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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:
Q Step 1 Hardware installation

O Step 2 Drive setup using Technosoft EasyMotion Studio Il software for drive commissioning and later, via
an EtherCAT® master

Q Step 3 Motion programming using one of the options:
A. An EtherCAT® master

B. The drives built-in motion controller executing a Technosoft Motion Language (TML) program developed
using Technosoft EasyMotion Studio Il 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 an introductory part of Step 2 and Step 3 / Motion programming using the CoE protocol in detail.
For Step 1, please consult the drive User Manual, where a detailed hardware installation is described.

Scope of This Manual

This manual applies to the iPOS and Micro 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
Micro — a Technosoft drive family, the code is usually Micro48xx xx-CAT
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

EasyMotion Studio Il — Quick Setup and Programming Guide (P091.034.ESM Il -
Quick.Setup.and.Programming.Guide.xxxx) — describes the compatible software installation, drive
software setup commissioning, introduction to TML motion programming and motion evaluation tools.

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

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: sales@technosoftmotion.com

Ask questions about product Tel: +41 (0)32 732 5500

operation or report suspected

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

Make suggestions about, Mail: Technosoft SA

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

Switzerland

© Technosoft 2024 12 CoE Programming


http://www.technosoftmotion.com/
http://www.technosoftmotion.com/
mailto:support@technosoftmotion.com

1 Getting Started

1.1 Setting up the drive using EasyMotion Studio Il

111 What is EasyMotion Studio 11?

Technosoft provides the EasyMotion Studio Il software to facilitate the commissioning and programming of its iPOS
and Micro drive families. This application is available in two versions: LITE and FULL, each tailored to address specific
commissioning and motion programming needs.

The LITE version is designed to simplify the setup process for Technosoft drives, offering a quick and straightforward
solution for commissioning. It enables users to generate setup data that can be saved directly into the drive’s EEPROM
(non-volatile memory) or stored as a file on a PC. Upon power-up, the drive automatically initializes using the setup data
from the EEPROM, ensuring a seamless startup process. Furthermore, this version allows users to retrieve setup
configurations from previously programmed drives, providing flexibility for system diagnostics and modifications. The
LITE version is available as a free download from the Technosoft website and is particularly suited for applications
where motion programming is handled externally, such as via a EtherCAT® master.

The FULL version, in addition to the capabilities of the LITE version, supports the development of complex motion
programs using the Technosoft Motion Language (TML), which is executed directly by the drive’s integrated motion
controller. The software includes a Motion Wizard, a user-friendly graphical tool that generates TML instructions
automatically, eliminating the need for users to manually write code.

Using TML, users can:
4 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 I/O and analogue input signals
U Execute arithmetic and logic operations

000

The output from EasyMotion Studio Il, in both versions, includes the setup data required for commissioning and, in the
case of the FULL version, the TML motion program. This application data can be loaded into the drive’s EEPROM or
saved for later use. The FULL version also facilitates distributed intelligence by allowing users to program drives to
perform complex tasks autonomously, reducing the workload on the master and enabling efficient multitasking in
advanced systems.

Both versions of EasyMotion Studio Il include powerful evaluation tools such as a Data Logger for capturing and
analyzing drive performance, Control Panels for real-time interaction, and a Command Interpreter for executing and
testing individual commands.

It is important to note that the LITE version can be upgraded to the FULL version by entering a license key obtained
from Technosoft. This flexibility allows users to start with the LITE version and scale up to the advanced capabilities of
the FULL version as their system requirements evolve.

1.1.2 Installing EasyMotion Studio Il

The EasyMotion Studio Il is available as a free download from the Technosoft website (link). It can be installed as
either the LITE version (free) or the FULL version (requires a serial number for activation).

The LITE version provides all the necessary tools for drive and motor commissioning. It includes features such as the
Data Logger, Scope, and Control Panels, which are essential for evaluating performance or debugging applications as
needed.

The FULL version, in addition to the capabilities of the LITE version, enables the downloading of TML programs to the
drive. This unlocks the full potential of the drive’s built-in motion controller, allowing users to implement complex motion
applications directly at the drive level or distribute intelligence between the master and the drive for advanced control
systems.
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Figure 1.1.1. EasyMotion Studio Il — Version selection

The Full version can be activated any time by entering the Registration info in the Settings dialogue that can be opened
from the EasyMotion Studio Il splash screen.

o Mew project

w Open project : to
- ]
N et H

- ‘
o

® € Bt

Hestore delaults

Check for updates

Figure 1.1.2 — Registration info in the Settings window

The Registration info window can also be accessed through the Help menu in the project window.

® EasyMotion Studio Il - Untitled project

Project  Application ~Communication Tools: Control panels  Utilities  Options
@ Help Topics > 0
About EasyMotion Studio Il

b b EEHE & o g @ =

Application tree =ik 7] Axis overview Refresh @

4 Lintitled nroiect

Figure 1.1.3 — Access the Registration info window via the Help menu

EasyMotion Studio Il includes an Update via Internet tool. This feature allows users to check if their software is up-to-
date and, if updates are available, download and install the latest version.

113 Establishing serial communication with the drive

EasyMotion Studio Il establishes communication with the drive using one of the following interfaces: RS-232 serial link,
USB, or EoE. The appropriate interface depends on the specific drive model and its supported communication protocols.
For detailed information about the supported protocols, refer to the Drive Technical Reference Manual.

1.1.31 Connecting via RS-232

To connect to a drive using EasyMotion Studio Il, begin by creating a New project. During this process, you'll select
the communication channel and configure the necessary parameters. Once your settings are in place, use the Scan
Ports option to refresh the list of available ports and choose the correct one for your setup.

If your PC doesn’t have a built-in serial port, a USB-t0-RS232 adapter can be used. For drives or Starter Kit boards
equipped with a 9-pin serial port, simply connect the drive to your PC using a standard 9-wire, non-inverting serial cable.
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Figure 1.1.4. EasyMotion Studio I - Opening window

Once the physical connection is established, click Scan for Drives to initiate the detection process. EasyMotion Studio
Il will search for connected drives and display their details in a table, including the drive name, Axis ID, and firmware
version. If no drive is detected, the software will display an error message, prompting you to double-check your
connections and configuration settings before trying again.

If you don’t have a drive connected, EasyMotion Studio Il offers the flexibility to work offline. By selecting the Work
Offline option, you can choose a model from a predefined list and continue configuring your project without needing a
physical connection.

& Drie salectian

0 st s

Productmosel  Ads  Letras W Detadts
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Figure 1.1.5. EasyMotion Studio Il — Scan results

Technosoft drives utilize a unique AxisID (address) for serial communication. Additional information on selecting the
AxisID can be found in Understanding EtherCAT® addressing modes supported.

To open an existing project in EasyMotion Studio II, click the Open Project button to browse and select a project from
a specific location. If you need to restore a project archive, including one created with the earlier version of EasyMotion
Studio I, use the arrow next to the Restore from Project Archive option to access and import the desired file.

Note: The file extension for EasyMotion Studio | archives is **.m.zip", while EasyMotion Studio Il archives use the
extension.

*

.e2p’

1.1.4 Choosing the the drive and motor configuration

Once the drive has been successfully identified, key information such as its name, AxisID, and firmware version will be
displayed. At this point, you can select the desire motor technology. After finalizing the drive and motor technology
selection, simply click the green tick button in the Motor Selection group box to proceed. This action concludes the
selection wizard and transitions you to the project window, where you can continue with advanced configuration and
programming tasks.
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Figure 1.1.6. EasyMotion Studio Il — Drive and Motor selection
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When you start a new project in EasyMotion Studio Il, the software automatically creates an initial application as a
starting point. Additional applications can be added later using the New or Duplicate options available in the
Application menu.

Each application is organized into three main branches:
U Setup — Dedicated to configuring the drive and motor settings.
U Motion — Reserved for application development, accessible only in the full version of EasyMotion Studio II.

U Memory Settings — Provides an overview of memory usage and tools for configuring memory-related
parameters.

The Setup branch, essential for initializing the drive and motor, will be detailed in the following chapters.

11.5 Commissioning the drive

The Setup branch is designed to guide you through the drive commissioning process, offering two modes: Quick Setup
and Advanced Setup. You can select your preferred mode using the radio button located at the top of the Setup tree
section.

«a| |setuptee

Quick setu

oH

arical configuration O Meen

Figure 1.1.7. EasyMotion Studio Il — Quick Setup vs. Advanced setup

The Quick Setup mode is ideal for scenarios where all connections have already been validated and the motor and
feedback parameters are well understood. This simplified approach enables rapid commissioning, saving time in well-
prepared environments. However, for new projects, it is strongly recommended to use the Advanced Setup mode. This
mode provides a comprehensive framework for conducting various tests to validate the motor, feedback, and drive
connections. It ensures that all components are functioning correctly, reducing the risk of errors during operation.

Regardless of the selected setup structure (quick or advanced), the drive commissioning procedure assumes checking
all the Setup tree branches (one by one, from top to the bottom), set the needed parameters and enable/disable the
application related options.

The Mechanical Configuration section, available in both Quick and Advanced Setup modes, defines the motor-to-load
transmission type and ratio, including configurations for rotary-to-rotary, rotary-to-linear, or linear-to-linear systems. If
the motor includes an electromechanical brake, this section allows configuring its control.

Application tree
4[| Untitled project
4] Untitled application - [1]
S Setup
4 M Motion
[ Homings
[¥] Functions
[57 Interrupts
I} CAM Tables
MS Memory settings
4 TP Control panels
1_Motion_Status
2 Drive IO
3 CANopen_Status
4_CANopen_Objects

5_Drive_Status

Advanced setup

Quick setup.
@ Mechanical configuration

& Motor

T F @ Motor @

Configuration | Tests

Motor selection
Database Technosoft

Motor | M172

Save to database

Main parameters
Motor nominal current 352
Motor peak current 106
Pole pairs 4

Additional parameters
Torque constant | 0,0355
Resistance (line to ling) 08
Inductance {line to line) 12
Motor inertia is unknawn
Motor temperature ]

A

Nm/&
Ohms
mH

Figure 1.1.8. EasyMotion Studio Il — Motor Setup
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The Motor Setup page provides two main tabs: Configuration and Tests.
In the Configuration tab, you can:

U Select the Motor: Load parameters from a predefined database or save custom configurations for future use.
0 Set Main Parameters: Define values such as nominal and peak current, as well as the number of motor pole
pairs, in line with the motor data sheet.
U Add Additional Parameters: Optionally input data like torque constant, phase resistance, inductance, rotor
inertia, and temperature sensor type. Built-in tests can identify these if not available from the motor data sheet.
The Tests tab allows testing the motor phases connection, detect the number of the motor pole pairs and identify the
motor winding resistance and inductance.

2 Motor &

Configuration | Tests

Test selection Procedure

3, Wait unt? the test ends and the results are displayed.

\dentify resistance and inductance

The test is successha i 1A [phase A current] ~ Itest and IR [phase B current]
Thmsti2,

Test paramaters
Tast current 0501 A

o

Figure 1.1.9.EasyMotion Studio Il — Motor Tests

The Feedback Setup page is used to configure motor and load feedback sensors.

U The Configuration tab adapts to the selected feedback type and guides users to input sensor-specific
parameters, referencing the sensor’s data sheet.

U The Tests tab (Advanced Setup mode) allows you to validate sensor connections and detect sensor
characteristics, such as resolution or alignment.

Application tree * 2 || 1 Feedback @
4 ||| Untitled project

i Configuration | Tests
4 | Untitled application - [1] 2 =

S Setup
Motor feedback
4 M Motion
Type Incremental Encoder
£ Homings Connecter Feedback 1
) Functions Resolution 500 i
5] Interrupts Reverse encoder counting
E] CAM Tables Filter inputs []
HS Memory settings Digital Halls A
4=CPControl panes Hall configuration 2
1_Motion_Status
2 Diive IO Load feedback
Type 551 =
3_CANopen Status Y L
Connector Feedback 2
4_CANopen_Objects . =
A Single turn resolution 13 bits
A lsrve diatis Multi turn resolution 12 bits
Ignore single turn LS8 1] bits
Ignare multi turn MS8 [ bits
Frequency 2000 kHz
Setup tree o Maode Binary
Quicksetup | |I] Advanced setup Reverse encoder counting [
@® Mechanical configuration Functionality |For position contral
& Motor

£ Feedback

Figure 1.1.10.EasyMotion Studio Il — Feedback Setup

The Inputs/Outputs page in EasyMotion Studio Il simplifies configuring the drive’s input and output signals. By default,
Technosoft drives include general-purpose inputs/outputs and some with specialized functions. These specialized
functions can be disabled by setting them to "General Purpose Input/Output." Additionally, the Analog Inputs group box
allows the drive to read analog voltage signals, configurable for 0-5 V or £10 V ranges.

The Control Settings section enables selecting the desired control mode — Position, Speed, or Torque — and
configuring the control structure, such as position control with or without an active speed controller.

In Position mode, the drive activates internal current and position loops, supporting various position profiles like
trapezoidal, S-curve, PT and PVT. Speed mode engages the current and speed loop, enabling precise speed profile
execution. For Torque mode, only the current controller remains active, providing direct control of the motor's torque
output.

The External Reference section, available only in Advanced Setup mode, allows the drive to interpret an external signal
(digital or analog) and convert it into a position, speed, or torque reference.
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Figure 1.1.11.EasyMotion Studio Il — Analog external reference settings

When Digital Reference is selected, the drive can process Pulse & Direction signals or a quadrature incremental
encoder input, calculating the reference using a programmable gear ratio.

When Analog Reference is selected, the drive reads a voltage signal, either 0 V to 5 V or £10 V (refer to the user

manual for supported ranges), and converts it into a position, speed, or torque reference based on the selected control
mode.

Enabling the Automatically Activated After Power On option ensures that external reference mode is automatically

engaged upon power-up, provided AUTORUN mode is enabled and no application program is stored in the drive's
memory.

The Application Settings section, available in Advanced Setup mode, provides tools for configuring commutation
methods, startup modes, timing adjustments, and autorun functionality for EtherCAT.

{5 Application settings (&

ntitled project

4- 1] Untitled application - [2] Motor commutation
§ Setup Commutation method | Trapezoidal
4 M Motion
Start mode

[ Hi
14 Homings Method Move until aligned with p... =
[F1 Functions

Current used ag %
[1] Interrupts Time to apply on phases 1 s
Ic] CAM Tables b Minimum mevement threshold 0 %

» Timings

Quicksetup  |I| Advanced setup PWM frequency 20000 He

@ Mechanical configuration PWM period | 000005 s

@ Motor Fast loop divider 2 @
T Feedback Stow loop divider 20
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%+ Control settings P samping p 0.001 s ]

Extemal reference Sampling period = PWM period x Loop divider

Autorun
Autorun for CANopen/EtherCAT [] o

<7 Motion settings

= Fieldbus settings

Figure 1.1.12.EasyMotion Studio Il — Application Settings

You can select the commutation method based on the desired motor control strategy:
O In Trapezoidal mode, the motor functions as a brushless DC motor, with Hall sensors managing commutation.

O Sinusoidal mode treats the motor as a Permanent Magnet Synchronous Motor (PMSM), using Field-Oriented
Control (FOC). This mode requires precise rotor position detection, performed during startup.

The FOC algorithm is possible only if the rotor position is precisely known. The drive checks it after Power On or Reset,
through a start method. This method can be selected / configured though the Start mode group box.

Within the timings section, you can adjust:
O PWM frequency, which should remain within the safe range of 20 kHz to 80 kHz.

O Sampling periods, with defaults set to 0.1 ms for the fast loop and 1 ms for the slow loop, ensuring optimal
control system performance.

The Autorun for EtherCAT feature allows the drive to automatically execute the TML program at power-on or reset,
streamlining operations and reducing the need for manual intervention.

The Fieldbus Settings section, available exclusively in the Advanced setup, includes the configurations of:
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O Axis ID: Ranging from 1 to 255, equivalent to the Configured Station Alias address, can be set either through
hardware (as detailed in the drive’s user manual) or using software in EasyMotion Studio II.

O Factor Group: Allows selecting the desired physical unit for position, speed, acceleration and jerk values. For
more details, consult chapter Factor group.

The Protections and limits section covers motor protections and operational limits to prevent system damage during
tests or normal operation.

Figure 1.1.13.EasyMotion Studio Il — Protections and limits settings

Drive Operation Parameters:

U Current Limit: Sets the maximum current applied to the motor, typically slightly higher than the motor's nominal
current but lower than its peak current to avoid prolonged overloads.

U Load Speed Limit: Restricts the load speed to protect the mechanical system and operators from unsafe
speeds.

O Motor Supply: Represents the voltage applied to the motor’s “Vmot” input.
Protections:

U Over Current: Triggers if motor current exceeds the limit for a specified time. The current value is set slightly
above the limit but below the motor's peak current.

Q Control Error: Monitors position or speed errors and triggers if they exceed the set limits for too long.

Q 12t Thermal Protection: Prevents motor damage from prolonged over-current operation. The drive calculates
the 12t value to ensure safe operation, limiting current if necessary.

External Chopping Resistor: Protects against overvoltage caused by energy transferred during braking or reversing
by dissipating the excess energy through a resistor.

Limits:
O Software Limit Switches: The software limits switches act like the hardware limit switches, when the positive
or negative limits are reached.
O Position Range Limits: Uses software limits to restrict the movement using a specified position range.

The Controllers Section in EasyMotion Studio Il provides tools for configuring controller parameters, detecting system
inertia (available in Advanced setup mode), and tuning controllers either automatically or manually.

5 Sehip
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Figure 1.1.14. EasyMotion Studio Il — Automatic tuning page
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The Automatic Tuning option simplifies parameter configuration based on the desired system response. Pressing the
START button initiates the tuning process. Once completed successfully, a “Automatic tuning done!” message
appears in the progress bar, along with the detected or computed parameters displayed in the Controllers and Tuning
Performances section.

If tuning fails, a “Automatic tuning failed” message will appear, and hovering over the progress bar provides additional
information about the issue.

Advanced Tuning Tabs:

U Identify: Displays detected data used for tuning and allows modifications to identification methods for repeating
the process.
U Tune: Shows computed parameters and the estimated controller response, enabling parameter adjustments
or re-tuning as needed.
U Test: Allows testing the controller's response and refining parameters for optimal performance.
Note: To achieve the best system performance, ensure the load is connected to the motor during the tuning process.

LI ) Automatic vy @
i Automatic tuning | Advanced tuning - Current | Advanced tuning - Speed | Advanced tuni ing - Posstion

ety T | [

By Protections and limits

cilers

Figure 1.1.15. EasyMotion Studio Il — Advanced tuning tabs

The Manual Tuning & Test section enables users to run current, speed, or position profiles while fine-tuning active
controller parameters. This process allows real-time monitoring and analysis of system behaviour using integrated
tools such as the logger and scope.

A 5 Mamusal tuning & Test

Autosesie [ Persistanze Test pasameters

b /

- Current conrolles

Figure 1.1.16. EasyMotion Studio Il — Manual tuning page

Note: For detailed instructions and additional options, refer to the Help menu or click the "?" icon within the interface.

1.1.6 Downloading setup data to drive/motor. Saving setup data.

The configured setup can be transferred to the drive using the Write Setup to Drive option, accessible from the
Application menu or via the ribbon button highlighted with a red square in the image below.
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Figure 1.1.17. EasyMotion Studio Il - Write the setup parameters to the drive memory

Once the setup is successfully written to the drive's non-volatile memory (EEPROM), a reset is required to activate it.
The new settings will take effect at the next power-on, as the setup data is loaded into the active RAM memory used
during runtime.
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You can also save the setup data to your PC for future use, making it convenient to access and reuse when needed.

CT) EasyMotion Studio [l - Untitled project

Project  Application  Communication
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Save
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Figure 1.1.18. EasyMotion Studio Il — Save project

In summary, you can create, modify, or load setup data in the following ways:
e Create New Setup Data: Configure a setup by completing the motor and drive dialogues.
e Use Previously Saved Data: Load setup data that was previously saved on your PC.
e Upload Data from EEPROM: Retrieve setup data stored in the drive or motor's EEPROM memory.

1.1.7 Creating a .sw file with the setup data

After validating your setup, you can export a software file (.sw) containing all the setup data to be written into the drive’s
EEPROM. This can be done via the menu command Application | Export | EEPROM File.

The .sw file is a text file that can be opened with any text editor and contains blocks of data formatted for EEPROM
programming. Each block begins with a start address, followed by sequential data values to be written to consecutive
memory locations. The structure of the file:

e Start address: Indicates where the block begins in the EEPROM.

e Data values: Ordered sequentially, specifying what to write at each consecutive address starting from the
block’s start address.

e The data values are 16-bit hexadecimal numbers (maximum of 4 digits) written in right-justified format. For
example: A value of 92 is represented as 0x0092.

e Each data value is listed on a separate line, and blocks are separated by an empty line for clarity.

The .sw file can be programmed into a drive using the following methods:

e Via EtherCAT® Master: Use communication objects to write data into the drive EEPROM. For detailed
instructions, refer to Downloading an image file (.sw) to the drive using CoE objects example.

e Via EtherCAT® Master: Utilize the File over EtherCAT (FoE) protocol, available only with firmware version
FAOxx, F515F or newer. See Writing a FoE (File over EtherCAT) Setup data file using TwinCAT 3 example
for more information.

e Using the EEPROM Programmer Tool: Available in the EasyMotion Studio Il installation package, this tool
enables fast and efficient programming of .sw files into Technosoft drives. Access the tool via Utilities |
EEPROM Programmer.

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

You can configure an EtherCAT® master to automatically verify, after power-up, whether all Technosoft drives on the
EtherCAT® network have the correct setup data stored in their EEPROM. This verification process involves comparing
the contents of each drive's EEPROM with the corresponding reference .sw file for its axis, which must first be loaded
into the EtherCAT® master.

The fastest way to perform this comparison is by checking the checksums. The EtherCAT® master calculates the
checksum for the .sw file data and compares it with the checksum calculated by the drive for the same address range
in its EEPROM. If a mismatch is detected, the EtherCAT® master must reload the correct reference .sw file into the
drive. For detailed examples of programming a .sw file into a drive and verifying its consistency against a reference .sw
file, see Writing a FoE (File over EtherCAT) Setup data file using TwinCAT 3 example.

1.1.9 Testing and monitoring the drive behavior

EasyMotion Studio Il provides several pre-defined control panels for monitoring and diagnosing system parameters,
such as motion, drive I/O, and CANopen status. Users can customize panel content, create new panels, or import/export
existing configurations. However, for real-time data, the Logger or Scope tools are recommended.

Application tree Lk
4 |, Untitled project
4[| Untitled application - [1]
S Setup
b M Motion

HS Memory settings

4 CP Control panels
1_Motion_Status
2_Drive_IC
3_CANopen_Status
4_CANopen_Objects]

5_Drive_Status

Figure 1.1.19. EasyMotion Studio Il — Predefined Control Panels
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Users can modify the default content of control panels by right-clicking on the panel surface and selecting the Customize
option. Additionally, they can create new control panels or import/export existing ones via the Control Panels menu.

1. Motion Satis L3 [T S Sl Utilities  Options  Helg
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=T : 2_Drive_IO Ctrl+2
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Add Control Panel from file..,
Delete Control Panel... L
0 Multi-axis settings

Figure 1.1.20. EasyMotion Studio Il — Control Panels Options

The Logger allows users to configure, capture, and analyse data by selecting variables and setting acquisition
parameters through the Logger ribbon or by right-clicking on the Logger interface. Data is stored in the drive's RAM,
ensuring high accuracy but limiting the number of points due to memory constraints.

Target Postion rot] Current. Refurence A1
e e

Load_Pasition [rof] Moter Current [A)

Figure 1.1.21. EasyMotion Studio Il — Logger

The first step in using the Logger consist in choosing the variables and setting the acquisition parameters.
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Figure 1.1.22. EasyMotion Studio Il — Logger acquisition menu

The data acquisition starts automatically when running the TML application but can also be triggered manually, using
the Start button in the Logger ribbon.
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Figure 1.1.23. EasyMotion Studio Il — Logger operation options
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The Upload data button in the Logger ribbon will start the plotting process, while the Stop data upload option stops
the uploading process, keeping on the Logger just the portion of the recording that was already plotted.

X

e T e B B

Logger @ B Uoioading dana.. Egle 2|8
Figure 1.1.24. EasyMotion Studio Il — Logger uploading cancelation

The plots can be saved, using the Save button in the Logger ribbon, as a Logger files (*.Igs), a text file (“*.txt”), an
image (“*.png”) or as an Excel files (“*.csv”).

The Scope functions as a 4-channel oscilloscope, enabling real-time monitoring of variables, parameters, registers, or
input/output statuses.

The Scope setup page can be accessed through the button in the Scope ribbon or using the right click menu and allows
configuring the 4 available channels and setting the acquisition and triggering parameters.

Scope setup &
+  Channel selection (V)
¥ axis source Variable Variable bit Y Axis Unit  Units/div Offset Group  Referenc Colour  Style Size Preview
[ | Variable ¥ |TargetPos * ot ¥ 1 rot/div 0 |rot | Position ¥ - |soid v |2 v
[ | veriable v| |[Load_Posit ~ ot v 1 rotfdiv * 0 |rot |Posiion v O M- [soid v [2 v] ——
Add Remove all
« Aquisition time settings +  Trigger settings
Time base operating mode | Normal > Source type | Variable * || Target_Positio ~
Time/div | 200 ms ¥ Level (0,001 rot
Cursor colour NG - Slope | Rising
Measure type | Difference Mode | Normal
Horizontal position [ -i%

Figure 1.1.25. EasyMotion Studio Il — Scope Setup window

The data acquisition starts when pressing the START button, in the Scope ribbon, and the information is updated
continuously until the acquisition is stopped, using the STOP button in the Scope ribbon.

Scape @

Autoscale  [] Persistance

X:4,971831 ¥ Left: 1.962696,

Figure 1.1.26. EasyMotion Studio Il — Motion evaluation using the Scope

Note: For detailed instructions and additional options, refer to the Help menu or click the "?" icon within the interface.

1.2 Setting the current limit

One of the key protections to configure is the Current Limit (accessible via Setup | Protections and Limits), which
defines the maximum current supplied to the motor. This value is typically set slightly above the motor's nominal current
but below its peak current to prevent prolonged overloads. Alternatively, the current limit can be configured using Object

207Fh: Current limit.

Drive operation parameters
ICurrenthm\t 8 A l&

Load speed limit | 5820 rpm
Motorsupply | 2414 |w

Figure 1.2.1.EasyMotion Studio Il — Setting the current limit

© Technosoft 2024 23 CoE Programming



1.3 Factor group setting

The factor group settings currently implemented are complying with:
- CiA-402-2 and later versions — starting with F515K / FAOxx firmware versions
- CiA-402 — for other firmware versions

1.3.1 Factor group setting - CiA-402 (obsolete)

The Fieldbus Settings 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 6089, 608An, 608Bh, 608Ch, 608Dn, 608Eh, 206Fh,2070s,
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.

Factor group

®) Position () Speed () Acceleration (O Time
Position units | rgt
Position factors U
Dimension index 000 rad

n index a7 deg

merator 2000 rot

1 [unit] = ( Factor numerator / Factor divisor ) [IU]

Figure 1.3.1. Factor group dialogue in compliance with CiA-402

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 (6089n, 608An, 608Bh, 608Ch, 608Dn, 608Eh, 206Fh 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.

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, 6097h and 207 1h. 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.

1.3.2 Factor group setting - CiA-402-2

The Fieldbus Settings opens an interface which allows to select the desired physical unit for position, speed, acceleration
and jerk values. These settings are linked directly to the objects presented in chapter Factor group objects - CiA-402-2.
The factor group that complies with CiA-402-2 is available starting with firmware version F515K / FAOxx.

The factor group settings can be modified either in the Setup part of the project, or by changing the factor group objects
directly using EtherCAT protocol. If the settings are changed in the Setup part, once the desired unit is selected,
EasyMotion Studio Il automatically computes the scaling factors according to each mechanical setup.In this case, the
settings are stored in the non volatile memory and remain active regardless of the drive state (reset, power lost, etc.).
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Figure 1.3.2. Factor group dialogue in compliance with CiA-402-2
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The Factor Group should be adjusted once before any type of movement is realised and not changed during the
movement.

In the Fieldbus Settings section can be found all the objects that corresponds to the specific unit and the scalling factors
computed by EasyMotion Studio Il according to the feedback, transmission and slow loop period.

If other units than the standardized option are needed, the scaling can be obtained also in the setup part if “User
defined” option is selected.

By default, the drive uses its internal units (IU). The correspondence between the drive internal units and the [SI] units
is presented in the Help menu of EasyMotion Studio Il.

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.

141 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.)
e 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 Il software platform.

Chapter 18 describes in detail how the TML features can be combined with the CoE programming.

1.5 Setting up EtherCAT® communication. Example with TwinCAT3

This section explains how to set up EtherCAT® communication using Beckhoff TwinCAT3 software on a PC. It also
provides examples for programming the drive in various modes of operation, such as Position Profile and Cyclic
Synchronous Position. Additionally, an example is included on how to map objects in TxPDOs and RxPDOs.

The examples presented use the 7-day free version of TwinCAT v3.1.4022.29, which can be downloaded from
Beckhoff's website 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:

TwinCAT?2 installation folder \lo\EtherCAT. The default location is “C:\TwinCAT\Io\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

There are three device addressing modes available in EtherCAT®: auto-increment addressing, configured station
address, and broadcast. EtherCAT® devices support up to two configured station addresses:

1. Configured Station Address: Assigned by the EtherCAT® master.

2. Configured Station Alias Address: Optional and can be assigned by the drive. This alias address is loaded
from the drive only after a power-on or reset event.

When the device addressing mode is based on node address, the EtherCAT® drive sets the Configured Station Alias
Address to match its AxisID value. The AxisID is determined after power-on through one of the following methods:

1. By Hardware: For details, refer to the drive's user manual.
2. By Software: The AxisID can be explicitly set in the range 1-255 using the EasyMotion Studio Il software.
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= Fieldbus settings &)

Axis ID selection
Set Axis ID H/W v

Figure 1.5.1 EasyMotion Studio Il - Setting the Axis ID

1.5.3 Detecting the drive with TwinCAT3

Once all connections are made and the system is powered on, ensure that the link and activity LEDs on the

EtherCAT® drive are illuminated.

1. Start TwinCAT XAE and create a new project.
2. Go to the menu and select TwinCAT -> Show Real-Time Ethernet Compatible Devices...

©0 TwinCAT Project2l - Microsoft Visual Studio (Administrator)

File Edit View Project Build Debug | TwinCAT | PLC Tools Scope Window Help
P ';__‘;‘ =] ;‘ & =318 5| +n Generate Mappings

iEIEl . im BB 2R @ |65y Acivate Configuration

L=
Sl kipliz Restart TwinCAT System
= E?  Restart TwinCAT (Config Mode)
. 3
; Solution "TwinCAT Project2l’ (1 project] "’ Reload Devices
o [ TwinCAT Project2t X san
> [l SYSTEM & Toggle Free Run State
6d"  Show Online Data
. Show SubItems

Access Bus Coupler/IP Link Register..,
Update Firmware/EEPROM 3

Show Realtime Ethernet Compatible Devices...,
EtherCAT Devices

e If no network card appears under Installed and ready to use devices, you will need to install one with an

EtherCAT® driver.

o Select a Network Ethernet Card (NIC) from the Compatible Devices list and click Install.
o Note: In most cases, this step is performed automatically during TwinCAT installation.

Installation of TwinCAT RT-Ethernet Adapters ==

Ethemnet Adapters Update List
El-&F Installed and ready to use devices
-Intel PCI Ethel pter [Gigabit

¥ Local Area Connection - TwinCAT Intel PCI Etheret Adapter [Gigabit)

Compatible devices

Incompatible devices

Disabled devices
Enable
Disable

[ Show Bindings

3. In the Solution Explorer (left panel), expand the I/O Configuration tree.
e Right-click on Devices and select Scan.
e Confirm the dialog that appears by clicking OK.

o0 TwinCAT Project2] - Microsoft Visual Studio (Administrator)
File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help

S E $ a9 -8 - S5 B |Refease ~| | TwinCAT RT (:86) -
iRz B R2RE| % [wwar -]

Solution Explorer

=
4 Solution TwinCAT Project2t’ (L project)
4 3 TwinCAT Project2l
s [l svSTEM
[ moTIoN
pLC
] SAFETY
[ ce+
« o
% Devicer
& Map| 1 Add NewTtem.. Cirl+Shift+A
[l Add Existing Ttem... Shift-Alt+A
¥§ Sean

Ctrl+V
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4. From the list of detected /O interfaces, select the ones you want to add and click OK.

e Note: If you attempt to scan too soon after powering up the drive, it may not be detected. Wait 10-20
seconds after powering up before scanning for new devices.

3 new /0 devices found @
[] Device therCAT Automation Pratocal]  [Local Area Connection [TwinCAT-Intel P 0k
D ] frea C tel PCI Ethernet]
[ Device 2 [FCS 1w [Shot 5.4 (0sFDBFEDDD]
Select Al
Unselect Al

5. A confirmation dialog will appear. Click Yes to proceed.

Microsoft Visual Studio

|9\ Scan for bores

6. In the next dialog, click Yes to add the drives to the NC-Configuration.

Microsoft Visual Studio

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

2

7. Finally, confirm Free Run mode by clicking Yes in the subsequent dialog.

‘Microsoft Visual Studio

IO\ Activate Free Run

£2

Note: Free Run mode is used in the following examples to simplify the setup process, as it avoids the need for an

additional PLC layer.

1.5.4

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

After the instructions from chapter 0 are complete, do the following:

1.5.4.1

Setting the communication cycle time for RUN mode

Double-click on the NC-Task to configure the communication cycle time. In the Task tab, set the cycle ticks to 1 to
achieve a communication cycle time of 1 ms, which matches the drive's slow loop for optimal performance.

Note: If the drive's slow loop time is set to a value other than 1 ms, the communication cycle time must be equal to or a
multiple of the slow loop period. You can modify the slow loop period in the Application Settings section during setup

using EasyMotion Studio Il

8 TwinAT ProjectZL - Mcroseit Visual Studic (Adminisiretce)

File It Wiew Prajec: Duid Debug TwinCAT PLC Tosk Stope W
= i A A]a -0 - T3] b (R
R 2R E|qa

| =Locel=

I =

ACAT Progecti1 1 progect)

[ sakety

4 "% Device 3 [EtherCAT)
8 mage

Start 2ok modual:

| Sepante rpi Lpdas

B cr 7 Wamngby excesdng
« @vo Mressage bt
s " Deves
T Deces Watcheq Cycles

Project?t N NC-Texk 1 SAF dert S0l
il svsTEM o o
L Mooy T Chectl:  GOSDD00N0
7 At ey Mianiagsmen:
Fricairy [l i
Crosbcks: @ (| 1900 ms

[F 102t s begn

© Technosoft 2024

27

CoE Programming



1.5.4.2 Setting the interface factor group settings

Setting the Interface Factor Group:
e Click on Axis 1.
e Go to the Settings tab and select the appropriate unit:
o Choose ° if your motor is rotary.
o Choose mm if your motor is linear.

8 TwmCAT Praject?l - Hicroscf: Visusl Studio (Adrinerator)

Fie Edt Wew Srject Buld Denug lwinCAT PLC ool Scops indew Help

e E e e T S =
e e T L s Tl e

TwinCAT Prejectil

"
| Selition wnCAT Frojertal 1 preject)
o [ TwircaT Projecsit

5TEM

a EMUHCN
4 NC-Teskd S0
[

i NP 747 fng AhaCATCoE Do) =

el 5Vl

Setting the Scaling Factor:
e Click on Axis 1_Enc(1) and open the Parameter tab.
e Enter the scaling factor for your encoder using the formula:
360°

[ F = ° =
ScalingFactor = 360 Number of Encoder Counts for One Full Motor Rotation

e  For example, if the encoder has 500 lines in quadrature, it generates 2000 counts per rotation. In this case,
the scaling factor would be:

o TmiACAT Preecta] - Micrasoft Visa! Stuska (Aceunizrzted [ )
file fdm Wew Froect Dudd. Debug Twinal S0 Fools Scope Vindow beip

Lo hane B - NEESIES, M BN R £l L = | TwinCAT BT 26 BRrE |

{1 = B R R T - |y m gl
ToenCAL Projectsl %

| tsenera [
+ [ romion : —
4 B nC-Task sy Trseet Eazader Coortng Dimetinn 0
teslng bacter Humester ] i
Sealiey Fatlur Donsnieatun [difaule 200 F
Prtinn Foa P -
| i
[T ' e
NeFFEFFSFF r
TEOFFTIT r
INCREMENTAL' i 3

1.5.4.3 Choosing a position lag value

Double-click on Axis 1 and navigate to the Parameter tab. Set a higher value for the Maximum Position Lag, such as
90. This adjustment is for demonstration purposes only and prevents the drive from triggering a position control error

too quickly in cases of poor motor tuning.

e s el Cymnize | e | Funeans | Coping | Sommenentin
3 nlutinn TuinCAT Frert?! 1 projert)
4 Bl AT Frojecti
- il svsTEM
4 gl MO
o B Tasd S E | e
= Tank 1 SUE [ v
19 Irage Fo mas
] Tables F =
= Cail ids g zan} Fo /i
“Caibration Velocity {off plc cam) F s
[ n P e
Jog e 0 v -\n
Dynamics
imit St hees
Maniong:
Zaster Lag Menitoring = = ]
Hsrmum Pastion Lag Value P
Mawrnam Pastier Lag it Tims iz s
2aster Renge Menitering 7L = ]

Note: Position lag protection is available on all drives and can also be configured using EasyMotion Studio Il under the
Protections and Limits section.

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

Configuring the Homing Sensor Input
1. Inthe left panel, navigate to NC — Configuration/Axes/Axis1/Inputs.
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2. Expand Axis1_FromPLC, then expand ControlDWord, and select the variable HomingSensor.
3. Right-click on the HomingSensor variable and choose Change Link....

File Edit View Project Duild Debig TwinCAT PLC Tool Scope Window el
i S - e e N S e o | [ TwanCAT 2T (stf) - e e o i R
= e e I B[P O D,
—
Sohron plor 1 [t R
=] T 1
L Verisble | Flags | Ork
(53 Sotution TwinCAT ProjectZ] {1 project} .| los
4 [l TwinCAT Froject2t fe— Y
il svsTEm e
+ g MoTIoN Tipa
o [ MCTesklsar Gmua: s H Ll
R o
R NC-Task VB B "
B fmage ] s D, 1
[ Tables
4 B g
4 B fisl
i Enc
=1 Driee
I Ctd
- Inputs
4 # FramPic
4 ¥ CortrolDord
=+ Enable ADS o Pot B0 1Gm: (e, Offs b, Lan: 1
Fulame:  TINC HC-Task 1 SAT ems o031 puts From Az CommiDivend Homrg
L]
# MeDebugFlag
1 Dverride
1 fisModeRequest T 12!
¥ AxisModeDWord | 2] Add New Xem.. Corle Shift=A
& fsisModelfesl | we po =
& D il nrepctinr =

In the dialog box that appears:
e Check the All Types checkbox (1).
e Select the variable Digital Inputs (2) and click OK.

Attach Variable HomingSensor (Input) @

57 Dewies ~ Shaow Y ariables

-2 Device 3 [EtherCAT) @ Unused
2% SyncUrits () Used and urused
B <defaulty [] Exclude disabled
2% NC-Task 1 SAF Exclude other Devices

] WeState > 4 1526.0,BIT [01] [7] Eschude same Image
Objectid > IE 1567.0,0TCID [4.0] = )
Ll State > 1B1571.0,LINT [2.0) :hU";T;Z:'DS
L] SlaveCount > 1B 1573.0,UINT [2.0] e
FimOState > 1B 15200, UINT [2.0] Show Y ariable Types

F
-

A

-8 FrmeState > 1B 1522.0, UINT [2.0] Matching Tupe
#] FrllnputToggle > 1B 15240, UINT [2.0] n

-1 SlaveCount > |B 15300, UINT [2.0] = 1

- DevState > |B1534.0, UINT [2.0]

%] ChangsCount > B 1536.0, UINT [2.0] Array Mode

-1 Devid » 1B 15380, UINT [2.0] Offsets

-l AmsMetld > 1B 15400, AMSNETID [6.0] .

41 ClgSlaveCount > 1B 15460, UINT [2.0] [C] Continuous

Drive 1 [iPO5 4808 MY-CAT-STO [C] Show Dislog

Rk I 2 Wariable Mame
CAdsAddr > |B1550.0, AMSADDR [8.0] [T Hand aver
# netld > 1B 1550.0, AMSNETID [5.0] Take over

#] pat > IB1556.0, WORD [20]

L) Chel > 1B 18580, LSINT 1.0 - Cancel 0K

A new menu will appear prompting you to specify the offset.

e Since Digital Inputs Status is a 32-bit variable and the HomingSensor is a BOOLEAN (1-bit) variable, set
the offset to 23 to map it to the INO input.

e Click OK to confirm.

Variable Size Mismatch @
Linked ¥ ariable: Digital inputz
Size Offzet
Linked Variable: 32 o =
Olwar W ariable: 1 a

Overlapped: 1

|
[ Size and Offset in bits

1.5.45 Running the NC-PTP interface

Activate Configuration:

o  Click the Activate Configuration button to enter PLC Run mode.
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Solution Explorer

=)

4[5 TwinCAT Project2t

o | <Local> -

MRl TwinCAT Project?l

Activate Configuration

General ISeﬂings I Pamme{e(l D)'ﬂamicsl Orling | Fundiunsl Coupling | Cumpensahonl

; Solution "TwinCAT Project?1’ (1 project)

> (@l SYSTEM
4 MOTION
s [B] NC-Task1 SAF
[Z1 NC-Task 1 SVB

*8 Image
[ Tables Status flog.) Status (phys.) Enabling
4 T Axes Ready NOT Maving Coupled Mode Controller Set
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> 4, Enc Has Job Maving B In Pos. Range Feed Bw
> =0 Drive
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» [l Outputs
PLC 0 h| 0

N

Confirm any prompts by clicking OK.

Microsoft Visual Studic

Activate Configuration
(01d Configurations will be overwritten!)

Microsoft Visual Studio

OK ] [ Cancel OK l ’ Cancel
Powering the Motor:
e Select Axis 1 and open the Online tab.
o EE = - RG] T | TR : | A m = | er i | DD <
lution Explorer Rl TwinCAT Project?l
= = ‘Genelal | Settings | Paﬁmeterl Dynamici Online IFundiensi Ccuplingl Compensatianl
,; Solution TwinCAT Project2’ (1 project)
4[5l TwinCAT Project2l Setpoint Postion: 1]
Cmaie . 1472312.3730 T
o B MOTION Lag Distance (min/max) [ Actusl Velocity [/] Seipoint Velocity I/l
o [E NC-Task1 SAF 0.0000 (D.000, 0.000) 0.0000 0.0000
[ NC-Task15VE Overide [%] Total / Control Output:  [%] Eror
*8 Image 0000 % 000/ 0.00% [T}
Status Jog.) Status {phys ) Enabling
[ Ready [¥] NOT Moving [ Coupled Mode [ Cortroller -
[FCaibrated  [7] Moving Fw [l in Target Fos [ Feed Fw S
[] Has Job [] Maving Bw [ in Pos. Range [ Feed Bw
[T Contraller 0K
Controller Kv-Factor: e Reference Velocty: el [EFeedFw Lo )
I
. 1 l 2200 ﬂ | Feed Bw
Target Posttion 1 Target Velocity: [/l Overide [%]
4 = Device 3 (EtherCAT) 0 i [ i
2% Image
+9 Image-Info = = w W ® | /e
2 SyncUnits F1 F2 F3 F4 F3 )
Inputs

its position.

Click the Set button. In the window that appears, click All to activate power to the motor.
If the configuration is correct, all checkboxes under Enabling will turn ON, and the motor will begin holding

Debugging Tip: Use the yellow F1-F4 buttons to manually move the motor for testing purposes.

TI=E

2
-4 Solution ‘TwinCAT Project2!’ (1 project)
4 5] TwinCAT Project2l
v @l sysTEM
s =] MOTION
4 [ NC-Task1SAF
[B1 NC-Task 1 5VB
*8 Image

=] Tables

[l -+
a4 [Fvo
a4 % Devices

== Device 3 (EtherCAT)
*8 Image

4

*® Image-Info
> 2 SyncUnits
> Inputs

B8 2R G600 [<ocsl> ]

Solution Explorer Mkl TwinCAT Project?l 3¢

]

15
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L
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3 2200
Target Posttion: 1 Target Velocity: [4s]
0 1 0
- - + ++ ® —te
Fi| F2| F8| _F4 F& | _F9
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Running a Reversing Sequence:
e Go to the Functions tab and select Reversing Sequence.

Solution Explorer MBS TwinCAT Project2l X<

| General | Settings | Parameter | Dynamics [ Oniine | Functions | Couping | Compensation |
~d Solution TwinCAT ProjectZ1’ (1 project)
4 S TwinCAT Project2l Setpoirt Position |
. [ svsTEM 1472312.3730 1472312.3730
a MOTION Extended Start
o [B] NC-Task1 SAF Start Mode: Absolute - (Start
E.- NC-Task1 SVB Target Postion: Absolte 1l Stop
*
Image Target Velocity: E:L?’;:f + ['/s]
[F] Acceleration Endless - ['/s2)
Madulo
[ Deceleration Modudo shortest way  |[Vs2]  Last Time: il
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[ et Moddlo minus dreat, 175 0.00000
E Raw Drive Output jgg N
Ces
vt He 5
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S Inputs TSI S
elo Step Sequence
> [ Outputs Sinus Sequence (Bode)
- [ InfoData Sinus Oscillation
- %] Drivel (iPOS4308 MY-CAT-STO)
as .

e  Enter the following parameters:
o Target Position 1: 720 (to rotate the motor twice).
o Velocity: 720°/s (equivalent to 2 revolutions per second).

e Click the Start button. The motor should rotate smoothly back and forth for two full rotations without shaking.

Solution Explorer MR TwinCAT Project?l X
= -
| General | Settings | Parameter | Dynamics [ Oniine | Funcions | Coupiing | C 1
- Solution TwinCAT Preject2l’ (1 project)
4[] TWinCAT Project2l Setpoint Position: ¥
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o IT”"E‘QE Target Velochy: 720 78]
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. Bob Axis1 Idle Time: 0 s Last Tims El
PLC 0.00000

Monitoring Position Error:

e Return to the Online tab and observe the Lag Distance (position error) displayed in TwinCAT.

Bl TwinCAT Project?l ¢
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*® Image-Info —— = + ++ B | =
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bl Inputs

Once these settings are complete, the configuration will be fully compatible with PLCopen Motion Blocks in the PLC
Control program, enabling automated script execution.

1.5.4.6 Checking and updating the XML file stored in the drive

The XML file data is stored in the EtherCAT ASIC EEPROM, not in the drive itself. The EtherCAT EEPROM can only
be written through the Ethernet port. The XML file also contains information about the supported CoE objects. When
firmware updates introduce new objects, the XML file may also need to be updated.

To correctly identify your product, you can:
e Read the label on the drive, or
o Check Object 1018h, sub-index 2, which displays the correct Product Code.

Technosoft Drive name Product code in 1018h, sub 02h
iPOS360x VX-CAT 28002021
iPOS4808 MY-CAT-STO 27314121
iPOS4808 BX-CAT-STO 27314221
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1.5.4.7 Steps to Write a New XML File

1. Ensure the XML file is in the correct folder:
o For TwinCAT2, the default location is: C:\TwinCAT\lo\EtherCAT
o For TwinCAT3, the default location is: C:\TwinCAT\3.1\Config\lo\EtherCAT
2. Open TwinCAT System Manager:
o If you know the product ID of the drive, select the target drive from the left-hand menu.
o Go to the EtherCAT tab and click Advanced Settings...

o g > et R
2 El:r_:mii SheCAT P.: Frocass Ut | Satun | Cob nioe | Ovia | 80 Crine | N Fonctions |

e
& T Deices
a8 Device 2 {EtherZAT)
*® Image
& mage.date
-+

3.  Write to the EEPROM:
e Inthe Advanced Settings window, navigate to ESC Access/E2PROM/Smart View in the left-side tree.

e  Click the Write E2PROM... button.

Advanced Settings
- General Smart View
Behavior
Contfig Dta (evaluated from ESC) Devics Idertity fhex)

- Timeout Settings

 ldentification EPROM Sie (Byte): (2048 - Vendorld ©000001A3
FMMU £ SM PDIType 5Pl siave - Froduct Code: BOTAICTES

Init Commands

- Mailbox || Device Emulation (stats machine emulation) Revison No.: (35313543
& Distributed Clack SPL/ 8/ 16 1€ Interface Serial No. 00000000
5. ESC Access [7]BUSY Open Drain (7] BUSY High Active
+ []INT Open Drain [ INT High Active Froduct Revision.
32 Bt Interface Maf'h“ o . =
[Z]WD Open Drsin -~ [¥] WD High Active e =S R S = 3
[ Input Latch L2
Bootstrap Corfiguration
S Sl Gl — Out Start/Length: 409 128
[F] SYNCD Open Drain [T SYNCD High Active
— : In Stat/Length 5120 128
[ZSYNCDEnsbled  [¥] SYNCOto PDI IRQ
[ SYNC1 Open Drain [ SYNC1 Hich Active )
= Standard Corfiguration
[CISYNCI Ensbled  [T]SYNC1to PDIIRQ
Out Start/Length 4096 4
mpuise Length (is): 50
In StatLength 5120 128

[ wite EPROM... || [ Read EPROM.. |

&

Select the Correct XML File:

If the XML file has been added correctly (refer to Section 1.5.1 Adding the XML file), a list of available product
descriptions will appear.

e The current XML file on the drive will already be selected.

e Choose your correct drive name with the highest revision number (the number shown on the right) and click
OK.
Write EEPROM (=3
Ayailable EEPROM Descriptions: [7] Show Hidden Devices [T]
=] POS4802 BX-CAT »10 (27214221 / 292417350] -

iP0S54808 BX-CAT-STO (27314221 / 832417350]
iP054608 MY-CAT-STO (27314121 / B32417350)
iP054808 S-CAT #1 (27051424 / 825308486)
iPOS4808 5Y-CAT H2 (27061424 / 842085702
iP0S54808 5-CAT #3

)
27051424 / B5BBE2918]
{POS4B08 SY-CAT #4 (27051424 / B76640134)
{POSE010 BX-CAT (29025221 / 832417350)
iPOSE020 BX-CAT (29028221 / 89241 7350)
IPOSB010 BA-CAT (29025222 / 892417350]
{POS8020 BACAT (23026222 / 832417360)
{POS3010 BR-CAT (29025224 / 892417350)
iPOSB020 BR-CAT (29026224 ¢ 892417350)
IPOS4B08 Bx-CAT w10 (27214221 / 892417353
{POS4808 BX.CAT-STO (27314221 / 892417353)
{POS4808 MY-CATSTO (27314121 / 892417353)
iPOS4808 Sv-CAT #1 (27051424 / 625306489)
{POS4B08 SY-CAT #2 (27051424 / 842085705)
IPOSARNG 5v-CAT B3 (27051424 / B58862321] E
iPOS4808 SY-CAT #4 (27051424 / SP5EAM37)

iPOSEOT0 BXCAT (29025221 / 89241 7363)

iPOSA020 BX.CAT (23026221 / 832417363)

{POS8010 BACAT (23025222 / 832417363)

iPOSE020 BACAT (29026222 / 892417353)

iPOSEO10 BR-CAT (29025224 / 892417353)

iPOS8020 BR-CAT (28026224 / 892417353) .
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The first number refers to the drive Product Number, while the second represents the Revision Number, which
indicates the current firmware version. The revision number can be converted into hexadecimal and then into ASCII
characters. For example, if the current firmware is F515I, the revision number will be:

e ASCII: 5151
e Hexadecimal: 0x35313149
e Decimal: 892417353

Note: Newer firmware versions are compatible with older XML file information, so there is no need to update the XML
in the EtherCAT® adapter for every firmware update. In some cases, newer firmware does not include new CoE objects
or functionalities and, therefore, does not require an updated XML file. For instance, firmware F515G works seamlessly
with the XML file created for F515F.

Once the writing process is complete, reset the drive and rescan the devices on the network. The correct device
description will then be automatically detected.

1.5.5 Setting the free run communication cycle

In the left panel, under I/O Devices, select Device 3 (EtherCAT). On the right side, go to the Adapter tab and set the
Freerun Cycle (ms), for example, to 1 ms.

Note: When TwinCAT is running in Freerun mode, this is the only setting required to define the communication cycle
time.
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RS Ak 030103112130 Compatble Devoss..
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To apply all the changes made (including any updates to PDO mapping), click the Reload I/O Devices (F4) button. This
will also activate the SYNC 0 signal, if it has been enabled.

90 TuinCAT Preject?] - Microsoft Visusl Srutie (Administratar)

Debug._ TwinGA] ouls Scope. Window _Help
ST T T RS BxEaa-,

Auso Upcise ] Sigie Updte [7] Shom Ofine Dete

Miciie 00 A0 Fos]:

™ [ [
(5 006152 (353618)
d

AMSADDR 80 1500
AMSETD 60 1500
WORD 0 160
usmT 10 1sa0
) Ot IRt
ONT w10
UNT w0 mo

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 0), the next steps describe a positive trapezoidal motion in position profile mode:

1. In the left tree, at I/O Devices, click on Drive 1.
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Solution Explorer N e
=)
- Selution TwinCAT Project22' (1 project)
4 [ TwinCAT Project22 Name: Drive 1 (POS4808 MY-CAT-STO) o1
> (@l SYSTEM
MOTION Object Id
LC Type: iPOS4808 MY-CAT-5TO
[ SAFETY
=B Commert: -
r
4 Evo
4 " Devices
4 = Device3 (EtherCAT)
*H Image
*% Image-Info [ Disabled Create symbols
> @ SyncUnits

General | EtherCAT | DC | Process Data | Starup | CoE - Oniine [ Onine |

03020001

b

b Inputs
> R Outputs

InfoDats
4 =) Drivel (iPOS4808 MY-CAT-5TO)

T Transmi PDO T mapping parameters
> I Transmit PDO 2 mapping parameters
» [ Receive PDO 1 mapping parameters
> [ WeState

> I3 InfoData

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 6064n: Position actual value. Else, all CoE objects will be read directly
from the drive without anything in the name column.

1 Co - Crire Idni—.e

7] Sngle Usdete 7] Show Cffine Dotz

A Solution Twind AT Project?? it araject)
4 [l TWinCAT Project2z

Wl SvSTEM
= momon
e Trie Dt Wodide OD (AE Pat]: 11
7 SAFETY
e Hame Flage Vehm
%0 Wodes of cpemon MAWP 8
56! Hades of cpemaon disslay MAOP D
62 Paster demand vaus AT 0
5153 Fusticr actu rems vaus Ao P 33435481
B Fusdi it vake AT

HES Febowing emar windzre 00132 Ha15)

0eE Felming emartinca.t (RFFF (£5525)
BT Fastier wrdni HDII00 4056
568 Tosticr: wrdas tme 0001 (1
4 =1 Drive POSIEE MY-CAT STO :@ Vefocky smmiotaced v z: :
Tranzmmit PDO 1 msaping perameters e e S e 5
Transenit PO 2 menpiag parameters sl ;:?: i o 000
W Peceive PDC L mapaing parsmeters s it D e
i Wektate 5377 TormueiCimers) achia vsus a8 [
' Infolats Target postiee e [
+ § Mappings Fosticr g bmt W 52z
%) NC-Tazk I 0F - Device 3 (EtheCAT} 1 Hon it e b
al MC-Task1 247 - Device 3 (EtherCAT] Info Sortwane: poion Enl L i

2. In the CoE online list, search for Object 6060h: Modes of Operation 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.

TwinCAT Froject2?

el [ EnerCAT [OC | Process omn [ Simmp | CoE-Crie |

Update Lis . T iura Undate [ Singls Undate: 7 Shaw Dffine Data
E Grires Dot Modds 00 (A0 Port).
e, Hams Flags Ve

B0 Aot Cannaction Cktinn Cade R ]
BO3F Erm ok D 0000
5040 Cortrolmord MEWP (k00
5041 MADE W 7
Bl5A Guizh Stop Opson Code R 2

et Valuz Disiog

I Dec. 1 I F.

Hee 0 [l ]
Wouse o] ooeradion ceeiay

562 Eusdion cenand! vatu FOF 0 Fieal
563 Fuelion actual ilena vaue HOF 285726
6064 Puslion sclusl value HOF 285728 ;
BUES Fobamny wror windaw FWF fiopy] Boct o 1 | HexEdi |
5065 Felowng aror insad W G fingy: 2 |
6057 Fastion wdaw i E D000
GOE Fogtion window tize RWE 0001 | Eif Size 1o@E D8 D OE T
6065 Vielocty perar sctusl e FOF ]

3. Right click on Control word variable, and choose Online Write.. .
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4.

TwinCAT Projectzd .

G [ AT [ 06, [ P | S| o o

Updata Lt Ao Update ] Sngle Upcete [ Shaw Offine Dta
& MoTion Advanced.
Madule OD (Ao Porth:

Fags Vakue
MRAWP B
MRDP

Scftare pistion i

Ackd to Wiatch

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

Set Value Dialog 3wl
Dec E 0K

Hex: 040008
Float

Book Lo JLa] [ HexEdt. |
Binany: 0s00 2

Bit Size D1 Ce @16 D32 Cee 07

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.

[ General | EtherCAT [ DC | Frocess Data | Staup | CoE -Online [ Oniine |
[T] Auto Update [ Single Update [Z] Shaw Offine Data
Advanced...
Orline Data Module OD (AE Port): O
Index Name Flags Value
606F Velocity Threshold RWP 0000 (D)
6071 Target torque(cument) RW P 0
8077 Torqua{Cument) actual value ROP 0
E07A Target postion RWP o
¥ 607B:0 Position range limit RW >2¢<
E07C Home offset RW P o
# 607D:D Software position limit RW >2<
E07E Polarty RW P 00 (0]
5081 Profile velocty AW P [ Set Value Dialog
€023 Profile acceleration RWP 32768
6085 Quick stop deceleration RW P ] Dec: 509324 oK. ‘
6086 Motion profile type RWP 1]
6089 Positon notation index AW P 0 o= L0000 |
502A Position dimension index RW P 000 (0) Float 8.2651 9476040
6088 Velocity notation index RWP (1]
608C Velocity dimension index RWP D00 (T)
608D Acceleration notation index RW P o Boal o] 1) | HexEdit.. |
603E Acceleration dimension index RWP 00 (0)
60930 Postion factor RW >2¢ Binary: 00000300 4
Bit Siee: 01 08 O @R OHO? |

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.
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10. 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 I DoC | Process Data I Startupl CoE - Online IOnIine

Update List I Auto Update I Single Update [ Show Offline Data
Advanced...
Add to Startup.. Online Datz Module OD (AoE Fert): 0
Index Name Fags Value
6060 Modes of operation MRW P 2
6061 Modes of operation display MROP ]
6062 Position demand value ROP 0
6063 Position actual intemal value ROFP 33456481
Position actual value RO P 33496481

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

Name Online Type Size  >Addr. In/Out UserlD Linkedto
& Statusword X 0:250 (4688) UINT 20 710 Input 0 nStatel, nState2

Position actual v.. K Ox01FFLDAL (3349.. JDINT 40 730 Input 0 nDatelnl . In . Inputs . E...
3 Torque (current)... % 0:0000 (0) INT 20 710 Input 0 nDataln3[0] . nDataln3 . I...
# Following error .. X 0:00000000 (0) DINT 40 790 Input 0 nDatalnl .In  Inputs . Dr...
%! Digital inputs 0:x0F300008 (26004... UDINT 40 830 Tnput 0
I WeState X0 BIT 01 1523  Input 0 nStated, nStated

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

12. 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.

13. As in step 7, right click the Target position PDO value and change it from 80000 to 40000.
14. Right click the control word and set it to 0x001F again to start a new motion.

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 0 Configuring the
Homing Sensor Input
4. In the left panel, navigate to NC — Configuration/Axes/Axis1/Inputs.

5. Expand Axis1_FromPLC, then expand ControlDWord, and select the variable HomingSensor.
6. Right-click on the HomingSensor variable and choose Change Link....

File Ldit View Frojet Duld Deoog TwnCAT PLC Took Secpe Window elp
- Glm T e R 9 - e L | b Reese = | TwinCAT 21 ) -] 2 - e s pl A - R
A i BB N @] a7, || Lo -f5id B SRz s= 0l 1D,
—
e e o
= - = -
[ Shation TwinCAT Project?i’ {1 pject) et Fags | orkas|
[l TwinCAT Project2t s e —
il sysTEMe =
+ g MoTIoN Tipa B
o [ Ho-TeskL 5T Gmua: Inpes Sae ol
[ sk 1 SV
L ::ag':"' rn 95 User 1
[T Tebles
o B pues
4 B sl
# Enc
=1 Drie
I Ctd
4 Inputs
4 # FromPic
4 ¥ ControlDiord
+ Faable ADS Ho Pt 501, [ (KFI21, D (5 Lan: 1
# FredEnabielus
Ful Mame: TING HC-Tesk 1 SAT s Atz 1" hputs TromPic CommiDifiend “Homng
mee A ChengeLink_
| PlelebugHag
# NeDebugFlag
1 Dverride
1 AxisModeReguest Eriau
#1 AvisModeDWord | 15 Add Mew e Carl+ Shift=A4
o fisModelfesl | we opo =
& Decsioalopoction

In the dialog box that appears:
e Check the All Types checkbox (1).
e  Select the variable Digital Inputs (2) and click OK.
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Attach Variable HomingSensor (Input) @

evices - Show Y ariables

7% Device 3 [EtherCAT) @ Unused
=2 SyncUrits () Used and urused
E‘ﬁ <defauit [ Exclude disabled
=] /& NE-Task 1 54F [#] Exclude other Devices
-#1 WoState > [%1526.0,BIT [0.1] Evclude same Image

Objectld > 1B 1567.0, OTCID [4.0]
State > IB 15710, LINT [2.0
1 SlaveCount > 1B 15730, UINT [2.0]

Show Tooltips
[T Sart by Address

LR

%] Frn0State > |B 152000, UINT [2.0] Show Variable Types
-] FrnlhicState > 1B 1522.0, UINT [20] ket e
%] FrllnputToggle > 1B 1524.0, UINT [2.0] B R
-] SlaveCount > 1B 1530.0, UINT [2.0] = 1
-] DevState > IB 15340, UINT [2.0]
%] ChangeCount > 1B 1536.0, UINT [2.0]
-] Devid > 1B 1538.0. UINT [2.0] Offsets
- AmsMetld > 1B 1540.0, AMSNETID [.0] .

#1 CigSlaveCount > |B 16460, UINT [20] [ Continuous

iP05 4808 MY-CAT-5T0 [C] Show Dislog

)] 2 .
T Al Yariable Name
#1 Adséddr > 1B 15500, AMSADDR [8.0] [ Hand over
1B 15500, AMSNETID [5.0] Take aver

%1 pot > IB1556.0,%0RD [20]

# Chrl > 1B 15580, USINT [1.0] - Cancel 0K

A new menu will appear prompting you to specify the offset.

e Since Digital Inputs Status is a 32-bit variable and the HomingSensor is a BOOLEAN (1-bit) variable, set
the offset to 23 to map it to the INO input.

e Click OK to confirm.

Variable Size Mismatch @
Linked W ariable: Digital inputs
Size Offzet
Linked Variable: 32 o 2
Oivan Wariable: 1 a

Overlapped: 1

|
[ Size and Offset in bits )

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)

o | it |0 | fracem e | B | St - Criem |G

Write inside the Controlword 06 and then click OK.
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Set Value Dialog @
Dec: B Ok
Hes: 040006
Float:
Binary: 0E 00 2
Bit Size: @1 08 @16 (032 B4 D7

Using the same method, write 07 and then OxO00F. After 0xO00F, the drive should be in Operation Enable.

6060n 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
6060n 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 607An). 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.
‘ T
: ™ Change Link..,
Name F Clear Link(s) n/Out UserlD Linkedto
& Statusword Goto Link Variable P olnput 0 nStatel, nState2
#1 Position actu Take Name Over from linked Yariable nput a nDatalnl . In . Inputs . E...
| Terque (curre | ‘Add Mey Ctrl+Shift+A nput 0 nDataln3[0] . nDataln3 . L..
4 Following errf o N b nput 0 nDatalnl . In . Inputs . Dr..
#! Digital inputs - nput 0
& WcState it iehnD nput 0 nStated, nStated
# InputToggle| < Delste Del nput 0 nStated, nStated
#1 State Move Address. nput 0
M AdeArid I +3  Online Write.., feut 0
F netld put 0
3. Online Force..
#l port y Input 0
# Chind M Release Force Input [i]
e DcOutputShi. 2 Add te Watch Input 0 nDcOutputTime . In . In...
! DelnputShift| oA oo AN I 0 nDclnputTime. In. Inpu...
» 5 Centrahaned A A ) ¥ Y -
™ Target position | X 0x00000000 (0 DINT 40 730 OQutput 0 nDataOutl . Out . Qutpu...
1.6.3  Mapping objects to TxPDOs 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 Project?2 - Microsoft Visual Studio {Administrator)
File Edit View Project Build Debug TwinCAT PLC Tools Scope
izl § s B9 - - H-5 | b [Debug)
L)
¢ To map new RxPDO data follow the steps:
1. Select or double-click Drive 1 on the left.
2. Select Process Data tab to the upper right of the screen
3. In Sync Manager, select the Outputs to enable or disable RxPDO1 to 4.
4. Under PDO Assignment (0x1C12), select which RxPDOs objects should be active. In this case, check
0x1601 to activate RxPDO2.
5. 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.
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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 Assignment (Bx1C12): PDO Content ((<1601):
L2 OcIE0

| Index Size Offs Hame Type
Ea(oa 1601

o 0.0

Download Predsfined PDO Assignment: fnd
FDO Assignmert Lo=d PO irfo from devics
PDO Configuration

(Sync: Unit Assigrmert

e A new list of mappable objects will open. Choose for this example, object 60B8» — Touch probe function

and click Ok.
Edit Pdo Entry (3]
Mame: Touch probe function
Indek (hex}  BOBS 24760
Sublndes D
Data Type: [UINT -]
Bit Lentgh: 16

Fram Dictionary;

0xBO2E - Acceleration dimension index

0+6033:01 - Position factor Numerator

04609302 - Position factor Divisor

0E094:01 - Velocity encader factor Mumeratar
0xE034:02 - Velocity encoder factor Divisor
0#6097:01 - Acceleration Factor Numerator
0+6097:02 - Acceleration factor Divisor

0wE098 - Haming methad

0E099:01 - Speed during search far switch (high sped)
(14609902 - Speed during search for z2era (low speed)
05090 b L

I_ OxG0BE - Touch probe function I

I ~TrTeTpoIaton UbTode seled
0+60C1:07 - %7: the first parameter of ip function
0860CT:02 - X2: the second parameter of ip function 2

mn

e Repeat the same step as before and add/insert object 2092h UserVar1

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.

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 6060n 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
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[ General | EinerCAT [ DC__| Process Data | Startup | CoE - Oniine | Oniine|
Sync Manager: PO List:
SM  Sze  Type  Fags index Sz Name Flags sM o su
0 48 MO 0cAD B0 Transmt PDO 1 mapping paramet... 3 0
1128 Mbxh 00AO1 B0 Transmi PDO 2mapping paramet... 3 0
2 12 Oups 0CA02 60  Transmt POO 3mapping paramet 3 0
3 2 hpus 0cA03 10 Transmit PDO 4 mapping paramet 0
0600 60 Reosive D 1 mapping paramet 0
Tel60l 60 Receive PO 2 mapping paramet 2 0
Gci6l2 30 Recewe PDO 3 mapping paramet 0
0603 B0 Receive PDO 4 mapping paramet... 0
| i S
FDO Assignment (¢1C12) IFDOComem (Bc1501); I
7101600 Index  Sze  Offs  Name Type Defaut thex)
A &1?;; OEIBBO0 20 00  Touch probefundion UINT ]
[Fecten3 5205201 40 20 UserVarl UDINT
= )
Dowrload Predefined PDO Assignment. frone)
[71PDO Assignment Load PDO info from device
[¥] PDO Corfigurati
[Syne Unit Assignment..
Name Online Type Sze  »Addr. In/Out UserD Linkedto
# netld 192168250541  AMSNETD 60 15500 Input O
# port 0:03E9 (1001) WORD 20 15%0 Input O
1 Chr0 0:00 0) USINT 10 15580 Input O
#1 DcOutputShift X 0:000953E4 (611300) DINT 40 15590  Input O nDcOutput|
# Delnputshift X 0:0015309C (13887... DINT 40 15630  Input O nDelnputT
- Controlword X 0:0000 @ UINT 20 710 Output 0 nCtill, nCtr
" Target position 000000000 DINT a0 730 Output 0 nDataOutl |
- Touch probe function X 0:0000 (0) UINT 20 710 Output 0 nCtls, nCtr
B UserVarl 0:00000000 (0) UDINT 40 790 Output 0

e To activate the new PDO setup, click Reload I/O devices button.
A Cdd| s amn9-o
aafzlie o

1.6.3.2 Mapping objects to TxPDO3

e Set the drive in Config mode if not already.

o0 TwinCAT Project?? - Microsoft Visual Studio (Administrator)
File Edit View ijact Build Babug TwinCAT PLC Tools SCDpE

- S B % B9 - - H 5| b [pebug|
ez L@ ¢ |<Locar

Solution Explorer Restart TwinCAT [Config Mode)

e To map new RxPDO data follow the steps:

Select or double-click Drive 1 in the left.

Select Process Data tab to the upper right of the screen

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

Under PDO Assignment (0x1C13), select which TxPDOs objects should be active. In this case, check
0x1A02 to activate TxPDO3.

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.

Rl TwinCAT Projectil X

PoON=

o

] e T
o Selticn Twalal Project2? (1 praject) | Generat | BihecaT {00 wm | e ek
4 Gl TinCAT Prajecti2 Synz Waneger. 2 rooim
ﬁ mg:‘l M S Tygm Ham Iricke Siw M Fag i sl
o 43 Wl Cb A B0 Trawamt FOO T mepping pacsmel J
1 1@ M QoA B0 Toonc P00
213 Oupss |case &5 Trsm FOO 3 mepang peamet 16
i m;; b sy e R T
4 |l OOEl 60 Recene PO 1 mepoing pacamet... 2
AT DRIl BD Recevn FOO 2mepmng perame .. 2 o
o' W Dedie 3 (EharaT) DoBE 20 Recohe FDO 2mepsing pacme .

[l R Pizcene PO 4 meppng pramet...

FOO Asaigrment {1013 I°DD Content (0c1AM): l

[ e LK |indsx Sme s Hame Troe Deimk e

F3 1 A1

1
FRApp P [ararneters [ 1AL

= Trinerit POG2 ripping pismetirs

B Recsive PDO 1 mepping paramensrs
W Receive PDO 2 mepping parameters
W WeeState i
& InfoDsts Sawrinad Pradefiied P Aasicnment: frare}

5 e
4 &% Wespirgs ;;-__‘m"“"“ 5 Loed FOO rfo from dence
o WC-Task 1 SAF - Device 3 [EtherCaTId B PDO Corfiguation T —

@ N Task1 SaF - Device 2 [EtaeeCAT) Infa

Do this step until all objects are deleted.
e  After current objects are deleted from PDO 0x1A02, right click on the white space and choose Insert...
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click Ok.

Edit Pdo Entry
Hame:
Index [hex]:
Sub Index:
Dats Type:

Bit Lentgh:

Touch probe status
E0EY
1}

24761

UINT

16

Cancel

A new list of mappable objects will open. Choose for this example, object 60B9» — Touch probe status and

From Dictionary:

0609302 - Pasition factor Divisor -
OwE094:01 - Yelocity encader factar Mumeratar

0x6094:02 - Velocity encoder factar Divisar

0603701 - Acceleration factor Mumerator

(0xB097:02 - Acceleration factor Divisor

06098 - Homing method

0wE099:01 - Speed during search for switch [high sped)

0x6099:02 - Speed during search for zera [low speed)

[[0:6083 - Tovich probe status

& =TOUCh proDe T posive edge
OwE0BE - Touch probe 1 negative edge
0x60BC - Tauch probe 2 positive edge
0+60BD - Touch probe 2 negative edge
0:60C0 - Interpolation submode select

|

1

Repeat the same step as before and add/insert object 0Ox60BA — 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
TwinCAT Project22 X
| Genersl | BihesCAT [ DG | Process Data | Startup | CoE - Online [ Dniine |
Sync Manager: PDO List
SM  Size Type Flags Index Size Mame Flags SM su
o 43 MboxOut O 1AD0 80 Transmit PDO 1 mapping paramet... 3 o
1 128 Mbxin Dolald ¥ Jeosmit 200 2 mapniog.natEmet. 2 V]
z 12 Ouluul_g e1AD2 6.0 Transmit PDO 3"13EEi”E paramet... 3 0 l
3 2 Inputs 1403 10 Transmit DO 4 mapping paramet... o
1600 60 Receive PDO 1 mapping paramet... 2 1]
1601 6.0 Receive PDO 2 mapping paramet 2 (]
1602 30 Receive PDO 3 mapping paramet... o
1603 80 Receive PDO 4 mapping paramet... o
< i N G
PDO Assignment {(1C13) I PDO Cortent ((c1AD2): I
(] 1ADD Index. Size  Offs MName Type Default thex)
el
Bﬂ A2 D<60BS:00 20 00 Touch probe status UINT
[x60BA.00 4.0 20 Touch probe 1 positive edge DINT
(1]
Dowrlload | Predefined PDO Assignment: [rane)
EI P00 Assgrmet |Load PDQ infa from device:
[¥] PDO Configurstion
|Sync Unit Assignment...
Name Online Type Size >Addr.. InfOut UserID Linked to
& Statusword X 0x1250 (4688) UINT 20 710 Input 0 nStatel, nState2
! Position actual value X O0x01FF8FAZ (33525.. DINT 40 73.0 Input 0 nDatalnl . In . Inputs . E...
& Torque (current) actual value X 00000 (0) INT 20 770 Input 0 nDataln3[0] . nDataln3 . L..
& Following error actual value X 000000000 (0) DINT 40 79.0 Input 0 nDatalnl . In . Inputs . Dr...
| Digital inputs Ox0FE00008 (26004, UDINT 4.0 83.0 Input 0
-] Touch probe status X 00003 (3} 20 810 Inpuit 0 nStated, n5tateb
-2l Touch probe 1 positive edge 0x00010007 (65543) Input 0 nDataln3 . In . Inputs . E..
e To activate the new PDO setup, click Reload 1/O devices button.
i a .-’ C ¥ = = ) -
Pl S id | X 5aR| 9 -0
i BB sl
© Technosoft 2024 41 CoE Programming



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.

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 e not
ou 1 7 P T comeem
EtherCAT N | Tour [ ] Tour [T Tout]
Master
Drive 1 Drive 2 Drive n
Ring Topology
E ¥ I ¥ | 3
EtherCAT N [ [our N | [out N [ [our
Master
E4—| 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.

2.21 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
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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.

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.

224  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
- AN _/
' '
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

© Technosoft 2024 43 CoE Programming



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
- _ i
V V

Mandatory Header Standard CANopen PDO frame

Figure 2.2.2. EtherCAT® message PDO structure

2.3 Objects that define SDOs and PDOs

2.31 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 01n to the number of entries is as follows:
MSB LSB

Index (16 bits) Sub-index (8 bits) Object length (8 bits)

In order to change the PDO mapping, first the PDO has to be disabled - the object 160x» 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 2
Sub-index 01n
Description 15t mapped object
Access RW
PDO mapping No
Value range UNSIGNED32
Default value 60400010n — Controlword
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23.2

Sub-index 02n

Description 2" mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

607A0020n — Target position

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:

233

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

60FEQ0120n — Digital outputs - Physical
outputs

Sub-index 02n

Description 2"4 mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60FE0220n — Digital outputs - Bit mask

Object 1602h: 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:

Index 1602n

Name RPDO3 Mapping Parameter

Object code RECORD

Data type PDO Mapping
Entry description:

Sub-index 00n

Description Number of mapped objects

Access RW

PDO mapping No

0: Mapping disabled

Value range 1 — 64: Sub-index 1 to x iis valid

Default value 2

Sub-index 01n

Description 15t mapped object

Access RW

PDO mapping No

Value range UNSIGNED32

Default value 60600008h — Modes of operation
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Sub-index 02n

Description 2" mapped object

Access RW

PDO mapping No

Value range UNSIGNED32

Default value 60710010n — Target torque

2.3.4 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:
Index 1603n
Name RPDO4 Mapping Parameters
Object code RECORD
Data type PDO Mapping
Entry description:
Sub-index 00n
Description Number of mapped objects
Access RW
PDO mapping No
0: Mapping disabled
VENDEIED 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 60810020n — Profile velocity
Sub-index 02n
Description 2"Y mapped object
Access RW
PDO mapping No
Value range UNSIGNED32
Default value 60830020n — Profile acceleration

2.3.5 Object 1A00n: Transmit PDO1 Mapping Parameters

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

Object description:
Index 1A00n
Name TPDO1 Mapping Parameters
Object code RECORD
Data type PDO Mapping
Entry description:
Sub-index 00n
Description Number of mapped objects
Access RW
PDO mapping No
0: Mapping disabled
Value range 1 — 64: Sub-index 1 to x is valid
Default value 3
Sub-index 01n
Description 15t mapped object
Access RW
PDO mapping No
Value range UNSIGNED32
Default value 60410010n — Statusword
Sub-index 02n
Description 2" mapped object
Access RW
PDO mapping No
Value range UNSIGNED32
Default value 60640020n — Position actual value
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2.3.6

Sub-index 03n

Description 3" mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60770010n — Torque actual value

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
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

60F40020n — Following error actual
value

Sub-index 02n

Description 2" mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60FD0020n — Digital inputs

Object 1A02n: Transmit PDO3 Mapping Parameters

This object contains the mapping parameters of the transmit PDO3. For detailed description see object 16001 (Receive
PDO1 mapping parameters). By default, this PDO is disabled with object 1802» Sub-index 01 by setting Bit31 to 1.

Object description:

Index 1A02n

Name TPDO3 Mapping Parameter

Object code RECORD

Data type PDO Mapping
Entry description:

Sub-index 00n

Description Number of entries

Access RW

PDO mapping No

0: Mapping disabled

Value range 1 — 64: Sub-index 1 to x is valid

Default value 1

Sub-index 01n

Description 13 mapped object

Access RW

PDO mapping No

Value range UNSIGNED32

Default value 606C0020n — Velocity actual value
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2.3.8 Object 1A03n: Transmit PDO4 Mapping Parameters

This object contains the mapping parameters of the transmit PDO4. For detailed description see object 1600 (Receive
PDO1 mapping parameters). By default, this PDO is disabled with object 1803 Sub-index 01 by setting Bit31 to 1.

Object description:

Entry description:

Index 1A03n

Name TPDO4 Mapping Parameter
Object 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

1

Sub-index 01n

Description 18t mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60610008n — Modes of operation
display

2.3.9 Object 1C00n: Sync Manager Communication type

Object description:
Index 1C00n
Name Sync Manager Com. type
Object code ARRAY
Data type UNSIGNED 8
Entry description:
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
UNSIGNEDS8
Vel e 1 : mailbox receive (master to slave)
Default value 1
Sub-index 02n
Description Communication Type Sync Manager 1
Access RO
PDO mapping No
Value range UNS'GNEDS
2 : mailbox send (slave to master)
Default value 2
Sub-index 03h
Description Communication Type Sync Manager 2
Access RO
PDO mapping No
UNSIGNEDS8
Value range 0: unused
3 : process data output (master to slave)
Default value 3
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Sub-index 04n
Description Communication Type Sync Manager 3
Access RO
PDO mapping No
UNSIGNEDS8
0: unused
vV 1 : mailbox receive (master to slave)
alue range

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:

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
Value Range ?_’:SlGNEDS
Default value 1
Sub-index 01n
- PDO Mapping object index of assigned
Description RxPDO : 1st mapped object
Access RW
PDO mapping No
UNSIGNED16
0x1600 (RxPDO1)
Value range 0x1601 (RxPDO2)

0x1602 (RxPDO3)
0x1603 (RxPDO4)

Default value

0x1600 (RxPDO1)

2.3.11 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
Value Range g_ZlSIGNEDS
Default value 2
Sub-index 01n
- PDO Mapping object index of assigned
Description TxPDO : 15t mapped object
Access RW
PDO mapping No
UNSIGNED16
Value range 0x1A00 — 0x1A03
(TxPDO1 - TxPDO4)
Default value 0x1A00 (TxPDO1)
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Sub-index 02n
- PDO Mapping object index of assigned
Description TxPDO :pZE‘d r%ap:)ed object ’
Access RW
PDO mapping No
UNSIGNED16
Value range 0x1A00 — 0x1A03

(TxPDO1 - TXxPDO4)

Default value

0x1A01 (TxPDO2)

2.3.12 Object 1C32h: Output Sync Manager Parameter

This object gives the specifications of the EtherCAT communications mode for Sync Manager for output process data.

Object description:

Entry description:

Index 1C32n
Name Output Sync Manager Parameter
Object code RECORD
Data type UNSIGNEDS8
Sub-index 00n
Description Number of entries
Access RO
PDO mapping No
Value Range LR ElE =2
0-32
Default value 32
Sub-index 01n
Description Synchronization Type
Access RO
PDO mapping No
Value range UNSIGNED16
Default value 0x0002
Value Current synchronization mode:
L 0 Free Run
Value description ) DC-Mode - Synchronization with SYNCO
Event
Sub-index 02n
Description Cycle Time
Access RO
PDO mapping No
Value range UNSIGNED32
Default value 0x000F4240
Free Run  Cycle time of the local timer (ns)
Value description
DC-Mode  SYNCO Cycle Time (ns)
Sub-index 04n
Description Synchronization Types supported
Access RO
PDO mapping No
Value range UNSIGNED16
Default value 0x0005
Bit  Value Supported synchronization modes:
0 1 Free run is supported
Value description  2:4 001  DC SYNCO mode is supported
56 00 No Output Shift supported
Sub-index 05n
Description Minimum Cycle Time
Access RO
PDO mapping No
Value range UNSIGNED32
Default value 0x00000000

Value description

Gives the minimum Cycle Time that is supported by
the slave (ns).
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If the communication cycle time is configured to be less than the "Minimum Cycle Time" (specified in sub-index 5n), the

Sub-index 06n

Description Calc and Copy Time
Access RO

PDO mapping No

Value range UNSIGNED32
Default value 0x00000000

Value description

Minimum time between SYNCO and SYNC1 event (ns,
DC mode only)

Sub-index 0%n
Description Delay Time
Access RO

PDO mapping No

Value range UNSIGNED32
Default value 0x00000000

Value description

Time between SYNC1 event and output of the outputs
(ns, DC mode only)

Sub-index 0Bn

Description SM-Event Missed Counter
Access RO

PDO mapping No

Value range UNSIGNED16

Default value 0x00000000

Value description

The error counter increases whenever a SM event is
expected but does not arrive within the expected time
frame.

Sub-index 0Cn

Description Cycle Time Too Small Counter
Access RO

PDO mapping No

Value range UNSIGNED16

Default value 0x00000000

Value description

The error counter increases when the cycle time is too
small so the local cycle was not completed in time.

Sub-index 20n
Description Sync Error
Access RO

PDO mapping No

Value range BOOL
Default value FALSE

Value description

The synchronization was not correct in the last cycle

FALSE No Synchronization error in the last cycle

TRUE  Synchronization error in the last cycle

system will detect an error. Specifically:

1.  The Sync Error flag (sub-index 20n) will be set to TRUE, indicating a synchronization issue.
2. The Cycle Time Too Small Counter (sub-index Cn) will increment, tracking the number of occurrences of this

issue.

3. Asaresult of this error, the EtherCAT state machine will not transition to the Safe-Operational state, preventing

the system from operating.

2.3.13

Object 1C33h: Input Sync Manager Parameter

This object gives the specifications of the EtherCAT communications mode for Sync Manager for input process data.

Object description:

Index 1C33n
Name Input Sync Manager Parameter
Object code RECORD
Data type UNSIGNEDS8
Entry description:
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Sub-index 00n
Description Number of entries
Access RO
PDO mapping No
Value Range UNSIGNEDS8
0-32
Default value 32
Sub-index 01n
Description Synchronization Type
Access RO
PDO mapping No
Value range UNSIGNED16
Default value 0x0002
Value Current synchronization mode:
Value description 0 Free Run
2 DC-Mode - Synchronized with SYNCO Event
Sub-index 02n
Description Cycle Time
Access RO
PDO mapping No
Value range UNSIGNED32
Default value 0x000F4240
Free Run  Cycle time of the local timer (ns)
Value description
DC-Mode  SYNCO Cycle Time (ns)
Sub-index 04n
Description Synchronization Types supported
Access RO
PDO mapping No
Value range UNSIGNED16
Default value 0x0005
Bit Value Supported synchronization modes:
0 1 Free run is supported
Value description 2.4 001  DC SYNCO mode is supported
56 00 No Output Shift supported
Sub-index 05n
Description Minimum Cycle Time
Access RO
PDO mapping No
Value range UNSIGNED32
Default value 0x00000000

Value description

Gives the minimum Cycle Time that is supported by
the slave (ns).

Sub-index 06h

Description Calc and Copy Time
Access RO

PDO mapping No

Value range UNSIGNED32
Default value 0x00000000

Value description

Minimum time between SYNCO and SYNC1 event (ns,
DC mode only)

Sub-index 0%n
Description Delay Time
Access RO

PDO mapping No

Value range UNSIGNED32
Default value 0x00000000

Value description

Time between SYNC1 event and output of the outputs
(ns, DC mode only)
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Sub-index 0Bn

Description SM-Event Missed Counter
Access RO

PDO mapping No

Value range UNSIGNED16

Default value 0x00000000

Value description

The error counter increases whenever a SM event is
expected but does not arrive within the expected time
frame.

Sub-index 0Cn

Description Cycle Time Too Small Counter
Access RO

PDO mapping No

Value range UNSIGNED16

Default value 0x00000000

Value description

The error counter increases when the cycle time is too
small so the local cycle was not completed in time.

Sub-index 20n
Description Sync Error
Access RO

PDO mapping No

Value range BOOL
Default value FALSE

Value description

The synchronization was not correct in the last cycle

FALSE No Synchronization error in the last cycle

TRUE  Synchronization error in the last cycle

If the communication cycle time is configured to be less than the "Minimum Cycle Time" (specified in sub-index 5n), the
system will detect an error. Specifically:

1. The Sync Error flag (sub-index 20n) will be set to TRUE, indicating a synchronization issue.

2. The Cycle Time Too Small Counter (sub-index Cn) will increment, tracking the number of occurrences of this issue.
3. As aresult of this error, the EtherCAT state machine will not transition to the Safe-Operational state, preventing
the system from operating.

2.3.14 Object 207Dnh: 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. Set the drive into Pre-Operational.
2. Disable the Sync Manager Channels 2 and 3 for the RxPDOs and the TxPDOs: write 0 in sub-index 0 of
objects 1C12h and 1C13h
3. Disable the PDO. In the PDO’s mapping object (index 1600n-1603h for RxPDOs and 1A00x-1A03h for TXPDOs)
set the first sub-index (the number of mapped objects) to 0. This will disable the PDO.
4. Map the new objects. Write in the PDO’s mapping object (index 1600n-16031 for RxPDOs and 1A00n-1A03h
for TXPDOs) sub-indexes (1-8) the description of the objects that will be mapped.
5. Enable the PDO. In sub-index 0 of the PDO’s associated mapping object (index 1600n-1603hx for RxPDOs and
1A00n-1A03h for TXPDOs) write the number of mapped objects.
6. Map the enabled PDOs intro Sync Manager Channels 2 and 3. Set in sub-index 1-4 the hex value of the

enabled PDOs (1A00n-1A03h for TxPDOs in 1C13h and 1600n-1603h for RxPDOs in 1C12h).

7. Enable the Sync Manager channels. Set in their sub-index 0 the number of enabled Tx/Rx PDOs.
8. Set the drive into Operational state.

© Technosoft 2024

53

CoE Programming



2.5 PDOs size

Our drives support the configuration of up to 8 PDOs in total. The size of these PDOs depends on the firmware version
of the drive:

- Firmware Version F515K
o RPDO1/TPDO1: 32 bytes (256 bits)

e RPDO2/TPDO2, RPDO3/TPDO3, RPDO4/TPDOA4: 8 bytes (64 bits each)
- Firmware Version F515J or Earlier

e RPDO1/TPDO1, RPDO2/TPDO2, RPDO3/TPDO3, RPDO4/TPDO4: 8 bytes (64 bits each)
- Firmware Versions FA00x or FA02x

e RPDO1/TPDO1: 64 bytes (512 bits)
e RPDO2/TPDO2, RPDO3/TPDO3, RPDO4/TPDOA4: 8 bytes (64 bits each)

2.6 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 6060r).

1. Set the drive to Pre-Operational.

2. Disable the Sync manager with RxPDOs. Write zero in object 1C12h sub-index 0, this will disable the PDO.

3. Disable RxPDO3 mapping PDO. Write 0 in object 1602, 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.

4. Map the new objects.
a. Write in object 16021 sub-index 1 the description of the Controlword:

Index Sub-index Length Resulting
data
6040n 00n 10n 60400010n

Send the following message: SDO access to object 1602n sub-index 1, 32-bit value 60400010n.
b. Write in object 1602h sub-index 2 the description of the Modes of Operation:

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

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

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 1602x sub-index 0, 8-bit value 2.
6. Add the new TPDO to the Sync Manager.
-Write in object 1C12h sub-index 3 the RPDO3 mapping parameter object number:
Send the following message: SDO access to object 1C12h sub-index 3, 16-bit value 1602n.
-Write 03 n in object 1C12n sub-index 0, this will enable the Sync. Manager.
Send the following message: SDO access to object 1C12h sub-index 0, 8-bit value 03s.

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 IO devices and enter in Operation state.

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

2.7 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 6064+h) and Digital inputs (index 60FDn).
1. Set the drive to Pre-Operational.
2. Disable the Sync manager with TxPDOs. Write zero in object 1C13h sub-index 0, this will disable the PDO.
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3. Disable RxPDO4 mapping PDO. Write 0 in object 1A03hx 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 1A03y sub-index 1 the description of the Position actual value:

Index Sub-index Length Resulting
data
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:

Index  Sub-index Length Resulting
data
60F Dy 00n 20n 60FD0020r,

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 1C13h sub-index 4, 16-bit value 1A03h.
-Write 04 n in object 1C13h sub-index 0, this will enable the Sync. Manager.
Send the following message: SDO access to object 1C13h 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 1O devices and enter in Operation state.

Set the drive to Safe-Operational.

Set the drive to Operational.
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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 set. 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 updated. 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.

\ Init \
A A 'y

| en] )| @

A

v A 4

‘ Pre-Operational ‘ (S) ‘ Bootstrap ‘

(o)) (PS '(SP‘

‘ éafe-Operational‘

(SO)|(0s

4

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

State transition Local management services

(IP) Start Mailbox Communication

(P Stop Mailbox Communication

(PS) Start Input Update

(SP) Stop Input Update

(SO) Start Output Update

(0S) Stop Output Update

(OP) Stop Output Update, Stop Input Update

(Sh) Stop Input Update, Stop Mailbox Communication
(e)))] Stop Output Update, Stop Input Update, Stop Mailbox Communication
(IB) Init to Bootstrap

(BI) Bootstrap to Init

Table 3.1.2 — AL Control Description

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 Specific Unsigned8

3.1.2 EtherCAT® State Machine and CANopen State Machine

A 4

I Init I Start

A ¥
Not ready to
Switch ON
Pre-Operational
Fault
l T Reaction
Active
. A 4 v
I Safe-Operatlonal <
»{Switch On Disabled|* Fault
) kil
I Operational |

| Readyto

. . Switch On

Figure 3.1.2. EtherCAT® State Machine
\ 4
Switched _—
On
__| Operation Quick Stop
—— Enable < Active

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

313 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 2000n.

© Technosoft 2024 57 CoE Programming



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 2000
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

AO0XX ESM Transition Error

FOxx Additional Functions

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

FF02 Change set acknowledge bit wrong value

FFO03 Specified homing method not available

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

FF05 Specified digital I/O line not available

FFO6 Positive software position limit triggered

FFO7 Negative software position limit triggered

FFO08 Enable/STO circuit hardware error

3.1.31 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 1001h)

Emergency Error Code Manufacturer specific error field

0x7300 Sensor error:

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

Emergency Error Code

0xFFO01 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 (0xFF01) (Object 10014) (Object 2072n) 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.

© Technosoft 2024 58 CoE Programming



3.2 EtherCAT® Synchronization

3.21 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

Control
Loop

(EtherCAT -
communication) —»—e AT,
— AT,

C@ ® @ ®

t:

¢

SPI_IRQ t |
; 5 o t

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 Tms; 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 sync0 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 2089 bit0=1;

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

- EtherCAT Communication processing on Error/OUT2; Object 2089 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 2089+.

In order to preserve the synchronization when changing AT1 and AT2, 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 2089n: Synchronization test config

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

Object description:

Index 2089n
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 SYNCO on OUTO

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

e 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!

e  SYNCO signal on OUTO is generated by the drive starting from SYNCO signal generated by the EtherCAT
ASIC. OUTO 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.

3.24  Object 2109h: Sync offset

This object adjusts the AT1time from 3.2.2 Synchronization signals. This time represents the difference between the
syncO signal start time and the Control loop start time.

Remark:

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

e 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.

* [f the syncO offset cannot be adjusted, this object will offset the control loop start.

Object description:

Index 2109,

Name Sync offset
Object code VAR

Data type UNSIGNED16
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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.xml 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

3.2.6 Object 2112,: TML priority’

By changing the default value of the object, the TML language will have an increased priority, therefore changes of
Modes of operations (6060n) and Controlword (6040n) objects are not allowed. Any TML commands that the drive
receives will be executed.

Object description:

Index 2112

Name TML priority

Object code VAR

Data type UNSIGNED16
Entry description:

Access RW

PDO mapping No

Default value 0

Table 3.2.2 — TML priority description

Value Description
0 Default value.
1. 65535 Writing or Changing Modes of operations (6060n) and Controlword (6040n) objects
is not allowed

' Available only for FAOxx firmware version.
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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.

Not ready to
switch on

Low-level power
Logic supply is present
Motor supply can be present or not

— 0 — @ Start

pxxx. xxxx.x0xx.0000

(drive power up)
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Fault reset
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Command name
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Figure 4.1.1. Drive’s status machine. States and transitions

Table 4.1.1 — Drive State Transitions

command).
Motor voltage may be present.

Transition Event Action

0 Automatic trans!tlor] after power- Hardware Initialization
on or reset application

1 AETET i, In|t|a||zat|pn gompleteq successfully.

Communication is active

Bits 1 and 2, are set in
Controlword (Shutdown

2 None

Bits 0,1 and 2 are set in
3 Controlword
(Switch On command)

Motor supply voltage must be present (6041h bit 4=1). The undervoltage
protection is active. The motor will not be powered and have no torque.

Bits 0,1,2 and 3 are set in
4 Controlword
(Enable Operation command)

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
motor will apply torque and keep its current position or velocity to 0. Depending
on the motor start mode, this transition may take more than a few ms to finish.
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 ?é%%;;;;;iﬂﬁgq:nigf 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 vyill execute. ?he @nstructions from Qbiect 605Bh: Shutdown option
8 (Shutdown command) %:nd finally transition into Ready to switch on state. The motor has no
Bit 1 is cancelled in Controlword Thg drive will exepute the iqgtruqtions frgm Obiegt 605Ch: Disable operation
9 (Disable Voltage command) gogtltg?qi%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)
1 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 E . Execute specific fault treatment routine from Object 605Eh: Fault reaction
ault signal :
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 t?: rfsrﬁfé?]nig%rggiabqg)ﬁ Qtﬁck-Stop- Drive exits from Quick Stop state. Drive function is enabled.
Option-Code is 5,6, 7 or 8

Table 4.1.2 — Drive States

State Description
Not Ready to The dr?ve perfo_rms_ ba_sic initializations after power-on.
switch on The drlve.f.unctlon is dlsablgd .

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 parametgrs can be modified, including a comp!ete update of the whqle EEPROM
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.
Switched On . . . . .
(Operation The. motor supply voltage must be applied. The power stage is switched off. The motion functions cannot be
: carried out yet.
Disabled)
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.
Z?:E\I/te Reagtion 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

421 Object 6040nh: 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 TUM1;)
1 When an update is performed, update the demand values for speed and position with
the actual values of speed and position (TML command TUMO;)
13 When it is set, it cancels the execution of the TML function called through object 2006k.
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

- O~ |O

o= INw| »

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 6040n 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

Fault reset g 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 6041h: 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
0 No event set or the programmed event has not occurred yet
14
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 ECAT messages 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 0000p Not Ready to switch on
XXXX XXXX X1xX 0000p Switch on disabled
XXXX XxXxX X01x 0001p Ready to switch on
XxXX Xxxx x01x 0011y Switched on

XXXX XXXX X01x 0111p Operation enabled
XXXX Xxxx X00x 0111p Quick stop active

XXXX XXXX XOxX 1111p Fault reaction active
XXXX XxXxX 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
Object code VAR
Data type INTEGERS8
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

Profile Torque Mode'

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 N[O WIN|=~O

4.2.4 Object 6061n: 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 6061
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.

4.3 Limit Switch functionality explained

4.31 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.

" This mode is available starting with firmware versions F515K / FAOOx.
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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 0111v). 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

acceleration X
deceleration

using 6083h
value

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:
Inputs polarity

Enable] Limit switch+ Limit switch- | Type
Active high [Connected to +Vlog) (s (e * Sink [PHP)

Active low [Open/Mo connection]  + - " " SourcelMFN]

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 2000y bit
6 will be 1.

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

When a limit switch becomes inactive, the emergency error code 0x0000 will be sent automatically and object 2000n 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 ps. 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.

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 drive will quick
stop. A new motion will be accepted only if the motion is opposite the active software or hardware limit switch.

Limits
Software limits Megative limit 22 rot - Positive limit 3 rot v

Position range limits []

Figure 4.3.3. Configuring the software limit switches position values.
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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 OxFF06 will be sent automatically and object
2002h bit 6 will be 1.

If the negative software limit switch is activated, the emergency error code 0xFFO07 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 O.

4.4 Error monitoring

441 Object 1001h: 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[OOI WN= O

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 (2001n) 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 (2001n) is set
to 1, an emergency message for error reset is sent.

Object description:

Index 2000n
Name Motion Error Register
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Possible
Units -
Value range 0 ... 65535
Default value 0
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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.

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 (2009n) bits. Set when protection is triggered.
Reset by a Reset Fault command.

For F510x/511x; 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.

14
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443 Object 2001n: 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 4.2.2 — Command coding in Controlword) 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

444 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.

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
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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 Il — Select Communication — EEPROM write protection.

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 2009:: 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 2009n
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 Output frequency. The imposed speed exceeds the DUAL USE European regulation limit.
14..6  reserved

6 Position wraparound. The position 23! was exceeded. It does not represent a Fault condition.
5 Hall sensor missing; can be either Digital or Linear analogue hall error.

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

3 BiSS sensor missing; No BiSS sensor communication detected.
2
1
0

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.

4.4.6 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 603Fn
Name Error Code
Object code VAR
Data type UNSIGNED16

' Available only with F515x firmwares
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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 6085n.

Object description:
Index 605An
Name Quick stop 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...-1  Manufacturer specific
0 Disable drive function
1 Slow down on slow down ramp and transit into Switch On
Disabled
2 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

44.8 Object 605Bnh: 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 6083h.

Object description:

Index 605Bh
Name Shutdown option code
Object code VAR
Data type INTEGER16
Entry description:
Access RW
PDO mapping No
Value range -32768 ... 32767
Default value 0
Data description:
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
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449 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 6083n.

Object description:

Index 605Ch
Name Disable operation option code
Object code VAR
Data type INTEGER16
Entry description:
Access RW
PDO mapping No
Value range -32768 ... 32767
Default value 1
Data description:
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

4.410 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:

Index 605Dn

Name Halt option code

Object code VAR

Data type INTEGER16
Entry description:

Access RW

PDO mapping No

Value range -32768 ... 32767

Data description:

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

4.411 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

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

. Motor over-temperature

° Communication error (when object 6007h option 1 is set)

' Starting with firmware version FAOOG / FA02G, 1%t is no longer a "non-fatal error" that can be configured through object 605Ey,.

© Technosoft 2024 72 CoE Programming



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 6007h: Abort connection option code

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

Index 6007h
Name Abort connection option code
Object 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.xml of the project
file.

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

4.413 Object 2114n: Fault Override Option Code'’

This object serves as a mean to define a custom action routine when specific errors are triggered. Once activated, the
custom routine has a higher priority in comparison to the actions defined in objects 6007h: Abort connection option code
and 605En: Fault reaction option code.

Each bit within this object corresponds to an error found in Object 2000n: Motion Error Register, and by setting the
corresponding bit to 1, the fault routine can be customized using the options described in object 2113n: Detailed Option
Code.

Object description:

Index 2114En
Name Override Option Code

' Available starting with FAOOG / FA02G firmware versions or newer
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Object code VAR

Data type UNSIGNED16
Entry description:

Access RW

PDO mapping No

Value range 0...65535

Default value 32768
Data description:

Bit Description

0 Communication error

1 Short-Circuit

2 Reserved

3 Control error

4...7 Reserved

8 Over current

9 Reserved

10 Over temperature - Motor

11 Over temperature - Drive

12 Over voltage

13 Under voltage

14 Reserved

15 Enable / STO inactive

4.4.14 Object 2113h: Detailed Option Code’

This object establishes the available actions for customizing a fault routine associated with each error described in
Object 2114n: Fault Override Option Code. These designated options will be implemented only when the corresponding

bit in Object 2114 is activated; otherwise, the settings will remain inactive.

Object description:

Index 2113En
Name Detailed Option Code
Object code VAR
Data type UNISGNED16
Entry description:
Sub-index 0
Description Number of entries
Access RO
PDO mapping No
Value range 1...15
Default value 15
Sub-index 1
Description Short-Circuit option code*
Access RW
PDO mapping NO
Value range UNSIGNED16
Default value 0
Sub-index 2
Description Reserved
Sub-index 3
Description Control error option code
Access RW
PDO mapping NO
Value range UNSIGNED16
Default value 0
Sub-index 4
Description Communication error option code
Access RW
PDO mapping NO
Value range UNSIGNED16

' Available starting with FAOOG / FA02G firmware versions or newer
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| Default value 0
Sub-index 56,7
Description Reserved
Sub-index 8
Description Over current option code
Access RW
PDO mapping NO
Value range UNSIGNED16
Default value 0
Sub-index 9
Description Reserved
Sub-index 10
Description Over temperature — Motor option code
Access RW
PDO mapping NO
Value range UNSIGNED16
Default value 0
Sub-index 11
Description Over temperature — Drive option code
Access RW
PDO mapping NO
Value range UNSIGNED16
Default value 0
Sub-index 12
Description Over voltage option code
Access RW
PDO mapping NO
Value range UNSIGNED16
Default value 0
Sub-index 13
Description Under voltage option code
Access RW
PDO mapping NO
Value range UNSIGNED16
Default value 0
Sub-index 14
Description Reserved
Sub-index 15
Description Enable / STO inactive* option code
Access RW
PDO mapping NO
Value range UNSIGNED16
Default value 32768

Table 4.6 — Sub-index bit description

Bit Value Description
15 0 Do not generate a TML interrupt
1 Generate a TML interrupt
8..14 0 Reserved
0 Disable drive
0...7 2 Quick stop
-1 No action

* For the Short circuit and Enable/STO inactive option codes, only the customization of bit 15 is possible.
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4.5 Digital I/0 control and status objects

451 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:

e 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.

e 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
s 24 IN8 status
2 .28 IN7 status
.,g 22 ING status
= 21 INS status
= 20 IN4 status
19 IN3 status
18 IN2 status
17 IN1 status
16 INO status
15..4 Reserved
o 0 Interlock (Drive enable/ STO input) deactivated; drive may
_°§’ 3 not apply power to motor. Enter Switch on disabled state.
“_003 1 Interlock (Drive enable/ STO input) activated; drive may
© apply power to motor.
% 2 0 Home switch input status is low
S 1 Home switch input status is high
8 ) 0 Positive limit switch is inactive
? 1 Positive limit switch is active
a 0 0 Negative limit switch is inactive
1 Negative limit switch is active

4.5.2 Object 208Fn: Digital inputs 8bit

This object has 2x8 bit sub-indexes that show the same data as object 60FDy, 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 208Fn

Name Digital inputs 8bit
Object code ARRAY

Data type UNSIGNEDS8
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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 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
= 0 Interlock (Drive enable/STO input) activated; drive
o may apply power to motor
E 3 Interlock (Drive enable/STO input) deactivated; drive
o 1 may not apply power to motor. Enter Switch on
5 disabled state.
g 5 0 Home switch input status is low
“_3 1 Home switch input status is high
- g 0 Positive limit switch is inactive
o 1 PR PP .
N _3 1 Positive limit switch is active
X 3 0 0 Negative limit switch is inactive
NQ 1 Negative limit switch is active

Table 4.5.2 — Sub-index 2 bit description

Bit Value Description
- IN7 status
8 6 ING status
& 5 IN5 status
s 4 IN4 status
~ B 3 IN3 status
Qe 2 IN2 status
w 2=
® &3 1 IN1 status
R=c 0 INO status

4.5.3 Object 60FEn: Digital outputs

The object is responsible for controlling the digital outputs of the drive. Its functionality is defined through two sub-
indices:
1. Sub-index 1: Specifies the desired state of the outputs (high or low).
2. Sub-index 2: Acts as a mask, defining which outputs are allowed to be controlled. Only the outputs permitted
by this mask can be manipulated.
All drive outputs are of the NPN type, which means they function as follows:
e Output Bit Set to 1 (Logical High): The corresponding output on the drive switches to a logical ‘1’ (high),
disconnecting the load from the ground (GND).
e Output Bit Reset to 0 (Logical Low): The corresponding output switches to a logical ‘0’ (low), connecting
the load to the ground (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
3 26 OUT10 command
c% 25 OUT9 command
) 24 OUT8 command
g 23 OUT7 command
Ke} 22 OUT6 command
2 21 OUT5 command
§ 20 OUT4 command
19 OUT3 command
18 OUT2 command
17 OUT1 command
16 OUTO command
(0]
o
50
o= 15.0 Reserved
oo
S0
(0]
(=)

4531 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 OUTO 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:

Index 2090n

Name Digital outputs 8bit

Object code ARRAY

Data type UNSIGNEDS8
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 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= INWwhoWWo|N

OUTO0 command

4.5.5 Object 2045n: Digital outputs status

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

Object description:
Index 2045n
Name Digital outputs status
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Possible
Units -
Value range UNSIGNED16
Default value No
Data description:
Bit Meaning Bit Meaning
15 OUT15 status 7 OUTY7 status
14 OUT14 status 6 OUT®6 status
13 OUT13 status 5 OUTS5 status
12 OUT12 status 4 OUT4 status
11 OUT11 status 3 OUT3 status
10 OUT10 status 2 OUT2 status
9 OUT9 status 1 OUT1 status
8 OUTS status 0 OUTO status

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).
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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 USINTS8
Entry description:

Access RO

PDO mapping Possible

Units -

Value range Oor1

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 2047n: Analogue input: Feedback

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

Object description:

Index 2047
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

4.5.9 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
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Possible
Units DC-VU
Value range 0 ... 65520
Default value No
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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[lU]

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 2058hn
Name Analogue input for drive temperature
Object 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
DriveTempSensorGain*65520

DriveTempOutAtOoC*65520)
33

where DriveTempSensorGain and DriveTempOutAt0°C parameters are available as Sensor Gain and Output at 0 °C,
respectively, in the Protections and Limits section within the Drive Data dialog.

Temp|[°C] = * (Temp[IU] -

4.5.11 Object 208Bh': 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:

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

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

" Object 208Bh is available only on firmware F515x.
2 Object 208Ch is available only on firmware F515x.

© Technosoft 2024 81 CoE Programming



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:
Index 607Dn
Name Software position limit
Object code ARRAY
Data type INTEGER32
Entry description:
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 INTEGER32
Default value 0x80000000
Sub-index 2
Description Maximal position limit
Access RW
PDO mapping Possible
Value range INTEGER32
Default value Ox7FFFFFFF

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 2051+. 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 CuU

Value range 0...32767

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

2 - Ipeak
current[A] = %5520 curent[lU]

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 (2050n) 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.
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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 2053y for more details about the 12t
motor protection.

Object description:

Index 2052
Name Motor nominal current
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Units CcuU
Value range 0...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 read value from object 2052h.

current[A] = - curent[IU]

4.6.5 Object 2053n: 12t protection integrator limit

Objects 2053n and 20541 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 12t motor

thermal protection curve, which is characterized by the points I_I12t (current, [A]) and t_I2t: (time, [s]) (see Figure 4.6.1)

2
|

lpeak |

|12t

Si2‘l

t 12t

Figure 4.6.1.12t motor thermal protection curve

The points I_I2t and t_I2t on the motor thermal protection curve together with the nominal motor current In define the
surface Si. If the motor instantaneous current is greater than the nominal current In and the 12t 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
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Entry description:

Access RW
PDO mapping No

Units -

Value range 0..2%1
Default value No

Current

Je-intyat

Siat

)

Figure 4.6.2. |2t protection implementation

The computation formula for the i2t protection integrator limit (I2TINTLIM) is
(12t? - (Im)? .

I2TINTLIM = 327672

where |_I2t and In are represented in current units (CU).

4.6.5.1 12t protection explained

The behavior of the It protection depends on bit 1 of the ASR register found in the parameters.xml file. By default, all
templates have ASR.1=1.
e [f ASR.1=0:
o The drive enters a fault state, and motor power is turned OFF.
o When the I?t protection is triggered, the Software Protections Interrupt will be executed.
e [f ASR.1=1:
o The motion continues, but the current limit is reduced to 90% of the nominal current until the It
integral returns to 0.
o The Software Protections Interrupt will not be executed when the 1% protection is triggered.

4.6.6 Object 2054n: 12t protection scaling factor

Object description:

Index 2054
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
Ts_S
FI2T = 226 . ——
S t 12t

where Ts_S is the sampling time of the speed control loop [s], and t_I2t is the |2t protection time corresponding to the
point on the graphic in Figure 4.6.1.

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:
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Index 207Fn

Name Current limit

Object 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 target currentin [A] and Current_Limit[IU]
is the target value to be written in object 207Fh.

Current_Limit[IU] = 32767 —

4.7 Step Loss Detection for Stepper Open Loop configuration

In a stepper open-loop configuration, the command resolution can exceed that of a standard closed-loop configuration.
For instance, with a motor featuring 200 steps per revolution and 256 microsteps per step, the position command
achieves a resolution of 51,200 Internal Units per revolution. By comparison, a 1,000-line quadrature encoder provides
feedback at 4,000 Internal Units per revolution.

When step-loss detection is employed, an encoder monitors the open-loop stepper motor to identify any lost steps. If
the protection mechanism is triggered, the drive transitions to a Fault state, signaling a Control Error. To activate this
protection, select the Stepper Open Loop + Encoder on Motor configuration and set an appropriate Control Error
Protection value.

471 Object 2083n: 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
N Encoder resolution for step loss
ame :
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.xml 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
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Entry description:

Access RW

PDO mapping Yes

Value range UNSIGNED32
Default value -

@ Motor ﬂ'

Configuration | Tests

Motor selection

Database Technosoft v

Maotor v

Save to database

Main parameters

Stepper type [T R Tri-phase i

Motor nominal current 3.52 A v
Mator peak current 10.6 A il i
I Mo, motor steps/rev 100 I _

Figure 4.7.1. Motor steps / revolution

() Application settings (&

Microstepping
I Mo of microsteps / step 256 I

Figure 4.7.2. Motor microsteps / step

The value for this object can be changed by editing the parameter “STEPRESLONG” found in parameters.xml 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 2083 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 the Feedback setup:

£ Mot @

Contigartizn | Tests

T} Feedback @

Mator selection

Configuration | Tests

Motor feedback
Type  Incremental Encoder il i)
Connector | Feedback 1 . Used anly for step loss detection,
Resolution 500 lines =
Reverse encoder counting []
Filter inputs []

Load feedback
Type None il ]

Lortrel type Cace lnop

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 Object 6066n: Following
error time out and object Object 6065n: 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 6065n for a time
interval greater than the value set in object 6066k.
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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 Object 6065n: Following error window, then set the Object
6066n: Following error time out to a value different from 65535 (OxFFFF). To disable this protection, set a 65535 value
in object 6066k.

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 60F4h. 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 Il 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 6065h - Following error window.

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

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 6062n
Position demand value.

Only object 6063h 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 6064n Position actual
value and 6062n Position demand value will provide correct values.

4.8 Drive info objects

4.8.1 Object 1000n: 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

© Technosoft 2024 87 CoE Programming



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
Object code VAR
Data type UNSIGNED32
Entry description:
Access RO
PDO mapping Possible
Value range UNSIGNED32
Default value 001CO3E5n - 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 bhm rsvd tg pv vl pp
31 21 20 . 16 15 .. 7 6 5 4 3 2 1 0

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
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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 (setup plus 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.

« ] Bppleshen t - {11
8 Setup
4-M Meoton

Mame Zpplizstion 1

L\npll(:menit} vz I

Al 1

Oroww montl e 3504 WT-CAN

‘Wihat's next? 1, Seeun.

Object description:
Index 2060n
Name Software version of TML application
Object code VAR
Data type UNSIGNED32
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.

U Sub-index 01 shows the unique Vendor ID allocated to Technosoft (1A3h).

U Sub-index 02n contains the Technosoft drive product ID. It can be found physically on the drive label or using
the EEPROM programmer tool found under the Utilities tab. If the Technosoft product ID is P027.214.E121,
sub-index 02 will be read as the number 27214121 in decimal.

» Configuration

Select drive/mator | Not selected

Product ID P 027 . 214 .| B21

Serial Number ON5010

O Sub-index 03n shows the Revision number.

U Sub-index 04h displays the drive's serial number. This serial number can be retrieved using the EEPROM
Programmer tool or viewed in the bottom-right corner of EasyMotion Studio Il when the drive is connected
online.

SetuplD 8497BL | iPOS4808 MY-CAN F,’WF514L Axis 2 | Online

For example, the serial number 0x4C451158 is interpreted as follows:
e  0x4C corresponds to the ASCII character "L"
e 0x45 corresponds to the ASCII character "E"

e  0x1158 represents the numerical value 1158
Thus, the full serial number is LE1158.

Object description:

Index 1018n

Name Identity Object
Object code RECORD
Data type Identity
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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)

Sub-index 04n
Description Serial number
Access RO
PDO mapping No
Value range UNSIGNED32

Default value

Unique number

4.9 Miscellaneous Objects

491 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 9]
Value range -32768 ... 32767
Default value No
The computation formula for the current [IU] in [A] is:
A _ 2-Ipeak IU
current[A] = eooo0  curen [1U]

where Ipeak is the peak current supported by the drive and current[IU] is the commanded value in object 2025y.

4.9.2 Object 2026n1: 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.
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Object description:

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

Object code VAR

Data type INTEGER16
Entry description:

Access RW

PDO mapping Possible

Units Cu

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 2026n, 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
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Possible
Units TU
Value range 0 ... 65535
Default value No

49.4  Object 2075n: Position triggers

This object is used in order to define a set of four position values. If the position actual value is the value set as a position
trigger, then the corresponding bit in SRH — Status Register High (bits 1...4) 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 2085hn: 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
SRH — Status Register High (bits 1, 2 and 4).

Object description:

Index 2085hn
Name Position triggered outputs
Object code VAR
Data type UNSIGNED16
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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 OUTS5 = 1 when Position trigger 4 = 0
1 OUTS = 0 when Position trigger 4 = 1
1 OUTS5 = 0 when Position trigger 4 = 0
OUTS = 1 when Position trigger 4 = 1
10 0 Reserved.
OUT1 = 1 when Position trigger 2 =0
9 OUT1 = 0 when Position trigger 2 = 1
1 OUT1 = 0 when Position trigger 2 =0
OUT1 = 1 when Position trigger 2 = 1
0 OUTO = 1 when Position trigger 1 =0
8 OUTO = 0 when Position trigger 1 = 1
1 OUTO = 0 when Position trigger 1 =0
OUTO = 1 when Position trigger 1 =1
4-7 0 Reserved
31 1 Enable position trigger 4 control of OUT5
0 Disable position trigger 4 control of OUT5
2 0 Reserved
1 1 Enable position trigger 2 control of OUT1
0 Disable position trigger 2 control of OUT1
0 1 Enable position trigger 1 control of OUTO
0 Disable position trigger 1 control of OUTO

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

49.6 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
Object 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 2076n 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
Object code VAR

Data type UNSIGNED16

' Some outputs may not be available on all drives.

© Technosoft 2024 92 CoE Programming



Entry description:

4.9.8

Access RO

PDO mapping Yes

Value range INTEGER16
Default value 0

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:

Entry description:

4.9.9

Index 2080n

Name Reset drive
Object code VAR

Data type UNSIGNED16
Access WO

PDO mapping No

Value range USIGNED16
Default value 0

Object 2082n: Sync on fast loop

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:

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

4.9.10 Object 2108h: Filter variable 16bit

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:

Index 2108h

Name Filter variable 16bit

Object code Record

Data type Filter variable record
Entry description:

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)
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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 -

How it works:

Sub-index 1 sets the filtered variable address. To find a variable address, in EasyMotion Studio Il, click Tools |
Command Interpreter. The communication must be online with the drive. Write the desired variable name with a ? in
front and press Enter.

Command interpreter
TML> ?motor_current
MOTOR_CURRENT (int@@xe7FC) = -3 (@xFFFD)

= 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
Object 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.
8 0 Set interpolation mode compatible with PT and PVT (legacy)
1 Set interpolation mode (when_6060=7) as described in the CiA402 standard
4-7 0 Reserved
3 0 When 6040 bit 14 = 1, at the next update', the Target Speed Starting Value is 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 210Bh: 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.

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

Index 210Bn
Name Auxiliary Settings Register2
Object code VAR
Data type UNSIGNED16
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.

Set actual position to the value of the homing offset 607Ch at the end of the

12 v 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 20A0n: Load Position and Speed monitoring’

This object shows the position and speed of the load sensor, when its functionality is set as only monitoring (not used
in position control). The load sensor functionality can be selected using the Feedback section during the setup part. The
object is not affected by Factor Group settings — it will always return values in |U.

Object description:

Index 20A0n
Name Load Position and Speed monitoring
Object code VAR
Data type INTEGER32
Entry description:
Sub-index 00n
Description Number of sub-indexes
Access RO
PDO mapping Yes
Default value 3
Sub-index 01n
Description Reserved
Access RO
PDO mapping -
Default value o
Sub-index 02n
Description Load Position Monitor
Access RO
PDO mapping Yes
Default value =
Sub-index 03hn
Description Load Speed Monitor
Access RO
PDO mapping Yes

Default value

4.9.14 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 Setup part when configuring the motor data, under Main Parameters section.

Object description:

" Object 20A0n is available only in F515K / FAOOC firmware or newer.
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Entry description:

Index 2100n

Name Number of steps per revolution
Object code VAR

Data type INTEGER16

Access RO

PDO mapping Yes

Value range INTEGER16

Default value

4.9.15 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:

Entry description:

Index 2101n

Name Number of microsteps per step
Object code VAR

Data type INTEGER16

Access RO

PDO mapping Yes

Value range INTEGER16

Default value

4.9.16 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 4000IU 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:

Entry description:

Index 2103n
N Number of encoder counts per
ame f
revolution
Object code VAR
Data type INTEGER32
Access RO
PDO mapping Yes
Value range INTEGER32

Default value

4.9.17 Object 2091n: 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

' Object 20911 is available only on firmware F515x
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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.

4.9.18 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:
Index 2092n
Name User Variables
Object code ARRAY
Data type ULONG32
Entry description:
Sub-index 00n
Description Number of sub-indexes
Access RO
PDO mapping No
Default value 4
Sub-index 01n — 04n
Description UserVar1 - 4
Access RW
PDO mapping Possible
Value range ULONG32
Default value No

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

The iPOS and Micro families 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 factor group settings currently implemented are complying with:

- Factor group objects - CiA 402-2 and later versions — starting with firmware version F515K / FAOxx

- Factor group objects - CiA-402 (obsolete) — for other firmware versions

5.1 Factor group objects - CiA-402 (obsolete)

The actual factors used for scaling are the position factor (object 6093n), the velocity encoder factor (object 6094), the
acceleration factor (object 6097h) and the time encoder factor (object 207 1h). 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 drives work with Fixed 32 bit numbers (not floating point), some calculation round off errors might occur
when using objects 6093n, 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.

51.1 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 UNSIGNEDS8
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 6064
6 Velocity 0 Multiply by 1 the values of objects 60FFh, 606Bn and 606Ch
polarity 1 Multiply by -1 the values of objects 60FFx, 606Bh and 606Ch
5-0 reserved 0 Reserved

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

Object description:
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Index 6089n
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
Object 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 INTEGERS8
Entry description:
Access RW
PDO mapping Possible
Value range -128 ... 127
Default value 0

5.1.5 Object 608Ch: 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.

Object description:
Index 608Cn
Name Velocity dimension index
Object code VAR
Data type UNSIGNEDS8
Entry description:
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Access RwW
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
Object 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 [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 time scaling is used, set it to 1 instead of 0. For time
scaling, use Object 2071h: Time factor.

Object description:

Index 206Fhn
Name Time notation index
Object code VAR
Data type INTEGERS8
Entry description:
Access RW
PDO mapping Possible
Value range -128 ... 127
Default value 0
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5.1.9 Object 2070n: Time dimension index

The time dimension index is used to define the time 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 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
Object code VAR
Data type UNSIGNEDS8
Entry description:
Access RW
PDO mapping Possible
Value range 0...255
Default value 0

5.1.10 Object 6093x: 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
1] [ ] PositionFactor. Divisor

It scales the following objects:

6064h Position actual value; 6062n Position demand value; 607An Target position; 6067, Position window; 6068
Following error window; 60F4h Following error actual value

Object description:

Index 6093h

Name Position 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

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:
(4 x 500)

Position[rad] X W

= Position[UserUnits]

© Technosoft 2024 101 CoE Programming



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.

In conclusion: 6093.1 = 4294967295 (OxFFFF 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; 606Bh Velocity demand value; 606Fh Velocity threshold; 60FFn Target velocity;
60F8h 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 6094n
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

5.1.12 Object 6097nh: 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[IU]| = Acceleration[UserUnits] X - —
AccelerationFactor. Divisor

It scales the following objects:
6083 Profile acceleration; 6085n 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 6097h

Name Acceleration factor
Object code ARRAY

Number of elements 2

Data type UNSIGNED32
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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.

Time[IU] = Time[UserUnits] X

It scales the following objects:
6066n Following error time out; 6068x Position window time; 2023h Jerk time; 2005, 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:

TimeFactor. Numerator

TimeFactor. Divisor

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
Default value 1
Sub-index 02n
Description Divisor
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value 1
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5.2 Factor group objects - CiA-402-2

The user-defined units are translated to internal units (IU) by the factor / scaling objects: 6093 (Position factor), 6094n
(Velocity encoder factor), 210Fn (Acceleration encoder factor) and 2110n (Jerk encoder factor). For the calculation of
the respective values (and their physical units) specific formulas presented in the chapter are used.

Remark: This feature is available starting with firmware versions F515K/ FAOxx.

All units are specified using a 32-bit notation index' that have no influence over any scaling. Their purpose is only to
define an [SI] unit name (rpm, rad, deg, etc) and their exponent (prefix). The Sl unit objects are: 60A8h (Sl unit position),
60A9h (SI unit velocity), 60AAn (S| unit acceleration) and 60ABh (SI unit jerk).

Table 5.2 — S| Objects Structure

MSB LSB

Prefix S| numerator S| denominator Profile-specific
31 24 23 16 15 8 7 0

If the Sl base unit is used, the bit field SI numerator contains the notation index of the base unit. The SI denominator is
not used and its bit field is equal to 1. If SI derived units are used, the SI numerator bit field contains the notation index
corresponding to the numerator of the unit and the S| denominator contains the notation index corresponding to the
denominator of the unit. Additionally, the parameter definition may contain notation index for profile specific units.

Listed in the following table are the possible exponents (prefixes) and their values:

Table 5.3 — Prefix Representation’

Prefix Factor Symbol Notation Index
kilo 103 k 03
- 100 - 00
milli 103 m FD
micro 106 y FA

Listed in the following table all default units for the SI numerator field:

Table 5.4 — Notation Index for S| Numerator '

Name Symbol Notation Index Description

Encoder counts. Dependent on the used sensor
Internal Unit IU(inc) B5 configuration. It's value can be found also in object 2103h:
Number of encoder counts per revolution.

Available only for step motors. The value can be computed

Step 1U(step) AC as object 2100n: Number of steps per revolution multiplied
by object 2101n: Number of microsteps per step.
Radian rad 10 Radian
Degree deg 41 Degrees
Mechanical rot B4 Revolution
Revolution
Meter m 01 Avallable_ only if transmission type is rotary to linear or
linear to linear.
Dimensionless - 00 Dimensionless length unit

Listed in the following table are all default units for the SI denominator:

Table 5.5 — Notation Index for SI Denominator?

Name Symbol Notation Index
Second s 03
Minute min 47
Square Second s? 57
Cubic second s8 A0

' Specified in CiA-303-2 v.1.5.0/27.04.2015 Recommendation — “Part 2: Representation of S| units and prefixes”
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If needed, the full list of notation indexes is specified in CiA-303-2 v.1.5.0/27.04.2015 Recommendation — “Part 2:
Representation of Sl units and prefixes”.

5.2.1 Object 60A8n: Sl unit position

This object indicates the user-defined position units. The object structure is defined in table Table 5.2 — S/ Objects
Structure. The profile specific field (bit O to bit 7) of this object is reserved (00n).

Object description:

Index 60A8h

Name Sl unit position

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping No

Value range UNSIGNED32

Default value 0x00B50100
Example:
e If the object is configured in deg:
MSB LSB

Prefix S| numerator S| denominator Profile-specific
00n (means 10°) 41n(means deg) 01n(default) 00n(default)
31 24 23 16 15 8 7 0
e If the object is configured in mm:
MSB LSB
Prefix S| numerator S| denominator Profile-specific
FDn (means 103) 01n(means m) 01n(default) 00n(default)
31 24 23 16 15 8 7 0

5.2.2 Object 6093n: Position Factor / Position Scaling

The object converts all values of length of the application from position internal units (IU) to position units (PU). lts value
takes into consideration three objects: Position Encoder Resolution - 608Fn, Gear Ratio - 60911 and Feed Constant -
6092n.

The calculation of the position factor is done using the following equation:

Position Units (PU) X Position Encoder Resolution X Gear Ratio

Position Internal Units (IU) = Food Constant

The Position Units are computed automatically by EasyMotion Studio Il for each mechanical setup (rot-rot / rot-lin / lin-
lin transmission) and each position sensor configuration (type, on motor or on load).

Object description:

Index 6093n
Name Position Factor / Position Scaling
Object 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 Position internal units (IU)
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value 0x00000001
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Sub-index 2

Description Position units (PU)
Access RW

PDO mapping Possible

Value range UNSIGNED32
Default value 0x00000001

5.2.3  Object 608Fn: Position Encoder Resolution

The object indicates the configured encoder increments and the number of motor revolutions. The position encoder
resolution is calculated as follows:

Encoder Increments

Position Encoder Resolution = -
Motor Rotation

Object description:
Index 608Fn
Name Position encoder resolution
Object 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 Encoder increments
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value 0x000007D0 (2000 1U)
Sub-index 2
Description Motor rotation
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value 0x00000001

5.2.4  Object 6091n: Gear Ratio

The object indicates the configured number of load rotations corresponding to the number of motor rotations. The gear
ratio is calculated as follows:

. Motor Rotation
Gear Ratio = ———
Load Rotation

In EasyMotion Studio Il, this object is automatically configured in the Mechanical Configuration section:

@& Mechanical configuration @

Mechanical configuration
Mechanical configuration Rotary Motor, Rotary Load  ~

Maotor displacement of 1 rot

Corresponds on load to rot

Object description:

Index 6091n

Name Gear Ratio
Object code ARRAY

Data type UNSIGNED32

Entry description:
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Sub-index 0

Description Number of entries
Access RO

PDO mapping No

Value range 2

Default value 2

Sub-index 1

Description Motor rotation
Access RW

PDO mapping Possible
Value range UNSIGNED32
Default value 0x00000001
Sub-index 2

Description Load rotation
Access RW

PDO mapping Possible
Value range UNSIGNED32
Default value 0x00000001

5.2.5 Object 6092n: Feed Constant

The object indicates the measurement distance per one rotation of the driving shaft of the gearbox. The feed constant

is calculated as follows:

Feed Constant =

Feed

Driving Shaft Rotation

The feed is given in user-defined position units, and the driving shaft revolutions value is dimensionless.

Object description:

Index 6092

Name Feed Constant

Object 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 Feed

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value 0x00000001

Sub-index 2

Description Shaft Rotations

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value 0x00000001

5.2.6 Object 60A9:: Sl unit velocity

This object indicates the user-defined velocity units. The object structure is defined in Table 5.2 — S/ Objects Structure.
The profile specific field (bit 0 to bit 7) of this object is reserved (00n).

Object description:
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Index 60A9n

Name Sl unit velocity

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping No

Value range UNSIGNED32

Default value 0x00000000
Example:
e If the object is configured in rpm:
MSB LSB

Prefix S| numerator S| denominator Profile-specific
00n (means 10°) B4n(means rot) 47n(means min) 00n(default)
31 24 23 16 15 8 7 0
e If the object is configured in mm/s:
MSB LSB
Prefix S| numerator S| denominator Profile-specific
FDn (means 10-3) 01n(means m) 03n(means s) 00n(default)
31 24 23 16 15 8 7 0

5.2.7 Object 6094n: Velocity encoder factor

The object converts all values of speed of the application from velocity internal units (1U) to velocity units (VU). Its value
takes into consideration two objects: Position Factor / Position Scaling - 6093n and Velocity Factor - 6096h.

The calculation of the position factor is done using the following equation:

Velocity Units (VU) X Position Factor

x T x 216 T = i
Velocity Factor where slow loop period

Velocity Internal Units (IU) =

The Velocity Units are computed automatically by EasyMotion Studio Il for each mechanical setup (rot-rot / rot-lin / lin-
lin transmission), position sensor configuration (type, on motor or on load) and slow loop period.

Object description:

Index 6094n

Name Velocity encoder factor

Object 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 Velocity internal units (IU)

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value 0x00000001

Sub-index 2

Description Velocity units (VU)

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value 0x00000001

© Technosoft 2024 108 CoE Programming



5.2.8

Object 6096n: Velocity Factor

The object converts PU (position units) per second into VU (velocity units). The calculation of the velocity factor is done

using the following equation:

Velocity Factor =

For example, if the user defined position unit is radian (rad) and the user defined velocity unit is rpm, the velocity factor
will be 60/2/1. If the user defined position unit is radian (rad) and the user defined velocity unit is rad/s, the velocity

factor will be 1.

Velocity Units (VU)
Position Units (PU)
s

Object description:
Index 6096n
Name Velocity Factor
Object 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 Velocity units (VU)
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value 0x00000001
Sub-index 2
Description Position units (PU)
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value 0x00000001
5.2.9 Object 60AAn: Sl unit acceleration

This object indicates the user-defined acceleration units. The object structure is defined in Table 5.2 — S/ Objects

Structure. The profile specific field (bit O to bit 7) of this object is reserved (00n).

Object description:

Index 60AAR

Name S| unit acceleration

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping No

Value range UNSIGNED32

Default value 0x00000000
Example:

e If the object is configured in deg/s?:
MSB

LSB

Prefix S| numerator S| denominator Profile-specific
00n (means 10°) 41n(means rad) 57n(means s?) 00n(default)
31 24 23 16 15 8 7
e Ifthe object is configured in krad/s%:
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MSB LSB
Prefix S| numerator S| denominator

03h (means 10°) 10n(means rad) 57n(means s?)
31 24 23 16 15 8 7

Profile-specific
00n(default)

0

5.2.10 Object 210Fn: Acceleration encoder factor

The object converts all values of acceleration of the application from acceleration internal units (IU) to acceleration units
(AU). Its value takes into consideration two objects: Velocity Encoder Factor - 6094n and Acceleration Factor - 6097h.

The calculation of the position factor is done using the following equation:
Acceleration Units (AU) x Velocity Encoder Factor

Acceleration Internal Units (IU) = X T where T = slow loop period

Acceleration Factor
The Acceleration Units are computed automatically by EasyMotion Studio Il for each mechanical setup (rot-rot / rot-lin /
lin-lin transmission), position sensor configuration (type, on motor or on load) and slow loop period.

Object description:
Index 210Fhn
Name Acceleration encoder factor
Object 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 Acceleration internal units (1U)
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value 0x00000001
Sub-index 2
Description Acceleration units (AU)
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value 0x00000001

5.2.11 Object 6097n: Acceleration Factor

The object converts VU (velocity units) per second into AU (acceleration units). The calculation of the acceleration factor
is done using the following equation:

Acceleration Factor =

Acceleration Units (AU)

Velocity Units (VU)
s

For example, if the user defined velocity unit is rad/s and the user defined acceleration unit is krad/s?, the acceleration
factor will be 0.001. If the user defined velocity unit is rad/s and the user defined acceleration unit is rad/s?, the
acceleration factor will be 1.

Object description:

Index 6097h
Name Acceleration Factor
Object code ARRAY
Data type UNSIGNED32
Entry description:
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Sub-index 0

Description Number of entries
Access RO

PDO mapping No

Value range 2

Default value 2

Sub-index 1

Description Acceleration units (AU)
Access RW

PDO mapping Possible

Value range UNSIGNED32
Default value 0x00000001
Sub-index 2

Description Velocity units (VU)
Access RW

PDO mapping Possible

Value range UNSIGNED32
Default value 0x00000001

5.212 Object 60ABnh: Sl unit jerk

This object indicates the user-defined jerk units. The object structure is defined in Table 5.2 — S/ Objects Structure. The
profile specific field (bit O to bit 7) of this object is reserved (00n).

Object description:

Index 60ABh

Name Sl unit jerk

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping No

Value range UNSIGNED32

Default value 0x00000000
Example:
e If the object is configured in deg/s®:
MSB LSB

Prefix S| numerator S| denominator Profile-specific
00n (means 10°) 41n(means rad) AOn(means s®) 00n(default)
31 24 23 16 15 8 7 0
e Ifthe object is configured in krad/s®:
MSB LSB
Prefix S| numerator S| denominator Profile-specific
03h (means 103) 10n(means rad) AOn(means s?) 00n(default)
31 24 23 16 15 8 7 0

5.2.13 Object 2110n: Jerk encoder factor

The object converts all values of jerk of the application from jerk internal units (IU) to jerk units (JU). Its value takes into
consideration two objects: Acceleration Encoder Factor — 210Fh and Jerk Factor — 60A2n.

The calculation of the position factor is done using the following equation:
Jerk Units (JU) X Acceleration Encoder Factor

Jerk Internal Units (IU) =

Jerk Factor

X T whereT = slow loop period

The Jerk Units are computed automatically by EasyMotion Studio Il for each mechanical setup (rot-rot / rot-lin / lin-lin
transmission), position sensor configuration (type, on motor or on load) and slow loop period.

Object description:
Index 2110n
Name Jerk encoder factor
Object code ARRAY
Data type UNSIGNED32
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Entry description:

Sub-index 0

Description Number of entries
Access RO

PDO mapping No

Value range 2

Default value 2

Sub-index 1

Description Jerk internal units (IU)
Access RW

PDO mapping Possible

Value range UNSIGNED32
Default value 0x00000001
Sub-index 2

Description Jerk units (JU)
Access RW

PDO mapping Possible

Value range UNSIGNED32
Default value 0x00000001

5.2.14 Object 60A2;: Jerk Factor

The object converts AU (acceleration units) per second into JU (jerk units). The calculation of the jerk factor is done
using the following equation:

Acceleration Factor =

Jerk Units (JU)

Acceleration Units (AU)

N

For example, if the user defined acceleration unit is rad/s? and the user defined jerk unit is krad/s?, the jerk factor will be
0.001. If the user defined acceleration unit is rad/s? and the user defined jerk unit is rad/s?, the jerk factor will be 1.

Object description:

Index 60A2n
Name Jerk Factor
Object 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 Jerk Units (JU)
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value 0x00000001
Sub-index 2
Description Acceleration Units (AU)
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value 0x00000001
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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 a Micro, 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. the initial 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 =|

\4

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.

Mechanical Limits
Negative Limit
:}/Switch transition Motor load
: position
Negative direction D 1 D Positive direction
— H ——————.
: .
: : : Initial motion
When limit switch  : : move negative | Starting

| position

is triggered T"
reverse motion # H

Move positive until
first index pulse transition
after negative limit is inactive

i i Homing number and final home position.
Index Pulse Alﬁ
: : : Index pulse

Negative Limit Switchﬁg— transitions

Figure 6.1.2. Homing method 1 diagram explained
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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 ] u

: ( ; |
Index Pulse —I—I—
Negative Limit Switchi
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.

u i 0

I ; ) :
—l—l— Index Pulse
_l— 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).

| I

Index Pulse. 1 l
Home Switchf

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.
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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.

———&>

Index Pulse. | ]

Homeswich . L

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).

I]D-://:- 0
: :@+

*O @g
L”
Index Pulse l

/L
7/

Home switchj/

Positive Limit Switch : : w7, : :

Y

—

A

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.
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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.

I I

Qg @g

Vyi
7/

Home switchj/

IR " " yi
NegativeLimit Switch 7/

-

\ 4

Index Pulse

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

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.

IR N i

Negative Limit Switch 1

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.
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_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).

(] ; [

Home Switch—,—

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.

=0 ; I

Home Switch—l—

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.

© Technosoft 2024 117 CoE Programming



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

Home switch [ 7/ l

Positive Limit Switch /L

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).

I I

\/

Home switch

Negative Limit Switch . N 7/

Figure 6.2.12. Homing on the Home Switch using limit switches — Negative Initial Move

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
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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] Jrs 0
. 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 607Ch).

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 (index207Cn), 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).

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

The value of Homing Current Threshold must be lower than the drive current limit.
A Warning!

] R

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

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

Index Pulse

(0x207C) Homing Current threshold time —,_l

Figure 6.2.15. Homing on the Negative Mechanical Limit and Index Pulse detecting a control error
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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 207Cn), 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).

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

The value of Homing Current Threshold must be lower than the drive current limit.
A Warning!

————,

Motor current

i Current limit
--f--7- Homing Current threshold (0x207B)

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).

e e *.... (6065h) Following error window

Position error
Index Pulse
(0x207C) Homing Current threshold time

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 207Cn), 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).

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

The value of Homing Current Threshold must be lower than the drive current limit.
A Warning!
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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).

T R

(6065h) Following error window -\ e, s

Position error

(0x207C) Homing Current threshold time —,_l

Home Offset ;- - -:

Figure 6.2.19. Homing on the Positive Mechanical Limit without an Index Pulse detecting a control error

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 207Chn), 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).

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

The value of Homing Current Threshold must be lower than the drive current limit.
A Warning!

1

| R

L

-+ Current limit
- Homing Current threshold (0x207B)
Motor current

: b g A
: [—\— Homing Current threshold time (0x207C)
;- —_— -: Home Offset

Figure 6.2.20. Homing on the Positive Mechanical Limit without an Index Pulse detecting the motor current increase
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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).

1 —

(6065h) Following error window

Position error

. ,_\— (0x207C) Homing Current threshold time

. <
> <

Home Offset

Figure 6.2.21. Homing on the Positive Mechanical Limit without an Index Pulse detecting the motor current increase

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 Il 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 6098, 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
4 Homing operation start 0->1 Only a 0 to 1 transition will start homing mode
8 Halt 0 Execute the instruction of bit 4
1 Stop drive with homing acceleration

6.3.2 Statusword in homing mode
MSB LSB
Homing Homing See Target
e error attained 6041 reached e
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
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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 (6064n)
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 INTEGER32
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.xml 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 6098h
Name Homing method
Object code VAR
Data type INTEGERS
Entry description:
Access RW
PDO mapping Possible
Value range INTEGERS
Default value 0
Data description:
Value Description
-128 ... -5 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 Il 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.xml
of the project file.

Activating Object 2076h: Save current configuration, will set its current values as the a new default.
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6.3.5 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 609%

Name Homing speeds

Object 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

Value range UNSIGNED32

The default value for sub-index 1 can be changed by editing the parameter “HOME_HSPD_6099_01" found in

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 1U)

parameters.xml 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.xml 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.xml
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 207Ch. The current is set in internal units.

The value of Homing Current Threshold must be lower than the drive current limit. Otherwise,
Warning! the homing will not complete successfully (no homing error will be issued). The current limit
9" isset during setup. See Paragraph 1.2. Setting the current limit. Current Threshold < current
limit
© Technosoft 2024 124 CoE Programming



Object description:

Entry description:

Index 207Bn

Name Homing current threshold
Object code VAR

Data type INTEGER16

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

6.3.8

Object 207Ch: 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.xml
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.

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 to switch on to 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 on to Operation enable by sending the enable operation
command.

Set in Control Word mapped in RPDO1 the value OFh.

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 6099h
sub-index 2 expressed in encoder counts per sample is 50000n.

Send the following message: SDO access to object 6099h sub-index 2, 32-bit value 00050000k.

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 140000k.

Send the following message: SDO access to object 6099 sub-index 1, 32-bit value 00140000k.
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10.

1.

12
13.

14.

Homing acceleration. The homing acceleration establishes the acceleration to be used with the standard
homing moves. Set this value at 5 rot/s2. 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 0000028Fh.

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 7DOx.

Send the following message: SDO access to object 607Ch, 32-bit value 000007DOx.
Homing method. Select homing method number 18.

Send the following message: SDO access to object 6098, 8-bit value 12h.

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.

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 607An), the Profile Velocity (index 6081h) 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 (6083r) and the jerk rate. The jerk rate is
set indirectly via the Jerk time (index 2023n), which represents the time needed to reach the maximum
acceleration starting from zero.

There are two different ways to apply farget 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 farget 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

Vi

AN .

t, 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
V2

Vi

t, t, t, time
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71.3 Controlword in profile position mode

MSB LSB
See Operation See Halt See Abs/rel Change set New set- See
6040n Mode 6040n 6040n immediately point 6040n
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
0 Finish the actual positioning and then start the next positioning
Change  set PTEp T -
. ; Interrupt the actual positioning and start the next positioning. Valid only for
immediately 1 . )
linear ramp profile.
0 Target position is an absolute value
Abs / rel . :
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
See 6041, ~ roflowing  Set-point 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 = 0: 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

7.21 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 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 (6064+n) + displacement. When Controlword bit 14
=1, the new position to reach is computed as: actual demand position (6062) + displacement.

Object description:

Index 607An

Name Target position

Object code VAR

Data type INTEGER32
Entry description:

Access RW

PDO mapping Yes

Value range =281 .. 2811

Default value No
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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 Factor group).

By default, the velocity value is given in internal units. They are encoder increments/Sample loop. The default Sample
loop is 1ms. 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 6081n

Name Profile velocity

Object 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 Factor group).

If no factor is applied, the same description as object 6081 applies. So 65536 IU = 1 encoder increment / sample?.
Object description:

Index 6083n

Name Profile acceleration

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping Possible

Value range 0..(2%2-1)

Default value -

7.2.4  Object 6085n: 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 605Dh) 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:
Access RW
PDO mapping Possible
Value range 0..(2%2-1)
Default value -

7.2.5 Object 2023h: Jerk time

In this object, you can set the time to use for S-curve profile (jerk-limited ramp set in Object 6086x — Motion Profile Type).
The time units are given in ms.
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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 6086h
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 given in user-defined

position units.

Object description:
Index 6062n
Name Position demand value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Value range =281 . 2311
Default value -

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 6063n
Name Position actual value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Units increments
Value range =281 . 2311
Default value =
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7.2.9 Object 6064nh: 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 6063n 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 6063h 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 .. 2811
Default value -

7.2.10 Object 6065nh: 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:

. 232_1 for F515x or newer firmware
e 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 -

This object is automatically set in the Setup part by modifying the Position control error.
The value for this object can be changed by editing the parameter:

e “‘ERRMAXL” for F515x
e “‘ERRMAX” for F510x/511x

found in parameters.xml 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 6065+, 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

T ASR.11=1 implementation is available only of F515x firmwares.
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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.xml of the project
file.

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

7.2.12 Object 6067h: 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 6067h

Name Position window

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value -

This object is automatically set in Setup part by modifying the Band in Motion complete settings in Motion Settings
section.

< Motion settings @

Mation complete settings
Type When the actual position... ~
Window 0.5 rot
Time | 0001 |

o

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

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

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 Setup part by modifying the Band in Motion complete settings in Motion Settings
section.
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<7 Motion settings &

Meotion complete settings
Type When the actual position... ~
Window 0.5 rot
Time 0.001 s
L2

The value for this object can be changed by editing the parameter “TONPOSOK” found in parameters.xml 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 (607Dn). 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 INTEGER32
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 Setup part under the Protections and Limits section.

Limits
Software limits []

Position range limits Minimum 2 o . Maximum i

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

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
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Possible
Value range UNSIGNED16
Default value 0000h
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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 (607Dn, 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 (607Bn, 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.

D BB By B By B B

-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.
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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.xml 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 INTEGER32
Entry description:
Access RO
PDO mapping Possible
Value range INTEGER32
Default value -

7.2.17 Object 60FCh: 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 60FCh
Name Position demand internal value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Units Increments
Value range =281 . 2811
Default value -

7.2.18 Object 2022h: 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 -
© Technosoft 2024 135 CoE Programming




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 6064nh, 6063h and 6062h.

The object is not affected by the Factor Group and it receives its value in Internal Units.

Object description:

Index 20815

Name Set actual position

Object code VAR

Data type INTEGER32
Entry description:

Access RW

PDO mapping No

Value range -231,..2%11

Default value -

7.2.20 Object 2088': 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 . 2311
Default value -

7.2.21 Object 208Dn?: Auxiliary encoder position

This object represents the actual value of the auxiliary position measurement device, expressed in internal units, when
operating in the digital external reference mode (signal type set to Encoder). The factor group objects have no effect on it.

Object description:

Index 208Dn
Name Auxiliary encoder value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Units increments
Value range =281 .. 2811
Default value -

7.3 Position Profile Examples

7.31 Relative 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. Start remote node.
Enter Pre-Operational state.

" Object 2088 applies only to drives which have a secondary feedback
2 Object 208D is available only drives which have a secondary feedback
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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 to switch on to 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 on to 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 20 rotations. By using a 500 lines incremental encoder the
corresponding value of object 607An expressed in encoder counts is 9C40x.

Set in Target position mapped in RPDO2 the value 00009C40k.

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 60811 expressed in encoder counts per sample is 10AAACH.

Send the following message: SDO access to object 6081h, 32-bit value 0010AAACH.
Start the profile.
Set in Control Word mapped in RPDO1 the value 005Fh. If Controlword bit 6 is set (Controlword.6 = 1), a

relative positioning will start.

9.

10.

1.

12

13.

14.

15.

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.

Target position. Set the target position to 200 rotations. By using a 500 lines incremental encoder the
corresponding value of object 607An expressed in encoder counts is 61A80k.

Send the following message: SDO access to object 607An 32-bit value 00061A80n.
Start the profile.

Set in Control Word mapped in RPDO1 the value 005Fh.

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 6062n.

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 220 times.

7.3.2

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.

16.

17.

18.

19.

20.

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 to switch on to 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 on to Operation enable by sending the enable operation
command.

Set in Control Word mapped in RPDO1 the value OFh.
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21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

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 1F40k.

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 10AAACH.

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.

Target position. Set the target position to 16 rotations. By using a 500 lines incremental encoder the
corresponding value of object 607An expressed in encoder counts is 7D00k.

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.

7.3.3

Relative Jerk-limited ramp profile example

Execute an absolute Jerk-limited ramp profile.

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 01n.

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 to switch on to 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 on to 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 0003n.

Target position. Set the target position to 10 rotations. By using a 500 lines incremental encoder the
corresponding value of object 607An expressed in encoder counts is 4E20x.

Set in Target position mapped in RPDO2 the value 00004E20s.

Target speed. Set the target speed to 450 rpm. By using a 500 lines incremental encoder and 1ms sample
rate for position/speed control the corresponding value of object 6081n expressed in encoder counts per
sample is 000F0000.

Send the following message: SDO access to object 6081n, 32-bit value 000F0000k.

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 1F4Bh.
Start the profile. If Controlword bit 6 is set (Controlword.6 = 1), a relative positioning will start.
Set in Control Word mapped in RPDO1 the value 005Fh.
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1.

12

13.

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).

7.3.4

Absolute Jerk-limited ramp profile example

Execute an absolute Jerk-limited ramp profile.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25,

26.

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 01n.

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 to switch on to 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 on to 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 607An expressed in encoder counts is 2710n.

Set in Target position mapped in RPDO2 the value 00002710s.

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 60811 expressed in encoder counts per
sample is 00050000k.

Send the following message: SDO access to object 6081h, 32-bit value 00050000s.

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.

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 6062n.

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).
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8 Torque Profile Mode

8.1 Overview

The profile torque mode allows to control the motor in torque mode by transmitting the target torque and torque slope
values, which are processed via the trajectory generator.

Remark: This mode is available starting with firmware versions F515K / FAQOOx.

8.1.1 Controlword in profile torque mode

MSB LSB

See 6040n Halt See 6040n Reserved See 6040n
15 9 8 7 6 4 3 0

Table 8.1 — Controlword bits description for Torque Profile Mode

Name Value Description
Halt 0 Execute torque profile
1 Stop drive according to the halt option code (605Dn)

8.1.2  Statusword in profile torque mode

MSB LSB

See 6041n Reserved See 6041n Target reached See 6041x
15 14 13 12 11 10 9 0

Table 8.2 — Statusword bits description for Torque Profile Mode

Name Value Description

0 Halt = 0: Target torque not reached
Halt = 1: Drive decelerates
Halt = 0: Target torque reached
Halt = 1: Velocity of drive is 0

Target reached
1

8.2 Torque Profile Mode Objects

8.21 Object 6071n: Target torque

This parameter specifies the input value configured for the torque controller when operating in Torque Profile mode.
The unit for this object is given in 1U, except for FAOOx and FA02x firmware versions, where Object 2115n: ASR4 bit 0
controls the unit in which the object is given:

e If ASR4.0 = 0, the unit for this object is given in U

e If ASR4.0 = 1, the unit is in thousandths (%) of the motor's rated current specified in object 6075n.
Example:

e [f the target torque is set to 500, it represents 50.0% (500 %o) of the motor's rated current.

e If the target torque is set to 255, it represents 25.5% (255 %o) of the motor's rated current.

Remarks:

1. When object 2115n is set to 1, the target torque can exceed 100% (equivalent to 1000 %o) of the motor's rated current,

as defined by object 6075¢.

2. The current limit is set through Object 207Fn: Current limit. This value acts as a safety threshold and will restrict the

maximum current, regardless of the value specified in object 6071+.

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:
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65520 - current[A]
2 - Ipeak
where Ipeak is the peak current supported by the drive and current[IU] is the command value for object 607 1n.

curent[IU] =

8.2.2 Object 6075n: Motor rated current

The motor rated current is the motor’'s nominal current which needs to be expressed in mA.
Object description:

Index 6075n
Name Motor rated current
Object code VAR
Data type UNSIGNED32
Entry description:
Sub-index 00n
Access RW
PDO mapping Possible
Value range UNSIGNED32
D Motor nominal current specified in the
efault value
setup part.

8.2.3  Object 6087hn: Torque slope

The torque slope indicate the rate of change of current. The value needs to be given in in units of per thousand of rated
current specified in object 6075n per second.

The rate of change of current is calculated as follows:

Rated Current (6075;)
1000

Example: If the Rated Current specified in object 6075n is set to 2000mA and the Torque Slope specified in object
6087 is set to 1000, the rate of change of current is 2A/s.

X Torque Slope (6087,)/s

Object description:
Index 6087h
Name Torque slope
Object code VAR
Data type UNSIGNED32
Entry description:
Sub-index 00n
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value 0

8.3 Torque Profile Example

Execute a torque profile.
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 04.

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 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. Motor rated current. Define the motor nominal(rated) current of 1000mA using object 6075n.
Send the following message: SDO access to object 6075n, 32-bit value 03E8h
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7. Target slope. Define a target slope of 1000mA using object 6087h.
Send the following message: SDO access to object 6087h, 32-bit value 03E8h

8. Configure the formatting and representation of object 6071h". To define the unit as thousandths (%) of
the motor's rated current (specified in object 6075n), set bit 0 of object 2115n to 1. Send the following message:
SDO access to object 2115n, 32-bit value 1.

9. Target torque. Define a target torque of 50.0% of the motor rated current.
Send the following message: SDO access to object 607 1n, 16-bit value 01F4h. The motor will move positive
and reach a current of 50.0% of the motor rated current (500mA).

10. Set a new Target torque value. Define a target torque of -120.0% of the motor rated current. Send the
following message: SDO access to object 60711, 16-bit value FB50n. The motor will move negative and reach
a current of -120.0% of the motor rated current (-1200mA).

" Only for FAOOx and FA02x firmware versions.
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9 Interpolated Position Mode

9.1 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.

9.1.1 Internal States

¢ Jisable voltage” Operation enabled” quickstop”
shutdown”

Interpolation Position changing the Mode
Mode selected of Operation or
1) deselect Interpolated
Position Mode

()
1

Interpolation inactive

enable disable
Interpolation Interpolation
@ 4)
|

Interpolation active

Figure 9.1.1. 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 ip 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

9.1.2 Controlword in interpolated position mode

MSB LSB
gg:oh Stop option ggjoh Halt ggjoh fék?s ! Reserved E:)zbele P See 6040n
15 12 11 10 9 8 7 6 5 4 3 0
Table 9.1.1 — Controlword bits description for Interpolated Position Mode
Name 6040n bit Value Description
Enable ip 0 Interpolated position mode inactive
4 n -
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 .instructi.0n 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.

© Technosoft 2024 143 CoE Programming



9.1.3 Statusword in interpolated position mode
MSB LSB
See 6041n Reserved ip mode active  See 6041n (e See 6041n
reached
15 14 13 12 11 10 9 0

Table 9.1.2 — Statusword bits description for Interpolated Position Mode

Name Value Description

0 Halt = 0: Final position not reached
Halt = 1: Drive decelerates

Target reached 1 Halt = 0: Final position reached

Halt = 1: Velocity of drive is 0

Interpolated position mode inactive

=0

Ip mode active Interpolated position mode active

9.2 Interpolated Position Objects

9.2.1 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 60C 1 sub-index 01
instead of object 607An. No interpolation point buffer will be used.

2. PT (Position — Time) linear interpolation (legacy) (when object 208En bit8=0)

3. PVT (Position — Velocity — Time) cubic interpolation (legacy) (when object 208E 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:
Index 60CO0n
Name Interpolation sub mode select
Object code VAR
Data type INTEGER16
Entry description:
Access RW
PDO mapping Possible
Value range =215 .. 2151
Default value 0
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

9.2.2

Object 60C1n: 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 -
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Sub-index 02n
e X2: the second parameter of ip
Description .
function
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:

9.2.21 a) For linear interpolation (standard DS402 implementation)

To work with this mode, object 208En 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 60C2h.

60C1, Sub-index 1

Position

Byte 3 Byte 2 Byte 1 Byte 0

Figure 9.2.1. Linear interpolation point 32-bit data structure

9.2.2.2 b) For PT (Position —-Time) linear interpolation (legacy).

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 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.

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
TIYtYT‘YtY rrrrrrryrrrrrrryrrrrrrryrrrrrrr|yrrrrrr1r[rrrrrrr[rrrrrorr
ntegri .
e | [Reserved Time Position
) - )Y Y Y e A
Byte 7 Byte 6 Byte 5 Byte 4 Byte 3 Byte 2 Byte 1 Byte 0

Figure 9.2.2. PT interpolation point 64-bit data structure

Remarks:
- The integrity counter is written in byte 3 of 60C11 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
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9.2.2.3 c) For PVT (Position — Velocity — Time) cubic interpolation

To work with this mode, object 208E 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

imegrly || Time | Velocity 2| Velocity 1| Position 2| Velocity 0| Position 1|Position 0

Byte 7 Byte 6 Byte 5 Byte 4 Byte 3 Byte 2 Byte 1 Byte 0
g\ﬁ_/
Velocity Velocity
integer part fractional part

Figure 9.2.3. 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.

9.2.3 Object 2072n: Interpolated position mode status

The object provides additional status information for the interpolated position mode.
Object description:

Index 2072n
Name Interpolated position mode status
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Possible
Value range UNSIGNED16
Default value -

Table 9.2.1 — 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
1 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
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Remark: when a status bit changes from this object, an emergency message with the code 0xFFO01 will be generated.
This emergency message will have mapped object 2072n data onto bytes 3 and 4.

The Emergency message contains of 8 data bytes having the following contents:

0-1 2 34 5-7
Emergency Error  Error Register Interpolated position status Manufacturer specific error
Code (0xFFO01) (Object 1001n) (Object 2072h) field

To disable the sending of PVT emergency message with ID OxFFO01, the setup variable PVTSENDOFF must be set to
1.

9.2.4  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

9.2.5 Object 2074x: 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 ! -
configuration
Object code VAR
Data type UNSIGNED16
Entry description:
Access WO
PDO mapping No
Value range UNSIGNED16
Default value -

Table 9.2.2 — 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 2079n. It is used to compute the distance to move up to the first PVT
point.
e 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
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9.2.6 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
Object code VAR
Data type INTEGER32
Entry description:
Access RW
PDO mapping Possible
Value range INTEGER32
Default value 0

9.2.7 Object 207Anx: 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.
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

9.2.8 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 OxFF01 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 2079n 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 60C1h 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

e Return to monitoring the buffer status and load points until the profile is finished

9.3 Linear interpolation example

To work with this mode, object 208E 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.
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9.4 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 1602h 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 1602, sub-index 1 the description of the interpolated data record sub-index 1:
Send the following message: SDO access to object 1602 sub-index 1, 32-bit value 60C10120x.
b. 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 1602 sub-index 2, 32-bit value 60C10220k.
4. Enable the RPDO3. Set the object 1602n sub-index 0 with the value 2.
Send the following message: SDO access to object 1602h sub-index 0, 8-bit value 2.
5. Add the new TPDO to the Sync Manager:
a. Write zero in object 1C12h sub-index 0, this will disable the Sync. Manager.
Send the following message: SDO access to object 1C12h sub-index 0, 8-bit value 00x.
b. Write in object 1C12h sub-index 3 the RPDO3 mapping parameter object number:
Send the following message: SDO access to object 1C12, sub-index 3, 16-bit value 1602h.
c. Write 03 in object 1C12h sub-index 0, this will enable the Sync. Manager.
Send the following message: SDO access to object 1C12h sub-index 0, 8-bit value 03s.

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.
9. Switch on. Set in Control Word mapped in RPDO1 the value 07n.
10. Enable Operation. Set in Control Word mapped in RPDO1 the value OFn. For relative motion, set 4Fn.
11. Setin Modes of operation mapped in RPDO1 the value 7 to enable Interpolated mode.
12. Interpolation sub mode select. Select PT interpolation position mode.
Send the following message: SDO access to object 60C0n, 16-bit value 0000s.
13. Interpolated position buffer length.
Send the following message: SDO access to object 2073, 16-bit value 000Ch. The maximum is 000Fh.

14. 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 A0O01+.

15. Interpolated position initial position. Set the initial position to 0.5 rotations. By using a 500 lines incremental
encoder the corresponding value of object 2079n 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.

16. Loading the PT points. Assuming X1 and X2 are object 60C1n’s sub index 01 and 02, which were recently
mapped, send the following data:

17. 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 ;
18. Send the 2" PT point.
Position= 30000 IU (0x00007530)
Time = 2000 IU (0x07D0)
IC =2 (0x02)
Set X1=00007530n; X2=040007D0 n;

@ Neo
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19. Send the 3™ PT point.

Position= 2000 1U (0x000007D0)
Time  =1000 IU (0x03E8)
IC = 3 (0x03)

Set X1=000007D0n; X2=060003E8 n;
20. Send the last PT point.
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=080001F4n;

21.

Start an absolute motion.
Set in Control Word mapped in RPDO1 the value 1F.

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.

9.5 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.

@ No

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 1602, 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 1602 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 60C10120x.
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 1602 sub-index 2, 32-bit value 60C10220k.
Enable the RPDO3. Set the object 16021 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 1C12h sub-index 0, this will disable the Sync. Manager.
Send the following message: SDO access to object 1C12h sub-index 0, 8-bit value 00x.
e  Write in object 1C12h sub-index 3 the RPDO3 mapping parameter object number:
Send the following message: SDO access to object 1C12h sub-index 3, 16-bit value 1602n.
e  Write 03 in object 1C12h sub-index 0, this will enable the Sync. Manager.
Send the following message: SDO access to object 1C12h 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 06k.
Switch on. Set in Control Word mapped in RPDO1 the value 07+.

. Enable Operation and set an absolute motion. Set in Control Word mapped in RPDO1 the value OFh.
1.
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 60C0n, 16-bit value FFFFn.

Interpolated position buffer length.

Send the following message: SDO access to object 2073h, 16-bit value 000Fn. The maximum is 000Fh.

Interpolated position buffer configuration. By setting the value B001, 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 BOO1n.
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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 U (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 1U (0x000172)
Velocity = 6.66 U (0xO006A8)
Time =55 IU (0x37)
IC =2 (0x02)
Set X1=00A80172n; X2=04370006n;
18. Send the 3™ PVT point.
Position = 2982 |U (0xO00BAG)
Velocity = 6.66 IU (0x0006A8)
Time =390 IU (0x186)
IC = 3 (0x03)
Set X1=00A80BA6h; X2=07860006k;
19. Send the 4t PVT point.
Position = 5631 IU (0x0015FF)
Velocity = 6.66 IU (0x0006A8)
Time =400 IU (0x190)
IC = 4 (0x04)
Set X1=00A815FFn; X2=09900006k,;
20. Send the 5t PVT point.
Position = 5925 [U (0x001725)
Velocity = 3.00 IU (0x000300)
Time =60 IU (0x3C)
IC = 5 (0x05)
Set X1=00001725n; X2=0A3C0003k;
21. Send the 6t PVT point.
Position = 6000 IU (0x001770)
Velocity = 0.00 IU (0x000000)
Time =50 IU (0x32)
IC = 6 (0x06)
Set X1=00001770n; X2=0C320000k;
22. Send the 7t PVT point.
Position = 5127 |U (0x001407)
Velocity = -7.5 IU (OXFFF880)
Time =240 IU (0xF0)
IC = 7 (0x07)
Set X1=00801407n; X2=0EFO FFF8;
23. Send the 8t PVT point.
Position = 3115 IU (0x000C2B)
Velocity = -13.33 IU (OxFFF2AB)
Time =190 IU (OXBE)
IC = 8 (0x08)
Set X1=00AB0C2B n; X2=10BEFFF2x;
24. Send the 9t PVT point.
Position = -1686 IU (OxFFF96A)
Velocity = -13.33 IU (OxFFF2AB)
Time =360 IU (0x168)
IC = 9 (0x09)
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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 (0Ox0A)
Set X1=FFABE417 n; X2=159AFFF2;
26. Send the 11" PVT point.
Position = -9135 IU (OxFFDC51)
Velocity = -7.4 IU (OxFFF899)
Time =190 IU (0xBE)
IC =11 (0x0OB)
Set X1=FF990C2B n; X2=16BEFFF8;
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=FF00D8FO0 n; X2=18F00000x;
28. Start an absolute PVT motion.
Set in Control Word mapped in RPDO1 the value 1Fh.
The PVT motion should be like the one below.

1500
ATIME [IU]
TPOS [rat] TSPD [IU]

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.

9.6 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.
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 1602h 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:
e 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.
o  Write in object 1602h sub-index 2 the description of the interpolated data record sub-index 2:
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Send the following message: SDO access to object 1602 sub-index 2, 32-bit value 60C10220x.
4. Enable the RPDO3. Set the object 1602n sub-index 0 with the value 2.
Send the following message: SDO access to object 1602h sub-index 0, 8-bit value 2.
5. Add the new TPDO to the Sync Manager:
o  Write zero in object 1C12h sub-index 0, this will disable the Sync. Manager.
Send the following message: SDO access to object 1C12n sub-index 0, 8-bit value 00x.
e  Write in object 1C12h sub-index 3 the RPDO3 mapping parameter object number:

Send the following message: SDO access to object 1C12, sub-index 3, 16-bit value 1602h.
e  Write 031 in object 1C12h 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 07+.

o P o N

0. Enable Operation and set a relative motion. Set in Control Word mapped in RPDO1 the value 4Fn. For an
absolute motion, set OFn but the example points will not apply.

11. Setin Modes of operation mapped in RPDO1 the value 7 to enable Interpolated mode.
12. Interpolation sub mode select. Select PVT interpolation position mode.
Send the following message: SDO access to object 60C0n, 16-bit value FFFFh.
13. Interpolated position buffer length.
Send the following message: SDO access to object 2073h, 16-bit value 000Ch. The maximum is 000Fh.

14. 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 A0O01n.

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 = 400 IU (0x000190) 11U = 1 encoder pulse
Velocity = 3.00 U (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=02FA0003k;
17. Send the 2" PVT point.
Position = 1240 |U (0x0004D8)
Velocity = 6.00 1U (0x000600)
Time =250 IU (0xFA)
IC =2 (0x02)
Set X1=000004D8h; X2=04FA0006k;
18. Send the 3™ PVT point.
Position = 1674 |U (0x00068A)
Velocity = 6.00 IU (0x000600)
Time =250 IU (0xFA)
IC = 3 (0x03)
Set X1=0000068An; X2=06FA0006h;
19. Send the 4" PVT point.
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Position = 1666 |U (0x000682)
Velocity = 6.00 IU (0x000600)
Time =250 IU (0xFA)
IC =4 (0x04)
Set X1=00000682n; X2=08FA0006h;
20. Send the 5™ PVT point.
Position = 1240 U (0x0004D8)
Velocity = 3.00 U (0x000300)
Time =250 IU (0xFA)
IC =5 (0x05)
Set X1=000004D8; X2=0AFA0003;
21. Send the last PVT point.
Position = 410 IU (0x00019A)
Velocity = 0.00 U (0x000000)
Time =250 IU (0xFA)
IC = 6 (0x06)
Set X1=0000019A n; X2=0CFAO0000;

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.

600 800 1000 1200 1400 1600
ATIME [IU]
TPOS U] TSPD [IU]

If the initial position before the motion was 0, the final position should be 6630 IU (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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10 Velocity Profile Mode

10.1 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 60FF) specifies the jog speed
(speed sign specifies the direction) and the Profile Acceleration object (index 6083n) 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.

10.1.1 Controlword in Profile Velocity mode

MSB LSB
See 6040n Halt See 6040n reserved See 6040n
15 9 8 7 6 4 3 0
Table 10.1.1 — Controlword bits for Profile Velocity mode
Name Value Description
Halt 0 Execute the motion
1 Stop drive with profile acceleration

10.1.2 Statusword in Profile Velocity mode

MSB LSB
See 6041, ~ Max  slippage oo See 6041, |arget See 60411
error reached
15 14 13 12 11 10 9 0
Table 10.1.2 — Statusword bits for Profile Velocity mode
Name Value Description
0 Halt = 0: Target velocity not (yet) reached
Target reached Halt = 1: Drive decelerates
9 1 Halt = O: Target velocity reached
Halt = 1: Velocity of drive is 0
0 Speed is not equal to 0
JpEe 1 Speed is equal to 0
Max  slippage O Maximum slippage not reached
error 1 Maximum slippage reached

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.

10.2 Velocity Mode Objects

10.2.1 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 6069n
Name Velocity sensor actual value
Object code VAR
Data type INTEGER32
Entry description:
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Access RO

PDO mapping Possible
Value range INTEGER32
Default value -

10.2.2 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 -

10.2.3 Object 606Cnh: 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
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Yes
Value range INTEGER32
Default value -

10.2.4 Object 606Dx: Velocity window'

When the difference between the target velocity (60FFh) and the velocity actual value (606Ch) is in the velocity window
for longer than the velocity window time (606En), the Target reached bit (Statusword) is set. The value is given in user-
defined velocity units which means it can be modified by Factor group objects.

Object description:

Index 606Dn

Name Velocity window

Object code VAR

Data type UNSIGNED16
Entry description:

Access RW

PDO mapping Yes

Value range UNSIGNED16

Default value -

10.2.5 Object 606En: Velocity window time?

When the difference between the target velocity (60FFn) and the velocity actual value (606Ch) is in the velocity window
(606Dn) for longer than the velocity window time, the Target reached bit (Statusword) is set. The value is given in
milliseconds.

Object description:

" Available starting with F515K / FAOOx firmware version
2 Available starting with F515K / FAQOx firmware version

© Technosoft 2024 156 CoE Programming



Index 606En
Name Velocity window time
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Yes
Value range UNSIGNED16
Default value -

10.2.6 Object 606Fnh: 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 -

10.2.7 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 60FFh
Name Target velocity
Object code VAR
Data type INTEGER32
Entry description:
Access RW
PDO mapping possible
Value range INTEGER32
Default value -

10.2.8 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 error in 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 2005s.

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 -
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This object is automatically set in the Setup part by modifying the Speed control error under the Protections and limits
section.

Protections
Overcurrent protection Trigger if motor current > 126 A - for mare than 0.01 s -
Position control error protection Trigger if position error > 0.5 rot v for mare than 3 5 v
I Speed control error protection Trigger if speed error » T rpm - for more than 3 s -
12t protection [ ] 12t Overcurrent is 120 for 15

The value for this object can be changed by editing the parameter “SERRMAX” found in parameters.xml 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.

10.2.9 Object 20051: 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.

10.2.10 Object 2087h": 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 2087h
N Actual internal velocity sensor on
ame
motor
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Value range INTEGER32
Default value -

" Object 2087y applies only to drives which have a secondary feedback
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10.3 Speed profile example

Remark: any speed profile mode can be run only if the speed loop is active in setup.
To enable the Current + Speed loop, in the setup part, under Control settings section select:

%¥ Control settings @

Control structure

Control mode | Speed

Speed controller Current contraller

After the speed is selected, the tuning for the speed loop must be done.
To enable the Current + Speed + Position loop, select:

%% Control settings &

Control structure

Position controller Speed controller Current controller

Control mode | Bosition v [withspesdloop v

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.

7.

Start remote node.

Enter Pre-Operational state.

Enter Safe-Operational state.

Enter Operational state.

Modes of operation. Select speed mode.

Set in Modes of Operation mapped in RPDO1 the value 03h.

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 to switch on to 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 on to Operation enable by sending the enable operation
command.

Set in Control Word mapped in RPDO1 the value OFh.

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 60FFn expressed in encoder counts per
sample is 140000 (20.0 IU).

Send the following message: SDO access to object 60FFh 32-bit value 00140000h.
Check the motor actual speed. It should rotate with 600 rpm.

Read by SDO protocol the value of object 606Cr.
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10.4 Speed profile example for stepper open loop

Remark: In the case of stepper open-loop control, speed control is possible irrespective of the chosen control mode,
whether it is speed or position. However, for proper operation, the current controller needs to be tuned.

Control structure

Control type | Current Mode

Control mode i-Spee d

Flux estimator Current controlier

'/ EsT

Execute a speed control with 300 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 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 OFh.

6. Target velocity. Set the target velocity to 300 rpm. By using a stepper open-loop control with 200 steps and
pstepping set to 512, along with a 1 ms sample rate for position and speed control (slow loop), the 300 rpm
expressed in internal units (IU) is 512. This calculation takes into account that 1 rotation is equal to the product

of steps number and pstep number, and 1 1U is equivalent to 1 ustep per slow loop. The value to be configured
in object 60FFhis 512*65536 = 33554432 = 2000000n

Send the following message: SDO access to object 60FFh 32-bit value 00140000h.
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11 Electronic Gearing Position (EGEAR) Mode

11.1 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.

11.1.1  Controlword in electronic gearing position mode (slave axis)

MSB LSB
See Halt See Reserved ﬁgg\élaéfation Enable  Electronic See
6040n 6040n S Gearing Mode 6040n

Limitation
15 9 8 7 6 5 4 3 0
Table 11.1.1 — 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)
Halt 0 Execute the instruction of bit 4
1 Stop drive with profile acceleration
11.1.2 Statusword in electronic gearing position mode
MSB LSB
See 6041, OIOWING  pecerved See 6041, 1798t See 60415
error reached

' Not all drives have a secondary encoder input.
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| 15 14 13 12 11 10 9 0]
Table 11.1.2 — Statusword bits for Electronic Gearing Position Mode

Name Value Description
0 Halt = 0: Always 0
Target Halt = 1: Drive decelerates
reached 1 Halt = 0: Always 0
Halt = 1: Velocity of drive is 0
Following 0 No following error
error 1 Following error occurred

11.2 Gearing Position Mode Objects

11.2.1 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 INTEGER32
Entry description:

Access RW

PDO mapping Possible

Units Increments

Value range 0..2%1

Default value =

11.2.2 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 80000001n (full range)

11.2.3 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) .

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:

Index 2013n

Name EGEAR multiplication factor
Object code RECORD

Number of elements 2
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Entry description:

Sub-index 1

Description EGEAR ratio numerator (slave)
Object 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

11.2.4 Object 2017n: Master actual position

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 201Ex or from the digital inputs of the drive).
The units are increments.

Object description:
Index 2017n
Name Master actual position
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Value range =281 ... 2811
Default value 0

11.2.5 Object 2018n: Master actual speed

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 IU = 1 encoder increment / sample.

Object description:

Index 2018hn
Name Master actual speed
Object code VAR
Data type INTEGER16
Entry description:
Access RO
PDO mapping Possible
Value range -32768 ... 32767
Default value 0

11.2.6 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
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| Default value -

Table 11.2.1 — 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
3 EasyMotion Studio Il (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 EasyMotion Studio Il (either 2"¥ encoder or pulse & direction)

4 ... 65535 Reserved

11.3 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).
-g.

Motor connector

Motor phases :l Motor phases :l

Drive
Master
iPOS Drive

lave

Encoder connector

Encoder Encoder j

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.

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 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 2012n 32-bit value 000007DOs.

8. Electronic gearing multiplication factor.

Set EG numerator to 1.

' Not all drives and configurations have secondary encoder inputs.

© Technosoft 2024 164 CoE Programming



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 2013h,sub-index 2, 16-bit value 0001n.
9. Set the initial Master position into the associated RPDO where 201E: is mapped.
10. Enable/Start EG slave in control word associated RPDO.
Set in Control Word mapped in RPDO1 the value 1Fh.

11. Start moving the master encoder and the slave will follow.

11.4 Electronic gearing through online communication example

Start an Electronic Gearing Slave.

1. Map in a RPDO the object 201En 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 06n.

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 0001n.
8. 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.
9. 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 2013hn,sub-index 2, 16-bit value 0001+.
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.

© Technosoft 2024 165 CoE Programming



12 Electronic Camming Position (ECAM) Mode

12.1 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 = f(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 Xmayx, 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 Il. Then using the object CAM table load address (index 2019x) 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.

12.1.1 Controlword in electronic camming position mode

MSB LSB
See See Activate Speed Enable Electronic
60401 Halt 6040,  APS/Rel | initation Camming Mode ~ >°© 8040
15 9 8 7 6 5 4 3 0
Table 12.1.1 — Controlword bits for electronic camming position mode
Name Value Description

Do not start operation
0->1 Start electronic camming procedure
1->0 Do nothing (does not stop current procedure)
0 Do not limit speed when entering absolute electronic camming mode
1 Limit speed when entering absolute electronic camming mode at the

Enable Electronic
Camming Mode

Activate Speed

el 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
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12.1.2 Statusword in electronic camming position mode

MSB LSB
Following See Target
See 6041n error Reserved 60415 reached See 6041n
15 4 13 12 11 10 9 0

Table 12.1.2 — Statusword bits for electronic camming position mode

Name Value Description

0 Halt = 0: Always 0
Halt = 1: Drive decelerates
Halt = 0: Always 0
Halt = 1: Velocity of drive is 0
No following error
1 Following error occurred

Target reached
1

Following error

12.2 Electronic Camming Position Mode Objects

12.2.1 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
memory to the RAM memory of the drive, starting from the run address, set in object 201An, for faster processing. The
copy is made every time object 2019 is written by SDO access.

Remark: 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:
Index 2019n
Name CAM table load address
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Units -
Value range UNSIGNED16
Variable depending on motor +
Default value ) .
feedback configuration

12.2.2 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 2019n).

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 9EQOh

12.2.3 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.
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Object description:

Index 201Bn

Name CAM offset

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping No

Value range 0...2%21

Default value 0

12.2.4 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

00010000 corresponds to a scaling factor of 1.0.
Object description:

Index 206Bh
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

12.2.5 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

00010000 corresponds to a scaling factor of 1.0.
Object description:

Index 206Cnh
Name CAM output scaling factor
Object code VAR
Data type FIXED32
Entry description:
Access RW
PDO mapping Possible
Units -
Value range FIXED32
Default value 00010000n

12.2.6 Building a CAM profile and saving it as an .sw file example

You can create a CAM profile using any program of your choice. In this example, Microsoft Excel is used to construct a

CAM table in an organized and effective manner.

Bl Fis Edi Wew Ineet Format Took  Dats  Window
Zw

4 v w] universal_cam3

e

Figure 12.2.1. MS Excel interface
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CAM tables are structured as arrays of points, where each point consists of two values: X and Y. These values represent
the following:
e X: The input value, corresponding to the master position.
e Y: The output value, corresponding to the slave position.
The X points are expressed in the master’s internal position units, while the Y points are expressed in the slave’s internal
position units. Both X and Y values must be stored as 32-bit integers. To ensure proper functionality, the CAM table
must respect to the following requirements:
1.  The X points must be positive values, including zero.
2. The X points must be equally spaced with an interpolation step that is a power of 2 (e.g., 1, 2, 4, 8, 16, 32, 64,
or 128).
3. The maximum number of points for a single CAM table is 8192.
Since the X points are evenly spaced, they can be fully defined using only two parameters:
1. The starting value of the master position, which corresponds to the first X point.
2. The interpolation step, which determines the spacing between consecutive X points.
Using Microsoft Excel, you can input these X and Y points into two separate columns to create the CAM table.
Excel provides a straightforward way to visualize and manage the points:

CAM Example
4000
3000
2000
10
o o
0 20 40 % 60 80 o 120
1000 q ~
-2000
3000
=000

Figure 12.2.2. Cam example

After the cam is ready, save it as Text (Tab delimited) (*.txt) file.

= —
LL File name: universal_cam |E| ILJ
My Metwork =
Places Save as type: | Text (Tab delimited) (=, bet) |Z| "
= =)

Figure 12.2.3. Save As example.

Once you have your cam file saved, start EasyMotion Studio Il, either LITE or FULL version.

Press New button and set the appropriate communication settings, then Scan for drives.

Communication  View Help

DEMEcee Bk (X LR TS T

I_a

1.

2, Plug In Drives 7 2 Phase Stepper Closed Loop. »
= @ 3. Open Frame Drives 3 Phase Stepper Open Loop Load Sensor - None or Incremental Encoder
< = 4. Closed Frame Drives Brushed Motor

1 5. Inteligent Motors Erushless Linear Matar
@Dpen &, Makion Controllers Brushless Rotary Mokor
7, Other

[====lFr Y

Figure 12.2.4. Choose drive configuration.

After locating the drive, select the motor technology and open a new configuration. Navigate to the CAM Tables tab in
the Application tree (typically located on the left side of the screen by default). Click the Import button and select your
recently saved CAM file (refer to Figure 12.2.5).
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Application tree - r & CAM Tables @
4 Untitled project - )
4 j Untitled application - [255]
S Selected D
4 M Motion
|4 Homings
|F] Functions
|1] Interrupts
HS Memory settings
4 CP Control panels
1_Motion_Status
2_Drive_IO
3_CANopen_Status
4_CANopen_Objects

5_Drive_Status

Free buffer space 0 Words

Figure 12.2.5. CAM tab.

If the CAM file loaded, it should look like this:

XY values

Master start value |0 0 0 - Import

8 188
. N Export

ep: 2t 3
Interpolation step : 2 16 375 N

. elp

Y value |0 24 362

32 746

Table length | 101 A0 a27

48 104

- 56 277

Remove = Update Insert 4 = o [

Figure 12.2.6. CAM file loaded.

After loading the CAM file, in the CAM tables section, EasyMotion Studio Il will display the free buffer space reserved
for CAM Tables.

Free buffer space Overflow Check Memary settings to see if you can increase the space reserved for Cam Tables

In the Memory Settings tab, located under the Application tree, EasyMotion Studio |l automatically calculates and
displays the space required for the uploaded CAM file. Additionally, this tab allows you to adjust the memory allocation
reserved for CAM tables as needed.

© Technosoft 2024 170 CoE Programming




4| || Untitled project
S §:| Untitled application - [253]
- §:| Untitled application #1 - [255]
5 Setup
4 M Motion
|}i] Homings
|{F] Functions
|{£] Interrupts
4- | [5] CAM Tables

|c| cam

Application tree Sy R

/N Memory settings g

TML Program
Beginning at address | 0x4000
Run frem RAM EEPROM
CAM Tables

Space reserved for CAM tables | 0;08[}3

E]

Build the motion to update the memory charts | Space needed for CAM tables is 0x0808.

EEPROM Memory

—
.“IS Memory settings

Figure 12.2.7. Memory settings - CAM tables

In the Memory Settings window, you will find charts for both EEPROM and RAM memory.
e Inthe EEPROM memory chart, locate the first address listed. This is the CAM Table Load Address, which
must be entered later in object Object 2019x: CAM table load address.
e In the RAM memory chart, identify the first address listed. This is the CAM Table Run Address, which must
be entered later in object Object 201An: CAM table run address.

EEPRCM Memory

W 4000 ..
W 7086 .
H71BZ ..

T9BA ..

7085 — TML Program
71B1 - Saved CANcpen objects table
T9B3 - CAM Tables

TFFF - Setup table

RAM Memory

W Coo0 ..
W C040 ..
B FTFS ... FFFF - CAM Tables

CO3F — PVT Buffer

F7F7 - Data aquisitions

Figure 12.2.8. Cam table load and run addresses.

After loading the CAM file successfully, click over the Application tab and download your saved cam file.

Communication  Tools  Control panels  Utilities
e omE ow @ W
# PRename
I‘>:|—.| Duplicate |[5] CAM Tables &
| & Delete
i Setup v dziil
T e
bR P DownloadCAMTables
©  Stop Program Download Program

Axis on F2 Load from Another Application...

Figure 12.2.9. Download CAM Tables.

To generate a SW file that includes the CAM file, save the project and navigate to Application -> EEPROM file ->
Motion and Setup... as shown in the figure below. Save the resulting EEPROM file, which contains your setup and
motion data (including the CAM data), to your PC.
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LN Communication  Tools  Control panels  Utilities  Options  He

| G4 N
G New MM E e O ®m L
m;: Rename
! j Duplicate
'’ Delete XYva
i Setup R Master start value |0
Motion ' Interpolation step : 246
P Run F5 Y value [0
value
© Stop Program
Axis on F2 Table length | 1025
j= Axis off F3
=
75 Reset drive F4

Parameter editor EtherCAT FOE file »

Setup only

M35 Memory settings TML lib...

Figure 12.2.10. Create .sw file.

12.2.6.1 Extracting the cam data from the motion and setup .sw file

Open the recently saved .sw file using any text editor. Locate the number corresponding to the CAM Table load address
by searching within the file. This number will be preceded by an empty line (as shown in Figure 12.2.11) with the
preceding numbers representing the setup data. Select all the numbers that correspond to the CAM file, continuing until
you encounter another empty line (as illustrated in Figure 12.2.12).

B untitled Application.sw - Not... [li[=] E3

File Edit Format View Help

[\ Untitled Application.sw - Not... [[=]

404
5A57
FFFF
8000
20
7484
2FB
4010
102

File Edit Format View Help

Figure 12.2.11. .sw file structure example Figure 12.2.12. .sw file empty line

Copy all the selected numbers and save them as a new text file, changing the extension from .txt to .sw. You now have
a file that can be loaded onto the drive using the EEPROM Programmer tool (included with EasyMotion Studio I
software) or by utilizing the 2064» and 2065h objects, as explained in the following subchapter.

» Application
CAUsersha_nae . ¢ PC (a-nae-lapto ‘Bmwse...
o . Setup and Motion data (*.sw}
UHilities Options Help Checksum  Verify | Read EEPROM
Firrmmware programmer XML data (".swx) | Downloads selected application to the current drive / motar ‘
Ethernet Configurator
Check for updates

Figure 12.2.13. THS EEPROM Programmer.

Note: The THS EEPROM programmer allows you to write the entire setup and motion .sw file, not just the CAM .sw file
created in this example.
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12.2.6.2 Downloading a CAM .sw file with objects 2064» and 2065, example

e Send the following message: SDO access to object 2064 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 2064n (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!

12.3 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 a drive (if the drive
is equipped with one).

L] 7
(_|mMoTor
Master

Motor connector

Motor phases :I Motor phases :I

Drive [ 1 y
MOTOR
Slave

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 Camming mode (-2).
Set in Modes of Operation mapped in RPDO1 the 8 bit value OxFE.

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 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. Cam table load address. Set cam table load address as 5638h.
The cam table load address can be discovered as explained in paragraph_12.2.6 .
Send the following message: SDO access to object 2019 16-bit value 5638h.

8. Cam table run address. Set cam table load address as 97F6n.
The cam table load address can be discovered as explained in paragraph 12.2.6 .
Send the following message: SDO access to object 201An 16-bit value 97F6h.

9. 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.

10. 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.
11. Cam input scaling factor. Set it to 1.
Send the following message: SDO access to object 206Bn 32-bit value 00000001+.
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12,

13.
14.

15.

Cam output scaling factor. Setitto 1.

Send the following message: SDO access to object 206Ch 32-bit value 0000000 1+.
Set the initial Master position into the associated RPDO where 201En is mapped.
Enable EG slave in control word associated RPDO.

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.

12.4 Electronic camming through online communication example

Start an Electronic Gearing Slave.

1.

2,

Map in a RPDO the object 201En 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 06h.

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.

10.

1.

12,

13.

14.
15.

16.

External reference type. Slave receives reference through online communication.
Send the following message: SDO access to object 201Dn 16-bit value 0001n.
Cam table load address. Set cam table load address as 5638h.

The cam table load address can be discovered as explained in paragraph 12.2.6.
Send the following message: SDO access to object 2019 16-bit value 5638h.
Cam table run address. Set cam table load address as 97F6n.

The cam table load address can be discovered as explained in paragraph 12.2.6.
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 00000001+.
Cam output scaling factor. Setitto 1.

Send the following message: SDO access to object 206Ch 32-bit value 0000000 1+.
Set the initial Master position into the associated RPDO where 201En is mapped.
Enable EG slave in control word associated RPDO.

Set in Control Word mapped in RPDO1 the value 3Fn to start electronic gearing and activate speed
limitation.

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.
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13 Cyclic Synchronous Position mode (CSP)

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 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,)

Position | Velocity .| Torque
control control control

Target
position
(607A,)

N

A A A

Joraue actualvalue

(6064,)

Figure 13.1.1. Cyclic synchronous position mode overview

13.1.1 Controlword in Cyclic Synchronous Position mode (CSP)

MSB LSB
See See
6040 Halt 60405 Abs / rel Reserved Reserved See 6040n
15 9 8 7 6 5 4 3 0

Table 13.1.1 — Controlword bits description for Cyclic Synchronous Position Mode

Name Value Description
Abs / rel 0 Abso!ute posl,lyon mode
1 Relative position mode

In absolute position mode, the drive will always travel to the absolute position given to object 607Ax . 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).

13.1.2 Statusword in Cyclic Synchronous Position mode (CSP)

MSB LSB

See 6041y Following ~ Target position g.. 6041, Reserved  See 6041
I error ignored I I

15 14 13 12 11 10 9 0

Table 13.1.2 — 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
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13.2 Cyclic Synchronous Position Mode Objects

13.2.1 Object 60C2x: Interpolation time period

The Interpolation time period indicates the configured interpolation cycle time. Its 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 01h) value is given in 1Q(interpolation time index) g(gecond).
The interpolation time index (sub-index 02h) is dimensionless.

Example: to set a communication cycle time of 4ms, 60C2x sub-index 01n = 4 and 60C2h sub-index 02» = -3. The result
is 4ms = 4*10°3.
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:
Index 60C2n
Name Interpolation time period
Object code ARRAY
Number of elements 2
Data Type Interpolation time period record
Entry description:
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

13.2.2 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
Entry description:
Access RW
PDO mapping Yes
Value range UNSIGNED16
Default value 0000n

If 2086 h = 1, the limit is active. During CSP mode, the maximum velocity will be the one defined in object 6081n. During
CSV mode, the maximum acceleration will be the one defined in object 6083h.

Remark: If 60811 = 0 and 2086n =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.

' Available only with F515x firmware.
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13.3 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 4¢3 which means 4ms.

Because the drive default control loop is 1ms, it means that when every new position command is received in

object 607An, 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 on to 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 on to 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 607 An.

Set in Target position mapped in RPDO2, the 32bit value xxxxxxxxh. The motor will travel to the new position

value within 4ms (as set in 60C24). 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 10IU/ms.

13.4 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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14 Cyclic synchronous Velocity mode (CSV)

14.1 Overview

The overall structure for this mode is shown in Figure 14.1.1. 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 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
(60FF,)

.| Velocity .| Torque
"| control | control

A A

S
<« Torqueactualvalue |
6077)
<“-- JVelocity actualvalue ..
{606C,)
<« Position actual value
(6064,

Figure 14.1.1. Cyclic synchronous velocity mode overview

14.1.1 Controlword in cyclic synchronous velocity mode

The cyclic synchronous velocity mode uses no mode specific bits of the Controlword. See Object 6040h: Controlword.

14.1.2 Statusword in cyclic synchronous velocity mode

MSB LSB
See 6041n Reserved i-;irgrzt dvelocnty See 6041n Reserved See 6041n
15 14 13 12 11 10 9 0

Table 14.1.1 — Statusword bit description for cyclic synchronous velocity mode

Name Value Description
. 0 Reserved
Bit10 1 Reserved
Target velocity O Target velocity ignored. When 6040n.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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14.2 Cyclic Synchronous Velocity Mode basic example

1.

10.

1.

12

13.

14,

Start remote node.

Enter Pre-Operational state.

Disable the Sync Manager 1C12; by setting Subindex 0 to 0.

Send the following message: SDO access to object 1C12n 8-bit value 00n.

Disable the PRDO4 1603h by setting Subindex 0 to 0.

Send the following message: SDO access to object 1603h, sub-index 0 the 8-bit value 00n.

Map to PRDO4 1603 the object 60FF» Target velocity.

Send the following message: SDO access to object 1603h, sub-index 1 the 32-bit value 60FF0020n.
Enable the PRDO4 1603k 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 60FFh Target
velocity.

Send the following message: SDO access to object 1C12n, Subindex 3, 16-bit value 1603.
Enable the Sync Manager 1C12h by setting Subindex 0 to 3.

Send the following message: SDO access to object 1C12h 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 607An, 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 09h.

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 on to 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 on to 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 XXxxxxxxh.

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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15 Cyclic synchronous Torque mode (CST)

15.1 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,)

4

Torque actual value
(6077,

Velocity actual value
(606C,,)

< Position actual value
(6064,)

A

A

Figure 15.1.1. Cyclic synchronous torque mode overview

15.1.1 Controlword in cyclic synchronous torque mode

The cyclic synchronous torque mode uses no mode specific bits of the Controlword. See Object 6040h: Controlword.

15.1.2 Statusword in cyclic synchronous torque mode

MSB LSB
Target See
See 6041n Reserved torque Reserved See 6041h
. 6041n
ignored
15 14 13 12 11 10 9 0

Table 15.1.1 — 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
. 0 Reserved

Bit13 1 Reserved

15.2 Cyclic synchronous torque mode objects

15.2.1 Object 6071n: Target torque

This parameter specifies the input value configured for the torque controller when operating in Torque Profile mode.
The unit for this object is given in IU, except for FAOOx and FAQ2x firmware versions, where Object 2115n: ASR4 bit 0
controls the unit in which the object is given:

e If ASR4.0 = 0, the unit for this object is given in U
e |If ASR4.0 = 1, the unit is in thousandths (%.) of the motor's rated current specified in object 6075n.
Example:
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e [f the target torque is set to 500, it represents 50.0% (500 %o) of the motor's rated current.

e If the target torque is set to 255, it represents 25.5% (255 %o) of the motor's rated current.

Remarks:

1. When object 2115n is set to 1, the target torque can exceed 100% (equivalent to 1000 %o) of the motor's rated current,
as defined by object 6075n.

2. The current limit is set through Object 207Fn: Current limit. This value acts as a safety threshold and will restrict the
maximum current, regardless of the value specified in object 607 1.

Object description:

Index 6071h

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 607 1n.

curent[lU] =

15.2.2 Object 6077n: Torque actual value

This parameter provides the actual value of the torque, reflecting the instantaneous torque in the motor. The unit for this
value is in Internal Units (IU), except for FAOOx and FAQO2x firmware versions. In those versions, the unit is determined
by the bit 0 of object 2115n: ASR4:

e If ASR4.0 = 0, the unit is displayed in IU.
e If ASR4.0 = 1, the unit is displayed in thousandths (%o) of the motor's rated current specified in object 6075n.
Example:

- If the actual torque value is 500, it represents 50.0% (500 %o) of the motor's rated current.
- If the actual torque value is 255, it represents 25.5% (255 %o) of the motor's rated current.
Object description:

Index 6077n
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 6077n.

current[A] = - curent[IU]

15.2.3 Object 6080n: Max motor speed’

This object indicate the configured maximal allowed speed of the motor, taken from the motor specifications, when the
mode of operation is CST or External Torque value. The value is given is given in user-defined velocity units. User-
defined means it can be modified by Factor group objects. The speed limitation is activated when setting a value different
from zero (default).

Object description:

Index 6080n

Name Max motor speed
Object code VAR

Data type UNSIGNED32

' Available starting with firmware version FA0Ox / FA02x / F515K.
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Entry description:

15.2.4

Access RW

PDO mapping Possible
Value range UNSIGNED32
Default value 0

Object 2115n: ASR4!

This object is responsible for setting up the ASR4 register, with Bit 0 of ASR4 determining the formatting and
representation of values in Object 6071h: Target torque and 6077n: Torque actual value. The remaining bits in ASR4
are reserved.

Object description:

Index 2115n

Name ASR4

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping no

Value range UNSIGNED32

Default value 0

15.3 Cyclic synchronous torque (CST) example

1.

10.

Start remote node.

Enter Pre-Operational state.

Disable the Sync Manager 1C12h Subindex 0 to 0.

Send the following message: SDO access to object 1C12h 8-bit value 00h.

Map RPDO3 to Sync Manager 1C12, Subindex 3. The RPDO3 has mapped by default, the object 6071n
Target torque.

Send the following message: SDO access to object 1C12n, Subindex 3, 16-bit value 1602h.
Enable the Sync Manager 1C12h by setting Subindex 0 to 3.

Send the following message: SDO access to object 1C12h 8-bit value 03h.

Enter Operational state.

Enter Safe-Operational state.

Enter Operational state.

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 to switch on to 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 on to Operation enable by sending the enable operation
command.

Set in Control Word mapped in RPDO1 the value OFh.
Modes of operation. Select cyclic synchronous torque mode.
Set in Modes of Operation mapped in RPDO1 the value 0An.

Send target torque points. The drive will apply a new current value with every new command it receives in
RxPDOQ3 variable Target torque which is object 607 1.

Set in Target torque mapped in RPDO3, the 16bit value xxxxh.

' Available starting with firmware version FAOOG / FA02G or newer
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16 Touch probe functionality

16.1 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.

16.2 Touch probe objects

16.2.1 Object 60B8h: Touch probe function

This object indicates the configuration function of the touch probe.

Object description:
Index 60B8n
Name Touch probe function
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Yes
Value range 0 ... 65535
Default value 0

Table 16.2.1 — 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*
00p Trigger with touch probe 2 input (LSN input)
01p Trigger with zero impulse signal
11,10
106 Reserved
11p Reserved
9 0 Trigger first event
1 Reserved
8 0 Switch off touch probe 2
1 Enable touch probe 2
- 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)
392 01b Trigger with zero impulse signal
’ 10p Reserved
11b 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.

The position cannot be captured when touch probe 1 and 2 are active and the trigger is set on the zero impulse signal.
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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.

16.2.2 Object 60B9n: Touch probe status

This object provides the status of the touch probe.

Object description:

Index 60B%9%

Name Touch probe status

Object code VAR

Data type UNSIGNED16
Entry description:

Access RO

PDO mapping Yes

Value range 0 ... 65535

Default value 0

Table 16.2.2 — Bit Assignment of the Touch probe status

Bit Value Description
11to 15 - 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
2 0 Touch probe 1 no negative edge value stored
1 Touch probe 1 negative edge position stored in object 60BBh
1 0 Touch probe 1 no positive edge value stored
1 Touch probe 1 positive edge position stored in object 60BAs
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 60B8 bits 4,5,12
and 13 are set to 0.

16.2.3 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 INTEGER32
Entry description:
Access RO
PDO mapping YES
Value range -281,..2311
Default value -
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16.2.4 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
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping YES
Value range =231, .2%11
Default value -

16.2.5 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
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping YES
Value range -231,..2%11
Default value -

16.2.6 Object 60BDn: 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 -

16.2.7 Object 2104x: Auxiliary encoder function

This object configures the auxiliary feedback position capture on the zero impulse signal.

Object description:

Index 2104h
Name Auxiliary encoder function
Object code VAR
Data type UNSIGNEDS8
Entry description:
Access RW
PDO mapping Yes
Value range 0...255
Default value 0

' Object 2104 applies only to drives which have a secondary feedback input with an index signal
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Table 16.2.3 — Bit Assignment of the Auxiliary encoder function

Bit Value Description
8..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
5 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.

16.2.8 Object 2105n': 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 UNSIGNEDS8
Entry description:
Access RO
PDO mapping Yes
Value range 0...255
Default value 0

Table 16.2.4 — Bit Assignment of the Auxiliary encoder status

Bit Value Description
8103 - Reserved

5 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 2104 bit 0 is 0). Bits 1 and
2 are set to 0 when object 2104 bits 4 and 5 are set to 0.

16.2.9 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

Name Auxiliary encoder captured positive
edge

Object code VAR

Data type INTEGER32

Entry description:

Access RO

PDO mapping YES

Value range -231,..2%11

Default value -

' 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
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16.2.10 Object 2107x': 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 -281,,.2%11
Default value -

16.3 Touch probe example

10.
1.

12,

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.

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 01n.

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 to switch on to 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 on to 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 21U/ms (low speed).
Send the following message: SDO access to object 6081h, 32-bit value 00020000s.

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 60B8h, 16-bit value 0011h.

Read touch probe status. Read touch probe status.
Send the following message: SDO read access to object 60B9h.

If the read value is 0x0001 it means that touch probe 1 is active (bit0=1) and a capture was detected on the
positive edge (bit1=1).

While the motor is moving, trigger the LSP input. The motor should stop.

Read touch probe status. Read touch probe status.

Send the following message: SDO read access to object 60B9n.

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).

Read the touch probe 1 positive edge captured value.

Send the following message: SDO read access to object 60BAn.

If the read value should be close to the value of motor actual position (6064+r). When the capture was detected,
the motor was moving. The limit switch caused the motor to decelerate and stop after the even occurred.

" Object 2107y applies only to drives which have a secondary feedback input with an index signal
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17 Data Exchange between EtherCAT® master and drives

17.1 Checking Setup Data Consistency

During the configuration phase, an EtherCAT® master can quickly verify using the checksum objects and a reference
.sw file whether the non-volatile EEPROM memory of the drive contains the right information. If the checksum reported
by the drive does not 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, 2065 — Write Data at address specified in 2064n, 2066n — Read Data from address specified in
2064, 2067h — Write data at specified address.

17.2 Data Exchange Objects

17.2.1 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 17.2.1 — 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
When object 2064+ bit 7=0 (auto-incrementing is ON), do not read the object list in
A Warning! 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.

17.2.2 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.
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Object description:

Index 2065n
Name Write data at address set in 2064n
(16/32 bits)

Object 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
3116 0 Reserved if bit 0 of object 2064 is O (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

17.2.3 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
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

17.2.4 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 2064h —
Read/Write Configuration Register. The rest of the bits in object 2064» 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.

Object description:

Index 2067n
Name Write data at specified address
Object 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
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17.2.41 Writing 16 bit data to a specific address using object 2067, example

Considering the following variable found in variables.xml 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 20671 32-bit value 036A1234x.

17.2.5 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 2069n
Name Checksum configuration register
Object 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

17.2.6 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:
Access RO
PDO mapping No
Units -
Value range UNSIGNED16
Default value No

17.2.7 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 210Ch

Name Enable SW file download
Object code VAR

Data type INTEGER16
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Entry description:

Access RW

PDO mapping Yes

Units -

Value range INTEGER16
Default value No

17.3 Image Files Format and Creation

An image file with the .sw extension is essentially a text file that can be opened and read using any text editor.
It consists of blocks of data, each separated by an empty line. Every block begins with a block start address, followed
by data values that are written sequentially to ascending memory addresses. Specifically:

e The first data value is written to the block start address.
e The second data value is written to the start address + 1, and so on.

All data values are represented as 16-bit hexadecimal numbers (up to 4 hexadecimal digits). Each line contains
a single data value, and any value with fewer than 4 digits must be right-aligned. For instance, the value 42 corresponds
to 0x0042.

A software file can contain up to 4 sections:
1. TML program 3. product and application ID
2. setup table 4. setup table start address
The .sw files can be created using EasyMotion Studio Il (both full and lite versions) by navigating to:
Application | Export | EEPROM Programmer File | Motion and Setup or Setup Only.
e The Motion and Setup option generates a .sw file containing comprehensive data, including setup
configurations, TML programs, cam tables (if applicable), and drive/motor configuration IDs.
e The Setup Only option creates a .sw file with just the setup data and configuration IDs.
The .sw file can be programmed into a drive using the following methods:
1. From an EtherCAT® master, utilizing communication objects to write data into the drive's EEPROM.

2. Using the EEPROM Programmer tool, included with EasyMotion Studio I, which is designed for quick,
repetitive programming of .sw files into Technosoft drives during production.

17.4 Downloading an image file (.sw) to the drive using CoE objects example

The structure of an image file (.sw) is described in paragraph 17.3 and shown in Figure 17.4.1.

In order to download the data block pointed by the red arrow, first the block start address i.e. 5638n must be set using
an SDO access to object 2064h.

e Send the following message: SDO access to object 2064n, 32-bit value 56380008k.

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 5638h until the
following blank line represents data to write in the EEPROM memory at consecutive addresses starting with 5638h. The
data writes are done using an SDO access to object 2065h. First data word C400n is written using:

e Send the following message: SDO access to object 2065h, 32-bit value 0000C400n.

From the whole 32bit number, only C400x will be written and 0000x will be ignored because the write operation was
configured for 16bits in object 2065 .

Next data word 0000 is written with:
Send the following message: SDO access to object 2065h, 32-bit value 00000000k.

[B untitled Application.sw - Not... [B[=] E3

Fle Edt Format View Help

404 a
SAS7 ﬁ
FFFF

8000

20

7454

2FE

4010

102

1
0

Figure 17.4.1. .sw file structure example
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Continue sending the 16 bit data, until the next blank line from the .sw file. Because the next data after a blank line is
again an address, and the above process repeats. Finally to verify the integrity of the information stored in the drive
EEPROM, checksum objects 2069» and 206An can be used to compare the checksum computed by the drive with that
computed on the master.

When object 2064h 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!

17.4.1 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 17.4.
To create a .sw file containing only the setup data do the following:

e In EasyMotion Studio Il navigate to Application | Export | EEPROM Programmer File | Setup Only. 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 Ox5EFF.
Here are the steps to be taken in order to check the setup data integrity and to re-program the drive if necessary:

A'_”i Setup_Example.sw - Notepad l<">'| E “ = | = %‘

File Edit Format View Help

506 = line1 -
1234 line 2

5678 line 3
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1. Compute the checksum in the .sw file. Let’s suppose that the computed checksum is 0x1234.

2. Access object 2066n in order to compute the checksum of the setup table located on the drive. Write
the value OXS5EFF5E06

Send the following message: SDO write to object 2066n sub-index 0, 32-bit value 5SEFF5EQ6h.

Following the reception of this message, the drive will compute the checksum of the EEPROM locations 0x5EQ6 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 Ox5E060009 into the object
2064n (write 32-bit data at EEPROM address Ox5E06 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 Ox and 0x5678, you have to write the value 0x5678 into object 2065h.

Send the following message (SDO write to object 2065n sub-index 0, 32-bit value 56781234n):
The number 0x will be written at address Ox5E06 and 0x5678 will be at 0X5E0Q7.

6. Assuming the next data after 0x5678 will be 0x09AB and OxCDEF, write the value OXCDEFQ09AB into object
2065n.

Send the following message (SDO write to object 2065n sub-index 0, 32-bit value CDEF09ABH):
The number 0x09AB will be written at address 0x5E08 and OxCDEF 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.
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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 OxOA. Where 0xOA means Axis ID 10.

When object 2064n 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 2066 in parallel
with another application, the target memory address will be incremented and will lead
to incorrect data writing or reading.

Warning!

17.4.2 SW file Checksum calculation C# example code

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 2066n and 206An.

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 2066n and 206An 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.

17.4.21 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) ;
érivate 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.

UIntl6 checksumSW = 0;

UIntl6 StartAddress = 0;

UIntl16 EndAddress = 0;
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Byte[] LineData;

int swFileSection = 1;

while (null != (strLine = sr.ReadLine()))
{

if (strlLine == "") //checks for blank spaces with no data

{

System.Console.WriteLine ("End address =

Ox" +

EndAddress.ToString("X") + "; High 16bit of object 2066n"); //Display in HEX the
current section End address
System.Console.WriteLine ("Checksum = 0x" +
(checksumSW) . ToString ("X") + "; To be compared with object 206An value.");
HEX the current section Checksum value

" parameters:'

System.Console.WriteLine ("");
checksumSW = 0;
setAddress = true;
continue;
}
if (setAddress)
{

//Display in

LineData = BitConverter.GetBytes(Intl6.Parse(strLine,
System.Globalization.NumberStyles.HexNumber, null));

StartAddress = RBitConverter.ToUIntl6 (LineData, 0);

EndAddress = StartAddress;

EndAddress--;

System.Console.WriteLine ("SW file Section " + swFileSection +
'); //Display the SW file section

System.Console.WriteLine ("Start address = 0x" +

StartAddress.ToString ("X") + "; Low 16bit of object 2066n"); //Display in HEX the
current section Start address
swFileSection++; //increment the file section number

it closes

}

setAddress = false;
continue;

}
EndAddress++;

LineData = BitConverter.GetBytes(Intl6.Parse(strLine,
System.Globalization.NumberStyles.HexNumber, null));
checksumSW += BitConverter.ToUIntlé6 (LineData, 0) ;

}

System.Console.WriteLine ("Ended reading file " + Path );

sr.Close();

Thread.Sleep(5000); //Wait and display results in Debug window before

catch (FileNotFoundException e)

{

}

}

System.Console.WriteLine (e.Message);

The output window of the program should look like this:

Reading SW file from path : c:ssetupl.su

%W file Section 1 parameters:

Start address = 0x4000; Low 16hit of object Z206%h
End address = Ux4173; High 16hit of obhject 206%h
Checksum = OxFOBG; To be compared with object 206Ah

%W file Section 2 parameters:

Start addresszs = Ox7B7E; Low 16bit of object Z206%7h
End address = Ox?FAF; High 16hit of ohject 206%h
Checkszsum = Dx4168; To be compared with object 206Ah

%W file Section 3 parameters:

Start address = (x7?FBF; Low 16hit of ohject 206%h
End address = Ox?FED; High 16hit of object 206%h
Checksum = OxFFFF; To be compared with object 206Ah

%W file Section 4 parameters:

Start address = 0x7FFF; Low 16hit of obhject 206%h
End address = Ox?FFF; High 16hit of object 206%h
Checksum = Ox7?BYE; To be compared with object 206Ah

Ended reading file c:“setupl.sw

value.

value.
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17.4.3 FoE software files, creation and use

Only drives with firmware FAOx, FA02x, F515F or newer, support FoE (File over EtherCAT) protocol to transfer Setup
data or Firmware update. The FoE software can be generated by EasyMotion Studio Il by navigating to Application |
Export | EtherCAT FoE File.

Project QEatelallechieiM Communication Tools  Control panels  Utilities Options  Hel

_‘,.L% Mew o @ B owm @ @ =
"% Rename
Applicati 1 pyplicate 7] Axis overview Refresh (@
4| W
& = Setup
Motion

EEPROM file

[

CP Control panels Setup and motion

T_Motion_Status

Setup only

Two export options are available:

1. Motion and Setup: This generates a complete FoE file containing setup data, TML programs, custom
functions, homing routines, and the drive/motor configuration ID.

2. Setup Only: This produces a .sw file that includes only the setup data and the configuration ID.
The resulting FoE file can be saved in either .bin or .efw format, providing flexibility for various applications.

17.4.3.1 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.

17.4.4 Writing a FoE (File over EtherCAT) Setup data file using TwinCAT 3 example

Only drives with firmware versions FAOx, FA02x, F515F, or newer support the FoE (File over EtherCAT) protocol for
transferring setup data or performing firmware updates. Before proceeding, refer to. 17.3 for guidance on creating a
FoE file.

To update the setup or firmware using TwinCAT 3:

e Open a TwinCAT 3 project connected to a Technosoft EtherCAT drive.
e Select the drive from the list and navigate to the Online tab.

&0 TwinCAT Project - Microsoft Visual Studio

File Edt WYiew Project Buld Dshug  TwinCAT PLC Tools Scope  Window  Help

Pl e S | M ]9 - - DI EL| B (Rebase  -|{TwingATRT (e} -] i

im BB AE| || ma - [ r m g|e=(=tsr= 0|t w g

Ml TWinCAT Projectl 3¢

P v s P— T General | EtherCAT | DC Process Data | Startup | CaE - Orlin | Orline
) Solution TwinCAT Projectl {1 project) [ |
[=] TwinCAT Projectl State Maching
3 -Mfc\)TION Current State oF
= ] NC-Task 1 5AF Saetp L
- [ NC-Task 1 5vB Requested Stats: | 0P
3 e —
[ Tables
B S hxes DLL Status
it Part & | Carrier / Dpen
- (3 SAFETY Part B: | Ma Carrier £ Closed
. CH+ 3 t
=] Lo
=] "’é Devices
=+ === Device 2 (EtherCAT)
+@
+ Image
g bncess ver EtherCAT
%% Image-Info
& s Toiai.

Inputs
#! FrmOState
# Frm0WcState
# Fr0InputToggle
#1 SlaveCount @ oErars | I\ 0'Warnings 1 (i) OMessages | Clear
PEHoevSEaLe Description File Line
= [ Outputs
- FrmOCkr
BB FrmDeCerl
B Devitrl
G Ll Iofoniat

- =1 Drive 1 (POS4806 MY-CAT-5TO)
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In the File Access over EtherCAT section:
1. Click the Download button.

o Note: For drives with F515x firmware, the File Access over EtherCAT feature is only available if the
drive is configured with the latest XML file. Ensure the XML revision is 892417350 (0x35313546 or
515F in ASCII) or newer. For instructions, see Par. 1.5.4.6 Checking and updating the XML file
stored in the drive.

2. Select the drive setup file and click Open.
apen B

Leakin: T} My Documerts I & oM

My Recent
Lol

Dieskicp

i

[ ——

iy Computer
h{] Fik g FOESY_1ZHEETD s ~| pen
Wy Metvd: | Files ol Lips B P Fles " el o [ e ]

3. When prompted, enter 0 as the password and click OK.
Edit FoE Hame

Sitiing, FOESW_12345678

My 4 4F 4553 57 5F 31 323334 35 36 37 38

Length: 14

Pagsward (hex) | 00000000

A progress bar will appear in the bottom-right corner, confirming the completion of the writing process.

ﬁ] Properties

Note: The TwinCAT function FB_EcFoeLoad does not directly support loading FoE setup data files because it
automatically switches the drive state to Bootstrap. To transfer setup data using FoE in Bootstrap mode, first set object
210Ch to 1.

17.4.5 Writing a FoE (File over EtherCAT) Setup data file using TwinCAT 3 ST script example

Before proceeding, ensure you have reviewed 17.4.4 ven if you do not intend to use it.

Prerequisite: Only drives with firmware F515I or newer support the FoE (File over EtherCAT) protocol for transferring
setup data while in the Bootstrap state when object 210Ch = 1. Refer to Par. 17.3 for instructions on creating a FoE
file.
To update setup data using the TwinCAT FB_EcFoelLoad function:
e Ensure object 210Ch is set to 1 before starting the transfer. The FB_EcFoeLoad function automatically
switches the drive into Boot mode.
e Increase the Mailbox receive timeout to 20000 ms:
o Select the drive in TwinCAT and navigate to the EtherCAT tab.
o Click the Advanced Settings button to open a new window.
o Under the General section, go to Timeout Settings and set the Mailbox timeout to 20000 ms.

1
g ST
J

o Click OK to save and close the window.
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Creating the Script:

1. Inthe PLC area, create an ST (Structured Text) program and include the script lines shown in the image below.

Solution Bxplorer

[#1 PleTask
=% Routes
] Tecom Objects
] ooy
s Mo
4 {5 TestFal
o = Testick Project
[ Extemal Types

(%] MAIN (PRG)
L3 VIS
4 BB PlcTesk (PIcTaskd

=
« &3

o P D

4 &% Mappings

st TestFeZInstance - Device 4 [EtherCAT) 1

fRDownioad | wExeoune sm bLoad,
bliusy = bfumy,

2. Ensure the Library Manager includes the libraries displayed in the image provided.
LiI:rar\)f Manager &

?_j Add library T 5] Placeholders m Library repository

Mame Mamespace Effective version
+ Tcz_EtherCAT = Tc2_EtherCAT, 3.3.2.0 (Beckhaoff Automation GrbH) Tcz_EtherCAT 3320

+ Tcz_Standard = Tec2_Standard, 3.3.0.0 (Beckhoff Autormation GrbH) Tcz_Standard 3.3.0.0
+ Tc2_Swstem = TcZ2_System, 3.3.5.0 (Beckhoff Automation GrbH) Tc2_Swskem 3.3.5.0
+ Tc3_Module = To3_Module, 3.3.5.0 (Beckhoff Automation GmbH) Tc3_Module 3.3.5.0

17.4.6 Updating the firmware via FoE (File over EtherCAT) TwinCAT 3 GUI example

Only drives with firmware FAOx, FA02x, F515F or newer, support FoE (File over EtherCAT) protocol to for Firmware
update.
Remark: For F515x firmware versions, 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 ASCII) 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:

e 0x35313546 must be supplied for F515x firmware versions.
e  0x41303041 must be supplied for FAOxx firmware versions.

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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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.

Salution Explaret Ml TWInCAT Projectl <

e Sened At JE AT | Onin | Co -G
3 Solukion 'TwinCAT Projectl’ (1 project) E———
=R nﬂ TWINZAT Project1 (%) Metwork Adapter
| SYSTEM
g_monow @ 0% NDIS] P ) DPRAM
= s NC-Task 1 5AF Deseription: Local frea Connection [Intel 21140-Based PCI Fast E

- [B1 WC-Task 1 SVB

- ¥ mage Device MName; 4DEVICE {4700 FEB0-820 7-4640-4220 269665649599}
I &~ PEI Bt
: M da MAC Address: 0003 ff 02 2 Oc
3 ::im IF Address: 169.254.88.226 [255.255.0.0)

C++

/o
s

- == Device 2 (EtherCaT)

T Image-Info
SyncUniks

[] Promiscuous Made [use with *Wireshark anly)
[ wirtual Device Names

() &dapter Reference

Inputs
#1 Frm0gtate
#1 FrrnlWcSkate

IFreerun Cycle [mz):

id

L |
3]

#1 Frm0InputToggle
#! SlaveCount

#! Devstate

= [ Oukputs

Mumber

Box Mame

Address In Size

Type

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 Yiew Project Buld Debug TwinCAT PLC Tools  Scope
SIS e | 9 - - S
i1 [ #] | rﬂ’i @llﬁ!cf' ,'_||:iLDca|:=-

Click the drive name again and select the Online tab.
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Solution Explorer Ml TwinCAT Projectl X
. s General | EtheiCAT | DC Process Data | Startup | CoE - Onling m
;] Solution 'TwinCAT Projectl’ (1 project) & -
= __.j TwinCAT Projectl State Machine
4 0 SYSTEM
= ﬁ MOTION [Iml ] I[Bnulslrap ]I . T
o Curent State:
= 8 NC-Task 1 SAF [p,e.gD ] [Safe-Dp ]
[B1 NC-Task 1 SVB Fequested State: BOOT
8 e [Dp ] [C\ear Errar ]
[ Tables
- DLL Status =
| cj Ml Port A Carrier / Open | Edit FoE Name
‘Zx‘ SHFETY Fort B: Mo Cariier / Closed. Siring: FOEFW FR15G.foe ok
CHt : ; R o ]
= @ Lo Hag 46 4F 45 45 57 5F 46 35 31 3547 2E GEEF 6
= "‘% Devices
(= == Device 2 (EtherCAT) Length: 15
+0
Image i s =
] PP Sacasgue R heiCAT I Password fhex): 35313546 I
- 2 SyncUnits Dowrload... Upload..
= [ Inputs
~ %! Frm0State
- % FrmibicState
- %! FrmOInputToggle
-~ % slaveCount
- %! Devstate
= Outputs ame nling wpe iZE > iFyin Ot SEr.,., ink i}
] il . Ol T Si Addh Infout | L Lirked b
- B FrmOCkr| 1 Statvswnrd o MheNOO0 Y 2.n 7in Trnnk n nSkakel. nSkabe?
- B Frm0wcctrl -
. B Devetl Error List
’e) 0 Errors i _ﬁ 0 YWarnings | (1) 0 Messages Clear
- | B 7
[+ ] 1 (IPO54808 MY-CAT-5TO
- 2 Drive 101 ) Description File Line Column 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.

el o Toolbox

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:

¢ 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 Easy Motion Studio Il software package.

17.4.7 Updating the firmware via FoE with TwinCAT 3 ST script example

Note: Before proceeding, review Par 17.4.4, even if you do not plan to use it.

The firmware can be updated using the TwinCAT FB_EcFoelLoad function. This function automatically places the
drive into Boot mode during the update process.

Preparation Steps:

1. Increase the Mailbox Receive Timeout to 20000 ms:

e Select the drive in the TwinCAT interface and navigate to the EtherCAT tab.
e Click on the Advanced Settings button to open a new configuration window.
e Under the General section, select Timeout Settings.

e Set the Mailbox timeout response value to 20000 ms.

e Click OK to save changes and close the window.
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2. Create a Structured Text (ST) Program:
e Inthe PLC area of TwinCAT, create a new ST program and include the code shown in the referenced image.

Salution Exploret = X REEN

=
) Solution 'Test_FoE' {1 project)
= [l Test_FoE =

3 SVSTEM
MOTION
PLC
‘estFoE Project

+ [ External Types

= & References

§ -3 Tc2_EtherCAT
-3 Tez_Skandard
-3 Te2_System
-3 Te3_Module

3 ouTs
= [y GVLs
@ au

= [ PoUs

(= [ PleTask (PlcTask)
= =R
215 TestFoE tme
- (] TestFoE Instance
@ [ PlcTask Inputs
# Il PlcTask Outputs
i sareTy
C++
10
L Devices
=% Device 4 (EtherCAT)
*, Mappings
+ g TestFoE Instance - Device 4 (EtherCAT) 1

<

B8 Library Manc
1 PROGRAM MAIN
E VAR
3 thDomload : FB_EcFosload := |
4 sHetID := '192.168.250.5.5.1',
s nslavedddr = 1001,
s sPathName := 'C:yTest FoE\FORFU F5LSG.fo=.efw',
7 dwFass 1= 16§35313546,
@ Mode 1= eFoeMode Write,
s tTimeout 1= THLOS ) :
10
11 bload : BOOL:
1z bBusy : BOOL;
13 PError : BOOL;
14 nErrID : UDINT:
1E nBytesiiritten : UDINT:
16 nPercent : UDINT;
17
Im
P
1 ==
2| 4/ FoE Write
sl s —
o
&
5| fhDowmload( bExecute := bload,
7 bBusy => bBusy,
& BError = bError,
El nErrld = nErriD,
10 chLoad =» nBytesiritten,
11 nProgress =» nPercent );

3. Verify the Required Libraries:

o Ensure that the Library Manager has loaded the libraries listed in the image provided.

Library Manager & <

?_j Add library

5] Placeholders m Library repository

Mame

B
B Te2_System = T2 _System,
£ Tc3_Module = Tc3_Module,

Mamespace Effective version
+ TcZ_EtherCaT = Tc2_EtherCAT, 3.3.2.0 (Beckhoff Automation GmbH) Tc2_EtherCAT 3320
Tcz2_Standard = TcZ_Standard, 3.3.0.0 (Beckhoff Automation GmbH) TcZ_Standard 3.3.00
3.3.5.0 (Beckhoff Automation GrbH) Tc2_Swstem 3.3.5.0
3.3.5.0 (Beckhoff Automation GmbH) To3_Module 3.3.5.0

Following these steps will prepare the environment for updating the firmware using the FB_EcFoeLoad function.
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17.5 Ethernet over EtherCAT (EoE) communication’

17.5.1 Overview

The Ethernet over EtherCAT (EoE) communication allows the EasyMotion Studio Il software to communicate with
Technosoft EtherCAT slaves over an EtherCAT network without the need of a direct RS232 or USB connection.

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 17.5.3. The
connection diagram below is just an example that uses the settings you can find in chapter 17.5.3

EoE Slave

IP: 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

=
Router | : Switch
EtherCAT master

In Easy Motion Studio, communicate with
Channel Type : (EoE)
Port 0 172.16.24.12

PC running
Easy Motion
Studio

v

v

Y to other ECAT slaves
Network interface Master LAN interface Master ECAT interface
IP: 192.168.10.21 IP: 192.168.10.50 IP: 172.16.24.11

Subnet:  255.255.255.0

Subnet:  255.255.255.0

Subnet:  255.255.255.0

Figure 17.5.1. EOE example schema

17.5.2 EoE communication objects

17.5.2.1 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 UNSIGNEDA48
Entry description:
Access RW
PDO mapping No
Units -
Value range UNSIGNEDA48
Default value No

17.5.2.2 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 firmware version FAOx, FA02x, F515F 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:
Gateway address is 192.168.24.11
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Converted to bytes in hex itis : C0.A8.18.0B
Sub-index 1 value is: 0x0B18A8C0

17.5.3 Setting up EOE communication using EasyMotion Studio Il 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.

17.5.3.1 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:

'? TwinCAT-ntel PCI Ethemet Adapter (Gigalii e B s e ] (TCP/IPv4} Properties

General
This connection uses the following items:

— fou can get IP settings assigned automatically if your network supports
b ?CI\en{ for Microsoft Netwarks this capability, Otherwise, you need to ask your network administrator
W] " File and Printer Sharing for Microscft Ne{  for the appropriate IP settings.

W B2 Npcap Packet Driver (NPCAP)
mk (C) Obtain an IP address automatically

. Intemet Protocal Version 4 (TCP/IPv4) (@) Use the following IP address:
4 Micros WOl apter Multiplexor i
™ s Microsaft LLDF Protocol Driver A i il
< Subnet mask: 255,255 .255. 0
Install.... Urirstall i Default gateway: H : 3
Description
Tranemission Cortrol Protocol/Intemet Protoc Obtain DNS server address automatically

wide area network protocol that provides comi

e e L (@) Use the following DNS server addresses:

Preferred DNS server: l:l
Alternate DNS server: ; ; 3

[Jvalidate settings upon exit Advanced...

o[ o

OK

17.5.3.2 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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W ror kDW0GdoSN 4 2000
0 ARMW BOOOBORID 4 2000
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5
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Under Advanced Settings, select the EoE Support and enable Windows IP Routing.

Advanced Settings

State Machine
[~ Cyclic Frames

- Distributed Clocks
IEGE Supportl
Redundancy

Emergency
- Diagnaosis

Windows Network
Connect to TCP/IP Stack

EoE Support
Virtual Ethemet Switch
Enable
Max Ports: 2 S
Max Frames: E =
Max MAC Ids: E 2

EtherCAT Mailbox Gateway
[ Enable 0.0

Connections: 0 -

Windows IP Routing
IP Enable Router

Changes require system reboat!

“irtual AL oo

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”.

17.5.3.3 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

- 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)
72.16.24.11

| I

PrajectS’ {1 araject]
4 ol Al Beajects
4 il sysTEM
¥ Licerse
4 @ RealTime
[ 102 e Task
B Tasis
iw Routes
B8 Type Systeen
[ Tecom Cijests
4 [ MOTICH
b MO Task 1 SAF

e
i

4[5 vo
4 T Devces
4 Device 2 [EtherCAT]
T

ETY

a MC-Tesk | SAF - Device 2 [EtherCAT) 1
@’ MC-Tesk 1 SAF - Device 2 EtherCAT) Info

DC Proceas Data  Ple
POSABNE EXCAT 0

ProductBeusicn: 27274221 / 202417354

Sanp | CoE-Onine . Onire

Ao e Adde

]

CtherCAT Add: [] 1001

- Genersl
L Mailbex
Y 3

;.l‘!mnbmm Clack

020105200305

JI: ESC Avcess

|Erren_1_=54

[C Time Stame Requested

E TATEER 4 T e N El

- set an IP in the same subnet as the one previously set for the EtherCAT interface

Gl |

In case other slaves are present and EoE is needed for them too, set an individual IP to each one by repeating this step.
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17.5.3.4 Step 4 Enable TwinCAT EoE settings.

Click the “Reload 10 devices” button or the “Activate Configuration” button to apply the new settings.

Dd TwinCAT Project5 - Microsoft Visual Studio
FILE EDIT VIEW PROJECT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS  SCO|

@ - -2 B %A ]9 | b Atk -

e L E O A e —

17.5.3.5 Step 5 Configure the PC running EasyMotion Studio Il 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

17.5.3.6 Step 6 Configure EasyMotion Studio Il to communicate with the EoE slaves

1. Launch EasyMotion Studio Il and click the New button. This will open the Drive Selection menu.

Communication channel | Ethernet over Ether... =

EcEIP 172162412 T

2. For Channel Type, select Ethernet over EtherCAT (EoE) and choose an existing EoE IP address (e.g.,
172.16.24.12).

3. Click Scan for drives.

o Ifthe EtherCAT master is running and the IP route has been added, the connected drive will appear, displaying
their Axis ID, Product Code, and Firmware Version.

Communication channel  Ethernet over Ether... =
EoEIP 172.16.24.12 T+ = F

@ Scan for drives
Work offline [

Product model Axis Extras F/W  Details
Micro 4803 MZ-CAT 255 EOE  FAD2J +

17.5.4 Remarks about EoE limitations

e The response time is slower, and communication is noticeably less efficient compared to RS232 running at
115200 bps.

e To improve the performance of control panels, close any unnecessary panels and display only the essential
data. Reducing the amount of displayed data results in faster updates.

e For optimal data refresh rates, configure the EtherCAT cycle time as close as possible to 1 ms.

17.5.5 Example: Starting a new project using EasyMotion Studio Il with EOE communication

Prerequisites:

- two drives are already configured in TwinCAT for EOE communication using IPs 172.16.24.12 and 172.16.24.13. See
17.5.3.3.

- a route was added in Windows to allow communication with the EtherCAT IPs. See 17.5.3.5.
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17.5.5.1 Step 1, establish communication

1. Launch EasyMotion Studio Il and click the New button. This will open the Drive Selection menu.

Communication channel | Ethernet over Ether... =

EcEIP [172.16.24.12 -

2. For Channel Type, select Ethernet over EtherCAT (EoE) and choose an existing EoE IP address (e.g.,

172.16.24.12).
3. Click Scan for drives.

e Ifthe EtherCAT master is running and the IP route has been added, the connected drive will appear, displaying

their Axis ID, Product Code, and Firmware Version.

Communication channel | Ethernet over Ether... =
EcEIP 172.16.24.12 E
Wark offline [

Product model Axis Extras F/W  Details

Micro 4803 MZ-CAT 255 EOE  FAD2) &

'@ Scan for drives

Note:

e The drive's hardware ID (HW ID) address will also be visible in TwinCAT under the Configured Station Alias

field.

Canfigmed Statisn Miaz

et d Vi IR

Tl e i

Wi 15 EFATR
Enhances Link e
Smar view

ety e omed L hesd gk

Carad

¢ Navigate to TwinCAT, open the EtherCAT tab for the drive, and click Advanced Settings to locate this value.

17.5.5.2 Step 2, create a new project

1. Once communication is established, select the appropriate motor technology and confirm by pressing the green

checkmark.

Communication channel ' Ethernet over Ether... ™

EoEIP | 172.16.24.12 + -7
Wark offline []
Product model Axis  Extras F/W  Details
Micro 4803 MZ-CAT 255 EQE  FAQ2) &

® Brushless () Brushed DC / Voice Coil

@ Scan for drives
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2. A new untitled application will be created, and the drive’s IP address will be displayed in the Axis Overview

page.

3. The IP address can be modified from this page if necessary.

e Setup and Motor Tuning:

o Configuration and tuning can be performed over EoE and later downloaded to the drive.
Note: Due to the higher latency of EOE compared to RS232 communication, setup and test executions may

take longer.

e  Working with Multiple Applications:
o EasyMotion Studio Il allows multiple applications within a single project file.

o Each application can correspond to a specific axis within the EtherCAT network. By assigning a unique
IP to each application, you can switch between them and directly communicate with individual drives

via EoE.

17.5.5.3 Step 3, create another application

1.

2.
3.

4.

Navigate to Application | New

Communication

[ abe
7

i j Duplicate

Rename

- Setup »

The Drive Selection menu will reappear, similar to the previous steps.

Assign the second EoE IP address (e.g., 172.16.24.13) and click Scan for Drives to establish communication and
configure the drive and motor type.

Communication channel

EoE IF |172.16.24.13

Ethernet over Ether... ~

Once the motor technology is selected, a new application will be created. The project file will now contain two

applications.

3_CANapen_Status

4 Lok Objocts

5_Drve_Saetus

Hame  Dri

Agplicstion 1D

FeE P T7LIG24T

Drive e

2 R

Manufacturer device name 1100

Minimam required AW FA02

Current FAW  FAL

Mecharscal configuration

Molor techrnlogy  Eeus

Cantial sllings
Mator sensor
Load sensor
Wikat's next?

Beratiin witkiaut pied laop
Incremeral Encoder - Feedback 1

Flane

17.5.5.4 Step 4, renaming and switching between applications / drives

In EasyMotion Studio II, double-click the application name to rename it.
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5 Sem
= a2

4 M Motion Aa Crve 1

[ Homings
L] Functions 0k Cancel
] Inberrupts
1 CAM Tabies
M Memory setings
a-CP Comtral parsis

1_Mofion_Status

2_Drive 10} Naine  [Urit]
* 3 CANcgen Status Application 1D |

4 CANcpen Objects EcEIP 172
5 Drive Status Drive model 15V

e To switch between drives, click on the desired application name.
e Control Panels associated with the selected application will display the drive status, allowing you to modify or retune
the setup.

17.5.6 Example: Converting an existing EasyMotion Studio Il project made for RS232 to work with EoE
communication

Prerequisites:
- Two drives are already configured in TwinCAT for EOE communication using IPs 172.16.24.12 and 172.16.24.13. See
17.5.3.3.

- A route was added in Windows to allow communication with the EtherCAT IPs. See 17.5.3.5.
- A project file containing multiple applications that were made while using RS232 communication.

1. Open the EasyMotion Studio Il project initially configured for RS232 communication.

MName |Drive 2
Application 1D
Axis ID 255 v

2. If RS232 communication is still active, the assigned axis number will be visible on the Axis Overview page.
3. Navigate to Communication | Setup

e

(GG Tools  Control Communication channel RS232
Port COM7 - Scan ports
via CAN bus [ ]

Work offline
i . Use extended RS232 baudrate list [
EEPRCM write protection * Apply settings to all applications [ (@

v Advanced settings (@

oK Cancel Help

4. In the Communication Settings, select the EOE channel and enter the assigned IP address.

5. Press Check Communication. If the connection is successful, a checkmark will appear, followed by the Online status
and the Axis ID text next to the button.

Communication channel Ethernet over Ether... ~
EoE IP | 172.16.24.13 Tar = &
Woark offline [

*  Advanced settings @

v Online - AxislD 1 QK Cancel Help

6. Exit the communication settings by clicking OK.

7. The Axis ID field (specific to RS232 communication) will disappear, and the EOE IP field will appear. By confirming
with OK, you will now be online with the drive.
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8. Repeat this process for all applications within the project.

18 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 Il as TML programming tool.

Remark: If you do not use the advanced features presented below you do not need EasyMotion Studio Il FULL version.

18.1 Using EasyMotion Studio Il

18.1.1 Starting a new project

EasyMotion Studio Il establishes communication with the drive using one of the following interfaces: RS-232 serial link,
USB, or CAN. The appropriate interface depends on the specific drive model and its supported communication
protocols. For detailed information about the supported protocols, refer to the Drive Technical Reference Manual.

To connect to a drive using EasyMotion Studio Il, begin by creating a New project. During this process, you'll select the
communication channel and configure the necessary parameters. Once your settings are in place, use the Scan Ports
option to refresh the list of available ports and choose the correct one for your setup.

O MNew project
i an] Open project
‘ =] Restore from archive
[ & Settings

® & ik = Exit

Check for updates

Figure 18.1.1. EasyMotion Studio Il - Opening window

Once the physical connection is established, click Scan for Drives to initiate the detection process. EasyMotion Studio
Il will search for connected drives and display their details in a table, including the drive name, Axis ID, and firmware
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version. If no drives are detected, the software will display an error message, prompting you to double-check your
connections and configuration settings before trying again.

& Drive selection

Baudrate 115200

Communication channel RS232 -
Port COM3 * | Scanports
@ Scan for drives

via CAN bus []
Work offiine []
Product model  Axis  Extras F/W | Details
. iPOS4810 MZ-CAN 1 Connected to PC via RS232 FAOTE

Figure 18.1.2. EasyMotion Studio Il — Scan results

For drives connected within a CAN network, you can use the via CAN bus option to enable automatic detection of all
connected drives. However, this feature requires certain conditions to be met: all drives in the network must use

18.1.2 Choosing the drive, motor and feedback configuration

Once the drive has been successfully identified, key information such as its name, AxisID, and firmware version will be
displayed. At this point, you can select the desire motor technology. After finalizing the drive and motor technology
selection, simply click the green tick button in the Motor Selection group box to proceed. This action concludes the
selection wizard and transitions you to the project window, where you can continue with advanced configuration and
programming tasks.

& Drive selection

Cammunizatisn channsl Re2as -
Port COM3 *|| Scenports
Fswcliate 115400 -

B Scan for drives.
wia Caf bus T
Wik alfline ||
Froduct medel | Awis | Dxtras FW Detalls
I IPOSART0ME-CAN 1 Crwwactod 12 PC via RS232 FAOTE
%y Motor selaction % Brushless Erushed DC / Voice Cail  Stepper Ea

Figure 18.1.3. EasyMotion Studio Il — Drive and Motor selection

When you start a new project in EasyMotion Studio Il, the software automatically creates an initial application as a
starting point.

Each application is organized into three main branches:
0 Setup — Dedicated to configuring the drive and motor settings.
U Motion — Reserved for application development, accessible only in the full version of EasyMotion Studio 1.
U Memory Settings — Provides an overview of memory usage and tools for configuring memory-related
parameters.

The Setup branch, essential for initializing the drive, motor and feedback, is presented in chapter Commissioning the
drive.
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18.1.3 Downloading setup data to drive/motor

The configured setup can be transferred to the drive using the Write Setup to Drive option, accessible from the
Application menu or via the ribbon button highlighted with a red square in the image below.

EasyMotion Studio Il - Untitled project

Project Compticaion
__‘i New

e at

b
Rename

Tools  Control panels  Utilities  Options  Help

o W = o @ ; ) [ Workoffine Sctallappsofiine  »° £ b @

Applicati ] pyplicate 2 Automatic tuning @

»
j % n-mgnm tuninn | Advanrad tuning - Current| Advanced tuning - Speed | Advanced tuning - Position
- TR -
Motion ’ Open m
* b Run = e & & Motor speed, Reference & Motor current Display in internal units (IU} [| @l e
O Stop Program 2 Ve ance
Ao 2 v Time base: 200ms
= Auis off F3 Cursor_1: 680.00000
¥ Resetdrive F4

Cursor_diff: 20000000 &
i 2
] i

setup o

Quick setup

[ Advanced setup
-

Figure 18.1.4. EasyMotion Studio Il - Write the setup parameters to the drive memory

Once the setup is successfully written to the drive's non-volatile memory (EEPROM), a reset is required to activate it.

The new settings will take effect at the next power-on, as the setup data is loaded into the active RAM memory used
during runtime.

18.2 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 functions (with possibility to abort their execution) stored in the drives EEPROM
and waiting for a message, which confirms the finalization of the TML functions execution.

18.2.1 Build TML functions within EasyMotion Studio Il

Steps to Create TML Functions with EasyMotion Studio Il
1. Define the TML Functions

Start by opening your EasyMotion Studio Il project. In the project tree, select the Functions entry. On the right-
hand side of the project panel, you can add the TML functions that the drive will execute. Additionally, you can
rename, remove, or rearrange the download order of these functions as needed.
Note: You can call up to 10 TML functions using the EtherCAT® objects.

2. Add the TML Code

Once the functions are added, they will appear under the Functions entry in the project tree. Select each
function from the list and input the TML code that should be executed by it.

3. Download the TML Functions to the Drive Memory
Use the following commands to complete the process:

o Application | Motion | Build: Generates the executable code.
o Application | Motion | Download Program: Uploads the TML code to the drive memory.

|| Functions

.‘_. function

|| function2

|F] function3

& Electronic Gearing
]2 Electronic Camming
& Motor Commands
?-." Position Triggers

Application tree * I
4- | || Untitled project /4 Trapezoidal Profiles Search
4 2] Untitled application - [255] S5 Curve ™\ Trapezoidal Profiles
AL Gl i /{Position profile
4 M Motion '?ﬂ[) PVT CACC = 0.31831; /facceleration rate = 1000[rad/s* 2]
B Blorsinas f- External CSPD = 3.33333; //slew speed = 100[rpm]

CPOS = 20000L; //position command = 10[rot]

CPR: //position command is relative
MOCDE PP,

TUMZ1; /fset Target Update Mode 1
UPD; // execute immediate

IMC; WAITY; // wait for completion

Figure 18.2.1. EasyMotion Studio Il project window — functions edit view
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18.2.2 TML Function Objects

18.2.2.1 Object 2006nx: 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 Il 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 (604 11) shows
if a function is running. In case a function was called while another was still running, bits 7 (warning) from the Statusword
(6041h) 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 0030n (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

Object code VAR

Data type UNSIGNED16
Entry description:

Access WO

PDO mapping No

Units _

Value range 1...10

Default value -

18.3 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.

18.3.1 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 Il software or by the EtherCAT® master using the .sw file created in
EasyMotion Studio II.

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).

If the TML program is downloaded in the EEPROM memory, the beginning address needs to be 4000+ (for F515x
firmwares) or 2000n for (FAOOx firmwares).

The TML program can be executed only after Controlword receives the Shutdown command (6040n = 06).
Object description:

Index 2077
Name Execute TML program
Object code VAR
Data type UNSIGNED16
Entry description:
Access WO
PDO mapping No
Value range UNSIGNED16
Default value -

18.4 Loading Automatically Cam Tables Defined in EasyMotion Studio Il

In addition to the CiA402 standard operation modes, Technosoft drives offer advanced functionalities such as electronic
gearing, electronic camming, and external modes with analog or digital references.

When using electronic camming, the cam tables (predefined motion profiles) can be loaded into the drive's active
memory in one of the following ways:
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1. Master Download to RAM - After each power-on, the master system downloads the cam points directly into
the drive's active RAM memory.

2. Stored in EEPROM with Manual Copy to RAM - The cam points are stored in the drive’s EEPROM. Upon
command from the master, these points are copied into the active RAM memory.

3. Stored in EEPROM with Automatic Copy to RAM - The cam points are stored in the drive’s EEPROM. During
the drive initialization (when transitioning to the "Ready to Switch On" status), they are automatically copied
from the EEPROM into the active RAM memory.

For the second and third methods, the cam tables are predefined in EasyMotion Studio Il, where they are included in
the data stored in the drive’s EEPROM along with setup configurations, TML programs, and functions.

Note: The cam tables are also embedded in the .sw file generated by EasyMotion Studio Il. This allows the master to
verify the presence of cam tables in the drive’s EEPROM using the same procedure used to check for setup data.

18.4.1 CAM table structure

Cam tables are arrays of (X, Y) points where:
e  Xrepresents the cam input (master position), expressed in the master’s internal position units.
e Y represents the cam output (slave position), expressed in the slave’s internal position units.
Both X and Y points are 32-bit integers. The X points must be non-negative (including 0) and evenly spaced, with an
interpolation step of 2" (where n ranges from 0 to 7). This results in steps of 1, 2, 4, 8, 16, 32, 64, or 128. A single cam
table can contain up to 8192 points.
Since X points are evenly spaced, they can be fully defined using just two parameters:
1. Master start value (the first X point).
2. Interpolation step (distance between consecutive X points).
This optimization reduces the cam table size, which is stored in the drive/motor using the following format:
1. 1stword (16 bits):
o Bits 15-13: Power of 2 for the interpolation step. For example, if the binary value is 010 (2), the step
is 22=4, resulting in X points like 0, 4, 8, 12, etc.
o Bits 12-0: Length of the table minus 1 (length is the number of points, with each point occupying 2
words).
2. 2nd and 3rd words:
o Master start value (32 bits), expressed in master position units.
o The 2nd word stores the lower part, and the 3rd word stores the higher part.
3. 4th and 5th words: Reserved fields (must be set to 0).
4. Subsequent pairs of words:
o Slave Y positions (32 bits), expressed in position units.
o Each pair includes the lower part (1st word) and the higher part (2nd word).
5. Final word:
o Cam table checksum (sum of all table data modulo 65536, excluding the checksum itself).

18.5 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 Il 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.

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. Its calling name and method remain unchanged.
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18.6 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.

Appendix A: Object Dictionary by Index

Index Lo Description
index
1000n 00n Device type
1001n 00n Error register
1008h 00n Manufacturer device name
100An 00n Manufacturer software version
Identity Object
00n Number of entries
01n Vendor ID
1018y 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
1601 00n Number of ent.ries _ '
01n 15t mapped object—60FEn.01 — Digital outputs — Physical outputs
02n 2"Y mapped object—-60FEx.02 — Digital outputs — Bit mask
RPDO3 mapping parameters
1602 00n Number of entries
I 01n 15t mapped object — 6040n — Controlword
02n 2"Y mapped object — 607An — target position
RPDO4 mapping parameters
1603 00n Number of entries . .
— 01n 15t mapped object — 6081n — profile velocity
02n 2"Y mapped object — 6083n — profile acceleration
TPDO1 mapping parameters
00n Number of entries
1A00n 01n 15t mapped object — 6041x — Statusword
02n 2" mapped object — 60641 — position actual value
03n 3" mapped object — 6077» — Torque (current) actual value
TPDO2 mapping parameters
1A01s 00n Number of ent_ries .
01n 18t mapped object — 60F4h — Following error actual value
02n 2"d mapped object — 60FDn — Digital inputs
TPDO3 mapping parameters
1A02h 00n Number of entries
01n 15t mapped object — 606Ch — Velocity actual value
TPDO4 mapping parameters
1A03n 00n Number of entries
01n 15t mapped object — 6061n — 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
03n Communication Type Sync Manager 2
04 Communication Type Sync Manager 3
Sync Manager Channel 2 (Process Data Output)
1C12: 00n Number of gntrie§ . .
011 PQO Mapping object index of assigned RxPDO : 15t mapped
object (1600n)
Sync Manager Channel 3 (Process Data Input)
1C13s 00n Number of gntrieg . '
01n PQO Mapping object index of assigned TxPDO : 15t mapped
object (1A00n)
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PDO Mapping object index of assigned TxPDO : 2"¢ mapped

02n object (1A01p)
Qutput Sync Manager Parameter
00n Number of entries
01n Synchronization Type
02n Cycle Time
04n Synchronization Types supported
1C32; 05n Minimum Cycle Time
06nh Calc and Copy Time
0%n Delay Time
0Bh SM-Event Missed Counter
0Ch Cycle Time Too Small Counter
20n Sync Error
Input Sync Manager Parameter
00n Number of entries
01n Synchronization Type
02n Cycle Time
04n Synchronization Types supported
1C33n 05n Minimum Cycle Time
06n Calc and Copy Time
09 Delay Time
0Bh SM-Event Missed Counter
0Ch Cycle Time Too Small Counter
20n Sync Error
2000n 00n Motion Error Register
2001n 00n Motion Error Register mask
2002, 00n Detailed Error Register
2005n 00n Max slippage time out
2006n 00n Call TML function
2009 00n Detailed Error Register 2
2012n 00n Master resolution
EGEAR multiplication factor
2013 00n Number of 9ntries
01n EGEAR ratio numerator (slave)
02n EGEAR ratio denominator (master)
2017n 00n Master actual position
2018n 00n Master actual speed
2019 00n CAM table load address
201An 00n CAM table run address
201Bn 00n CAM offset
| 201Dn 00n External reference type
201En 00n Master position
2022 00n Control effort
2023h 00n Jerk time
2025n 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
2047n 00n Analogue input: Feedback
2050n 00n Over current protection level
2051n 00n Over current time out
2052 00n Motor nominal current
2053n 00n 12t protection integrator limit
2054n 00n 12t protection scaling factor
2055n 00n DC-link voltage
2058n 00n Drive temperature
2060n 00n Software version of the TML application
2064nh 00n Read/Write configuration register
2065n 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
2066n 00n Checksum configuration register
206An 00n Checksum read register
206Bn 00n CAM input scaling factor
206Ch 00n CAM output scaling factor
206Fh 00n Time notation index
2070n 00n Time dimension index
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Time factor
00n Number of entries
2071n 01n Numerator
02n Divisor
2072, 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
2075 02n Position trigger 2
03n Position trigger 3
04n Position trigger 4
2076n 00n Save current configuration
2077n 00n Execute TML program
2079n 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
2082 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
2088n 00n Actual internal position from sensor on motor
| 2089n 00n Synchronization test config
| 208An 00n Save setup status
| 208Bn 00n Sin AD signal from Sin/Cos encoder
208Chn 00n Cos AD signal from Sin/Cos encoder
| 208Dn 00n Aucxiliary encoder position
208En 00n Auxiliary Settings Register
Digital inputs 8bit
208F+, 00n Nurr_1ber of gntrieg _
I 01n Device profile defined inputs
02n Manufacturer specific inputs
Digital outputs 8bit
00n Number of entries
2090, 5y, Physical outputs 8bit
02n Bit mask 8bit
| 20911 00n Lock EEPROM
2092n User Variables
00n Number of entries
01n UserVar1
02n UserVar2
03n UserVar3
04n UserVar4
20A0n Load Position and Speed monitoring
00n Number of entries
01n Reserved
02n Load Position Monitor
03n Load Speed Monitor
2100n 00n Number of steps per revolution
2101n 00n Number of microsteps per step
2102: 00n Brake status
| 2103n 00n Number of encoder counts per revolution
2104n 00n Auxiliary encoder function
2105hn 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
2108n 01n 16 bit variable address
02n Filter strength
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03n Filtered variable 16bit
2109 00n Sync offset
| 210An 00n Sync rate
210Bh 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
Acceleration encoder factor
210F, 00n Number qf eqtries _
I— 01n Acceleration internal units (1U)
02n Acceleration units (AU)
Jerk encoder factor
2110, 00n Numper of entrigs
01n Jerk internal units (IU)
02n Jerk units (JU)
Detailed Option Code
00n Number of entries
01n Short-Circuit option code
02n Reserved
03n Control error option code
04n Communication error option code
05n Reserved
06n Reserved
2113n 07n Reserved
08h Over current option code
09 Reserved
10n Over temperature — Motor option code
11n Over temperature — Drive option code
12n Over voltage option code
13hn Under voltage option code
14n Reserved
15n Enable / STO inactive option code
| 2114n 00n Fault Override Option Code
2115n 00n ASR4
6007n 00n Abort connection option code
603Fh 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
6061n 00n Modes of operation display
6062n 00n Position demand value
6063n 00n Position actual internal value
6064n 00n Position actual value
6065n 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
606Dn 00n Velocity window
606Enh 00n Velocity window time
606Ch 00n Velocity actual value
606Fh 00n Velocity threshold
6071n 00n Target torque
6075hn 00n Motor rate current
6077n 00n Torque actual value
607An 00n Target position
Position range limit
6078+ 00n Number of entries
© Technosoft 2024 217 CoE Programming



01n Min position range limit
02n Max position range limit
607Ch 00n Home offset
Software position limit
00n Number of entries
§07Dn 01n Minimal position limit
02n Maximal position limit
607En 00n Polarity
6080n 00n Max motor speed
6081n 00n Profile velocity
6083n 00n Profile acceleration
6085n 00n Quick stop deceleration
6086h 00n Motion profile type
6087h 00n Torque slope
6089 00n Position notation index
608An 00n Position dimension index
608Bh 00n Velocity notation index
608Ch 00n Velocity dimension index
608Dn 00n Acceleration notation index
608En 00n Acceleration dimension index
Gear Ratio
00n Number of entries
8091n 01n Motor rotation
02n Load rotation
Feed constant
00n Number of entries
6092, 01n Feed
02n Shaft rotation
Position factor
00n Number of entries
6093n Factor group — CiA 402 Factor group — CiA 402-2
01n Numerator Position internal units (IU)
02n Divisor Position units (PU)
Velocity encoder factor
00n Number of entries
6094n Factor group — CiA 402 Factor group — CiA 402-2
01n Numerator Velocity internal units (IU)
02n Divisor Velocity units (VU)
Velocity factor
00n Number of entries
6096, 01n Velocity units (VU)
02n Position units (PU)
Acceleration factor
00n Number of entries
6097h Factor group — CiA 402 Factor group — CiA 402-2
01n Numerator Acceleration units (AU)
02n Divisor Velocity units (VU)
6098h 00n Homing method
Homing speeds
6099, 00n Number of_ entries .
I 01n Speed during search for switch
02n Speed during search for zero
609A, 00n Homing acceleration
Jerk factor
00n Number of entries
§0A2y 4, Jerk Units (JU)
02n Acceleration units (AU)
60A8h 00n Sl unit position
60A9h 00n Sl unit velocity
60AAn 00n Sl unit acceleration
60ABh 00n Sl unit jerk
60B8n 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
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Interpolation Data Record
00n Number of entries
60C 1 01n The first parameter
02n The second parameter
Interpolation Time Period
00n Number of entries
50C2y 01n Interpolation time period value
02n Interpolation time index
60F2; 00n Positioning Option Code
60F4n 00n Following error actual value
60F8n 00n Max slippage
60FCh 00n Position demand internal value
60FDn 00n Digital inputs
Digital outputs
00n Number of entries
SOFEn 01n Physical outputs
02n Bit mask
60FFh 00n Target velocity
6502h 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 = qQrotation_index y f(dimension_index) = 105 m
dimension index = 12: angle notation index
=0: radian
position_units = q(Qnotation_index y f(dimension_index) = radian
velocity unit
dimension index = 13: velocity notation index = -3: milli metre
per second
velocity _units = qQnotation_index y f(dimension_index) = 103 m/s
frequency units dimension index = 28:

frequency notation index = 3: kilo hertz
frequency_units = qQnetation_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
MOTION TECHNOLOGY
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