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Read This First

While ElectroCraft 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. ElectroCraft 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 ElectroCraft, Inc.

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

About This Manual

This manual describes how to program the ElectroCraft programmable 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 ElectroCraft's Motion Programming Language and
the CoE commands in order to distribute the application between the EtherCAT® master and the
ElectroCraft drives.

In order to operate the ElectroCraft drives with EtherCAT® communication, you need to pass through 3
steps:

Q Step 1 Hardware installation

Q Step 2 Drive commissioning using initially the ElectroCraft PRO Config or MotionPRO
Developer software platforms and later via an EtherCAT® master

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

B. The drive built-in motion controller executing a ElectroCraft's Motion Programming
Language (MPL) program developed using ElectroCraft MotionPRO Developer software

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

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

Scope of This Manual

This manual applies to all ElectroCraft programmable drives having an EtherCAT® communication
interface.

Notational Conventions

This document uses the following conventions:
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AL — Application Layer

CoE - CAN application protocol over EtherCAT®
ControlWord.5 — bit 5 of ControlWord data

ESM — EtherCAT® State Machine

IP - interpolated

IU — drive/motor internal units

MPL — ElectroCraft’'s Motion Programming Language

CSP — Cyclic Synchronous Position

CSV - Cyclic Synchronous Velocity

CST — Cyclic Synchronous Torque

X1 - Subindex 1 of object 60C1;, - Interpolation data record
X2 — Subindex 2 of object 60C1;, - Interpolation data record

OO0 0000O0DODAO

Trademarks

EtherCATw® is registered trademark and patented technology, licensed by Beckhoff Automation
GmbH, Germany

Related Documentation

Technical Reference Manual of each programmable drive with EtherCAT® interface —
provides information needed for hardware installation: technical data, connectors pin
assignment, wiring diagrams plus a detailed presentation of drive setup procedure.

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

Motion Programming using ElectroCraft MotionPRO Suite (Document No. A11229) —
describes how to use the MotionPRO Suite to create motion programs using the ElectroCraft
Motion PROgramming Language (MPL). The MotionPRO Suite platform includes
PROconfig for the drive/motor setup, and a Motion Wizard for the motion programming.
The Motion Wizard provides a simple, graphical way of creating motion programs and
automatically generates all the MPL instructions. With MotionPRO Suite you can fully benefit
from a key advantage of ElectroCraft drives — their capability to execute complex moves
without requiring an external motion controller, thanks to their built-in motion controller.
Motion PRO Suite is available as part of a PRO Series Drive Evaluation Kit. Please contact
ElectroCraft or your local ElectroCraft sales representative for more information on obtaining
MotionPRO Suite or an evaluation Kit.
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If you Need Assistance ...

If you want to ... Contact ElectroCraft at ...

Visit ElectroCraft online World Wide Web: www.electrocraft.com

Receive general information  World Wide Web: www.electrocraft.com
or assistance (see Note) Email: drivesupport@electrocraft.com

Ask  questions  about Tg|: +1 734.662-7771

product operation or report .
suspected problems Email: drivesupport@electrocraft.com

(see Note)

Make suggestions about, )
or report errors in Mail: ElectroCraft

documentation (see Note) 1 Progress Drive
Dover, NH 03820
USA
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1 Getting Started

1.1 Setting up the drive using PRO Config or MotionPRO Developer

1.1.1 What are PRO Config and MotionPRO Developer?
PRO Config is a PC software platform for the setup of the ElectroCraft drives. Via PRO Config you can
quickly commission any ElectroCraft drive for your application using only 2 dialogues.

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

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

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

MotionPRO Developer includes PRO Config for the drive setup, and a Motion Wizard for the motion
programming. The Motion Wizard provides a simple, graphical way of creating motion programs written in
ElectroCraft's Motion Programming Language (MPL). It automatically generates all the MPL instructions,
hence you don’t need to learn or write any MPL code. Via MPL you can:

e Set various motion modes

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

e Control the program flow through:

= Conditional jumps and calls of MPL 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
¢ Handle digital I/O and analogue input signals
o Execute arithmetic and logic operations

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

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

Important: You need MotionPRO Developer full version, only if you use MPL programming.
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1.1.2 Installing PRO Config or MotionPRO Developer

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

MotionPRO Developer demo version includes a fully functional version of PRO Config, hence you don’t
need to install both of them.

You can install the MotionPRO Developer full version in 2 ways:

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

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

The 2™ option is especially convenient if the MotionPRO Developer demo version is already installed.

Remark: The next paragraphs present only the drive commissioning with PRO Config. Par. 17.1.1 shows
how to perform the same steps with MotionPRO Developer.

1.1.3 Establishing serial communication with the drive

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

Figure 1.1 PRO Config - Opening window

i MotionPRO Developer -0l x|
Project Communication View Help

Do H|S|E Sk kN Falat X[T85 2

DOiNew

]

=
SH+E

—— "M.":'

ELECTROCRAFTN—/“/}/:
PRDSERI(E

——— <

Programmable Servo Drives

Ready | [Online [AxisID 255 | [SNLL7087  [Firmware F5081 | 7

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

Remark: When first started, PRO Config tries to communicate via RS-232 and COM1 with a drive having
axis ID=255 (default communication settings). When it is connected to your PC port COM1 via an RS-232
cable, the communication shall establish automatically.
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If the communication is established, PRO Config displays in the status bar (the bottom line) the text
“Online” plus the axis ID of your drive/motor and its firmware version. Otherwise the text displayed is
“Offline” and a communication error message tells you the error type. In this case, use menu command
Communication | Setup to check/change your PC communication settings. Check the following:

Channel Type: RS232

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

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

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

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

e Axis ID of drive/motor connected to PC is: autodetected or 255

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

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

1.1.4 Choosing the drive, motor and feedback configuration

= ——
]

ClNew |%I|

Press New button and select your drive category: PRO Series Drives (all drives from
the new PRO Series line), Plug In Drives (all plug-in drives, except PRO Series line), Open Frame Drives,
(all open-frame drives except PRO Series line), Closed Frame Drives (all close-frame drives except PRO
Series line), etc. If you don’t know your drive category, you can find it on ElectroCraft web page.

Continue the selection tree with the motor technology: rotary or linear brushless, brushed, 2 or 3 phase
stepper, the control mode in case of steppers (open-loop or closed-loop) and type of feedback device, if
any (for example: none or incremental encoder).
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Figure 1.2 PRO Config — Selecting the drive, motor and feedback

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

Introducing motor data
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Figure 1.3 shows the Motor setup dialogue where you can introduce the data of your motor and the
associated sensors. Use the Guideline Assistant, and follow the steps described. This will guide you
through the whole process of introducing and/or checking the motor and sensors data. Use the Next
button to see the next guideline step and the Previous button to return to the previous step. Data
introduction is accompanied by a series of tests having as goal to check the connections to the drive
and/or to determine or validate a part of the motor and sensors parameters.

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

Remark: Press the Help button from the Motor setup dialogue for detailed information
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Figure 1.3 PRO Config — Introducing motor data

115

Commissioning the drive

Figure 1.4 shows the Drive setup dialogue where you can configure and parameterize the drive for your
application. Use the Guideline Assistant, and follow the steps described. This will guide you through the
whole process of setting up the drive. Use the Next button to see the next guideline step and the
Previous button to return to the previous step.

Close the Drive setup dialogue with OK to preserve all the changes done in both motor and drive setup
dialogues.

Remarks:

1)
2)

3)
4)

Press the Help button from the Drive setup dialogue for detailed information

Set the motor Over current protection level below the motor Peak current value. This shall
protect the motor against accidental high currents bypassing its Peak current value

When motor 12t protection is enabled, set its Over current value over the motor Nominal current
Set the drive Current limit equal or below the motor Over current protection level. During a hard
stop homing (no. -1 to -4) you can temporary reduce the Current Ilimit via
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Figure 1.4 PRO Config — Commissioning the drive

1.1.6 Downloading setup data to drive/motor

Closing the Drive setup dialogue with OK, keeps the new settings only in the PRO Config project. In order
to store the new settings into the drive you need to press the Download to Drive/Motor button

Dovenload to
Drive/Matar . This downloads the entire setup data in the drive EEPROM memory. The new settings

become effective after the next power-on, when the setup data is copied into the active RAM memory
used at runtime.

1.1.7 Saving setup datain a file

SENE
It is also possible to Save the setup data on your PC and use it later.

To summarize, you can define or change the setup data in the following ways:

e create a new setup data by going through the motor and drive dialogues
e use setup data previously saved in the PC
e upload setup data from a drive/motor EEPROM memory
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1.1.8 Creating a .sw file with the setup data

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

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

The .sw file can be programmed into a drive:

= from an EtherCAT® master, using the communication objects for writing data into the drive
EEPROM (see Chapter 15 for detailed example)

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

1.1.9 Checking and updating setup data via .sw files with an EtherCATe master

You can program an EtherCAT® master to automatically check after power on if all the ElectroCraft drives
connected to the EtherCAT® network have the right setup data stored in their EEPROM. The comparison
shall be done with the reference .sw files of each axis. These need to be loaded into the EtherCAT®
master. There fastest way to compare a .sw file with a drive EEPROM contents is by comparing the
checksums computed on the .sw file data with those computed by the drive on the same address range.
In case of mismatch, the reference .sw file has to be reloaded into the drive by the EtherCAT® master. Par
16.4 and 16.5 present examples how to program a .sw file in a drive and how to check its consistency
versus a .sw reference file

1.1.10 Testing and monitoring the drive behavior

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

1.2 Setting up EtherCATe communication. Example with TwinCAT2

This paragraph shows how to set up the EtherCAT® communication using Beckhoff TwinCAT2 software,
running on a PC and provides several examples how to program the drive for different modes of
operation: position profile, cyclic synchronous position and position-time interpolated. Another example
shows how to map objects in TXPDOs and RxPDOs.

The TwinCAT version used in all examples presented is the 30 day free version 2.11 build 2239
downloaded from www.beckhoff.de with TwinCAT NC PTP installation level.
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1.2.1 Adding the XML file

You can find on ElectroCraft web page the .xml file of each EtherCAT drive. After TwWinCAT installation is
complete, copy the appropriate .xml file for your product in TwinCAT installation folder \lo\EtherCAT. The
default location is “C:\TwinCAT\lo\EtherCAT”.

1.2.2 Understanding EtherCATe addressing modes supported

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

In case of device addressing mode based on node address, the PRO-CAT drive sets the configured
station alias address with its AxisID value. The drive AxisID value is set after power on in one of the
following ways:

a) By hardware', function of the voltage levels of the axis ID inputs. The AxisID value is computed in
the same way as in the case of PRO-CAN drives using the CANopen® protocol.
Remark: any other combination of voltage levels not included in the CANopen addressing table,
like for example the levels from MPLCAN addresses will set the axis ID equal with 255.

b) By software, imposed via PRO Config a specific AxisID value in the range 1-255.

1.2.3 Detecting the drive

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

Start TwinCAT System Manager. Select the menu command Options->Show Real Time Ethernet
Compatible Devices...

! Some drives do not have hardware Axis ID input pins
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., Untitled - TwinCAT System Manager

File Edit Actions View | Options Help

= IER

Language

BA® 2 Qe el ?

#-B FYSTEM - Configura
- PLC - Configuration
= 10 - Configuration
i 110 Devices
.8 Mappings

If in Installed and ready to use devices no network card is displayed, you must first install one with an
EtherCAT® driver. Select one Network Ethernet Card (NIC) from those listed at Compatible devices and

click on the button Install.

Add Variable Type...
Seve Lser, Types, .
LoadUser Types..,

[ Device T Type

’7 Check PLC Project Changes
[ Open Logger Automatically
Open Last Used Fils
’7 Select Last Tree Element
[v Generate BAK-File
[w Auto Save to Target
Shows Full document path

Compatibilty Mode (ot recommended For new projects)

Change POMCIA Base Address, ..

Update EtherCAT Device Descriptions. ..

Edit Terminal Types. .

Remark: In most cases, this operation is done automatically when TwinCAT is installed

Installation of TwinCAT RT-Ethernet Adapters

 Ethemet Adapter

Update List |

- B8 Instal

21| o
@ Compatible devices
[=-E8 Incompatible devices
‘B8 Local Area Connection - Realtek PCle GBE Family Controller
H8 Disabled devices

lled and ready to use devices

aection 4 - TwinCAT ntel PCI Ethermst Adapter [Gigsbi] Irstall |

Birid |
Unbitd |
Enable |
Disable |

I Show Bindings

=lx|

On the left tree of the TWinCAT System Manager, select I/O Configuration, then 1/O devices, then click the

right mouse button and choose Scan Devices... Confirm the next dialogue with OK.
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o Untitled - TwinCAT System Manager

File Edit Actions Wiew Options Help
EET T IE R LI R
ﬂ S¥STEM - Configuration Murnber I Device

B PLC - Configuratian
EI- 1} - Configuration

& Mappings “ Append Device. ..

ﬁ"‘ Import Device. ..

R paste el
B8 Paste with Links  Alt+Chrl+y

In the list of EtherCAT® devices found, select only the ones you want to add to the list and click OK.
Bx]
E [ ]
Cancel |

Select Al |
Unzelect Al |

The following dialog appears. Click Yes to confirm:

TwinCAT System Managesic |
\?/' Scan for boxes

Click Yes, to add drives to NC-Configuration.

TwinCAT System Manager 2| =|

3’) EtherCAT drives Found, Add drives ko NC-Canfiguration

Click Yes to activate Free run in the next dialogue.

© ElectroCraft 2016 24 CoE programming



TwinCAT System Manageii=] &
\.‘p Activate Free Run

Remark: The Free Run mode was used in the following examples to keep them as simple as possible,

without adding the PLC extra layer.

1.2.4 Configuring ElectroCraft EtherCAT drives for NC PTP compatibility

After the instructions from chapter 1.2.3 are complete, do the following:

1.2.4.1 Setting the communication cycle time for RUN mode

Click the NC-Task to select the communication cycle time. Under the Tab Task, select 1 for cycle ticks to
set the communication cycle time of 1 ms (same as the drive slow loop) to obtain the best performance.

Note: If the drive slow loop time is set different than 1 ms, the communication cycle time must be equal or
a multiple of that time.

~ Untitled - TwinCAT System Manager
Fle Edit Actions View Options Help

Do d -

HA Eav/HRANL® R (BQE %S

+ NC-Task 1-Image
7] Tables
= e Axes
+ i Axis 1
WA PLC - Configuration
= [ 1/0 - Configuration
=8 1/0 Devices
= B8 Device 2 (EtherCAT)
<%= Device 2-Image
=$= Device 2-Image-Info
@ QT Inputs
% @) Outputs
@ § InfoData
@ ®J Drive 1 <-PRO Drive
& -’t Mappings

@@ NC-Task 15AF - Device 2 (EtherCAT)
@8 NC-Task 1 SAF - Device 2 (EtherCAT) -

Retain | Online

Name NC-Task 1 SAF

[J Auto Priority Management
Priority [4 v
Cycle ticks 1 ~ | [1.000 ms
[ Start tick {modulo) [0 :
[ Separate input update :

[[] Waming by exceeding

Options

1/0 at task begin
[[] Disable
[ Create symbols

Comment
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1.2.4.2 Setting the interface factor group settings
Click Axis 1, select the Settings tab and select ° if your motor is rotative and mm if it is linear.

.~ Untitled - TwinCAT System Manager
File Edit Actions View Options Help

NedE SR S R2ER M) = avdd eania e 2Qd«se & 2

& n SYSTEM - Configuration
=4 NC - Configuration

& [B NC-Task 1547 - -
NC-Task 1SVB Link To (all Types)... ‘ I

| General I Settings [F‘aramder | Dynamics I] Online || Functions “ Coupling | gn]pmsatlcn[

E ::b:;'s" Lm0 Asis Type: [ CANopen DS402/Profie MDP 742 (e.g. EtherCAT CoE Drive) v
o
31 enc Unit ||~ Display (Only)
@] Axis 1_Drive Postion:  [Jym [ Moduio
B :"T ?:sztls_ctll Velocty:  [[]mm/min
- @l Outputs
B PLC - Configuration Result
& 1/0 - Configuration Postion Velocity: Acceleration: ) Jerk:
= H 1/0 Devices mm ‘ {mm /s I [mm;’sZ [rnm.r's?. ‘

= Device 2 (EtherCAT)
<%= Device 2-Image

=$= Device 2-Image-Info Axis Cycle Time / Access Divider
®- Q1 Inputs Divider: [1 3| CycleTme sy [1.000
@ - @l Outputs =

#-§ InfoData Modulo: /o—l

@ &) Drive 1 <- PRO Drive

= #8 Mappings
@8 NC-Task 1 SAF - Device 2 (EtherCAT)
@8 NC-Task 1 SAF - Device 2 (EtherCAT) -

< >

Server (Port) Timestamp Message

Setting the scaling factor:

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

-~ Untitled - TwinCAT System Manager
File Edit Actions View Options Help

DS SR DR W3 = avdd et ie % 2Qd«se &

& [ SYSTEM - Configuration re— T —
= B NC - Configuration | General || NC—EncoderI ‘arameter I Time Compensation || Online |
=] NC-Task 1 SAF K

NC-Task 1SVB _|Parameter )
ofa NC-Task 1-Image - |Encoder Evaluation:

[ Tables Invert Encoder Counting Direction FALSE LI B
B ivae Axes , Scaling Factor IJ 0.18 13 |F °/INC

- 1 Position Bias 0.0 F|e
=TSR T O Modulo Factor (e.q. 360.0) 350.0 F
e, Axis 1_Ctrl Tolerance Window for Modulo Start 0.0 F
2] OT Inputs Encoder Mask (maximum encoder value) OxFFFFFFFF D
- §l Outputs Encoder Sub Mask (absolute range maximum value) OX000FFFFF D
9 PLC - Configuration Reference System 'INCREMENTAL' ~|e

= 1/0 - Configuration

= B 1/0 Devices Limit Switches:

5= Device 2 (EtherCAT) Soft Position Limit Minimum Monitoring FALSE ~>|B
=f= Device 2-Image Minimum Position 0.0 F
=f= Device 2-Image-Info Soft Position Limit Maximum Monitoring FALSE |8
- § Inputs Maximum Position 0.0 F
@@l Outputs Z
@-§ InfoData + F|It2f:
@ %§ Drive 1 <- PRO Drive U BALTE -
= @8 Mappings + |Other Settinas: —

B8 NC-Task 1SAF - Device 2 (EtherCAT)

& NC-Task 1SAF - Device 2 (EtherCAT) - [ Download ] [ Upload ] [ Expand Al ] [ Collaps Al ] [ Seiect Al |
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1.2.4.3 Choosing a position lag value

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

: 4 = = 19
D &G B BeasHE BN ® e 2G| & 7
= SYSTEM - Configuration
= 1C - Configuration General || Settings Dynamics | Onling || Functions || Coupling | Compensation
= MNC-Task 15AF
NC-Task 1 5VB | | ke
=f= NC-Task 1-Image Manual velocity (Fast) &00.0 F 2fg
[ Tables Manual Velocity (Slow) 100.0 F sfs
B e
= = Calibration Velocity {towards plc cam) 30.0 F ofs
2 XIS ! Calibration Velacity {off plc cam) 30.0 F ofg
+ Axis 1_Enc
5 “H Axis 1 Drive Jog Increment (Forward) 5.0 F @
Ty Axis Ccm Jog Increment (Backward) 5.0 F
= T Inputs + |Dynamics:
= §l Outputs + |Limit Switches:
BA rc- Conﬁgurat.\on Monitorng:
= - 1fQ - Configuration o .
Z B 1/0 Devices Position Lag Manitaring TRUE ~|s
= 5= Device 2 (FtherCAT) Maximum Position Lag Value I ‘ EX] I |F
== Device 2-Image Maximum Position Lag Filter Tme 0.02 F s
= Device 2-Image-Info Position Range Monitoring TRLE B

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

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

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

File Edit Actions Wiew Options Help

e #Ma =S R ® e QR @7

+ SYSTEM - Configuration ~

- i NC - Configuration
- NC-Task 1 S4F

Variable | Flags | Online

MiC-Task 1 SYE M arne: HomingSenzar
E pT\lCJaSk 1-Image i BOOL
ables
= 2 Axes Group: Inputs Size: 04
=i Axis 1 . -
4, fxis 1_Enc Address: 05 User ID: 1]
+ i—ﬂ Axis 1_Drive -
- Linked to...
T, Axis 1_Chrl _
= @l Inputs Camment:

=gl Axis 1_FramPlc
=)-&T ControlChord
&1 Enable
%1 FeedEnablePlus
&1 FeedEnableMinus

1 PlcDebugFlag
& McDebugFlag
ST Override
W1 AxdsModsRequest ADS Info; Part: 501, |Grp: 0<FO21, 10ffs: 0x5, Len: 1
ST AxisModeDWard

Right click the variable, and select change link... .
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=&l Axis 1_FromPlc
2-%T ControlDWord
%1 Enable
1 FeedEnablerlus
T FeedEnableMinus

&1 -
Gt Acg i 3| Change Link...
Gf Plel 3 Clear Link(s)
1 neg Goto Link Variable
ST Overrid ) .
&1 AxisMol Take Mame Over From Linked Variable
AxisM; "
g Ai:zmzl ¥ Tncert Variable...
!
T Positior| ¥ Delete..,
1 ExtSetf
4 ExtSet)
g{ SEZE +3 Online Write...
&1 Extcon #3 Online Eorce...
Gl GearRa
T GearRa
&1 GearRa Q Add To Watch
T GearRa
& ManStars .

Click the checkbox “All Types” (1) and then choose the variable Digital inputs status (2). Click OK.

Attach Variable HomingSensor (Input)

&5 1/0 - Configuration
(=42 170 Devices
=% Device 2 [EtherCAT)
s Diive 1

S State >
oo Adshdd >
#-7 retld >
Ol port >
Sf ChnD >
&1 DelnputShift
@] FrmOState >

&l SlaveCount >
&l DevState >

Of Devld >
= & AmsNetld >
ST AmsNetld[0]
ST AmsNetld[1]
ST AmsMetid[2]
G AmsMetld[3)]

IB 1948.0, U

IB 1550.0, AMSADDRESS [8.0]
IB 1550.0, UINTEARRE [6.0]
IB 1556.0, UINT16 [2.0]

IB 1558.0, UINTE[1.0]

> IB1563.0, INT32 [4.0)

IB 15200, UINT16 [2.0]
Of FrmOweState >

1B 1522.0. UINT16 [2.0]
IB1530.0, UINT1E[2.0]

IB 1534.0, UINT16[2.0]
@l ChangeCount »
IB 1538.0, UINT16 [2.0]

IB 15400, UINTBARRE [6.0]

1B 1536.0, UINT16 [2.0]

> 1B 15400, UINTS[1.0]
> 1B 1541.0, UINTS[1.0]
> 1B 15420, UINTE[1.0]
> |B 1543.0, UINT3[1.0]

Show Variables

(®) Unused
() Used and unused

(] Exclude disabled
Exclude other Devices
Exclude same Image
(8] Show Tooltips

Show Vanable Types

Offsets

] Cortinuous
[] Show Dialog

Variable Name

[ ] Hand over
] Take aver

[ Cancel ] [ oK ]

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

click OK.
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Variable Size Mismatch [z

Linked % ariable: |Digita| itputs statuz

Linked % ariable:
Ovarr Variable:

Overlapped:

1.2.5 Running the NC-PTP interface

Click the Activate configuration button and to enter PLC Run mode.

- Untitled - TwinCAT System Manager

File Edit Actions View Options Help
DoEsd 50 JREF Ml Be/ dp et (ad cQ[Awu €0 ®
B SYSTEM - Configuration e —— -

el General :["":t“’ate configuration |5 Data | Startup | CoE - Online | Online

=B NC - Configuration
= NC-Task 1 SAF

NC-Task 1SVB Name: |DﬂveW ‘ d:

== NC-Task 1-Image

Type | PRO Series Drive model Number ‘
7] Tables
£ 2 Axes Comment:
i Axis 1

WA PLC - Configuration
= 1/0 - Configuration
=-H@ 1/0 Devices
=15 Device 2 (FtherCATY

Click Yes.

TwinCAT System Manager

? ' Document is modified!
v Generate mapping before activate configuration

[ Yes ] [ Mo ] [ Cancel

Click OK.

TwinCAT System Manager

\:‘p Activate Configuration

(Old Configurations will be overwritten!)

[ oK ] [ Cancel
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Click OK.

TwinCAT System Manager |X|

\ ? ) Restart TwinCAT System in Run Mode

I oK ] [ Cancel

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

L, Unt:tled meAT System Manager

Options  Help

D d ESEA R0 A) Savid eune

EIERAGEE R

-l SYSTEM - Configuration 7
& = NC - Configuration General | Settings | Parameter | Dynarnn:sl Online I Functions | Coupling || Compensation |
=-[Ba NC-Task 1 SAF — . i .
Setpoint Postion
i i :g:::t :?::2 " h 1 0381 2 0750‘ 103812.0750
i [ Tables o Lag Distance fmin/max):  [7] Actual Velocity _[7s] Sggo:m Velocity I/s]
e e [ 00000 0000.0000)] [ 0.0000] | 0.0000|
it A1 Ovenide: [%] Totsl /Control Output: _[%] Eror _
1_Ern: 00000%| [ 000/ 0.00%] | 0 00|
-2 Axis 1_Drive Status fog.) Status (phys.) Enabling
[~ Axis 1_Ctd [ Ready [FINOT Moving  [[]Coupled Mode [ Controlier
g g énp;tst [JCalbrated  [] Moving Fw []in Target Pos [JFeed Fw
A [] Has Job [ Moving Bw [Jin Pos. Range [JFeed Bw Set Enabli
i PLC - Configuration DADENE
= E g) ; ((I)ogﬁgurahon Controller Kv-Factor: [*/s/7] Reference Velocity [/s] [ Controller
- /O Devices
i =) £ Device 2 (EtherCAT) ‘1 ‘I [2290 I” %::: ;:
i=fm Device 2-Image Target Postion: [1 Target Velocity: [/s]
o Device 2-Image-Info 0 1 [o Overide [}
@ QT Inputs [ o
s EEAEIR | _|
@ § InfoData
B-aef Drive 1 F2 F3 F4 F8 | F9
=@ Mappings

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

File Edit Actions View Options Help

Do SE » 2258 )

Baavad dn® S (2Qdlee €3

E SYSTEM - Configuration
=W NC - Configuration
=-[B1 NC-Task 1 SAF
[B3 NC-Task 15VB
=f= NC-Task 1-Image

[5] Tables

o M axe
= i Axis 1
[ xis 1_Enc

@& Axis 1_Drive
T Axis 1_Ctrl
@ @1 Inputs
@ .l Qutputs
B PLC - Configuration
= 1/0 - Configuration
=B 1/0 Devices
=}-55= Device 2 (EtherCAT)
<%= Device 2-Image
=$= Device 2-Image-Info
& @ Inputs
- §l outputs
$§ InfoData
(-2 Drive 1

| General || Settings | Parameter | D)'namicsl Online IFunctions || Coupling || Compensation |

N

103812.1200| =t zemn

Lag Distance {min/max): [ Actual Velocity: [*/s] Setpoint Velocity: [’/"s]j
-0.0450 (-0.080. 0 K‘/DO)I [ 0.0000 [ 0.0000
Qvenide [%] Total /Control Output:  [%] Emor:
100.0000 %| | -0.00/-0.00 % 0 (0x0)
Status (log.) Status (phys.) Enabling
Ready NOT Moving | [JCoupled Mode Controller -
[CIcalibrated  [] Moving Fw [[]In Target Pos. [V] Feed Fw
[[JHas Job [ Moving Bw [Jin Pos. Range Feed Bw
Controller Kv-Factor: ['/s/7] Reference Velocity: [*/s]
i o e [
Target Position: [ Target Velocity [*/s)
C & [
== = + | ++ ®| —
Fi | F2| F3| Fa F8 | _F9

Click the Functions Tab(2) and choose a Reversing Sequence (3).

»~ Untitled - TwinCAT System Manager

File Edit Actions View Options Help

D &a &

R2RR MAY =SB

nl @ % BQ (e € ® e

-3 SYSTEM - Configuration
=8 NC - Configuration
&-[B NC-Task 1 SAF
NC-Task 15VB
=f= NC-Task 1-Image

xis 1_Enc
a ] Axis 1_Drive
e Axis 1_Ctrl
QT Inputs
- @l Outputs
- PLC - Configuration
= 1/0 - Configuration
=B 1/0 Devices
&= Device 2 (EtherCAT)
+ Device 2-Image
=}= Device 2-Image-Info
@ QT Inputs
&3} .l Qutputs
§ InfoData
(-] Drive 1
= @8 Mappings
@8 NC-Task 1 SAF - Device 2 (EtherCAT)
@8 NC-Task 1 SAF - Device 2 (EtherCAT) -

Write 720 for target position 1 for the motor to rotate twice. Write 720 /s velocity (2 rps). Click the start

General | Settings || Parameter | Dynamics Onlinel Functions ICoupIing | Compensation |

N~

Extended Start
Start Mode:

Target Posttion:
Target Velocity:
[ Accsleration:
[ Deceleration:
[JJerk

Raw Drive Output
Output Mode:
Qutput Value:

Set Actual Position
Absolute

Set Target Position
Absolute

106489.0800|°

L
106489.0750

P
) Stop

['/s]
[/s2]
[/s2]
[*/s3]

Setpoint Position:

Absolute

Absolute

Relative

Endless +

Endless -

Modulo

Modulo shortest way
Modulo plus direct.
Modulo minus direct.
Jog +

Jog -

+1 tart

Last Time: [s]

511100

w w w

3
an/Jiop qui e

Velo Step Sequence
Sinus Sequence (Bode)
Sinus Oscillation

button. The motor should start rotating smoothly, without shaking, back and forth 2 rotations.
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Fie Edit Actions View Options Help
NEsd S5

DRSS A BavsFd RN d R [EQE €D

SYSTEM - Configuration

=l NC - Configuration

General | Setings | Parameter | Dynamics | Onhne| Functions :Coup\ingl Compensation |

= NC-Task 15AF
NC-Task 1SVB
=f= NC-Task 1-Image
[ Tables
2 :i! Axes
i) Axis 1
. PLC - Configuration
= - 1/O - Configuration
=B 1/0 Devices
=% Device 2 (EtherCAT)
== Device 2-Image
o= Device 2-Image-Info
eT Inputs
§. Outputs
@ [nfoData
[@-aJ Drive 1
=88 Mappings
B8 NC-Task 1 SAF - Device 2 (EtherCAT)
@8 NC-Task 1 SAF - Device 2 (EtherCAT) - Info

Click on the Online tab (2) and observe the Lag Distance (position error according to TwinCAT).

 Untitled - TwinCAT System Manager
File Edit Actions View Options Help

Dol 23 $2ER 8 D avdd &% <@ D 2Qlwue €

N

Setpoint Position

0.0000|

Extended Start

Start Mode Reversing Sequence (¥ I I [Star ] I

Target Position1 [720 N I

Target Velocity: 720 [/s] I

Target Position2 [

Idle Time: B Last Time: [s]
0.00000

Raw Drive Output

Qutput Mode Percent ~ Start

Qutput Value [%) t

Set Actual Position

Absolute v ‘ | 0 | [t |

Set Target Postion

Absolute v ‘ | 0 | [t |

® ﬁ SYSTEM - Configuration
= NC - Configuration

General | Settings J Parameter | Dynamics IOﬂ“ﬂé IFuncinons | Coupling | Compensation

= NC-Task 1SAF
NC-Task 1SVB
=4 NC-Task 1-Image

3

2
488.8350

Setpoint Position: _____[]

4314000

] Tables
-

Lag Distance {min/max)
[ 2.5650 ¢

0 . 4.140)

[‘]I "’-‘ctua\ Velocity

[*/s] Setpoint Velocty
357.8067

7]

360.0000

= @Ml Mappings
§8 NC-Task 1 SAF - Device 2 (EtherCAT)
@8 NC-Task 1SAF - Device 2 (EtherCAT) -

1 Ovenide: [%] Total / Control OQutput: _ [%] Emor: —
™ % 1_Enc 100.0000 ’[ | 1648/ 0.12% 0 (0x0)
) &) Axis 1 Drive Status (og.) Status (phys ) Enabling
1 T Axds 1_Ctr Ready INOT Moving [JCoupled Mode [¥] Controller Set
@ §f Inputs [ Calibrated Moving Fw [Jin Target Pos. Feed Fw
- pLC - Co:;ig’rla:::)urs Has Job [] Moving Bw [Jin Pos. Range Feed Bw
=l - 1/0 - Configuration Cortoler KoFactoe (el Relersrsos Velocly: o
= B 1/0 Devices l' [ZQCG 11'
=& Device 2 (EtherCAT)
=$a Device 2-Image Target Position: 1 Target Velocity: [/s]
=fa Device 2-Image-Info l: ‘l 0
] QT Inputs
Hi ARG | Rk
® nfoDa
& el Drive 4 El F2 F3 | _F4 F8 | F9

|~

| ®

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

1.2.6 Checking and updating the XML file stored in the drive

In the particular case of the PRO Series Evaulation Kits with EtherCAT®, all PRO Series drives use the
same EtherCAT® extension module. As this is interchangeable, it is possible to cross combine by mistake
the drives and EtherCAT® interfaces. In this situation an PRO-A04V36 drive may work together with an
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EtherCAT® extension having inside it the .xml file for PRO-A02V36 drive and vice versa. This condition
will lead to incorrect drive identification when scanning devices in the network. For example the
EtherCAT® master will see the PRO-A04V36 as an PRO-A02V36. To check if the drive is correctly
identified, read the label on the drive, or read Object 1018, sub index 2 which shows the correct Product
code.

ElectroCraft Drive name

Product code in 1018y, sub 02,

PRO-A08V48B-SA-CAT

27214221

PRO-A10V80A-SA-CAT

29025221

PRO-A20V80A-SA-CAT

29026224

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

- C:\Documents and Settings\XPMUser\My DocumentsMest1.tsm - TwinCAT System Manager

File Edit Actions VYiew Options Help

DF & B Haavdd dh ® e EQR w7
Bl SYSTEM - Configuration A
= PLC - Configuration General | EtherCAT | DC Process Data | Startup | CoE - Online | Orline

= 1/0 - Configuration
= BB 1/0 Devices Type:
=}-=% Device 2 (EtherCAT)

[ PRO Drive Model

Product/R evision Product Code

+ Device 2-Image

== Device 2-Image-Info Auto Inc Addr |0
@ @7 Inputs EtheiCAT Addr: [] | 1001 |[ Advanced Settings... ] |
3] ‘l Outputs = = L

@ @ InfoData
@-&¥ Drive 1 (PRO Drive Model)

Previous Port
&8 Mappings

In the Advanced Settings window, select from the left side tree option ESC access/E°’PROM/ Smart View.
Click the Write E>PROM... button.
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X

Advanced Settings

General
Mailbioe
Distributed Clack Config Data [evaluated from ESC) Drevice [dentity [hex)
= ESC Access EXPROM Size (Byte): | 2048 v endar 1d: 0=00000143
(= E*PROM
Configured Station . PDI Type: SPI slave v Praduct Code: 0x014B4EER
[ Device Emulation [state machine emulation) Fevizon Mo.: 030313030
Hex Editor
FPGA SR8 /1B p Interface Serial Mo 000000000
Memory BUSY Dpen Drain BUSY High Active
CIINT OpenDrain ~ []INT High Active fioduchiievision: T
32 Bit Interface Iy
[Z]'D Open Diin WD High Aciive CE LSk e 2
[Jinput Latch [ ace
Bootstrap Configuration
Sync Signal Configuration Out Start/Length: D D
[15vMNCO Open Drain - [] SYMCO High Active b Sty D D
tart, th:
SYMCO Enabled SYMCO to PDI IRG SR
[15vMNC1 Open Drain - [] SYMCT High Active X X
[[]5NCT Enabled [C]5NCT to POIIRG Stancard Conf.taton
nable to
Out Start/Length: 4098
Impulze Length [ps]:
In Start/Length: 5120 128
I wiite EEPROM .. ]| [ ReadE*PROM... |
< | >
[ Ok ] [ Cancel ]

If the XML file is present (see 1.2.1 Adding the XML file), a list of available product descriptions will be
available. Choose your correct drive information and click OK.

Write EEPROM X]

Available EEPROM Descriptions: [] Show Hidden Devices

BECK : |
o Beckhoff Automation GmbH
= @ Electrocraft
= ] Intelligent Motion Drive
a"g PRO-A08V48B-SA-CAT (27214221)

] PRO-A10VS0A-SA-CAT (29025221)
a] PRO-A20V80A-SA-CAT (29026224)

The first number represents the drive Product number and the second one represents the revision
number. The revision number represents the current firmware version. It can be converted into hex and
later into ASCII characters. So, if the current firmware F510D, the revision number will be 510D (ASCII),
0x35313044 (hex) and 892416068 (decimal).

After the writing process is complete, reset the drive, and rescan the devices in the network. Now the
correct device description will be found automatically.
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1.2.7 Setting the free run communication cycle
In the left tree, at 1/O devices, select Device 2 (EtherCAT). On the right side, select Adapter tab. Set the
Freerun Cycle (ms) for example at 1ms.

Remark: When TwinCAT is operated in Freerun mode, this is the only setting needed for the
communication cycle time

.- C:\Documents and Settings\XPMUser\WMy Documentsitest1.tsm - TwinCAT System Manager
Fie Edt Actions View Options Help

Dol &E 2R 8 A3 | Blav/dd &R \® 9 B2Q8wue& ?
- B SYSTEM - Configuration
B PLC - Configuration General | Adapter | EtheiCAT | Online | CoE - Oniine |
= !U-? ;/COD:J;kwjon (® Network Adapter
%% Device 2 (EtherCAT) €—— @® 0S INDIS) Oral O DPRAM

= Device 211 .

& M: 2-12:-11160 Desciiption Local Area Connection 2 (Intel 21140-Based PCI Fast |
£ §1 Inputs Device Name: \DEVICE\(D36D407A-2A76-4EF3-83EC-CA71BICI71D4) |
+- @l Outputs
5§ incom Busr5

S o

PR MACAddes: 00031205580
IP Address: 169.254.45.233 (255.255.0.0)

[C] Promiscuous Mode (use with Netmon/w ireshark only)
[[]Virtual Device Names

(O Adapter Reference
Freerun Cycle (ms): E (_
Number Box Name Address = Type In Size Out Size  E-Bus (ma)

To activate all settings done so far (including PDO mapping changes) click the Reload 1/0O Devices (F4)
button shown below. This will also activate SYNC 0 signal if it was enabled.
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\Documents and Setti - System Manager

File Edit Actions View Options Help i"—_-_-
D SR+ R0 M) B as/dFd i@ 2Qddseed
¥ ﬁ ::?Erm,c‘;n:fﬂ: e General | EtherCAT || DC | Process Data | Startup | CoE -Orline | Online
= 1jo - Configuration
= B 10 Devices [ Auto Update  [7] Single Update [] Show Difline Data
-7 Device 2 (EtherCAT) ( Advanced .. ] | |
=} Device 2-Image
<% Device 2-Image-Tnfo 0o Starty Moduls 0D [AoE Pottk [0 |
@7 Inputs
8l Outputs Index Mame Flags Value ~
§ InfoDats 1000 Device type MRD 0x00060192 (393618)
- Drive 1 1001 Evior Register MRO 000 (0) =
i 1008 Device name RO iPOS 3604
&8 Meprings 1003 Hardware version RO vio
1004 Software version RO F5i0c
+ 10180 Identity M RO rd<
+1600:0 Receive PDO 1 mapping parameters Rw »2<
+-1601:0 Receive PDO 2 mapping parameters Rw 1<
416020 Receive PDO 3 mapping parameters R 1<
+-1602:0 Receive PDO 4 mapping paramsters Rw »1<
+ 14000 Transmit PDO 1 mapping parameters  RW 314
+-1401:0 Transmit PDO 2 mapping parameters R/ 314
+-1A020 Tranemit PDO 3 mapping parameters Rw >24¢
¥ 1A030 Transmit PDO 4 mapping parameters R/ >2<
+-10nnn Sunc mananer_hine RN 2 de M
Name Orline Type Size >addr... | InfOut | User.. Linkedto
QT status word 020240 (576) UINT 2.0 39.0 Irput 1]
T Modes of operati... 000 (0) BVTE 1.0 41.0 Input 0
Of westate 1] BOOL 0.1 15221 Input 0
Of state 0x0008 (8) UINT 2.0 15480  Irput O
LT adsaddr COABE3 410301 ... AMSADDRESS 8.0 15500  Imput O
&T chno 00 () USINT 10 15580  Input 0
&, Control word 00000 () WORD 20 39.0 Output 0
#| Modes of operation 000 (0) BYTE 1.0 41.0 Output 0
@/ Target postion 000000000 (0} DINT 4.0 42.0 Qutput 0
Ready Local (192.168.131,65.1.1)

Remark: On a lower resolution display, TwinCAT may not show the window with the mapped PDO data.
Drag the line shown in the picture below, to see this information.

CAT System Manager
File Edit Actions View Options Hep

Deed SR RES 43 B e/ HFE &4

Lw) e [2]Q(ed(ers (e &3 2

= B SYSTEM - Configuration = — -
&, Real-Time Settings General | EthetCAT | DC | Process Dats | Startup | CoE - Onine | Oniine
[B¥ additional Tasks
¥ Route Settings [AutoUpdate  [#] Single Update [] Show Offine Data
= £, TCOM Objects [ TerT— ] | ‘
PLC - Configuration
= 1o - Configuration Add to Statt Module 0D (Ao Port} D
= B8 1/0 Devices
== Device 2 (EtherCAT) Index Name Flags Value e
=% Device 2-Image 1000 Device tppe M RO Ow00080192 (393618)
= Device z-Image-Info 1001 Error Register MROD 000 (0) -
@ §f Inputs 1008 Device name RO PO53604
- @l Outputs 1003 Hardware version RO V1.0
§ Infobats 1004 Software version RO F5100
I ,*y Drive 1 =-10180 Identity M RO >4¢
101801 Vendor ID RO 000000143 [419)
@ T it PDO 1 1
b g T:::z::t pii ::w::g p:::;:t:: 101802 Product code RO 001903365 (27014021)
. Roosve FD0 | e 101803 Aevision RO 0435313044 (392416068)
eeene MeppIng paramerers 101804 Serial number RO 0441421245 (1094843053)
.‘L Recsive PDO 2 mapping parameters +-1600:0 Receive PDO 1 mapping parameters Rw »2¢
§ westate + 1601:0 Receive PDO 2 mapping parameters AW >1<
§ Infobata +1602:0 Receive PDO 3 mapping parameters AW »1¢
&1 Mappings +1603:0 Receive PDO 4 mapping parameters R »1¢
+-1A000 Transmit PDO 1 mapping parameters R »1¢
+-1A01.0 Transmit PDO 2 mapping parameters RWwW ¢ v
== P, o= = Ak Trdwe | 1irne [T
Server (Port) Timestamp Message
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1.3 Controlling the drive using CoE commands. Examples

1.3.1 Starting a position profile with TwinCAT System Manager

Assuming the motor has been connected to the drive and it has been set up, by following the next steps, a
positive trapezoidal motion shall be executed:

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

T Untitled - TwinCAT System Manager
File Edit Actions View Options Help

D@ &) 2R2 A3 =avdd s e

0 SYSTEM - Configuration

B PLC - Configuration General lAdapterl EtherC
- 10 - Configuration —
= B8 1/0 Devices Name: |Dewce
SR JDevice 1 (EtherCAT) s EtherCh
=fa Device 1-Image
=} Device 1-Image-Info Comment:

# QT Inputs
[+ @ Outputs
- § InfoData
[+)-%¥ Drive 1
£ &8 Mappings
@8 NC-Task 1 SAF - Device 1 (EtherCAT) ™ Disat
=-[B3 NC-Task 1 SAF
NC-Task 1 SVB
¥ NC-Task 1-Image
{77 Tables
) e fixes
[+ g Axis 1
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2. Click on CoE - Online tab on the right side. If the provided .xml file matches the characteristics of
the drive, the CoE objects shall have an associated name, like object 0x1018 Identity. Else, all
CoE objects will be read directly from the drive without anything in the name column.

Il -0l x]
Fle Edt Actions View Options Help
DR SR 2P2 63 = a/Feean<ee 2qews e e
& G SVSTEM - Configuration
B PLC - Configuration General | EtheiCAT | DC | Frocess Data| Startup Cof - Online |nn&ﬂ=|
= [ 1/0 - Configuration n
1 B8} 1/ Devices Update List I™ AutoUpdate | Single Update [ Show Dffine Data
B 5% Device | (EtherCAT) Advanced., I
=}= Device 1-Image
= Device 1-ImageInfo | Addwostaup, | [Griine Daa Module OD (Ao Pait [
- Q1 Inputs
1§ Outputs Index [ Mame [ Flags [Vale 5|
® § Infobata 6071 target torque R/ i
@ Drive 6077 torque actual value RO
il el ot I
g8 NC-Task | SAF - Device 1 (EtherCAT, > offs
o B MeToek t <P evice: 1 (EtherCAT) 5081 ‘profile velociy AW 6291456
1l B NC-Task 1 5V 6083 profile acceleration Rw 32768
6085 quick stop decsleration Rw i
= NC-Task L-Image + B0SF0  Posion Encader Resohtion Aw >2¢
.E Tables + 6080:0 Velocity Encoder Resolution AW >2¢
El-ae Axes + 6091:0 Gear Ratio RwW >2¢
[ s 1 + 80320 Feed Constant Rl >2¢
6098 homing method Rw 0:00 (0)
+ 50330 homing speeds R/ >2¢
6034 homing acceleration R/ 000008000 (32768)
BOF4 following erfor actual value RO o
EOF8 max slhippage R/ 1]
BOFC position demand value RO 434086544
S0FD digihal inputs status RO 1072756784
+ BOFE:D dighal oulputs R/ >2¢
SOFF target veloclty Rl 6231456
6502 supported dive modes RO 000000 ES (485) =
Name | [ online. | Type | size >Addr... out_| User ID | Linkedto
17pe
&1 status word X 0x0660 (1632) INT 2.0 39.0 Input 0 nStatust, nStatus2
Qlmodes of op disp 0x03 (3) BYTE ] 41.0 Input
T westate X 0 BOOL o1 1522.1 Input [] nStatus4 . Axis 1_Drive L...
Gl state 0x0003 (8) umT 20 1548.0  Inpk O
7 adsaddr COAB 13200201 ... AMSADDRESS 8.0 1550.0  Inpt O
©fchno 0x00 (0) USINT 1.0 1558.0 Input []
1 control word X 0x0000(0) WORD: 20 9.0 Output 0 nCtrlL, nCtri2
@) modes of op 0x00 (0) BYTE 1.0 41.0 Output 0
! target postion X 0x00000000 (0) DINT 40 42.0 Output 0 nOUtDatal . Axis 1_Drive...
Ready [Local (192.168.19.45.1.1) 4

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

ame | | Cnline | Tvpe | Size: | =addr.,.. | |
@1 status ward ¥ 0x0240 (576) INT 2.0 39.0 .
&1 modes of op disp 000 {0} USINT 1.0 41.0

&l westate %0 BOOL 0.1 15221

G state 0x0008 (8) LINT 2.0 1548.0

s‘)T Adsaddr CO0A3 13200201 ... AMSADDRESS 8.0 1550.0

T chno 000 (0} LSINT 1.0 1558.0

& Change Link...

USINT 1.0 41.0 '
2l target position &% Clear Link(s) DINT 4.0 42.0 '

@/ modes of op

W Delete,,,

Goko Yariable

Mayve address. ..

=3
>3 Online Force. ..,
R Release Force

C, Add Ta Watch
& Remove From Watch
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4. To enter in Ready to switch on state, write in the Binary field 06 00 and click OK.

5Set Yalue Dialog

Dec: IB
Hex: 00005
Float: |B

|
Boal: 0 | 1 | Hex Edit... |
Binany: [os 00 B

Bit Size: 1 s g O 32O RO 7

5. Repeat Step 3 and send Switch On (07 00) into Control word. After this command, the drive will
apply voltage to the motor though applied torque will be zero.

6. Do the same for 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.

7. Inthe object list choose the object with index 0x6081 Profile velocity and double click on it.

ouoD VEIULILY Uiiarnid vdiue no o
B0 target torque R 0
G077 torque actual value RO
BO7L target pozition R
EO7C hiorne: off et R
3 prafile welocity
E083 prafile acceleration R
E085 quick stop deceleration R
+- B08F.0 Position Encoder Resolution R
+- B090:0 “elocity Encoder Resolution R
+- RN91-N lirar R atin R LI
Name | | Crline | Type | Size | =hddr... | Infout | User I | Linked to |
T status word X 0x0240 (576) INT 2.0 39.0 Inpuk i} natatusl, nStatusz
T modes of op disp 0x00 {0} BYTE 1.0 41.0 Inpuk
@TWcState “x 0 BOCL 0.1 15221 Input 1] nStatusd | Axis 1_Drive_IL...
&f Stake D008 (5) LIrT 2.0 1548.0  Input 0
SQT Adsaddr COAZ 13200201 ... AMSADDRESS 8.0 1550.0 Input 1]
ST Chnd Q<00 {0 LISIMT 1.0 1558.0 Inpuk 0
L contral word % DOx000F (15) WORD 2.0 39.0 Cutput 0 nCtrll, nctrl2
L modes of op 0x01 (1) BYTE 1.0 41.0 Output 0
ﬁltarget pasition ¥ 0x00013380 (30000) DINT 4.0 4z2.0 Cutput 0 nioutDatal | Axis 1_Drive...

8. Write 00 00 11 00 in the binary field and click OK. The profile shall be executed with 11.0 U
(encoder counts)/second.

i

Dec: [1114112 EHRTT
Hes: | 0x00110000 Cancel |
Float: [1114112

|
Bool: 0 | 1 | Hex Edi |

.
Binary: Jo0o011 00 |4
Bit Size: 108 C1 320 B4 7
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9. As in Step 7, Online write the value 01 into the object 6060h Modes of operation to enable the
position profile in Modes of operation.

Repeat Step 3 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 001F as in Step 3.

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.

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

10.

11.
12.

13.

Generall EtherE.t’-\TI DC I Process Datal Startup  CoE - Online | Dnlinel

Update List I v Auto Update | W Single Update [~ Show Oifine Data
pdvanced.. | [ANObjects

Sdd bo Startup,.. I IDnIine Data Module OD [AoE Port]: ID

Index | MHame | Flags | Walue

BO07 Rw P 0

EO040 R P 0=000F [15]

EO041 ROP (0x8627 [34343)

EOBE R 2

BO60 Rw P 3

BOE1 ROP 3

EO6Z RO P 1961789

BO63 ROP 1962256

19

BOEE Rw' P (=0000 (0]

BOE7 Rw' P (0=x00000000 (0]

BOES Rw' P (=0000 (0]

BOE3 RO P 1179648

EOEB RO P 1114112

cnhcr (== 1794104
Marnne | | Onling | Type | Size | =Addr... | InjCuk | |
& status word % DxBeZ7 (-31193) INT 2.0 39.0 Input [
ST modes of op disp 003 (3) SIMT 1.0 41.0 Input [
T Westate %0 BOOL 0.1 15221 Input O
T Shate 00008 (8) UINT 2.0 15480  Input O
&T Adsaddr Coas 153200201, AMSADDRESS &.0 1550.0 Inpuk (
%1 Chno 000 (0 LISINT 1.0 15580  Input O
gl control word % Ox000F (153 UINT 2.0 39.0 Oukput [
%/ modes of op 003 (3} USIMNT 1.0 41.0 Qukput [
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1.3.2 Starting a cyclic synchronous position mode

Remark: The cyclic synchronous position mode is the one used by the TwinCAT software in chapter 1.2.5
Running the NC-PTP interface . This example shows the manual steps that are behind this operation
mode.

To write in a mapped RPDO variable, right click on the variable and choose Online Write...
First Edit the Control Word (which is the variable for object 6040h Controlword)

- C:\Documents and SettingstXPMUseriMy Documentsitest!.tsm - TwinCAT System Manager
File Edit Actions View Options Help

DEeE SR 2058 48 =3 e/ #8 8% @ % 2Q2 & &0 9

&Gl 5¥STEM - Configuration

B PLC - Corfiguration General | EthelCAT | DC Process Data | Startup | CoE - Orline | Dniine

= 1o - Configuration
= B 1/0 Davices Update List [Jauto Update Single Update [[] Show Offfine Data
=== Device Z (EtherCAT) Advanced..
+ Device 2-Image B
4= Device 2-Image-Info Addt Orline Data Module OD (4o Port]: |D
1) eT Inputs
] .1 Qutputs Index Name Flags Yalue o |
® . InfoData 2084 Checksum read register RO
2] I."' Drive L 2068 CAM input scaling factor Rw' P
BB Mappings 206C CAM outout scaling factor RWP
206F | & Change Link... RWF
2070 | - RW P
+ 20710 Rw
2072 de status ROFP
2073 er length WO P
2074 & configuration wo
- 20750 Goto Variable RO
2076 . WO
2077 wo
2078 ioider time R/ P 3
A b maen
Name (Q, Add To watch Type Size =Addr... InfOout  User... Linkedto
QT status word 2 t UINT 2.0 39.0 Input o
T Modes of of BYTE 1.0 41.0 Input o
QTWicState & prink List...  Ctrl+p BOOL 0.1 1522.1 Input o
Ol state Copylit  ChcC LINT 20 15480 Input 0
St adenddr 1.. AMSADDRESS 6.0 15500  Inpit 0
@1 Chnd B Export List... LISINT 1.0 15560  Input 0
o o " Qutput 0
@, Modes of operation 0x00 (D) BYTE 1.0 41.0 Output 0
®.Target position 0x00000000 (0) DINT 4.0 42.0 Output 0O
Ready Local {192.168.131.65.1.1)

Write inside the Controlword 06 and then click OK.

Set Value Dialog El
Dec: |E\1 | I 0k, ]
Hex: |D:-:DDDE | [ Cancel ]
Float: |E |

|

|

Binary: 06 0D | [2 ]
Bit Size: O1 O8 @16 O3 O6d O

Using the same method, write 07 and then OxO000F. After OxO00F, the drive should be in Operation
Enable.
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Now modify Modes of operation object 6060h value 08 via SDO write. This value sets the drive in Cyclic

synchronous position mode.

Finally write a small value into RPDO variable Target position (which is object 607Ah). Maximum 20-200

encoder counts.

The data in the target position will be updated every free run cycle (which was previously set to 1ms).
Every time the data inside the Target position changes, the motor will move to that destination within that

communication cycle time value.
<

FDO Azsignment [021C12):

01600
w1501

oo

& Change Link...

Goto Yariable

g} ), Add To Watch

&1
g} & prink List...  Ctrl+p
&1 B2 Copy List Cir+C
Ll

) ‘B Export List...

arget posicion

5 0=1603 4.0 Receive PO 4 mapping paramet...
FDO Content [0=1400];:
Index Size Offs Mame
0604100 20 oo Status word
20
[Load PDO info from device
[Sync Unit &gzignment...
= Type Size =Addr... | InfOut | User,
57 (37431) LINT 2.0 71.0 Input a
() BYTE 1.0 73.0 Input O
BOOL 0.1 1522.3 Input u]
DS (8) UINT 2.0 1548.0 Input O
13660301... AMSADDRESS 8.0 1550.0 Input u]
)] USINT 1.0 1558.0  Input O
00253C (10300)  DINT 4.0 1559.0 Input u]
1ESC44 {19589...  DINT 4.0 1563.0 Input a
OF (15) WORD 2.0 71.0 Output 0
EYTE . 73.0 Cutput O

&

00) DINT

Cukput

1.3.3 Mapping objects to TxPDOs and RxPDOs in TwinCAT System Manager

Set the drive in Config mode (Shift + F4). The drive can be with free run mode activated or not.

1. Select Drive 1 in the left.

2. Select Process Data tab to the upper right of the screen
3. Select object 0x1602 (RPDO3) by clicking on it.

Below, in the PDO content window, the default mapped object is shown.
4. To map another object instead of the existing one, right click on it and choose Edit.. from the

menu.
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. C:ADocuments and Settings\XPMUser\My Documentsitest1.tsm - TwinCAT System Manager
Fle Edit Actions View Options Help

Newd DB/ B W% EQEwe ] @0 T
& [l SYSTEM - Configuration - -
B LC - Configurstion General | EtherCAT | DC Frocess Data | Startup | CoE - Onling | Online

= 1/o - Configuration

© B 1/0 Devices Sync Manager: PDO List
= =% Device 2 (EtherCAT) SM  Size Type Flags Index Size Name Flags SM su
<= Device 2-Image 0 128 MbxDut w400 20 Transmit PDO 1 mapping paramet.. 3 1]
=}= Device 2-Image-Info 1 128 Mbsin w1407 10 Transmit PDO 2 mapping paramet... 3 0
-t Trputs 2 7 Outputs 0<1402 &0 Transmit PDO 3 mapping paramet.. 0
4§ Outputs 3 3 Inputs 01403 &0 Transmit PD0 4 mapping paramet.. 0
s Ox1600 30 Receive PDO 1 mapping paramet... 2 0
#-§ InfoData 2 2
o Ox1601 40 Receive PDO 2 mapping paramet... 2 o
-4 Drive 1 «—1 OAE02 20 Receive PO 3 napoing paramel . d—— 13 0
&8 Mappings = = 04603 40 Fieceive PDD 4 mapping paramet... 0
PDO Assignment [0x1C12) PDO Content (01602
0:1800 Index Size Offs Name Type Default (hex]
1601 0 "
[ ow1602
[J0s1603
Download
+|PDO A, it
eonman [Load PDO info from device ﬁ
PDO Configuration =
[5ync Unit Assigrment )
Name Online Type Size »Addr...  InfOut  User.. Linkedto
9 status word 0x0240 (576) LINT 2.0 39.0 Input 0
9T Modes of operati... 0x00 (0} BVTE 1.0 41.0 Input 0
S westate 1 BOOL 0.1 15221 Input 0
Qf state Ox0101 (257) LUINT 2.0 1546.0 Input 0
ST adsaddr COAGE3410301... AMSADDRESS 8.0 1550.0 Input 0
Qf Chnd 000 (0) LUSINT 1.0 1558.0 Irput 0
#/ Control word 00000 (0) WORD 2.0 39.0 OQutput 0
#L Modes of operation 0x00 (0} BYTE 1.0 41.0 Output 0
#L Target position 000000000 (0) DINT 4.0 42.0 Outpit 0

A list of PDO mappable objects appears. Choose object 60C1: sub-index 1 and click OK.

Edit Pdo Entry

Marmne: |><‘I: the first parameter of ip function | [ ak. ]

Index (hew):  |BOCT | [24763 | Cancel
Sub Index:

DataType: | UDINT |

From Dictionary:

0x6034:01 - Welocity encoder factor Murnerator ~
046094:02 - Velocity encoder factar Divizor

0xB097:07 - Acceleration factor Mumerator

0xB097:02 - Acceleration factor Divisor

046032 - Homing method

04609307 - Speed during search for switch (high sped)

046093:02 - Speed during search for zera [low speed)

0xE6094 - Homing acceleration

0460C0 - Interpolation submode zelect

0460C7:01 - 1: the first parameter of ip function H
0x60C1:02 - %2: the second parameter of ip function

0460FS - Max slippage

0460FE:01 - Physical outputs

0xB0FE:02 - Bit mask

060FF - Target velocity

|E2|

In the Sync Manager, click the Outputs to access and edit object 1C12h contents in the PDO Assignment
window below. Check the box for object 1602h. This will include RxPDO3 in the sync manager.

To map a new object into RxPDO3, right click on the empty line below X1 and choose Insert...
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A new window will appear like in the figure below. Choose object 60C1h sub-index 2.

Similar to the previous steps, add the object 2072h Interpolated position mode status to TxPDO2 in sub-
index 1A01h using the insert object procedure.

To activate the new PDO setup, click Reload 1/0 devices button or press F4.

- Untitled - TwinCAT System Manager

File Edt Actions View Options Help

PDO Configuration

D& wid A By o ® % EQ R W€D
@ B SYSTEM - Configuration —
B 1c - Configuration General | EtherCAT | DC | Frocess Data | Startup | Cof - Oriine | Oniine
L - Gofiarsion Sync Mansger PO Lis
= B 1j0 Devices SM  Size | Type | Flags Index Sze  Name Flags SM su
= 58 Device 2 (EtherCAT) 0 128 MbxOut 041400 20 Transmit DO 1 mapping paramet 3 0
4= Device 2-Image 1 128 Mbxin oA 10 Transmit PDO 2 mapping paramet.. 3 0
= Device 2-Image-Info 2 n Outputs (—— 041402 60 Transmit PDO 3 mapping paramet.. 0
5§ Inputs 3 3 Inputs 051403 B0 Transmit PDO 4 mapping paramet.. 0
5§ Output 0600 30 Receive PDO 1 mapping paramet 2 0
; puts 01601 40 Receive PDD 2 mapping paramet. 2 0
#-§ InfoDats 01602 40 Receive PDD 3 mapping paramet. 2 ]
- Drive 1 2 5| | oxt603 40 Fleceive PDO 4 mapping paramet 0
&8 Mappings
PDO Assignment (0x1C12) PDO Content (0+1602)
[¥]0x1600 Index Size Otfs. Name Type Detault [hex]
[#] 01601 (<60C1:01_ 4.0 0.0 1. the first parameter of ip function  UDINT
[Jox1603
Downioad
PDO Assignment

[Load PD 0 info from device

[Sync Unit Assignment...

Name
&1 status word
G Modes of operati...
T wicstate
9 state
ST Adsaddr
@Tchno
#| Control word
| Modes of operation
®| Target posttion
®/x1: the First para...

Oniline Type Size >Addr...
0x0240 (576) UINT 2.0 39.0
000 (0) BYTE 1.0 41.0

0 BOOL 0.1 1522.1
00008 (8) UINT 2.0 1548.0
COAB136B0301... AMSADDRESS 8.0 1550.0
000 (0) USINT 1.0 1558.0
00000 (0) WORD 2.0 3.0
000 (0) BYTE 1.0 41.0
200000000 (0) DINT 4.0 42.0
0x00000000 (0} UDINT 4.0 46.0

Infout Linked to ~
Input
Input
Input
Input
Input
Input
Output
Output
Qutput
Cutput

User...

cococoooocoo

Server (Port) Timestamp

134

Message

Running an Interpolated Position Time motion in TwinCAT

First, map variables X1 and X2 to RxPDO3. To do this, read the Mapping objects to TXxPDOs and
RxPDOs in TwWinCAT System Manager chapter.

Write in Control Word the values 06, 07 and 0xO00F to bring the drive to Operation enabled state.

To modify

the RxPDO values or

writi

ng

into an object

using SDOs, first read

the
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Starting a cyclic synchronous position mode.
First, set in object 2073h a lager buffer length. Set it to 10. The default is 7 points, and the maximum is 15.

, C:\Documents and Settings\XPMUserWy Documentsitest] .tsm - TwinCAT System Manager

e Edit Actions Vie ielp
Dl SR 4 LER A Bavdd dh i dd 2Qelkse €D 2
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2074 \rkeerotdt_:dDosltmbuffcrcodwm wio Bit Gize: 01 08 @16 032064 O
+ 20750 Position tiggers RO
2076 Save configuiation wo v

After setting another buffer size, or before sending new interpolation points, the buffer must be cleared.
Send in object 2074h 0xB0O1. This will clear the buffer and reinitialize the integrity counter to 1.
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Note: the integrity counter in the ElectroCraft EtherCAT® drives is always on.

If the drive receives an interpolated point with the same integrity counter, it will just be ignored with
no warning. If it receives a lower or a +2 higher integrity counter, it will send an emcy message with error
code FFO1h and the object 2072h (Buffer status) mapped on bytes 4 and 5. The only acceptable message
is to send an integrity counter incremented by +1 than the previous number found in interpolated status,
object 2072h.

An interpolated point is composed from Object 60C1h both subindexes. So if the data in these
both subindexes is changed every sync cycle, the drive can receive an interpolated point every sync cycle.

In 60C1 index 1, the target position is sent, and in index2, the interpolated time is sent (which is
optional if object 207Ah is used) and the integrity counter set in the last 7 bits of the 32 bit variable.

The interpolated time can be sent also in object 207Ah (interpolated time 1 order position). By
sending a time in this object, the time data inside object 60C1 subindex 2 will be ignored.

So it is possible to set a time of 2 ms by sending 2 in 207Ah and in object 60C1 just send the
target position and the integrity counter.

First send OxFAO to object 207Ah to set a fixed 4000ms time interval between interpolation points.

Send IP points:
1. In X1 send 4000 target position, in X2 send 0x02000000. The integrity counter is written in byte 3
of X2 on the last 7 bits. Meaning any number written in byte3 must be shifted to the left by 1 bit.
So 1 is when byte3 = 2; 2 is when byte3=4; 3 is when byte3=6 .... 30 is when byte3=0x3C (60d)
and so on.

So in pointl, the drive will do 4000 encoder tics in 4 seconds and the integrity counter is 1.
2. In X1 send 12000 and in X2 send 0x04000000 (integrity counter =2)
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In X1 send 32000 and in X2 send 0x06000000 (integrity counter =3)
In X1 send 64000 and in X2 send 0x08000000 (integrity counter =4)
In X1 send 20000 and in X2 send 0xOA000000 (integrity counter =5)
In X1 send 4000 and in X2 send 0x0C000000 (integrity counter =6)

ook w

Send in Modes of operation variable mapped in a RPDO the value 07 (interpolated mode)

Note: before sending any IP points, the absolute or relative bit must be already set in Control Word.
Also object 2079h (Interpolated position initial position) must be set with the correct position before
loading the points and starting a trapezoidal position profile).

Send 0x001F in controlword to start an absolute motion with the loaded PT points.
The motor will start moving, travel until position 64000 encoder counts and return to position 4000.

In the recently mapped Interpolated position mode status variable, the status of the interpolated mode
can be monitored. So in this variable, you can see if the buffer is low, empty, the current integrity
counter value and if there was an integrity counter error.

The integrity counter is 7 bits long, so it can have a value up to 127. So when the integrity counter
reaches 127 (0x7F), the next logical value is 0x00.

In case the interpolated time is equal to the EtherCAT® PDO cycle time, there is no need to monitor the
buffer. Just send points with a correct integrity counter every cycle, taking care of the position value.
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2 CAN application protocol over EtherCATe

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 EtherCATe Architecture

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

Figure 2.1.

Linear Topology

IN/ g
ouT v v v v
EtherCAT | IN | ouT | IN | ouT
Master
Drive 1 Drive 2
Ring Topology
oY | S v
EtherCAT | IN | ouT | IN | ouT
Master
Drive 1 Drive 2

e

not
l connected

[n] o]

Drive n

| IN I ouT

Drive n

ElectroCraft has extended the concept of distributed motion application allowing splitting the motion
application between the ElectroCraft drives and the EtherCAT® master. Using MPL 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 ElectroCraft drives.

Figure 2.1 EtherCAT® Architecture
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2.2 Accessing EtherCATe devices

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

2.2.1 CoE elements
In table 2.0.1 are described the Mailbox Header and CoE Header.

Table 2.0.1 CoE elements

Frame part Data Field | Data Type Value/Description
Mailbox Header | Length WORD Length of the Mailbox Service Data
Address WORD(32 Station Address of the source, if a master is client,
Bit) Station 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 Unsignedl 0x00

CANopen Number Unsigned9 Depending on the CANopen service
Header

Reserved Unsigned3 0x00

Service Unsigned4 | 0x01: Emergency

0x02: SDO Request

0x03: SDO Response

0x04: TxPDO

0x05: RxPDO

0x06: TXxPDO 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.

2.2.4 Service Data Objects (SDO)

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

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

Figure 2.2 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 in Table 2.1.
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Table 2.1 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 Ssr:?roiannOI be transferred or stored to the application because of local

0800 0022h (Ij):\'zac gasrzgtoet. be transferred or stored to the application because of the present

0800 0023h | Object dictionary dynamic generation fails or no object dictionary is present
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2.2.5 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
ElectroCraft 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
- AN _/
Y g
Mandatory Header Standard CANopen PDO frame

Figure 2.3 EtherCAT® message PDO structure

2.3 Objects that define SDOs and PDOs

2.3.1 Object 1600h: Receive PDO1 Mapping Parameters

This object contains the mapping parameters of the receive PDO1. The sub-index 00, 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 01 to the
number of entries contain the information about the mapped objects. These entries describe the PDO
contents by their index, sub-index and length. The length entry contains the length of the mapped object in
bits and is used to verify the overall mapping length.

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

MSB LSB
| Index (16 bits) | Sub-index (8 bits) Object length (8 bits)

In order to change the PDO mapping, first the drive must be in Pre-Op state and the PDO has to be
disabled - the object 160xy, sub-index 00, 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 0000;, or 0604
0041,). After all objects are mapped, sub-index 00, has to be set to the valid number of mapped objects
thus enabling the PDO.

Also, to be able to use the PDO data, the active PDOs must be mapped in the Sync Manager objects
1C12;, and 1C13;. Read more in the provided example
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If data types (index 01, - 07,) 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.

The entire length of a TPDO or RPDO must not exceed 64 bits. This means that the sum of the mapped
objects lengths of a PDO must not exceed 64 bits.

Object description:

Index 1600,
Name RPDO1 Mapping Parameters
Object code RECORD
Data type PDO Mapping
Entry description:
Sub-index 00,
Description Number of mapped objects
Access RW
PDO mapping No
Value range 0: deactivated
1 — 8. activated
Default value 2
Sub-index 01,
Description 1* mapped object
Access RW
PDO mapping No
Value range UNSIGNED32

Default value

60400010, — controlword

Sub-index 02,

Description 2" mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

60600008, — modes of operation
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2.3.2 Object 1602h: Receive PDO2 Mapping Parameters

This object contains the mapping parameters of the receive PDO2. The sub-index 00, 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 1602h
Name RPDO2 Mapping Parameter
Object code RECORD
Data type PDO Mapping
Entry description:
Sub-index 00y
Description Number of mapped objects
Access RW
PDO mapping No
Value range 0: deactivated
1 — 64: activated
Default value 1
Sub-index 012,
Description 1* mapped object
Access RW
PDO mapping No
Value range UNSIGNED32

Default value

607A00020, — Target Position

2.3.3 Object 1602h: Receive PDO3 Mapping Parameters

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

Object description:

Index 1602,
Name RPDO3 Mapping Parameter
Object code RECORD
Data type PDO Mapping
Entry description:
Sub-index 00y,
Description Number of mapped objects
Access RW
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PDO mapping

No

Value range 0: deactivated
1 — 64: activated
Default value 1
Sub-index 01,
Description 1* mapped object
Access RW
PDO mapping No
Value range UNSIGNED32

Default value

607100210, — Target torque

2.3.4 Object 1603h: Receive PDO4 Mapping Parameters

This object contains the mapping parameters of the receive PDO4. The sub-index 00, contains the
number of valid entries within the mapping record. This number of entries is also the number of the

objects that shall be transmitted/ received with the corresponding PDO.

Object description:

Entry description:

Index 1603,
Name RPDO4 Mapping Parameters
Object code RECORD
Data type PDO Mapping
Sub-index 00y
Description Number of mapped objects
Access RW
PDO mapping No
Value range 0: deactivated
1 — 64: activated
Default value 1
Sub-index 01y
Description 1* mapped object
Access RW
PDO mapping No
Value range UNSIGNED32

Default value

60FF0020, — target speed
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2.3.5 Object 1A00h: Transmit PDO1 Mapping Parameters

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

Object description:

Index 1A00;
Name TPDO1 Mapping Parameters
Object code RECORD
Data type PDO Mapping
Entry description:
Sub-index 00,
Description Number of mapped objects
Access RW
PDO mapping No
Value range 0: deactivated
1 — 64: activated
Default value 1
Sub-index 01,
Description 1* mapped object
Access RW
PDO mapping No
Value range UNSIGNED32

Default value

60410010, — statusword

2.3.6 Object 1A01h: Transmit PDO2 Mapping Parameters

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

Object description:

Index 1A01,
Name TPDO2 Mapping Parameter
Object code RECORD
Data type PDO Mapping
Entry description:
Sub-index 00,
Description Number of mapped objects
Access RW
PDO mapping No
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Value range 0: deactivated
1 — 64: activated

Default value 1

Sub-index 01,

Description 1° mapped object

Access RW

PDO mapping No

Value range UNSIGNED32

Default value 60610008, — modes of operation
display

2.3.7 Object 1A02h: Transmit PDO3 Mapping Parameters

This object contains the mapping parameters of the transmit PDO3. For detailed description see object

1600, (Receive PDO1 mapping parameters). By default, this PDO is disabled.

Object description:

Entry description:

Index 1A02,
Name TPDO3 Mapping Parameter
Object code RECORD
Data type PDO Mapping
Sub-index 00y
Description Number of entries
Access RW
PDO mapping No
Value range 0: deactivated

1 — 64: activated
Default value 0
Sub-index 01,
Description 1* mapped object
Access RW
PDO mapping No
Value range UNSIGNED32

Default value

60410010, — statusword

Sub-index

02,

Description

2" mapped object
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Access RW
PDO mapping No
Value range UNSIGNED32

Default value

60640020, — position actual value

2.3.8 Object 1A03h: 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.

Object description:

Entry description:

Index 1A03;
Name TPDO4 Mapping Parameter
Object code RECORD
Data type PDO Mapping
Sub-index 00,
Description Number of entries
Access RW
PDO mapping No
Value range 0: deactivated

1 — 64: activated
Default value 0
Sub-index 01,
Description 1* mapped object
Access RW
PDO mapping No
Value range UNSIGNED32

Default value

60410010,, — statusword

Sub-index 02,

Description 2" mapped object
Access RW

PDO mapping No

Value range UNSIGNED32

Default value

606C0020;,, — velocity actual value
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2.3.9 Object 1C00h: Sync Manager Communication type

Object description:

Entry description:

Index 1C00,

Name Sync Manager Com. type

Object code ARRAY

Data type UNSIGNEDS8

Sub-index 00y

Description Number of sub-indexes

Access RO

PDO mapping No

Default value 5

Sub-index 01,

Description Communication Type Sync
Manager 0

Access RO

PDO mapping No

Value range UNSIGNED8

1 : mailbox receive (master to
slave)

Default value 1

Sub-index 02,

Description Communication Type Sync
Manager 1

Access RO

PDO mapping No

Value range UNSIGNED8

2 : mailbox send (slave to master)

Default value

2

Sub-index 03,

Description Communication Type Sync
Manager 2

Access RO

PDO mapping No

Value range UNSIGNEDS
0: unused

3 : process data output (master to
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slave)

Default value 3

Sub-index 04,

Description Communication Type Sync
Manager 3

Access RO

PDO mapping No

Value range UNSIGNEDS
0: unused

1 : mailbox receive (master to
slave)

2 : mailbox send (slave to master)

3 : process data output (master to
slave)

4: process data input (slave to
master)

Default value

4

2.3.10 Object 1C12h: 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 1C12,
Name Sync Manager Channel 2
Object code ARRAY
Data type UNSIGNEDS8
Sub-index 00y
Description Number of sub-indexes
Access RO
PDO mapping No
Value Range UNSIGNEDS
1-4
Default value 2
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Sub-index

01,

Description PDO Mapping object index of
assigned RxPDO : 1% mapped
object

Access RW

PDO mapping No

Value range UNSIGNED16

0x1600 (RxPDO1)
0x1601 (RxPDO2)
0x1602 (RxPDO3)
0x1603 (RxPDO4)

Default value

0x1600 (RxPDO1)

Sub-index 02,

Description PDO Mapping object index of
assigned RxPDO : 2™ mapped
object

Access RW

PDO mapping No

Value range UNSIGNED16

0x1600 (RxPDO1)
0x1601 (RxPDO?2)
0x1602 (RxPDO3)
0x1603 (RxPDO4)

Default value

0x1601 (RxPDO2)

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

Assign 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:

Entry description:

Index 1C13;,
Name Sync Manager Channel 3
Object code ARRAY
Data type UNSIGNEDS8
Sub-index 00y
Description Number of sub-indexes
Access RO
PDO mapping No
Value Range UNSIGNEDS
0-4

© ElectroCraft 2016

61

CoE programming



Default value 2

Sub-index 01,

Description PDO Mapping object index of
assigned TxPDO : 1% mapped
object

Access RW

PDO mapping No

Value range UNSIGNED16

0x1A00 — 0x1A03
(TXPDOL1 - TXPDO4)

Default value

0xL1A00 (TXxPDO1)

Sub-index 02,

Description PDO Mapping object index of
assigned TxPDO : 2™ mapped
object

Access RW

PDO mapping No

Value range UNSIGNED16

0x1A00 — 0x1A03
(TXxPDOL1 - TXPDO4)

Default value

0x1A01 (TXxPDO?)

2.3.12 Object 207Dh: Dummy

This object may be used to fill a RxPDO or TxPDO up to a length matching the CoE master requirements.

Object description:

Index 207Dy,

Name Dummy

Object code VAR

Data type UNSIGNEDS8
Entry description:

Access RW

PDO mapping Possible

Value range 0...255

Default value 0
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2.4 PDOs mapping example

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

1.
2.

Set the drive into Pre-Operational.

Disable the PDO. In the PDO’s mapping object (index 1600,-1603;, for RxPDOs and 1A00,-1A03;,
for TxPDOs) set the first sub-index (the number of mapped objects) to 0. This will disable the
PDO.

Map the new objects. Write in the PDO’s mapping object (index 1600,-1603;, for RxPDOs and
1A00,-1A03,, for TXPDOs) sub-indexes (1-8) the description of the objects that will be mapped.
You can map up to 8 objects having 1 byte size.

Enable the PDO. In sub-index 0 of the PDO’s associated mapping object (index 1600,-1603;, for
RxPDOs and 1A00,-1A03,, for TXPDOs) write the number of mapped objects.

Disable the Sync Manager Channels 2 and 3. Set 0 in their sub-index 0.

Map the enabled PDOs intro Sync Manager Channels 2 and 3. Set in sub-index 1-4 the hex
value of the enabled PDOs (1A00,-1A03;, for TXPDOs in 1C13;, and 1600,-1603;, for RXPDOSs in
1C12).

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

Set the drive into Operational state.

Example: Map the receive PDO3 with ControlWord (index 6040;,) and Modes of Operation (index
6060y,).

1. Setthe drive to Pre-Operational.
2. Disable the PDO. Write zero in object 1602, sub-index 0, this will disable the PDO.
Send the following message: SDO access to object 1602, sub-index 0, 8-bit value 0.

3. Map the new objects.
a. Write in object 1602, sub-index 1 the description of the Control Word:

Index  Sub-index Length
6040y, 00y, 104, 604000104,

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

Index  Sub-index Length
6060y, 00y 08, 60600008,

Send the following message: SDO access to object 1602;, sub-index 2, 32-bit value 60600008,
4. Enable the PDO. Set the object 1602, sub-index 0 with the value 2.

Send the following message: SDO access to object 1602, sub-index 0, 8-bit value 2.
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5. Add the new TPDO to the Sync Manager:
- Write zero in object 1C12,, sub-index 0, this will disable the Sync. Manager.

Send the following message: SDO access to object 1C12;, sub-index 0, 8-bit value 00y,
-Write in object 1C12,, sub-index 3 the RPDO3 mapping parameter object number:

Send the following message: SDO access to object 1C12;, sub-index 3, 16-bit value 1602..
-Write 03, in object 1C12, sub-index 0, this will enable the Sync. Manager.

Send the following message: SDO access to object 1C12;, sub-index 0, 8-bit value 03,

Note: if using TwWinCAT 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.

6. Set the drive to Safe-Operational.

7. Setthe drive to Operational.
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3 EtherCATe State Machine (ESM)

3.1 Overview

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

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

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

No process data communication is possible in this state.

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

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

The ESM defines four states, which shall be supported:
Init,

Pre-Operational,

Safe-Operational, and

Operational.

3.2 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.
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Figure 3.1 EtherCAT® State Machine Diagram

The local management services are related to the transitions in the ESM, as specified in
Table 3.0.1. If there is more than one service related to the transition, the slave’s application will process
all of the related services.

Table 3.0.1 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

(o)) Stop Output Update, Stop Input Update, Stop Mailbox Communication
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Table 3.0.2 AL Control Description

Parameter Data Type Value

State Unsigned4 | 1: Init
2: Pre-Operational
4: Safe-Operational
8: Operational

Acknowledge Unsignedl | O0: 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

3.3 EtherCATe State Machine and CANopen State Machine

Init

T 1

Pre-Operational

v 1

Safe-Operational

v 1

Operational

Figure 3.2 EtherCAT® State Machine
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Figure 3.3 Drive State-machine based on CANopen (DS402)

3.4 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 ElectroCraft drives are listed in Table 3.1. Details regarding
the conditions that may generate emergency messages are presented at object Motion Error Register
index 2000,

Table 3.1 Emergency Error Codes

Error code (hex) Description

00xx Error Reset or No Error
10xx Generic Error

2310 Continuous over-current
2340 Short-circuit
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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 input

5442 Negative limit switch active

5443 Positive limit switch active

6100 Invalid setup data

7500 Serial communication error

8100 EtherCAT® communication error

8210 PDO not processed due to length error
8220 PDO length exceeded

8331 12t protection triggered

8580 Position wraparound / or hall sensor error
8611 Control error / Following error

9000 Command error

AOxX ESM Transition Error

FOxx Additional Functions

FFO1 Generic interpolated position mode error (PVT / PT error)
FFO02 Change set acknowledge bit wrong value
FFO03 Specified homing method not available
FFO04 A wrong mode is set in object 6060h, modes_of _operation
FFO05 Specified digital 1/0 line not available
FFO06 Positive software position limit triggered
FFO7 Negative software position limit triggered
FFO8 Enable circuit hardware error
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The Emergency message contains of 8 data bytes having the following contents:

0-1 2 3-7
Error Register
(Object 1001h)

Manufacturer specific error field

Emergency Error Code

3.5 EtherCATe Synchronization

3.5.1 Overview

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

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

3.5.2 Synchronization signals

swco Y[ 1| ;
D : : : : t'
Control
Loop N
t
SPLIRQ ™ | v [ ¥
(EtherCAT L : : S J
communication)  |-»—e AT, 5 : t
> : AT, L
@@ ® @ ®

Figure 3.4 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
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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:
e communication cycle shall be a multiple of the SYNCO cycle
e SYNCO shall be a multiple of control loop
e time moment 3 shall be before time moment 4
e 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 same
period

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

On Beckhoff EtherCAT masters, the delay AT, 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 AT, (increase the time interval between time moment 5 and next SYNCO).

Important:

ElectroCraft drives can be configured to generate on 3 outputs the above mentioned key signals:
- SYNCO on OUTO; Object 2089y, 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 2089h.

In order to preserve the synchronization when changing AT; and AT,, conditions ¢) 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.

3.5.3 Object 2089h: Synchronization test config

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

Object description:

Index 2089,

Name Synchronization test config
Object code VAR

Data type INTEGER16
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Entry description:

Access RW

PDO mapping No

Value range -32768 ... 32767
Default value 0

Table 3.2 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:

- Before activating this feature, disconnect any other device connected to the 3 outputs;
- Ready and Error outputs are also connected to the green and red LEDs. These will flicker when this
feature is activated. This case shall not be treated as an error condition!

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

© ElectroCraft 2016 72 CoE programming



4 Drive control and status

4.1 Overview

The state machine from Device Profile Drives and Motion Control describes the drive status and the
possible control sequences of the drive. The drive states can be changed by the Control Word and/or
according to internal events. The drive current state is reflected in the Status Word. The state machine
presented in Figure 4. describes the state machine of the drive with respect to the control of the power
stage as a result of user commands and internal drive faults.

Power Fault 13
Disabled
Fault
Start Reaction Active
0 14
Mot Ready to
Switch On Fault
! 15
Switch On
Disabled
2 7
Ready to
Switch On
Power
3 5]
Enabled 1 0 i
Switched On
2 |a
4 5
11 -
Operation Quick Stop
Enable P 1% Active

Figure 4.1 Drive’s status machine. States and transitions
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Table 4.1 Finite State Automaton States

State Description

Not Ready to Switch On | The drive performs basic initializations after power-on.
The drive function is disabled

The transition to this state is automatic.

Switch On Disabled The drive basic initializations are done and the green led must turn-
on if no error is detected. The drive is not ready to switch on; any
drive parameters can be modified, including a complete update of
the whole EEPROM data (setup table, MPL 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 On The motor supply voltage may be switched on, most of the drive
parameter settings can still be modified, motion functions cannot be
carried out yet.

Switched On The motor supply voltage must be switched on. The power stage is
switched on (enabled). The applied torque will be zero. The motion

(Operation Disabled) functions cannot be carried out yet.

Operation Enable No fault present, power stage is switched on, motion functions are
enabled. This corresponds to the normal operation of the drive.

Quick Stop Active Drive has been stopped with the quick stop deceleration. The power
stage is enabled. If the drive was operating in position control when
quick stop command was issued, the motor is held in position. If the
drive was operating 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.

Fault Reaction Active The drive performs a default reaction to the occurrence of an error
condition
Fault 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

If in the quick stop active state the quick stop option code is setto 5, 6, 7 or 8, the drive shall not leave this
state, but it may transit to the operation enabled state with the Operation enable command.
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Table 4.2 Drive State Transitions

c
=
@ | Event Action
o
|—
0 Automatic transition after power- | Drive device self-test and/or self initialization shall be
on or reset application performed.
1 Automatic transition Communication will be activated.
Bit 1 Disable Voltage and Bit 2
5 Quick Stop, are set in Control None
Word (Shutdown command).
Motor voltage may be present.
Bit 0 is also set in Control Word High-level power is svyitched on (enabled), provided
3 itch d that the enable input is on enable status. Keep the
(Switch On command) motor at zero torque.
Bit 3 is also set Control Word Motu_)n function is ena_lbled, depending on the mode
4 ) that is set. Also all the internal
(Enable Operation command) .
set-points are cleared.
. . . Motion function is inhibited. Drive is stopped, using
\E;\'/t g’ is cancelled in Control the acceleration rate set for position or speed profiles.
5 (_)r _ Depending on the mode of operation set before the
(Disable Operation command) Disable Operation command, the motor may be held
at the present position, kept at zero speed or zero
torque
Bit 0 is cancelled in Control o .
6 Word Power stage is disabled. Drive has no torque. Motor
is free to rotate
(Shutdown command)
Bit 1 or 2 is cancelled in Control
7 Word (Quick Stop or Disable | None
Voltage command)
Bit 0 is cancelled in Control o )
8 Word Power stage is disabled. Drive has no torque. Motor
is free to rotate
(Shutdown command)
Bit 1 is cancelled in Control o )
9 Word Power stage is disabled. Drive has no torque. Motor
. is free to rotate
(Disable Voltage command)
Bit 1 or 2 is cancelled in Control L .
10 | Word (Quick Stop or Disable _Power stage is disabled. Drive has no torque. Motor
is free to rotate
Voltage command)
_ . . Drive is stopped with the quick-stop deceleration rate.
Bit 2 is cancelled in Control | The power stage remains enabled. Depending on the
11 | Word mode of operation set before the Quick Stop
(Quick Stop command) command, the motor may be held at the present
position, kept at zero speed or zero torque.
12 | Automatic transition when the | Output stage is disabled. Drive has no torque.
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quick stop function is completed
and quick stop option code is 1,
2, 3 or 4, or disable voltage
command received from control
device (depends on the quick
stop option code)

13 | Afault has occurred Execute specific fault treatment routine
14 | The faulttreatmentis complete | The drive function is disabled and the high-level
(Automatic transition) power is switched off
Some of the bits from Motion Error Register are reset.
w7 ; If all the error conditions are reset, the drive returns to
Bit 7 is set in Control Word X . ’ \
15 | Switch On Disabled status. After leaving the state
(Reset Fault command) Fault the bit Fault Reset of the controlword has to be
cleared by the host.
Bit 2 is set in Control Word
(Enable Operation command). . : . . L
16 | This transition is possible if Drive exits from Quick Stop state. Drive function is

Quick-Stop-Option-Code is 5, 6, | cnaPled:

7o0r8

If a state transition is requested, the related actions shall be processed completely before transitioning
to the new state. Example: In operation enabled state, when the disable operation command is
received, the drive device shall stay in the operation enabled state until the disable operation function
(see object 605Ch) is completed.

Drive devices able to control the contactor for the mains may switch the high-level power. If the high-
level power is switched-off, the motor shall be free to rotate if not braked.

Drive function is disabled implies no energy shall be supplied to the motor. Target or set-point values
(e.g. torque, velocity, position) shall be not processed.

Drive function is enabled implies that energy may be supplied to the motor. Target or set-point values
will be processed.

If a fault is detected in the drive device, there shall be a transition to the fault reaction active state. In
this state, the drive will execute a special fault reaction. After the execution of this fault reaction, the
drive device shall switch automatically to the fault state. This state shall only be left by the fault reset
command, but only if the fault is not active any more.

In case of fatal error, the drive device is no longer able to control the motor, so that an immediate
switch-off of the drive device is necessary.

The behavior of drive disabling, quick stop, halt, and fault reaction functions is configurable by means
of configuration objects.
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4.2 Drive control and status objects

4.2.1 Object 6040h: Control Word

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 Control
Word.

Object description:

Index 6040,

Name Controlword

Object code VAR

Data type UNSIGNED16
Entry description:

Access RW

PDO mapping Yes

Units -

Value range 0 ... 65535

Default value No
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The Control Word has the following bit assignment:

Table 4.3 Bit Assignment in Control Word

Bit

Value

Meaning

15

0

Registration mode inactive

1

Activate registration mode

14

0

When an update is performed, keep unchanged the demand values for
speed and position

When an update is performed, update the demand values for speed and
position with the actual values of speed and position

13

When it is set it cancels the execution of the MPL function called through
object 2006h. The bit is automatically reset by the drive when the command
is executed.

12

No action

If bit 14 = 1 — Force position demand value to O
If bit 14 = 0 — Force position actual value to O

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

Reserved. Writes have no effect. Read as 0

No action

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

O [k |O

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

Ok |IN W |>

Registration mode inactive
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Table 4.4 Command coding

Command Bits of the controlword Transitions
Bit 7 Bit 3 Bit 2 Bit 1 Bit O

Shutdown 0 X 1 1 0 2,6,8
Switch on 0 0 1 1 1 3
Switch_ on + enable 0 1 1 1 1 3+4
operation
Disable voltage 0 X X 0 7,9,10,12
Quick stop 0 X 1 7,10,11
Disable operation 0 0 1 1 1 5
Enable operation 0 1 1 1 1 4,16
Fault reset 0->1 X X X X 15

Bits 9, 6, 5, and 4 of the controlword are operation mode specific. The halt function (bit 8) behavior is
operation mode specific. If the bit is 1, the commanded motion shall be interrupted, the drive shall behave
as defined in the halt option code. After releasing the halt function, the commanded motion shall be

continued if possible.

The bit 10 is reserved for further use; it shall be set to 0. The bits 11, 12, 13, 14, and 15 are manufacturer-

specific.
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Figure 4.2 Drive’s status machine. States and transitions command coding
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4.2.2 Object 6041h: Status Word

Object description:

Entry description:

Index 6041,

Name Statusword
Object code VAR

Data type UNSIGNED16
Access RO

PDO mapping Yes

Units -

Value range 0...65535
Default value No
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The Status Word has the following bit assignment:

Table 4.5 Bit Assignment in Status Word

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
1 Last event set has occurred
13.12 Operation Mode Specific. The meaning of these bits is detailed further in
" this manual for each operation mode
11 Internal Limit Active
10 Target reached
0 Remote — drive is in local mode and will not execute the command
° message.
1 Remote — drive parameters may be modified via CAN and the drive will
execute the command message.
0 No MPL function or homing is executed. The execution of the last called
MPL function or homing is completed.
8 A MPL function or homing is executed. Until the function or homing
1 execution ends or is aborted, no other MPL function / homing may be
called
0 No Warning
7 1 Warning. A MPL function / homing was called, while another MPL 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 is absent
1 Motor supply voltage is present
3 Fault. If set, a fault condition is or was present in the drive.
2 Operation Enabled
1 0 Axis off. Power stage is disabled. Motor control is not performed
0 Axis on. Power stage is enabled. Motor control is performed
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Table 4.6 State coding

Statusword

Drive state

XXXX XXXX XOxx 0000b

Not ready to switch on

XXXX XXXX X1xx 0000b

Switch on disabled

XXXX XxXXX X01x 0001b

Ready to switch on

XXXX XXXX X01x 0011b

Switched on

XXXX XXXX X01x 0111b

Operation enabled

XXXX XXXX X00x 0111b

Quick stop active

XXXX XXXX XOxx 1111b

Fault reaction active

XXXX XXXX XOxx 1000b

Fault

If bit 4 (voltage enabled) of the statusword is 1, this shall indicate that high voltage is applied

to the drive.

If bit 10 (target reached) of the statusword is 1, this shall indicate that the drive has reached
the set-point. Bit 10 shall also be set to 1, if the operation mode has been changed. The change of a

target value by software shall alter this bit. If quick stop option code is 5, 6, 7 or 8, bit 10 shall be setto 1,
when the quick stop operation is finished and the drive is halted. If halt occurred and the drive has halted

then bit 10 shall be set to 1, too.

4.2.3 Object 1002h: Manufacturer Status Register
This object is a common status register for manufacturer specific purposes.

Object description:

Index 1002
Name Manufacturer status register
Object code VAR
Data type UNSIGNED32
Entry description:
Access RO
PDO mapping Optional
Value range UNSIGNED32
Default value No
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Table 4.7 Bit Assignment in Manufacturer Status Register

Bit Value | Description
31 1 Drive/motor in fault status
30 1 Reference position in absolute electronic camming mode reached
29 1 Reserved
28 1 Gear ratio in electronic gearing mode reached
27 1 Drive 12t protection warning level reached
26 1 Motor 12t protection warning level reached
25 1 Target command reached
24 1 Capture event/interrupt triggered
23 1 Limit switch negative event / interrupt triggered
22 1 Limit switch positive event / interrupt triggered
21 1 AUTORUN mode enabled
20 1 Position trigger 4 reached
19 1 Position trigger 3 reached
18 1 Position trigger 2 reached
17 1 Position trigger 1 reached
16 1 Drive/motor initialization performed
15...0 Same as Object 6041h, Status Word

4.2.4 Object 6060h: Modes of Operation

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

Entry description:

Index 6060,

Name Modes of Operation
Object code VAR

Data type SINT8

Access RW

PDO mapping Yes

Units -

Value range -128 ... 127
Default value 0
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Value description:

Value Description

-128...-6 Reserved

-5 Manufacturer specific — External Reference Torque Mode
-4 Manufacturer specific — External Reference Velocity Mode
-3 Manufacturer specific — External Reference Position Mode
-2 Manufacturer specific — Electronic Camming Position Mode
-1 Manufacturer specific — Electronic Gearing Position Mode
0 No mode change/no mode assigned

1 Profile Position Mode

2 Reserved

3 Profile Velocity Mode

4 Reserved

5 Reserved

6 Homing Mode

7 Interpolated Position Mode

8 Cyclic sync Position Mode

9 Cyclic sync Velocity Mode

10 Cyclic sync Torgue Mode

11...127 Reserved

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

4.2.5 Object 6061h: Modes of Operation Display

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

Object description:

Entry description:

Index 6061,

Name Modes of Operation Display
Object code VAR

Data type SINT

Access RO

PDO mapping Possible

Units -

Value range -128 ... 127

Default value No

Data description: Same as for object 6060h, Modes of Operation.
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4.3 Error monitoring

4.3.1 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 1001,

Name Error register

Object code VAR

Data type UNSIGNEDS8
Entry description:

Access RO

PDO mapping No

Value range UNSIGNEDS

Default value No

Table 4.8 Bit description of the object

@
=

Description
Generic error

Current

Voltage

Temperature

Communication error

Device profile specific

Reserved (always 0)

N~Njolo|lh~|W|IN|(FL]|O

Manufacturer specific.

Valid bits while an error occurs — bit 0 and bit 4. The other bits will remain 0.
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4.3.2 Object 2000h: 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.qg.
an error has occurred), if the corresponding bit from Motion Error Register Mask (2001;) is set to 1, an
emergency message with the specific error code is sent. When a bit is reset, if the corresponding bit from
Motion Error Register Mask (2001,;) is set to 1, an emergency message for error reset is sent.

Object description:

Index 2000,
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 4.9 Bit Assignment in Motion Error Register

Bit

Description

15

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

14

Command error. This bit is set in several situations. They can be distinguished either
by the associated emergency code, or in conjunction with other bits:

0xFFO03 - Specified homing method not available
0xFFO04 - A wrong mode is set in object 6060h, modes_of operation
0xFFO5 - Specified digital I/O line not available

A function is called during the execution of another function (+ set bit 7 of object
6041h, statusword)

Update of operation mode received during a transition
This bit acts just as a warning.

13

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

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

Motor position wraps around. Set when protection is triggered. Reset by a Reset
Fault command

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.

© ElectroCraft 2016 88 CoE programming




4.3.3 Object 2001h: Motion Error Register Mask

Object description:

Entry description:

Index 2001,

Name Motion Error Register Mask
Object code VAR

Data type UNSIGNED16

Access RW

PDO mapping Possible

Units -

Value range 0 ... 65535

Default value FFEF,

The Motion Error Register Mask offers the possibility to choose which of the errors set or reset in the
Motion Error Register to be signaled via emergency messages. The Motion Error Register Mask has the

same bit codification as the Motion Error Register (see Table above) and the following meaning:
1 - Send an emergency message when the corresponding bit from the Motion Error Register is set

0 — Don’t send an emergency message when the corresponding bit from the Motion Error Register is set

4.3.4 Object 2002h: Detailed Error Register

The Detailed Error Register displays detailed information about the errors signaled with command Error bit
from Motion Error Register. This register also displays the status of software limit switches. 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:

Entry description:

Index 2002,

Name Detailed Error Register
Object code VAR

Data type UNSIGNED16

Access RO

PDO mapping Possible

Units -

Value range 0 ... 65535

Default value 0
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Table 4.10 Bit Assignment in Motion Error Register

Bit Description

15 Reserved
14 Reserved
13 Reserved
12 Reserved
11 Reserved
10 Reserved

9 Reserved

8 S-curve parameters caused and invalid profile. UPD instruction was ignored.
7 Negative software limit switch is active.

6 Positive software limit switch is active.
5

4

Cancelable call instruction received while another cancelable function was active.

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
0

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

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

4.3.5 Object 605Ah: 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 6083;. The quick stop ramp is a
deceleration value set by the Quick stop deceleration object, index 6085,

Object description:

Index 605A,
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

© ElectroCraft 2016 920 CoE programming



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

4.3.6 Object 605Bh: 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 slow down ramp is a deceleration value set by the Profile acceleration
object, index 6083,

Object description:

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

4.3.7 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 slow down ramp is a deceleration value set by the Profile acceleration object,
index 6083,

Object description:

Index 605C;
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
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4.3.8 Object 605Dh: Halt option code

This object determines what action is taken if when the halt command is executed. The slow down ramp is
a deceleration value set by the Profile acceleration object, index 6083,. The quick stop ramp is a
deceleration value set by the Quick stop deceleration object, index 6085y,

Object description:

Index 605Dy
Name Halt 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 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

4.3.9 Object 605Eh: 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:

e Under-voltage

e Over-voltage

e Drive over-temperature

e Motor over-temperature

e I’t —when the internal register ASR bitl is 0 in setup.
e Communication error (object 6007, option 1 is set)
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Object description:

Entry description:

Data description:

Index 605E;,

Name Fault reaction option code

Object code VAR

Data type INTEGER16

Access RW

PDO mapping No

Value range -32768 ... 32767

Default value 2

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

4.3.10 Object 6007h: Abort connection option code
The object sets the action performed by the drive when a communication error occurs.

Object description:

Index 6007,

Name Abort connection option code
Object code VAR

Data type INTEGER16
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Entry description:

Access RW

PDO mapping Possible

Value range -32768...32767
Default value 0

Table 5.1 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

4.4 Digital I/O control and status objects

4.4.1 Object 60FDh: 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) and Switched ON. If the bit is RESET, then the
corresponding drive input status is logical ‘O’ (low) and Switched OFF.

Remarks:

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

from the manufacturer specific list and from the device profile list.

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

digital inputs.

Object description:

Index 60FD,,

Name Digital inputs
Object code VAR

Data type UNSIGNED32
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Entry description:

Access RO
PDO mapping Possible
Value range UNSIGNED32
Default value 0
Bit Description
31 IN15 status
30 IN14 status
29 IN13 status
28 IN12 status
27 IN11 status
26 IN10 status
25 IN9 status
24 IN8 status
23 IN7 status
o |22 ING status
:‘% 21 IN5 status
& |20 IN4 status
g 19 IN3 status
'g 18 IN2 status
2 |17 IN1 status
§ 16 INO status
15..4 Reserved
% 3 Interlock (Drive enable)
;5).13 2 Home switch status
2 :E_) 1 Positive limit switch status
A%lo Negative limit switch status

4.4.2 Object 60FEh: Digital outputs
The object controls the digital outputs of the drive. The first sub-index sets the outputs state to high or low
if it is allowed by the mask in the second sub-index which defines the outputs that can be controlled.

If any of the bits is SET, then the corresponding drive output will be switched to logical ‘1’ (high) and
Switched ON. If the bit is RESET, then the corresponding drive output will be switched to logical ‘0’ (low)

and Switched OFF.

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 specified, the drive will issue an emergency message.
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Object description:

Entry description:

Index 60FE,,

Name Digital outputs
Object code ARRAY

Data type UNSIGNED32
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
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Table 4.11 Bits mask description:

Bit Description
31 OUT15 command
30 OUT14 command
29 OUT13 command
28 OUT12 command
27 OUT11 command
26 OUT10 command
25 OUT9 command
24 OUT8 command
23 OUT7 command
o 22 OUT6 command
§ 21 OUT5 command
& | 20 OUT4 command
g 19 OUT3 command
*g 18 OUT2 command
2 17 OUT1 command
g 16 OUTO0 command
oo B
2 = £/15...0 Reserved
o o
0 g N

4.4.2.1 Example: setting digital outputs
Set OUTO to 1(ON) and OUT1 to 0 (OFF).
1. Set sub-index 1 with the desired outputs states.
- set bit 16 (1) to set OUTO to High state
- reset bitl7 (0) to set OUTL1 to Low state.
Set in 60FEh sub-index 1 to 0x00010000.
2. Setin sub-index 2 the outputs that need to be changed.
- set bits 16 and 17 to 1, to apply sub-index 1 settings only for OUTO and OUT1

Set in 60FEh sub-index 2 to 0x00030000.

After the second sub-index is set, the selected outputs will switch their state to the values defined in sub-
index 1.

The sub-index setting order can also be reversed:
set sub-index 2 with the outputs that will be controlled.
set sub-index 1 with the needed output values
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4.4.3 Object 2045h: Digital outputs status

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

Object description:

Entry description:

Data description:

Index 2045,

Name Digital outputs status
Object code VAR

Data type UNSIGNED16
Access RO

PDO mapping Possible

Units -

Value range UNSIGNED16
Default value No

Bit | Meaning Bit | Meaning

15 OUT15 status

OUTY7 status

14 OUT14 status

OUT6 status

13 OUT13 status

OUTS5 status

12 OUT12 status

11 OUT11 status

OUT3 status

10 OUT10 status

OUT?2 status

9 OUT?9 status

7
6
5
4 OUT4 status
3
2
1

OUT1 status

8 OUTS8 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).

4.4.4 Object 2102h: Brake Status

The object shows the status for the digital output assigned to operate a mechanical brake on the motor.
When bitl 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 2102,

Name Brake Status
Object code VAR

Data type USINT
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Entry description:

Access RO
PDO mapping Possible
Units -

Value range 0.1
Default value No

445 Object 2046h: 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 2046,
Name Analogue input: Reference
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Possible
Units -
Value range 0...65472
Default value No

4.4.6 Object 2047h: 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...65272
Default value No
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4.4.7 Object 2055h: 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 2055,
Name Analogue input; DC-link voltage
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Possible
Units Internal Units (1U)
Value range 0...65472
Default value No

The computation formula for the DC-link voltage [IU] to [V] is:

. VdcMaxMeasurable .
DC —link _Voltage[V] = x DC —link _Voltage[IU]
65520
where VdcMaxMeasurable is the Maximum measurable DC voltage found in Setup/Drive Setup/Drive info
button.

4.4.8 Object 2058h: Drive Temperature

The object contains the actual drive temperature. The object is expressed in temperature internal units.
Note: Some drives may not have a temperature sensor. In this case, the object will not show reliable data.
Object description:

Index 2058,
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
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4.4.9 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 208By

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

4.4.10 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 208Cy

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 F515C and above firmware
% Object 208Ch is available only on F515C and above firmware
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4.4.11 Object 208Eh: Auxiliary Settings Register

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

Object description:

Index 208E,,
Name Auxiliary Settings Register
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Value range UNSIGNED16
Default value -

Table 5.2 Bit Assignment in Auxiliary Settings Register

Bit Value | Meaning
4-15 0 Reserved.
When 6040 bit 14 = 1, at the next updatel, the Target Speed Starting
0 .
3 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.

! update can mean a 0 to 1 transition of bit4 in Control Word or setting a new value into object 60FFh
while in velocity mode
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4.4.12 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 2108,

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 (adr. or motor current)

Sub-index 2

Description Filter strength
Access RW

PDO mapping Possible
Value range UNSIGNED16
Default value 50

Sub-index 3

Description Filtered variable 16bit
Access RO

PDO mapping Possible
Value range 0-32767

Default value
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How it works:

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

Command Interpreter
FY.L)- *motor_current

$0TOR_CURRENT [(int@0x0230)) = 0 (0x0000)

TML>

The variable address can be found between the parenthesis.

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

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

4.5 Protections Setting Objects

4.5.1 Object 607Dh: 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. Also the motion will do a quick stop using Object 6085h: Quick stop deceleration data.

Remarks:

A value of -2147483648 for Minimal position limit and 2147483647 for Maximal position limit disables the
position limit check.

Object description:

Index 607Dy,

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
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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 Ox7FFFFEFFE

4.5.2 Object 2050h: Over-current protection level

The Over-Current Protection Level object together with object Over-Current Time Out (2051;) 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, Itis set in current internal units.

Object description:

Index 20504,
Name Over-current protection level
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Possible
Units CuU
Value range 0...32767
Default value No
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4.5.3 Object 2051h: Over-current time out

The Over-Current time out object together with object Over-Current Protection Limit (2050;) 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 2050, It is set in time internal units
equal to the drive slow loop sampling period which is set by default to 1ms.

Object description:

Index 2051,
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

4.5.4 Object 2052h: 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 2053h:
12t protection integrator limit for more details.

Object description:

Index 2052,
Name Motor nominal current
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Units CuU
Value range 0...32767
Default value No
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455 Object 207Fh: Current limit

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

Object description:

Index 207F,
Name Current actual value
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 current in [A] and
Current_Limit[IU] is the target value to be written in object 207E;,.

Current _ Limit[IU]=32767 —

4.5.6 Object 2053h: I2t protection integrator limit

Objects 2053, and 2054, contain the parameters of the I’ protection (against long-term motor over-
currents). Their setting must be coordinated with the setting of the object 2052, motor nominal current.
Select a point on the It motor thermal protection curve, which is characterized by the points |_I2t (current,
[A]) and t_I2t: (time, [S]) (see Figure 4.3)
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The points |_I2t and t_I12t on the motor thermal protection curve together with the nominal motor current In
define the surface Sy. 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 4.4 ). When the integral

¥

Figure 4.3 12t motor thermal protection curve

equals the SI2t surface, the 12t protection is triggered.

Object description:

Entry description:

Index 2053,

Name I2t protection integrator limit
Object code VAR

Data type UNSIGNED32

Access RW

PDO mapping No

Units -

Value range 0..2%1

Default value No
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Figure 4.4 12t protection implementation

The computation formula for the i2t protection integrator limit (I2TINTLIM) is

2 2
|2T|NT|_||\/|:M.226
32767

where |_I12t and In are represented in current units (CU).

4.5.7 Object 2054h: |12t protection scaling factor

Object description:

Entry description:

Index 2054,

Name I2t protection scaling factor
Object code VAR

Data type UNSIGNED16

Access RW

PDO mapping No

Units -

Value range 0...65535

Default value No
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The computation formula for the i2t protection scaling factor (SFI2T) is
Ts_S
t_12t

where Ts_S is the sampling time of the speed control loop [s], and t_I2t is the 12t protection time
corresponding to the point on the graphic in Figure 4.3.

SFI2T = 2%¢ .

4.6 Step Loss Detection for Stepper Open Loop configuration

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

By using the step loss detection, it means using a stepper in open loop configuration and an incremental
encoder to detect lost steps. When the protection triggers, the drive enters Fault state signaling a Control
error.

4.6.1 Object 2083h: Encoder Resolution

Sets the number of encoder counts the motor does for one full rotation. For example, if the quadrature
encoder has 500 lines (2000 counts/rev), 2000 must be written into the object.

Object description:

Index 2083,

Name Encoder resolution

Object code VAR

Data type INTEGER32
Entry description:

Access RW

PDO mapping Yes

Value range INTEGER32

Default value 2000

4.6.2 Object 2084h: Stepper Resolution

Sets the number of microsteps the step motor does for one full rotation. For example, if the motor has 100
steps / revolution (see Figure 2.1) and is controlled with 256 microsteps / step (see Figure 2.2), you must
write 100x256=25600 into this object.

Object description:

Index 2084y

Name Stepper resolution
Object code VAR

Data type INTEGER32
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Entry description:

Access RW

PDO mapping Yes

Value range INTEGER32
Default value 51200
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4.6.3 Enabling step loss detection protection

Before enabling the step loss detection protection, the Encoder resolution in object 2083h and the Stepper
resolution in object 2084h must be set.

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

The following error window is expressed in microsteps. The Following error time is expressed in multiples
of position/speed control loops (0.8ms by default for stepper configurations).

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

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 0.8ms
each i.e. 16ms.

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.
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4.6.4 Step loss protection setup

The following steps are recommended for optimal setup of the step loss protection parameters:

1.
2.

4.6.5

Move your motor with the highest velocity and load planned to be used in your application

During the movement at maximal speed, read object 60F4h - 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 MotionPRO
Developer or PRO Config by logging the MPL 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 6066h - Following error time
out. Recommended values are between 1 and 10.

Recovering from step loss detection fault

When the step loss detection protection is triggered, the drive enters in Fault state. The CANopen 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:

4.6.6

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

Send Switch On command into Control Word. 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.

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

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 6064h Position actual value and 6062h Position demand.

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 6064h
Position actual value and 6062h Position demand value will provide correct values.
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4.7 Drive info objects

4.7.1 Object 1000h: Device Type

The object contains information about drive type and its functionality. The 32-bit value contains 2
components of 16-hits:
« The 16 LSB is described in the CiA standard . It is 0x0000 if no standardized device profile is used

e The 16MSB is the value given by ElectroCraft for it's products.
Object description:

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

4.7.2 Object 6502h: Supported drive modes

This object gives an overview of the operating modes supported on the ElectroCraft 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 6502,
Name Supported drive modes
Object code VAR
Data type UNSIGNED32
Entry description:
Access RO
PDO mapping Possible
Value range UNSIGNED32
Default value 001CO3E5;, - PRO-CAT drives
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The modes of operation supported by the ElectroCraft drives, and their corresponding bits, are the
following:

Data description:

MSB LSB
0 0 I X ..Xx |0 0|1 1 1 1 1 0 1 1 1|1
Manufacturer specific | reserved | cst | csv csp ip | hm reserved | tg [ pv | Vvl | pp
31 21 20 ..16 15 10 9 8 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

4.7.3 Object 1008h: Manufacturer Device Name

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

Index 1008,

Name Manufacturer device name

Object code VAR

Data type Visible String

Entry description:

Access RO

PDO mapping No

Value range No

Default value PRO-A08V48x"
PRO-A10V80x"
PRO-A20V80x"
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4.7.4 Object 1009h: Manufacturer Hardware Version

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

Index 1008,
Name Manufacturer device name
Object code VAR
Data type Visible String
Entry description:
Access RO
PDO mapping No
Value range No
Default value Product dependent

4.7.5 Object 100Ah: 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 100A;
Name Manufacturer software version
Object code VAR
Data type Visible String
Entry description:
Access RO
PDO mapping No
Value range No
Default value Product dependent

4.7.6 Object 2060h: Software version of a MPL application

By inspecting this object the user can find out the software version of the MPL application (drive setup plus
motion setup and eventually cam tables) that is stored in the EEPROM memory of the drive. The object
stores the software version coded in a string of 4 elements, grouped in a 32-bit variable. Each byte
represents an ASCII character. The value can be written in Drive Setup/Drive Info/Application ID.

© ElectroCraft 2016 117 CoE programming



Object description:

Index 2060,
Name Software version of MPL
application

Object code VAR

Data type UNSIGNED32
Entry description:

Access RO

PDO mapping No

Units -

Value range No

Default value No

Example:

If object 2060, contains the value 0x322E3156, then the software version of the MPL application is read
as:

0x56 — ASCII code of letter V
0x31 — ASCII code of number 1
0x2E — ASCII code of character .
0x32 — ASCII code of number 2
So the version is V1.2.

4.7.7 Object 1018h: Identity Object

This object provides general information about the device.
Sub-index 01, shows the unique Vendor ID allocated to ElectroCraft (1A3;).

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

Sub-index 03, shows the Revision number.

Sub-index 04y, shows the drives Serial number. For example the number 0x4C451158 will be 0x4C (ASCII
L); Ox45 (ASCII E); 0x1158 --> the serial number will be LE1158.

Object description:

Index 1018

Name Identity Object
Object code RECORD
Data type Identity
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Entry description:

Sub-index 00,
Description Number of entries
Access RO

PDO mapping No

Value range 1.4

Default value 1

Sub-index 01,
Description Vendor ID
Access RO

PDO mapping No

Value range UNSIGNED32
Default value 000000FFh
Sub-index 02y
Description Product Code
Access RO

PDO mapping No

Value range UNSIGNED32

Default value

Product dependent

Sub-index 03,
Description Revision number
Access RO

PDO mapping No

Value range UNSIGNED32
Default value -

Sub-index 04,
Description Serial number
Access RO

PDO mapping No

Value range UNSIGNED32

Default value

Unigue number
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4.8 Miscellaneous Objects

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

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

Object description:

Index 2025y

Name Stepper current in open-loop
operation

Object code VAR

Data type INTEGER16

Entry description:

Access RW

PDO mapping Possible

Units CuU

Value range -32768 ... 32767

Default value No

4.8.2 Object 2026h: Stand-by current for stepper in open-loop operation

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

Object description:

Index 2026y,
Name Stand-by current 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

© ElectroCraft 2016 120 CoE programming



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

In this object one can set the amount of time after the value set in object 2026h, 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. The value is set in ms.

Object description:

Index 2027,
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

4.8.4 Object 2100h: Number of Steps per revolution

This object shows the number of steps per revolution, in case a stepper motor is defined in setup.
It is the same number that is defined in Motor Setup in the filed No. motor steps / rev.

Object description:

Index 2100,
Name Number of Steps per revolution
Object code VAR
Data type INTEGER16
Entry description:
Access RO
PDO mapping Possible
Value range 0...32767
Default value -
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4.8.5 Object 2101h: Number of microSteps per Step

This object shows the number of microSteps per motor Step, in case a stepper open loop configuration is

defined in setup.

It is the same number that is defined in Drive Setup in the filed No. microsteps / step.

Object description:

Index 2101,
Name Number of microSteps per Step
Object code VAR
Data type INTEGER16
Entry description:
Access RO
PDO mapping Possible
Value range 0...32767
Default value -

4.8.6 Object 2103h: Number of encoder counts per revolution

This object represents the number of encoder increments the motor will register after one full revolution.

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

Object description:

Index 2103,

Name Number of encoder counts per
revolution

Object code VAR

Data type INTEGER32

Entry description:

Access RO

PDO mapping Possible

Value range 0..2%1

Default value -
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4.8.7 Object 2075h: Position triggers

This object is used in order to define a set of 4 position values whose proximity will be signaled through
bits 17-20 of object 1002, Manufacturer Status Register. If the position actual value is over a certain value
set as a position trigger, then the corresponding bit in Manufacturer Status Register will be set.

Object description:

Index 2075y,
Name Position triggers
Object code ARRAY
Data type INTEGER32

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

4.8.8 Object 2076h: 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-volatie EEPROM memory of the current
drive operating parameters.

The save operation can be monitored through Object 208Ah: Save setup status.
Object description:

Index 2076y

Name Save current configuration
Object code VAR

Data type UNSIGNED16
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Entry description:

Access WO

PDO mapping No

Value range UNSIGNED16
Default value -

4.8.9 Object 208Ah: Save setup status

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

function is ongoing.
Object description:

Index 208A,

Name Save setup status

Object code VAR

Data type INTEGER16
Entry description:

Access RO

PDO mapping YES

Value range INTEGER16

Default value 1

4.8.10 Object 2080h: Reset drive

This object is used to reset the drive by writing any non zero value in it.

Object description:

Index 2080y,

Name Reset drive

Object code VAR

Data type UNSIGNED16
Entry description:

Access WO

PDO mapping No

Value range UNSIGNED16

Default value -

© ElectroCraft 2016

124

CoE programming



4.8.11 Object 2082h: 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 is 0.8 ms for
stepper configurations and 1ms for the rest.

Object description:

Index 2082,

Name Sync on fast loop

Object code VAR

Data type UNSIGNED16

Entry description:

Access RW

PDO mapping No

Value range 0: Synchronize on slow loop
1: Synchronize on fast loop

Default value 1

The fast or slow loop sample period can be set and be seen in PRO Config->Drive Setup-> Advanced
button.

Input data RE—
FifM frequency 20000 Hz =

Fast laop sampling frequency divider |2

Slow loop zampling frequency divider |20

Computation Formulas:
Phwihd period =1/ P frequency
Current loop sampling period = P\WH period % Cunent loop divider
Speed/position loop eampling period = P period ¥ Speed/position loop divider

Fu/M period IEI.E|5 Mg -

Fast loop sampling period 0.1 me ﬂ

Computed p

Slow loop sampling period |1 ms j

Example:

Assuming the Fast loop sampling period is 0.1ms and the Slow loop sampling period is 1 ms, the following
cases should be considered:

- 2082,=1, the SYNC 0 time should be set to 0.1 ms.
- 2082, =0, the SYNC 0 time should be set to 1 ms.

If the SYNC 0 time from the Distributed Clock is not set the same as the drive synchronization period, the
drive will not synchronize. See also paragraph 1.2.4.
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4.8.12 Object 2085h: Position triggered outputs

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

Object description:

Index 2085,
Name Position triggered outputs
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Units -
Value range 0 ... 65535
Default value No
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The Position triggered outputs object has the following bit assignment:

Table 4.12 Bit Assignment in Position triggered outputs

Bit

Value

Meaning

12-15

0

Reserved.

11

0

OUTS5 = 1 when Position trigger 4 =0
OUTS5 = 0 when Position trigger 4 = 1

OUT5 = 0 when Position trigger 4 =0
OUT5 = 1 when Position trigger 4 =1

10

Reserved.

OUT1 = 1 when Position trigger 2 =0
OUT1 = 0 when Position trigger 2 =1

OUT1 = 0 when Position trigger 2 =0
OUT1 = 1 when Position trigger 2 =1

OUTO = 1 when Position trigger 1 =0
OUTO = 0 when Position trigger 1 = 1

OUTO = 0 when Position trigger 1 =0
OUTO = 1 when Position trigger 1 = 1

Reserved

Enable position trigger 4 control of OUT5

Disable position trigger 4 control of OUT5

Reserved

Enable position trigger 2 control of OUT1

Disable position trigger 2 control of OUT1

Enable position trigger 1 control of OUTO

O|Pr|O|P,|OO|FL| O

Disable position trigger 1 control of OUTO

! OUTS5 setting is available only on some PRO-A08V48 drives.
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5 Factor group

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

The factors defined in Factor Group set up a relationship between device internal units and physical units.
The actual factors used for scaling are the position factor (object 6093;), the velocity encoder factor
(object 6094,), the acceleration factor (object 6097,) and the time encoder factor (object 2071;). 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.

5.1 Factor group objects

5.1.1 Object 607Eh: 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 607E,

Name Polarity

Object code VAR

Data type UNSIGNEDS8
Entry description:

Access RW

PDO mapping Possible

Value range 0..256

Default value 0
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The Polarity object has the following bit assignment:

Table 5.3 Bit Assignment in Polarity object:

Bit Bit name Value | Meaning
. 0 Multiply by 1 the values of objects 607Ah, 6062h and 6064h
7 P03|t|pn
polarity Multiply by -1 the values of objects 607Ah, 6062h and
1
6064h
0 Multiply by 1 the values of objects 60FFh, 606Bh and
5 Velocity 606Ch
polarity 1 Multiply by -1 the values of objects 60FFh, 606Bh and
606Ch
5-0 reserved 0 Reserved

5.1.2 Object 6089h: Position notation index

The position notation index is used to scale the following objects:
Position actual value
Position demand value
Target position

Position window

Following error window
Following error actual value

Object description:

Entry description:

Index 6089y,

Name Position notation index
Object code VAR

Data type INTEGERS

Access RW

PDO mapping Possible

Value range -128 ... 127

Default value 0
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5.1.3 Object 608Ah: Position dimension index

The position dimension index is used to scale the following objects:

Position actual value
Position demand value
Target position

Position window

Following error window
Following error actual value

Object description:

Entry description:

Index 608A;

Name Position dimension index
Object code VAR

Data type UNSIGNEDS8

Access RwW

PDO mapping Possible

Value range 0...255

Default value 0

5.1.4 Object 608Bh: Velocity notation index

The velocity notation index is used to scale the following objects:

Velocity actual value
Velocity demand value
Target velocity

Profile velocity

Object description:

Index 608B;,

Name Velocity notation index
Object code VAR

Data type INTEGERS8
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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 scale the following objects:
e Velocity actual value
e Velocity demand value
e Target velocity
e Profile velocity

Object description:

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

e Profile acceleration
e Quick stop deceleration

Object description:

5.1.6 Object 608Dh: Acceleration notation index

The acceleration notation index is used to scale the following objects:

Index 608Dy,

Name Acceleration notation index
Object code VAR

Data type INTEGERS
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Entry description:

Access RW

PDO mapping Possible
Value range -128 ... 127
Default value 0

5.1.7 Object 608Eh: Acceleration dimension index

The acceleration dimension index is used to scale the following objects:

e Profile acceleration
e Quick stop deceleration

Object description:

Index 608E,,
Name Acceleration dimension index
Object code VAR
Data type UNSIGNEDS
Entry description:
Access RwW
PDO mapping Possible
Value range 0...255
Default value 0

5.1.8 Object 206Fh: Time notation index

The time dimension index is used to scale the following objects:

¢ Following error time out
e Position window time

o Jerk time

¢ Max slippage time out
e Qver-current time out
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Object description:

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

5.1.9 Object 2070h: Time dimension index

The time dimension index is used to scale the following objects:

¢ Following error time out
e Position window time

o Jerk time

¢ Max slippage time out
e Qver-current time out

Object description:

Index 2070y,
Name Time dimension index
Object code VAR
Data type UNSIGNEDS8
Entry description:
Access RW
PDO mapping Possible
Value range 0...255
Default value 0
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5.1.10 Object 6093h: Position factor

The position factor converts the desired position (in position units) into the internal format (in increments):
PositionFa ctor.Numerator
PositionFactor.Divisor

Position[1U] = Position[UserUnits] x

Object description:

Index 6093,

Name Position factor

Object code ARRAY

Number of elements 2

Data type UNSIGNED32
Entry description:

Sub-index 01,

Description Numerator

Access RwW

PDO mapping Possible

Value range UNSIGNED32

Default value 1

Sub-index 02,

Description Divisor

Access RwW

PDO mapping Possible

Value range UNSIGNED32

Default value 1

5.1.11 Object 6094h: Velocity encoder factor
The velocity encoder factor converts the desired velocity (in velocity units) into the internal format (in
increments).
VelocityEn coderFactor.Numerator
VelocityEn coderFactor.Divisor

Velocity [ IU] = Velocity [UserUnits] x
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Object description:

Entry description:

Index 6094,

Name Velocity encoder factor
Object code ARRAY
Number of elements 2

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

PDO mapping Possible
Value range UNSIGNED32
Default value 1

Sub-index 02,
Description Divisor
Access RW

PDO mapping Possible
Value range UNSIGNED32
Default value 1

5.1.12 Object 6097h: Acceleration factor

The acceleration factor converts the velocity (in acceleration units/sec’) into the internal format (in
increments/sampling?).

Accelerati onFactor .Numerator

Acceleration[IU] = Accelerati on[UserUnits] x - —
Accelerati onFactor .Divisor

Object description:

Index 6097,

Name Acceleration factor
Object code ARRAY

Number of elements 2

Data type UNSIGNED32
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Entry description:

Sub-index 01,
Description Numerator
Access RW

PDO mapping Possible
Value range UNSIGNED32
Default value 1

Sub-index 02,
Description Divisor
Access RW

PDO mapping Possible
Value range UNSIGNED32
Default value 1

5.1.13 Object 2071h: Time factor
The time factor converts the desired time values (in time units) into the internal format (in speed / position
loop samplings).

TimeFactor .Numerator

Time[IU] = Time[UserUnits] x — —
TimeFactor.Divisor

Object description:

Index 2071,

Name Time factor
Object code ARRAY
Number of elements 2

Data type UNSIGNED32
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Entry description:

Sub-index 01,
Description Numerator
Access RW

PDO mapping Possible
Value range UNSIGNED32
Default value 1

Sub-index 02,
Description Divisor
Access RW

PDO mapping Possible
Value range UNSIGNED32
Default value 1
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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 index pulse.

Remark: on an PRO Series drive or integrated motor, the home switch is always the digital input INO.

A homing move is started by setting bit 4 of the Control Word object (index 0x6040). The results of a
homing operation can be accessed in the Status Word (index 0x6041).

A homing mode is chosen by writing a value to homing method which will clearly establish:

1. the homing signal (positive limit switch, negative limit switch, home switch)
2. the direction of actuation and where appropriate
3. the position of the index pulse.

The user can specify the home method, the home offset, the speed and the acceleration.

The home offset (object 607C,) 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

»
'

Y

Figure 6.1 Home Offset
In other words, after the home position has been found, the drive will set the actual position (object 6064,)
with the value found in object 607C,,.

There are two homing speeds: a fast speed (which is used to find the home switch), and a slow speed
(which is used to find the index pulse).

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 Standard).

As in the figure below for each homing method we will present a diagram that clearly describes the
sequence of homing operation.
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Mechanical Stage Limit

Negative Limit l o Motor 1 Positive Limit

Switch [ ] Switch

|  Starting Position

: : |
Direction of motion (positive)

Index Pulse I I\ Home position and number of homing mode.

Negative Limit Switch |

Switch active (high) t Switch inactive (low)

Figure 6.2 Homing method diagram

6.2 Homing methods

6.2.1 Method 1. Homing on the Negative Limit Switch.

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.

- [
—

Index Pu\se_i—i_
Negative Limit Switch_lf :

Figure 6.3 Homing on the Negative Limit Switch
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6.2.2 Method 2: Homing on the Positive Limit Switch.

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.

==
- [

Incdex Pulse, I |
Positive Limit Switch i

Figure 6.4 Homing on the Positive Limit Switch

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 initial direction of movement is dependent on the state of the home switch (if low - move positive, if
high - move negative).

I

|

4-@

I —0O—> |
Index Pulse | l
Home Switch |

Figure 6.5 Homing on the Negative 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.
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In all cases after home switch transition the speed of the movement is slow.

6.2.4 Methods 5 and 6: Homing on the Negative Home Switch and Index Pulse.
The home position is at the index pulse either after home switch high-low transition (method 5) or after
home switch low-high transition (method 6).

The initial direction of movement is dependent on the state of the home switch (if high - move positive, if
low - move negative).

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.

In all cases after home switch transition the speed of the movement is slow.

[

T+ L1
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Index Pulse | 1

Home Switch_f_l_i_

Figure 6.6 Homing on the Negative Home Switch and Index Pulse

6.2.5 Methods 7 to14: Homing on the Negative Home Switch and Index Pulse.

These methods use a home switch that is active over only a portion of the travel distance, in effect the
switch has a ‘momentary’ action as the axle’s position sweeps past the switch.

Using methods 7 to 10 the initial direction of movement is to the right (positive), and using methods 11 to
14 the initial direction of movement is to the left (negative), except the case when the home switch is
active at the start of the motion (initial direction of motion is dependent on the edge being sought — the
rising edge or the falling edge).

The home position is at the index pulse on either side of the rising or falling edges of the home switch, as
shown in the following two diagrams.

If the initial direction of movement leads away from the home switch, the drive will reverse on
encountering the relevant limit switch (negative limit switch for methods 7 to 10, or positive limit switch for
methods 11 to 14).
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Figure 6.7 Homing on the Home Switch and Index Pulse — Positive Initial Move

Using method 7 the initial move will be positive if home input is low and reverse after home input low-high
transition, or move negative if home input is high. Reverse also if the positive limit switch is reached. Stop
at first index pulse after home switch active region ends (high-low transition). In all cases after high-low
home switch transition the motor speed will be slow.

Using method 8 the initial move will be positive if home input is low, or negative if home input is high and
reverse after home input high-low transition. Reverse also if the positive limit switch is reached. Stop at
first index pulse after home switch active region starts (low-high transition). In all cases after low-high
home switch transition the motor speed will be slow.

Using method 9 the initial move will be positive and reverse(slow speed) after home input high-low
transition. Reverse also if the positive limit switch is reached. Stop at first index pulse after home switch
active region starts (low-high transition).

Using method 10 the initial move will be positive. Reverse if the positive limit switch is reached, then
reverse once again after home input low-high transition. Stop at first index pulse after home switch active
region ends (high-low transition). In all cases after high-low home switch transition the motor speed will be
slow.
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Figure 6.8 Homing on the Home Switch and Index Pulse — Positive Initial Move

Using method 11 the initial move will be negative if home input is low and reverse after home input low-
high transition. Reverse also if the negative limit switch is reached. If home input is high move positive.
Stop at first index pulse after home switch active region ends (high-low transition). In all cases after high-
low home switch transition the motor speed will be slow.

Using method 12 the initial move will be negative if home input is low. If home input is high move positive
and reverse after home input high-low transition. Reverse also if the negative limit switch is reached. Stop
at first index pulse after home switch active region starts (low-high transition). In all cases after low-high
home switch transition the motor speed will be slow.

Using method 13 the initial move will be negative and reverse after home input high-low transition.
Reverse also if the negative limit switch is reached. Stop at first index pulse after home switch active
region starts (low-high transition). In all cases after high-low home switch transition the motor speed will
be slow.

Using method 14 the initial move will be negative. Reverse if the negative limit switch is reached, then
reverse once again after home input low-high transition. Stop at first index pulse after home switch active
region ends (high-low transition). In all cases after high-low home switch transition the motor speed will be
slow.

Methods 15 and 16: Reserved
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6.2.6 Methods 17 to 30: Homing without an Index Pulse
These methods are similar to methods 1 to 14 except that the home position is not dependent on the
index pulse but only on the relevant home or limit switch transitions.

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.

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.

For example methods 19 and 20 are similar to methods 3 and 4 as shown in the following diagram.
1
=1 : 1
| :
! : )

—-=>
omeswen___ [

Figure 6.9 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.

Using method 21, if home input is high, the initial direction of movement will be positive, or negative if
home input is low, and reverse (with slow speed) after home input low-high transition. The motor will stop
right after home switch high-low transition.

Using method 22, if home input is low, the initial direction of movement will be negative, or positive if
home input is high, and reverse (with slow speed) after home input high-low transition. The motor will stop
right after home switch low-high transition.

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).
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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).

Using method 27 the initial move will be negative if home input is low and reverse after home input low-
high transition. Reverse also if the negative limit switch is reached. If home input is high move positive.
Stop right after home switch active region ends (high-low transition).

Using method 28 the initial move will be negative if home input is low. If home input is high move positive
and reverse after home input high-low transition. Reverse also if the negative limit switch is reached. Stop
right after home switch active region starts (low-high transition).

Using method 29 the initial move will be negative and reverse after home input high-low transition.
Reverse also if the negative limit switch is reached. Stop right after home switch active region starts (low-
high transition).

Using method 30 the initial move will be negative. Reverse if the negative limit switch is reached, then
reverse once again after home input low-high transition. Stop right after home switch active region ends
(high-low transition).

Methods 31 and 32: Reserved

6.2.7 Methods 33 and 34: Homing on the Index Pulse

Using methods 33 or 34 the direction of homing is negative or positive respectively. During those
procedure the motor will move only at slow speed. The home position is at the index pulse found in the
selected direction.

)
]
e

Index Pulse | I | |

Figure 6.10 Homing on the Index Pulse

6.2.8 Method 35: Homing on the Current Position

In method 35 the current position is set with the value found in Home offset (index 0x607C).

Remark: see also Object 2081h: Set/Change the actual motor position which can be used to obtain the
same outcome as in Method 35.
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6.2.9 Method -1: Homing on the Negative Mechanical Limit and Index Pulse

6.2.9.1 Method -1 based on motor current increase

This method applies to all closed loop motor configurations. It does not apply to Stepper Open Loop
configurations.

Move negative until the “Current threshold” is reached for a specified amount of time, then reverse and
stop at the first index pulse. When the motor current is greater than the Homing Current Threshold (index
0x207B) for a specified amount of time in the Homing Current Threshold Time object (index 0x207C), the
motor will reverse direction. The home position is at the first index pulse to the right of the negative
mechanical limit. At the end of the procedure, the reported motor position will be the one set in Home
offset (index 0x607C).

The value of Homing Current Threshold must be lower than the drive
current limit. Otherwise, the homing will not complete successfully
(no homing error will be issued). The current limit is set during setup.
See Paragraph 1.1.5. Current Threshold < Current Limit

n R

Motor current

Warning!

(0x207B) Homing Current threshold
Current limit

Index Pulse I I
(0x207C) Homing Current threshold time —I—l

Figure 6.11 Homing on the Negative Mechanical Limit and Index Pulse detecting the motor current increase

6.2.9.2 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 work with the Control Error protection parameters set in Drive Setup.

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).
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Figure 6.12 Homing on the Negative Mechanical Limit and Index Pulse detecting a control error

6.2.10 Method -2: Homing on the Positive Mechanical Limit and Index Pulse

6.2.10.1 Method -2 based on motor current increase

This method applies to all closed loop motor configurations. It does not apply to Stepper Open Loop
configurations.

Move positive until the “Current threshold” is reached for a specified amount of time, then reverse and
stop at the first index pulse. When the motor current is greater than the Homing Current Threshold (index
0x207B) for a specified amount of time in the Homing Current Threshold Time object (index 0x207C), the
motor will reverse direction. The home position is at the first index pulse to the left of the positive
mechanical limit. At the end of the procedure, the reported motor position will be the one set in Home
offset (index 0x607C).

The value of Homing Current Threshold must be lower than the drive
current limit. Otherwise, the homing will not complete successfully
(no homing error will be issued). The current limit is set during setup.
See Paragraph 1.1.5. Current Threshold < Current Limit

Warning!

Current limit
Homing Current threshold (0x207B)
Motor current

I I Index Pulse
l—l— Homing Current threshold time (0x207C

Figure 6.13 Homing on the Positive Mechanical Limit and Index Pulse detecting the motor current increase
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6.2.10.2 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 work with the Control Error protection parameters set in Drive Setup.

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).

MER register bit 3
control error

Index Pulse

Figure 6.14 Homing on the Positive Mechanical Limit and Index Pulse detecting a control error

6.2.11 Method -3: Homing on the Negative Mechanical Limit without an Index Pulse.

6.2.11.1 Method -3 based on motor current increase

This method applies to all closed loop motor configurations. It does not apply to Stepper Open Loop
configurations.

Move negative until the “Current threshold” is reached for a specified amount of time, then reverse and
stop at the position set in “Home position”. When the motor current is greater than the Homing Current
Threshold (index 0x207B) for specified amount of time set in the Homing Current Threshold Time object
(index 0x207C), the motor will reverse direction and stop after it has travelled the value set in Home offset
(index 0x607C). At the end of the procedure, the reported motor position will be the one set in Home offset
(index 0x607C).

The value of Homing Current Threshold must be lower than the drive
current limit. Otherwise, the homing will not complete successfully
(no homing error will be issued). The current limit is set during setup.
See Paragraph 1.1.5. Current Threshold < Current Limit

Warning!
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Figure 6.15 Homing on the Positive Mechanical Limit without an Index Pulse detecting the motor current increase

6.2.11.2 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 work with the Control Error protection parameters set in Drive Setup.
When the motor reaches the mechanical limit and detects a Control Error, it will consider the mechanical
limit position as the home position.

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).

MER register bit 3
control error

Home Offset _p.—___..'<_

Figure 6.16 Homing on the Positive Mechanical Limit without an Index Pulse detecting a control error
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6.2.12 Method -4: Homing on the Positive Mechanical Limit without an Index Pulse.

6.2.12.1 Method -4 based on motor current increase

This method applies to all closed loop motor configurations. It does not apply to Stepper Open Loop
configurations.

Move positive until the “Current threshold” is reached for a specified amount of time, then reverse and
stop at the position set in “Home position”. When the motor current is greater than the Homing Current
Threshold (index 0x207B) for specified amount of time set in the Homing Current Threshold Time object
(index 0x207C), the motor will reverse direction and stop after it has travelled the absolute value set in
Home offset (index 0x607C). At the end of the procedure, the reported motor position will be the one set in
Home offset (index 0x607C).

The value of Homing Current Threshold must be lower than the drive
current limit. Otherwise, the homing will not complete successfully
(no homing error will be issued). The current limit is set during setup.
See Paragraph 1.1.5. Current Threshold < Current Limit

Warning!

R

Current limit

Homing Current threshold (0x207B)
Motor current

Homing Current threshold time (0x207C)

.: Home Offset

Figure 6.17 Homing on the Positive Mechanical Limit without an Index Pulse detecting the motor current increase

6.2.12.2 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 work with the Control Error protection parameters set in Drive Setup.
When the motor reaches the mechanical limit and detects a Control Error, it will consider the mechanical
limit position as the home position.

Move positive until a control error is detected, then reverse and stop at the position set in “Home position”.
The motor will reverse direction and stop after it has travelled the value set in Home offset (index 0x607C).
At the end of the procedure, the reported motor position will be the one set in Home offset (index 0x607C).
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Figure 6.18 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 MotionPRO Developer 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 6098h
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.

6.3.1 Controlword in homing mode

MSB LSB
See4.2.1 Halt See 4.2.1 Reserved Homing operation start | See 4.2.1
15 9 8 7 6 5 4 3 0
Table 6.1 Control Word bits description for Homing Mode
Name Bit Value Description
0 Do not start operation
Homing 0->1 Start homing procedure
operation 4 X )
start 1 Homing mode active
1->0 Do nothing (does not stop current procedure)
Halt 3 0 Execute the instruction of bit 4
1 Stop homing procedure drive with homing acceleration
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6.3.2 Statusword in homing mode

MSB LSB
See 6041h Homing Homing See Target See 6041h
error attained 6041h reached
15 14 13 12 11 10 9 0
Table 6.2 Status Word bits description for Homing Mode
Name Value | Description
0 Halt = 0: Home position not reached
Target Halt = 1: Drive decelerates
reached 1 Halt = O: Home position reached
Halt = 1: Velocity of drive is 0
Homing 0 Homing mode not yet completed
attained 1 Homing mode carried out successfully
Homing error | O No homing error
1 Homing error occurred; homing mode not carried out successfully.

Table 6.3 Definition of bit 10,bit 12 and bit 13

Bit 13 | Bit 12 | Bit 10 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.

Object description:

Index 607C,,
Name Home offset
Object code VAR

Data type INTEGER32
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Entry description:

Access RW

PDO mapping Possible
Units Position Units
Value range INTEGER32
Default value 0

6.3.4 Object 6098h: Homing method

The homing method sets the method that will be used during homing.

Object description:

Entry description:

Data description:

Index 6098;,

Name Homing method
Object code VAR

Data type INTEGERS8
Access RW

PDO mapping Possible

Value range INTEGERS
Default value 0

Value Description
-128 ... -5 Reserved

-4...-1 Methods -1 to -4
0 No homing operation required
1...35 Methods 1 to 35
37...127 reserved

There are 35 built-in homing methods. Using the MotionPRO Developer software, one can alter each of
these homing methods to create a custom one.

6.3.5 Object 6099h: Homing speeds

This object defines the speeds used during homing. It is given in user-defined 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.

By default, the speed values are given in IU and they are of a 16.16 bit structure. To elaborate, see

Paragraph 7.2.2 example.
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Object description:

Index 6099,

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

Default value 0

Sub-index 2

Description Speed during search for zero

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value 0

6.3.6 Object 609Ah: 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 user-defined acceleration units.

Object description:

Index 609A,

Name Homing acceleration
Object code VAR

Data type UNSIGNED32
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Entry description:

Access RW

PDO mapping Possible

Units AU

Value range UNSIGNED32

Default value

6.3.7 Object 207Bh: Homing current threshold

The Homing Current Threshold Level object together with object Homing current threshold time (207C;)
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 207C;.. The

current is set in inter

nal units.

Warni

The value of Homing Current Threshold must be lower than the drive

sl current limit. Otherwise, the homing will not complete successfully (no
g: homing error will be issued). The current limit is set during setup or by
object 207Fh. See Paragraph 1.1.5. Current Threshold < Current Limit

Object description:

Entry description:

Index 2078y,

Name Homing current threshold
Object code VAR

Data type INTEGER16

Access RW

PDO mapping Possible

Units Cu

Value range -32768 ... 32767

Default value No

6.3.8 Object 207Ch: Homing current threshold time

The Homing current threshold time object together with object Homing current threshold (207B;,) 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.
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Object description:

Entry description:

Index 207C,,

Name Homing current threshold time
Object code VAR

Data type UNSIGNED16

Access RW

PDO mapping Possible

Units TU

Value range 0...65535

Default value No
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6.4 Homing example

Execute homing method number 18.

3.

10.

11.

12.

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 RPDOL1 the value 06,

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 07,.

Enable operation. Change the node state from Switch on to Operation enable by sending the
enable operation command.

Set in Control Word mapped in RPDOL the value OF;.

Homing speed during search for zero. Set the speed during search for zero to 150 rpm. By
using a 500 lines incremental encoder and 1ms sample rate for position/speed control the
corresponding value of object 6099, sub-index 2 expressed in encoder counts per sample is
50000,

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

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
140000,

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

Homing acceleration. The homing acceleration establishes the acceleration to be used with the
standard homing moves. Set this value at 5 rot/s’. By using a 500 lines incremental encoder and
1ms sample rate for position/speed control the corresponding value of object 609Ay, expressed in
encoder counts per square sample is 28F,.

Send the following message: SDO access to object 609A;, 32-bit value 0000028F,.

Home offset. Set the home offset to 1 rotation. By using a 500 lines incremental encoder the
corresponding value of object 607C}, expressed in encoder counts is 7DO0,,.

Send the following message: SDO access to object 607C;, 32-bit value 000007DO0y,.
Homing method. Select homing method number 18.

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

Modes of operation. Select homing mode.

Set in Modes of Operation mapped in RPDO1 the value 06,
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13. Start the homing.

Set in Control Word mapped in RPDO1 the value 001F;.
14. Press for 5s the LSP button.
15. Wait for homing to end.

When Status Word (object 6040;) bit13=0, bitl2=1 and bitl0=1, means homing procedure is
completed successfully.

16. Check the value of motor actual position.
Read by SDO protocol the value of object 6064,

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:

e 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 607A,), the Profile Velocity (index 6081;) and the
Profile Acceleration (6083;)

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 Control Word
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 607A;), the Profile Velocity (index 6081;), the
Profile Acceleration (6083;) and the jerk rate. The jerk rate is set indirectly via the Jerk time
(index 2023;), which represents the time needed to reach the maximum acceleration starting from
zero.

There are two different ways to apply target positions to a drive, controlled by the change set immediately
bit in Control Word:

7.1.1 Discrete motion profile (change set immediately = 0)

After reaching the target position the drive unit signals this status to an EtherCAT® master and then
receives a new set-point. After reaching a target position the velocity normally is reduced to zero before
starting a move to the next set-point.

After the target position is sent to the drive, the EtherCAT® master has to set the new set-point bit in
controlword. The drive responds with bit set-point acknowledge set in statusword. After that, the master
has to reset bit new set-point to 0. Following this action, the drive will signalize that it can accept a new
set-point by resetting set-point acknowledge bit in statusword after the reference generator has reached
the designated demand position.

velocity A

v
s 1

v

1 4

L

t ot b, time
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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 = O 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 6086h (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 )

Va

\

t.) tlz tIITI,e
7.1.3 Controlword in profile position mode
MSB LSB
See Operation See Halt See Abs/rel | Change set | New set- | See
6040h Mode 6040h 6040h immediately point 6040h
15 12 11 10 9 8 7 6 5 4 3

© ElectroCraft 2016

160

CoE programming




Table 7. Control Word bits description for Position Profile Mode

Name Value | Description
0 Trapezoidal profile - In case the movement is relative, do not add the
new target position to the old demand position
Operation S-curve profile — Stop the motion with S-curve profile (jerk limited ramp)
Mode 1 Trapezoidal profile - In case the movement is relative, add the new target
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- | O Do not assume target position
point 1 Assume target position (update the new motion parameters)
Change set| 0 Finish the actual positioning and then start the next positioning
immediately | 1 Interrupt the actual positioning and start the next positioning. Valid only
for linear ramp profile.
Abs / rel 0 Target position is an absolute value
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 6041h Following Set-point See Target See 6041h
error acknowledge | 6041h reached
15 14 13 12 11 10 9

Table 7.1 Status Word bits description for Position Profile Mode

Name Value | Description

0 Halt = O: Target position not reached
Target Halt = 1: Drive decelerates
reached 1 Halt = O: Target position reached

Halt = 1: Velocity of drive is 0

Set-point 0 Trajectory generator will accept a new set-point
acknowledge | 1 Trajectory generator will not accept a new set-point.
Following 0 No following error
error 1 Following error
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7.2 Position Profile Mode Objects

7.2.1 Object 607Ah: 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 can be user defined position units (see Chapter 5 Factor group).

If Control Word bit 6 = 0 (e.g. absolute positioning), represents the position to reach.

If Control Word bit 6 = 1 (e.g. relative positioning), represents the position displacement to do. When
Control Word bit 14 = 0, the new position to reach is computed as: motor actual position (6063h) +
displacement. When Control Word bit 14 = 1, the new position to reach is computed as: actual demand
position (6062;,) + displacement.

Object description:

Index 607A,

Name Target position

Object code VAR

Data type INTEGER32
Entry description:

Access RW

PDO mapping Yes

Value range 2% 2%

Default value No

7.2.2 Object 6081h: 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 user-defined speed units (see Chapter 5 Factor group).

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

Name Profile velocity
Object code VAR

Data type UNSIGNED32
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Entry description:

Access RW

PDO mapping Possible
Value range UNSIGNED32
Default value -

7.2.3 Object 6083h: 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 user-defined acceleration units (see Chapter 5 Factor group). By
default, the value is given in IU and it is of a 16.16 bit structure. The integer part is in the MSB and the
fractional part is in the LSB. To elaborate, see Paragraph 7.2.2 example.

Object description:

Index 6083,

Name Profile acceleration

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping Possible

Value range 0..(2%-1)

Default value -

7.2.4 Object 6085h: Quick stop deceleration

The quick stop deceleration is the deceleration used to stop the motor if the Quick stop function is
activated. The value is given in the same physical unit as profile acceleration object (6083h). By default,
the value is given in IU and it is of a 16.16 bit structure. The integer part is in the MSB and the fractional
part is in the LSB. To elaborate, see Paragraph 7.2.2 example.

Object description:

Index 6085y,
Name Quick stop deceleration
Object code VAR
Data type UNSIGNED32
Entry description:
Access RW
PDO mapping Possible
Value range 0..(232-1)
Default value -
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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 6086h: Motion

profile type)
Object description:
Index 2023,
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 6086h: Motion profile type
Object description:
Index 6086y
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
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7.2.7 Object 6062h: Position demand value

This object represents the output of the trajectory generation. The position demand value is shown in
position units.

Object description:

Index 6062,
Name Position demand value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Value range 2% 2%
Default value -

7.2.8 Object 6063h: Position actual internal value

This object represents the actual value of the position measurement device in internal units. It can be
used as an alternative to position actual value (6064h).

Object description:

Index 6063y,
Name Position actual value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Units increments
Value range 2% 2%
Default value -

7.2.9 Object 6064h: Position actual value
This object represents the actual value of the position measurement device. The position actual value is
shown in user-defined position units.

Remark: when using a stepper open loop with encoder on motor configuration (for step loss detection), a
position value will not be reported.

Object description:

Index 6064,

Name Position actual value
Object code VAR

Data type INTEGER32
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Entry description:

Access RO

PDO mapping Yes

Value range 2% 2%
Default value -

7.2.10 Object 6065h: 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. A following error may occur
when a drive is blocked, unreachable profile velocity occurs, or at wrong closed-loop coefficients. If the
value of the following error window is set larger or equal to 7FFFh (32767), the following control is
switched off.

The maximum value allowed for the following error window parameter, expressed in increments, is 32767.
When this object is written with a higher corresponding value, the following error window parameter will be
set to its maximum value (32767).

Object description:

Index 6065y,
Name Following error window
Object code VAR
Data type UNSIGNED32
Entry description:
Access RW
PDO mapping Possible
Value range UNSIGNED32
Default value -

7.2.11 Object 6066h: Following error time out

This object indicates the configured time for a following error condition, after that the bit

13 of the statusword shall be set to 1. The value is given in ms. Also see 6065h, following error window.
Object description:

Index 6066y,

Name Following error time out
Object code VAR

Data type UNSIGNED16
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Entry description:

Access RW

PDO mapping Possible
Units TU

Value range 0...65535
Default value -

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 user-defined
position units.

The maximum value allowed for the position window parameter, is 32767. When this object is written with
a higher corresponding value, the position window parameter will be set to its maximum value (32767).

If OXFFFFFFFF is written, the object will be read as OxFFFFFFFF and the position window control will be
switched off and object 6068h will be set automatically to OxFFFF also. When the position window control
is turned off, Target reached, Bit10 of Status Word, will be set when the position reference reaches the
target position.

Object description:

Index 6067,

Name Position window

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping Possible

Value range UNSIGNED32

Default value -

7.2.13 Object 6068h: Position window time

This object indicates the configured time, during which the actual position within the position window is
measured. The value shall be given in ms. Also see description of object 6067h, position window.

Object description:

Index 6068,

Name Position window time
Object code VAR

Data type UNSIGNED16
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Entry description:

Access RW

PDO mapping Possible
Units TU

Value range 0...65535
Default value -

7.2.14 Object 60F4h: Following error actual value

This object represents the actual value of the following error, given in user-defined position units.

Object description:

Entry description:

Index 60F4,

Name Following error actual value
Object code VAR

Data type INTEGER32

Access RO

PDO mapping Possible

Value range INTEGER32

Default value

7.2.15 Object 60FCh: Position demand internal value

This output of the trajectory generator in profile position mode is an internal value using increments as

unit. It can be used as an alternative to position demand value (6062h).

Object description:

Entry description:

Index 60FC;,

Name Position demand internal value
Object code VAR

Data type INTEGER32

Access RO

PDO mapping Possible

Units Increments

Value range 2% 2%

Default value -
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7.2.16 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 2022,

Name Control effort

Object code VAR

Data type INTEGER16
Entry description:

Access RO

PDO mapping Possible

Value range INTEGER16

Default value -

7.2.17 Object 2081h: Set/Change the actual motor position

This object sets the motor position to the value specified.
Object description:

Index 2081,

Name Set actual position

Object code VAR

Data type INTEGER32
Entry description:

Access RW

PDO mapping No

Value range 2324

Default value -
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7.2.18 Object 2088h": Actual internal position from sensor on motor

This object shows the position value read from the encoder on the motor in increments, in case a dual
loop control method is used.

The factor group objects have no effect on it.

Object description:

Index 2088y
Name Actual internal position from
sensor on motor

Object code VAR

Data type INTEGER32
Entry description:

Access RO

PDO mapping Possible

Units increments

Value range 2% 2%

Default value -

7.2.19 Object 208Dh* Auxiliary encoder position

This object represents the actual value of the auxiliary position measurement device in internal units. The
factor group objects have no effect on it.

Object description:

Index 208Dy,
Name Auxiliary encoder value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Units increments
Value range 2% 2%
Default value -

! Object 2088h applies only to drives which have a secondary feedback
% Object 208Dh is available only drives which have a secondary feedback input
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7.3 Position Profile Example

Example: Execute an absolute trapezoidal profile with limited speed. First perform 4 rotations, wait motion
complete and then set the target position of 16 rotations.

1.

10.

11.

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 RPDOL1 the value 06,

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 07,.

Enable operation. Change the node state from Switch on to Operation enable by sending the
enable operation command.

Set in Control Word mapped in RPDOL the value OF;.
Modes of operation. Select position mode.
Set in Modes of Operation mapped in RPDO1 the value 01,

Target position. Set the target position to 4 rotations. By using a 500 lines incremental encoder
the corresponding value of object 607Ay expressed in encoder counts is 1F40;,.

Set in Target position mapped in RPDO2 the value 00001F40,.

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 6081}, expressed in encoder counts per sample is 10AAAC,,.

Send the following message: SDO access to object 6081;, 32-bit value 0010AAAC;.
Start the profile.

Set in Control Word mapped in RPDOL1 the value 001F,.

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 000F,.

Target position. Set the target position to 16 rotations. By using a 500 lines incremental encoder
the corresponding value of object 607Ay, expressed in encoder counts is 7D00,.

Send the following message: SDO access to object 607A,, 32-bit value 00007DO00;..
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12. Start the profile.
Set in Control Word mapped in RPDO1 the value 001F;.
13. Wait movement to finish.
Wait for Bit10 to become 1 in Status Word.
14. Check the value of motor actual position.
Read by SDO protocol the value of object 6064,
15. Check the value of position demand value.
Read by SDO protocol the value of object 6062;.

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.
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Absolute Jerk-limited(S-curve) Profile Example

Example: Execute an absolute Jerk-limited ramp profile.

1.

10.

11.

12.

13.

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 RPDOL1 the value 06,

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 RPDOL1 the value 07,.

Enable operation. Change the node state from Switch on to Operation enable by sending the
enable operation command.

Set in Control Word mapped in RPDOL the value OF;.

Modes of operation. Select position mode.

Set in Modes of Operation mapped in RPDO1 the value 01,

Motion profile type. Select Jerk-limited ramp.

Send the following message: SDO access to object 6086, 16-bit value 0003,

Target position. Set the target position to 5 rotations. By using a 500 lines incremental encoder
the corresponding value of object 607Ay, expressed in encoder counts is 2710y,

Set in Target position mapped in RPDO2 the value 00002710,

Target speed. Set the target speed to 150 rpm. By using a 500 lines incremental encoder and
1ms sample rate for position/speed control the corresponding value of object 6081, expressed in
encoder counts per sample is 00050000,

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

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 13B;,.
Start the profile.

Set in Control Word mapped in RPDO1 the value 001F;.

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 6064,

Check the value of position demand value.
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Read by SDO protocol the value of object 6062;.

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 Interpolated Position Mode

8.1 Overview

The interpolated Position Mode is used to control multiple coordinated axis or a single on with the need for
time-interpolation of set-point data. The Interpolated Position Mode can use the time synchronization
mechanism for a time coordination of the related drive units.

The Interpolated Position Mode allows a host controller to transmit a stream of interpolation data to a drive
unit. The interpolation data is better sent in bursts because the drive supports an input buffer. The buffer
size is the number of interpolation data records that may be sent to the drive to fill the input buffer.

The interpolation algorithm can be defined in the interpolation sub mode select. Linear (PT — Position
Time) interpolation is the default interpolation method.

8.1.1 Internal States

disable voltage " Operation enabled"

~ shutdown™ | —quickstop'!—»

Interpolated Position changing the Mode

Mode selected of Operation or
(1 deselect Interpolated
Position Mode
l (2)

Interpolation inactive

enable disable
Interpolation Interpolation
(3) (4)
h 4 I

Interpolation active

Figure 8.1 Internal States for the Interpolated Position Mode

Y See state machine

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.
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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

8.1.2 Controlword in interpolated position mode

MSB LSB
See Stop option | See Halt See Abs / rel Reserved | Enable ip | See
6040h 6040h 6040h mode 6040h
15 12 11 10 9 8 7 6 5 4 3 0

Table 8.1 Control Word bits description for Interpolated Position Mode

Name Value | Description
Enable ip | O Interpolated position mode inactive
mode 1 Interpolated position mode active
0 Set position is an absolute value*
Abs / rel o : 1
1 Set position is a relative value
Halt 0 Execute the instruction of bit 4
1 Stop drive with (profile acceleration)
0 On transition to inactive mode, stop drive immediately using profile
Stop option acceleration
1 On transition to inactive mode, stop drive after finishing the current segment.

8.1.3 Statusword in interpolated position mode

MSB LSB
See 6041h Reserved ip mode active | See Target See 6041h
6041h reached
15 14 13 12 11 10 9 0

! This bit must be set before loading the interpolation points in the buffer
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Table 8.2 Status Word bits description for Interpolated Position Mode

Name Value | Description
0 Halt = 0: Final position not reached
Target Halt = 1: Drive decelerates
reached . Halt = 0: Final position reached
Halt = 1: Velocity of drive is 0
ip mode active | 0 Interpolated position mode inactive
1 Interpolated position mode active

8.2 Interpolated Position Objects

8.2.1 Object 60COh: Interpolation sub mode select

In the Interpolated Position Mode the drive supports two interpolation modes: PT (Position — Time) linear
interpolation and PVT (Position — Velocity — Time) cubic interpolation. The interpolation mode is selected
with Interpolation sub-mode select object. The sub-mode can be changed only when the drive is in

Interpolation inactive state.

Each change of the interpolation mode will trigger the reset of the buffer associated with the interpolated
position mode (because the physical memory available is the same for both the sub-modes, size of each

data record is different).
Object description:

Entry description:

Data description:

Index 60CO0y,

Name Interpolation sub mode select

Object code VAR

Data type INTEGER16

Access RW

PDO mapping Possible

Value range 2. 2%

Default value 0

Profile code Profile type

-32768 ... -2 Manufacturer specific (reserved)

-1 PVT (Position — Velocity — Time)
cubic interpolation

0 PT (Position — Time) Linear
Interpolation

+1...+32767 Reserved
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8.2.2 Object 60C1h: 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 60C1,

Name Interpolation data record

Object code ARRAY

Number of elements 2

Data Type Interpolated Mode dependent

Entry description

Sub-index 01,

Description X1: the first parameter of ip
function

Access RW

PDO mapping Possible

Value range Interpolated Mode dependent

Default value -

Sub-index 02,

Description X2: the second parameter of ip
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:
a) For PVT (Position — Velocity — Time) cubic interpolation:
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.
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In the example below Position 0 [7...0] represents bits 0..7 of the position value.

Byte O 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
bitz | ---- |bir | bito

60C1, Sub-index 2 60C1, Sub-index 1
IIII.II rTrrrrrryrrrrrT T T T T T T T T T T T T T T T T T T T T T TT T T T T T T T T T T T TTTTTT
ntegrty | | Time | Velocity 2|Velocity 1|Position 2| Velocity 0|Position 1|Position 0
I Y I | S 1 I Y N U e e I e e e e e e I o v |

Byte 7 Byte 6 Byte 5 Byte 4 Byte 3 Byte 2 Byte 1 Byte 0
%k_)
Velocity Velocity
integer part fractional part
Figure 8.2 PVT interpolation point 64-bit data structure
Remarks:

- The integrity counter is written in byte 3 of 60C1h Subindex 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.

b) For PT (Position —Time) linear interpolation:
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.
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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
ouner, | [Reserved | e L Pt
Byte 7 Byte 6 Byte 5 Byte 4 Byte 3 Byte 2 Byte 1 Byte 0
Figure 8.3 PT interpolation point 64-bit data structure
Remarks:

- The integrity counter is written in byte 3 of 60C1h Subindex 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 O.

8.2.3 Object 60C2h: Interpolation time period

The Interpolation time period indicates the configured interpolation cycle time. Its value must be set with
the one of the EtherCAT master communication cycle time in order for the CSP, CSV and CST modes to
work properly. The interpolation time period (sub-index 01,) value is given in 1Q¢MerPelation time index)
s(second). The interpolation time index (sub-index 02;) is dimensionless.

Example: to set a communication cycle time of 4ms, 60C2,, sub-index 01, = 4 and 60C2,, sub-index 02}, =
-3. The result is 4ms = 4*10°3,

Object description:

Index 60C2,

Name Interpolation time period
Object code ARRAY

Number of elements 2

Data Type Interpolation time period record

Lt object 207Ah Interpolated position 1% order time is used, these bits will we overwritten with the value
defined in it
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Entry description:

Sub-index 00,

Description Number of sub-indexes
Access RO

PDO mapping No

Default value 2

Sub-index 01,

Description Interpolation time period value
Access RW

PDO mapping Possible

Value range Unsigned8

Default value 1

Sub-index 02,

Description Interpolation time index
Access RW

PDO mapping Possible

Value range INTEGERS, (-128 to +63)

Default value

-3

8.2.4 Object 2072h: Interpolated position mode status

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

Object description:

Entry description:

Index 2072,

Name Interpolated position mode status
Object code VAR

Data type UNSIGNED16

Access RO

PDO mapping Possible

Value range UNSIGNED16

Default value

© ElectroCraft 2016

181

CoE programming



Table 8.3 Interpolated position mode status bit description

Bit Value

Description

Buffer is not empty

15

Buffer is empty — there is no point in the buffer.

Buffer is not low

14

Buffer is low — the number of points from the buffer is equal or less than
the low limit set using object 2074,

Buffer is not full

13

Buffer is full — the number of points in the buffer is equal with the buffer
dimension.

No integrity counter error

12

Integrity counter error. If integrity counter error checking is enabled and
the integrity counter sent by the master does not match the integrity
counter of the drive.

Valid only for PVT (cubic interpolation): Drive has maintained
interpolated position mode after a buffer empty condition (the velocity of
the last point was 0).

11

Valid only for PVT (cubic interpolation): Drive has performed a quick stop
after a buffer empty condition because the velocity of the last point was
different from 0

10 7

Reserved

6 0

Current integrity counter value

Remark: when a status bit changes from this object, an emergency message with the code OxFFO1 will be

generated. This emergency message will have mapped object 2072h data onto bytes 3 and 4.
The Emergency message contains of 8 data bytes having the following contents:

0-1 2 34 5-7

Emergency Error Register i

Error Code | (Object 1001h) Interpolated position  status Manufacturer specific error field
(OXEFO1) (Object 2072h)

To disable the sending of PVT emergency message with ID OxFFO01, the setup variable PVTSENDOFF

must be setto 1.
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8.2.5 Object 2073h: 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 2073,
Name Interpolated position buffer length
Object code VAR
Data type UNSIGNED16
Entry description:
Access WO
PDO mapping No
Value range 1-15
Default value 7

8.2.6 Object 2074h: Interpolated position buffer configuration

Through this object you can control more in detail the behavior of the buffer.
Note: The integrity counter is always enabled.

Object description:

Index 2074,
Name Interpolated position buffer
configuration
Object code VAR
Data type UNSIGNED16
Entry description:
Access WO
PDO mapping No
Value range UNSIGNED16
Default value -
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Table 8.4 Interpolated position buffer configuration

Bit Value | Description
15 0 Nothing
1 Clear buffer and reinitialize buffer internal variables
14 Reserved.
13 0 No change in the integral integrity counter
1 Change internal integrity counter with the value specified in bits O to 6
12 0 If absolute positioning is set (bit 6 of controlword is 0), the initial position is

read from object 2079,. It is used to compute the distance to move up to
the first PVT point.

1 If absolute positioning is set (bit 6 of controlword is 0), the initial position is
the current position demand value. It is used to compute the distance to
move up to the first PVT point.

11 8 New parameter for buffer low signaling. When the number of entries in the
buffer is equal or less than buffer low value, bit 14 of object 2072, will set.

7 0 No change in the buffer low parameter
1 Change the buffer low parameter with the value specified in bits 8 to 11
6 0 New integrity counter value

8.2.7 Object 2079h: 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 Yes
Value range INTEGER32
Default value 0
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8.2.8 Object 207Ah: Interpolated position 1% 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. This object is disabled when it is set with 0. It is given in IU which is by default 0.8ms for
steppers and 1ms for the other configurations.

Object description:

Index 207A,
Name Interpolated position 1% order time
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Yes
Value range UNSIGNED16
Default value 0

8.2.9 Loading the interpolated points

The integrity counter is always 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
as is the case with cyclic RxPDO data, it will ignore the point without giving an error. 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 2072h: Interpolated position mode status 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. So 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 Control Word.

A correct interpolated PT/PVT motion would be like this:
e Enter mode 07 in Modes of Operation
set the IP buffer size
Clear the buffer and reinitialize the integrity counter
Set in controlword the bit for absolute or relative motion
If motion is absolute, set in 2079h the actual position of the drive (read from object 6063h)
If the motion is PT, set in object 207Ah a fixed time interval if not supplied in 60C1 subindex2
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
Load more points until buffer full bit is active
Return to monitoring the buffer status and so on
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8.3 PT absolute movement example

Execute a PT movement.
1. Start remote node.
Enter Pre-Operational state.
2. Disable the RPDO3. Write zero in object 1602;, sub-index 0, this will disable the PDO.
Send the following message: SDO access to object 1602y, 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
60C10120;.

b. Write in object 1602;, 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
60C10220,.

4. Enable the RPDOS. Set the object 1602h sub-index 0 with the value 2.
Send the following message: SDO access to object 1602h sub-index 0, 8-bit value 2.

5. Add the new TPDO to the Sync Manager:
a. Write zero in object 1C12,, sub-index 0, this will disable the Sync. Manager.

Send the following message: SDO access to object 1C12;, sub-index 0, 8-bit value 00,
b. Write in object 1C12,, sub-index 3 the RPDO3 mapping parameter object number:

Send the following message: SDO access to object 1C12,, sub-index 3, 16-bit value 1602y,
c. Write 034 in object 1C12,, sub-index 0, this will enable the Sync. Manager.

Send the following message: SDO access to object 1C12,, sub-index 0, 8-bit value 03;.

Note: if using TwinCAT System Manager, enter in Configuration Mode, select the drive, select
Process Data tab, uncheck the PDO Assignment and PDO Configuration boxes. Click Load PDO
info from device button to load the new DO configuration. Press F4 to reload the IO devices and
enter in Operation state.

6. Enter Safe-Operational state.

7. Enter Operational state.

8. Ready to switch on. Setin Control Word mapped in RPDOL1 the value 06y,
9. Switch on. Setin Control Word mapped in RPDO1 the value 07,.

10. Enable Operation. Set in Control Word mapped in RPDO1 the value OF,. For relative motion,
set 4Fh

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.
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Send the following message: SDO access to object 60CO0;, 16-bit value 0000,
13. Interpolated position buffer length.

Send the following message: SDO access to object 2073, 16-bit value 000C;. The maximum is
000F,.

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 2074y, 16-bit value A001L;.

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 2079, expressed in encoder counts is
(10004) 3ES8y. 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 2079y, 32-bit value 3ES8;.

16. Loading the PT points. Assuming X1 and X2 are 60C1 sub index 01 and 02 which were
recently mapped, send the following data:

17. Send the 1°' PT point.
Position= 20000 IU (0x00004E20) 11U = 1 encoder pulse
Time =1000 IU (0xO3E8) 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=00004E20y,; X2=020003ES8
18. Send the 2" PT point.
Position= 30000 IU (0x00007530)
Time =2000 IU (0x07D0)
IC =2 (0x02)
Set X1=00007530; X2=040007D0 ,

19. Send the 3" PT point.
Position= 2000 1U (0x000007D0)
Time = 1000 IU (OX03ES)
IC =3 (0x03)
Set X1=000007D0;,; X2=060003E8
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)
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Set X1=00000000y; X2=080001F4y,;

21. Start an absolute motion.
Set in Control Word mapped in RPDOL 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.

8.4 PVT absolute movement example

Execute an absolute PVT movement.
1. Start remote node.
Enter Pre-Operational state.
2. Disable the RPDOS3. Write zero in object 1602, sub-index 0, this will disable the PDO.
Send the following message: SDO access to object 1602;, sub-index 0, 8-bit value 0.

3. 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 1602, sub-index 1, 32-bit value
60C10120;.
o Write in object 1602;, 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
60C10220,.

4. Enable the RPDOS. Set the object 1602h sub-index 0 with the value 2.
Send the following message: SDO access to object 1602h sub-index 0, 8-bit value 2.

5. Add the new TPDO to the Sync Manager:
e Write zero in object 1C12,, sub-index 0, this will disable the Sync. Manager.

Send the following message: SDO access to object 1C12;, sub-index 0, 8-bit value 00y,
e Write in object 1C12,, sub-index 3 the RPDO3 mapping parameter object number:

Send the following message: SDO access to object 1C12,, sub-index 3, 16-bit value 1602y,
e Write 03, in object 1C12,, sub-index 0, this will enable the Sync. Manager.

Send the following message: SDO access to object 1C12;, sub-index 0, 8-bit value 03,

Note: if using TwinCAT System Manager, enter in Configuration Mode, select the drive, select
Process Data tab, uncheck the PDO Assignment and PDO Configuration boxes. Click Load PDO
info from device button to load the new PDO configuration. Press F4 to reload the 10 devices and
enter in Operation state.
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Enter Safe-Operational state.
Enter Operational state.
Ready to switch on. Set in Control Word mapped in RPDO1 the value 06,

© ©® N o

Switch on. Set in Control Word mapped in RPDOL1 the value 07,

10. Enable Operation and set an absolute motion. Set in Control Word mapped in RPDOL1 the
value OF,.

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 60CO0, 16-bit value FFFF.
13. Interpolated position buffer length.

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

14. 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 2074y, 16-bit value BO01;..

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 1°' PVT point.
Position = 88 IU (0x000058) 11U = 1 encoder pulse
Velocity = 3.33 U (0x000354) 11U = 1 encoder pulse/ 1 control loop
Time =551U (0x37) 11U =1 control loop = 1ms by default
IC =1 (0x01) IC=Integrity Counter
Set X1=00540058;,; X2=02370003y,
17. Send the 2" PVT point.
Position = 370 IU (0x000172)
Velocity = 6.66 IU (0X0006A8)
Time =551U (0x37)
IC =2 (0x02)
Set X1=00A80172y; X2=04370006y,
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18. Send the 3" PVT point.
Position = 2982 IU (0xO00BAG)
Velocity = 6.66 1U (0X0006A8)
Time =390 IU (0x186)

IC = 3 (0x03)

Set X1=00A80BA6y,; X2=07860006},;

19. Send the 4" PVT point.
Position = 5631 U (0x0015FF)
Velocity = 6.66 1U (0X0006A8)
Time =400 IU (0x190)

IC = 4 (0x04)

Set X1=00A815FF,; X2=09900006;

20. Send the 5" PVT point.
Position = 5925 1U (0x001725)
Velocity = 3.00 IU (0x000300)
Time =60 IU (0x3C)

IC = 5 (0x05)

Set X1=00001725),; X2=0A3C0003y;

21. Send the 6™ PVT point.
Position = 6000 1U (0x001770)
Velocity = 0.00 IU (0x000000)
Time =50 IU (0x32)

IC = 6 (0x06)

Set X1=00001770y,; X2=0C320000y;

22. Send the 7" PVT point.
Position = 5127 1U (0x001407)
Velocity = -7.5 IU (OxFFF880)
Time =240 IU (0xF0)

IC =7 (0x07)
Set X1=00801407),; X2=0EF0 FFF8y;
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23. Send the 8" PVT point.
Position = 3115 IU (0x000C2B)
Velocity = -13.33 U (OXFFF2AB)
Time =190 IU (OXBE)
IC = 8 (0x08)
Set X1=00ABOC2B p,; X2=10BEFFF2y;
24. Send the 9" PVT point.
Position = -1686 IU (OXFFF96A)
Velocity = -13.33 U (OXFFF2AB)
Time =360 IU (0x168)
IC = 9 (0x09)
Set X1=FFABF96A p,; X2=1368FFF2y,;
25. Send the 10™" PVT point.
Position = -7145 IU (OXFFE417)
Velocity = -13.33 |U (OXFFF2AB)
Time =410 IU (Ox19A)
IC = 10 (0X0A)
Set X1=FFABE417 ,;; X2=159AFFF2y;
26. Send the 11" PVT point.
Position = -9135 IU (OXFFDC51)
Velocity = -7.4 IU (OxFFF899)
Time =190 IU (OXBE)
IC = 11 (0XOB)
Set X1=FF990C2B ,; X2=16BEFFF8y;
27. Send the 12" PVT point. The last.
Position = -10000 IU (OXFFD8FO)
Velocity = -7.4 1U (0x000000)
Time =240 IU (0xF0)
IC = 12 (0x0C)
Set X1=FFOOD8FO ,,; X2=18F00000;
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28. Start an absolute PVT motion.
Set in Control Word mapped in RPDOL the value 1F;.
The PVT motion should be like the one below.

0 0.5 1 1.5 2 25

Time[IL] x1ed
Positicn[rot] T RVelocity]I]

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.

8.5 PVT relative movement example

Execute a relative PVT movement.
1. Start remote node.
Enter Pre-Operational state.
2. Disable the RPDO3. Write zero in object 1602;, sub-index 0, this will disable the PDO.
Send the following message: SDO access to object 1602, sub-index 0, 8-bit value 0.

3. 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 1602, sub-index 1, 32-bit value
60C10120;.

e Write in object 1602, 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
60C10220;.

4. Enable the RPDO3. Set the object 1602h sub-index 0 with the value 2.

Send the following message: SDO access to object 1602h sub-index 0, 8-bit value 2.
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5. Add the new TPDO to the Sync Manager:
e Write zero in object 1C12,, sub-index 0, this will disable the Sync. Manager.

Send the following message: SDO access to object 1C12;, sub-index 0, 8-bit value 00y,
e Write in object 1C12,, sub-index 3 the RPDO3 mapping parameter object number:

Send the following message: SDO access to object 1C12;, sub-index 3, 16-bit value 1602,.
e Write 03 in object 1C12,, sub-index 0, this will enable the Sync. Manager.

Send the following message: SDO access to object 1C12;, sub-index 0, 8-bit value 03,

Note: if using TwWinCAT 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.

6. Enter Safe-Operational state.

7. Enter Operational state.

8. Ready to switch on. Setin Control Word mapped in RPDOL1 the value 06y,
9. Switch on. Setin Control Word mapped in RPDOL1 the value 07,.

10. Enable Operation and set a relative motion. Set in Control Word mapped in RPDO1 the value
4F,. For an absolute motion, set OF;, 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 60CO0y, 16-bit value FFFF;,.
13. Interpolated position buffer length.

Send the following message: SDO access to object 2073;, 16-bit value 000C;. The maximum is
000F,.

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 2074y, 16-bit value A001,,.

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 1% PVT point.
Position = 400 IU (0x000190) 11U = 1 encoder pulse
Velocity = 3.00 IU (0x000300) 11U = 1 encoder pulse/ 1 control loop
Time =250 IU (0xFA) 11U = 1 control loop = 1ms by default
IC = 1 (0x01) IC=Integrity Counter
Set X1=00000190;,; X2=02FA0003;
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17. Send the 2" PVT point.
Position = 1240 1U (0x0004D8)
Velocity = 6.00 IU (0x000600)
Time =250 IU (OxFA)

IC = 2 (0x02)

Set X1=000004D8},; X2=04FA0006y;

18. Send the 3" PVT point.
Position = 1674 1U (0x00068A)
Velocity = 6.00 IU (0x000600)
Time =250 IU (OxFA)

IC = 3 (0x03)

Set X1=0000068A,; X2=06FA0006y,;

19. Send the 4" PVT point.
Position = 1666 1U (0x000682)
Velocity = 6.00 IU (0x000600)
Time =250 IU (OxFA)

IC = 4 (0x04)

Set X1=00000682;,; X2=08FA0006y,;

20. Send the 5" PVT point.
Position = 1240 1U (0x0004D8)
Velocity = 3.00 IU (0x000300)
Time =250 IU (OxFA)

IC = 5 (0x05)

Set X1=000004D8,,; X2=0AFA0003y;

21. Send the last PVT point.
Position = 410 IU (0x00019A)
Velocity = 0.00 IU (0x000000)
Time =250 IU (OxFA)

IC = 6 (0x06)
Set X1=0000019A p,; X2=0CFA0000;
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22. Start arelative PVT motion.
Set in Control Word mapped in RPDOL the value 5F;.
The PVT motion should be like the one below.

x1e3 [YR]

a 0.5 1 15

Time[s]
Paosition[IL] Y RMelocity[IL]

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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9 Velocity Profile Mode

9.1 Overview

In the Velocity Profile Mode the drive performs speed control. The built-in reference generator computes a
speed profile with a trapezoidal shape, due to a limited acceleration. The Target Velocity object (index
60FF,) specifies the jog speed (speed sign specifies the direction) and the Profile Acceleration object
(index 6083,) 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 Control Word 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.

Remark: If the velocity is already set when entering velocity mode, the motion will not start until a value
(even if it is the same) will be set again in Target Velocity 60FFh.

9.1.1 Controlword in profile velocity mode

MSB LSB
See 6040h Halt See 6040h reserved See 6040h
15 9 8 7 6 4 3 0

Table 9.1 Control Word bits for Velocity Profile Mode

Name Value | Description
Halt 0 Execute the motion
1 Stop drive with profile acceleration

9.1.2 Statusword in profile velocity mode

MSB LSB
See 6041h Max slippage | Speed See Target See 6041h
error 6041h reached
15 14 13 12 11 10 9 0
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Table 9.2 Statusword bits for Velocity Profile

Name Value | Description

0 Halt = O: Target velocity not (yet) reached
Target Halt = 1: Drive decelerates
reached 1 Halt = 0: Target velocity reached

Halt = 1: Velocity of drive is 0

Speed 0 Speed is not equal to 0

1 Speedis 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 606F;, velocity threshold is used. If the actual
velocity of the drive / motor is below the velocity threshold, then bit 12 will be set, else it will be reset.

9.2 Velocity Mode Objects

9.2.1 Object 6069h: Velocity sensor actual value

This object describes the velocity value read from the load encoder in increments. The value is given in
increments per sampling loop. The default sampling loop is 1ms.

The read value is of a 16.16 bit structure. To elaborate, see Paragraph 7.2.2 example.
Object description:

Index 6069,
Name Velocity sensor actual value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Value range INTEGER32
Default value -
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9.2.2 Object 606Bh: Velocity demand value

This object provides the output of the trajectory generator and is provided as an input for the velocity
controller. It is given in user-defined velocity units. By default, the value is given in IU and it is of a 16.16
bit structure. The integer part is in the MSB and the fractional part is in the LSB. To elaborate, see
Paragraph 7.2.2 example.

Object description:

Index 606B;,
Name Velocity demand value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Value range INTEGER32
Default value -

9.2.3 Object 606Ch: Velocity actual value

The velocity actual value is given in velocity units and is read from the velocity sensor. By default, the
value is given in IU and it is of a 16.16 bit structure. The integer part is in the MSB and the fractional part is
in the LSB. To elaborate, see Paragraph 7.2.2 example.

Object description:

Index 606C,,
Name Velocity actual value
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Yes
Value range INTEGER32
Default value -
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9.2.4 Object 606Fh: Velocity threshold

The velocity threshold is given in 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.

Object description:

Index 606F},

Name Velocity threshold

Object code VAR

Data type UNSIGNED16
Entry description:

Access RW

PDO mapping Possible

Value range UNSIGNED16

Default value -

9.2.5 Object 60FFh: Target velocity

The target velocity is the input for the trajectory generator and the value is given in user-defined velocity
units. By default, the value is given in IU and it is of a 16.16 bit structure. The integer part is in the MSB
and the fractional part is in the LSB. To elaborate, see Paragraph 7.2.2 example.

Object description:

Index 60FF,

Name Target velocity

Object code VAR

Data type INTEGER32
Entry description:

Access RW

PDO mapping possible

Value range INTEGER32

Default value -
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9.2.6 Object 60F8h: Max slippage

The max slippage monitors whether the maximal slippage of an asynchronous motor has actually 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 to 1. By default, the value is given in U
and it is of a 16.16 bit structure. The integer part is in the MSB and the fractional part is in the LSB. To
elaborate, see Paragraph 7.2.2 example.

Object description:

Index 60F8;,

Name Max slippage

Object code VAR

Data type INTEGER32
Entry description:

Access RW

PDO mapping possible

Value range INTEGER32

Default value -

9.2.7 Object 2005h: Max slippage time out

Time interval for
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Object 60F8h: Max slippage. The value is given in ms.

Object description:

Entry description:

Index 2005,

Name Max slippage time out
Object code VAR

Data type UNSIGNED16
Access RW

PDO mapping Possible

Value range UNSIGNED16

Default value
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9.2.8 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.

The read value is of a 16.16 bit structure. To elaborate, see Paragraph 7.2.2 example.
Object description:

Index 2087,

Name Actual internal velocity sensor on
motor

Object code VAR

Data type INTEGER32

Entry description:

Access RO

PDO mapping Possible

Value range INTEGER32

Default value -

9.3 Velocity profile example®

Execute a speed control with 600 rpm target speed.
1. Start remote node.
Enter Pre-Operational state.
Enter Safe-Operational state.
Enter Operational state.

2. 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 06y,

3. 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 RPDOL1 the value 07,

4. 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 OF;.

! Object 2087h applies only to drives which have a secondary feedback
% In order to run this example, the speed loop must be activated in PRO Config.
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5. Modes of operation. Select position mode.
Set in Modes of Operation mapped in RPDO1 the value 03;.

6. Target velocity. Set the target velocity to 600 rpm. By using a 500 lines incremental encoder and
1ms sample rate for position/speed control the corresponding value of object 60FF;, expressed in
encoder counts per sample is 1400004 (20.0 1U).

Send the following message: SDO access to object 60FF;, 32-bit value 00140000,

7. Check the motor actual speed. It should rotate with 600 rpm.
Read by SDO protocol the value of object 606C;.
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10 Electronic Gearing Position (EGEAR) Mode

10.1 Overview

In Electronic Gearing Position Mode the drive follows the position of an electronic gearing master with a
programmable gear ratio.

The electronic gearing slave can get the position information from the electronic camming master in three
ways:
1. Via EtherCAT® master, which writes the master position in object Master position (index 201E;).

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
201Dy). 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 2013,). 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 2012,) 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 Profile Acceleration object (index 6083,).

! Not all drives have a secondary encoder input.
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10.1.1 Controlword in electronic gearing position mode (slave axis)

MSB LSB
See Halt See Reserved ﬁgg\eﬁ?ation Enable Electronic | See
6040h 6040h NSO Gearing Mode 6040h

Limitation
15 9 8 7 6 5 4 3 0
Table 10.1 Control Word bits for Electronic Gearing Position Mode
Name Bit | Value | Description
0 Do not start operation
Enable Electronic 4 0->1 | Start electronic gearing procedure
Gearing Mode 1 Electronic gearing mode active
1->0 | Do nothing (does not stop current procedure)
) 0 Do not limit acceleration when entering electronic gear
Activate mode
Acceleration 5 . . . :
Limitation 1 Limit acceleration when entering electronic gear mode
to the value set in profile acceleration (object 6083,)
0 Execute the instruction of bit 4
Halt 8 1 Stop electronic gearing motion with the profile
acceleration.

10.1.2 Statusword in electronic gearing position mode

MSB LSB
See 6041h Following Reserved See Target See 6041h

error 6041h reached
15 14 13 12 11 10 9 0
Table 10.2 Status Word bits for Electronic Gearing Position Mode
Name Bit Value | Description
0 Halt = O: Always 0
Target 10 Halt = 1: Drive decelerates
reached 1 Halt = 0: Always 0
Halt = 1. Velocity of drive is 0
Following 13 0 No following error
error 1 Following error occurred
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10.2 Gearing Position Mode Objects

10.2.1 Object 201Eh: 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 201E;,

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 -

10.2.2 Object 2012h: 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 2012,
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 80000001h (full range)
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10.2.3 Object 2013h: 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 to be able to

compute the gear ratio.

Object description:

Entry description:

Index 2013,

Name EGEAR multiplication factor
Object code RECORD

Number of elements 2

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
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10.2.4 Object 2017h: 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 201Eh or from
the digital inputs of the drive). The units are increments.

Object description:

Index 2017,
Name Master actual position
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping Possible
Value range 2% 2%
Default value 0

10.2.5 Object 2018h: 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 encoder increments / sampling loop. The default sampling loop is
1ms.

Object description:

Index 2018,
Name Master actual speed
Object code VAR
Data type INTEGER16
Entry description:
Access RO
PDO mapping Possible
Value range -32768 ... 32767
Default value 0
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10.2.6 Object 201Dh: 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 201D,
Name External Reference Type
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Value range UNSIGNED16
Default value -

Table 10.3 External Reference Type bit description

Value Description

0 Reserved

1 On-line. Received via object 201E;.
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 PRO Config / MotionPRO Developer (either 2" encoder or
3 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 PRO Config / MotionPRO Developer (either
2" encoder or pulse & direction)

Reserved

65535

! Not all drives and configurations have secondary encoder inputs.
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10.3 Electronic gearing through online communication example

Start an Electronic Gearing Slave.

1. Map in a RPDO the object 201Eh Master position to be able to send the drive the position
reference every communication cycle. See 2.4 PDOs mapping example or paragraph 1.3.3 for
a TwinCAT PDO mapping example.

The PDOs must be sent every slow loop period which is by default 0.8ms for Stepper
configurations or 1ms for the rest. It is recommended to set the SYNC O time equal to the
communication cycle and slow loop. For this setting, object 2082h Sync on fast loop must be 0.

2. 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 06y,

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 RPDOL1 the value 07y,

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 RPDOL the value OF,.
6. External reference type. Slave receives reference through online communication.
Send the following message: SDO access to object 201D, 16-bit value 0001,
7. Modes of operation. Select Electronic Gearing mode (-1).
Set in Modes of Operation mapped in RPDOL1 the value FF;.
8. Master resolution. Set the master resolution 2000, assuming a 500 line encoder is used.
Send the following message: SDO access to object 2012, 32-bit value 000007DO0;,.
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 2013;,,sub-index 2, 16-bit value 0001,
10. Set the initial Master position into the associated RPDO where 201E; is mapped.
11. Enable EG slave in control word associated RPDO.

Set in Control Word mapped in RPDOL the value 1F;.
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12. Start changing the Master position in the RPDO where 201E, 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.
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11 Electronic Camming Position (ECAM) Mode

11.1 Overview

In Electronic Camming Position the drive executes a cam profile function of the position of an electronic
camming master. The cam profile is defined by a cam table — a set of (X, Y) points, where X is cam table
input i.e. the position of the electronic camming master and Y is the cam table output i.e. the
corresponding slave position. Between the points the drive performs a linear interpolation.

The electronic camming slave can get the position information from the electronic camming master in
three ways:

1. Via EtherCAT® master, who writes the master position in object Master position (index 201Ey).

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
201Dy). 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 Xmax, the slave
moves with Ymax — Y.

In the absolute mode, the output of the cam table Y is the demand position to reach.

Remark: The absolute mode must be used with great care because it may generate abrupt variations on
the slave demand position if:

e Slave position is different from Y at entry in the camming mode
o 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 6081,).

Typically, the cam tables are first downloaded into the EEPROM memory of the drive by the EtherCAT®
master or with MotionPRO Developer. Then using the object CAM table load address (index 2019;) they
are copied in the RAM address set in object CAM table run address (index 201A;). It is possible to copy
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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.

11.1.1 Controlword in electronic camming position mode

MSB LSB
See 6040h Halt | See Abs / Rel | Activate Speed | Enable Electronic | See
6040h Limitation Camming Mode 6040h
15 9 8 7 6 5 4 3 0

Table 11.1 Controlword bits for electronic camming position mode

Name Bit Value | Description

0 Do not start operation
Enable Electronic 4 0->1 | Start electronic camming procedure
Camming Mode 1 Electronic camming mode active

1->0 | Do nothing (does not stop current procedure)
Do not limit speed when entering absolute electronic

) 0 camming mode
Activate  Speed 5 - . . .
Limitation Limit speed when entering absolute electronic camming
1 mode at the value set in profile velocity (ONLY for

absolute mode)

Perform relative camming mode — when entering the
0 camming mode, the slave will compute the cam table
relative to the starting moment.

Abs / Rel 6 . .
Perform absolute camming mode — when entering the
1 camming mode, the slave will go to the absolute
position on the cam table
0 Execute the instruction of bit 4
Halt 8 1 Stop electronic camming motion with the profile

acceleration
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11.1.2 Statusword in electronic camming position mode

MSB LSB
See 6041h Following Reserved See Target See 6041h
error 6041h reached
15 14 13 12 11 10 9
Table 11.2 Statusword bits for electronic camming position mode
Name Bit Value | Description
0 Halt = 0: Always 0
Target 10 Halt = 1: Drive decelerates
reached . Halt = 0: Always 0
Halt = 1: Velocity of drive is O
Following 13 0 No following error
error 1 Following error occurred

11.2 Electronic Camming Position Mode Objects

11.2.1 Object 2019h: 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 201A,, for faster processing. The copy is made every time object 2019y, 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:

Entry description:

Index 2019,

Name CAM table load address
Object code VAR

Data type UNSIGNED16

Access RW

PDO mapping No

Units -

Value range UNSIGNED16

Default value -
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11.2.2 Object 201Ah: 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 2019;).

Object description:

Index 201A,
Name CAM table run address
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping No
Units -
Value range UNSIGNED16
Default value -

11.2.3 Object 201Bh: 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 (2017,) but (master actual position —
CAM offset) computed as modulo of master resolution (2012,) The CAM offset must be set before

enabling the electronic camming mode. The CAM offset is expressed in increments.

Object description:

Index 201B;,

Name CAM offset

Object code VAR

Data type UNSIGNED32
Entry description:

Access RW

PDO mapping No

Value range 0..2%1

Default value 0
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11.2.4 Object 206Bh: 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 00010000h corresponds to a scaling factor of 1.0.

Object description:

Index 206B;,
Name CAM input scaling factor
Object code VAR
Data type FIXED32
Entry description:
Access RW
PDO mapping No
Units -
Value range FIXED32
Default value 00010000,

11.2.5 Object 206Ch: CAM: output scaling factor

You can use this scaling factor in order to achieve a scaling of the output values of a CAM table. Its
default value of 00010000h corresponds to a scaling factor of 1.0.

Object description:

Index 206C,,
Name CAM output scaling factor
Object code VAR
Data type FIXED32
Entry description:
Access RW
PDO mapping No
Units -
Value range FIXED32
Default value 00010000,

© ElectroCraft 2016 216 CoE programming



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

Build your own cam profile in any program you like.

In this example we have used MS Excell.

] Microsoft Excel - universal_cam3.xs [ B P
@_] Eile Edit View [nset Format Tools Data Window Help AdobePDF - F x
§@E§Ana| 0 B IO E=ESH8 % 0 WF|H- S 4
el . B
J100 - e

A B [ c [ o[ E T F [ e [ H [ 1T [0~
| 97 | 6144 29
| 96 | 6208 33
| 99 | 6272 38
1100 6336 43 I
1101 6400 48
|102| 6464 53
1103 6528 59
| 104 6592 65
1105 6656 Il
1106 6720 78
1107 | 6784 85
1108 6848 92
11089 6912 100
1110 6976 107
111 7040 116
1112 7104 124
| 113 7168 133
| 114 7232 142
| 115 7296 151
116 7360 160
1117 7424 170
118 7488 181
11189 7552 19
1120 7616 202
1121 7680 213
122 7744 224 2
14 4 » [\ universal_cam3/ ‘ m ’
Ready NUM

Figure 11.1 MS Excell interface

The numbers in the columns represent the input and output of the cam file. They are position
points represented in the drive internal units. Let’'s say that we have an 500 line quadrature encoder on the
motor. This means that we will have 2000 counts per motor revolution. So the drive will rotate the rotor
once if it receives a position command of 2000 internal units, or it will return 2000 internal units if it turned
the rotor once.

The first column represents the input position. It is a series of numbers that represent an
interpolation step. Meaning that the difference between the values must be a number from the following:
2°, 2% 22 23 2% 2° 2° 2. So let's say that we choose interpolation step of 2° (64). The first number in the
first column must be 0, the second number must be 64, the third number must be 128 and so on.

The second column represents the Output of the cam file. This number can be anything that fits in
an Integer32 bit variable.

For example let’s say that we have in the first column the number 640 (which is a multiple of 26)
and in the second column we have the number 4000. This means that if the master is at position 640
(internal units), the slave must be at the position 4000 (internal units).
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-10000

Figure 11.2 Cam example

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

] @ ~31@ X i £ ~Took -
\l Name Date modified Type Size
My Q This folder is empty.
Documents
Desktop
My Documents
My Computer
e File name: |Ln'versal_mm @ l ii‘ I
My Netwark
Places | Saveas type: |Text (Tab delimited) (=.txt) ~| [ cancel
ﬁ

Figure 11.3 Save As example.

Once you have your cam file saved start MotionPRO Developer.
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CiNew
Press New button and select your drive type.

After the project opens, select CAM Tables tab from the left of the screen. Press the import button
and choose your recently saved cam file. (See Figure 11.5)

I Project
& @ oed CAM Tables

= & Untitled application
o hS" ;Et:.m I Add | Renarme
akion
(B Homing Modes

(¥ Functions Selected Load | Import | Availahle [Delete I

m Interrupts
IR Tables f

=

Idove Un

liflove Down

Free buffer space 1000 words

HEARES

Figure 11.4 CAM tab.

If the CAM file loaded it should look like this:

L5
Proct AgoRain Cnaton View  CortrlParel indow e
Dl & @BkEw e fFuAXTEETLRT
ot ______________________________________________E=@f
8/ nitd universal_cam3
) resied agsbcation u
S sehp T 21
8 M impon
M B g s Master start value [0 o, |
i Furctons Expont
. g ";;":;’” Intorpolation step: 2+ |6
.
¥value [0
Remave | Update
Table length | 1025
rie3
.
"
o 1 x = @
e
Ready i iEveED ST ET Fetuptt 0551

Figure 11.5 CAM file loaded.
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= B Untitled
= Untitled Application

S Setup &
= M Mation
After loading the CAM file successfully click over the Setup (B Horning Mades tab and load
your saved setup made in Paragraph 1.1.4 .
£l B8] Untitled
=] Untitled Application &
S Setup
. i . . = M Motion
Click the tab with the name of the application [ Homing Modes

Press the memory settings button (like in the figure below).

= Eﬁ; Untitled
=] Untitled App
S Setup
= M Mation
(B0 Homing Modes
m Functions
ﬁ] Inkerrupks

= [&7 CAM Tables Axis number: |255 - Wemary Settings...l

|, universal_cam3
Drive: |DKMBS0-8EIET
Product ID: PD45.002.E103
Firmware ID: F505A

Application General Information

Application |D:

Figure 11.6 Memory Settings location.

In the window below see if necessary CAM space is larger than reserved cam space. If it is, write
a slightly larger number than the necessary CAM space in the reserved one. (Figure below)

Memory Settings

CAM Tables

Space reserved for CAM Tables: ([

Space needed for CAM Tables 0808 H  Overflow! Insufficient space for Cam Tables $——

Figure 11.7 Adjusting the necessary CAM space.

In Memory Settings window look inside EEPROM memory section under CAM Tables. The first
number is the cam table Load Address which must be set also in object 2019,, afterwards.
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Memory Settings

~ CAM Table:

Space reserved for CAM Tables:

Space needed for CAM Tables DB0E H

— TML Programs
* the same location (EEPROM)
(¢ EEPROM, beggining at address [4000  H and run fram ; ;
Dowhload in = RaM section of size H
R, in a section of size I H
—EEPROM memary Fiéshd memary
4000, 5637 - THL Program 3000..903F - PYT Buffer
- 9040..97F5 - Data Acquizitions
BSE42..5FFF - Setup Table 97FE..9FFF - CAM Tables

0K I Cancel Help

Figure 11.8 Cam table load and run addresses.

Under the RAM memory section the fist number in CAM Tables is the cam table Run Address which
must also be set in object 201A,, afterwards.

Save the project and select Application -> Create EEPROM programmer file -> Motion and Setup...
like in the figure below. Save the EPPROM file that includes your setup and motion (including CAM data)
onto your PC.

Project | Application  Communication  Wiew  Control Panel  Window  Help

D& tew. bl & al a8 X | % i | 0 2

Duplicate

=%

Insert...
Edit. ..

Delete Digital Qutputs
it »

Mation »
un Fs Application General |
Axis O Fz o

freis CFf 3 Application ID:

Reset F4

Show slave errars

Binary Code Viewer. .. Clrl+8 Axis number:  |255 b Memaory Settings.. |

Create EEPROK Programmer File
Export ko TML_LIB... Setup Only...

BE0-BEI-ET
roduct ID; P045.002.E103

Motion and Setup... I‘
P

Figure 11.9 Create .sw file.

11.2.6.1 Extracting the cam data from the motion and setup .sw file

Open the recently saved .sw file with any text editor.
Inside the .sw file search for the number that corresponds to the CAM Table load address.
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This number shall be delimited by an empty new line just before it (the numbers before it represent
the setup data).

B untitled Application.sw - Not... [H[=] E3

File Edit Format View Help

404 =
SAS7 f,
FFFF
8000

4V

Now you have a file that can be loaded onto the drive either with the EEPROM Programmer
(supplied free with MotionPRO Developer) or load it with the help of 2064, 2065, objects explained in next
sub chapter.
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:"'I-,.-' Drive / Motor EEPROM Programmer

Application | Configuration 1D I Cormmunication Setkings

= File: |'|,'I,tsclient'l,C'l,UntitIed Application, sw Browse. .. I

Download | Checksum | erify | Read... |

Last operation result

File Y\tsclientiCiUntiHed Application.sw loaded successully,

Help Close

|onling with axis ID'& |Firmsare on drivefmotor: FSO0D A

Figure 11.10 THS EEPROM Programmer.

Note: with THS EEPROM programmer you can write the entire setup and motion .sw file, not just the CAM
.sw file created in this example.

11.2.6.2 Downloading a CAM .sw file with objects 2064h and 2065h example

e Send the following message: SDO access to object 2064, 32-bit value xxxx0008;,.

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 2064, (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.

¢ Send the following message: SDO access to object 2065, 32-bit value 0000XxXXj,.

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

Warning! reading object 2066h in parallel with another application, the target
memory address will be incremented and will lead to incorrect data
writing or reading.
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11.3 Electronic gearing through online communication example

Start an Electronic Gearing Slave.

1. Map in a RPDO the object 201Eh Master position to be able to send the drive the position
reference every communication cycle. See 2.4 PDOs mapping example or paragraph 1.3.3 for
a TwinCAT PDO mapping example.

The PDOs must be sent every slow loop period which is by default 0.8ms for Stepper
configurations or 1ms for the rest. It is recommended to set the SYNC O time equal to the
communication cycle and slow loop. For this setting, object 2082, Sync on fast loop must be 0.

2. 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 06y,

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 RPDOL1 the value 07y,

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 RPDOL the value OF,.

6. External reference type. Slave receives reference through online communication.
Send the following message: SDO access to object 201D, 16-bit value 0001,

7. Cam table load address. Set cam table load address as 5638;,.
The cam table load address can be discovered as explained in paragraph 11.2.6 .
Send the following message: SDO access to object 2019;, 16-bit value 5638,

8. Cam table run address. Set cam table load address as 97F6,.
The cam table load address can be discovered as explained in paragraph 11.2.6 .
Send the following message: SDO access to object 201A,, 16-bit value 97F6,,.

9. Modes of operation. Select Electronic Camming mode (-2).
Set in Modes of Operation mapped in RPDOL the 8 bit value OXFE.

10. Master resolution. Set the master resolution 2000, assuming a 500 line encoder is used.
Send the following message: SDO access to object 2012, 32-bit value 000007D0;,.
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11.

12.

13.

13.
14.

15.

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 201By, 32-bit value 00001770,
Cam input scaling factor. Setitto 1.

Send the following message: SDO access to object 206By, 32-bit value 00000001,
Cam output scaling factor. Setitto 1.

Send the following message: SDO access to object 206C;, 32-bit value 00000001;.
Set the initial Master position into the associated RPDO where 201E; is mapped.
Enable EG slave in control word associated RPDO.

Set in Control Word mapped in RPDOL1 the value 3F; to start electronic gearing and activate
speed limitation.

Start changing the Master position in the RPDO where 201Eh 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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12 Cyclic synchronous position mode

12.1 Overview

The overall structure for this mode is shown in Figure 12.1. 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 is limited to a maximum velocity by setting a nhumber in object
6081, Profile velocity. By default this object has the value 0. This means that the motion will not start, until
an acceptable velocity value is set.

Profile

velocity
(6081,)

A4

Target .| Position .| Velocity .| Torque
position control control control
(607A,)

A 4

S A A

Jorqueactualvalue
(6077

(606C,)

(6064,

Figure 12.1 Cyclic synchronous position mode overview

12.1.1 Controlword in synchronous position mode

MSB LSB
See Halt See Abs / rel Reserved Reserved | See
6040h 6040h 6040h
15 9 8 7 6 5 4 3 0

Table 12.1 Control Word bits description for Interpolated Position Mode

Name Value Description

0 Absolute position mode
Abs / rel : "

1 Relative position mode

In absolute position mode, the drive will always travel to the absolute position given to object 607Ay, . This
is the standard mode.

In Relative position mode, the drive will add to its current position the value found in object 607A,. By
sending this value periodically and setting the correct interpolation period time in object 60C2y, it will be
similar to working in Cyclic Synchronous Velocity (CSV) mode without the speed loop active.
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12.1.2 Statusword in synchronous position mode

MSB LSB
See 6041h Following Target See Reserved See 6041h
error position 6041h
ignored
15 14 13 12 11 10 9 0
Table 12.2 Status Word bit description for External Reference Position mode
Name Value | Description
) 0 Reserved
Bit 10
1 Reserved
Target 0 Target position ignored
position
ignored 1 Target position shall be used as input to position control loop
Following 0 No following error
error 1 Following error occurred

12.1.3

Object 2086h:

Limit speed/acceleration for CSP/CSV

This object is used to set a maximum velocity/acceleration during CSP or CSV modes of operation.

Object description:

Entry description:

Index 2086,

Name Limit  speed/acceleration  for
CSP/CSV

Object code VAR

Data type INTEGER16

Access RW

PDO mapping Yes

Value range UNSIGNED16

Default value 0000,

If 2086 , = 1, the limit is active. During CSP mode, the maximum velocity will be the one defined in object
6081;. During CSV mode, the maximum acceleration will be the one defined in object 6083;.

Remark: If 6081, = 0 and 2086, =1, during CSP mode, the motor will not move when it receives new
position commands because its maximum velocity is limited to 0. The same scenario applies to the CSV

mode.

© ElectroCraft 2016

227

CoE programming



12.2 Cyclic synchronous position profile example

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 06,

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 RPDOL1 the value 07y,

Enable operation. Change the node state from Switch on to Operation enable by sending the
enable operation command.

Set in Control Word mapped in RPDOL1 the value OF,,.
Modes of operation. Select cyclic synchronous position mode.
Set in Modes of Operation mapped in RPDOL1 the value 08,

Send position points. The drive will execute a new motion with every new value it receives in
RxPDO2 variable Target position which is object 607Ay..

Set in Target position mapped in RPDO2, the 32bit value XXXXXXXXp.
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13 Cyclic synchronous velocity mode

13.1 Overview

The overall structure for this mode is shown in Figure 13.1. With this mode, the trajectory generator is
located in the control device, not in the drive device. In cyclic synchronous manner, it provides a target
velocity to the drive device, which performs velocity control and torque control. Measured by sensors, the
drive device provides actual values for position, velocity and torque to the control device.

The cyclic synchronous velocity motion is limited to a maximum acceleration by setting a number in object
6083, Profile acceleration.

The cyclic synchronous velocity mode covers the following sub-functions:

Demand value input

Velocity capture using position sensor or velocity sensor

Velocity control function with appropriate input and output signals

Limitation of torque demand

Remark: the speed control loop must be active in PRO Config 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

6077,)

{606C,)

Figure 13.1 Cyclic synchronous velocity mode overview

13.1.1 Controlword in synchronous velocity mode

The cyclic synchronous velocity mode uses no mode specific bits of the controlword. See 6040h.
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13.1.2 Statusword in synchronous velocity mode

MSB LSB
See 6041h Reserved Target See Reserved See 6041h
velocity 6041h
ignored
15 14 13 12 11 10 9 0

Table 13.1 Status Word bit description for External Reference Speed Mode

Name Value | Description
. 0 Reserved
Bit 10
1 Reserved
Speed 0 Target velocity ignored
1 Target velocity shall be used as input to velocity control loop
Bit 13 0 Reserved
1 Reserved

13.2 Cyclic synchronous velocity profile example

1. Start remote node.
Enter Pre-Operational state.
2. Disable the Sync Manager 1C12,, Subindex 0 to 0.
Send the following message: SDO access to object 1C12,, 8-bit value 00,

3. Map RPDO4 to Sync Manager 1C12, Subindex 3. The RPDO4 has mapped by default, the
object 60FF, Target velocity.

Send the following message: SDO access to object 1C12,, Subindex 3, 16-bit value 1603,
4. Enable the Sync Manager 1C12, by setting Subindex 0 to 3.

Send the following message: SDO access to object 1C12,, 8-bit value 03;.
5. Enter Operational state.

Enter Safe-Operational state.

Enter Operational state.

6. Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by
sending the shutdown command.

Set in Control Word mapped in RPDOL the value 06y,
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7. 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 07y,

8. Enable operation. Change the node state from Switch on to Operation enable by sending the
enable operation command.

Set in Control Word mapped in RPDOL1 the value OF,.
9. Modes of operation. Select cyclic synchronous velocity mode.
Set in Modes of Operation mapped in RPDO1 the value 09,

10. Send velocity points. The drive will execute a new motion with every new value it receives in
RxPDO4 variable Target velocity which is object 60FF,,.

Set in Target velocity mapped in RPDO4, the 32bit value XXXXXXXXp.

Remark: By default, without the Factor Group set, the Target velocity structure is 16.16. Meaning the
integer part of the speed in IU is set in the MSB and the fractional is set in the LSB.
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14 Cyclic synchronous torque mode

14.1 Overview

The overall structure for this mode is shown in Figure 14.1. With this mode, the trajectory generator is
located in the control device, not in the drive device. In cyclic synchronous manner, it provides a target
torque to the drive device, which performs torque control.

Measured by sensors, the drive device provides actual values for position, velocity and torque to the
control device.
The cyclic synchronous torque mode covers the following sub-functions:

e demand value input;

e torque capture;

e torque control function with appropriate input and output signals;

¢ limitation of torque demand.

Target Torque
torque control
(6071,) T

Torque actual value
(6077,) ‘

Velocity actual value
(606C,) ‘

_, Position actual value
(6064,)

Figure 14.1 Cyclic synchronous torque mode overview

14.1.1 Controlword in cyclic synchronous torque mode
The cyclic synchronous torque mode uses no mode specific bits of the Controlword. See 6040h.
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14.1.2 Statusword in cyclic synchronous torque mode

MSB LSB
Target
See 6041h Reserved torque See 6041h Reserved | See 6041h
ignored
15 14 13 12 11 10 9
Table 14.1 Status Word bit description for Cyclic Synchronous Torque Mode
Name Value | Description
0 Reserved
Bit 10 1
Reserved
0 .
Target torque ignored
Target torque
ignored 1 .
Target torque shall be used as input to torque control loop
0 Reserved
Bit 13 1
Reserved

14.1.3 Object 6071h: Target torque

This is used to indicate the configured input value for the torque controller in profile torque mode. The unit

for this object is give

Object description:

nin lU.

Entry description:

Index 6071,

Name Target torque
Object code VAR

Data type INTEGER16
Access RW

PDO mapping Yes

Value range UNSIGNED16
Default value 0000,
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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
6071,

curent[IU] =

14.1.4 Object 6077h: Torque actual value

This is used to provide the actual value of the torque. It corresponds to the instantaneous torque in the
motor. The value is given in IU.

Object description:

Index 6077,
Name Torque actual value
Object code VAR
Data type INTEGER16
Entry description:
Access RO
PDO mapping Yes
Value range INTEGER16
Default value No

The computation formula for the current [IU] in [A] is:
2 - Ipeak
65520

where Ipeak is the peak current supported by the drive and current[lU] is the read value from object 6077,

current[A] = -curent[1U]

14.2 Cyclic synchronous velocity profile example

1. Start remote node.
Enter Pre-Operational state.
2. Disable the Sync Manager 1C12,, Subindex 0 to O.
Send the following message: SDO access to object 1C12,, 8-bit value 00,

3. Map RPDOS3 to Sync Manager 1C12, Subindex 3. The RPDO3 has mapped by default, the
object 6071, Target torque.

Send the following message: SDO access to object 1C12;, Subindex 3, 16-bit value 1602,
4. Enable the Sync Manager 1C12, by setting Subindex 0 to 3.

Send the following message: SDO access to object 1C12;, 8-bit value 03;.
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5. Enter Operational state.
Enter Safe-Operational state.
Enter Operational state.

6. Ready to switch on. Change the node state from Switch on disabled to Ready to switch on by
sending the shutdown command.

Set in Control Word mapped in RPDOL1 the value 06,

7. 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 07y,

8. Enable operation. Change the node state from Switch on to Operation enable by sending the
enable operation command.

Set in Control Word mapped in RPDOL the value OF;.
9. Modes of operation. Select cyclic synchronous torque mode.
Set in Modes of Operation mapped in RPDO1 the value 0A.

10. Send target torque points. The drive will apply a new current value with every new command it
receives in RxPDO3 variable Target torque which is object 6071,

Set in Target torque mapped in RPDO4, the 16bit value Xxxxp.
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15 Touch probe functionality

15.1 Overview

The Touch probe functionality offers the possibility to capture the motor current position when a
configurable digital input trigger event happens.

Remark: do not use the touch probe functionality objects during a homing procedure. It may
lead to incorrect results.

15.2 Touch probe objects

15.2.1 Object 60B8h: Touch probe function

This object indicates the configuration function of the touch probe.

Object description:

Index 60B8,,
Name Touch probe function
Object code VAR
Data type UNSIGNED16
Entry description:
Access RW
PDO mapping Yes
Value range 0...65535
Default value 0

The Touch probe function has the following bit assignment:
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Table 15.1 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*
15 0 Switch off sampling at positive edge of touch probe 2
1 Enable sampling at positive edge of touch probe 2*
00, Trigger with touch probe 2 input (LSN input)
11.10 01, Trigger with zero impulse signal
10, Reserved
11, Reserved
0 Trigger first event
° 1 Reserved
0 Switch off touch probe 2
8 1 Enable touch probe 2
7 - Reserved
0 Enable Iimit switch funct_iona_lity. _The motor will stop, using quickstop
deceleration, when a limit switch is active.
° 1 Dis_ablef Iimit_ switch functionality. The motor will not stop when a limit
switch is active.
. 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*
00y Trigger with touch probe 1 input (LSP input)
3,2 01, Trigger with zero impulse signal
10, Reserved
11, Reserved
1 0 Trigger first event
1 Reserved
0 Switch off touch probe 1
0 1 Enable touch probe 1
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*Remarks:
e The captured position will always be from the load feedback input

e The position cannot be captured on both positive and negative edges simultaneously
using the zero impulse signal as a trigger.

e The position cannot be captured when touch probe 1 and 2 are active and the trigger is
set on the zero impulse signal.

e The following bit settings are reserved:
-Bit 3 and Bit2 = 1;
-Bit 13 and Bit12 = 1;
-Bit11 and Bit2 = 1;

o The homing procedures also utilize the capture function. Using this object during a
homing procedure may lead to unforeseen results.

15.2.2 Object 60B9h: Touch probe status

This object provides the status of the touch probe.

Object description:

Index 60B9y,

Name Touch probe status

Object code VAR

Data type UNSIGNED16
Entry description:

Access RO

PDO mapping Yes

Value range 0...65535

Default value 0
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The Touch probe status has the following bit assignment:

Table 15.2 Bit Assignment of the Touch probe status

Bit Value | Description
11 to 15 - Reserved
0 Touch probe 2 no negative edge value stored
10 1 Touch probe 2 negative edge position stored in object 60BDy,
0 Touch probe 2 no positive edge value stored
> 1 Touch probe 2 positive edge position stored in object 60BC;,
0 Touch probe 2 is switched off
8 1 Touch probe 2 is enabled
7 - Reserved
0 Limit switch functionality enabled.
° Limit switch functionality disabled.
3to5 - Reserved
5 0 Touch probe 1 no negative edge value stored
1 Touch probe 1 negative edge position stored in object 60BBy,
L 0 Touch probe 1 no positive edge value stored
1 Touch probe 1 positive edge position stored in object 60BA,
0 Touch probe 1 is switched off
0 1 Touch probe 1 is enabled

Note: Bit 1 and bit 2 are set to 0 when touch probe 1 is switched off (object 60B8,, bit O is 0). Bit
9 and 10 are set to 0 when touch probe 2 is switched off (object 60B8}, 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.
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15.2.3 Object 60BAh: Touch probe 1 positive edge
This object provides the load position value of the touch probe 1 at positive edge.

Object description:

Index 60BA,
Name Touch probe 1 positive edge
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping YES
Value range 2%..2%
Default value -

15.2.4 Object 60BBh: Touch probe 1 negative edge
This object provides the load position value of the touch probe 1 at negative edge.

Object description:

Index 60BB,
Name Touch probe 1 negative edge
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping YES
Value range -2%.2%
Default value -
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15.2.5 Object 60BCh: Touch probe 2 positive edge
This object provides the load position value of the touch probe 2 at positive edge.

Object description:

Index 60BC,
Name Touch probe 2 positive edge
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping YES
Value range 2%..2%
Default value -

15.2.6 Object 60BDh: Touch probe 2 negative edge
This object provides the load position value of the touch probe 2 at negative edge.

Object description:

Index 60BD,,
Name Touch probe 2 negative edge
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping YES
Value range -2%.2%
Default value -
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15.2.7 Object 2104h*: Auxiliary encoder function
This object configures the auxiliary feedback position capture on the zero impulse signal.

Object description:

Entry description:

Index 2104,

Name Auxiliary encoder function
Object code VAR

Data type UNSIGNED16

Access RW

PDO mapping Yes

Value range 0 ... 65535

Default value 0

The auxiliary feedback touch probe function has the following bit assignment:

Table 15.3 Bit Assignment of the Auxiliary encoder function

Bit Value | Description
15..6 - Reserved
. 0 Switch off sampling at negative edge of touch probe
1* Enable sampling at negative edge of touch probe
4 0 Switch off sampling at positive edge of touch probe
1* Enable sampling at positive edge of touch probe
3 - Reserved
) 0 Reserved
1 Trigger with zero impulse signal
1 - Reserved
0 0 Switch off touch probe
1 Enable touch probe
*Remark

! Object 2104h applies only to drives which have a secondary feedback input with an index signal
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The position cannot be captured on both positive and negative edges simultaneously using the
zero impulse signal as a trigger.

15.2.8 Object 2105h": Auxiliary encoder status

This object provides the status of the auxiliary feedback touch probe.

Object description:

Index 2105,
Name Auxiliary encoder status
Object code VAR
Data type UNSIGNED16
Entry description:
Access RO
PDO mapping Yes
Value range 0...65535
Default value 0

The auxiliary feedback touch probe status has the following bit assignment:

Table 15.4 Bit Assignment of the Auxiliary encoder status

Bit Value | Description
15t0 3 - Reserved
0 Auxiliary feedback touch probe no negative edge value stored
2
1 Auxiliary feedback touch probe negative edge position stored in
object 21074,
0 Auxiliary feedback touch probe no positive edge value stored
1 1 Auxiliary feedback touch probe positive edge position stored in
object 2106
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.

! Object 2105h applies only to drives which have a secondary feedback input with an index signal
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15.2.9 Object 2106h™: Auxiliary encoder captured position positive edge
This object provides the position value of the auxiliary feedback captured at positive edge.

Object description:

Index 2106y,

Name Auxiliary encoder captured
positive edge

Object code VAR

Data type INTEGER32

Entry description:

Access RO

PDO mapping YES

Value range 2% 2%

Default value -

15.2.10 Object 2107h* Auxiliary encoder captured position negative edge
This object provides the position value of the auxiliary feedback captured at negative edge.

Object description:

Index 2107,
Name Auxiliary encoder captured
position negative edge
Object code VAR
Data type INTEGER32
Entry description:
Access RO
PDO mapping YES
Value range 2%.2%
Default value -

! Object 2106h applies only to drives which have a secondary feedback input with an index signal
% Object 2107h applies only to drives which have a secondary feedback input with an index signal
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16Data Exchange between EtherCATe master and drives

16.1 Checking Setup Data Consistency

During the configuration phase, a EtherCAT® master can quickly verify using the checksum objects and a
reference .sw file whether the non-volatile EEPROM memory of the drive contains the right information. If
the checksum reported by the drive doesn’'t match the one computed from the .sw file, the EtherCAT®
master can download the entire .sw file into the drive EEPROM using the communication objects for
writing data into the drive EEPROM.

In order to be able to inspect or to program any memory location of the drive, as well as for downloading
of a new MPL program (application software), three manufacturer specific objects were defined: Object
2064, — Read/Write Configuration Register, 2065, — Write Data at address specified in 2064, 2066y, —
Read Data from address specified in 2064y, 2067, — Write data at specified address.

16.2 Image Files Format and Creation

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

The .sw software files can be generated either from PRO Config or from MotionPRO Developer.

In PRO Config you create a .sw file with the command Setup | EEPROM Programmer File... The
software file generated, includes the setup data and the drive/motor configuration ID with the user
programmable application ID.

In MotionPRO Developer you create a .sw file with one of the commands: Application | EEPROM
Programmer File | Motion and Setup or Setup Only. The option Motion and Setup creates a .sw file
with complete information including setup data, MPL programs, cam tables (if present) and the
drive/motor configuration ID. The option Setup Only produces a .sw file identical with that produced by
PRO Config i.e. having only the setup data and the configuration ID.

The .sw file can be programmed into a drive:

= from a EtherCAT® master, using the communication objects for writing data into the drive
EEPROM

= using the EEPROM Programmer tool, which comes with PRO Config but may also be installed
separately. The EEPROM Programmer was specifically designed for repetitive fast and easy
programming of .sw files into the ElectroCraft drives during production.
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16.3 Data Exchange Objects

16.3.1 Object 2064h: Read/Write Configuration Register

Object Read/Write Configuration Register 2064y, 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 2064,
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

© ElectroCraft 2016 246 CoE programming



Table 16.1 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)
. 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
- 01 Memory type is data memory
10 Memory type is EEPROM memory
11 Reserved
1 0 Reserved (always 0)
Next read/write operation is with a 16-bit data
0 1 Next read/write operation is with a 32-bit data

When 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!

16.3.2 Object 2065h: Write 16/32 bits data at address set in Read/Write Configuration
Register

The object is used to write 16 or 32-bit values using the parameters specified in object 2064, —

Read/Write Configuration Register. After the successful write operation, the memory address in object

2064, bits 31...16 will be auto-incremented or not, as defined in the same register. The auto-incrementing
of the address is particularly useful in downloading a program (software application) in the drives memory.

Object description:

Index 2065,

Name Write data at address set in 2064,
(16/32 bits)

Object code VAR

Data type UNSIGNED32
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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
0 Reserved if bit 0 of object 2064 is 0 (operation on 16 bhit variables)
31...16 X 16-bit MSB of data if bit 0 of object 2064, is 1 (operation on 32 bit
variables)
15...0 X 16 bit LSB of data

16.3.3 Object 2066h: 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 2064, —
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 2066y,
Name Read data frqm address set in
2064, (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
0 Reserved if bit 0 of object 2064, is 0 (operation on 16 bit variables)
31...16 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
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16.3.4 Object 2067h: Write 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 2064, — 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 2067,
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

16.3.5 Object 2069h: 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 206A.

Object description:

Index 2069,

Name Checksum configuration register
Object code VAR

Data type UNSIGNED32

© ElectroCraft 2016 249 CoE programming



Entry description:

Access RW

PDO mapping No

Units -

Value range UNSIGNED32
Default value No

The structure of the parameter is the following:

Bit Value | Description
31...16 X 16-bit end address of the checksum
15...0 X 16 bit start address of the checksum

16.3.6 Object 206Ah: Checksum read register

This object shows the latest computed checksum.

Object description:

Entry description:

Index 206A,

Name Checksum read register
Object code VAR

Data type UNSIGNED16

Access RO

PDO mapping No

Units -

Value range UNSIGNED16

Default value No
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16.4 Downloading an image file (.sw) to the drive via CoE commands

The structure of an image file (.sw) is described in paragraph 16.2 and shown in Figure 15.1.

| Untitled Ap... [ | =[S
File Edit Format Wiew

Help

8081 -
1
8082
0
B083
0
8084
0
80B1
0
BOAA

B717
38D1
ADBT

Ln€

Figure 15.1 .sw file structure example

In order to download the data block pointed by the red arrow, first the block start address i.e. 5638;, must
be set using an SDO access to object 2064,
e Send the following message: SDO access to object 2064, 32-bit value 56380008,

The above configuration command also indicates that next read or write operation shall be executed
with drive’s EEPROM memory using 16-bit data and auto increment of address. All the numbers from the
lines after 5638, until the following blank line represents data to write in the EEPROM memory at
consecutive addresses starting with 5638,. The data writes are done using an SDO access to object
2065y, First data word C400y, is written using:

e Send the following message: SDO access to object 2065y, 32-bit value 0000C400y,.

-the number 0000 will not be written; object 2064, was configured to write only 16 bit data
Next data word 0050y, is written with:

e Send the following message: SDO access to object 2065, 32-bit value 00000050,
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and so on, until the next blank line from the .sw file. As 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 206A;, can be used to compare the checksum computed by the
drive with that computed on the master.

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

Warning! reading object 2066h in parallel with another application, the target
memory address will be incremented and will lead to incorrect data
writing or reading.
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16.5 Checking and loading the drive setup via .sw file and CoE commands
example.
Check the integrity of the setup data on a drive and update it if needed.

Before reading this example, please read paragraph 16.4.
To create a .sw file containing only the setup data do the following:
e In MotionPRO Developer, go to Application (in the menu bar at the top)-> Create EEPROM
Programmer File -> Setup Only... . Choose where to save the .sw file.
¢ In PRO Config, Setup (in the menu bar at the top) -> Create EEPROM Programmer File... .
Choose where to save the .sw file.
Let's suppose that the setup data of a ElectroCraft drive is located at EEPROM addresses between
O0x5E06 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:

r

| Setup_Example.sw - Notepad ldb | E JI. = | Cl |_£h]

File Edit Format View Help
SEQ6 #= line1 i
1234 line 2
5678 line 3
09AB line 4
CDEF line 5
9E .
252
5DC
250
;
Lnl, Coll

[

1. Compute the checksum in the .sw file. Let's suppose that the computed checksum is 0x1234.

2. Access object 2069, in order to compute the checksum of the setup table located on the
drive. Write the value OX5EFF5E06

Send the following message: SDO write to object 2069, sub-index 0, 32-bit value 5EFF5EQ6;,.

Following the reception of this message, the drive will compute the checksum of the EEPROM
locations OX5E06 to OX5EFF. The result is stored in the object 206A,.

3. Read the computed checksum from object 206A;.
Read by SDO protocol the value of object 206A;.

Let's assume the drive returns the following message (Object 206A,, = 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's assume the address
Ox5EOQ6 is the first 16 bit number found in the .sw file where setup data begins. Write the value
0x5E060009 into the object 2064, (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 2064, sub-index 0, 32-bit value 5SE060009,.
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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 Ox5E06 are 0x

2065y,

and 0x5678, you have to write the value 0x5678 into object

Send the following message (SDO write to object 2065, sub-index 0, 32-bit value 56781234,):

The number 0x

will be written at address OXx5E06 and 0x5678 will be at 0x5EQ7.

6. Assuming the next data after 0x5678 will be 0X09AB and OxCDEF, write the value OXCDEF09AB

into object 2065y,

Send the following message (SDO write to object 2065, sub-index 0, 32-bit value CDEF09AB;)):
The number 0X09AB will be written at address 0X5E08 and OxCDEF will be at Ox5EQ9.

7. Repeat step 5 until ablank 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.

| Untitled Application.sw - Notepad El@
File Edit Format View Help

0 -
0

380

FEAC

FAB3

5EFF
5E0Q8

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.

Warning!

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.
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17 Advanced features

Due to its embedded motion controller, a ElectroCraft programmable 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 MPL programming at drive
level with EtherCAT® master control. All features presented below require usage of MotionPRO Developer
as MPL programming tool

17.1 Using MotionPRO Developer

17.1.1 Starting a new project

Before starting a new project, establish serial communication with the drive. To do this, first read
Paragraph 1.1.3. The same method for establishing communication applies to MotionPRO Developer as
for PRO Config.

Press New button A new window will appear.

New Project @

Step 1: Select axiz number: |2

Step 2 Define/load setup data

= —

Upload from
Drive/fotor

Close

Step 1, selects the axis number for your drive. By default the drive is delivered with axis number 255.

In Step 2, a setup is defined. The setup data can be opened from a previous save, uploaded from the
drive, or select a new one for a new drive.
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17.1.2 Choosing the drive, motor and feedback configuration

r .
Press New button and select your drive category.

Continue the selection tree with the motor technology: rotary or linear brushless, brushed, 2 or 3 phase
stepper, the control mode in case of steppers (open-loop or closed-loop) and type of feedback device, if
any (for example: none or incremental encoder).

g MotionPRO Developer N [=] ]
Project  Communication  Yisw Help

DS g H e e @ Fal 8| T a8 S 2

= x
L L
Step 1 Select axis number: | 255 2
DOlNew
- Skp2 Definesload setup data
— —
|
L | <
= 0pen Cliar PRO-AD2V3GA-PE-CAN
2. PRO Series Integrated Motor Drive Controllers b PRO-AO2V3SA-PE-CAT »
! PRO-AD2V3GA-SA-CAN
—_— | PRO-AD4V3BA-PE-CAN F
Fa— L —
@ —— PRO-AD4V3IGA-PE-CAT +
7 Sl PRO-AO4V3GA-SA-CAN b
— PRO-ADBV4SAPE-CAN
= Z0pen oI PRO-ADSV4BA-PE-CAT b
P PRO-ADBV48A-SA-CAN #
RAFT.___ ~ PRO-ADBV4BA-SA-CAT *
| D “———  PRO-ADBV4BB-SA-CAN *
= TR P = =S g N rushed Motor
————
z [EOESEET ST YN  Grushless Motor
——e PRO-A10VB0A-SA-CAT »  Stepper Motor
Upload from able Servo Dr PRO-AZ0VBDA-SA-CAN »
Drive/Motor PRO-AJOVEOA-SA-CAT »
Clase
Ready | [Online [AxisID 255 | [smLL7087  [Firmware FS08I | v

Figure 16.1 MotionPRO Developer — Selecting the drive, motor and feedback

New windows are loaded which show the project information and current axis number for the selected
application. In the background, other customizable windows appear. These are control panels that show
and control the drive status through the serial communication interface.

In the left tree, click S Setup item.
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[ MotionPRO Developer - Untitled =] 3]
Project Applicaion Communication View ControlPanel Window Help

DEE & @0kbHE & FaadAX TuEE M SR

|r

Tx-rotonstats [ 1 2.0me 1] L5 cavopen ] L1 brve stots

[ SRL - Status Register Low |

15 - Fault 15 - Axis is ON
[0 T — 14 - In Cam 14 - Event set has occured r
15 - Axis is G
I [ I: 19 In Cnar 10 Matinn ic ramnlatard w
IR Project -0 x| f
=] aﬁ Untitled ==
E Application General Informai |||
Setup
El M Motion Application ID: I
(i Homing Modes L
[ Functions -
3 Interrupts Axis number: |255 v Memory Settings...
[%1 CAM Tables lis
Drive: PRO-A08V48B-SA-CAT
Compatible Product IDs: P027.214 E221

Firmware ID: F515D

— INIT
Setup ID: 0F10 ||
E2ROM: 16 Kwords PL
ion
RAM: 16 Kwords
Motor: M172
4| | i

§ I ‘ controlled by an EtherCAT master. ‘ | |
4] ) | _’l—l

Ready | Online [AxisID 255 |PRO-ADBY48B-SA-CAT  [S/NLL7087 |Firmware FS08[ [SetupID OF 7

Figure 16.2 MotionPRO Developer — Project information

To edit the setup, click View / Modify button.

I& Project

= ] Unbitled [
= Untitled Application Satu
s 5
= M Mation
(B Homing Modes Define/Load Edit Save
[#] Functions — = —
[3 Interrupts i—' i
[&] camM Tables | 7
H 5 =
g’ Save As
D New View / Modify
—
|
Ea |
] Import
Download to
= 0pen Drivedhdot
" ver 1.D|E:> ver 1.1 edotor

Load from a
previous version

Upload from
DrrivedMotor

Figure 16.3 MotionPRO Developer — Editing drive setup

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

For introducing motor data and configuring the drive parameters, please read Paragraph 0 and 1.1.5 .
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17.1.3 Downloading setup data to drive/motor

Closing the Drive setup dialogue with OK, keeps the new settings only in the MotionPRO Developer
project. In order to store the new settings into the drive you need to press the Download to Drive/Motor

+
Dovenload to
button Drive/Matar or the © button on the menu toolbar. This downloads the entire setup data in the

drive EEPROM memory. The new settings become effective after the next power-on, when the setup data
is copied into the active RAM memory used at runtime.

17.2 Using MPL Functions to Split Motion between Master and Drives

With ElectroCraft programmable drives you can really distribute the intelligence between an 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 MPL to execute complex tasks and inform the master
when these are done. Thus for each axis, the master task may be reduced at: calling MPL program /
functions (with possibility to abort their execution) stored in the drives EEPROM and waiting for a
message, which confirms the finalization of the MPL motion / functions execution.

17.2.1 Build the MPL program within MotionPRO Developer

The following steps describes how to create a MPL program with MotionPRO Developer

1. Define the MPL program. Open the MotionPRO Developer project and select the Motion entry from
the project tree.

IR Project CBX
AT RS D F T Tl [ ST 18 2By | e 3
= B Lrtitled Main [ A
= Untitled Application IPosttion profie
S Setup CACC = 0.0318; Macceleration rate = 100[rad’="2] @
= M Motion CEPD = 33,3333 islewy speed = 1000[rpm]
m] Haming Mades CPOS = 10000L; Mposition command = S[rot]
1 Functions ;Z%éﬁ'ggsmon command s relative
G0 Ieerrupts TUMI; fizet Target Update Mods 1 x
(& CAM Tables UPD; i execute immediate
IMC; WEAITY, 5 wealt for completion T*)
L)
2]
o 3

Figure 16.4 MotionPRO Developer project window — Motion edit window

2. Add the MPL code. To add MPL code click on the buttons in the Motion wizard bar to introduce new
motion profiles, events or I/O commands.

AT - RE D B F G W T e | P ST 18 22 v B By | ¢ b

Figure 16.5 MotionPRO Developer — Motion wizard bar

Each button represents a new interactive command.
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Motion - Trapezoidal Profiles

Exrecute P—
) Ther wait until
* Pasition ™ Absaolute " Immediste W motion is
completed
~ ¢ Relative [ Additive
" Onevent  ——————
W Acceleration rate = |100 rad/s"2 A
i Slew speed = (1000 pm A
v Position increment = |5 |r0t j

& Generate new trajectory starting from actual
values of position and speed reference
~ Setup motion data, but

G b traject tarting f tual -
~ Generate new trajectory starting fram actual ot start srecution

values of load/motor position and speed

ok | Cancel | Help |

Figure 16.6 MotionPRO Developer — Trapezoidal Profile menu

After clicking OK button, the command is converted into code that will be later downloaded to the drive.

HPosition profile

CACC = 0.031 5 facceleration rate = 100[radis"2]
CEPD = 333333, Mzlew speed = 10000 am]

CPOS = 100000, Mposition command = S[rat]

CPR; Nposition command is relstive

MODE PPy

TUR1; fizet Target Update Mode 1

UPDy; & execute immediste

IAC; WAITE 0 weeait for completion

Figure 16.7 MotionPRO Developer — Trapezoidal Profile commands

Remark: The data transfer buttons are not compatible with the EtherCAT® drives.

17.2.2 Build MPL functions within MotionPRO Developer
The following steps describes how to create MPL functions with MotionPRO Developer

3. Define the MPL functions. Open the MotionPRO Developer project and select the Functions entry
from the project tree. On the right side of the project panel add the MPL functions executed by the
drive. You may also remove, rename and change the functions download order.

Remark: You can call up to 10 MPL functions using the associated CANopen object.

4. Add the MPL code. The added functions are listed in the project tree under the Functions entry.
Select each function from the list and add the MPL code that will be executed by the function. Adding
MPL code is presented in Paragraph 17.2.1.

© ElectroCraft 2016 259 CoE programming



improject =101
AT B B DF G T Tt | Pu [ ST 28 2 4 % Byme| £ | 2
=l ) Drill machine Function Function1 o
= 28 Main mokion HPosition profile ™
S Setup CACC = 03183 Macceleration rate = 1000[rads"2]
= M Mation CSPD = 3.3333dslew speed = 100[rpm] 1
m] Harming Modes CPOS = 1667, fhastion command = 300[deg]
= [ Functions Eﬂ%%é.fggsm':n cominand i relative "‘
2 FEstn] TURH; ifzet Target Update Mode 1 b
'T% FunctionZ UPDy, fexecute immediste —_
M2y Functions IRACC; WAAITE fhavsit for completion o
ﬁ] Inkterrupks ri
&1 caM Tables o
| 5|
Ek

Figure 16.8 MotionPRO Developer project window — functions edit view

17.2.3 Downloading MPL program and functions within MotionPRO Developer

Download the MPL functions into the drive memory. Use the menu command Application |
Motion | Build to create the executable code and the menu command Application | Motion |
Download Program to download the MPL code into the drive memory.

© ElectroCraft 2016

260 CoE programming



17.3 MPL Function Objects

17.3.1 Executing MPL programs

The distributed control concept allows you to prepare and download into a drive a complete MPL program
including functions, homing procedures, etc. The MPL program execution can be started simply by writing
a value in the dedicated object.

Note: The ElectroCraft EtherCAT® drives, currently do not allow the execution of a PT/PVT motion using
MPL code. These types of motions work only via online CoE commands.

17.3.2 Object 2077h: Execute MPL program

This object is used in order to execute the MPL program from either EEPROM or RAM memory. The MPL
program is downloaded using the MotionPRO Developer software or by the EtherCAT® master using the
.sw file created in MotionPRO Developer.

Writing any value in this object (through the SDO protocol) will trigger the execution of the MPL program in
the drive.

Object description:

Index 2077,
Name Execute MPL program
Object code VAR
Data type UNSIGNED16
Entry description:
Access WO
PDO mapping No
Value range UNSIGNED16
Default value -

17.3.2.1 Object 2006h: Call MPL Function

The object allows the execution of a previously downloaded MPL function. When a write is performed to
this object, the MPL function with the index specified in the value provided is called. The MPL function
body is defined using MotionPRO Developer and saved in the EEPROM memory of the drive. The function
index represents an offset in a predefined table of MPL callable functions.

It is not possible to call another MPL function, while the previous one is still running. In this case bits 7
(warning) from the Status Word and 14 (command error) from Motion Error Register are set, and the
function call is ignored. The execution of any called MPL function can be aborted by setting bit 13 in
Control Word.

There are 10 MPL functions that can be called through this mechanism (the first 10 MPL functions defined
using the MotionPRO Developer 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
0030h (Value range of parameter exceeded). If a valid value is entered, but no MPL function is defined in
that position, an SDO abort code will be issued: 0800 0020h (Data cannot be transferred or stored to the
application).
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Object description:

Index 2006,

Name Call MPL function

Object code VAR

Data type UNSIGNED16
Entry description:

Access WO

PDO mapping No

Units -

Value range 1...10

Default value -

17.4 Loading Automatically Cam Tables Defined in MotionPRO Developer

Apart from the standard modes of operation of CIA 402, the ElectroCraft drives offer others like: electronic
gearing, electronic camming, external modes with analogue or digital reference etc. When electronic
camming is used, the cam tables can be loaded in the following ways:

a) The master downloads the cam points into the drive active RAM memory after each power on;

b) The cam points are stored in the drive EEPROM and the master commands their copy into the active
RAM memory

c) The cam points are stored in the drive EEPROM and during the drive initialization (transition to Ready
to Switch ON status) are automatically copied from EEPROM to the active RAM

For the last 2 options the cam table(s) are defined in MotionPRO Developer and are included in the
information stored in the EEPROM together with the setup data and the MPL programs/functions.

Remark: The cam tables are included in the .sw file generated with MotionPRO Developer. Therefore, the
master can check the cam presence in the drive EEPROM using the same procedure as for testing of the
setup data.

17.4.1 CAM table structure

The cam tables are arrays of X, Y points, where X is the cam input i.e. the master position and Y is the
cam output i.e. the slave position. The X points are expressed in the master internal position units, while
the Y points are expressed in the slave internal position units. Both X and Y points 32-bit long integer
values. The X points must be positive (including 0) and equally spaced at: 1, 2, 4, 8, 16, 32, 64 or 128 i.e.
having the interpolation step a power of 2 between 0 and 7. The maximum number of points for one cam
table is 8192.
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As cam table X points are equally spaced, they are completely defined by two data: the Master start
value or the first X point and the Interpolation step providing the distance between the X points. This
offers the possibility to minimize the cam size, which is saved in the drive/motor in the following format:

e 1stword (1 word = 16-bit data):

o Bits 15-13 — the power of 2 of the interpolation step. For example, if these bits have the
binary value 010 (2), the interpolation step is 2° = 4, hence the master X values are
spaced from 4 to 4: 0, 4, 8, 12, etc.

o Bits 12-0 — the length -1 of the table. The length represents the number of points (one
point occupies 2 words)

e 2nd and 3rd words: the Master start value (long), expressed in master position units. 2" word
contains the low part, 3rd word the high part

e 4th and 5th words: Reserved. Must be set to 0

e Next pairs of 2 words: the slave Y positions (long), expressed in position units. The 1st word from
the pair contains the low part and the 2nd word from the pair the high part

Last word: the cam table checksum, representing the sum modulo 65536 of all the cam table data except
the checksum word itself.

17.5 Customizing the Homing Procedures

The homing methods defined by the CiA 402 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 MotionPRO Developer 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.

meoseee -ibix]

=] aﬁ Drilltachine Homing Modes =)
&=l (g8l MainMotion home1 - Home 1 Move negative until the limit switch is reached. Reverse and | (@) Default et et
S Setup =top &t first incex pulse. ) User defined eload defaul
= M Motion home2 - Home 2 Move positive until the limit switch is reached. Reverse and | (8 Default
. o z Reload defautt
= m] Homing Modes =top at first index pulze. ) User defined
'FEW home4 home3 - Home 3 Stop at first index pulse after home switch high-low transition. (@) Default I—
H2) home11 If home ingut i high, move negative, elze move positive and reverse after home | () User defined EIEEE EEEH
'FEW hame18 home4 - Home 4 Stop at first index pulse after home switch low-high transition. ODefauIt ______________________________________ NP
[ Functions If home ingut i lowe, move posttive, else move negative and reverse after home | (@) User defined Seaciceay
(i 1nkerrupts homes - Home 5 Stop at first index pulse after home switch lowe-high transition. | (8 Default i et
€1 Cam Tables If home ingut i lowe, move posttive, else move negative and reverse after home () User defined EIEEE EEEH
homet - Home 6 Stop at first index pulse after home switch lovw-high transition. (8 Default Reload defaut
If hiotmie inpaLt is lowe, mave posttive, else move negative and reverse after home () User defined EIEEE EEEH
home? - Home 7 - Moving negative, stop at first index pulse after home switch | (8 Default Reload defaut o
active region ends (high-Iow transition). 1f hame input is high move negative, 0 User defined (HEkTE] E=AE
homed - Home & Moving positive, stop at first index pulse after home switch (& Default Reload defaut
active region starts (lowe-high transition). If home input is low move positive, () User defined (EIEEE EEER
homed - Home 9 - Moving negative, stop at first index pulze after home switch | (8 Default Reload defaut
active region starts (Iow-high transtion). Move postive and reverse after home ) Uger defined EIEEE EEEH
home10 - Home 10 - Moving positive, stop at first index pulse after home (& Default Reload defaut
switch active region ends (high-lowy transition). Move positive. Reverseitthe (T User defined (EIEEE EEER
home11 - Home 11 - Moving positive, stop at first index pulse after home O Default Reload defaut
switch active region ends (high-low transition). If hame input is high move @ User defined Seaciceay
home12 - Home 12 Maving negative, stop at first index pulse after home switch (8 Default Reload defaut
active region starts (Iow-high transtion). If home input iz low move negstive, 0 User defined (EIEEE EEER
home13 - Home 13 - Moving positive, stop at first index pulse after home @ Default Reload defaut
switch active region starts (ow-high transition). Move negstive and reverse () Uzer defined (e EEER
home14 - Home 14 - Moving negative, stop at first index pulse after home @ Default Reload defaut
switch active region ends (high-lowy transition). Move negative. Reverse if the (7] User defined EIEEE EEEH LI
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If you click on the HomeX procedure, on the right side you'll see the MPL function implementing it. The
homing routine can be customized according to your application needs. Its calling name and method
remain unchanged.

17.6 Customizing the Drive Reaction to Fault Conditions

Similarly to the homing modes, the default service routines for the MPL 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 MPL interrupts is
similar with that for the homing modes.

IR Project 19[=] E3
O B Unkitled Interrupts
= 28 Untitled Application intll - Enable input has changed (®) Defautt Clser defined Reload default
S Setup At - Shor-circul I Detautt @ Lizer defined Relnad defaut
El M Mation int2 - Software protections (® Default ( User defined Reload default
(i Hom\n.g Mades int3 - Cortrol error (® Defautt ClU=er defined Reload defautt
m Functions int4 - Communication error @Defauh OUser clefined Feload default
B ﬁ] g;a.rrupts H o intS - Posttion wrapsaround @Defauh (CUser defined Reload defautt
% :::; fslio‘r;;s;::;med transition detected ?rrtB - LSP programmed transttiun detected (I Defaultt (@) User daf?ned Reload default
% iRt - LSN programmed transition detected int? - LM programmed transition detected QDefauh (@ zer defined Reloadd defaul
[ CAM Tables inta - Capture input transftion detected @ Detault ClUzer defined Relnad defaut
int3 - Mation is completed 1 in velocity (® Default (CUser defined Reloadd defaul
int10 - Time period has elapsedd @Defaun ClUser defined Reload default
int11 - Event set has occurred (8! Defautt ClUser defined Reload defautt

17.7 Saving the program, functions and setup to an image file (.sw)

Saving the motion, functions and setup to an image file, allows the EtherCAT® master to download them
later to the drive(s) using CoE commands without the need for MotionPRO Developer software.

Use the menu command menu command Application | EEPROM Programmer File | Motion
and Setup... to the MPL code and setup as a .sw file.

To download an image file (.sw) to the drive, please read Paragraph 16.4.
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Appendix A Object Dictionary by Index

Index | Sub-index Description
1000h | 00h Device type
1001h | 00h Error register
1002h | 00h Manufacturer status register
1008h | 00h Manufacturer device name
1009h | 00h Manufacturer Hardware Version
100Ah | 00h Manufacturer software version
1018h Identity Object

00h Number of entries

01lh Vendor ID

02h Product Code

03h Revision Number

04h Serial number
1600h RPDO1 mapping parameters

00h Number of entries

01h 1% mapped object — 6040h — controlword

02h 2" mapped object — 6060h — modes of operation
1602h RPDO2 mapping parameters

00h Number of entries

02h 1% mapped object — 607Ah — target position
1602h RPDO3 mapping parameters

00h Number of entries

02h 1% mapped object — 6071h — target torque
1603h RPDO4 mapping parameters

00h Number of entries

02h IS mapped object — 60FFh — target velocity
1A00h TPDO1 mapping parameters

00h Number of entries

01lh 1% mapped object — 6041h — statusword
1A01h TPDO2 mapping parameters

00h Number of entries

02h 17 mapped object — 6061h — modes of operation display
1A02h TPDO3 mapping parameters

00h Number of entries

02h 1* mapped object — 6064h — position actual value
1A03h TPDO4 mapping parameters

00h Number of entries

01lh 1 mapped object — 606Ch — velocity actual value
1CO00h Sync Manager Com. Type

00h Number of entries
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0lh Communication Type Sync Manager 0
02h Communication Type Sync Manager 1
03h Communication Type Sync Manager 2
04h Communication Type Sync Manager 3
1C12h Sync Manager Channel 2 (Process Data Output)
00h Number of entries _
01h PDO Mapping object index of assigned RxPDO : 1% mapped
object
02h PDO Mapping object index of assigned RxPDO : 2™ mapped
object
1C13h Object 1C13h: Sync Manager Channel 2 (Process Data Input)
00h Number of entries _
01lh PDO Mapping object index of assigned TxPDO : 1% mapped
object
02h PDO Mapping object index of assigned TxPDO : 2™ mapped
object
2000h [ OOh Motion Error Register
2001h [ OOh Motion Error Register mask
2002h | 00h Detailed Error Register
2005h | 00h Max slippage time out
2006h | 00h Call MPL function
2012h | 00h Master resolution
2013h EGEAR multiplication factor
00h Number of entries
0l1h EGEAR ratio numerator (slave)
02h EGEAR ratio denominator (master)
2017h | 00h Master actual position
2018h | 00h Master actual speed
2019h | 00h CAM table load address
201Ah | 00h CAM table run address
201Bh | 00h CAM offset
201Dh | 00h External reference type
201Eh [ 00Oh Master position
2022h | 00h Control effort
2023h | 00h Jerk time
2025h | 00h Stepper current in open loop operation
2026h [ 00Oh Stand-by current for stepper in open loop operation
2027h | 00h Timeout for stepper stand-by current
2045h | 00h Digital outputs status
2046h | 00h Analogue input: Reference
2047h | 00h Analogue input: Feedback
2050h | 00h Over current protection level
2051h | 00h Over current time out
2052h | 00h Motor nominal current
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2053h [ 00h I2t protection integrator limit
2054h | 00h I2t protection scaling factor
2055h [ 00h DC-link voltage
2058h [ 00h Drive temperature
2060h [ 00h Software version of a MPL application
2064h [ 00Oh Read/Write configuration register
2065h [ 00h Write data at address set in object 2064h (16/32 bits)
2066h [ 00Oh Read data from address set in object 2064h (16/32 bits)
2067h | 00h Write data at specified address
2069h [ 0Oh Checksum configuration register
206Ah | 00h Checksum read register
206Bh [ 00h CAM input scaling factor
206Ch [ 00h CAM output scaling factor
206Fh [ 00Oh Time notation index
2070h | 00h Time dimension index
2071h Time factor

00h Number of entries

01lh Time factor Numerator

02h Time factor Divisor
2072h | 00h Interpolated position mode status
2073h | 00h Interpolated position buffer length
2074h | 00h Interpolated position buffer configuration
2075h Position triggers

00h Number of entries

01lh Position trigger 1

02h Position trigger 2

03h Position trigger 3

04h Position trigger 4
2076h | 00h Save current configuration
2077h | 00Oh Execute MPL program
2079h | 00h Interpolated position initial position
207Ah | 00h Interpolated position 1% order time
207Bh | 00h Homing current threshold
207Ch | 00h Homing current threshold time
207Dh | 00h Dummy
207Fh | 00h Current limit
2080h | 00h Reset drive
2081h | 00h Set/Change actual position
2082h | 00h Sync on fast loop
2083h | 00h Encoder resolution
2084h | 00h Stepper resolution
2085h | 00h Position triggered outputs
2086h | 00h Limit speed/acceleration for CSP/CSV
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2087h [ 00h Actual internal velocity from sensor on motor
2088h | 00h Actual internal position from sensor on motor
2089h | 00h Synchronization test config
208Ah | 00h Save setup status
208Bh | 00h Sin AD signal from Sin/Cos encoder
208Ch | 00h Cos AD signal from Sin/Cos encoder
208Dh [ 00h Auxiliary encoder position
208Eh [ 00h Auxiliary settings register
2100h [ OOh Number of Steps per Revolution
2101h [ 0Oh Number of microsteps per Step
2102h | 00h Brake Status
2103h [ 00h Number of encoder Counts per Revolution
2104h | 00h Auxiliary encoder function
2105h | 00h Auxiliary encoder status
2106h | 00h Auxiliary encoder captured position positive edge
2107h | 00h Auxiliary encoder captured position negative edge
2108h Filter variable 16bit
00h Number of entries
0lh 16 bit variable address
02h Filter strength
03h Filtered variable 16bit
6007h | 00h Abort connection option code
6040h | 00h Controlword
6041h | OOh Statusword
605Ah | 00h Quick stop option code
605Bh | 00h Shutdown option code
605Ch | 00h Disable operation option code
605Dh | 00h Halt option code
605Eh | 00h Fault reaction option code
6060h | 00h Modes of operation
6061h [ O0Oh Modes of operation display
6062h | 00h Position demand value
6063h | 00h Position actual value*
6064h | 00h Position actual value
6065h [ 00h Following error window
6066h | 00h Following error time out
6067h | 00h Position window
6068h | 00h Position window time
6069h | 00h Velocity sensor actual value
606Bh | 00h Velocity demand value
606Ch | 00h Velocity actual value
606Fh | 00h Velocity threshold
6071h | 00h Target torque

© ElectroCraft 2016

268

CoE programming



6077h | 00h Torque actual value
607Ah [ 00h Target position
607Ch | 00h Home offset
607Dh Software position limit

00h Number of entries

0lh Minimal position limit

02h Maximal position limit
6081h | O0h Profile velocity
6083h | 00h Profile acceleration
6085h | 00h Quick stop deceleration
6086h [ OOh Motion profile type
6089h | 00h Position notation index
608Ah | 00h Position dimension index
608Bh | 00h Velocity notation index
608Ch | 00h Velocity dimension index
608Dh | 00h Acceleration notation index
608Eh | 00h Acceleration dimension index
6093h Position factor

00h Number of entries

01h Numerator

02h Divisor
6094h Velocity encoder factor

00h Number of entries

01h Numerator

02h Divisor
6097h Acceleration factor

00h Number of entries

01h Numerator

02h Divisor
6098h | 00h Homing method
6099h | 00h Homing speeds
609Ah | 00h Homing acceleration
60B8h | 00h Touch probe function
60B9h | 00h Touch probe status
60BAh | 00h Touch probe 1 positive edge
60BBh | 00h Touch probe 1 negative edge
60BCh | 00h Touch probe 2 positive edge
60BDh | 00h Touch probe 2 negative edge
60C0Oh | 00h Interpolation sub mode select
60C1h Interpolation Data Record
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00h Number of entries
01lh The first parameter
Onh The n-th parameter
60C2h Interpolation time period
00h Number of entries
0lh Interpolation time period value
02h Interpolation time index
60F4h | 00h Following error actual value
60F8h | 00h Max slippage
60FCh [ 00h Position demand value
60FDh [ 00h Digital inputs
60FEh [ O0Oh Digital outputs
60FFh [ 00h Target velocity
6502h | 00h Supported drive modes
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