6040h: Controlword.

13.1.2 Statusword in cyclic synchronous velocity mode

MSB LSB
See 6041, Reserved Lirgf; d"e'°°'ty See 6041, Reserved  See 6041n
15 14 13 12 11 10 9 0

Table 13.1.1 — Statusword bit description for cyclic synchronous velocity mode

Name Value Description
. 0 Reserved
Bit10 1 Reserved
Target velocity 0 Target velocity ignored. When 6040h.8 Halt is set to 1.
ignored 1 Target velocity shall be used as input to velocity loop control
Bit13 0 Reserved
1 Reserved
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13.2 Cyclic Synchronous Velocity Mode basic example

1.

10.

11.

12.

13.

14.

Start remote node.

Enter Pre-Operational state.

Disable the Sync Manager 1C12h by setting Subindex 0 to 0.

Send the following message: SDO access to object 1C12n 8-bit value 00n.

Disable the PRDO4 1603 by setting Subindex 0 to 0.

Send the following message: SDO access to object 1603h, sub-index 0 the 8-bit value 00.

Map to PRDO4 1603h the object 60FFh Target velocity.

Send the following message: SDO access to object 1603h, sub-index 1 the 32-bit value 60FF0020r.
Enable the PRDO4 1603n by setting Subindex 0 to 1.

Send the following message: SDO access to object 1603h, sub-index 0 the 8-bit value 01n.

Map RPDO4 to Sync Manager 1C12, Subindex 3. The RPDO4 has now mapped the object 60FFn Target
velocity.

Send the following message: SDO access to object 1C12n, Subindex 3, 16-bit value 1603h.
Enable the Sync Manager 1C12n by setting Subindex 0 to 3.

Send the following message: SDO access to object 1C12n 8-bit value 03h.

Enter Operational state.

Set the interpolation time object to the value of the communication cycle.

By default a new project in TwinCAT runs at 4ms.

Set Object 60C2h sub-index 1 to 4.

Set object 60C2h sub-index 2 to (-3).

This means a value of 43 which means 4ms.

Because the drive default control loop is 1ms, it means that when every new position command is received in
object 607Ah, it will be divided by 4. In other words, over the course of 4ms, the position command will be
reached in a linear manner.

Modes of operation. Select cyclic synchronous velocity mode.
Set in Modes of Operation mapped in RPDO1 the value 09.

Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by sending the
shutdown command.

Set in Control Word mapped in RPDO1 the value 06n.
Switch on. Change the node state from Ready to switch onto Switch on by sending the switch on command.
Set in Control Word mapped in RPDO1 the value 07n.

Enable operation. Change the node state from Switch onto Operation enable by sending the enable operation
command.

Set in Control Word mapped in RPDO1 the value OFh.

Send velocity points. The drive will change its velocity with every new value it receives in RxPDO4 variable
Target velocity which is object 60FFhn.

Set in Target velocity mapped in RPDO4, the 32bit value XXxxXXXXXnh.

Remark: By default, without the Factor Group set, the Target velocity structure is 16.16. Meaning the integer part of the
speed in IU is set in the MSB and the fractional is set in the LSB.
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14 Cyclic synchronous torque mode

14.1 Overview

The overall structure for this mode is shown in Figure 14.1. With this mode, the trajectory generator is located in the
control device, not in the drive device. In cyclic synchronous manner, it provides a target torque to the drive device,
which performs torque control.

Measured by sensors, the drive device provides actual values for position, velocity and torque to the control device.
The cyclic synchronous torque mode covers the following sub-functions:

e demand value input;

e torque capture;

e torque control function with appropriate input and output signals;

limitation of torque demand.

Target »| Torque
torque control
(6071,)

F 9

Torque actual value
(6077,)

< Velocity actual value
(606C,,)

< Position actual value
(6064,)

A

Figure 14.1.1. Cyclic synchronous torque mode overview

14.1.1 Controlword in cyclic synchronous torque mode

The cyclic synchronous torque mode uses no mode specific bits of the Controlword. See Object 6040h: Controlword.

14.1.2 Statusword in external reference speed mode

MSB LSB
Target T
See 6041h Reserved torque Reserved See 6041h
h 6041n
ignored
15 14 13 12 11 10 9 0

Table 14.1.1 — Statusword bit description for Cyclic Synchronous Torque Mode

Name Value Description
. 0 Reserved
Bit10 1 Reserved
Target torque O Target torque ignored
ignored 1 Target torque shall be used as input to torque control loop
Bit13 0 Reserved
1 Reserved
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14.2 Cyclic synchronous torque mode objects

14.2.1 Object 6071n: Target torque

This is used to indicate the configured input value for the torque controller in profile torque mode. The unit for this object
is given in IU.

Object description:

Index 6071n

Name Target torque

Object code VAR

Data type INTEGER16
Entry description:

Access RW

PDO mapping Yes

Value range INTEGER16

Default value 0000n

The computation formula for the current [IU] in [A] is:
65520 - current[ A]
2 - Ipeak
where Ipeak is the peak current supported by the drive and current[IU] is the command value for object 6071n.

curent[IU] =

14.2.2 Object 6077n: Torque actual value

This is used to provide the actual value of the torque. It corresponds to the instantaneous torque in the motor. The value
is given in IU.
Object description:

Index 6077
Name Torque actual value
Object code VAR
Data type INTEGER16
Entry description:
Access RO
PDO mapping Yes
Value range INTEGER16
Default value No

The computation formula for the current [IU] in [A] is:
2 - Ipeak
65520
where Ipeak is the peak current supported by the drive and current[IU] is the read value from object 6077h.

current[ A] = -curent[1U ]

14.3 Cyclic synchronous torque (CST) example

1. Start remote node.
Enter Pre-Operational state.
2. Disable the Sync Manager 1C12s Subindex 0 to 0.
Send the following message: SDO access to object 1C12n 8-bit value 00n.

3. Map RPDO3 to Sync Manager 1C12, Subindex 3. The RPDOS3 has mapped by default, the object 6071n
Target torque.

Send the following message: SDO access to object 1C12n, Subindex 3, 16-bit value 1602h.
4. Enable the Sync Manager 1C12; by setting Subindex 0 to 3.

Send the following message: SDO access to object 1C12n 8-bit value 03h.
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5. Enter Operational state.
Enter Safe-Operational state.
Enter Operational state.

6. Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by sending the
shutdown command.

Set in Control Word mapped in RPDO1 the value 06n.
7. Switch on. Change the node state from Ready to switch onto Switch on by sending the switch on command.
Set in Control Word mapped in RPDO1 the value 07h.

8. Enable operation. Change the node state from Switch onto Operation enable by sending the enable operation
command.

Set in Control Word mapped in RPDO1 the value OFn.
9. Modes of operation. Select cyclic synchronous torque mode.
Set in Modes of Operation mapped in RPDO1 the value 0An.

10. Send target torque points. The drive will apply a new current value with every new command it receives in
RxPDQO3 variable Target torque which is object 607 1.

Set in Target torque mapped in RPDOS3, the 16bit value xxxx.
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15 Touch probe functionality

15.1 Overview

The Touch probe functionality offers the possibility to capture the motor current position when a configurable digital input
trigger event happens.

Remark: do not use the touch probe functionality objects during a homing procedure. It may lead to incorrect results.

15.2 Touch probe objects

15.2.1 Object 60B8h: Touch probe function

This object indicates the configuration function of the touch probe.

Object description:

Index 60B8h
Name Touch probe function
Obiject code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Yes
Value range 0...65535
Default value 0

Table 15.2.1 — Bit Assignment of the Touch probe function

Bit Value Description
14,15 - Reserved
13 0 Switch off sampling at negative edge of touch probe 2
1 Enable sampling at negative edge of touch probe 2*
12 0 Switch off sampling at positive edge of touch probe 2
1 Enable sampling at positive edge of touch probe 2*
00b Trigger with touch probe 2 input (LSN input)
11.10 01b Trigger with zero impulse signal
’ 10p Reserved
11p Reserved
9 0 Trigger first event
1 Reserved
8 0 Switch off touch probe 2
1 Enable touch probe 2
7 - Reserved
0 Enable limit switch functionality. The motor will stop, using quickstop
6 deceleration, when a limit switch is active.
1 Disable limit switch functionality. The motor will not stop when a limit switch is
active.
5 0 Switch off sampling at negative edge of touch probe 1
1 Enable sampling at negative edge of touch probe 1*
4 0 Switch off sampling at positive edge of touch probe 1
1 Enable sampling at positive edge of touch probe 1*
006 Trigger with touch probe 1 input (LSP input)
30 01b Trigger with zero impulse signal
’ 10p Reserved
11p Reserved
1 0 Trigger first event
1 Reserved
0 0 Switch off touch probe 1
1 Enable touch probe 1
*Remarks:

The position cannot be captured on both positive and negative edges simultaneously using the zero impulse signal as
a trigger.
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The position cannot be captured when touch probe 1 and 2 are active and the trigger is set on the zero impulse signal.
The following bit settings are reserved:

-Bit 3 and Bit2 = 1;

-Bit 13 and Bit12 = 1;

-Bit11 and Bit2 = 1;

The homing procedures also utilize the capture function. Using this object during a homing procedure may lead to
unforeseen results.

15.2.2 Object 60B9n: Touch probe status

This object provides the status of the touch probe.

Object description:

Index 60B%h

Name Touch probe status

Obiject code VAR

Data type UNSIGNED16
Entry description:

Access RO

PDO mapping Yes

Value range 0 ... 65535

Default value 0

Table 15.2.2 — Bit Assignment of the Touch probe status

Bit Value Description
111015 - Reserved
10 0 Touch probe 2 no negative edge value stored
1 Touch probe 2 negative edge position stored in object 60BDn
9 0 Touch probe 2 no positive edge value stored
1 Touch probe 2 positive edge position stored in object 60BCh
8 0 Touch probe 2 is switched off
1 Touch probe 2 is enabled
7 - Reserved
6 0 Limit switch functionality enabled.
1 Limit switch functionality disabled.
3to5 - Reserved
> 0 Touch probe 1 no negative edge value stored
1 Touch probe 1 negative edge position stored in object 60BBn
1 0 Touch probe 1 no positive edge value stored
1 Touch probe 1 positive edge position stored in object 60BAn
0 0 Touch probe 1 is switched off
1 Touch probe 1 is enabled

Note: Bit 1 and bit 2 are set to 0 when touch probe 1 is switched off (object 60B8h bit 0 is 0). Bit 9 and 10 are set to 0
when touch probe 2 is switched off (object 60B8h bit 8 is 0). Bits 1,2,9 and 10 are set to 0 when object 60B8h bits 4,5,12
and 13 are setto 0.

15.2.3 Object 60BAn: Touch probe 1 positive edge

This object provides the position value of the touch probe 1 at positive edge.
Object description:

Index 60BAn
Name Touch probe 1 positive edge
Object code VAR
Data type INTEGERS32
Entry description:
Access RO
PDO mapping YES
Value range -231,..2%11
Default value -
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15.2.4 Object 60BBh: Touch probe 1 negative edge

This object provides the position value of the touch probe 1 at negative edge.
Object description:

Index 60BBh
Name Touch probe 1 negative edge
Obiject code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping YES
Value range -231,..23%1-1
Default value -

15.2.5 Object 60BCh: Touch probe 2 positive edge

This object provides the position value of the touch probe 2 at positive edge.
Object description:

Index 60BCh
Name Touch probe 2 positive edge
Obiject code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping YES
Value range -231...2%1-1
Default value -

15.2.6 Object 60BDnh: Touch probe 2 negative edge

This object provides the position value of the touch probe 2 at negative edge.
Object description:

Index 60BDn
Name Touch probe 2 negative edge
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping YES
Value range -231,..2%11
Default value -

15.2.7 Object 2104x': Auxiliary encoder function

This object configures the auxiliary feedback position capture on the zero impulse signal.

Object description:

Index 2104n
Name Auxiliary encoder function
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Yes
Value range 0 ... 65535
Default value 0

" Object 2104+ applies only to drives which have a secondary feedback input with an index signal
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Table 15.2.3 — Bit Assignment of the Auxiliary encoder function

Bit Value Description
15..6 - Reserved
5 0 Switch off sampling at negative edge of touch probe
1* Enable sampling at negative edge of touch probe
4 0 Switch off sampling at positive edge of touch probe
1* Enable sampling at positive edge of touch probe
3 - Reserved
> 0 Reserved
1 Trigger with zero impulse signal
1 - Reserved
0 0 Switch off touch probe
1 Enable touch probe

*Remark

The position cannot be captured on both positive and negative edges simultaneously using the zero impulse signal as
a trigger.

15.2.8 Object 2105 ': Auxiliary encoder status

This object provides the status of the auxiliary feedback touch probe.

Object description:

Index 2105n
Name Auxiliary encoder status
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Yes
Value range 0 ... 65535
Default value 0

Table 15.2.4 — Bit Assignment of the Auxiliary encoder status

Bit Value Description
15103 - Reserved
> 0 Auxiliary feedback touch probe no negative edge value stored
1 Auxiliary feedback touch probe negative edge position stored in object 2107h
1 0 Auxiliary feedback touch probe no positive edge value stored
1 Auxiliary feedback touch probe positive edge position stored in object 2106n
0 0 Auxiliary feedback touch probe is switched off
1 Auxiliary feedback touch probe is enabled

Note: Bit 1 and bit 2 are set to 0 when auxiliary feedback touch probe is switched off (object 2104h bit 0 is 0). Bits 1 and
2 are set to 0 when object 2104+ bits 4 and 5 are set to 0.

15.2.9 Object 2106n2: Auxiliary encoder captured position positive edge

This object provides the position value of the auxiliary feedback captured at positive edge.
Object description:

Index 2106n
Auxiliary encoder captured positive
Name edge
Obiject code VAR
Data type INTEGER32

" Object 2105h applies only to drives which have a secondary feedback input with an index signal
2 Object 2106n applies only to drives which have a secondary feedback input with an index signal

© Technosoft 2019 159 iPOS CoE Programming



Entry description:

Access RO

PDO mapping YES
Value range -231, 2811
Default value -

15.2.10 Object 2107h': Auxiliary encoder captured position negative edge

This object provides the position value of the auxiliary feedback captured at negative edge.
Object description:

Index 2107n
Name Auxmgry encoder captured position
negative edge
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping YES
Value range -231, 2811
Default value -

15.3 Touch probe example

In this example, the touch probe 1 will be enabled to capture the position when the positive limit switch LSP is
triggered on the positive edge while moving the motor in trapezoidal mode.

1. Start remote node.
Enter Pre-Operational state.
Enter Safe-Operational state.
Enter Operational state.
2. Modes of operation. Select position mode.
Set in Modes of Operation mapped in RPDO1 the value 01h.

3. Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by sending the
shutdown command.

Set in Control Word mapped in RPDO1 the value 06n.
4. Switch on. Change the node state from Ready to switch onto Switch on by sending the switch on command.
Set in Control Word mapped in RPDO1 the value 07h.

5. Enable operation. Change the node state from Switch onto Operation enable by sending the enable operation
command.

Set in Control Word mapped in RPDO1 the value OFn.

6. Target position. Set the target position to 4 rotations. By using a 500 lines incremental encoder the
corresponding value of object 607An expressed in encoder counts is 1F40n.

Set in Target position mapped in RPDO2 the value 00001F40k.
7. Target speed. Set the target speed normally attained at the end of acceleration ramp to 2IU/ms (low speed).
Send the following message: SDO access to object 6081h, 32-bit value 00020000k.

8. Set touch probe function to 0x11. Set touch probe function to enable touch probe 1, touch probe 1 to be the
positive limit switch LSP, capture the position on the positive edge of the signal (when LSP goes low to high).

Send the following message: SDO access to object 6081h, 32-bit value 00020000s.
9. Read touch probe status. Read touch probe status.
Send the following message: SDO read access to object 60B9k.

If the read value is 0x0001 it means that touch probe 1 is active (bit0O=1) and a capture was detected on the
positive edge (bit1=1).

10. While the motor is moving, trigger the LSP input. The motor should stop.

" Object 2107h applies only to drives which have a secondary feedback input with an index signal
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11. Read touch probe status. Read touch probe status.
Send the following message: SDO read access to object 60B9r.

If the read value is 0x0003 it means that touch probe 1 is active (bit0=1) and no capture was detected on the
positive edge (bit1=0).

12. Read the touch probe 1 positive edge captured value.
Send the following message: SDO read access to object 60BAx.

If the read value should be close to the value of motor actual position (6064h). When the capture was detected,
the motor was moving. The limit switch caused the motor to decelerate and stop after the even occurred.

16 Data Exchange between EtherCAT® master and drives

16.1 Checking Setup Data Consistency

During the configuration phase, a EtherCAT® master can quickly verify using the checksum objects and a reference
.sw file whether the non-volatile EEPROM memory of the IDM680 drive contains the right information. If the checksum
reported by the drive doesn’t match the one computed from the .sw file, the EtherCAT® master can download the entire
.sw file into the drive EEPROM using the communication objects for writing data into the drive EEPROM.

In order to be able to inspect or to program any memory location of the drive, as well as for downloading of a new TML
program (application software), three manufacturer specific objects were defined: Object 2064n — Read/Write
Configuration Register, 2065n — Write Data at address specified in 2064, 2066 — Read Data from address specified in
2064n, 2067 — Write data at specified address.

16.2 Data Exchange Objects

16.2.1 Object 2064n: Read/Write Configuration Register

Object Read/Write Configuration Register 2064 is used to control the read from drive memory and write to drive memory
functions. This object contains the current memory address that will be used for a read/write operation. It can also be
specified through this object the type of memory used (EEPROM, data or program) and the data type the next read/write
operation refers to. Additionally, it can be specified whether an increment of the memory address should be performed
or not after the read or write operation. The auto-increment of the memory address is particularly important in saving
valuable time in case of a program download to the drive as well when a large data block should be read from the
device.

Object description:

Index 2064n
Name Read/Write configuration register
Object code VAR
Data type UNSIGNED32
Entry description:
Access RW
PDO mapping Possible
Units -
Value range 0...2%1
Default value 0x84

Table 16.2.1 — Read/Write Configuration Register bit description

Bit Value Description
31...16 X 16-bit memory address for the next read/write operation
15...8 0 Reserved (always 0)
7 0 Auto-increment the address after the read/write operation
1 Do not auto-increment the address after the read/write operation
6...4 0 Reserved (always 0)
00 Memory type is program memory
39 01 Memory type is data memory
’ 10 Memory type is EEPROM memory
11 Reserved
1 0 Reserved (always 0)
0 0 Next read/write operation is with a 16-bit data
1 Next read/write operation is with a 32-bit data
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When object 2064+ bit 7=0 (auto-incrementing is ON), do not read the object
list in parallel with a read/write operation using a script. By reading object
2066n in parallel with another application, the target memory address will be
incremented and will lead to incorrect data writing or reading.

Warning!

16.2.2 Object 2065n: Write 16/32 bits data at address set in Read/Write Configuration Register

The object is used to write 16 or 32-bit values using the parameters specified in object 2064» — Read/Write Configuration
Register. After the successful write operation, the memory address in object 2064, bits 31...16 will be auto-incremented
or not, as defined in the same register. The auto-incrementing of the address is particularly useful in downloading a
program (software application) in the drives memory.

Object description:

Index 2065n
Name Write dz_ata at address set in 2064n
(16/32 bits)

Obiject code VAR

Data type UNSIGNED32
Entry description:

Access WO

PDO mapping Possible

Units -

Value range 0...2%1

Default value No

The structure of the parameter is the following:

Bit Value Description
31. 16 0 Reserved if bit 0 of object 2064 is 0 (operation on 16 bit variables)

X 16-bit MSB of data if bit 0 of object 2064 is 1 (operation on 32 bit variables)
15...0 X 16 bit LSB of data

16.2.3 Object 2066n: Read 16/32 bits data from address set in Read/Write Configuration Register

This object is used to read 16 or 32-bit values with parameters that are specified in object 2064n — Read/Write
Configuration Register. After the successful read operation, the memory address in object 2064, bits 31...16, will be
auto-incremented or not, as defined in the same register.

Object description:

Index 2066n
Name Read da}ta from address set in 2064n
(16/32 bits)

Object code VAR

Data type UNSIGNED32
Entry description:

Access RO

PDO mapping No

Units -

Value range UNSIGNED32

Default value No

The structure of the parameter is the following:

Bit Value Description
3116 0 Reserved if bit 0 of object 2064+ is 0 (operation on 16 bit variables)

X 16-bit MSB of data if bit 0 of object 2064 is 1 (operation on 32 bit variables)
15...0 X 16 bit LSB of data

16.2.4 Object 2067n: Write 16bit data at specified address

This object is used to write a single 16-bit value at a specified address in the memory type defined in object 2064n —
Read/Write Configuration Register. The rest of the bits in object 2064n do not count in this case, e.g. the memory
address stored in the Read/Write Control Register is disregarded and also the control bits 0 and 7. The object may be
used to write only 16-bit data. Once the type of memory in the Read/Write Control Register is set, the object can be
used independently. If mapped on a PDO, it offers quick access to any drive internal variable.
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Object description:

Index 2067h
Name Write data at specified address
Obiject code VAR
Data type UNSIGNED32
Entry description:
Access WO
PDO mapping Possible
Units -
Value range UNSIGNED32
Default value No
Bit Value Description
31...16 X 16-bit memory address
15...0 X 16 bit data value to be written

16.2.4.1 Writing 16 bit data to a specific address using object 2067, example

Considering the following variable found in variables.cfg in the /Firmwares/F515I folder:

UINT  POSOKLIM @0x036A. It means that it is found at address 0x036A.
Write the data 0x1234 to address 0x036A using SDO access to object 2067h:
SDO access to object 2067x 32-bit value 036A1234n.

16.2.5 Object 2069n: Checksum configuration register

This object is used to specify a start address and an end address for the drive to execute a checksum of the E2ROM
memory contents. The 16 LSB of this object are used for the start address of the checksum, and the 16 MSB for the

end address of the checksum.

Note: The end address of the checksum must be computed as the start address to which you add the length of the
section to be checked. The drive will actually compute the checksum for the memory locations between start address

and end address.

The checksum is computed as a 16 bit unsigned addition of the values in the memory locations to be checked. When
the object is written through SDO access, the checksum will be computed and stored in the read-only object 206An.

Object description:

Index 2069
Name Checksum configuration register
Obiject code VAR
Data type UNSIGNED32
Entry description:
Access RW
PDO mapping No
Units -
Value range UNSIGNED32
Default value No

The structure of the parameter is the following:

Bit Value Description
31...16 X 16-bit end address of the checksum
15...0 X 16 bit start address of the checksum

16.2.6 Object 206An: Checksum read register

This object stores the latest computed checksum.
Object description:

Index 206An
Name Checksum read register
Object code VAR
Data type UNSIGNED16
Entry description:
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Access RO

PDO mapping No

Units =

Value range UNSIGNED16
Default value No

16.2.7 Object 210Ch: enable SW file download

This object allows writing a SW file using FoE protocol while in BOOTSTRAP state.

TwinCAT3 has the function “fbDownload” which can be used for FOE transfer protocol. When this function is called, the
drive is reset into BOOTSTRAP state.

This object must be set to 0 to use the function to download a firmware file using FoE protocol.
This object must be set to 1 to use the function to download a SW setup file using FoE protocol.
Object description:

Index 210Cn
Name Enable SW file download
Object code VAR
Data type INTEGER16
Entry description:
Access RW
PDO mapping Yes
Units -
Value range INTEGER16
Default value No

16.2.8 Object 210Ch: enable SW file download

This object allows writing a SW file using FoE protocol while in BOOTSTRAP state.

TwinCAT3 has the function “fbDownload” which can be used for FoE transfer protocol. When this function is called, the
drive is reset into BOOTSTRAP state.

This object must be set to 0 to use the function to download a firmware file using FoE protocol.
This object must be set to 1 to use the function to download a SW setup file using FoE protocol.
Object description:

Index 210Cn
Name Enable SW file download
Object code VAR
Data type INTEGER16
Entry description:
Access RW
PDO mapping Yes
Units -
Value range INTEGER16
Default value No

16.3 Image Files Format and Creation

An EEPROM image file (with extension .sw) is a text file that can be read with any text editor. It contains blocks of data
separated by an empty line. Each block of data starts with the block start address, followed by data values to place in
ascending order at consecutive addresses: first data — to write at start address, second data — to write at start address
+ 1, etc. All the data are hexadecimal 16- bit values (maximum 4 hexadecimal digits). Each line contains a single data
value. When less than 4 hexadecimal digits are shown, the value must be right justified. For example 92 represents
0x0092.

The .sw software files can be generated either from EasySetUp or from EasyMotion Studio.

In EasySetUp, a .sw file is created with the command Setup | Create EEPROM Programmer File... The software file
generated, includes the setup data and the drive/motor configuration ID with the user programmable application ID.

In EasyMotion Studio, a .sw file is created with one of the commands: Application | EEPROM Programmer File | Motion
and Setup or Setup Only. The option Motion and Setup creates a .sw file with complete information including setup data,
TML programs, cam tables (if present) and the drive/motor configuration ID. The option Setup Only produces a .sw file
identical with that produced by EasySetUp i.e. having only the setup data and the configuration ID.

The .sw file can be programmed into a drive:
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from a EtherCAT® master, using the communication objects for writing data into the drive EEPROM

using the EEPROM Programmer tool, which comes with EasySetUp but may also be installed separately. The EEPROM
Programmer was specifically designed for repetitive fast and easy programming of .sw files into the Technosoft drives
during production.

16.4 Downloading an image file (.sw) to the drive using CoE objects example

The structure of an image file (.sw) is described in paragraph 16.3 and shown in Figure 16.4.1.

In order to download the data block pointed by the red arrow, first the block start address i.e. 5638h must be set using
an SDO access to object 2064+.
e Send the following message: SDO access to object 2064n, 32-bit value 56380008+.

The above configuration command also indicates that next read or write operation shall be executed with drive’s
EEPROM memory using 16-bit data and auto increment of address. All the numbers from the lines after 5638n until the
following blank line represents data to write in the EEPROM memory at consecutive addresses starting with 5638n. The
data writes are done using an SDO access to object 2065n. First data word C400n is written using:

e Send the following message: SDO access to object 2065h, 32-bit value 0000C400k.

From the whole 32bit number, only C400n will be written and 0000n will be ignored because the write operation was
configured for 16bits in object 2065 n.

Next data word 0000n is written with:
Send the following message: SDO access to object 2065h, 32-bit value 00000000k.

[B untitled Application.sw - Not... I[=] E3

File Edt Format Yiew Help

404 -
5A57 ﬂ
FFFF

3000

Figure 16.4.1. .sw file structure example

ntil the next blank line from the .sw file. Because the next data after a blank line is
rocess repeats. Finally to verify the integrity of the information stored in the drive
and 206An can be used to compare the checksum computed by the drive with that

v

en object 2064 bit 7=0 (auto-incrementing is ON), do not read the object
in parallel with a read/write operation using a script. By reading object
2066n in parallel with another application, the target memory address will be
incremented and will lead to incorrect data writing or reading.

|4

RN

wariimny:

16.4.1 Checking and loading the drive setup via .sw file and CoE commands example.

Check the integrity of the setup data on a drive and update it if needed.

Before reading this example, please read paragraph 16.4.
To create a .sw file containing only the setup data do the following:

¢ In Easy Motion Studio, go to Application (in the menu bar at the top)-> Create EEPROM Programmer File ->
Setup Only... . Choose where to save the .sw file.

¢ In EasySetup, Setup (in the menu bar at the top) -> Create EEPROM Programmer File... . Choose where to
save the .sw file.

Let’s suppose that the setup data of a Technosoft drive is located at EEPROM addresses between 0x5E06 and 0x5EFF.
Here are the steps to be taken in order to check the setup data integrity and to re-program the drive if necessary:
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f :i Setup_Example.sw - Notepad l<">| E “ = | = ﬂ;h‘

File Edit Format View Help
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CDEF line 5
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1. Compute the checksum in the .sw file. Let’'s suppose that the computed checksum is 0x1234.

2. Access object 2069n in order to compute the checksum of the setup table located on the drive. Write
the value OX5EFF5E06

Send the following message: SDO write to object 2069n sub-index 0, 32-bit value 5SEFF5EQ6h.

Following the reception of this message, the drive will compute the checksum of the EEPROM locations 0x5E06 to
Ox5EFF. The result is stored in the object 206An.

3. Read the computed checksum from object 206An.
Read by SDO protocol the value of object 206An.

Let us assume the drive returns the following message (Object 206An = 0x2345):

As the returned checksum (0x2345) does not match the checksum computed from the .sw file, the setup table has
to be configured from the .sw file.

4. Prepare the Read/Write Configuration Register for EEPROM write. Let us assume the address Ox5E06 is
the first 16 bit number found in the .sw file where setup data begins. Write the value 0x5E060009 into the object
2064n (write 32-bit data at EEPROM address 0x5E06 and auto-increment the address after the write
operation).

Send the following message: SDO write to object 2064n sub-index 0, 32-bit value 5E060009h.

5. Write the sw file data 32 bits at a time. Supposing that the next 2 entries in the .sw file after the start address
0x5E06 are 0x and 0x5678, you have to write the value 0x5678 into object 2065n.

Send the following message (SDO write to object 2065n sub-index 0, 32-bit value 56781234+):
The number 0x will be written at address 0x5E06 and 0x5678 will be at OX5EQ7.

6. Assuming the next data after 0x5678 will be 0x09AB and 0xCDEF, write the value 0OXCDEFQ9AB into object
2065h.

Send the following message (SDO write to object 2065n sub-index 0, 32-bit value CDEF09ABH):
The number 0x09AB will be written at address 0xX5E08 and OXxCDEF will be at 0x5E09.
7. Repeat step 5 until a blank line is found in the .sw file.

This means that all the setup data is written, even if there is more data after the blank line.

7| Setup Example.sw - Notepad @ & = | E

[ File Edit Format View Help |

0
379
FE4D
FACO
G —
SEFF
5E06

Ln23, Col¢ |
)

8. Re-check the checksum (repeat steps 2 and 3). If ok, go to step 9
9. Reset the drive in order to activate the new setup.
Send with the Cob ID 0x0 the data 0x81 0x0A. Where 0xOA means Axis ID 10.

When object 2064+ bit 7=0 (auto-incrementing is ON), do not read the object
list in parallel with a read/write operation using a script. By reading object
2066n in parallel with another application, the target memory address will be
incremented and will lead to incorrect data writing or reading.

Warning!

16.4.2 SW file Checksum calculation C# example code
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The code presented below is written in C# language and its structure can be used as an example for other programming
languages.

The program itself works as standalone. Just create a new console script in Visual Studio C# 2005 or newer and copy
it directly.

A script cam download a .sw file and at the same time calculate the checksum for each section in order to verify it later
with object 2069h and 206Ah.

A SW file has up to 4 data sections. This script will Display the Start, End address and Checksum of each section.
These three parameters can later be used with objects 2069h and 206Ah to verify the checksum on the drive after the
SW file is downloaded. Later, to verify the data integrity, at each drive start-up, the checksum can be verified to ensure
the correct setup data is present on the drive.

16.4.2.1 SW file Checksum calculation C# example code

using System;

using System.Collections.Generic;
using System.Text;

using System.IO;

using System.Threading;

using System.Collections;

using System.Runtime;

using System.Diagnostics;

namespace THS_checksum_calculator
{
static class Program
{
static void Main(string[] args)
{
String Path = "c:\\setupl.sw"; //define the SW file path
CalculateSWfileChecksum (Path) ;
}
private static void CalculateSWfileChecksum(String Path)
{

System.Console.WriteLine("");

System.Console.WriteLine ("Reading SW file from path : " + Path);
System.Console.WriteLine ("");

try

{
StreamReader sr = File.OpenText (Path);
String strLine;

bool setAddress = true; //because the first line in the SW is an
address, start with setAddress TRUE.

UInt1l6 checksumSW = 0;
UIntl6 StartAddress = 0;
UInt1l6 EndAddress = 0;
Byte[] LineData;

int swFileSection = 1;

while (null != (strLine = sr.ReadLine()))
{
if (strLine == "") //checks for blank spaces with no data
{
System.Console.WriteLine ("End address = 0x" +
EndAddress. ToString("X") + "; High 1l6ébit of object 2069,"); //Display in HEX the

current section End address

System.Console.WriteLine ("Checksum = 0x" +
(checksumSW) . ToString ("X") + "; To be compared with object 206A, value."); //Display in
HEX the current section Checksum value
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System.Console.WriteLine ("");
checksumSW = 0;
setAddress = true;
continue;
}
if (setAddress)
{

LineData = BitConverter.GetBytes (Intl6.Parse(strLine,
System.Globalization.NumberStyles.HexNumber, null));

StartAddress = BitConverter.ToUIntlé6 (LineData, 0);
EndAddress = StartAddress;
EndAddress——;

System.Console.WriteLine ("SW file Section " + swFileSection +
" parameters:"); //Display the SW file section

System.Console.WriteLine ("Start address = 0x" +
StartAddress.ToString ("X") + "; Low l6bit of object 2069,"); //Display in HEX the
current section Start address

swFileSection++; //increment the file section number
setAddress = false;
continue;

}

EndAddress++;

LineData = BitConverter.GetBytes(Intl6.Parse(strLine,

System.Globalization.NumberStyles.HexNumber, null));
checksumSW += BitConverter.ToUIntl6 (LineData, 0) ;

}

System.Console.WriteLine ("Ended reading file " + Path );

sr.Close();

Thread.Sleep(5000); //Wait and display results in Debug window before

it closes

}
catch (FileNotFoundException e)

{

System.Console.WriteLine (e.Message);

The output window of the program should look like this:

Reading SW file from path : c:insetupl.sw

LW file Section 1 parameters:

Gtart address = Ox4000; Low 16hit of object 206%h
End address = Ox4173; High 16hit of ohject 206%h
Checksum = OxFOBC; To he compared with object 206Ah

LW file Section 2 parameters:

Gtart address = Ox?B?E; Low 16bhit of object 206%h

End address = Ox?FAF; High 16hit of ohject 206%h

Checksum = 0x4168; To be compared with object 206Ah value.

LW file Section 3 parameters:

Gtart address = Ox?FBF; Low 16hit of object 206%h

End address = Ox?FED; High 16hit of ohject 206%h

Checksum = OxFFFF; To bhe compared with object 206Ah value.

LW file Section 4 parameters:

Gtart address = Ox?FFF; Low 16hit of object 206%h
End address = Ox?FFF; High 16hit of ohject 206%h
Checksum = Ox7B7E; To he compared with object 206Ah

Ended reading file c::setupl.su
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16.4.3 FoE software files, creation and use

Only drives with firmware F515F or newer, support FoE (File over EtherCAT) protocol to transfer Setup data or Firmware
update.

The FoE software files can be generated either from EasySetUp or from EasyMotion Studio.

In EasySetUp, a FoE file is created with the command Setup | Create EtherCAT FoE File... The software file
generated, includes the setup data and the drive/motor configuration ID with the user programmable application ID
(editable from Drive Setup/Drive info button).

In EasyMotion Studio, a .sw file is created with one of the commands: Application | Create EtherCAT FoE File |
Motion and Setup or Setup Only. The option Motion and Setup creates a FoE file with complete information including
setup data, TML programs, functions, customized homing routines and the drive/motor configuration ID. The option
Setup Only produces a .sw file identical with that produced by EasySetup i.e. having only the setup data and the
configuration ID.

A FOESW file can be saved with the extension .bin or .efw.

16.4.3.1 FoE files rules and information

e The FoE file must start with “FOESW_".

e The entire FoE file name length must not exceed 14 characters. The extension is excluded.

e A Setup data file can be transferred via FoE protocol only in Op, Pre-OP and Safe-Op ECAT states. While in
Bootstrap state, the file is rejected.

e The password to program a FoE setup data file is 0.

If any of the rules mentioned above is not fulfilled, the file will be rejected by the drive.

16.4.4 Writing a FoE (File over EtherCAT) Setup data file using TwinCAT 3 example

Only drives with firmware F515F or newer, support FoE (File over EtherCAT) protocol to transfer Setup data or Firmware
update.

See Par. 16.3 about creating a FoE file first.
Open a TwinCAT 3 project that is communicating with a Technosoft EtherCAT drive.
Click the drive name and select the Online tab:

&0 TwinCAT Project1 - Microsoft Visual Studio

Filz  Edit Yew Project Buld Dshug TwinCAT PLC Tools Scops  Window  Help
P S K9 -0 - S| b [Relsase ~| TwinCAT RT (x86) -
i B B2RE|sr 0 [doa> 0 A

s

B E|ElErE=0 | & b

o " -l | Genersl | EthercaT | D | Process Data | Starup || Cof - Oniing| Oriine
; Solubion ‘TwinCAT Projectl’ {1 project) =N = -
= TwinCAT Project1 | siaie Michise

: g
+ SYSTEM
= Curent State; oF
= [ me-Task 1 50F Saielp
- [B3 NC-Task 1 5vB | FRequested State: 0P
- Jal RE—
- [T Tables
= S hixes DLL Status
& B Axis 1
b || Pone Canier / Open
L£5) SAFETY | Port B: No Carrier / Closed
o pae | 5 -
= = 1o
By |
= i Devices
=l == Device 2 (EtherCAT)
28 qrage

*B 1rage-Info
2 Synclnits
Inputs
- % Frm0state
- # Frmlwcstate
- % Frm0InputToggle
- #| SlaveCount @ oEnors || N owarnings || (i) 0 Messages || Cisar
~ W Devstate
= i Outputs
&+ Frm0ct
B+ Frm0WicChrl
B Devetrl
el R
B 2 Drive 1 (POS4808 My-CAT-5TO) ||

Description File Line

Under the File Access over EtherCAT, press the Download button.

Remark: the file Access over EtherCAT area becomes available only if the drive is programmed with the latest XML
information. The XML revision must be 892417350 (0x35313546 or 515F in ASCII) or later. See Par 1.5.4.6 Checking
and updating the XML file stored in the drive.

Choose the Drive Setup file and click Open.
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When prompted, choose the password as 0 and click OK.
Edit FoE Name
Sting FOESW_12345670 f ]
. G 4553 SR I 2B M T/ I
Length: 14

Password (hex): | 00000000

After clicking OK, a progress bar on the bottom right corner will confirm that the writing is complete.

ﬁ Properties

Remark: The TwinCAT function “FB_EcFoelLoad” will not work directly with loading FoE Setup data files because it
automatically changes the state into Bootstrap. To transfer Setup data using FoE while in Bootstrap, first set object
210Cn to 1.

16.4.5 Writing a FoE (File over EtherCAT) Setup data file using TwinCAT 3 ST script example

Even if not used, please read first Par 16.4.4.

Only drives with firmware F515I or newer, support FoE (File over EtherCAT) protocol to transfer Setup data while in
Bootstrap state when object 210Ch = 1.

See Par 0 about creating a FoE file first.

The Setup data can be updated via the TwinCAT “FB_EcFoelLoad” function which sets the drive into Boot mode
automatically. Object 210Ch must be 1 while before starting this transfer.

Before running the script file, increase the Mailbox receive timeout to 20000ms.

Click the drive name and select the EtherCAT tab. Click the Advanced settings button and a new window will open.

ToriCAT Promset]

adl

- Geraed FimCaT 0T | Procass Dota | Sistin | Cof - Orios | Dirken
3 Sokition TwiniAT Frofect {1 praject) s G
B iy maias fyom PUSIROMYEATST0
. d\nlin
s T Frodelferen | P41 /RN PR
B e T s i
ey o a
*% mage EtherCaT asa [7] 1001 L Aufwance Seftrgs.
™ T .
] | Kdvanced Settings B
[ e —

" Timeuet Stlings
R ———
Lap 000
P850 e

[ i)

048 E

I
T NG Tash, | S2F - Devace 2 (EihesCAT) |
s Tk § 555 < D 2 (HPwe AT} I

T =
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Under General, select the Timeout Settings and write a value of 20000 under response for the Mailbox timeout. Click
OK to close the window.

In the PLC area, create a ST program with the lines from the image below:

@ Resh-Time
o b Tl
[B Ptk
s Rentey
B Tecom Gogects

3 Enternal Types
s L Adferences
=2 Ted_EtherCAT
3 el Standard
2 Ted System
3 Ted Modie
@ m

o
s [z POl
() M (PG}
2 VIS
4 [ PeTasi (PicTask)
A mam

1 Testhokime
o [H] TestFok Instance
Tk bnputs
W PheTask Cutgans

w7 Testfol Instance - Device d (EtherCal)

The library manager must have loaded the libraries from the image below:

Library Manager & 3¢

?_j Add library T 5] Placeholders m Library repository

Mame Mamespace Effective wersion
+ Tc2_EtherCAT = Te2_EtherCAT, 3.3.2.0 (Beckhoff Automation GrbH) Tc2_EtherCaT 33.2.0
B Tc2_standard = TcZ_Standard, 3.3.0.0 (Beckhoff Automation GmbH) Tc2_Standard 33.0.0
+ T2 _Swstem = Tc2_System, 3.3.5.0 (Beckhoff Automation GmbH) Tcz_Swskem 3.3.5.0
+ To3_Module = Te3_Module, 3.3.5.0 (Beckhoff Automation GmbH) Tc3_Module 33.5.0

16.4.6 Updating the firmware via FoE (File over EtherCAT) TwinCAT 3 GUI example

Only drives with firmware F515F or newer, support FoE (File over EtherCAT) protocol to for Firmware update.

The firmware update file can be supplied only on demand. Please write at support@technosoftmotion.com for more
information.

Remark: the file Access over EtherCAT area in the TwinCAT GUI becomes available only if the drive is programmed
with the latest XML information. The XML revision must be 892417350 (0x35313546 or 515F in ASCI|) or later. See Par
1.5.4.6 Checking and updating the XML file stored in the drive.

The firmware file has the following name structure:
“FOEFW_XXXX”. The file must start with and contain the name FOEFW _. XXXX is the firmware name.
To update a firmware via FoE protocol, the password 0x35313546 must be supplied.

Remark: in case the firmware update procedure fails or is interrupted, power cycle the drive and start the procedure
again. Starting with F515F, the drives have a non-erasable boot section.

Open a TwinCAT 3 project that is communicating with a Technosoft EtherCAT drive.
Click the drive name and select the EtherCAT tab. Click the Advanced settings button and a new window will open.
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2 Solution "TwinCAT Project1’ (1 project)
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Open link after link detect Timeouts (m3)
PortB 1o 3]
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Under General, select the Timeout Settings and write a value of 20000 under response for the Mailbox timeout. Click
OK to close the window.

Under Devices, click the EtherCAT device and then select the Adapter tab.

M sl TwinCAT Projectl 3¢

| 'cééneml_ | Adapter IE'"{HE{EM | Online | CoE - Onine |

(&) Nehwork Adapter

Solution Explorer

3 Solution '"TwinC AT Project’ {1 project)
= ] TwinCAT Prajectl

(] SvSTEM
gwomm @ 05 NDIS) QP () DPRAM
2] NC-Task 1 5AF Diescription: Local &rea Connection [Intel 21140-B ased PCI Fast E
- [E3 NC-Task 1 SuB S —
b f‘.! Image Device Name: SDEVICENATODFEBD-820D 7-4640-4220 - 269685649593}
W Pel Bus/5i
- :in Axes L : eaich...
& B Axis 1 MAL Address: 0003 f 02 2e Oc Compatible Devices...

IP &ddress: 169.254.88.226 [255.255.0.0)

[ Pramizcuaus Made [use with Wireshark anly)
[ Wirtual Device Mames

= Device 2 (EthercaT) ||

0% {73 idapter Reference
- 2B Image-Info

B 2 syncUnits

= [ Inputs
#1 Frm0State
# FrmidW'cState
#1 Frm0InputToggle
# SlaveCount
#! DevState

= Bl Outputs

Freerun Cycle [mz): 1 ﬂ i';,

Murber Box Mame Address | Tvpe In Size

Set for the Freerun cycle a 10ms value.

To apply these new settings, click the Reload Devices in the TwinCAT toolbar to re-start Freerun cycle mode.
File Edit ‘Wiew Project Buld Debug TwinCAT PLC Tools  Stope
s ™ B A R Y R = e A
ip O E 3‘:(@'636‘_'_“&0:&} v!;i

Click the drive name again and select the Online tab.
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TwinCAT Projectl
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= ] TwinCAT Projectl Srat b achie
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-~ #1 FrmOInputToggle
# SlaveCount

#1 DevState
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- v DevChrl
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=2

- ] Drive 1 (iPOS4808 MY-CAT-5TO)

Description File: Line Calumn Pro

Under state machine, click the Bootstrap button and wait until the drive changes its current state into BOOT.

Under File Access over EtherCAT, click the download button and select the firmware file. In this example, the file name
FOEFW_F515G.foe was selected.

Under Password(hex), write 35313546.
Click OK to continue.
A progress bar will be shown in the lower right corner of TwinCAT.

ﬁ} Properties

Wait until it finishes and then click the Op button in the state machine section.
The drive will reset internally and start with the new firmware.

Warning: while downloading the firmware, never power off. At first, the flash memory is erased and the drive might be
permanently damaged. Only if an error occurs, the power can be cycled to re-establish communication and start the
procedure again.

Remarks:

e If the firmware programing fails, most likely the firmware is partially erased. Until a correct firmware is written,
the drive will not be fully functional.

In case the TwinCAT update procedure keeps failing, the firmware can still be updated using an RS232 connection and
the Technosoft Firmware programmer tool that is included in the EasySetup or Easy Motion Studio software package.

16.4.7 Updating the firmware via FOE with TwinCAT 3 ST script example

Even if not used, please read first Par 16.4.4.

The firmware can be updated via the TwinCAT “FB_EcFoelLoad” function which sets the drive into Boot mode
automatically.

Before running the script file, increase the Mailbox receive timeout to 20000ms.

Click the drive name and select the EtherCAT tab. Click the Advanced settings button and a new window will open.
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Under General, select the Timeout Settings and write a value of 20000 under response for the Mailbox timeout. Click
OK to close the window.

In the PLC area, create a ST program with the lines from the image below:

1 PROGREM MATN
- Solution ‘Test_FoE' {1 praject) 2 2 YR 0
= [ Test_FeE = 3 fhDownload : FB_EcFoeLoad := [
@ @l svsTEm 4 sWetID := '192.158.250.5.5.1",
HOTION s nSlavedddr := 1001,
FLC & sPathName := 'C:\Test FoEVFOEFW_F515G.foe.efu',
TestFoE 5 duPass := 16#35313546, 13
21 TestFo Project s Mode := eFoeMode Urite,
G [ External Types L] tTimeout := T#105 J;
=~ | References 10
« 2 Tez_EtherCAT 11 bload : BOOL:
+3 Tez_Standard 1z LEusy : BOOL:
G To Systorm 13 bError : BOOL:
o T odile 14 nErrID : UDINT:
i 'lj 2:';5 15 nEytesliritten : UDINT;
E ”GVL 15 nPercent : UDINT; |
=[5 POUs 17 =
- [5] maIn (pRa) < M 2
- O3 Vs R - == T
=2 @& PI;Task(P\:Task) 2 4 FoE Trite
- A (S
- 2l TestFoE.tme B "
&[] TestFoE Instance g
- [ PleTask Inputs
- W PlcTask Outputs = & tbbownload( bExecute := bload,
T saFETY 7 hEusy => hBusy,
P 8 bError =» bError, =
vo 3 nErrId = nErrlD,
#ﬁé Devices 10| cbload => nBytesWritten,
== Device 4 (EtherCAT) 11 nProgress => nPercent |;
= 2: Mappings
&7, TestFoE Instance - Device 4 (EtherCAT) 1
[ne
& 2]

The library manager must have loaded the libraries from the image below:

Library Manager & 3¢

ﬁ‘_j Add library i 5] Placeholders m Library repository

Mame Mamespace Effective wersion
+ =8 Tc2_EtherCAT = Tc2_EtherCAT, 3.3.2.0 (Beckhoff Automation GribH) Tcz_EtherCaT 3.3.2.0

B Tc2_standard = TcZ_Standard, 3.3.0.0 (Beckhoff Automation GmbH) Tc2_Standard 33.0.0
+ T2 _Swstem = Tc2_System, 3.3.5.0 (Beckhoff Automation GmbH) Tcz_Swskem 3.3.5.0
+ To3_Module = Te3_Module, 3.3.5.0 (Beckhoff Automation GmbH) Tc3_Module 33.5.0
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16.5 Ethernet over EtherCAT (EoE) communication’

16.5.1

The Ethernet over EtherCAT (EoE) communication allows the EasyMotion Studio or EasySetup software to
communicate with Technosoft EtherCAT slaves over an EtherCAT network without the need of a direct RS232
connection.

Overview

Warning: Do not connect the EtherCAT slave directly to a Local Area Network.

The EtherCAT communication will flood the LAN with unsolicited messages. The EtherCAT slave must be connected
to an EtherCAT master which can later be connected to the LAN through its dedicated Ethernet port. EOE communication
can occur only if the EtherCAT master supports forwarding EOE messages.

For detailed step by step instructions on setting up EoE communication using TwinCAT, read chapter 16.5.3. The
connection diagram below is just an example that uses the settings you can find in chapter 16.5.3

EoE Slave

1P: 172.16.24.12
Subnet:  255.255.255.0
Gateway: 172.16.24.11

In Command Prompt with Administrator rights, write:
route add 172.16.24.0 mask 255.255.255.0 192.168.10.50

T
1 N Virtual
Router | : Switch

EtherCAT master

In Easy Motion Studio, communicate with
Channel Type : (EoE) :
Port 1 172.16.24.12 rnet/ E j : m
PC running | | N
Easy Motion X I
Studio f

v

Network interface
IP: 192.168.10.21
Subnet:  255.255.255.0

v

v

Master LAN interface
IP: 192.168.10.50
Subnet:  255.255.255.0

Master ECAT interface
IP: 172.16.24.11
Subnet:  255.255.255.0

Figure 16.5.1. EoE example schema

16.5.2 EoE communication objects

16.5.2.1 Object 210Dn: Virtual MAC address for EoE
This object reveals the virtual MAC address of the drive that has been configured by the EtherCAT master for EoE
protocol.

The object is also writable and can be modified with a new value. Keep in mind that the EtherCAT master might overwrite
its value every time it re-initializes.

Object description:

Index 210Dn
Name Virtual MAC address for EoE
Object code VAR
Data type UNSIGNED48
Entry description:
Access RW
PDO mapping No
Units -
Value range UNSIGNED48
Default value No

16.5.2.2 Object 210En: IP config for EoE

This object reveals the IP settings of the drive that has been configured by the EtherCAT master for EoE protocol.

The object is also writable and can be modified with new values. Keep in mind that the EtherCAT master might overwrite
its values every time it re-initializes.

' EoE communication is available only with F515J firmware or newer.
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Object description:

Index 210En

Name IP config for EoE

Object code Record

Data type UNSIGNED32
Entry description:

Sub-index 0

Description Number of entries

Access RO

PDO mapping No

Value range 3

Default value 3

Sub-index 1

Description IP Address

Access RW

PDO mapping No

Value range UNSIGNED32

Default value -

Sub-index 2

Description Subnet Mask

Access RW

PDO mapping No

Value range UNSIGNED32

Default value -

Sub-index 3

Description Default Gateway

Access RW

PDO mapping No

Value range UNSIGNED32

Default value -

Sub-index description and data structure:

Sub-index 1 shows or can set the IP address of the drive. The IP address is written as bytes in little endian format.
Example:

IP address is 192.168.24.12

Converted to bytes in hex it is : C0.A8.18.0C

Sub-index 1 value is: 0x0C18A8C0

IP address selection:

- the IP address of the drive must be in the same sub-net as the IP address of the Ethernet port of the master that is
used for the EtherCAT connection. The EtherCAT slave(s) must be connected to this port.

- the IP address range of the EtherCAT slaves must be on a different subnet than the IP addresses on the LAN.
Example:

Local LAN IP of EtherCAT master: 192.168.23.230 — (IP in LAN are between 192.168.23.1 to 255)

IP of the Ethernet port of the master that is connected to the EtherCAT network: 192.168.24.11

IP of one EtherCAT slave : 192.168.24.12

Sub-index 2 shows or can set the subnet mask of the drive. The data is written as bytes in little endian format.
Example:

Subnet mask is 255.255.255.0

Converted to bytes in hex it is : FF.FF.FF.00

Sub-index 1 value is: 0X00FFFFFF

Sub-index 3 shows or can set the Gateway address of the drive. The Gateway address is written as bytes in little endian
format. The gateway address should be set the same as the IP address of the Ethernet port of the master that is used
for the EtherCAT connection.

Example:
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Gateway address is 192.168.24.11
Converted to bytes in hex it is : C0.A8.18.0B
Sub-index 1 value is: 0x0B18A8C0O

16.5.3 Setting up EoE communication using EasyMotion Studio and TwinCAT3 example

Prerequisites:

For EoE capability, the Technosoft drives must have:

- the firmware F515J or newer installed

- the newest XML file compatible with F515J or newer should be present in TwinCAT. See 1.5.1 Adding the XML file.

- the drive XML data should have the revision 892417354 or greater programmed to the ECAT EEPROM. The revision
number means 515J when converted to ASCII. See 1.5.4.6 Checking and updating the XML file stored in the drive to
update to the latest version if needed.

16.5.3.1 Step 1 Setting an IP to the EtherCAT network port of the master

On the EtherCAT master, the port that connects to the EtherCAT slaves usually has no fixed IP defined.

Edit Windows Network Adapter settings on the EtherCAT master and manually add an IP to this port and a subnet
mask. Make sure no other EtherCAT slave will use this IP.

Important: the IPs for the EtherCAT network must be in a different subnet than the IPs of your local network.

Example of a good configuration:
IPs of local network: 192.168.23.1.. to 254 Subnet: 255.255.255.0
IPs of EtherCAT network 192.168.24.1 .. to 254 Subnet: 255.255.255.0

Example of a wrong configuration:
IPs of local network: 192.168.23.1.. to 254 Subnet: 255.255.255.0
IPs of EtherCAT network 192.168.23.1 .. to 254 Subnet: 255.255.255.0

For this example, set the IP of the EtherCAT interface to 172.16.24.11 and subnet mask to 255.255.255.0. No
gateway or DNS are needed.
Networking  Sharing

Connect using

I TwinCAT-ntel PCI Ethemet Adapter (Gigalfieeeies Protocol Version 4 (TCP/IPvd} Properties

General
This connection uses the following items:

— You can get IP settings assigned automatically if your network supports
¥ B2 Ciient for Microsaft Networks this capability. Otherwise, you need to ask your network administrator
v ‘-E_l‘_‘-l File and Printer Sharing for Microsoft Ne{  for the appropriate IP settings,

¥ " Npcap Packet Driver (NPCAP)
v 33 () Obtain an IP address automatically

.. Intemet Protacol Wersion 4 (TCP/IPv4) (®) Use the following IP address:
A Vicros WOl iapter Multiplexor dd
M . Microsoft LLDP Protocol Drivar Biadass: 7. S 2t
< Subnet mask: 255 .255 .255. O
netal Urinatal [ Default gateway: C e 5 ¢ |
Description
Tranemizsion Cortrol Protocal/intemet Protoc Obtain DNS server address automatically

wide area network protocol that provides com

btk gy (@) Use the following DS server addresses:

Preferred DNS server: I:l
Alternate DNS server: 5 3 g

[ validate settings upon exit

OK

Advanced...

concel

16.5.3.2 Step 2 Configure TwinCAT for EoE by enabling IP routing on the EtherCAT master

In the TwinCAT project, you must first detect all the EtherCAT slaves.

Enable IP Routing on the EtherCAT master to be able to forward EoE packets from the EtherCAT slaves to your LAN.
In TwinCAT, under I/O select the EtherCAT interface, choose the EtherCAT tab and click on the Advanced Settings
button as in the image below.
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S - - B ] [
Search Sohuticn Eaplores (Ctale.) P R
: . i [ weoiens ]
&7 Sofution TwinCAT Projects’ (1 project) Mo
4 Gl TwinCAT Brejects Expot Corfiguration ..
b Gl svsTem
4 ] saamion Syne Unk Assirment.
4 [ NC-Task 1 5AF =
(B NC-Task 158 oputogy.
8 |mage
1 Tasies Frame  Cosd Adde len  WE  Gmelkd Cpele frm) L Bliraten
0 NOP GOM0&OS00 & 2000
D ARMW DDODEND 4 2000
0 LRD D T000000 1 2000
0 AW  Dx01000000 i3 3 adefnds 000
0 BRD GeD0OOGDNE) 2 1 2000 st
0%
Number Box Mame Addrers Type
L L Drive | GiPOSABE MY-CAT-5T0) 1001 POTAGOE MY-CAT...
£
*
»
»
¥ Drive 1 (POS408 MY.CAT.5T0)

Under Advanced Settings, select the EoE Support and enable Windows IP Routing.

State Machine EoE Support
Cyclic Frames
i1 Distributed Clocks Witual Ethemet Switch Windows Network

Enable Connect to TCPAIP Stack
Redundancy Max Ports: 2 = Windows IP Routing
Emergency Max Frames 120 o IP Enable Router
Diagnosis

Max MAC Ids E : Changes require system reboot!

EtherCAT Mailbox Gateway
[ Enable 0.0.0.0 irtual MAC: 00 00 00 00 DO 00

Connections: 0 -

Next, rebuild and save your project, then reboot to apply the new settings.

In case the EtherCAT master has a Windows CE platform, open CX configuration tool and enable “IP Routing”.

16.5.3.3 Step 3 Configure TwinCAT to set an IP for the EterCAT slave

In TwinCAT, under I/O select a slave, select the EtherCAT tab and click the Advanced Settings button.
Under Mailbox / EoE, select a manual configuration for the IP Port:

IP Address - set an IP in the same subnet as the one previously set for the EtherCAT interface
- in this example, set 172.16.24.12
Subnet Mask - in this example, set 255.255.255.0

Default Gateway - set the IP that was set for the EtherCAT port of the master (set @ step 1)
in this example, set 172.16.24.11

T R Y -+ o - ~

Co@ e-0 & - (senern] BheTAT .
| ) I Frecesa Data P Soatup CoE - Onine  Oniee
| Seareh Senmien Expiedet (Carl+ P
27 Solstinm TuanCAT Peojecty (1 peoject]
# Gl TwanCAT Projects
4 [l sysTEM Bt e Ak ]

Type [POSGIRRRCAT V10
Prodoc Fvmens (27914221 / 290417350

it e TR S S
4 Feal-Tine —
[ 10 Ve Taste
e Teks
s Fouter
B2 Type System F
TeCOM 3 Ccof 2] Wit Ethaet Pt
. Fglgnmm s E Vet WAL i 2018 2038 |
b B HC-Task § SAF @] () Swekehs Fot
" [Tt uted Clack T
Bl sareTy v ESC Access N Ooh
. g:-u 9 Addresa 172 3. 412 |
a T Devces Subret Mask 55,5555 0
4 7% Device 2 [BtherCAT) Ostackt Gatewar: [172 5 2411 |
"8 image i
A image inta
b2 Syl
BT nputs
b Oupus

b =] Drive I (iPOS4308 MEV-CAT-STO)

4 g% Meppngs
o MNC-Task | SAF - Device 2 (EtherCAT) 1
.‘f NC-Task 1 54F + Device 2 ([therCAT) Info

T

l':’-t-n sHEBEsaRa Z|
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In case other slaves are present and EoE is needed for them too, set an individual IP to each one by repeating this
step.

16.5.3.4 Step 4 Enable TwinCAT EoE settings.

Click the “Reload 10 devices” button or the “Activate Configuration” button to apply the new settings.
Dq TwinCAT Projectd - Microsoft Visual Studic
FILE EDIT VIEW PROJECT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS SCO
B -m-2 a6 a9 | » atach. -

IETTETere i s 11 7 SO Er—

16.5.3.5 Step 5 Configure the PC running EasyMotion to communicate with the EoE slaves.

In Windows, open the Command Prompt using Administrator rights.
Write
route add 172.16.24.0 mask 255.255.255.0 192.168.10.50

where 172.16.24.0 is the destination IP class of the EtherCAT slaves
255.255.255.0 is the subnet of the destination
192.168.10.50 is the local LAN IP of the EtherCAT master interface.
Remarks:

1. the route will be added only until next system reboot. If Windows is restarted, the same command should be

given before using EasyMotion Studio with EoE.

2. If the EtherCAT master IP will not change and the route setting is wished to be permanent, write the following

in Command Prompt
route add -p 172.16.24.0 mask 255.255.255.0 192.168.10.50
the -p option will set the route as persistent across system reboots

16.5.3.6 Step 6 Configure EasyMotion Studio or EasySetup to communicate with the EoE slave

Open EasyMotion Studio or EasySetup.
Click Communication / Setup...

++  Eamyhintion Sudio

Preject | Commurication  View  Hek:
D& Setup. $ % ¥
Refrest

Wtk (e e

Shirer s i Dt Vi
EEFROM mifte protectien

Reset ]
Sean CAN Metwark

Under Channel Type select Ethernet over EtherCAT (EoE).

Under Port set the IP of the EoE slave iou wish to communicate with (the same IP from Step 3): 172.16.24.12
Communication Setup X

Channel Type: |[=lE

CAN Protocot ‘TMLEAN [CAN 2.0B, 29-bit idertifiers]

FPort: [17216.2412 ~|
Baud Rate: [115200
A D of drive/molor connecled to PCis: [autodetected

I Work offine Advanced...
a4 Cancel | Help ‘

Click OK.
If the communication is successful, an “Online” text will be found in the status bar below.

Online |AxisID & S/MTS1039  |Firmware F515) |

Click New and the communication settings dialogue will come up again. Click OK and choose either:
Upload from Drive/Motor — to read the setup from the drive

Open — in case a project is already present for this drive.

New — to start a new project.
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16.5.4 Remarks about EoE limitations

- The response time is slower and the communication is noticeably slower than RS232 communication running at
115200 bps.

- To increase control panels speed, close all of them and choose only the data that is needed. Fewer data means faster
updates.

- For better data refresh rate, set the EtherCAT cycle time closest or equal to 1ms.

16.5.5 Example: Starting a new project using EasyMotion Studio with EOE communication

Prerequisites:

- two iPOS drives are already configured in TwinCAT for EOE communication using IPs 172.16.24.12 and 172.16.24.13.
See 16.5.3.3.

- a route was added in Windows to allow communication with the EtherCAT IPs. See 16.5.3.5.

16.5.5.1 Step 1, establish communication

- Start EasyMotion Studio, click the New button or Project/New and the Communication Setup menu will appear

- For Channel type choose “Ethernet over EtherCAT (EoE)” and for the port number choose an existing EoE IP
(172.16.24.12 in this case)

& ¥ A X B =/ T
G
I Wik oifine
IU!mlM | Etheirvst ovet EtterCAT Lok | -

CAN Proiocak: [T i Tock

Communcstion kst

- Click OK

- If the ECAT master is started and the IP route was added, the communication should be successful, and the New
Project menu should appear.

New Project X
Auis number: 3

Define/load setup data

Upload from
Drive/Motor

Close.

- If the drive has HW ID address switches and they were set up, the drive ID number should be visible as a grey
number as in the image above.

Remark: the drive HW ID address will be visible in TwinCAT as the “Configured Station Alias” value:
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Canfigueed Statlon Alias

001 2] Vi1 EFRON
Enhanced Link e o oy e b5 et e
Smart iew
Mo Litor

FRGA

Memeey

o] o
Menu visible from TwinCAT, Advanced Settings button on the EtherCAT tab of the iPOS drive

16.5.5.2 Step 2, create a new project

- Click the New button and choose the drive and motor type.

POSARE MY-CAN-STO
POSAR MY-CAT-ST0
BOSIN SV CAT
IPOSANGE SV CAT-ET i
POSI VE-CAN

IPOSANN V-CAT 5

@
roject  Camm e Help
D S et N e eld s mx BT IRY
Ditiew @ Do ot ot
=]
B T @bl
1, P05 Drves. » ANOTIONCUBE »
@ I L 20T Intelbgent Motors v PO5HEN ¥
g 3. Oahes Drives > Posal '
= g - L Uil v womEe '
- PO5IE »
lJ: PO5aE ; S B CAN '
P00 » POGARDA BX-CAN-STO » I
o PO | HORIRKCAT: 5 Ruthed Motor
TPORAEOR BY-CAT-5TO ? Rkt Moter
POSARE MX-CAN 3 Seepper Moter
TPORAEOR M- CAT ?
POSARE MV-CAN »
'
s

Feady Gnkne Al 6 S TF — FIal

- The project will load with a new Untitled Application. The IP address of the drive can be found (and modified, if
needed) in the “Application General Information” page available when the application name is selected.

I Project [E=SE=R]
(=) Ji Untitled
BX=Urtitied Appiication] Application General Information
etup
= M Motion Application I1D:

(i1 Homing Modes

B Functions Axis number: |Auto  ~|  Memory Settings...

31 Interrupts _—

&1 CAM Tables EoE IP Address: |172.16.24.12 Apply I

Drive: iPOS4808 BX-CAT
Compatible Product IDs: P027 214 E221, P027 314 E221, P027 314 ET21, P027 214 ET21

Firmware ID: F515

Setup ID: 2E10
E2ROM: 16384 words
RAM: 16384 words

- The Setup and motor tuning can be done via EoE and be later downloaded to the drive.
Remark: because EoE has a higher lag than RS232 communication, setup tests will take longer to execute.

Remark: EasyMotion Studio can have multiple applications within one project file. Each application can correspond to
a specific axis within the EtherCAT network. By defining a unique IP for each application, one can switch between
applications and communicate directly over EoE with each drive.

16.5.5.3 Step 3, create another application

- Click Application/ New...

EasyMotion Studio - Untitled

Appli:atmn Communication View Control Panel Window  Help
0 [ e ]

Duplicate

Insert...
Edit...
‘ Delete
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- The Communication Setup menu will appear again as in the previous steps.

- In the “Port” field, define the second EoE IP (172.16.24.13) and click OK to communicate and define the drive and
motor type.

- After the new application is defined, the project file should have two applications:
.[E Project

£ (] Untitled
Untitled Application Application General Information
l

S setup Application ID:
Bl M Metion

[y Homing Modes Axis number: [Auto Memory Settings...
[ Functions —

[ Intemupts EoF IP Address: [172.16.24.13 Apply

[0 @ iEs Drive: iPOS4808 MY-CAT-STO
Compatible Product IDs: 027 314 E121, F027.324 E121

16.5.5.4 Step 4, rename the application names

- After selecting an application name, either click once over the name or select Application/Edit to rename the
application.

E Project
=1 [ Untitled
Drive 1
g
S Setup
= M Motion
[l Homing Modes
(E] Functions
31 Interrupts
[&1 CAM Tables

- Now save your project using Project / Save and choose a name.

16.5.5.5 Step 5, switching between applications / drives

- In EasyMotion Studio, just click on the application name of the drive you need and the communication will be
established with that drive.

- Control Panels from the selected application will indicate the status of the drive and the setup can be modified / re-
tuned.

B
= ) Untitled
A App General Infor
5 Setup
= M Metion Application 10:
[ Hermng Mode:
(B Functions Axis numbar: | At _J Memary Settings. |
B Ietergity o el
[ CAM Tables | EoE IP Address: [ 1721624 12 Apply |
P o2 Drive: IBOS4008 BXCAT
Compatible Product Ds: PO2T 214 E221, PO27 314 E221, PO2T 314 ET21, PO2T 214 E121

16.5.6 Example: Converting an existing EasyMotion Studio project made for RS232 to work with EoE
communication

Prerequisites:

- Two iPOS drives are already configured in TwinCAT for EOE communication using IPs 172.16.24.12 and 172.16.24.13.
See 16.5.3.3.

- A route was added in Windows to allow communication with the EtherCAT IPs. See 16.5.3.5.
- A project file containing multiple applications that were made while using RS232 communication.

16.5.6.1 Step 1, open the EasyMotion project file and change communication to EtherCAT EoE

- Open an EasyMotion Studio project that was made while using RS232 communication

E Project
£ B Untitled
Drive 1 Application General Information
8

S Setup Application ID:
= M Motion

[ Homing Modes Axis number: |15 w|| Memory Settings...
[ Functions

(31 Interrupts
@ CAM Tables

Drive: iPOS4808 MY-CAT-STO
Compatible Product IDs: P027.314 E121, P027.324 E121

- assuming RS232 communication is still selected in the Communication Settings, an axis number will be assigned and
visible in the “Application General Information” page.

- go to Communication / Setup...
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EasyMotion Studio - Untitled
Project Application Communication View Control Panel Window Help
DESHE|&|E Sseup. X%
Refresh

14 1_Motion St

Work Offline ciie0
Show Infe In Output View >
EEPROM write protection > Mot

Scan CAN Network

Communication Setup

Channel Tvpe: |Ethermet aver EtherCAT [EoE) =l

EoE IP Addiess is availabe in Application General Info page

¥ ok offine Advanced
o | Cancel Hep |

16.5.6.2 Step 2, assign the EoE IP of an application

- Now, click on the application name and an EoE IP Address field should be available

Elwm
[ 0 Urtitied
App | Infor
5 retup Application 10:
= M Motian

;g Motk i - [ate e e

1 Funcliors Axis number: = mary Settings. ]

[ Interrupts EcE IP Address: [COMT | ony |

[ CAM Tables

Drive: iPOS4808 MY-CATSTO
Compatible Product IDs: POZT 314 E121 POZT 324 E121

Firmware ID: F5151

Setup ID: 2ETF
- Instead of COM1, write the IP that is assigned to the corresponding drive. In this example the IP 172.16.24.13 will be
used. Click Apply when done to assign the IP to the application.

Boier Appli o 1 Inf, i

5 Setup Application 1
£ M Motion
g’;‘;"?ﬂ‘”"“ Axivnumber: [fcis -] Memory Setegs |
i intemupes EOE IP Address; | 177 1624 13 Apphy |

CAM Tables Drive: POS4808 MY-CATSTO

16.5.6.3 Step 3, assign another EoE IP to the second application

- Click on the second application name and edit the IP for the second drive. Click Apply when finished.
= Untmed

= A Oee Application General Information
$ Seup
M Maben Appliction I0:
[ Hormng Modes
E Py Axls numbar: [Ait Memory Settegs |
rrnugts = =
[ Cam Tabies Eok IP Address: | 172 16.24 12 | Apgly [
B Ovive 2

Dvive: POSA0E BX.CAT

16.5.6.4 Step 4, enable communication and switch between applications / communicate individually with each
drive

- go to communication and disable Work Offline mode

Project  Application  Communication  View Control Panel  Window  Help

Dli‘ulé‘ Setup... XI"IEX«
L4 1 Motion 5t g _REFTEEN
[V Work Offiine G0
Show Info In Output View >

EEPROM write protection
2h Det

Scan CAN Network

- if the prerequisites are met, the communication should be successful. The Online status should be visible in the lower
status bar of the EasyMotion window.

IS Py e
= I Untitled N
Drive 1 Application General Inforr [

£ 8 Drive2

8§ Setup Application ID:

= M Moticn

B8 Homing hades Axis number: |Auto Memo :
3 hd ry Settings...
[E] Functions T .

[ Interrupts Eof IP Address: | 172.16.24.13 Apply

Balcamini Drive: iPOS4808 MY-CAT-STO
Compatible Product IDs: P027 314 E121, P027 324 E1

-
< >
T . o . L 2 TTT I e

| [online [BoisiD3  [iPOS4808 MY-CAT-STO | [Firmware F515)  [SetuplD 2E1F

- while online with the drive, control panels data can be seen or the setup tuning tests can be done again.
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- if communication with the other application / drive is needed, click on the second application name and communication
should be established with the defined IP of that application.

17 Advanced features

Due to its embedded motion controller, a Technosoft intelligent drive/motor offers many programming solutions that may
simplify a lot the task of a EtherCAT® master. This paragraph overviews a set of advanced programming features which
can be used when combining TML programming at drive level with EtherCAT® master control. All features presented
below require usage of EasyMotion Studio as TML programming tool.

Remark: If you do not use the advanced features presented below you do not need EasyMotion Studio.

17.1 Using EasyMotion Studio

17.1.1 Starting a new project

Before starting a new project, establish serial communication with the drive. To do this, first read Paragraph 1.1.3. The
same method for establishing communication applies to EasyMotion Studio as for EasySetup.
&
L@. A new window will appear.
R [EE=

Sten 1 Fakeet it uvbat -

Press New button

SlenZ (et setip daa

g
=8

Step 1, selects the axis number for your drive. By default the drive is delivered with axis number 255.

In Step 2, a setup is defined. The setup data can be opened from a previous save, uploaded from the drive, or select a
new one for a new drive.

17.1.2 Choosing the drive, motor and feedback configuration

Press New button and select your drive category: iPOS Drives (all drives from the new iPOS line), Plug In
Drives (all plug-in drives, except iPOS line), Open Frame Drives, (all open-frame drives except iPOS line), Closed Frame
Drives (all close-frame drives except iPOS line), etc. If you do not know your drive category, you can find it on Technosoft
web page.

Continue the selection tree with the motor technology: rotary or linear brushless, brushed, 2 or 3 phase stepper, the
control mode in case of steppers (open-loop or closed-loop) and type of feedback device, if any (for example: none or
incremental encoder).

Figure 17.1.1. EasyMotion Studio — Selecting the drive, motor and feedback
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New windows are loaded which show the project information and current axis number for the selected application. In
the background, other customizable windows appear. These are control panels that show and control the drive status
through the serial communication interface.

In the left tree, click S Setup item.

Tat (i

Figure 17.1.2. EasyMotion Studio — Project information

To edit the setup, click View / Modify button.

I Progest ol Tl
= I Urmtied
5 unetied agpication Setup
g Selup
M I;:u.«- i Save
B Functionn
[ bt
By CaM Tabien H
2
e = 1
DirvarMesar

Figure 17.1.3. EasyMotion Studio — Editing drive setup

The selection opens 2 setup dialogues: for Motor Setup and for Drive setup through which you can introduce your
motor data and commission the drive, plus several predefined control panels customized for the drive selected.

For introducing motor data and configuring the drive parameters, please read Paragraph 1.7.5and 1.1.6.

17.1.3 Downloading setup data to drive/motor

Closing the Drive setup dialogue with OK, keeps the new settings only in the EasyMotion Studio project. In order to
Download to

store the new settings into the drive you need to press the Download to Drive/Motor button [EiveiMatr] or the @ button
on the menu toolbar. This downloads the entire setup data in the drive EEPROM memory. The new settings become
effective after the next power-on, when the setup data is copied into the active RAM memory used at runtime.

17.2 Using TML Functions to Split Motion between Master and Drives

With Technosoft intelligent drives you can really distribute the intelligence between a EtherCAT® master and the drives
in complex multi-axis applications. Instead of trying to command each step of an axis movement, you can program the
drives using TML to execute complex tasks and inform the master when these are done. Thus for each axis, the master
task may be reduced at: calling TML program / functions (with possibility to abort their execution) stored in the drives
EEPROM and waiting for a message, which confirms the finalization of the TML motion / functions execution.
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17.2.1 Build TML functions within EasyMotion Studio

The following steps describes how to create TML functions with EasyMotion Studio

1. Define the TML functions. Open the EasyMotion Studio project and select the Functions entry from the project
tree. On the right side of the project panel add the TML functions executed by the drive. You may also remove, rename
and change the functions download order.

22 Project E=EcE XY
= ] ntitied Functions g
= B8l Untitled Application
S Setup
= M Motion ‘Functng Iﬂlw
(@] Homing Modes Function1
=) Functionl
3 Interrupts L
[&1 CAM Tables I
Delete

Figure 17.2.1. EasyMotion Studio project window — Functions add

2. Add the TML code. The added functions are listed in the project tree under the Functions entry. Select each
function from the list and add the TML code that will be executed by the function.
12, Project [F=N R
DALMY - DF QT T e | |2 18 32 4 % Byt | g | 2
&1 5 Untitled Function Function1
=] Untitled Application liPosition profile -
S Setup CACC = 0.0318;/acceleration rate = 100[rad/s"2]
CSPD =3.33 w speed = 100[rpm]
E M Motion CPOS ;iposition command = 3[rof]
[f] Homing Modes CPR; //position command is relative
= [ Functions '_"DEE pp _
™ Functionl Ur.|1:.-.-§et arget Update Mode 1 X
= execute immediate
= Function2 - WAIT JJ wait for completion ©
T2 Function3
(31 Interrupts
[&1 CAM Tables
4
3]
=3

Figure 17.2.2. EasyMotion Studio project window — functions edit view

3. Add the TML code. The added functions are listed in the project tree under the Functions entry. Select each
function from the list and add the TML code that will be executed by the function.

SAA T RSN O R G T T e [P S 18 32 v T By | ¢ | e

Figure 17.2.3. EasyMotion Studio project window — Motion wizard bar

Each button represents a new interactive command.

Motion - Trapezoidal Profiles SR [EER=
] Then wait until
= Position T absolute & Immediste [V mation is
completed
™ Spesr @ Relative [ Additve Em
 Onevent
W hcceleration rate = |1U'1 ]ladfs’? ﬂ —
v Slew speed = 17[”] |lpm L]
¥ Position incremert = ]TD ]lUl lJ

@ Generate new trajisctony starting fram actual
values of position and speed reference
- Setup mation data, but

G b b tory starting f tual
enerate new trajectomy starting from actual e

wvalues of load/motor position and speed

(0] | Cancel | Help I

Figure 17.2.4. EasyMotion Studio project window — Trapezoidal Profile menu

After clicking OK button, the command is converted into code that will be later downloaded to the drive.
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/fPosition profile
CACC =0.03183

cceleration rate = 100[rad/s*2]
¢ speed = 100[rpm]
0000L//position command = 10[rot]

CPR; /iposition command is relative

MODE PF;

et Target Update Mode 1
ecute immediate
/I wait for completion

Figure 17.2.5. EasyMotion Studio project window — Trapezoidal Profile generated motion code

4. Download the TML functions into the drive memory. Use the menu command Application | Motion | Build
to create the executable code and the menu command Application | Motion | Download Program to download the
TML code into the drive memory.
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17.2.2 TML Function Objects

17.2.2.1 Object 2006n: Call TML Function

The object allows the execution of a previously downloaded TML function. When a write is performed to this object, the
TML function with the index specified in the value provided is called. The TML function body is defined using EasyMotion
Studio and saved in the EEPROM memory of the drive. The function index represents an offset in a predefined table of
TML callable functions.

It is not possible to call another TML function, while the previous one is still running. Bit 8 of Statusword (6041n) shows
if a function is running. In case a function was called while another was still running, bits 7 (warning) from the Statusword
(6041n) and 14 (command error) from Motion Error Register (2000n) are set, and the function call is ignored. The
execution of any called TML function can be aborted by setting bit 13 in Controlword.

There are 10 TML functions that can be called through this mechanism (the first 10 TML functions defined using the
EasyMotion Studio advanced programming environment). Any attempt to call another function (writing a number
different from 1...10 in this object) will be signaled with an SDO abort code 0609 0030 (Value range of parameter
exceeded). If a valid value is entered and no TML function is defined in that position, an SDO abort code will be issued:
0800 0020n (Data cannot be transferred or stored to the application).

The functions are initialized and available for calling, only after Controlword receives the Shutdown command (6040n =
06).
Object description:

Index 2006n

Name Call TML function

Obiject code VAR

Data type UNSIGNED16
Entry description:

Access WO

PDO mapping No

Units -

Value range 1...10

Default value -

17.3 Executing TML programs

The distributed control concept can go on step further. You may prepare and download into a drive a complete TML
program including functions, homing procedures, etc. The TML program execution can be started simply by writing a
value in the dedicated object.

17.3.1 Object 2077n: Execute TML program

This object is used in order to execute the TML program from either EEPROM or RAM memory. The TML program is
downloaded using the EasyMotion Studio software or by the EtherCAT® master using the .sw file created in EasyMotion
Studio.

Writing any value in this object (through the SDO protocol) will trigger the execution of the TML program in the drive. If
no TML program is found on the drive, an SDO abort code will be issued: 0800 0020 (Data cannot be transferred or
stored to the application).

Object description:

Index 2077n
Name Execute TML program
Obiject code VAR
Data type UNSIGNED16
Entry description:
Access WO
PDO mapping No
Value range UNSIGNED16
Default value -
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17.4 Loading Automatically Cam Tables Defined in EasyMotion Studio

Apart from CiA402 standard operation modes, Technosoft iPOS drives include others like: electronic gearing, electronic
camming, external modes with analogue or digital reference etc. When electronic camming is used, the cam tables can
be loaded in the following ways:

The master downloads the cam points into the drive active RAM memory after each power on;
The cam points are stored in the drive EEPROM and the master commands their copy into the active RAM memory
The cam points are stored in the drive EEPROM and during the drive initialization (transition to Ready to switch on
status) are automatically copied from EEPROM to the active RAM

For the last 2 options, the cam table(s) are defined in EasyMotion Studio and are included in the information stored in
the EEPROM together with the setup data and the TML programs/functions.

Remark: The cam tables are included in the .sw file generated with EasyMotion Studio. Therefore, the master can
check the cam presence in the drive EEPROM using the same procedure as for testing of the setup data.

17.4.1 CAM table structure

The cam tables are arrays of X, Y points, where X is the cam input i.e. the master position and Y is the cam output i.e.
the slave position. The X points are expressed in the master internal position units, while the Y points are expressed in
the slave internal position units. Both X and Y points 32-bit long integer values. The X points must be positive (including
0) and equally spaced at: 1, 2, 4, 8, 16, 32, 64 or 128 i.e. having the interpolation step a power of 2 between 0 and 7.
The maximum number of points for one cam table is 8192.

As cam table X points are equally spaced, they are completely defined by two data: the Master start value or the first
X point and the Interpolation step providing the distance between the X points. This offers the possibility to minimize
the cam size, which is saved in the drive/motor in the following format:

1st word (1 word = 16-bit data):

Bits 15-13 — the power of 2 of the interpolation step. For example, if these bits have the binary value 010 (2), the
interpolation step is 22 = 4, hence the master X values are spaced from 4 t0 4: 0, 4, 8, 12, etc.

Bits 12-0 — the length -1 of the table. The length represents the number of points (one point occupies 2 words)

2nd and 3rd words: the Master start value (long), expressed in master position units. 2 word contains the low part,
3rd word the high part

4th and 5th words: Reserved. Must be set to 0

Next pairs of 2 words: the slave Y positions (long), expressed in position units. The 1st word from the pair contains the
low part and the 2nd word from the pair the high part

Last word: the cam table checksum, representing the sum modulo 65536 of all the cam table data except the checksum
word itself.

17.5 Customizing the Homing Procedures

The homing methods defined by the CiA402 are highly modifiable to accommodate your application. If needed, any of
these homing modes can be customized. In order to do this you need to select the Homing Modes from your EasyMotion
Studio application and in the right side to set as “User defined” one of the Homing procedures. Following this operation
the selected procedure will occur under Homing Modes in a sub tree, with the name HomeX where X is the number of
the selected homing.

[T Project o[- ]
£l 6F Untitled Homing Modes -
= l@ Untitled Application home1 - Homing on the negative limit switch and index pulze. Move : E |

Inad daf
S Setup negative until the negative limit switch is reached. Reverse and stop at Hbar e taul

home2 - Homing on the positive limit switch and index pulse. Move
positive until the positive limit switch is reached. Reverse and stop at th

i,

Reload default |

home3 - Homing on the positive home switch and index pulse. Initial

movement is negative if the home switch is high. Otherwise, initial Reload defaul
home4 - Homing on the positive home switch and index pulse. Initial e
¥ homels movement is positive if the home switch is low. Otherwise, initial SO DeLy
[h Functions hemes - Homing on the negative home switch and index pulse. Initial Moo
ﬁ] Interrupts movement is positive if the home switch is high. Otherwise, initial Si0a0 detau
[Q CAM Tables home$ - Homing on the negative home switch and index pulse. Initial

e
movement is negative if the home switch is low. Otherwise, initial Reload default

homeT - Homing on the home switch and index pulse. Initial movement i

PR s $elei : 2 Reload default
positive if the home switch is low, otherwise is negative. If moving

homed - Homing on the home switch and index pulse. Intial movement i

T 7
positive if the home switch is low, otherwise is negative. If moving Reload default

homeS - Homing on the home switch and index pulse. Initial movement i

i £ . i o i Reload default
positive. Reverse either after the home switch high-low transition or if

home10 - Homing on the home switch and index pulse. Initial movement
positive. Reverse if the positive limit switch is reached, then reverse

home11 - Homing on the home switch and index pulse. Initial movement is :

Reload default

Dalnad dafanh

Figure 17.5.1. EasyMotion Studio project window — Homing procedures customization
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If you click on the HomeX procedure, on the right side you'll see the TML function implementing it. The homing routine
can be customized according to your application needs. lts calling name and method remain unchanged.

17.6 Customizing the Drive Reaction to Fault Conditions

Similarly to the homing modes, the default service routines for the TML interrupts can be customized according to your
application needs. However, as most of these routines handle the drive reaction to fault conditions, it is mandatory to
keep the existent functionality while adding your application needs, in order to preserve the correct protection level of
the drive. The procedure for modifying the TML interrupts is similar with that for the homing modes.

T2 Project =
B {5 Untitled Interrupts
=] Untitled Application int0 - Enable input has changed I Defautt [® User defined Reload defautt
S Setup int1 - Short-circuit (8 Defauft ) User defined Rejnad default
= M Motion int2 - Softwars protections (® Defautt () User defined Aeload default
[ Homing Mades int3 - Control error C) Defautt (@] User defined Reload default
[ Functions int4 - Communication error (® Defautt (ClUser defined Reload defautt
a0 intS - Posttion wraparound ) Defautt @ User defined Reload defautt
% int0 - Enable input has changed !nte-LSP programmed (rﬂnsr.h.nn detected _C:)Delamt (1 User defined Reload defautt
2 k3 - Contiol eiror int7 - LSM programmed transition detected (® Defautt (CiUser defined Reload default
b int3 - Capture input transtion detected (@ Defautt ) User defined Relad default
T2 intS - Position wraparcund ints  Hotion is complted £ in velocity @ Defautt SUser defined Reload defaul
[ CaM Tables int10 - Time period has slapsed @ Defautt iUser defined Reload default
int11 - Event set has occurred (® Defautt () User defined Reioad defautt
int12 - Position trigger 1..4 change detected & Defautt [ User defined Reload defautt

Figure 17.6.1. EasyMotion Studio project window — TML interrupts customization
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Appendix A: Object Dictionary by Index

Index isnléll:x Description
1000n 00n Device type
1001n 00n Error register
1008h 00n Manufacturer device name
1009h 00h Manufacturer Hardware Version
100An 00n Manufacturer software version
Identity Object
00n Number of entries
01n Vendor ID
el 02n Product Code
03n Revision Number
04n Serial Number
RPDO1 mapping parameters
1600, 00n Number of entries
01n 15t mapped object — 6040n — Controlword
02n 2" mapped object — 607An — target position
RPDO2 mapping parameters
16011 00n Number of ent.ries - .
01n 18t mapped object—60FEn.01 — Digital outputs — Physical outputs
02n 2"4 mapped object—60FEnx.02 — Digital outputs — Bit mask
RPDO3 mapping parameters
1602s 00n Number of entries
01n 15t mapped object — 6040n — Controlword
02n 2"4 mapped object — 607An — target position
RPDO4 mapping parameters
1603s 00n Number of entries ' .
01n 15t mapped object — 6081n — profile velocity
02n 2"9 mapped object — 6083 — profile acceleration
TPDO1 mapping parameters
00n Number of entries
1A00h 01n 15! mapped object — 60411 — Statusword
02n 2" mapped object — 6064n — position actual value
03n 3" mapped object — 6077n — Torque (current) actual value
TPDO2 mapping parameters
1A01H 00n Number of entries .
01n 18t mapped object — 60F41 — Following error actual value
02n 2" mapped object — 60FDnr — Digital inputs
TPDOS3 mapping parameters
1A02; 00n Number of entries
01n 18t mapped object — 606Ch — Velocity actual value
TPDO4 mapping parameters
1A03n 00n Number of entries
01n 15t mapped object — 6061h» — Modes of operation display
Sync Manager Communication type
00n Number of entries
01n Communication Type Sync Manager 0
1C00n 02n Communication Type Sync Manager 1
03h Communication Type Sync Manager 2
04n Communication Type Sync Manager 3
Sync Manager Channel 2 (Process Data Output)
1C12, 00n Number of gntrieg . '
01n PDQ Mapping object index of assigned RxPDO : 18t mapped
object (1600n)
Sync Manager Channel 3 (Process Data Input)
00n Number of entries
PDO Mapping object index of assigned TxPDO : 15t mapped
1C13» Oty object (1A00n)
02, PDO Mapping object index of assigned TxPDO : 2" mapped
object (1A01h)
2000n 00n Motion Error Register
2001n 00n Motion Error Register mask
2002n 00n Detailed Error Register
2005n 00n Max slippage time out
2006n 00n Call TML function
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2009h 00n Detailed Error Register 2
2012n 00n Master resolution
EGEAR multiplication factor
20135 00n Number of gntries
01n EGEAR ratio numerator (slave)
02n EGEAR ratio denominator (master)
2017h 00n Master actual position
2018h 00n Master actual speed
2019n 00n CAM table load address
201An 00n CAM table run address
201Bn 00n CAM offset
201Dn 00n External reference type
201En 00n Master position
2022n 00n Control effort
2023n 00n Jerk time
2025h 00n Stepper current in open loop operation
2026n 00n Stand-by current for stepper in open loop operation
2027n 00n Timeout for stepper stand-by current
2045h 00n Digital outputs status
2046n 00n Analogue input: Reference
2047h 00n Analogue input: Feedback
2050n 00n Over current protection level
2051n 00n Over current time out
2052h 00n Motor nominal current
2053n 00n 12t protection integrator limit
2054n 00n 12t protection scaling factor
2055n 00n DC-link voltage
2058h 00n Drive temperature
2060n 00n Software version of the TML application
2064nh 00n Read/Write configuration register
2065h 00n Write data at address set in object 2064h (16/32 bits)
2066n 00n Read data from address set in object 2064n (16/32 bits)
2067n 00n Write data at specified address
2069n 00n Checksum configuration register
206An 00n Checksum read register
206Bn 00n CAM input scaling factor
206Ch 00n CAM output scaling factor
206Fnh 00n Time notation index
2070n 00n Time dimension index
Time factor
00n Number of entries
2071 01n Numerator
02n Divisor
2072n 00n Interpolated position mode status
2073n 00n Interpolated position buffer length
2074n 00n Interpolated position buffer configuration
Position triggers
00n Number of entries
01n Position trigger 1
2075n 02n Position trigger 2
03n Position trigger 3
04n Position trigger 4
2076n 00n Save current configuration
2077n 00n Execute TML program
2079 00n Interpolated position initial position
207An 00n Interpolated position 15t order time
207Bn 00n Homing current threshold
207Ch 00n Homing current threshold time
207Dn 00n Dummy
207Fn 00n Current limit
2080n 00n Reset drive
2081n 00n Set/Change the actual motor position value
2082n 00n Sync on fast loop
2083n 00n Encoder resolution for step loss protection
2084n 00n Stepper resolution for step loss protection
2085h 00n Position triggered outputs
2086n 00n Limit speed for CSP
2087n 00n Actual internal velocity from sensor on motor
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2088h 00n Actual internal position from sensor on motor
2089h 00n Synchronization test config
208An 00n Save setup status
208Bn 00n Sin AD signal from Sin/Cos encoder
208Ch 00n Cos AD signal from Sin/Cos encoder
208Dn 00n Auxiliary encoder position
208En 00n Auxiliary Settings Register
Digital inputs 8bit
00n Number of entries
208Fh 01n Device profile defined inputs
02n Manufacturer specific inputs
Digital outputs 8bit
00n Number of entries
AL 01n Physical outputs 8bit
02n Bit mask 8bit
2091n 00n Lock EEPROM
2092n User Variables
00n Number of entries
01n UserVari
02n UserVar2
03n UserVar3
04n UserVar4
2100n 00n Number of steps per revolution
2101n 00n Number of microsteps per step
2102n 00n Brake status
2103n 00n Number of encoder counts per revolution
2104n 00n Auxiliary encoder function
2105n 00n Auxiliary encoder status
2106n 00n Auxiliary encoder captured position positive edge
2107n 00n Auxiliary encoder captured position negative edge
Filter variable 16bit
00n Number of entries
2108h 01n 16 bit variable address
02n Filter strength
03n Filtered variable 16bit
2109 00n Sync offset
210An 00n Sync rate
210Bn 00n Auxiliary Settings Register 2
210Ch 00n Enable SW file download
210Dn 00n Virtual MAC address for EOE
IP config for EoE
00n Number of entries
210En 01n IP address
02n Subnet mask
03n Default gateway
6007h 00n Abort connection option code
603Fnh 00n Error code
6040n 00n Controlword
6041n 00n Statusword
605An 00n Quick stop option code
605Bh 00n Shutdown option code
605Ch 00n Shutdown option code
605Dn 00n Disable operation option code
605En 00n Fault reaction option code
6060n 00n Modes of operation
6061h 00n Modes of operation display
6062n 00n Position demand value
6063n 00n Position actual internal value
6064n 00n Position actual value
6065h 00n Following error window
6066n 00n Following error time out
6067h 00n Position window
6068h 00n Position window time
6069 00n Velocity sensor actual value
606Bh 00n Velocity demand value
606Ch 00n Velocity actual value
606Fh 00n Velocity threshold
6071n 00n Target torque
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6077h 00n Torque actual value
607An 00n Target position
Position range limit
00n Number of entries
607Bn 01n Min position range limit
02n Max position range limit
607Ch 00n Home offset
Software position limit
00n Number of entries
607Dn 01n Minimal position limit
02n Maximal position limit
607En 00n Polarity
6081n 00n Profile velocity
6083h 00n Profile acceleration
6085h 00n Quick stop deceleration
6086n 00n Motion profile type
6089n 00n Position notation index
608An 00n Position dimension index
608Bn 00n Velocity notation index
608Ch 00n Velocity dimension index
608Dn 00n Acceleration notation index
608En 00n Acceleration dimension index
Position factor
00n Number of entries
6093h 01n Numerator
02n Divisor
Velocity encoder factor
00n Number of entries
el 01n Numerator
02n Divisor
Acceleration factor
00n Number of entries
6097 01n Numerator
02n Divisor
6098h 00n Homing method
Homing speeds
6099, 00n Number of. entries '
01n Speed during search for switch
02n Speed during search for zero
609An 00n Homing acceleration
60B8h 00n Touch probe function
60B9n 00n Touch probe status
60BAn 00n Touch probe 1 positive edge
60BBh 00n Touch probe 1 negative edge
60BCn 00n Touch probe 2 positive edge
60BDn 00n Touch probe 2 negative edge
60CO0n 00n Interpolation sub mode select
Interpolation Data Record
00n Number of entries
Ay 01n The first parameter
02n The second parameter
Interpolation Time Period
00n Number of entries
60C2n 01n Interpolation time period value
02n Interpolation time index
60F2n 00n Positioning Option Code
60F4n 00n Following error actual value
60F8h 00n Max slippage
60FCh 00n Position demand internal value
60FDn 00n Digital inputs
Digital outputs
00n Number of entries
GOFEx 01n Physical outputs
02n Bit mask
60FFh 00n Target velocity
6502n 00n Supported drive modes
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Appendix B: Definition of Dimension Indices

Dimension/Notation Index Table

physical dimension | units notation
dimension index exponent unit type index

non 0 units 0
length 1 metre 0
milli metre -3
kilo metre 3
micro metre -6
area 2 square metre 0
square metre -6

milli
square metre 6

kilo
volume 3 cubic metre 0
time 4 second 0
minute 70
hour 74
day 77
milli second -3
micro second -6
actual power 9 watt 0
kilo watt 3
mega watt 6
milli watt -3
apparent 10 voltampere 0
power kilo voltampere 3
mega voltampere 6
no. of 11 per second 0
revolutions per minute 73
per hour 74
angle 12 radian 0
second 75
minute 76
degree 77
newdegree 78
velocity 13 metre p. second 0
milli metre p. second -3
milli metre p. minute 79
metre p. minute 80
kilo metre p. minute 81
milli metre p. hour 82
metre p. hour 83
kilo metre p. hour 84
torque 16 newton metre 0
kilo newton metre 3
mega newton metre 6
temperature 17 kelvin 0
centigrade 94
Fahrenheit 95
voltage 21 Volt 0
kilo Volt 3
milli Volt -3
micro Volt -6
current 22 Ampere 0
kilo Ampere 3
milli Ampere -3
micro Ampere -6
ratio 24 percent 0
frequency 28 Hertz 0
kilo Hertz 3
mega Hertz 6
giga Hertz 9
steps 32 steps 0
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encoder 33 revolution steps per 0
resolution

Examples for Notation Indices
Examples for notation indices < 64:

For notation index <64 the value is used as an exponent. The unit is defined by the physical dimension and calculated
by unit type and exponent, all declared in the dimension/notation index table above.

position unit dimension index = 1: length
notation index = -6: micro meter

position_units = f(Qnotation_index y f(dimension_index) = 10® m
dimension index = 12: angle notation index

=0: radian
position_units = f(Qnotation_index y f(dimension_index) = radian
velocity unit
dimension index = 13: velocity notation index = -3: milli metre
per second
velocity _units = fQnotation_index y f(dimension_index) = 10° m/s
frequency units dimension index = 28:

frequency notation index = 3: kilo hertz
frequency_units = 1Qretation_index y f(dimension_index) = 10% Hz

Examples for notation indices > 64:

The unit is defined by the physical dimension and unit type, both declared in the dimension/notation index table.
time units

dimension index = 4: time notation index = 77: day

time_units = f(dimension_index,notation_index ) = day

position unit dimension index = 12:
angle notation index =76:
minute

position_units = f(dimension_index,notation_index )
= minute

TECHNOSOFT
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