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Important:

The contents of this manual are valid from the firmware versions listed below:

e AEM:
o AE2:
e BEL:
e BE2:
e SEM:
o SE2:
e TEL:
o TEZ2:
o XEL:
o XE2:

Trademarks:

EtherCAT is a registered trademark and patented technology,

licensed by Beckhoff Automation GmbH, Germany

Windows is a registered trademark of Microsoft Corporation

Copley ASCII Interface, Copley Virtual Machine, CVM, Accelnet, Xenus, Stepnet,

and CME are registered trademarks of Copley Controls.

Other designations used in this publication may be trademarks whose use by third parties for
their own purposes could violate the rights of the owners. No part of this document may be
reproduced in any form or by any means, electronic or mechanical, including photocopying,
without express written permission of Copley Controls.
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1 ABOUT THIS MANUAL
1.1 Title, Number, Revision

Title EtherCAT User Guide
Document Number 16-01450
Current Revision 01

1.2 Revision History

Revision Date Comments
00 December 21, 2015 | Preliminary version
01 July 11, 2019 Acontis EtherCAT added

1.3 Overview and Scope

This manual covers EtherCAT communications as it applies to Copley Controls Plus products. It is written for the
reader who has a basic knowledge of motion control theory and operation, Copley Controls servo drives, and
Copley Controls CME software.

*kkkkkhkkk ** *kkkk%k *% *% IM PORTA NT *kkkkkkkkkkkkkkkkkkkkkkkkhkkhkkkkkkkx

The purpose of this manual is to provide basic information on EtherCAT communications,
and to show how EtherCAT master software can be set up with Copley servo drives.
All of the Quick Starts use the servo drive as an EtherCAT slave configured for
CSP (Cyclic Synchronous Position) mode.
Before connecting a Copley servo drive to an EtherCAT master, Basic Setup in the CME
software must be configured for:

e Operating mode: Position

e Command source: CANopen application protocol over EtherCAT (CoE)
The drive must be set up with the motor, phased properly, and the position mode tuning
adjusted for optimal, stable response. In CSP mode, the servo drive operates as a position-
follower with current/velocity/position loops closed in the drive. The EtherCAT master does
all of the calculations to produce motion profiles that move the motor to desired positions.

1.4 Comments

The Copley Controls web-site has a link to comment or ask a question about this manual:
http://www.copleycontrols.com/Motion/Contact/support.html.

1.5 Document Validity

Copley Controls reserves the right to modify our products.

The information in this document is subject to change without notice and does not represent
a commitment by Copley Controls. Copley Controls assumes no responsibility for any errors
that may appear in this document.
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Plus Models Feature:
e Absolute encoder feedback
e STO (Safe Torque Off) for Panel models

Xenus Plus Panel EtherCAT 1-Axis (XEL)
XEL-230-18, 6 Adc continuous, 18 Adc peak, 100~230 Vac
XEL-230-36, 12 Adc continuous, 36 Adc peak, 100~230 Vac
XEL-230-40, 20 Adc continuous, 40 Adc peak, 100~230 Vac

Xenus Plus Panel EtherCAT 2-Axis (XE2)
XE2-230-20, 10 Adc continuous, 20 Adc peak, 100~230 Vac

Accelnet Plus Panel EtherCAT 1-Axis (BEL)
BEL-090-06, 3 Adc continuous, 6 Adc peak, 14~90 Vdc
BEL-090-14, 7 Adc continuous, 4 Adc peak, 14~90 Vdc
BEL-090-30, 15 Adc continuous, 30 Adc peak, 14~90 Vdc

Accelnet Plus Panel EtherCAT 2-Axis (BE2)
BE2-090-06, 3 Adc continuous, 6 Adc peak, 14~90 Vdc
BE2-090-14, 7 Adc continuous, 14 Adc peak, 14~90 Vdc
BE2-090-20, 10 Adc continuous, 20 Adc peak, 14~90 Vdc

Accelnet Plus Module EtherCAT 1-Axis (AEM)
AEM-090-06, 3 Adc continuous, 6 Adc peak, 14~90 Vdc
AEM-090-14, 7 Adc continuous, 14 Adc peak, 14~90 Vdc
AEM-090-30, 10 Adc continuous, 20 Adc peak, 14~90 Vdc

Accelnet Plus Module EtherCAT 2-Axis (AE2)
AE2-090-06, 3 Adc continuous, 6 Adc peak, 14~90 Vdc
AE2-090-14, 7 Adc continuous, 14 Adc peak, 14~90 Vdc
AE2-090-30, 15 Adc continuous, 30 Adc peak, 14~90 Vdc

Stepnet Plus Module EtherCAT 1-Axis (SEM)
SEM-090-07, 5 Adc continuous, 7 Adc peak, 14~90 Vdc
SEM-090-10, 10 Adc continuous, 10 Adc peak, 14~90 Vdc

Stepnet Plus Module EtherCAT 2-Axis (SE2)
SE2-090-07, 5 Adc continuous, 7 Adc peak, 14~90 Vdc
SE2-090-10, 10 Adc continuous, 10 Adc peak, 14~90 Vdc

Stepnet Plus Panel EtherCAT 2-Axis (TE2)
TE2-090-07, 5 Adc continuous, 7 Adc peak, 14~90 Vdc
TE2-090-10, 10 Adc continuous, 10 Adc peak, 14~90 Vdc

16-01450 Rev 01

1.6 Copley Controls EtherCAT Plus Servo & Stepper Drives

—
EtherCAT.

Conformance tested

The models below have EtherCAT functionality but have not been Conformance Tested and certified.

Stepnet Plus Panel EtherCAT 1-Axis (TEL)
TEL-090-07, 5 Adc continuous, 7 Adc peak, 14~90 Vdc
TEL-090-10, 10 Adc continuous, 10 Adc peak, 14~90 Vdc

Accelnet Panel EtherCAT 1-Axis (AEP)
AEP-055-18, 6 Adc continuous, 18 Adc peak, 20~55 Vdc
AEP-090-09, 3 Adc continuous, 9 Adc peak, 20~90 Vdc
AEP-090-18, 6 Adc continuous, 18 Adc peak, 20~90 Vdc
AEP-090-36, 12 Adc continuous, 36 Adc peak, 20~90 Vdc
AEP-180-09, 3 Adc continuous, 9 Adc peak, 20~180 Vdc
AEP-180-18, 6 Adc continuous, 18 Adc peak, 20~180 Vdc

——
EtherCAT.

Note: If available, resolver versions (-R option) of these products are not shown in the listing above.
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2 RELATED DOCUMENTATION

The documents listed below can be found on the Support section of the Copley web-site:
https://www.copleycontrols.com/en/support/

Documents section, Xenus Plus:
Xenus Plus Ethercat 1-Axis (XEL) Datasheet
Xenus Plus Ethercat 2-Axis (XE2) Datasheet
Xenus Plus User Guide
Absolute & Serial Encoder Guide
Documents section, Accelnet Plus Module
Accelnet Plus EtherCAT 1-Axis Module (AEM) Datasheet
Accelnet Plus EtherCAT 2-Axis Module (AE2) Datasheet
Documents section, Accelnet Plus Panel
Accelnet Plus EtherCAT 1-Axis Panel (BEL) Datasheet
Accelnet Plus EtherCAT 2-Axis Panel (BE2) Datasheet
Documents section, Stepnet Plus Module
Stepnet Plus EtherCAT 1-Axis Module (SEM) Datasheet
Stepnet Plus EtherCAT 2-Axis Module (SE2) Datasheet
Documents section, Stepnet Plus Panel
Stepnet Plus EtherCAT 1-Axis Panel (TEL) Datasheet
Stepnet Plus EtherCAT 2-Axis Panel (TE2) Datasheet
Documents section, Software Documents
Using CME2
CME2 Indexer User Guide
Camming User Guide
CMO Programmers Guide
CME2 Indexer User Guide
CML Datasheet
CPL User Guide
Documents section, Communicationi Protocols
CANopen Manual
ASCII Programmers Guide
Parameter Dictionary
Software Releases section, Firmware & Releases, EDS/ESI section
EtherCAT (a ZIP file that contains ESI files for the Plus models)
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1.1 References

Wikipedia: EtherCAT

A very good introduction to EtherCAT that covers all of the basic elements and
has references to other sources of information:
https://en.wikipedia.org/wiki/EtherCAT

EtherCAT Technology Group

http://ethercat.org/default.htm

The ETG is a global organization in which OEM, End Users and Technology Providers join forces to support and
promote the further technology developmen. Follow this link for an excellent tutorial on EtherCAT:

http://ethercat.org/en/technology.html

CiA DS-402 CANopen device profile for drives and motion control
https://www.can-cia.org/can-knowledge/canopen/cia402/

The device profile for drives and motion control defines the functional behavior of controllers for
servo drives, frequency inverters, and stepper motors.

CoE: CAN Application protocol over EtherCAT
This is the application protocol used by Copley EtherCAT products.

ETG.6010 Implementation Directive for CiA402 Drive Profile

IEC 61800-7 specifies the CiA-402 drive profile that is mapped to EtherCAT.

This specifies the common behavior of servo drives that use the CiA drive profile.
Note that ETG membership is needed to download this specification.

ETG 2200: EtherCAT Slave Implementation Guide
ETG2200 Slave Implementation Guide
Technology overview, Network Architecture and Functionality, Slave Implementation procedure

Beckhoff Information System

Beckhoff Information System

From here, click Download > Beckhoff Information System > Reference in HTML-format
Downloads are available for TwinCAT 2 and TwinCAT 3.

These are large files but the Infosystem is available on-line:

Beckhoff Information System Online
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https://www.beckhoff.com/
https://infosys.beckhoff.com/
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2.1.1 Common Abbreviations

CPU

Central Processing Unit

DC

Distributed Clocks

DPRAM

Dual-Port Random Access Memory

EEPROM

Electrically Erasable Programmable Read-Only Memory

ENI

EtherCAT Network Information (file in XML format)

ESC

EtherCAT Slave Controller

ESI

EtherCAT Slave Information (file in XML format)

ESM

EtherCAT State Machine (Init, Pre-Op, Safe-Op, Op)

ETG

EtherCAT Technology Group

FMMU

Fieldbus Memory Management Unit

FoE

File Access over EtherCAT

FPGA

Field Programmable Gate Array

GPIO

General-Purpose Input/Output

IEC

International Electrotechnical Commission

IP Core

Intellectual Property Core (licensed EtherCAT code in the FPGA

MDP

Modular Device Profile

Mill

Media Independent Interface

NIC

Network Interface Card (Ethernet port/card in a desktop PC)

NVRAM

Non-Volatile Read-Only Memory

OEM

Original Equipment Manufacturer

PDI

Process Data Interface

PDO

Process Data Object

PHY

PHYsical circuit interface between internal logic and network signals

PLC

Programmable Logic Controller

Sl

Slave Information Interface (EEPROM)

USB

Universal Serial Bus

XML

Extended Mark-Up Language
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2.1.2 Network Abbreviations

The reference for these abbreviations is the EtherCAT Specification - Part 3
Data Link Layer service definition, ETG.1000.3 S (R) V1.0

AL Application Layer

APRD Auto Increment Physical Read

APRW Auto Increment Physical Read/Write

APWR Auto Increment Physical Write

ARMW Auto Increment Physical Read Multiple Write
BRD Broadcast Read

BRW Broadcast Read Write

BWR Broadcast Write

CoE CANopen Application layer over EtherCAT

ECAT Prefix for DL services & protocols

EEPROM Electrically Erasable Programmable Read-Only Memory
EtherCAT Ethernet for Control Automation Technology
FPRD Configured Address Physical Read

FPRW Configured Address Physical Read/Write

FPWR Configured Address Physical Write

FRMW Configured Address Physical Read Multiple Write
LRD Logical Memory Read

LRW Logical Memory Read/Write

LWR Logical Memory Write

Ml Media Independent Interface

PHY Physical Layer (of a network: cables, sockets, etc)
TCP/IP Transmission Control Protocol / Internet Protocol
UDP User Datagram Protocol
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3 INTRODUCTION TO ETHERCAT

3.1

“"EtherCAT is the open real-time Ethernet network originally developed by Beckhoff.”

These words can be found on the EtherCAT Technology Group (ETG) web-site which is the organization set
up by Beckhoff to support and promote EtherCAT. ETG is a source for information on EtherCAT, its operation
and specifications, provides training classes and promotes it in trade shows.

First-time users of EtherCAT should read the Technical Introduction and Overview section of the ETG site for
a short course in this technology.

EtherCAT Technology Group (ETG)

ETG is the knowledge base for the EtherCAT specifications and other documents describing EtherCAT operation
and applications. Users of Copley Controls EtherCAT products should become familiar with this web-site as the
primary source of information and specifications that apply to EtherCAT.

In 1986 Beckhoff GmbH produced the first PC-based motion controller. In 1996 TwinCAT software was
introduced with a real-time kernel, NC and PLC functions integrated for motion control. EtherCAT was then
produced in 2003 to provide a high-speed, Ethernet based fieldbus system which allowed high-speed updating
of process data for motion control and I/0, as well as tight synchronization of the servo drives on the network.
The ETG was created to separate the production, management, and promulgation of the EtherCAT specification
from Beckhoff GmbH which produces primarily hardware.

Copley Controls is a member of the ETG, and participates yearly in Plug Fests during which members have the
opportunity to test the function and compatibility of their products with those of other members.

ETG Home
Web-site for EtherCAT Technology Group

EtherCAT: The Ethernet Fieldbus
A good brochure about EtherCAT and the basic features of the technology

ETG 2200: Slave Implementation Guide
This document describes the first steps with EtherCAT when starting an EtherCAT slave implementation.

EtherCAT Introduction
Graphic PowerPoint about EtherCAT features

Industrial Ethernet Technology Comparison
A detailed presentation of EtherCAT vs. Profinet, Ethernet/IP, CC-Link I.e., Sercos III, Powerlink,
and Modbus/TCP

EtherCAT Functional Principle
An animated demonstration of EtherCAT operation. Puts the FUN in functional.

3.2 Standards for EtherCAT and CoE

IEC standards that relate to the operation of Copley Controls EtherCAT drives that use CoE.
The EtherCAT standards are international standards available from the IEC:
http://www.iec.ch/index.htm
IEC 61800-7: Generic Interface and use of Profiles for Power Drive Systems
IEC 61800-7-1: Interface Definition
IEC 61800-7-1 Annex A: Mapping to CiA 402
IEC 61800-7-2xx: Profile Specifications
IEC 61800-7-201: Profile CiA 402
IEC 61800-7-3xx: Mapping of profiles to network topologies
IEC 61800-7-301: Mapping to EtherCAT, CANopen
CoE: CANopen application protocol over EtherCAT

CAN in Automation (CAN-CiA) is the international users' and manufacturers' organization that develops and
supports CAN-based higher-layer protocols such as CAN and CANopen: http://www.can-cia.org/.
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3.3 EtherCAT Overview

Thes

e are the components of an EtherCAT system. A single EtherCAT master controls a number of EtherCAT

slaves (also called nodes or devices) on the network. The master transmits EtherCAT frames that can contain a
number of EtherCAT datagrams. Each datagram holds the process data for a specific slave. Process data frames
are sent at a constant, cyclic rate. Inside the master, there can be more than one real-time task with each real-

time

task running at its own cyclic rate.
Copley Controls EtherCAT Drives

ECAT Master Other ECAT y Other ECAT
Computer 1/0 é = — 1/0
or PLC Devices . ) Devices

-

Ethernet EtherCAT
e g Datagram 1 Datagram 2 Datagram 3 Ethernet
| 11 Il ]
Logical Logical Logical
Process Image Process Image Process Image
Task 1 Task 2 Task 3

Starting Up Step-by-Step

Note

Install the EtherCAT master software

Place ESI files in master software folder

Dedicate a NIC (Network Interface Card) to EtherCAT

Connect EtherCAT devices from Master to Slaves

Configure slaves for EtherCAT operation and turn on, prepare for EtherCAT operation

Master scans network. Devices found that have matching ESI files may be linked automatically to NC's
Configure slaves from the master with units and features appropriate with NC controllers

Activate the Master configuration, downloading it to a RT (Real-Time) kernel

Enable slaves from Master.

Create an application program that controls the drives and I/0O to control the user’s machine

: Beckhoff TwinCAT masters automatically link Copley EtherCAT drives to NC controllers that

produce the cyclic synchronous position data for the drives. Other EtherCAT masters may have
different actions during the configuration.
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3.3.2 EtherCAT Slave Devices (Copley EtherCAT drives)
First, some definitions:
e Layers characterize and standardize a communication system.
e Protocols are the rules for data transmission and reception.
e Profiles define the functional behavior of the device.
Copley Plus EtherCAT drive operate under the CANopen application protocol over EtherCAT (CoE).
NETWORK PHYSICAL LAYER

This is the lowest layer that receives and transmits the electrical network signals. The PHY (PHYsical) circuits
convert EtherCAT frames into internal logic signals which read from, or write to DPRAM (Dual-Port RAM)
memory. This is done on the fly and completely in hardware with no delays or connection to internal firmware.

ESC (EtherCAT Slave Controller) Data Link Layer

The DPRAM information is read/written by the firmware. Data written into DPRAM will be transferred to the next
datagram passing through on the network. And data transferred to the DPRAM from the network is available to

read by the firmware at any time between successive write operations. An EEPROM is implemented in the FPGA
and the networks status LEDs are controlled by the IP core.

DRIVE APPLICATION LAYER

This is the layer that is actively exchanging data with the EtherCAT master which is running an application for
an overall macinine-control function. This is the level at which CoE applies.

Copley Plus EtherCAT Drive
Drive Application Layer: DS-402 CoE

EtherCAT Process Data Mlail b
State Machine Exchange | | DS-402 (5DO) M
{EShd) (PO Faf

ESC Data Link Layer

EtharCAT Slave
Canraller IF Core EErPslﬁlf]M
!

(EZC)

o | [

/ \
i

Metwiork Physical Layer -

3.3.3 CANopen, EtherCAT, and CoE

CoE is the abbreviation for CANopen application protocol over EtherCAT.

A Protocol defines a message format and the rules for the exchange of data. DS-402 is the device profile for
drives and motion control which includes Copley servo and stepper drives. CoE carries this well-proven profile
from CANopen to the EtherCAT environment where it operates at much higher speeds. This shortens the
learning curve and builds upon a feature set that has wide acceptance. Users upgrading from CANopen to
EtherCAT don‘t have to learn a new control language.
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3.4 Elements of an EtherCAT Network
3.4.1 EtherCAT Master Software

Fully featured masters typically incorporate the following elements:
e Bus-scanning for network toplogy

e ESI file usage for device configuration during scanning
(Typically, but not all masters use ESI files)

e Device initialization via Mailbox (SDO) commands

e Distributed Clocks (DC) for synchronization over the network

e Cylical synchronous PDO commands from the real-time kernel

¢ Real-time kernel with multiple tasks operating at different cycle times

e NC (Numerical Control) for motion-control (trajectory generation, PID, virtual drives)

e PLC for overall control (IEC 61131 multi-language programming environment)
3.4.2 EtherCAT Master Stacks

Stacks are a class of EtherCAT masters that provide a user’s application software a connection to the EtherCAT
network. The user then develops their own higher level control program with features designed for their
particular applications. Master Stacks may rely on Beckhoff’s Configuration Tool software that uses the ESI files
from the EtherCAT slave manufacturer to scan the network and produce an ENI (EtherCAT Network
Information) file. The result is a high level language interface between the user’s application and the physical
layer of the network.

3.4.3 EtherCAT Configuration Tool

Beckhoff software that generates ENI (EtherCAT Network Information) files based on the ESI (EtherCAT Slave
Information) files, and the slaves discovered after scanning the network. ENI files describe the network
topology, initialization (SDO) commands for each device, and cyclic (PDO) commands. Used most often by
masters that don't use ESI files and don’t have the ability to scan the network for slaves. ENI files are in XML
format as are ESI files.

3.4.4 EtherCAT Physical Layer

Copley EtherCAT Plus Panel drives all use the Ethernet 100BASE-TX layer which use CATS5 (or higher) standard
Ethernet cables and R1J45 connectors on the drives. EtherCAT Plus Modules which are designed for mounting on
the user’s PC board can mount on Development Kits which are equipped with the same R1J45 connectors. All of
the EtherCAT Plus Products have internal magnetics for isolation from the network and PHYs that manage the
reception and transmission of EtherCAT frames.

3.4.5 EtherCAT Slave Controllers (ESC)

Copley EtherCAT Plus drives implement the ESC as an IP Core in the FPGA which also contains
a DSP (Digital Signal Processor) which is the control core of the drive.

3.4.6 EtherCAT EEPROM

Implemented as a virtual EEPROM in the FPGA, it contains some basic information about the drive which master
software may use.
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3.5

3.4.7 Application Layer Host Controller (a Copley EtherCAT Plus drive)
The part of the EtherCAT Plus Drive firmware that handles the EtherCAT tasks:
e EtherCAT State Machine (ESM) that manages the INIT, PREOP, SAFEOP, and OP states
e PDO data transmit/receive

e Mailbox data exchange (CoE, FoE)
3.4.8 ESI (EtherCAT Slave Information) File

The Modular Device Profile is defined in ETG5001-1:
Aka “modules and slots”. Works with EtherCAT masters that support this feature. These contain complete
SDO, PDO, and Object Dictionaries for each axis (see below) in addition to the MDP objects.

There are two types of ESI files provided for each EtherCAT Plus drive:

¢ Flat: No MDP, and these no MDP objects in the file. These follow the CiA DS-301 CANopen standard in
which PDOs for Axis B are offset by 0x40 from Axis A PDOs. And, the Object Dictionary for Axis B is offset
by 0x800 from the Object Dictionary of Axis A.

e Slots: With MDP, aka “modules and slots”. Works with EtherCAT masters that support this feature.
These contain complete SDO, PDO, and Object Dictionaries for each axis (see below) in addition
to the MDP objects.

This graphic shows the ESI file folders after un-zipping the ecatxml.zip folder from the Copley web-site:

J Flak 31502014 1:41 PM File folder
) sloks 3/5/2014 1:41 PM File Folder
|| readme. bxt 315902014 1:41 PM Text Docurnent

3.4.9 Cabling and Connectivity

The physical layer of an EtherCAT network that uses copper cabling is 100BASE-TX. Also called Fast Ethernet,
it uses CATS (or higher rated) cables and has a transmission rate of 100 Mbit/sec. Maximum cable length
allowed between nodes is 100 metre. The delay through a 100 m cable is about 0.52 usec.

In the context of many industrial networks, this is not a significant delay that affects performance.

Connections can be line, tree, or star. Unlike CANopen, no terminators are required. And, the master interface
hardware is a commonly available NIC (Network Interface Card).

If the cabling is connected in a ring, then two NICs can be used to provide redundancy and identify the location
of a break in the network so it can be located and corrected quickly.

States

The State of something is the answer to the question "What is it doing?”
An EtherCAT system consists of three basic components, each of which have states:

e Master RT (Real Time) kernels: Start, Stop, Config
e Network:

e Slaves: Init, Pre-Op, Safe-Op, Op
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3.5.1 Synchronization & Distributed Clocks (DC)

Question: in a network full of clocks, which clock is the best?
Answer: in most cases, it's a slave clock, not the master’s as one might expect.

Why? EtherCAT slaves are single-purpose devices. They have one task to manage, and all the resources are
devoted to that task. Compare this to a PC which has a highly variable and unpredictable task load and an
equally variable hardware basis in which to manage those tasks.

And, in order to control power dissipation in the CPU and/or optimize battery life, the running speed of the CPU
clock in laptop computers can vary widely during operation.

Distributed Clocks are a solution to this situation and are able to provide synchronization that holds jitter to the
nanosecond range. Assuming that a slave is selected to be the DC master, all of the other devices can set their
clocks to that slave’s clock. And in Copley drives, if the slave master clock is synchronized to the
position/velocity loop period of 250 usec, then all of the other devices will be controlling
position/velocity/current at the same time.

Copley drives have two internal frequencies and 1/F times that are relevant to EtherCAT operation:
16 kHz (62.5 ps) for the current-loop and 4 kHz (250 us) for the velocity and position loops.

Current Loop
16 kHz

Velocity &
Position Loops
4 kHz —

Sync to current

loop but not to

Vel/Pos loop

Sync to Vel/Pos

Ioop —‘ ’_‘

DC syncing between drives using one slave as the DC clock master works best when they sync to the Vel/Pos
loops. If syncing is done to the Current loop, drive will operate at the same frequency at the clock master, but
motion control loops will not be synchronized. Using the Vel/Pos loop as the DC clock master enable all drives to
do motion control with no time-shift between them.
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3.6

Inside the EtherCAT Drive
3.6.1 From the Network to the Drive

This diagram shows how the EtherCAT function operates in the drive. The PHY is the PHYsical connection
between the network and the ESC (EtherCAT Slave Controller) which is implemented in an FPGA. Data in the
ESC is either SDO (Service Data Objects) or PDO (Process Data Objects). SDOs are usually sent at
asynchronous time intervals (green) and are used for PDO mapping and setting mode of operation most of the
time. They also support FoE (File over EtherCAT). PDO data is exchanged synchronously (yellow) at a rate
determined by the cyclic task in the master.

Drive Control Core
) Mode of
Firmware Operation
PDO
Cyclic Sync
and
drvconfig PDO Profile Mode
Mapping Data
A A A
irmware Configuration
Y Y
Mailbox Process Data
(SDO) (PDO)
EtherCAT Slave Controller (ESC or FPGA)
Copley Controls Servo or Stepper Drive
PHY

EtherCAT Physical Layer
Ethernet wiring and NICs

3.6.2 EtherCAT Network Slaves Don’t Think

EtherCAT using standard Ethernet cabling produces a control network that moves data at high speed and
enables tight synchronization of the devices operating on the network. Here’s how it works.

On some networks, a data frame is received, processed by the device’s control core, and then re-transmitted.
This processing or “thinking” take time, a lot of it relatively speaking. And, because all slaves see the same data
at about the same time (I.e. CANopen), a frame has to be sent to each slave individually. This adds up to a lot
of network traffic every time it’s desired to update all the slaves.

In EtherCAT, each node has an EtherCAT Slave Controller (ESC) that works together with a network PHY
(PHYsical layer) chip. Next, the EtherCAT frame typically contains all of the process for all of the slaves, not just
one. As the frame passes through the slave, the ESC identifies the data for the slave. Incoming data is stripped
from the frame and deposited in dual-port RAM. Outgoing data is deposited in the frame in the section reserved
for the slave. All of this is done in hardware without any computation by the slave. The in/out transit time for
the frame to move through the slave is fast, less than 1 microsecond.

After the slave data is exchanged, it can begin the computations to process the incoming data. But all of this is
“off-line” from the viewpoint of the network and does not impose any delays on the actual data transmission
over the network.
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3.6.3 EtherCAT Time

As Albert Einstein discovered... time is relative. Any discussion of time has to begin with how and where it's
measured. All of the devices on an EtherCAT network have digital control cores and each of those has a clock.
Each of those clocks measures time based on quartz crystal oscillators and it’s practically a certainty that none
of the clocks measure time exactly the same. Viewed from any point in the network, master or slave, all of the
“other” clocks appear to be running fast or slow.

Next, commands from the master to the network typically travel over copper cabling that has intrinsic delays
because electric signals travel slower than the speed of light. And, there is the time that it takes for an
EtherCAT frame to enter the slave device. Given all of this, how is it possible for devices on a network to set all
their clocks to the same time? And, once that’s done how can they all synchronize their operation when multiple
axes are product multi-dimensional vector motions?

3.6.4 Synchronization Overview
Timing and synchronization in an EtherCAT network takes three forms:
Freerun

Slaves run ‘free’ with no connection to the timing of the master or other slaves. They may have internal tasks
that don’t require a connection to the master. Freerun is used before the real-time kernel is activated. The
master will query the slaves on the network, reading their status and CoE objects but will not transmit data to
the slaves.

Sync-Manager Synchronization

The slave reacts to telegrams from the master, receiving or transmitting data from sync managers.

The timing can vary based on the master’s timing which depends on the host computer’s CPU clock.

Other tasks that may have higher priority in the operating system affect the timing of the sync managers and
laptops constantly “throttle” the CPU clock to save power. This is the sync-mode that results when the real-time
kernel is activated but Distributed Clocks are not enabled. PDO are reading/writing to the slaves and the
network is fully “up” and running. But, the time between cyclic data transfers will have jitter and delays due to
cabling will occur.

Distributed Clocks (DC)

The master designates a slave as the reference clock then adjusts the clocks of other slaves so that they
operate in-sync. Cabling and network delays are compensated for. Current, velocity, and position loops in the
drives are all synchronized within nanoseconds of each other. Jitter in the real-time kernel will not affect the
slave synchronization as long as it does not exceed the update rate of the cyclic data and skip one data cycle,
falling into the next.

Control System Timing and Process Data

With the network wired, DC configured, the master running, and all the slaves synchronized, the foundation has
been laid to do some real motion control. Moving motors in CANopen was commonly done with the “profile”
modes for position, velocity, and current. With these modes, parameters describing the motion are first
configured. When bit 4 of the Control Word 0x6040 is toggled the drive starts to produce the motion without
any further commands from the master. Completion of the profile move is shown by the status of bits in the
Status Word 0x6041.
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3.7 EtherCAT Data

Turn off the EtherCAT master and uplug all of the slaves. What's left is the network, and by itself, it does
nothing! It's a railroad without trains and stations. And when it connects a master to slaves, it only carries one
thing: data .Although the volume of data it can handle is unlimited, the types of data are few:

o o Process (Cyclic) data: transported by PDOs
. Mailbox (Acyclic) data: transported by SDOs
. FoE (File access over EtherCAT) Download firmware and upload drive configuration

Fixed PDOs

First, the bad news: Fixed means that the user can’t change them.
Next, the good news: Fixed means they are saved the the CPU flash memory and are optimized for speed. They
take less CPU time to execute, leaving more time for other tasks.

Receive and Transmit PDOs, relatively speaking...
From this it is clear that transmit & receive must always be discussed in the context of the producer and/or the
consumer of the data.

Master <=~ Slave Types of Data
Transmit > Receive Control word, target position/velocity/torque, torque/velocity offset
Receive <« Transmit Status word, actual position/velocity/torque, position (following) error

Fixed RxPDOs

For CSP (Cyclic Synchronous Position) 0x6060 Mode of Operation = 8:
Receive PDO 4: 0x1700

0x6040 Control Word

0x607A Profile Target position

0x60B1 Velocity Offset

0x60B2 Torque Offset

For CSV (Cyclic Synchronous Velocity) 0x6060 Mode of Operation = 9:
Receive PDO 5: 0x1701

0x6040 Control Word

O0x60FF Target Velocity

0x60B2 Torque Offset

For CST (Cyclic Synchronous Torque) 0x6060 Mode of Operation = 10:
Receive PDO 6: 0x1702

0x6040 Control Word

Ox60FF Target Velocity

0x60B2 Torque Offset

Fixed TxPDO

Transmit PDO 5: 0x1B0O0
0x6041 Status Word
0x6064 Actual Motor Position
0x60F4 Position Loop Error (following-error)
0x606F Actual Motor Velocity
0x6077 Torque Actual Value

Page 21



EtherCAT User Guide 16-01450 Rev 01

Not-Fixed, or User Programmable PDOs

These are only used when the user defines their contents. They run slower and take more CPU time than the
fixed PDO. This should be kept in mind when defining their contents, keeping the amount of data moved to the
minimum required for tasks. Contents of these PDOs are not linked to any mode of operation as are the fixed
PDOs.

Un-Fixed RxPDOs

Receive PDO 0: 0x1600
Receive PDO 1: 0x1601
Receive PDO 2: 0x1602
Receive PDO 3: 0x1603

Un-Fixed TxPDOs

Transmit PDO 1: O0x1A00
Transmit PDO 2: 0x1A01
Transmit PDO 3: 0x1A02
Transmit PDO 4: 0x1A03

Page 22



EtherCAT User Guide 16-01450 Rev 01

3.8 EtherCAT System Architectures

Common in this context means architectures that are support in common by a number of masters. That is, their
architectures have similar features and implementation. In the graphics below, Beckhoff TwinCAT software is
shown as the master because it has has features that incorporate all the ingredients of an EtherCAT motion
control system.

Masters that Use ESI Files

Masters in this category share the common ability to ingest ESI files, scan the network, generate the network
toplogy, and configure startup and cyclic commands. They may or may not have NC or PLC components. The
example below used TwinCAT as the master because it uses ESI files and is fully-featured.

Network setup follows a sequence shown in the graphic below. Not shown is the basic physical connections and
configuration of the servo/stepper drives for EtherCAT control.

1. The Master ingests ESI files after start-up

2. Scanning the network, the ESI file data is used to identify EtherCAT slaves and add them to the virtual
network shown in the folder tree of the TwinCAT System Manager.

3. Based on the default Mode of Operation in the ESI file, NC controllers are linked to the drives.
SDO, PDO, and DC settings are madel between NC and drives. The entire configuration can be saved
to a .TSM file.

At this point the system can be activated (TSM settings downloaded to the RT kernel) and the system can be
started in RUN mode. Basic motion control is possible from the NC controllers, but no PLC programs exist at this
time. The user must then create these to produce the overall machine control system for a given application.

TSM File
@ Master software saves

configuration

EtherCAT TwinCAT

>

Computer starts Master
which opens ESI file
A Master
scans network
ESI File
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Masters That Don’t Use ESI Files

The feature set of these masters may vary, but all require ENI files that provide all of the network information.
Network setup follows a sequence shown in the graphic below. Not shown is the basic physical connections and
configuration of the servo/stepper drives for EtherCAT control.

Step 1
1. The Configurator program ingests ESI files after start-up

2. Scanning the network, the ESI file data is used to identify EtherCAT slaves and add them to the virtual
network shown in the folder tree of the Configurator

3. The Configurator outputs an ENI (EtherCAT Network Information) file.

ENI File
@ Configurator outputs

ENI file based on slaves
found on network and ESI I?therCAT Configurator

file information

% Computer starts Configurator e ‘
and opens ESI file e P

y Configurator

ESI File / scans network

\.

a——

Step 2

Using the information from the ENI file, the master makes settings for each drive and then saves the entire
configuration as a Master (TSM in TwinCAT) file that contains all of the control system information.

4. The Master ingests the ENI file
5. Settings are made for each slave on the network

6. The Master outputs a TSM (Master confiiguration) file and activates the configuration.

TSM File @

All the drive and network infor- Z:igeg ;;’(’lggsu;_':rs
mation is saved as a Master
(TSM) file EtherCAT Master NC, DC, and

tasks.
% Master loads ENI file that con-

tains the network configuration LB =

7/
\_ ~ ii_z

D S S
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4 SETTING UP FOR ETHERCAT
AC Drive EtherCAT Connectors

XEL XE2

i

DC Drive EtherCAT Connectors
BEL, TEL BE2, TE2

4.1 EtherCAT Cabling

The physical layer of an EtherCAT network is 100BASE-TX which uses Cat 5 (or higher) cabling.

The maximum length between nodes on the network is 100 metres (328 ft.)

The EtherCAT connectors on the drives have IN and OUT ports which should be used when cabling runs
through a drive. These are the same cables and RJ-45 connectors that are used on CANopen drives.
However, EtherCAT network cabling does not require a terminating resistor on the last drive in the network.

The PHY (PHYsical interface) of the last drive in the network will automatically rout the data from the
incoming pair of wires to the returning pair.

Keep EtherCAT cables separated from motor cables that connect to the PWM outputs of the drives.
This will eliminate noise coupling from motor cables into the network cabling.
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4.2 Indicators: EtherCAT LEDs

L/A A green LED indicates the state of the EtherCAT network:

LED Link Activity Condition
ON Yes No Port Open
Flickering Yes Yes Port Open with activity
Off No (N/A) Port Closed
L/A RUN Green: Shows the state of the ESM (EtherCAT State Machine)
ouT ] Off = Init
[ RUN B!inking = Pre—operatio_nal
[ 1] I8 Single-flash = Safe-operational
IN On = Operational
ERR ERR Red: Shows errors such as watchdog timeouts and unsolicited

state changes in the XE2 due to local errors.

Off = EtherCAT communications are working correctly
Blinking = Invalid configuration, general configuration error
Single Flash = Local error, slave has changed

EtherCAT state autonomously
Double Flash = PDO or EtherCAT watchdog timeout,

or an application watchdog timeout has occurred

4.3 Device ID Switches & Station Alias

In an EtherCAT network, slaves are automatically assigned fixed addresses based on their position on the
bus. But when the device must have a positive identification that is independent of cabling, a Device ID is
needed. In the Plus Panel drives, this is provided by two 16-position rotary switches with hexadecimal
encoding. These can set the Device ID of the drive from 0x01~0xFF (1~255 decimal). The chart shows the
decimal values of the hex settings of each switch.

Example 1: Find the switch settings for decimal Device ID 52:

1) Find the highest nhumber under S1 that is less than 52 and set S1 to the hex value in the same row:
48 < 52 and 64 > 52, s0 S1 =48 = Hex 3

2) Subtract 48 from the desired Device ID to get the decimal value of switch S2 and
set S2 to the Hex value in the same row: S2 = (52 - 48) = 4 = Hex 4

si1 | s2
- HEX DECIMAL
Device ID CME2 -> Amplifier -> Network 0 0 0
Configuration 7 16 1
| i
S1_ S2 G} EtherCAT Settings (i) 2 72 2
3 48 3
OREO) st G A
5 80 5
x10  x1 52 6 96 6
Resulting Device ID: 7 112 7
8 128 8
9 144 9
A 160 10
|! B 176 11
C 192 12
D 208 13
E 224 14
F 240 15

EtherCAT Device ID Switch
Decimal Values
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4.4 Drive Axis Indicators

4.5

XEL XE2 BEL, TEL BE2, TE2

STAT Axis A

J6
Axis B g

A bi-color LED gives the state of each axis. Colors do not alternate, and can be solid ON or blinking.
When multiple conditions occur, only the top-most condition will be displayed.
When that condition is cleared the next one below will be shown.

1) Red/Blinking
2) Red/Solid

AVP @ AP @ @ [LLH:

> [ORK ()

81 82
T 1 DEV ID

Latching fault. Operation will not resume until drive is Reset.
Transient fault condition. Drive will resume operation when
the condition causing the fault is removed.

STO circuit active, drive outputs are Safe-Torque-Off

Drive OK but NOT-enabled. Will run when enabled.

Positive or Negative limit switch active.

Drive will only move in direction not inhibited by limit switch.
7) Green/Solid = Drive OK and enabled. Will run in response to

reference inputs or EtherCAT commands.

3) Green/Double-Blinking
4) Green/Slow-Blinking
5) Green/Fast-Blinking

Latching Faults

Defaults Optional (programmable)
e Short circuit (Internal or external) e Over-voltage

e Drive over-temperature e Under-voltage

e Motor over-temperature e Motor Phasing Error

e Feedback Error e Command Input Fault

e Following Error

Drive Wiring

Before the drive can operate under EtherCAT control, the other non-network connections must be made.
Here is a checklist for these, details can be found in the datasheets for the particular drives:

AC-Powered drives:
Connect to mains power with provisions for on/off control, protection, filtering,
and surge-protection devices (SPD)

DC-Powered drives:
Connect to transformer-isolated DC power sources for +HV and optionally HV-Aux.

General wiring:
Wire inputs to any limit or home switches, and any control system outputs that could operate as Enable
or other control signals.
Wire outputs to motor brakes (if used) or other devices to be controlled.
Connect motors and feedback devices. Route feedback cables apart from motor power cables
to reduce coupling of PWM outputs into feedback signals.

IMPORTANT:

Provide either a hardware Enable signal from the control system, or an EMO (Emergency Off) mushroom
switch for mains or DC power to the drives. It is very important to have the ability to prevent the drive from
producing torque in a motor without using the network which can fail, either due to software control or
cabling, and lose the ability to disable the drive. In addtion to these measures, the STO function can provide
the capability to stop torque production in the motor.

When wiring is complete, launch CME2 and configure the drive for EtherCAT control.
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5 CONFIGURING DRIVES FOR ETHERCAT
5.1 Serial RS-232 Connections

Serial communication is recommended for EtherCAT operation because CME2 and the EtherCAT master
can not share the EtherCAT port at the same time. With serial communications, CME2 can access the drive
before the network is in operation. Two types of Serial Cables Kits are available that plug into a computer’s
COM port (Dsub-9M) and connect to servo drive:

Cable Kit For Drive

SER-CK XEL,XE2, BE2, TE2
BEL-SK BEL

TEL-SK TEL

The BEL-SK and TEL-SK are electrically identical and will work with either BEL or TEL drives.

Serial Connection: Xenus AC Powered Drives

The SER-CK Serial Cable kit will accept the Dsub-9M connector that is commonly used for the COM1(2,3,4)
port on a computer and adapts it to a modular cable that plugs into the Serial port of the Xenus drives.
Mains power is not needed for the network to operate, so the +24 Vdc supplied to the Xenus will power the
serial port and network operation.

Master
EtherCAT

Serial Connection: Accelnet & Stepnet DC Powered Drives

BE2 & TE2 2-Axis drives have an RJ-11 modular socket for the serial data port.
It uses the SER-CK Serial Cable Kit to connect to a computer with a Dsub-9M connector

for the COM1(2,3,4) port.
24 Vdc
Logic
Aux HV

BEL & TEL 1-axis drives also have an RJ-11 modular socket for the serial data port,

and use the SER-CK.
24 Vdc ?
Logic
Aux HV

BE2, TE2

Master
EtherCAT

BEL.TEL

Master
EtherCAT
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5.2

EtherCAT Connections

With serial communications, it is not possible for CME2 to connect to a drive using a COM port that is in use
by another device. But, when EtherCAT is used for the CME2 connection, the NIC (Network Interface Card) is
available for CME2 even though the EtherCAT master program is running and connected to the drive.

Because CME2 can write to and alter drive parameters that may be in use by the master, it is recommended
that CME2 does not be used over EtherCAT when the master is in control.

Before connecting CME2 to a drive over EtherCAT, ensure that the EtherCAT master is disabled. The graphic
below illustrates the concept. The physical switch shown is not necessary, but the switching off of one task
while the other one is on is represented here as a switch.

Master
EtherCAT

:CD

CME2

CME2 Installation for EtherCAT

Download CME2

Open your web browswer and navigate to the Copley Controls web-site: http://www.copleycontrols.com
From the Menu bar, go to the Downloads page, Sofware Releases and select CME2:

Software Releases
& CME 2 V7.0

& Cv
& CcvL (Pro
@ CPL (Protecte

d)

Save to your computer, unZip the file, and launch Setup.exe

Mame

| ReleaseMotes. bt

'L Setup.exe
£ Setup
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Configure the drive for EtherCAT operation

This is the Home page of CME2

File Amplifier Tools Help

A7 & B[P

B+ |, Copley Neighborhood
- KB Virtusl Amplifier

@ Axis A
Axis B
Axis

Axis D

) B | o <l <
15

B - Yot xEL-2a0-

Input / Output

CVM Control Program | | |

R e ey ey

[ |

ey

i Configure Faults

I

Configure Filters

|5\ne Commutation

‘Romry Motor |CANcpen over EtherCAT (CoE) Control F12 To Disable

Go to Amplifier > Basic Setup (menu bar) or click the jack-in-the-box icon:

Click [Change Settings] to begin Pick Motor Family and Motor Type

cson e

Settings

Motor Family: Brushless
Motor Type: Ratary
Commutation: Sinusoidal
Hall Type: Digital
Hall Phase Correction: on

Use Halls for Velocity/Position: Off

Use Back EMF for Velocity: Off

Motor Feedback:
Load Feedback:
Multi-mode Port;

Primary Incremental
MNone
Differential Input

Operating Mode: CANopen over EtherCAT (CoE)

t Change Settings

Load ccx File

ServoTube Setup Cancel

Feedback Options
Hall Type, Motor Feedback typically

Motor Options

Mator Family:
@ Brushless () Brush

Motor Type:

@ Rotary () Linear

[ <Back [ Mext> || cancel

Select Position for Operating Mode (CoE)

Operating Mode: Position is the default

Basic Setup

7
Feedback Options

-
Hall Phase Correction

Input Source:

Motor Feedback: |Inremental | @ Primary () Secondary

Load Feedback: | Nane v ) Primary () Secondary

Load Feedback Type:

Rotary () Linear

Use Load Feedback In Passive (Monitor) Mode

[ <Back | [THedET [ caneel

[

Basic Setup

|| Operating Mode Options

Positian
current
. Velocity ”

Digital Input Source
High Speed Inputs
Multi-mode Port
Differential Inputs

<Back | [ Mext> | [ Cancel
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Command Source: for EtherCAT, Miscellaneous Option
use CANopen over EtherCAT (CoE) Default selections are OK for most apps

Operating Mode Options Miscellaneous Options

Operating Mode:  Position - Commutation Mode:

(@) Sinuscidal () Prapezoidal () Estimated Sinusoidal

Command Source: |CANopen over EtherCAT (CoE).

Analog Command .
Digital Input Use Back EMF For Velodity

CANopen over EtherCAT (CoFE) Use Halls for Velocity and Position

Figh Seeed IE nc fion Generator

Multi-mode Software Programmed Mtamode Port: [P e
N ulti-mode Port:  Differential Inpus

Differential 152MMing :

Digital Input Sour

<o ] (v ] (o |

Click [Finish] to exit Basic Setup, and [OK] to save to flash

==

e
Saving to Amplifier Flash .

Changes will be saved to Amplifier Flash.

This will return you to the CME2 main page.
Click to open the [Motor/Feedback] box.

Motor Set Up

When Basic Setup completes, open the Motor/Feedback block on the CME2 main screen.
Fill in the motor data, followed by the Feedback and Brake (if used) tabs data.

Motor Feedbad&IErakeEbop

Manufacturer: fompumotor Units

(@ Metric () English
e 7 717001 Click [OK] to the Calculate question and
this will be followed by the screen below.
Click [OK] to exit to the main page.

Motor Inertia:

0.52| |kg-em2
Torgue Constant:
Number of Poles: 0.078 || N'm/Apk x|
Back emf Constant:
Peak Torgue: 8.27] |Vzpm
112 N'm « Resistance:
145 | ohms TR
Continuous Torqu_e: § - — = uw
038 [Nm Inductance: Software Disabling Amplifier
' ' 0,44 |mH
Velocity Limit: e . i ) .
7500 rpm The amplifier will be disabled by software while

"W writing motor data to flash.

Re-enable in the Control Panel when finished.

“ i < Jma| Calculate
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Proceed to Amplifier > Auto Phase to configure the motor commutation. Then, use the CME2 scope to
tune the Velocity and then Position loops. Refer to the CME2 User Guide for details on these operations. This
can be found either in the CME2 installation folder, or on the Copley Controls web-site:
http://www.copleycontrols.com/Motion/pdf/CME2 User Guide.pdf

(R ey

File Amplifier Tools [Help)
il 3 [ CME2UserGuide

= |, Copley Neighbor
=B virtual Am

Downloads Web Page
Software Web Page j|

View Release Motes

7

About
I

Enable the drive for EtherCAT control

When the motor is set up and tuned well for position mode operation, open the Control Panel.
If it has been “software disabled” by pressing the [Disable] button it will look like this:

T

Monitar

% STO: Inactive .ncmal Current

@ Motor Output: Mot Active )

i# Hardware Enabled: Enabled Actual Motor Velocity

@ Software Enabled: Mot Enabled '

i Positive Limit: Mot Active

i Megative Limit: Mot Active

@ Software Limits: Mot Active

@& Motor Phase: oK

# Motion Abort Input: Mot Active

iz CVM Control Program: Mot Running Move

iz Home: Mot Referenced Velocity 93,75 rpm
MNetwork Status:

3= Gain Scheduling: Mot Active Acceleration 125 | rps?

Actual Motor Position

(I;'Iode: Disabled

Deceleration 125 | rps?

Contral [~ Enable Jog Move NEG Move POS

Enable Set Zero Position
: Disable [ Clear Faults ] [
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To operate using EtherCAT, it must first be “software enabled” by the CME2 software.
Press the [Enable] button on the Control Panel and the screen should look like this:

EEEEEmET o

® 5TO:
@ Motor Output:
2 H =

i Positive Limit:

# Negative Limit:

i Software Limits:

# Motor Phase:

# Motion Abort Input:

iz CYM Control Program:

iz Home:
Network Status:
i Gain Scheduling:

Control

Set Zero Position

Monitor

Inactive
Mot Active

Not Active
Not Active

Actual Current
Actual Motar Velodty

Actual Motor Position

Not Active
QK

@ode: CAMopen over EtherCAT (CoE)

Not Active
Mot Running
Not Referenced

Maove

Mot Active

[] Enable Jog

Disable

[ Clear Faults ]

[

Velocity
Acceleration

Deceleration

93.75 | rpm
125 | rps?

125 | rps2

Move NEG Move POS

IMPORTANT: The operating mode is now CoE and the Software Enabled “led” on the Control Panel is referring
to the EtherCAT master software that will be controlling the drive over the network.

Because the CME2 configuration typically precedes the EtherCAT master software setup, the drive will be not
be software-enabled by the EtherCAT master and the result will be red LEDs for both the Software Enabled and

Motor Output indicating that these items
Download ESI (EtherCAT Slave

are OFF.
Information) Files

Commonly referred to as XML files, which describes the format of the file but not its contents.
These files are found on the Copley web-site: http://www.copleycontrols.com/Motion/zip/ecatxml.zip

controls

Home Products

Downloads

Documents

b Henus Plus

b Accelnet Flus Module
b Accelnet Plus Panel
b Stepnet Plus Module
b Stepnet Plus Panel

b MACROD Drives

b Henus

b accelnet

b Stepnet

& cmE 2 v7.0
GECro w40

& CraL (Protected)
& cpL (Protected)

copley @

Support

Downloads

Technology Hews

» Accelnet R-Series

b Kenus R-Series

» Accelnet EtherCaT & MACROD
» Accelus

» Junus

» Software Documents

» Communication Protocols

» CAM Card

» CAM IO Processor

Software Releases

» Eirmware B FDS/ESIHMLY
» CME 2 Mot iles
» CAM Tools

Contact About Analogic
» Bantam
» Bantam R-Series
» 503
P THHEAC

» Drive Accessories

» S-Curve Calculator

Click the EtherCAT link and download them to your desktop, or other folder for now.

EDS/ESI

& caNopen V1,60

@EEthercaT

& Devicenst V546

Page 33


http://www.copleycontrols.com/Motion/zip/ecatxml.zip

EtherCAT User Guide 16-01450 Rev 01

Unzip the ecatxml.zip file and it will produce a folder named ecatxml with these contents:

| flat 3/5f2014 1:41 PM File Folder
) sloks 31502014 1:41 PM File Folder
|| readme.txt 3502014 1:41 PM Text Docurment 1KE

This is the contents of the readme.txt file:
Copley Controls now provides ESI files for it's EtherCAT drives in two different formats.

The folder named 'slots' provides ESI files which use the 'slots and modules' format for describing
the drive's functionality. This format allows multi-axis drives to be described in a way that makes
setting them up very easy in EtherCAT masters which support the format. These files are preferred
for use with TwinCAT, and other masters which support slots and modules.

The folder named 'flat' provides ESI files which do not use slots and modules. These files should
be used for masters which do not yet support the more modern format.

Only one set of files should be installed at a time. Most EtherCAT masters will complain if they see
multiple ESI files for the same device type.

The slots folder contains ESI files that are for EtherCAT masters that support the MDP (Modular Device Profile)
that is defined in the document ETG 5001. Use the files in the slots folder for TWIinCAT 2 & TwinCAT 3.

The flat folder contains ESI files that are for masters that do not support the MDP, such as the
Delta Tau PMAC controllers.

Select all of the slots ESI files and Control-C to copy them to the clipboard.
Use Windows Explorer to navigate to this folder in the TwinCAT installation:
C:\TwinCAT\3.1\Config\lo\EtherCAT. Click in this folder and

Paste (Control-V) the ESI files here.

Mame “ | Date modified | Type Size

IMPORTANT: ESI file installation must be complete before TwinCAT 3 is launched.
TwinCAT 3 will only identify slaves on the network that have ESI files in the
C:\TwinCAT\3.1\Config\lIo\EtherCAT folder which it scans ONCE after launching.
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This document provides information on commissioning Copley Controls EtherCAT servo drives using the
TwinCAT3 EtherCAT master software. When these steps are followed, it should be possible to move a servo
motor via a Copley Controls servo drive from an NC controller in TwinCAT3. For more advanced motion

control it is necessary to consult the Beckhoff InfoSystem software for details.

The first step is to download all of the software and data needed to produce a working TwinCAT 3 system.

TwinCAT3 Software

Find TwinCAT 3 on the Beckhoff web-site here: http://www.beckhoff.com/
Navigate to Download -> Software -> TwinCAT3
Click on TE1xxx | Engineering:

£ Capley Controls - Downloads % J [ BECKHOFF New Automation X

] € C A [ www beckhoff.com
2% apps () Copley (T EmailEtc (] EtherCAT [ Misc (] Music (] News (] Photography (] Software (] Sports (] weather \X/ Wil

m » Contact » Support » Download m
» Beckhoff m » Solutions » Product finder

P N/
TwinCAT 3 SueT

| Beckhoff
f =P
: I o
I Mation
A B = Automation
Bl [ TwinCAT 3
1] Download Flyer (PDF)
|-] Getting started (PDF)
2] Film
| extended Automation
| Product overview
|7 TE1xxx | TC3 Engineering .
é TC1300¢ | TC3 Base TwinCAT 3 Download
[ TR0 | TC3 Functions:
1] Documentation
|| Download TwinCAT 3
1] New Features =
|-] Publications [ TE1»¢| Engineering I
; -] Mutimediia
i (=) TwinCAT 2

3 TC1w0¢| Runtime

In the next screen, click on TwinCAT 3.1 —-eXtended Automation Engineering (XAE):

€ Copley Controls - Downloads [ BECKHOFF New Automation % Y\
(5 C A [ www.beckhoff.com
2% apps (] Copley (] EmallEtc (] EthercAT (] Misc (] Music (] News (T Photography (T Software (] Sports (] Weather \X/ Wik

m » Contact » Support » Download

() Information media
() Muttimedia

|1 Documentation TwinCAT 3 Download - Engineering
| Technical Drawings
=l ) Software
Bl [ TwinCAT 3 Version  Description
] TE1xxx | Engineering =
1] TC1xxx | Rurtime: [ TwinCAT 3.1 — eXtended Automation 3.1.4014.0 TwinCAT Engineering contains the
| TFxxxx | Functions Engineering (XAE) engineeting environment ofthe
[2] TwinCAT 2 TwinCAT 3 control software:
= TadnC AT 9 Qunnlemant —integration into Visual Studio®
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Now click on TC31-Full-Setup.3.1.4040.0
Then click Start Download:

Download - Cart

Product

TC31-Full-Setup.3.1.4014.0 b4

Add further dowenlgads == Start Download

Download as a guest:

pley Conkrols - Downlogds [ BECKHOFF Mews Awutomation %

€ C [ www beckhoff.com
=% ppps (] Copley [C EmailEtc [ EtherCAT (] Misc [ Music [ Mews [ Photography (O] Software (] Sports [ Weather '\ ‘Wikipe

Mew custormer Login
: TwinCAT 3
Download as Guest. Without registration of a Email: *

! =) Beckhatf new user account

i == Download as Guest Password *

[ Mo

1 Mation Persistent

|71 Automation Cookie

7 Applications & Solutions Create a new user account.

= Support By logging inwith a password you can choose Password forgotten?

i the TwinCAT 3 downloads more comfortably

Training
1= E Download and download them faster. Login
1 I Application Notes == Create new account

[ Intormation media

11 Muttimedia

|71 Dacumentation

|51 Technical Dravvings

=l (=) Software & Top 4 Back @ Beckhoff Automation 2014 - Terms of Use =
=1 7= TudnC AT 3

Using the Download as Guest link, A\a form will appear, so fill it out and click on Register. An email will be
sent to the address you gave on the registration form.

Thank you for your interest in TwinCAT 3,
Under the following links you can download the Software once. I

TC31-Full-Setup.3.1.4014.0
hittp:/fweww beckhoff,. com/forms/twincat3/download, asp?id=d6df 3c34- 7 3c-43c9-8749-b3b 457557398 date=03,/05/201 4& | g=en&version=TC31-Full-5etup.3.1,4014.0

TC31-KAR-Setup.3.1.4014.0
http: /i beckhoff. comfarms/twincat3/downl oad. asp?id=decf 3c34-7f 3c-4309-8749-h0h457557c39& date=03/05/201 4& | g=en&version=TC31-XAR-Setup.3.1.4014.0

Beckhoff Automation GmbH
Eiserstrake 5

33415 verl

Germany

Phone: +49 (0)52 46 / 963 - 0
Fax: +49(0) 5246 /963-19

mailtorinfo@beckhoff.cam

http://www beckhoff, com

Click on the links in the email to download the TwinCAT3 files for the TC31-Full-Setup software.
After un-zipping the downloads, open the install folder.
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TC3-Full-Setup

Click on the TC31-Full-Setup file (the date numbers may vary) to begin installation.

Beckhoff TwinCAT 3.1 - InstallShield Wizard

Beckhoff TwinCAT 3. 1 Setup is preparing the InstallShield Wizard,
which will guide you through the program setup process. Flease
wait,

Extracting: Beckhoff TwinCAT3. 1.msi

Click Next to continue:

i® TwinCAT 3 - Version 3.1.4018.16 - Setup

Welcome to the InstallShield Wizard for
Beckhoff TwinCAT3.1

The InstallShield(R) Wizard will install Beckhoff TwinCAT3. 1 on
your computer, To continue, dick Next,

WARNMING: This program is protected by copyright law and
international treaties.

BECKHOFF

< Back [ Mext> | Cancel

The Organization box must be used to continue:

i TwinCAT 3 - Version 3.1.4018.16 - Setup 3

BECKHOFF

User Name:

Qrganization:

|Analogic Corporation

<Back ][ mext> ]I[ Cancel
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Click to select the Complete installation and click Next to continue::

i& TwinCAT 3 - Version 3.1.4018.16 - Setup

B
BECKHOFF

Flease select a setup type.

Allprogram features will be installed. (Reguires the most disk
space. )

(") Custom

Choose which program features you want installed and where they
will be installed. Recommended for advanced users.

[ < Back “ Mext = ] [ Cancel ]

Click the box to add the TwinCAT XAE feature to the Visual Studio, and then Next to continue:

i TwinCAT 3 - Version 3.1.4018.16 - Setup

®
BECKHOFF

Would you like to activate the TwinCAT XAE settings for Microsoft Visual Studio?

Existing settings will be overwritten!

Microsoft Visual Studio 2010 Shell

< Back Mext = L Cancel
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Now click Install to begin the installation:

i TwinCAT 3 - Version 3.1.4018.16 - Setup

&
CIidIInsiaII to begin the installation. l

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit the wizard.

[r—
[ < Back ]| | Instai | [ IZanceI ]
——

The progress bar appears while the installation is in process:

i TwinCAT 3 - Version 3.1.4018.16 - Setup

SE
BECKHOFF

Please wait while the InstallShield Wizard installs Beckhoff TwinCAT3. 1. This
may take several minutes.

Status:
Ingalling Beckhoff TwinCAT PnP Driver Package

0 0 )

You will be prompted when the installation is complete, click Finish and Yes to restart in the next screen:
8. TwinCAT 3 - Version 3.1.4018.16 - Setup

InstaliShield Wizard Completed

The InstaliShield Wizard has successfully installed Beckhoff
TwinCAT3. 1. Click Finish to exit the wizard.

|§ Beckhoff TwinCAT3.1 Installer Information

changes made to Beckhoff TwinCAT3. 1 to take effect.
Click Yes to restart now or Mo if you plan to restart
later.

i J You must restart your system for the configuration

[[] show the Windows Installer log

BECKHOFF
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Install ESI Files

DO NOT LAUNCH TWINCAT3 BEFORE INSTALLING THE ESI FILES !

But if you have already opened TwinCAT 3, exit/close it now and proceed to the ESI file installation.

Go to the folder where the Copley ESI files were downloaded. Open the slots folder, select all of the files in the
folder. Copy them and paste into this folder in the TwinCAT 3 installation:

. C:\TwinCAT\ 3.1\ Config\Io\EtherCAT

Fre—

( )¢>| .~ Computer = Local Disk (C:) = TwinCAT = 3.1 = Config = Io = EtherCAT ~

Confirm that TwinCAT 3 is the Active Runtime

TwinCAT 3 will install if TwinCAT 2 is already in the computer. It goes into the 3.1 folder under the
C:\TwinCAT folder. After installation, TwinCAT 2 may appear as the active Runtime, but it is still possible to
make TwinCAT 3 the active Runtime. With the TwinCAT 3 installation there is a file named TcSwitchRuntime
which is a tool that will easily switch the runtime core between TwinCAT 3 and TwinCAT 2.

E® TcSwitchRuntime

Version 1.14
TwinCAT 3.1 Build 4018. 16 is active

| TwinCAT 2.11 Build 2237 v/

l Switch Deactivate

[ Save Log ][ Clear Log ]

This screen shows that TwinCAT 3 is the active Runtime. But if the TcSwitchRuntime screen shows
that TwinCAT 2.. is active, then click Switch and follow the steps to make TwinCAT 3 the active Runtime.

Assign an Ethernet Port on Your Computer to EtherCAT

EtherCAT should use a dedicated NIC (Network Interface Card) so that It does not share a port with other
Ethernet traffic. For desktop computers, this can be a PCI card NIC which are commonly available and
inexpensive. For laptops, it’s best to use the built-in Ethernet port for EtherCAT and then use a PC card or
wireless for general Ethernet activity. The built-in Ethernet port will generally run faster than an accessory
port and works better for EtherCAT. In this example, eth1 is used for EtherCAT and the other port is for
general EtherCAT use.

"= Network Connections

: Fle Edit View Favorites Tools Advanced Help '.f
. <) >} lm} /- ) Search ||~ Folders | |y |5 X m v
! Address |Q Network Connectons vl Gao

MName Type Status Device Name ~

LAN or High-Speed Internet
aethl LAN or High-Speed Internet Connected 3Com 3C920 Integrated Fast Ethernet Controller {3C905C-TX Compatible)
L, Local Area Connection LAN or High-Speed Internet Connected Intel(R) 825671M-3 Gigabit Metwork Connection

Wizard B
< |

(554

Page 40



EtherCAT User Guide 16-01450 Rev 01

Running TwinCAT 3
Goto: Start Menu — All Programs — Beckhoff — TwinCAT3 — TwinCAT XAE (VS 2010)

First, the splash screen:

Microsoft® -
OO Visual Studio 2010 shel

ALY
This product is licensed to:

AnalogicEmployes
Analogic Corporation

5 |

cabanl  EtherCAT  Shortaut to XML Wireshark ~ Wireshark aME2

Then the TwinCAT3 home page. From here click on New TwinCAT Project:

Start Page - Microsoft Visual Studio
Fle Edit View Debug TwinCAT PLC Took Scope Window Help

culrEH @4 R[9S m [[SFExe@-

1B 2REler | u 5= SO |d w3 (DD iR

TwinCAT’ -3

The Windaws Control 3nd Automation Technology @}

¥ Solution Explorer

JRI0KdG 5B

[ [ER— Get Started = Beckhoff News

. New Measurement Project...
. EtherCAT Terminals for extended temperature range 20 Feb 201409:23:00
(7] Mem Projec. 7| The operating temperature range of selected EtherCAT Terminals and Couplers has been extend.

P Open Project... Multi-touch advantages plus maximum computing power 11 Feb 2014 02:36:00
Recent Projects

E-World 2014 in Essen: PC Control for the energy and water industry 07 Feb.
more

TwinCAT Project21
[Fclose page after project load
[#]show page on startu
Esnon o ° Beckhoff at Tire Technalogy Expa 2014: Open control technology — universal comm

more

BECKHOFF
Error List

@ oerors | [\ owarnings | (i) oMessages | clear

Description Column Project
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The New Project Screen

Because TwinCAT3 now uses Microsoft Visual Studio as the user interface, file organization follows those

rules. A Solution contains items used to create a complete application which is composed of multiple
Projects, and other supporting data.

New Project

Recent Templates

‘ .NET Framework 4 ~ | Sortby: | Default

Installed Templates

g TwinCAT XAE Project (XML format) TwinCAT Project Type: TwinCAT Project
# Other Project Types TwInCAT XAE SystemManager Configuration
TwinCAT Measurement

TwinCAT Project

Details of the
project selected
in the left section

Info about the
Project shown
in the
center section

Recently Used
Project Templates

Name of the project
of the type shown above

Name: | TWInCAT Project1 |
Location: ‘ C:\Documents and Settings'jwoodward\My Documents\Visual Studio 2010'Projects v |
Solution name: | TWInCAT Project1

Create directory for solution
el 1

Click OK to go ahead with the default TwinCAT Project1, or use your own project name instead.

Now we see the main page of what used to be the System Manager in TwinCAT 2.
Click on the [+] I/O to expand that section.

TwinCAT Project1 - Microsoft Visual Studio
File Edit WView Project Build Debug TwinCAT PLC Tools Scope Window
:-.;Ijvﬂ'ljlgﬂ|*—Qﬁ|‘1'PJ'Jﬂ':$| Release
:E:i’q|qz"+§§@|ﬁl€','_||:iocal:s H
Solution Explorer

,3 _Sulutiun TwinCAT Projectl’ (1 project)
TwWinCAT Projectl

Gl C++
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The 1/0O object opens up to this screen. Right-click on Devices, then click Scan on the pop-up:

Solution Explorer * 1 X

,:; _Solution TwinCAT Project22' (1 project)
=[Sl TwinCAT Project22

=]
T Add New Item... Ctrl+5hift+A
=] Add Existing Item... shift+Alt+4
T4 Paste Cirl+v

Paste with Links

Save Childs in File

Click OK on the next screen, and TwinCAT 3 will start to scan the network for devices:

TwinCAT XAE

L] E HIMT: Mot all types of devices can be found automatically
L

| Ok | [ Cancel

If the NIC is properly configured, it will show the EtherCAT attribute when it’s found:

1 new I/0 devices found

[#]Device 2 [EtherCAT]  [ethl [3Com 30920 Integrated Fast Ethernet Contralle]

Click OK to continue...
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With the NIC open to the EtherCAT network, the next step is to scan for "Boxes” (EtherCAT devices).

TwinCAT XAE

\?() Scan for boxes

| [

A Xenus XEL is found. TwinCAT 3 will automatically link this to an NC controller.

\?{) EtherCAT drive(s) added. Append linked axis to NC-Configuration

[ es

|

Click on the [+] at Drive 1 (Xenus Plus — XEL) to expand it.
Then click [+] at Module 1, again [+] on Cyclic Position Inputs, then [+] on Cyclic Position Outputs.
This will display the default inputs and outputs for Cyclic Sync Position mode.

s B
= Lﬂ‘]:_"g Devices
e _fDevice 2 (EtherCAT)
jd, Image
j: Image-Info
2 SyncUnits o
Inouts Inputs refer to the NC controller which is
P receiving data from the Xenus via TxPDO
B Cutputs (Transmit PDO 0x1B00)
B InfoData
= €& Drive 1 (Xenus Plus - XEL)

= €& Module 1 {Cydic Position

=

Outputs refer to the NC controller which is
sending data to the Xenus via an RxPdo
(Receive PDO 0x1700)

de])
Cydlic Position Inp

#| Status word

#1 Actual motor position
Fosition loop error,
Actual mator velodty
Torgue actual value

.-'-
.-*-

Bl Cydic Position Outputs

B Control word

B+ Profile target position
BB Velodty offset

B~ Torgue offset

By wWestate
By InfoData

ﬁj Mappings
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Opening the NC controller shows its construction. Each Axis is an NC that is linked to a drive (or one axis of
a 2-axis drive) on the network. The Enc (encoder) will receive position data from the drive.

The drive Inputs will receive status information. And, the drive Output will be sending
position/velocity/torque data to the drive.

Solution Explorer * 01 X
= B Axis 1
= &. Enc
=-4% Drive 1 [#enus Plus - XEL] = Inputs
Al 2 ctual rmotor poziion > 1B GO0 DINT [4.0] = . In
#| Actual motor velocty > 1B 68.0, DINT [4.0] ==P @ i nDatalni

# DelnputShitt = 1B 1563.0, DINT [4.0] s :g;t::;z

nState2
nState3
nstate4
nDataln3
nDataln4
nDatalns
nDatalng
n5tates
nStates
nState7
n5tated
=45 Drive 1 [#enus Plus - <EL) nDcInputTime

Al Pozition loop error. > 1B BA.0, DINT [4.0] W Cutputs

#1 Actual motor velocity > 1B B8.0, DINT [4.0] = = Drive

#1 DelnputShift > 1B 1563.0, DINT [4.0] & TDL:-.S
.

|
=% Drive 1 [#enus Plus - <EL) I

|5

These connections are for the CSP (Cyclic
Sync Position) operating mode which is the
default mode in the ESI file

BB
MO T O

nDatalnl
nDataln2
nStatel
nState2
nState3
nState4
nDataln3
nDataln4
nDataln5
nDatalng
nStates
nStated
nState?
nStated b
nDcOutputTime
uts

al Status word > |B 58
# Chn0 > 1B 1858.0, USINT [1.0]

E-4% Dirive 1 [4enus Plug - #EL]
#1 Actual motor velocity > |B B30, DINT [4.0]
Al DcOutputShitt > 1B 15580, DINT [4.0]
#1 DclnputShitt > 1B 15623.0, DINT [4.0]

[ l

L

O T my b i o™ T T T oy gy s T

=]
=

=44 Drive 1 [Renus Pluz - XEL) =
o2 Profile target position > 0B BO.0, DINT [4.0] ’EI
&+ Velocity offzet > QB B4.0, DINT [4.0]

nDataOutl
& nDataOut2

M nCtrl1
M nCtrl2

- nCtrl3
- nCtrl4
& nDataOut3
I nDataOut4
& nDataOuts
B nDataOuts
- nCtrls
- nCtrle
- nCtrl7
B+ nCtrla

EH“!O
&

=45 Dirive 1 [enus Plus - EL)
o Control word > (B 63

T, Cirl

£
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requiring two of these to compose the 16-bit (2 byte) Control Word:

TwinCAT Project22 - Microsoft Visual Studio
File Edit View Project Build Debug TwinCAT PLC Tools

j'_J'lf}.ﬂ@‘;t —le-’?-m-‘.;j-_—,_l}l b
;AR 2RE|6r 0 o

i Solution Explorer

Scope  Window Help

~| [Twincat RT (xa6)

BI=] SR B

|Ra|easa

TwinCAT Project22 X

]

m g|5= O|lé i 2| 0D A

JRuojdx] SN

=
= *% Devices
== Device 2 (EtherCAT)
*8 Image
8 Image-Info
2 syndlnits
Inputs
I Outputs
& InfoDatz
& Drive 1 (Xenus Plus - XEL)
= €& Module 1 (Cydic Position Mode)
= Cydic Position Inputs
Status word
Actual motor position
Position loop error.
Actual motor velocity
Torque actual value
= il Cydic Position Outputs
% Control word
i Profile target position
- Velocity offset
- Torgue offset
& westate
& InfoData
=] 23 Mappings

General | EtherCAT || DC

Sync Manager

Process Data | Slots

Startup || CoE - Online || Online

PDO List

SM | Size
0 256
1 256
2 12
3 16

Type
MbxOut
Whxin
Outputs
Inputs

£

Flags

5

Name

Transmit PDO 1
Transmit PDO 2
Transmit PDO 3
Transmit PDO 4
Receive PDO 1
Receive PDO 2
Receive PDO 3
Receive PDO 4
Cyclic Posttion Inputs
Cyclic Postion Outputs

Size
00
00
00
00
00
0.0
0.0
0.0
16.0
12.0

Index
1A00
Oe1AD1
[c1A02
[c1A03
1600
1601
1602
01603
[b1B00
1700

PDO Assignment (3x1C12):

FDO Content ((<1700):

1600
Cec1601
1602
1603
1700

MName Defautt fhex)

Control word

Profile target position
Velocity offset
Torgue offset

Index Size
b6040:00 2.0
e607A:00 4.0
x60B1:00 4.0
(60B2:00 2.0

&

Download
PDO Assignment
PDO Corfiguration

[Load PDO info from device

[Sync Unit Assignmert

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

@ NC-Task 1 SAF - Device 2 (EtherCAT) Info v

TwinCAT Project22 - Microsoft Visual Studio
File Edit WView Project Build Debug TwinCAT PLC Toodls

R - e A B s

¥ Solution Explorer

__')l 4 ‘Re\aasa

LRI e —

Scope  Window Help

Size =Addr... | InfOut | User... | Linked to

~| [TwincaT RT (a8

- e e N S

TwinCAT Project22 X

|2

Vs wi|0d -

=g

[ Tables
B s Axes
Bt Aods 1

JaJojdx3 BN

Devices
== Device 2 (EtherCAT)
*8 mage
2B Image Info
2 Synclnits
Inputs
W Outputs
& InfoData
<& Drive 1 (Xenus Plus - XEL)
(= @& Module 1 {Cydic Position Mode)
= Cydic Position Inputs
Status word
Actual motor position
Paosition loop error,
Actual motar velodity
Torque actual value
=- Il Cydic Position Outputs
B Control word
B~ Profile target position
B velodty offset
I+ Torque offset
) WcState
& InfoData
Mappings
@1 NC-Task 1 SAF - Device 2 (EtherCAT) 1

R

General | EtherCAT | DC

Sync Manager:

Process Data | Slots

Startup | CoE - Online | Online

FDO List:

SM | Size
0 256
1 256
2 12
3 16

Type
MixOut
Mbxin
Outputs
Inputs

<

Flags

w
=
w
=

Size
0.0
0.0
0.0
0.0
0.0

Name
Transmit PDO 1
Transmit PDO 2
Transmit PDO 3
Transmit PDO 4
Receive PDO 1
0.0 Receive PDO 2
x1602 0.0 Receive PDO 3
x1603 0.0 Receive PDO 4

<1700 120 Cyclic Po! Outputs

Index
[<1A00
GelADT
c1A02
c1A03
1600
1601

Clocoocooao

=

PDO Assignment (D<1C13)

FDQ Content ((1B00)

[C]oc1A0
[C]ec1A0
CociA02
[Joc1A0
1800

Name Defautt thex)

Status word

Arctual mator position
Paosttion loop emor.
Actual motor velocity
Torque actual value

Index Size
x6041:.00 2.0
[<6064:00 4.0
x60F4:00 4.0
(<606C:00 4.0
x6077:00 2.0

&

Download
PDO Assignment
PDO Configuration

[Lnad PDO info from device

[Sync Unit Assignment.

) NCTask 15AF -Device 2 (EtherCAT) Info. %

Creating pro;

Online

>Addr...  InfOut = User... Linked to
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Setting Up the NC Controller

After the connections have been made automatically by TwinCAT 3, it is necessary to configure the following
settings in the NC controller for the drive and motor combination:

e Scaling factor (Units of position measurement)
e Maximum speed
e Jogging speed (Fast, Slow)
e Acceleration limits (accel, decel)
e Monitoring (of various conditions)

Encoder Scaling Factor

Understanding “mm/INC”

Units of position in TwinCAT 3 are user-settable using the mm/Inc factor.

e "mm” = User unit of position (rotary or linear)

° \\INCII
Opening the Axis 1 Enc, Parameter tab will show the parameters for the feedback units.

Position change per increment of feedback (encoder count)

For this example, this is the screen from CME2 that shows the encoder data:

Motor,/Feedback - Rotary Moktor

Matar Feedback | Brakelstap |

Miotor Feedback

| 1000| lings = | 4000 counks

¥ Enable Encoder Lass Detection

¥ Enable Index Loss Detection

Taking the 4000 counts/rev and inverting it gives the INC factor of 1/4000, or 0.00025 revs/count.
The screen below shows the default setting of the Scaling factor as 0.0001:

TwinCAT Project22 X

General NC-Enc:Dder| Parameter |T|n'|e Compensation | Online

- Encoder Evaluation:

Invert Encoder Counting Direction FALSE hal
Scaling Factor 0.0001 mmIMNC
Scaling Factor Divisor (default: 1.0) 1.0

Double-clicking this and changing it to 0.00025 should produce this result:

TwinCAT Project22 X

General | NC-Encoder | Parameter | Time Compensation | Online

- Encoder Evaluation:

Invert Encoder Counting Direction FALSE -
Scaling Factor 0.00025 i TMC
Scaling Factor Divisor (default: 1.0) 1.0
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NC Axis Settings

In the TwinCAT 3 Solution Explorer window (folder tree) click on Axis 1, and then on the Parameter tab.
The settings highlighted below are the ones to adjust for the motor/drive combination used.
This assumes that the motor is free to move, and that there are no limit or home switches.

From the mm/INC settings, the unit of position is “rev”, or revolution of a rotary motor. In this screen the units to
be set should be read like this:

e mm = rev (revolutions) Distance
e mm/s = rev/sec Velocity

e mm/s? = rev/sec? Acceleration
e mm/s® = rev/sec® Jerk

TwinCAT Project22 - Microsoft Visual Studio CEX
File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help
e = A= = NEREERECS B AR SR e e O [T, +| [ TwincaT RT (x88) - | S e Bl B -
B B2R@|e (e |0 | > md|e=(=z=0 aw |00 G-

Solution Explorer SOl TwinCAT Project22 X

‘—]
General | Setting ‘Earameter amics | Online | Functions | Coupling | Compensation

= MOTION ~ ¢ ]
= [B] ne-Task 154F |
[B1 NC-Task 15vB
'5 Image

JRuoidxg =nias 1

Reference Velodty 2200.0

Maximum Velocity 2000.0
Manual Velocity (Fast)
Manual Velocity (Slow) 100.0

nDatalnl Calibration velocity (off plc cam)
#] nDataln1[0] Jog Increment (Forward)

#| nDataln1[1] Jog Increment (Backward)
nDataln2
n3tatel
nState2
nState3 Deceleration

nState4 Jerk

nDataIn3 Fast Axis Stop Signal Type (optional) 'OFF (default)’
nDataln4

nDatzIn5 Fast Deceleration (optional) 0.0
nDataIng

nStates Fast Jerk (optional) 0.0
nStates Limit Switches:
nState? Soft Position Limit Minimum Monitoring FALSE
nstated Minimum Position 0.0
nDcInputTime
i outputs
=~ =} Drive
= Inputs Monitoring:
= #. In Paosition Lag Monitoring
| nDataInl IMaximum Position Lag Value
¥ nDataIn2
nStatel

nstate2
nstate3 Position Range Window

Dynamics:
Acceleration

Fast Acceleration {optional) 0.0

&
B
E
.,
*

-

-

B F

- F
B
&
.,
®
P

Soft Position Limit Maximum Monitoring

Maximum Position

Maximum Position Lag Filter Time

Position Range Monitoring

nStated Target Position Monitoring
nDataIn3 Target Position Window
nDataln4
nDataln5
nDatalng
nStates
nstated Download e [

it Dowrloa Lploa [ EpandAl ] [ Collaps Al | [ Select A
nStated
nDcOutputTime

Target Position Monitoring Time

o
b o T

In-Target Alarm

In-Target Timeout

Creating project TwinCAT Project22... project creation successful.
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NC Axis Settings (cont’)

Maximum Velocity: Set to ~90% of the value shown in the CME2 V-Loop window:
In this case, that would be 7000 X 0.9 = 6300 RPM (rev/min)
Convert that to rev/sec: 6300 / 60 = 105 and double-click to edit Maximum Velocity and make it 105.

% velocity Loop o ] |

Commanded

Velocit, Velocity & Accel, Input |
Limiter Filter |

o
- - _._ Gains &’.
) T | snm | .

I Maximum motor velocity

I
é Actual Velocity

el Limit: I F000 rpra Accell Limit: 1250 rps? Vp: 400
Decel, Limits 1250 |TP5* Wi 60
Fast Stop Ramp: 1250 rpsz i Drain: a

Manual Velocity (Fast) = Speed for the fast jog setting in the NC Online screen.
300 RPM is a common setting, or 5 rev/sec.

[~ Low Gains Shift

Manual Velocity (Slow) = Speed for slow jog setting in the NC Online screen
A good factor here is 1/5 of the Fast Jog speed, 60 RPM, or 1 rev/sec.

Acceleration Assume that the time to 6300 RPM is 1 second,
or (105 rev/sec) / (1 sec) = 105 rev/sec?

Deceleration For this example, use the same value as acceleration

Jerk Multiply Acceleration X4 to get to the same velocity in the
same time = 4 X 105 = 420 rev/sec?

Position Lag Monitoring Also known as following-error, turning this off during commissioning will
eliminate halting during the system tuning/commissioning process. Doing this does assume that the
motor/load combination can tolerate some mis-positioning without damage.

Position Range Monitoring & Target Position Monitoring Together, these indicate a "Move-done”
condition in which the trajectory generator is no longer busy, and the motor is within the position range of
the target position.
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System Real-Time Settings

The RT (Real-Time) CPU time is the fundamental time unit at which the RT kernel operates.
And, within the RT kernel, multiple tasks can operate. The default for this is 1 ms, with each ms seen as a “tick”
of the RT clock by other tasks.

The NC Task 1 SAF produces the cyclic-synchronous data updates to slaves on the network.
The default setting is 2 cycle ticks of the RT clock, resulting in a Cycle Time of 2 ms for the SAF task.

The NC Task 1 SVB is the calculation engine in the NC controller that does the math for the motions to be
executed. The results of these calculations are passed to the SAF task to update the drives. The default timing
for this task is 5X the cycle ticks of the SAF task, resulting in 10 cycle ticks, or 10 ms.

TwinCAT Prr]ect22 Microsoft Visual Studio

- & [
P Eﬁ';lIfOIdIaTask
& Tasks

TCCOM Objects
& . MOTIGN
[" NC-Task 154F
- [B1 NC-Task 15vB
! Image
|:| Tables
- :a Axes

- Ea Axis 1

NC Task 1 SAF

#1 nDataln

- 4] nDataIni[1]
t- #1 nDataln2
- ] nStatel
#] nstate?
- ¥l nState3
- %1 nStatedq

m" Priorities " Ces Debuggerl

Router Memory (Byte):

Available CPUs (Windows/Cther): |1

2048 3

Cl |D Cl [ Read from Target ][Se{untargei J

CPU

[RTcPU [paseme  [cru it [ Latency warning

0

Type

|7 Default ;I B0 % ;I {none)

1ms

Object RT-CPU Base Time Cyde Time Cydle Ticks Priority

TASK

MC-Task 1SAF | Default () ;I 1ms 2ms 2 4

TASK.

oldeTask  |Default(®) ~[1ims 1ms 1 1

It is possible to run TwinCAT 3 at these timings, but operation at these defaults will produce some audible noise in the
position loop operation. Smoother operation is possible when cyclic position (or velocity) updates occur at the 4 kHz
rate of the Xenus, Accelnet, and Stepnet Plus drives. To set up these timings, begin with the following setting of the

Base Time RT-CPU:

CPU

RT-CPU |BaseTme | CI

IT Default
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Next, scroll down to the NC Task 1 SAF item under the Motion part of the TwinCAT 3 folder tree.
Click on this to open this screen. Change the Cycle ticks number to 1. The result should look like this:

Solution Explorer

; Solution ‘TwinCAT Project22' (1 project)
B [l TWinCAT Project22
= | sYsTEM
¥ License
= @ Real-Time
& 1o Ide Task
EJ Tasks
=l= Routes
TcCOM Objects
= MOTION
o B e
[Z1 NC-Task 15vB
+B Image
[ Tables
= Stes Axes
= Bk Axis 1
= &. Enc
= Inputs
= #Fl.In

s

Task |Retain Online

NC-Task 1 SAF

[ Auto Priority Management
Priority: 4 T
[ Cycle ticks: 1 - 0.250 ms

Name:

Start tick (modula):

[] Separate input update

[]Waming by excesding

Watchdog Cycles:

Port: 501

Object 1d: | 05000010

Options
[ Disable

[ Create symbols

[ ]

140 at task begin

Now, click on NC-Task 1 SVB and set that to 5 Cycle ticks. This should be the result.

Solution Explorer

=[Gl TwinCAT Project22
=- (@ sYsTEM
' License
= @ RealTime
[ 1j0 1dle Task
Ej Tasks
=ta Routes
TcCOM Obiects
= MOTION
= [ NC-Task 15AF
[Ei§rC-Task 15VB
"E Image
[ Tables
- S Axes
=~ Bmb Axis 1
=- ¥, Enc
= Inputs
=~ #l.In

Dl ] mMeEaTe

To summarize these settings:

Parameter Default 4kHz
Base Time 1ms 250 us
NC-Task 1 SAF 1 ms 0.25ms
NC-Task 1SVB 1 ms 1.250ms

T oo R

4

Task | Online | Parameter {Online)

NC-Task 1 5VE

[ Auto Priority Management
Py 8 %
[ Cycle ticks: ms ]

Name:

Start tick {modulo):

[] Separate input update
] Waming by exceeding

Watchdog Cycles:

Port: 511

Object Id: (05000020

Options
[ Disable

[ Create symbals

EERE———

Setting these is easy, so is 4kHz the best choice? The answer depends greatly on the characteristics of the

computer that is running TwinCAT 3.

For now, leave the settings at the 1 ms default values. When the system is started it will be possible to
display the jitter in the task timings using TwinCAT 3. If the jitter is low, then the timings can be set up to

the 4kHz numbers.
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RT Kernel Time-Base Stability

“Stability” describes the uniformity of the time between updates of the slaves on the network.
Ideally it will show no variation. In practice, it will frequently vary widely and inconsistently.

With the settings made in the NC for encoder resolution, velocities, and accelerations, the next step is to
Activate the configuration. This compiles all of the settings in the Visual Studio interface, downloads them to
the RT kernel, and starts the kernel in Run model

TwinCAT Project22 - Microsoft Visual Studio
File Edit Wiew Project Buld Debug | TwinCAT | PLC Tools Scope Window Help

éﬂ - lj H ﬂ | & 33 3= ‘ ’5 Generate Mappings %36 E
A 4| | mn c Y @ | G | Il % Activate Configuration l_‘ b m £
Restart TwinCAT System

ﬂ Solution Explorer
tn E1  Restart TwinCAT (Config Made! _—
g - (Config Mods)
AN = [ TwinCAT Project22 L === d
&5 = |ﬂSYSTEI\"I % Scan B
a3 % License
o {2 Toggle Free Run State
= @ Real-Time
&1 1/0 Idle Task 6" Show Online Data
% Tasks 7., Show Sub Items T
B Toke 8
@ TcCOM Objects E= Access Bus CouplerfIP Link Register... 1250 | ms
& MOTION Update Firmware EEPROM P =
= [ NC-Task 1548 =
[B1 NC-Task 15VB Show Realtime Ethernet Compatible Devices...
+l
Image Selected Ttem 4
+
[ Tables :l
e Axes Wamin exceedin
= Baf Axis 1 O gby g
= #, Enc o
M Temrma b ==l

This produces this screen (click OK), followed by the license-missing screen.
Click [Yes] to generate a trial license:

\:!/' Activate Configuration

(Old Configurations will be overwritten!)

\?/ Some required runtime licenses missing. Generate trial licenses

[ Cancel ] [ Yes l Mo ” Cancel ]

Simply enter the characters shown in the window and this will activate a trial license.
Click [OK] to Restart TwinCAT System in Run Mode:

Enter Security Code

Flease type the following 5 characters: )
" ? o \_:."/ Restart TwinCAT System in R.un Mode
m8IvK
M8JIyK [ ok { [ Cancel
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RT Kernel Check #1

Navigate to the System > Real Time icon in the folder tree and click on the Online tab to the right.
This screen shows the percent-usage of the computer’s CPU and the System Latency.
The System Latency is the time at which the system time-tick arrives too late for the RT kernel.

16-01450 Rev 01

Solution Explorer

; Solution "TwinCAT Projectz’ {1 project)

= a TwinCAT Project2
El- (@l SvsTEM

=
By Tasks
sfs Roukes
TeComM Ohjects
- [ moTron
El- [ NC-Task 1 58F
[B1 NC-Task L SvB
T p—
[ Tables
El e dxes
- B Axis 1
-' &, Enc
| Drive

- m

RT Kernel Check #2:

Scroll down to the folder the I/O>Devices>Device4 (EtherCAT), double-click that to open, then select the
EtherCAT tab>Advanced Settings button. Open the Distributed Clocks>Diagnosis item.

This shows the number of network packets under different deviations of the timing. None of them are
greater than 20 us.

Solution Explarer
i gl Routes
“oo ] TeCoM Objects
= MOTION

El- 8] ne-Task 1 547
- [E1 NC-Task 1 5vB
’E Image
[ Tables
B :a. Axes
- Bab Axis 1
.

W Outputs
Ty, Thrl

Inputs

- [l Outputs

= 4 1o 1
= *E Dievices
-} =% Device 4 (EtherCAT)
D Ima0E

Inputs
W Outputs
Tag, Chrl
Inputs
- [l Outputs
1| PLC
- |4 SHFETY
T+

- * 8 Image-Info
- 2 Synclnits
Inputs

- [ Cutputs

- [ InfoData

OEE

- [ westate
@ InfoData

LA Y

- €& Drive 1 {enus Plus - XEL)
[+ €& Madule 1 (Cyclic Position Ma
Cyclic Position Inputs
W Cyelic Position Outputs

v I X

Ml TwinCAT Projectz

s @
Sellini Online I':’ncuiliasl Cs Debuggarl

Fieal Time Usage: B
oo

Spstem Latency:
o0 ps

ey t i

~ Propetties
General | Adaffer EteCAT | Onine | CoE - Onins | 3

I‘IIJ‘II]ZH?E‘I

2= 00|
Advanced Settings...

(o el 1 e

Sync Unit Azzighment. .. |

Topology... I
I Frame | Cmd | addr [Len  [wC [ Sprcunit |_Cycle mg I Utiization [%] | 5
[#]- Stake Machine Diagno
3 o 1
E--D!stnbuted Clocks Deviation s | Count [neg) | Percent [neq) | Percent [pos) | Countfpos) |
f Dagnosi: <1 479401 367 345 45033
- EoE Suppart <2 14817 1.3 108 13683
- Redundancy <5 4014 kN 39 5103
- Disgriosis <10 42 oo 01 85
<20 1) oo 00 0
<50 o 0o 00 1}
<100 a ili] 00 1}
< 200 a ili] 00 1}
< 500 a ili] 00 1}
»=500 1] 0.0 0o 0
Sum EEO13 511 484 B3375

5 A

These data were taken from a Beckhoff C6920 industrial PC and show a high degree of stability of the
system timing. The same TwinCAT 3 installation on desktop or laptop computers will typically show much
larger deviations in the system timing.
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Activating the Configuration

With the NC, encoder, and parameters all set, the configuration is ready for activation.
This is the operation that takes the configuration in the engineering interface (Visual Studio) and downloads
it to the RT kernel. While shortcut keys are shown in other Menu bar options, they are missing from the
TwinCAT objects. Because these are used frequently and are valuable time-savers, they are show below:
e
TwinZAT | PLC  Tools  Scope  Window  Help

*B  Generate Mappings Ctrl + M

;] % Activate Configuration  Ctrl + Shift + F4 ]
B 7 Restart TwinCAT System  Ctrl + F4

FY  Restart TwinCAT (Config Mode) Shift + F4
Activation will automatically generate mappings and switch TwinCAT to Run mode:
The RT kernel is running, datagrams are generated connecting the nodes with real-time PDO updates.

Config mode stops the RT kernel. Free Run will query the network devices and allow alteration of their data,
but the slaves will not be enabled for motion control.

NC: Online

After activation, click on the Axis under the MOTION..Axis 1 item and open the Online tab.
This mimics the control panel of an NC controller with jogging and other user buttons.
Click [Set] in the Enabling frame, and select All to enable the drive.

Solution Explorer M TwinCAT Projectd X<
o . . General | Settings | Parameter | Dywamics  Onling | Functions | Coupling | Compensation
‘g Solution "TwinCAT Project3' {1 projeck)
B z TwinCAT Project3 Setpoint Fozition; mm
= ﬂ SYSTEM ; 99980 99980
- | Licens? Lag Distance [mindmax):  [mm] Actual Welocity: [mm.s] Setpoint Velocity:  [mm/z]
@ real-Time | 0.0000 (0,000, 0.000) | 0.0000 | 0.0000
: %‘g ;aoilis Override: [%] Total / Contral Output: — [%] Errar:
&) Tecom obiects | 100.0000 % | 0.00/ 000% | 0 [00)
= MOTION Status (log.) Status [phys.] Enabling
=N @ NC-Task 1 SAF ’;_ Feady [V MOT Moving || T Coupled Mode [~ Controller Set
i [Z1 NC-Task 1 VB [~ Calibrated [~ Moving Fw [ InTarget Pos. [~ FeedFw
. [ InPos. Range [ FeedEw
Statuz [phys. ] E nabling ?
g o Coupled tMode ¥ Cantraller Cat m/s/mm] Reference Yelocity: [nm.s]
[T InTarget Pos. v FeedFw 4 [2200
I_ I Pioz. HEHQE p Feed Bw [rﬂ T arget Velocity: [rorns]
Y o
Set Enablin b
B 3 | E] A& 5
¥ FeedFw [rrns]
— ¥ FeedBw Cancel |
Overide [%]:
—
|1 1] All J F9
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Enabling the drive from an EtherCAT master can be seen via the Control Panel of CME2.
The graphics below show the NC controller's Enabling frame in red, and the CME2 Control Panel indicators showing
the effects of network enabling (software enabling) of the drive.

=IET

~Skatus | rMDnitar
= i ST Ioackive _Enabling LI _ &
@ @ Maokor Cukput: Mok Ackive |_ Controller

Set
Hardware Enabled: Enabled W el - - l _ Fpm

Software Enabled: Mok Enabled I— Feed Bw

Positive Linik: Mok Active
Megative Linnik: Mok Active

-]

]

A

i

iE
Errar Log | & Software Limits: Mat Ackive
 Motar Phase: ok Mode: CaMopen over EtherCAT (CoE)
& Motion Abort Input: Mat Ackive
= CWM Control Program: Mot Running ~Move
i Home: Mok Referenced Yelocity Iﬁ rpm
Mebwark Status:

i+ (aain Scheduling: Mok Active ficceleration I 123 rps?
Deceleration I 125 rps?

X
~Skatus | rMDnitDr
: e S— Enabling———— | ~| [ G -
6 i Matar Qutput: Active ¥ Cantraller St
i Hardware Enabled: Enabled [+ FeedFw E _ rpm
ﬁ i+ Software Enabled: Enabled p Feed Ew
L i Positive Limit: Mot Active j _
had counks
i Megative Limit: Mok Ackive
Erraor Log i Software Limits: Mok Ackive
& Motar Phase: o Mode: CAMopen over EtherCAT (CoE)
& Mation Abort Input: Mok Ackive
i MM Conkral Program: Mot Running ~Move
i Home: Mok Referenced Yelogity Iﬁ rprm
Ietwark Status;
i+ zain Scheduling: Mat Active Acceleration I 125 [rps?
o I P .

NC: Manual Control

Jogging
The F1~F4 keys are used to jog the drive pos/neg at the Manual Velocity (Fast) and Manual Velocity (Slow)
rates that were set up in the NC Parameters tab > Velocities section.

Contraller Faw-Factor: [mmnz/mm] Reference Welocity: [mm."z]
N 1]
T arget Position; [mm] T arget *elocity: [mm.'z]

[0 o

-— —| +|++| ® | —-
F1 | F2| F3| F4 F8 | _F9
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Single Move: Target Position

This value sets the destination in absolute coordinates for a single move. It is in the position units used (“mm”).
In this example, the unit is “rev” or revolutions of the motor. Entering 25 would mean 25 revolutions.

Single Move: Target Velocity

Units are the rate of change of the position units. In this example, that would be rev/sec.
Entering 40 would be 40 rev/sec, or 2400 RPM.

Single Move: Acceleration/Deceleration

Acceleration/deceleration values remain as they were configured in the NC Parameters tab. They can also be
displayed in the Dynamics tab. The default presentation is shown below. The dynamics can also be changed
here with the various Direct and Indirect controls.

TwinCAT Project3 <
Generall Seltingsl Parameter Dynamics |Dn\ine| Functinnsl Couphngl Compensationl
— " Indirect by Acceleration Time
M aximum Yelocity [ max |: ISU mms
Acceleration Time: ID.35 3
Deceleration Time: | a5 above IEI 35 S
smooth tiff
Aceceleration Characteristic: JI
Deceleration Characteristic: JI
altl: A sy —
vt A7 e -~
— % Direct
Acceleration: |5DU mmds2
Dreceleration: V' as above IEUU mm/s2
Jerk: [2000 mims3
Download Upload

NC: Setting Absolute Position to Zero

In TwinCAT 3, Homing is called Referencing and involves a number of settings which will not be covered in
this tutorial. However, it is possible to jog a motor to a position that can be set to “0” after which moves can
be performed in absolute position coordinates.

Step 1: Jog the motor to the position that will become “home”.
Step 2: Open the Functions tab of the NC > Set Actual Position frame. Check for “"0” in the humber box and
press the [Set] button. The position on the display box above will go to 0 (absolute).

General I Settings I Parameter I Diynamics I Online ~ Functions | Coupling I Compenszation I
E 6 2363 Setpoint Position: T
. I -6.2362
r~ Extended Start
Start Mode: Start
Target Position: 10— [rrm] Stop
T arget Welocity: 30— [ram.z]
T arget Position2: D— [rnm]
Idle Time: o5 = Last Time: 5]
s
r— Fiaw Drive Output
Output Mode: Percent - l Start—l
Dutput Yalue: 0 [%] Stop
Set Actual Position
’7|Absolute j |D Set )
AT
IAbsqute j |D Set
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NC: Out/Back Repeating Positions

For tuning an axis over EtherCAT, the NC has a feature that is similar to the Function Generator in CME2.
This is particularly useful because in CMEZ2, the drive is controlled by an internal trajectory generator that is
performing profile-position moves in which the accel/decel, velocity, and target position are fixed values.

In an EtherCAT master in CSP (Cyclic Sync Position) mode, the trajectory generation is in the master.

The servo drive only sees increments of position with every PDO and has no knowledge of the final target
position or velocities. And the rate at which the updates arrive depends on the time-base of the master.

So, setting up out/back moves over EtherCAT enable tuning of the system under actual operating conditions.

Step 1: Open the NC Functions tab > Extended Start frame, and pull-down the Start Mode menu
to Reversing Sequence. Note the 0.0000 position (after zeroing) which will be the starting position
for the reversing moves.

TwiniZAT Projects
General I Seftings I Parameter | Diynamics | Onlinf ~ Functions | oupling | Compenzation I
Setpoint Pogition; mim
0.0000 00000
r~ Extended Start
Start Made: Reversing Sequence 'l Start |
Target Position: Abzolute [ram] Stap |
. Relative
T arget Yelocity: Endess + [rrndz]
Target Pozition2: Endiess - [rr]
Modula
Idle Tirne: Modulo shortest way g Lazt Time: 5]
Modulo plus direct,
Modula minuz direct. I 0.57825
_ R Jog +
Fiaw Drive Output———— Jog -
COutput Mode: +1 Start
+01 -
Output ¥ alue; +0.01 [%] Stap
— Set Actual Poziion -+‘ID. oo
IAbsqute - l -1 Set
- [1.01
—Set Tanget Pogition )
IAbsqute vl = g Sequence St
Welo SteprSeqLence
Sinus Sequence [Bode)
Sinus Dzcillation

Enter values for Target Position1 (Out position), Velocity, Target Position2 (0 for Back position),
and Idle Time (dwell). Press [Start] to go, and when running press [Stop] to halt. If Stop is pressed for a move in
progress, pressing Start will resume motion without losing the absolute position reference of the moves.

TwinCAT Projects

Generall Settingsl Parameterl Dynamicsl EInIinE‘ Functions Enuplingl Eumpensatiunl

Setpoint Position; [rairm]
Ny 0.0000 | G000

(— Externded Start \\
Start M ode: eversing Sequenc Start ]l
Target PositionT; |1 ] [rrim] 2] ] |
Target Welocity: |3|:| [mm.s]
Target Positionz: Il:l [rm]
Idle Time: 05 s ) LastTime [5]
I 2.7827h

When final tuning has been done, the drive is ready to be operated by the EtherCAT master.
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Switching Runtime with TwinCAT 2

If your computer already has TwinCAT 2 installed, then adding TwinCAT3 means that there are now two real-
time kernels in the system. Only of them can operate at the same time, so how to know which one is running?

Fortunately Beckhoff planned for this and there is an application that will get things sorted nicely.
Find it here, and double-click on TcSwitchRuntime.exe

&% C:\TwinCAT\TcSwitchRuntime
. File Edit View Favorites Tools Help ':;'

eBack < J l.ﬁ: /:\J Search ‘[{?‘ Folders || |E¥ (3 x E) '

| address |2 C:\TwinCATTeSwitchRuntime v Beo

Folders X Name

= [ TwinCAT -~
D31 [ ﬁT&SwitﬁRunh’me.exe

I ADS Api
1) Adsapi
B Boot
B Common32
@ Commont4
I Driver
IC0) EventLogger
I FoE
|0 Functions
I Infosystem
Do
= Mc
= Pl
I3 Resource
1) Samples
@ Scope
L) Scope
o

< | > <

|€

(2

Here’s how it looks with both TwinCAT 2 and TwinCAT3 active:

E® TcSwitchRuntime

Version 1.8
I ERROR: Both TwinCAT 2 and TwinCAT 3 are active. I

| ¥

[ Save Log ][ Clear Log

Runtime cannot be switched unless you close the
Visual Studio instance
_Clc-se the instance to proceed. .

In order to proceed, the instance to be closed will be TwinCAT3, so close this screen now and
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£ Windows Task Manager

16-01450 Rev 01

Eile

Options  Miew Help
applications | Processes | Performance || Networking |
Image Mame User Name CPU | Mem Usage b
sychost.exe METWORK SERVICE o0 4,568 K
svchost.exe LOCAL SERVICE 0o
System SYSTEM 0a
System Idle Process SYSTEM 99
taskmgr.exe jwoodward 00
TC3ScopeServer.exe SYSTEM [alu}
 TCATSYsSrv.exe
TCATSysSrv.exe SYSTEM 0a
TcEventlogger.exe SYSTEM [alu}
TeSysULexe jwoodward 0o
TeamViewer exe jwoodward 00
TeamViewer_Service.exe SYSTEM 0o
TMEMSR.\V, exe SYSTEM 0a
TmListen.exe SYSTEM 00
TmProxy.exe SYSTEM 0a
tv_w3.exe SYSTEM [alu}
UMNS. exe SYSTEM o0 B
winlogon.exe SYSTEM 00 1,272 K
WITNWORD.FYXF nndward i 137.972 K b
Show processes from all users
Processes: 70 CPU Usage: 0% Commit Charge: 2001M f 5209M

Installation of TwinCA

Ethernet Adapters

—-E& ethl - 3Com 3C320 Integrated Fast Ethemet Controller [3C305C-Tx Compatible]
[F]57= TwinCAT Ethernet Protacal for all Metwark: Adapters
g TwinCAT Rt-Ethernet Intermediate Driver
B8 Compatible devices
- E8 Incompatible devices
—-E8 Local drea Connection - Intel[R] 82567LM-3 Gigabit Metwork Connection
[l TwinCAT Ethernet Protocol for all Metwork Adapters
Dg TwinCAT Rt-Ethernet Intermediate Driver
B Dizabled devices

|Ipdate List

Enable

Dizable

[v Shaw Bindings
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i@ TwinCAT 3 Information System - InstallShield Wizard

Installing TwinCAT 3 Information System
The program features you selected are being installed.

Flease wait while the InstallShield Wizard installs TwinCAT 3 Information
System, This may take several minutes.

Status:

[----------------IIIIIII------------------ ]

=

i
Al

(73]

m
=

InstallShield Wizard Completed

 The Instalishield Wizard has successfully installed TwinCAT 3
Information System. Click Finish to exit the wizard.

[ show the Windows Installer log

Lance
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{= Dawnload Microsoft Visual Studio 2010 Service Pack 1 (Installer) from Official Microsoft Downlo - Microsoft Internet Explorer p

e \g, microsoft.com V‘ X |I'.l’ ‘ S
File Edit View Favorites Tools Help
5 Favarites 515 @ AnanetHome | Copley Controls Carp WebE... &) - 4l comuser @ Control Console Message Q...
| & Dovnload Microsoft Visual Studio 2010 Service Pack 1., |7|
B Microsoft T
A
Download Center
Products Categories Security Support Shop
B Microsoft Visual Studio 2010 Service Pack 1 -
Share B E=
B (1nstallen
Free PC updaes
= Security patches
« Software updates
This web installer downloads and installs Visual Studio 2010 Service + service packs
Pack 1. An Internet connection is required during installation. See the + Hardvare drivers
‘Additional Information’ section below for alternative (ISO) @ Run Microsot Updite
download options. Please Note: This installer is for all editions of
Visual Studio 2010 (Express, Professional, Premium, Ultimate, Test
Professional).
]

File Download - Security Warning

Do you want to run or save this file?

Mame: W510spl-KE933509,exe
Type: Application, 734E

From: download.microsoft.com

[ Bun ][ Save ] | Cancel |

patentialty ham your computer. f you do not trust the sounce, do not

|@ While files from the Intemet can be useful, this file type can
: run ar save this software. What s the rsk?
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6.2 Beckhoff TwinCAT 2

Introduction

This document provides information on commissioning Copley Controls EtherCAT servo drives using the
TwinCAT 2 EtherCAT master software. When these steps are followed, it should be possible to move a servo
motor via a Copley Controls servo drive from the NC controller in TwinCAT 2. For more advanced motion
control it is necessary to consult the Beckhoff InfoSystem software for details.

Step 1: Configure the Drive for EtherCAT Operation
e Install CME2

e Run Basic Setup to configure the drive for Position mode, and Command Source
as CANopen over EtherCAT (CoE).

Step 2: Download the ESI (XML) File from the Copley web-site

The file is found here: http://www.copleycontrols.com/Motion/zip/ecatxml.zip
Download it to your desktop, or other folder for now.

Step 3: Assign an Ethernet Port on Your Computer to EtherCAT

EtherCAT requires a dedicated NIC (Network Interface Card). It does not share a port with other Ethernet
traffic and should not be run from an Ethernet switch.
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Step 4: Download the TwinCAT 2 Software and Install It

The TwinCAT 2 software will run for 30 days in Demo mode and can be re-installed after that time.
It is on the Beckhoff web-site here: http://www.beckhoff.com/

Navigate to Download -> Software -> TwinCAT 2 30 days version -> Download: TwinCAT 2

Fill out the form and download the file. After that, run Setup to install TwinCAT 2.

DO NOT LAUNCH TWINCAT 2 BEFORE INSTALLING THE ESI FILE !

Here is the sequence of screens you will see during the TwinCAT 2 installation.

Language selection

TwinCAT - InstallShield Wizard

Chooge Setup Language

the languag

InstallShield [ < Back ‘ l Mext > J Cancel I

Click-through EULA

TwinCAT Setup

Welcome to the InstallShield Wizard for T winCAT
- i eld Wizard will install Twint nputer.

'
>

Install Sticld ‘ < Back H
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After Welcome, Accept

License Agreement
ad the Foll:

Sofbware Uzage Agreement for Beckhaff Software Froducts

Subject Matter of this Agreement

Licensor grants Licensee a nontransferable. non-exclusive right to
uze the data processing applications specified in Appendix 1 hereto
[hereinafter called ' *Software' '] under the conditions specified hereinaf ter.
[2] The Software shall be delivered ta Licensee on machine-readable
recording media as specified in Appendiv 1, an which it iz recorded as an
object program in an executable skatus. One copy of the user documentation
shall be part of the applicabion and it shall be delivered to Licenzee in
printed form, or alzo on & machine-readable recording medium ar anline.
The form the uger docurnentation iz delivered in iz specified in Appendix 1.
The Software and the documentation are hereinafter called
“License Materials'
[3 D ata [files, data base matenials) recorded on the maching readable
recording media which iz part of the Software mentioned in Appendiz 1,
o which iz mentioned there instead of such software, shall fall under
the License Materials.
4 The License Materials ¢hall alzo include new editions ar
supplements to the License b aterals which Licensor zhall let Licensee
have during the life: of the agreement, and that iz ardinanly not free of

InstallShiield < Back || Mewt > Cancel ‘

Name & Company Entry

Leave serial number blank, but a company name is necessary to proceed to the next step.

x|

Customer Information

Fle. ter your infarmation.

1al Number:

InstallShiield < Back || Mewt > Cancel
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Installation Level Selection

Check the NC PTP item now and all of the items above it will be installed.
This stands for Numerical Control (NC) Point-to-Point (PTP).

TwinCAT Setup } |

Select Installation Level

You can chaoie ane of the fallawing pradust levels:

1~ TwinCAT CP - Driver for Contral Panels.

= TwinCAT 10 - 140 Driver

£~ TwinCAT PLC - IEC 611313 PLC System
['F TwinCAT NCPTP - PTP Mahon Contral: ]

" TwinCAT NC I - Interpolation

[rztallShield

< Back | Meat » I Cancel

Version Selection

Check the 30 days demo, assuming you are a first-time user and not purchasing TwinCAT 2 at this time.

TwinCAT Setup = x|
Select Installation Type )\

Yiou can choose one of the following installation types:

L i |

e Register now via phone or intermet.

€ further information

|metalShield

< Back | Next > I Cancel

Page 66



EtherCAT User Guide 16-01450 Rev 01

Feature Selection

The default selections are shown below. None are required for running a servo drive with the NC controller
so you can leave these as shown unless conservation of hard-drive storage is a goal.

TwinCAT Setup

Select Features

TwinCAT Scope Wiew

] TwinCAT Cam Server
TwinCAT EDS and G 3D Files
] TwinCAT Remate Manager
TwinCAT Dirive Manager

InstallShiield < Back H Mewt > Cancel

TwinCAT 2 Destination Folder

The default selections are shown below.

TwinCAT Setup

Select Program Folder
elect a program folder.

U may ype a older name,

Intel(R] Management and Security
Malwarebytes' Anti-M ahware
Microsoft Office

MCH Software Suite

MHCH Toolbox

Powsertoys for Windows P
PuTTY

Real

Startup

TempoP erfect

InstallShiield < Back H Mewt > Cancel
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Restart Prompt

Restart is required at this point.

InstallShield Wizard Complete

eted installing TwinCAT

Install Shield | < Back H Finish f

Cancel

Restart

After restarting, the TwinCAT 2 splash screen will appear:
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System Properties
Right-click on the TwinCAT 2 icon in the Windows Taskbar and select Properties.

The Registration tab shows version and trial expiration date info:

TwinCAT System Propetties LI

Generall Systeml AMS Houterl FLC Registration |

TwinCaT MC PTR
g time limited ta: 5./8/2010, 2:04:35

TwinCAT Yersion: w2.11.1544

System ID: | 19CB-542B-310
Fiegistration: I

online: hittpe £ v, beckboff, com
fiari: +43 [0)5246 363 0
Marne: Analogic Employee
Company: Analogic Corpor ation
Req.Key: 47FE-4413-37CE-DDFC

,TI Cancel Lpply

System Properties

The System tab shows the items installed. Note that TcPLC is shown because it was above NC PTP when the
installation selections were made.

TwinCAT System Propetties LI

General i Systel

TwinCAT Server

Telo
TeMe
TePle

TeRTime

[

Add | Bemove | Froperties

r~ Boot/Shut Down
Auto Boat: " Disable

" Enable

% Canfig Made

Auto Logan | |

Llser Name I
Password I

ok I Cancel | ARpl
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Check ESI File Installation

Download the ESI (XML) files from the Copley Controls web-site and paste them into the
c:\TwinCAT\IO\EtherCAT folder. TwinCAT 2 will scan this folder for devices when it is launched so if it’s
already open, then close it and re-launch.

Also, be sure that there is only one ESI file for each Copley Controls device type in the IO folder. TwinCAT 2
only allows one ESI file for any device type in this folder. The example below shows ESI files for the Accelnet

Plus EtherCAT (AEP) and Xenus Plus EtherCAT (XEL) devices.

% C:\TwinCAT\lo\EtherCAT M =ET
File Edt Wew Favorites Tools Help '|'f.
eBack D | ,‘ /.\JSearch ‘H Folders ':’ Ij x q v
3 .-‘«gldl'es[ I3 C\TwinCAT\lo\EtherCAT I "| Go
Folders x Mame Sze  Type Da M
=) Boot A | | [£] Beddoff EPSxxac.xml 192 KB XML Document 11
I3 Driver B |2 Bredhoff EPSxxa.aml 412KE XML Decument &8
) EventLogger 2| Bedkhoff EPTxooc.aml 2,384KB XML Document 51
[E3) Infosystem |2 Breckhoff EtherCAT EvaBoard.xml 72KB XML Document 21
221 || Beckhoff EtherCAT Terminals. xml 53KB XML Document 2f1
) AddIns || Beckhoff FB1XXX.xcml 16 KB XML Diocument 124
I3 CANopen || Bedihoff FCxooocxml 6KB XML Document 124
() DeviceNet B Copley_Ecat.xmi | 999KB XML Document 11/
=2 3 EtherCAT é] EtherCATBase xsd 37KB XML Schema File 34
@ Beckhoff AXSxx é] EtherCATDiag. xsd 1KB XML Schema File 3/4
(23 Interbus é] EtherCATDIct. xsd 1KB XML Schema File 21
=) Modules é] EtherCATInfo.xsd 59KB XML Schema File 21
(C2 Profibus |&] EtherCATModule, xsd 2KE XML Schema File 2{208
[ ProfiNet A 5
£ » < | >

Installation Is Complete

At this point, TwinCAT 2 is installed, the Copley Controls ESI files are in the proper folder, so it's time to
begin setting up a Copley Controls EtherCAT servo drive in TwinCAT 2.

Launch TwinCAT 2 System Manager and this is what appears.

Right-click on I/O Devices in the folder window

File Edit Actions View

., Untitled - TwinCAT System Manager j

Qptions  Help

I [m[ 4

IDFeHEZR| =P A0 EBavddene s BAS|wid en e

Gereral | Boot Settingsl

TwinCAT System Manager
w2, 11 [Build 1551]

TwinCAT NC PTP

v2. 11 [Build 1544)

time limited to: 5/8/2010

Copyright BECKHOFF € 1936-2010
http: A v, be ckhoff. com

Fiegistration:

Marne: Analanic Frnlnoee
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Open A New File And Scan For Devices

From File -> New, or click the icon, create new TwinCAT 2 project.
Next, right-click on the I/O Devices folder and select Scan for Devices.
The pop-up gives a warning but click [OK] to proceed.

/B Untitled - TwinCAT System Manager =%
File Edit Actions View Options Help
D@ d &G P20 Ad 2 avdd &5 Ne % B Qoo
B SYSTEM - Configuration Number | Device Type
I C - Configuration
A PLC - Corfiguration
= =
- =
- m—
TwinCAT System Manager

L E HINT: Mot all types of devices can be found automatically
-

E oK | [ Cancel

& {111}

Ready Local (10.10.2.31.1.1) [eilyitejilels

Select The Nic For Ethercat

Click [OK] for the EtherCAT port, Scan for Boxes,
Click [Yes] to Add drives to NC-Configuration,
Click [Yes] to Activate Free Run.
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Devices Found And Link To Nc Controllers

If all goes well... TwinCAT 2 should find the CC devices and link these to NC controllers. Expanding the folder

tree to show the NC and XEL items, we can see the encoder and outputs of the NC and the PDOs that have
connected them.

NC Controller Detalil

= :a AxES
= | Axis 1
= Axis 1 Enc
%T Inputs
§! Cutputs
=] Axis 1_Drive

%T Inputs
§! Outputs
I Axis 1_Ctrl

w1 Inputs
$| Cutputs
Copley Drive Detail

=) ||| Drive 1 (¥enus Plus - XEL)
(=I- 8] Transmit FDO 4
&l Status word
@1 Actual motor position
¢l Position loop error,
T Actual motor velocity
] Torgue actual value
= §] Receive PDO 4
2l Control word
&l Profile target position
& Velocity offset
&| Torque offset
$ Wcstate
$ InfoData
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B untitled - TwinCAT System Manager

File Edit Actons WYiew Options Help

D &£@ sB2E2 A3
BB sYSTEM - Configuration -~
= ' MC - Configuration 3
= MC-Task 1 SAF
[BE NC-Task 1 5VB
=f= NC-Task 1-Image
[ Tables

B: L
C
= S30s 1_Enc

@l Inputs
@l outputs
==+ Axdis 1_Drive
@T Inputs
@| outputs
e, Axis 1_Clrl
%‘T Inputs
#! outputs
B# PLC - Configuration
= 1/0 - Configuration
=B 1/O Devices
[=)-/=== Device 2 (EtherCAT)
-I- Device 2-Image
-t- Device 2-Image-Info
1 Inputs
$! Outputs
[l

I=l-gg| Transmit DU &
1 status word
#pT Actual motor position
&1 Position loop error.
ST Actual motor velodty
T Torque actual value
= § Receive PDO 4
] Control word
| Praofile target position
®| velodity offset
@] Torque offset
§ VcState
& InfoData
= &8 Mappings
& NC-Task 1 SAF -Device 2 (EtherCAT) M

l{_] 1l | (2] ¢

|I Server (Port) Timestamn

Messane
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Data Linkage In TwinCAT 2
The diagram below shows how the servo drives is “wired” to the TwinCAT 2 NC using PDO data.

TwinCAT NC Axis

16-01450 Rev 01

= :i-o Axes
ERJAis 1
@, Axis 1_Enc
= %T [nputs
Xenus Plus XEL Drive = 7 Asis 1 Enc_In
el nlnDatal
B PLC - Configuration 4+ nInData2
=~ 1/0 - Configuration Wl nStatusl
= -EEE} 10 Devices ol nStatus2
== Device ? (EtherCAT) Wl nStatus3
== Device 2-Image %l nStatus4
== Device 2 Image Info &1 rirDatal
1 Inputs T ninData4d
:J,Ion_::zznuttsa St nInDatas
+ nfoDa
=R N Crive 1 (Xenus Plus - XEL) Fg‘; :g:g;t:s
=- & Transmit P00 4 <t nstatuss
B Status word ees— & nstatus?
] Actual moter position T nStatusa
¢l Position loap errar. \ ! nDelnputTime
ST Actual motor velodty $! outputs
ST Torque actusl value = | Axis 1_Drive

= ‘l Receive PDO 4
&l Contral word ‘\
2 Profile target position
%] velodty offset
%] Torque offset

& wostae

§ InfoData

ﬁ Mappings
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= &' nputs

=& Axiz 1_Drive_In
@l nInDatal
4T nInData?
gpl nStatus1
il nStatus2
Gl nStatus3
Zpl nStatus4
T ninData3
! nInDatas
T nInDatas
Sl nInDatas
%] nStatuss
Wi nStatuss
%! nStatus7?
W nStatusa
! nDcOutputTime
=--§l Outputs
=%, Axis 1_Drive_QOut
| noutDatat
M| noutDataz
il ncirll
gl nctrl2
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As a position profile generator, the TwinCAT 2 NC must first have the units of position measurement configured.
In the NC encoder, Axis 1_ENC in this example, Parameter tab the Scaling Factor is the important parameter.
This number = (distance to cover) / (number of counts)

For a rotary motor, distance can be one revolution, and number of counts can be the encoder counts after
guadrature decoding. For a 1000-line quad A/B encoder, this works out to 1000 X 4 = 4000 counts per

revolution.

In this screen, the rotary motor has an absolute encoder that gives 131,072 counts/rev.

The units in TWinCAT 2 are shown as “mm/INC”. The “mm” is really a place-holder, not necessarily for
millimeters, but for the unit of measurement. In this case it will be motor-revolutions.
So, 1 rev/ 131,072 counts = .000007629394.

Click in this box and change the default .0001 number to the one for your motor’s encoder or feedback.
You don’t have to hit the Download button now, this change will take effect when the TwinCAT 2 configuration is

“activated” later.

. Untitled - TwinCAT System Manager

Ele Edit Actions View Options Heb
LA 5 = )
NEEd SR B E s S B | BG e e|te” &3 7
[B¥ Acditoral Tasks A
b eneral -Encoder| Caramcter me Compensalon niine
%, Route Setings General | NC-Encocer | Parameter | Time Camp Oni
£, TCOM Objects
= B NC - Configuration | |
=-[Ba NC-Task 1587 Encoder Evaustion:
E : Fop—rE-a— PR -Ta— = 1o
NC-Task 1 SVB =
- NCTask mane E— P mmc
7] Tabies
) M Axes w T
< e s 1 WModulo Factor (2.9, 350.07) 380.0 F mm
(-, Axis 1 Enc Tolerance Window for Mcdulo Start 0.0 F mn
[ w] Ads 1_Drive Encoder Mask (masimum encoder valus) ONFFFFFFFF D
i, Axis 1 Clrl Encoder Sub Mask (sbsolute rangs maximum ralue) Ox000FFFFF o
ﬁ gf;‘sts Reference System 'INCREMENTAL' ~|e
& u -
B8] FLC - Configuration it Switehes:
=B 1o - Corfiguraticn Soft Pesition Limit Minimum Monitoring FALSE hd |
= B8 1/0 Devices Minimum Position 0.0 F mm
-7 Device 2 [EtherCAT) Soft Pesition Limit Maximum Moritoring FALSE ME
i Device 2Image o Mazimum Positon 0.0 F mm
Device 2-Image-In .
&7 Inputs * Fltar‘
- §L outputs = R
' InfoData +  Cther setungs:
(=) Drive 1 (Xenus Pius - ¥EL)
-8 Trarsmit PDO 4
(e ] Receive PDO 4
- WeState
I¢-§ InfoData
E g8 Mappings
~ .
&8 NC-Task 1 SAF - Device 2 (EtherCAT)
5 NCTadk | SAF - Davin 2 (EwrCAT) [ Cownload | [ Upbad | [ BpandAl | [ Colaps Al | [ seect Al
< | &
Server (Port) Timestamp Message
Ready Local (10.10.255.59.1.1)

If the motor is a linear axis, then the distance to cover might be mm, inches, or metres. All of these can be
used and will be seen in the NC on-line screen when movements, jogging, etc. will all be done in these

units.
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NC Velocity And Fault Configurations

With the feedback units of measure configured, the next step is to set the NC parameters that control the speed
of the motor as well as some fault conditions. This screen shot shows the parameters that will be adjusted.

Reference Velocity:

Maximum Velocity:
Manual Velocity (Fast):
Manual Velocity (Slow):
Acceleration:
Deceleration:

Jerk:

Position Lag Monitoring:

Position Range Monitoring:
Target Position Monitoring:

16-01450 Rev 01

“mm/sec” = units/sec, the same distance-to-measure units that were

used in the encoder parameter tab.

F1-- or F4++ Jog speed (rev/s)
F2- or F3+ Jog speed (rev/s)

rev/sec for a rotary motor, or mm/sec for linear (Ref_Velocity / Accel_time)

rev/sec for a rotary motor, or mm/sec for linear (Ref_Velocity / Decel_time)
rev/sec”2 = 4 * Accel for an S-curve that has the same acc/dec time as trapezoidal
Not needed in NC because position loop is closed in the drive

Not needed in NC because position loop is closed in the drive

Not needed in NC because position loop is closed in the drive

o Untitled - TwinCAT System Manager
Ele Edt Actons wew Options Help

DEFE S

B = e v

% [2]ales]oe’ & @ 7

S SYSTEM - Corfiguratinn
=4 Real-Time Settings

| General | Scttings | Paremeter | Dyraics || Onlins | Funfiors | Cougling | G

1/0 Ide Task
1B Additional Tasks \ | | s
¥ Route Settngs velogitizs:
. 7c0m e freference oty SO )
=-[B8 NC-Task 1547 Manual Yelocity (Fast) 50 F (s
[Ba NCTask 15VE -
Kb K Vlsty (o] I
[=] Tables 4 ok
o B Aoces Calibration Velocity {off ple cam) 20.0 F /s
= e Axis 1 Jog Increment (Forward) 5.0 mm
-4 .ﬂx!s lJEnF Jog Increment Badward) 5.0 F mm
|| Asis 1 Drive -
T, Avis L_Ctl - Rprans
&f Touts Acceleration F rrmf
= ¥l v pecekaton o e
B8 oLe - Configuration = "
=1 - Carfiguration Fast Axis Stop Signal Type (cotional) "OFF [default) ~le
= ? I_ff ;:zz e Fest Accleration {opfiordl) 0.0 F rmfsz
== Device 2image Fast Deceleration {optional) 0.0 F rrmfa2
== Device 2Image-Info Fast Jerk (optional) 0.0 F /53 ||
& Gl Irpate Ll Swilel i
3 :l C:rurub-lts Scft Pasition Limit Minmum Manitering FALSE ~|E
- § InfoData
= & l| Drive 1 (¥erusPls - XEL) M”TL_"'" Pf”f“” - — o0 F mm
1 TranamitPOO 4 Seft Pasition Limit Maxinum Meritoring FALSE ~|e
) Receive Poo 4 MauimLm Pesitian 0.0 F rm
w8 woste - i
™ $ P e FEL -
=& Mappirgs
B NC-Task 1 SAF - Deviee 2 (Ether( x_m'mm - mhag TR -
BB NC-Task 1 SAF - Devies 2 (Ether =Bl s i3 2
Pesition Range Monitaring
Target Position Monitoring Time 0.0z F s
In-Terget Alarm FALSE -le v
[ EwadAl | [ Collaps Al ] [ SelectAl |
4 H
Ready

Local (10.10.255.55. 1.1) IS
s

The numbers show in red now and when the configuration is activated will be updated
and downloaded to the drive.
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Online Operation Of The NC
When the parameter adjustments have been made, it is possible to operate the motor/drive through this
control panel:

o Untitled - TwinCAT System Manager

File Edit Actions View Options Help

R = & B

B = s BH

& B

2o ler e @) %

SYSTEM - Configuration
= NC - Configuration
= MC-Task 1 5AF
MC-Task 15VB
=f= NC-Task 1-Imags
[ Tables
=S Aes
= S Axis 1
-4, Axis 1_Enc
@t Inputs
- § outputs
=l Axis 1_Drive
%T Inputs
- Outputs
Ty, Axis 1_Ctrl
QT Inputs
@/ Outputs
§A PLC - Configuration
= . IO - Configuration
=B 1/0 Devices
5% Device 2 (EtherCAT)
+ Device 2-Image
== Device 2-Image-Info
&7 Inputs
§! outputs
#§ InfoData
= =-]| Driwe 1 (Xenus Plus - XEL)
@ TransmitPDO 4
§! Receive PDO 4
§ wcstate
@ InfoData
=-@8 Mappings
5 MC-Task 15AF - Device 2 (EtherCAT)
B8 MC-Tack 1SAF - Device 2 (EtherCAT)

‘ General " Settings " Parameter " Dymiamics ‘ Orline ‘ Functions " Coupling || Compensat\onl

-]

mm
1.5257

Setpoint Position:

Lag Distance {min/max):

[mm]  Actual Velocity:

[mm/s] Setpoirt Welocity:  [mm/s]

[ 0.0000 (0.000. 0.000)] |

0.0000

0.0000| |

COvemide:

%] Total / Cartrol Output-

[%] Emor

0.0000

0.00/

%|

0 @0

0.00 %

Status Jog.)
[[1Ready

[Has Jab

Controller Kv-Factor:

MOT Moving
ibrat oving Fw

[Calbrated ~ [JM Fi

[]Maving Bw

Status fphys)

[mm/s/mm]

[ Coupled Mode
[ In Terget Pos.
]I Pos. Range

Reference Velocity:

4

[2200

Target Position

[mm]

Target Velocity

o

o

4

F1 F2|

e

F3

¢ F

server (Port) Timestamp

Message

Ready

Local (10, 10, 255.59. 1. 1)

Set Enabling

Oweride [%]

Enable The Drive
Click [Set] and [All] to enable the

drive.

Set Enabling

Ovemnde [Z]}

E3

trolles
FE:ed Fun
[+#] Feed Bw

L_J

[100 |

all

Page 76



EtherCAT User Guide 16-01450 Rev 01

Jogging
The jog keys (F1~F4) should function for fast & slow jogging after the drive is enabled.

. o Untitled - TwinCAT System Manager

File Edit Actions

DEwE 4 B

View Options Help

B = oaes i d B

SYSTEM - Configuration
(= NC - Configuration
=] MC-Task 1 SAF
MNC-Task 15VE
<= NC-Task 1-Imags
[T Tables
[-hm Axes
=l Axis 1
-4, Axiz 1_Enc
#1 Inputs
§! outputs
(=% Axis 1_Drive

| General ” Seftings || Parameter ” Dyniamics ‘ Online: | Functions || Coupling Il Compensation|

@ (2]Q 2w ee” &0 2

Setpoint Postion: mm
1.5257
[m/s]

0.0000 |

N

Lag Distance fmin/max):  [mm] Actual Velocity:
| 0.0000 (0.000. 0.000)| |

Ovemde:

[mm/s] Setpoint Welocity:
0.0000| |

[%] Total /Contral Qutput:  [%] Emor:
0.0000 % 0.00/ 0.00 %

Status (phys.)
[ Coupled Mode
|:| In Target Pos.

0 (Ix0)

Status (og.)

[IReady NOT Moving
[Ocaibrated [ Moving Fw

Enabling

[]Cortraller
[JFeed Fw

1 Inputs
§! Outputs
T Axis 1_Ctrl
i Inputs
@/ Outputs
§A PLC - Configuration
= . IO - Configuration
- 1)0 Devices
= Device 2 (EtherCAT)
+ Device 2-Image
== Device 2-Image-Info
@1 Inputs
$! outputs

[Has Job [] Moving Bw [Jn Pos. Range

Conrtroller Kv-Factor: [mm./s/mm]

4

Target

BReference Velocity: mm.
[2200

[mm]

Target Velocity:

SErver (Pn:}‘ Timestamp Message

Readw Local (10.10. 255.53.1. 1%

Enable The Drive
Click [Set] and [All] to enable the drive.

Set Enabling

Set Enabling

[CiContraller ok |
[] Feed Fuw

Feed Bw Cancel []Feed Bw
Qvemnde [X] Dwerride [%]
1100 | 0 |

a )
\
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Simple Motion Without A PLC In TwinCAT 2
For tuning or demo, a simple back-forth motion can be made from the NC controller.
First, move the motor to a starting point by jogging, or disable it and move by hand.

Next in the Set Actual Position frame below, click the [Set] button with 0 in the position box.
The number to the right of the yellow-black box (the actual position) should be zero.

In the Extended Start frame -> Start Mode pull-down, open it and pull-down to Reversing Sequence.

. r Untitled - TwinCAT System Manager
Fle Edt Actions View Opliors Hep

DE=d B HeasdB @ =2Qdalve| @@
Bl SvSTEM - Corfiguration - N
= BB MC - Comfiguration | General || Settings || Paremeer | Dynamics || Orline | Functions |§uup\ing || Compensation

=l [BE NC-Task 15AF
NC-Task 1 SVB
== NCTask 1-Inage

[T Tables Extended Start
= 3 o S e
=) St Axis 1 Ta Stior: 4 o
e % gsﬁaﬁg argst Velocity: i} Trram /]
y - .
& §) outpus [ fccelention: Press to set position to zero.
ol ";‘?5 1_Drive [[] Decelertion: [ . -
-l Inputs e = ,
- §) outputs D ek | fmme3] [ 0.00000
T, Axis 1_Cirl Raw Drive Output
ke g Inputs Output Mode: |F'ercert vl [Start ]
[ Qutputs _ ) —
B8 PLC - Configuration Brois = 0 ] o
= 1/O - Configuration el Actual Postion
=Bl 1/0 Devices |NJsolu1ie v| 0 @
(=55 Device 2 (EthercCA] =
< Device 2-Imag Set Target Postion
== Devies 2-Imagf-Info |NJGD|U‘78 v| ||3 | [Sg ]
' Irputs T
. Outputs

§ Infobats
i

Purivsa 4 o=

| General | Settings | Parameter{ Dynamics | Oniing | Functions |_C_:0L|p|ir1§| || Compensation |
A

Setpoint Position: [mm]

Ny 0.0588 | bites]

Extended Start

Start Mode. Apsolie v

Target Position: Absolute [mm] Ston »
Relative ol (10.10.255.59.1. 1)

Target Velocty: Endless « [mm.'s]
[ Acceleration: Endless - [mm/=Z]
Modulo
[ Deceleration: Madulo shortest way [mm/s2] | a5t Time: s]
: Modulo plus direct.
[ deric: Modulo minus direct. [mm/s3] 0.00000

Raw Drive Output Jog +

Jog -

Output Mode: +1
=01 .

Output Value: ~0.07 [] Stor

Set Actual Posttion +1D- 007

| Aosoluts # |

Set Target Pasttion ) gg]:

= v :

B/ SI0p SeqUENCE
Velo Step Sequence
Sinus Segquence (Bode)
Sinug Dicillation
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Simple Motion Without A PLC In TwinCAT 2 (cont’d)

From the Reversing Sequence selection set:
Target Positionl = Revolutions for a rotary motor, or mm for a linear to move
Target Velocity = Rev/sec for rotary, or mm/sec for linear
Target Position2 = 0 for an out-back motion from the starting point
Idle Time = Dwell time between moves for the motion to settle

The numbers in this example produce a profile that moves 10 revs at
1200 RPM (20 rev/sec) and dwell for 0.25 sec between moves.

Press the [Start] button in the Extended Start frame to begin and then the [Stop] button will become visible

to stop the motions.

| General || Settings || Parameter Functions | Coupling || Cnrnpensatinn|
fjon: [mm
0.0000 | NQ000
L/ Extended Start
Start Mode: Reversing Sequence |Start |
Target Pasition1: 10 [mm] G
Target Velocity: 20 [mm.s]
Tanget Position2: 1] [mm]
N Idle Time: 0.25 5 Last Time: E;
| 0,poefD |
Raw Drive /
Output Mode: "PErCET ~ [Sta_rt ]
Output Value: 0 [%] Stay
Set Actual Position
Absolute b | |[:I | [5'3dc ]
Set Target Position
Absolute bt |[:I | [5'3 ]
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What Next???

A TwinCAT 2 PLC can be designed that provides overall control of the NC & servo-drive combo, I/O modules
might be added, etc. But at this point, the TwinCAT master has found the Copley products and can
communicate with them over an EtherCAT network while producing simple motion from the NC controller.

Beckhoff
Beckhoff web-site: http://www.beckhoff.com

The site is not set up with URLs for every item, so no deep-linking is possible in this document to particular
items on the site. But using the menu, information can be found on some useful topics:

Download -> Software -> TwinCAT: This is where to get TwinCAT, 30 Day Demo version.

Download -> Beckhoff Information System -> Reference in HTML format:
The InfoSys is about 300MB, but has much detail on the Beckhoff products, TwinCAT, etc.
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6.3 Delta-Tau Power PMAC

Introduction

This section provides information on commissioning Copley Controls EtherCAT servo drives using the Power
PMAC Suite software. When these steps are followed, it should be possible to move a servo motor via a Copley
Controls servo drive from a PMAC controller. For more advanced motion control it is necessary to consult Delta
Tau for details..

IDE Installation

The first step is to download all of the Delta-Tau software and data needed to produce a working PMAC system.
This is the primary Delta-Tau web-site page for all the software.
http://forums.deltatau.com/showthread.php?tid=152

Click on File Depot, and when the screen opens, click on Power PMAC > Power PMAC IDE
http://forums.deltatau.com/filedepot/

Click on the Release link. The most recent version of the IDE will be at the bottom of the listing that is shown.
http://www.deltatau.com/DT_Products/SoftwareDevelopment.aspx
Download the latest release of the IDE.

For the latest PMAC firmware, go to this link. First-time users can click Login —Register to get a password to

the firmware downloads section.
' @Copley Controls - Download: | | ] Delta Tau Forums FileDepot % 7

« C' i [ forums.deltatau.com/index.php
E=' Apps D Copley D Email Etc D EtherCAT [j Misc D Music

/ DELTA TAU Click Register to get a password
\[Z' Deta Systems, Inc then click Login

Hello There, Guest! (Login — Register)

Under the Forum Announcements section, click the links for the Firmware and IDE items to download.

e | EE) V= B 0
C)) Copley Controls -Downloads % [ [ Delta Tau Forums -Power i % %Y
A
b =
e bW 1 =

&« C' i [ forums.deltatau.com/forumdisplay.php?fid=2
I apps (] Copley (T EmailEtc (] EtherCAT (] Misc (T Music ("J News (] Photography (] Software (] Sports ([ Weather W/ Wikipedia *® Google Maps » (] Other bookmarks

/ .\, DELTA TAU

’r’ Data Systems, Inc.

% FileDepot 4 Search &’ Member List || Calendar & Help

Welcome back, jwoodward. You last visited: Today, 10:40 AM (User CP — Log Out) Current time: 07-14-2014, 11:02 AM
View New Posts | View Today's Posts | Private Messages (Unread 0, Total 0) Open Buddy List

Delta Tau Forums / Delta Tau Data Systems / Power PMAC

User(s) browsing this forum: jweodward, 1 Guest(s)

Forums in 'Power PMAC'

Forum Threads Posts Last Post

Manuals and Documentation 15 38 PowerPmacComlLib as a text...
05-30-2014 02:38 PM
.‘w wtmtnbiker

Click these links to download
firmware and IDE software

pages 19 3] Z][5] F][)... 5] e

Power PMAC

NEW THREAD

‘0 this forum

Thread / Author

Forum Announcements l /

Zi‘\;ver PMAC Firmware Version L&LlV . _ 07-07-2014 01:49 PM

meer PMAC IDE Version 1.7 Release 07-07-2014 07:31 AM
Sina

wepnes vTewe T, Tast Post [asc
[ClsasisT T T [asc]

The firmware is in the Power PMAC -> Firmware folder and the IDE is in the Power PMAC IDE -> Release
folder. Unzip these files after downloading and setup the IDE on your computer.
Do not launch PowerPmacSuite.exe until the Copley ESI files have been installed.

Page 81


http://forums.deltatau.com/showthread.php?tid=152
http://forums.deltatau.com/filedepot/
http://www.deltatau.com/DT_Products/SoftwareDevelopment.aspx

EtherCAT User Guide 16-01450 Rev 01

ESI (XML) Files

Go to the Copley Controls web-site, Downloads -> Software Releases -> Firmware & EDS/ESI(XML)
Next, Firmware & EDS/ESI Downloads -> EDS/ESI and click on EtherCAT

Save the file ecatxml.zip to your computer, and then un-zip it to extract the files.

This will produce two folders: “flat” & “slots”. Copy all of the ESI files from the flat folder into the

PMAC ECATDeviceFiles folder as shown below:

DeltaTau\Power PMAC IDE\ECATDeviceFiles

.= Computer l Local Disk (C:) = DeltaTau ~ Power PMAC IDE ~ ECATDeviceFiles '

Organize - ijOpen Burn  Mew folder

=118 Computer :I MName « | Date modified Date created Type
EIE"LD:I D'Sz (CB:_) B copley_aE2_1.38.3ml 7/6/2015 11:43 AM /2015 3:29 PM XML File
E: ap;qr o ley_AEM_1.38. xml 5 11:43 AM XML File
| Copley 5 11:43 AM ' XML File
A d3eadbsd667a28ec3bibbfe 0 IE2 2015 11:43 AM (2015 3: File
| del n [6/2015 11:43 AM ! 3 File
E || DeltaTau Copley_SE? 5 11:43 AM XML File
=) 1. Power PMAC IDE am 5 11:43 AM XML File
 Addins 5 11:43 AM ' XML File
+ Clanguage 7/6/2015 11:43 AM 3 File
: Cépppr.ojECt 5 11:43 AM | : File
i :::Eill-:::d | 511:43 AM XML File
, ConfigFiles
| DatabaseUtils

ECATAmEIiﬁersPDOFiIes

. ECATDeviceFiles

Launch the Power PMAC IDE

/;}/ QELTATAU
Power PMAC IDE
Powered by VisualStudio
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Local Network Configuration

Connect an Ethernet cable between the Eth 0 port of the PMAC and the NIC on your computer.
The PMAC can also operate through an Ethernet switch. Open the Windows Control Panel and
select Network and Sharing Center from the listing. When that screen opens, click on
Change Adapter Settings. Select the adapter to be used for EtherCAT operation

_SE_ Control Panel\All Control Panel Items\Network and Sharing Center

L+ - Control Panel + All Control Panel Items + Network and Sharing Center

JO

Control Panel Home View your basic network information and set up connections

l | = See full map
Change adapter settings E.hrhn.,\ _— hl _ g
- . N o
Change advanced sharing settings IWOCDWARDWT Multiple networks Internet

(This computer)

Select the local port to be used and open it:

_rﬂ" Control Panel\Network and Internet\Network Connections

. = -
\_)v | @ = Control Panel + Metwork and Internet = Metwork Connections -

Organize -
L-'- Local Area Connection c- Local Area Connection 3
"= _ analogic.com TS Unidentified network
@i Intel{R) 82579LM Gigabit Network C.. @ TwinCAT-Intel PCI Ethernet Adapter...

When the port screen opens, click [Properties]. The PMAC requires TCP/IPv4 so make sure
that there is a check mark in the box for that protocol.
Click on the IPv4 to make it highlighted, then press [Properties]:

T Control Panel\Network and Internet\Network Connections

G =
‘ok}c ‘@ = Control Panel  Network and Internet ~ Network Connections +

IPv4 Protocol settings and

Organize +  Disable this network device  Diagnose this connection  Rename this connection  View status of this connectit
PMAC IP Address
-'. Local Area Connection
S analogic.com
@7 Intel(R) 82575LM Gigabit Metwork C...
Internet Protocol Version 4 (TCP/IPv4) Properties 21l
x
General |
General |
| . - . -
= - - ‘You can get IP settings assigned automatically if your network supports
Connection E this capability. Otherwise, you need to ask your network administrator
IPv4 Connectivity: Networking |Shanng | for the appropriate IP settings.
IPv6 Connectivity: X
Media State: ey
Ere e I EIF TwinCAT-Intel PCl Ethemet Adapter (Gigabit)
Speed:
IP address: I 192 .188. 0 . 1
Details... This connection uses the following tems
— Subnet mask: I 255,255,255 . 0
% Client for Microsoft Metworks =
80105 Packet Scheduler Default gateway: I . . .
Activity —————— .@File and Printer Sharing for Microsoft Networks
& TwinCAT Ethemet Protocol for All Network Adapters
5 2. Reliable Mutticast Protocal Obtain DS server address automatically
o , ' sz the following DNS server addresses:
Bytes: 2,65! ) -
4 Preferred DNS server: I . . .
%) Properties ] Install... Uninstall Properties Alternate DNS server: I . . .
-~ Description
Transmission Control Protocol/Intemet Protocal. The defautt ) . .
wide area network protocol that provides communication I™ Validate settings upon exit Advanced... |
across diverse interconnected networks. —
OK. I Cancel |
0K Cancel

Set up the IPv4 properties as shown above. This is the default setting for the PMAC network port.
If the PMAC has been set up with a different IP address, then enter that in this screen.
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From the PMAC IDE select Tools -> Options -> Power PMAC.

This screen shows the identity of the Power PMAC on the network.

Environment g: H =
Projects and Solutions
Source Control 192.168.0.200 ;I
Text Editor Port 2
Debugging Protocol SSH

General User root

Edit and Continue Password (ITITITIT]

Just-In-Time ApplyAllControls True

Native SelectDeviceAtStartup True

Symbiols
PowerPMAC

Communication Setup IPAddress

Metwork Settings Set IF Address

oK I Cancel

If connection to the IDE is successful, then open the IDE to the main page now.

Updating Firmware

16-01450 Rev 01

Check the PMAC firmware version from the IDE with Tools -> Task Manager -> Firmware Version:

TaskManager : Online[192.168.0.200:55H]

CPU Information |Tasks I FLCs I F‘roglamsl SubPrograms I Servo | F‘hasel 0S5 Resounces I

=131 %]

—CPU Information

Power PMAC Type POWER PMAC UMAC  CPU Frequency 1000 MHz

| Frmware Version 2001 Fimware Date  Feb 42015 |
Total Memony 2026 MB Free Memaory 1562 MB
CPU Temperature  325C CPU PowerPC 460EX

Check the version number of the firmware that was just downloaded. If it is higher than the firmware version

as shown in the Task Manager > CPU Information, then install it now.

Open this screen: Power PMAC -> Delta Tau -> Configure -> Download Firmware

and follow the instructions.

Power PMAC Suite (Administrator)

File Edit View Project Build Debug Tools

Delta Tau

Window Help

S-E- S Hd s RR9-

;'Terminal _ﬂ: Paosition HWatch .5'@1145 iJn

Watch: Offiine

Send gqnamand ‘ Command | Respons

[ | Sy=.SermCount

View

Configure

Tools

Commands

)

_ﬂ Setup Variables
KB comp Tables
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Start a new PMAC project

On the main page, click as shown to create a new PMAC project.

Power PMAC Suite -> File -> New -> Project This will appear briefly
Click [OK] to continue:

L x|

There is no project loaded in the Power PMAC,

% Power PMAC Suite fAdministratnr)

Edit Wew Tools DeltaTau Window Help
New

==

Project From Existing Code. ..

2|
|

Name the new Project and click [OK]

Project types: Templates:

PowerPmac PowerPmacSuite installed templates
Other Project Types

PowerPmac

Power PMAC Project Template

Mame: I Copley-PMAC-01
Location: C:\Users'jwoodward\Documents'\PowerPmacSuite j Browse... |

Solution Name: ICDpIe\;-PMAC-Ol ¥ Create directory for solution

|

Reset the Power PMAC

This will “wipe” the PMAC and will prepare it for a new and complete configuration.

Using the Terminal Window, reset the PMAC flash memory to factory settings.
This will erase any settings that may be in the PMAC flash from a previous configuration
Enter:[$$$***|. This clears RAM and loads the factory settings from flash to RAM.

‘ Gy

Next, enter:. This copies the RAM settings to flash, overwriting any existing settings.

Fave

Re-boot from flash, loading the factory settings to RAM

5535

fl.
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System Setup
Open System Setup: Power PMAC -> Tools -> System Setup

Power PMAC Suite {Administrator)
Tools | DeltaTau Window Help
H| Cam Sculptor

File Edit WView Project Build Debug

A-EH-Eddf B

= = ystem Setup

EE N SRR

This is the screen after System Setup opens.
Note that the PowerPMAC is highlighted as the default selection.

File  Database

16-01450 Rev 01

—lofx|

Master[D] Activated

% Task
-{] 10 Devices Global Clock Setting
Amplifiers

Communications Devices

Unlenown Devices

It
| Phase Frequency 15.99 kHz o

S
New clock | PowerPMAC

settings Value D e —
Servo Period (msec) 0.250 0.250
PhaseQverServoPeriod 0.250 0.250

Servo Frequency I4.DDD hd kHz

Detected Servo Hardware-PWM Frequency
*- ACC-BEP3[0]

Mode and then Right Click.

To Change the PWM Frequency OF Individual Servo Accessory. Select the

Master gate and EtherCAT option
detected. If EtherCAT devices are used
then ServoPeriod must be multiple of
62.5 usec

5| G

<

Create a New Setup

In System Setup, select New -> Setup to clear any Motors that it contained.

Click through the next two prompts:

File | Database

! File -» Add -> New Motor from the menu option.

4 ) There are no motors setup for this device. To add a motor dick

Page 86




EtherCAT User Guide

16-01450 Rev 01

Reset All Masters and Scan for New Devices on the EtherCAT Network

Right-click Master[0] Deactivated to open a menu and select Reset All Masters:
Power PMAC -> Master[0] -> Reset All Masters. Click [Yes} when prompted.
Then select Scan Devices. Follow this with [Yes] to reset scan devices on the network.

File

Database

£ PowerPMAC System Setup : Online[192.168.0.200:55H]

Click [Yes] to reset the
EtherCAT Master[0].

4% PowerPMAC (192.168.0.200)

B

(-4 Hardware Diagnosis
-4 Motors
« » MACRO

=

Task
[0 Devices

Reset All Masters

Are you sure you want to reset EtherCAT?

Eth

Mo

Scan Devices

Amplifiers
Communicatig
Unknown De

Configure Master[0]
Deactivate Master[0] tasks

Export EtherCAT Variables

Append Device
Export EtherCAT s
Import EtherCAT s

etup from Power PMAC
etup to Power PMAC

L E]

rl

~T&d

FO

|II | o TN AN

Set System Clock Frequencies
Set the global clock frequencies to work with the Copley drive. Power PMAC -> Global Clock Setting

Phase Frequency (Copley PWM frequency) is set to 16.000 kHz and the Servo Frequency (Servo loop
frequency in Copley drives) is set to 4.000 kHz.
Click [Accept] when done..

| & PowcrPHAC System Sctup : Online[192.168.0.200:55H]

'3 Hardwars Diagnosis

File  Database

=10l

# Motors
I @< macRO
=y Master[0] Activated

B Task
10 Devices

[H Amplfiers

Global Clock Setting

(Il Communications Devices

New clock

PowerPMAC

[l Unknown Devices

Phase Frequency

Servo Frequency

4.000 =

ftems settings Value

Servo Period {msec) 0.250 0.250

PhaseOverServoPeriod 0.250 0.250

ACC-5EP3[0]

- Detected Servo Hardware-PWM Frequency

Master gate and EtherCAT option
detected. If EtherCAT devices are used
then ServoPeriod must be multiple of
62.5 usec.

Node and then Right Click.

| To Change the PWM Frequency OF Individual Servo Accessory, Select the

=

_& |
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Update Device Files

After the reset, the master will scan the network for EtherCAT devices.
The Copley drive should appear under the Amplifiers section of the Master[0]:

Right-click on the first device and select Update Device File:

-.-, PowerPMAL System Setup : Online

File  Database

|?_|---$_S-‘ PowerPrAC [192.168.0.200)

'L'@ll Hardware Diagnnsis & PowerPMAC System Setup : Online[192.168.0.200:5
&4 Motors Fie Database
MALCRO 4% PowerPMAC (192.168.0.200)
=< Master0] Deactivated . - Hardware Diagnosis
-5 Task  &-# Motors E'I
. - MACRO
i 10 DIIE!?\.-'ICE!S =% Master0] Deactivated
E B & mnlifie % Task . W
BEL-030-30 [:0] IO Devices _
— I r ECAT Device De
-t ThpL
o Output i

Update Device File

EnableDisable Slave
(B}

b Communications Devices
Unknown Devices

The frame at the top of the screen below shows the data for the selected device. Notice “BEL” in the

Device Specification File item. Open the file of the same name in the folder tree below and click to open until
Accelnet EtherCAT Drive (CoE) is shown. Click to select this and the data that shows in the Device Details
box should have the same Product Code as the drive data in the box at the top. Click [Update Device File]:

B
oetested Nods Information SEesn This confirms that the ESI (XML) file has
Product Code 400001110 been associated with the matching
Device Specication Fie m device.

Click OK, then close the
-1 Copley_AE2_1.38xml Udste Devics Fe_ | Select EtherCAT Device window [X].

[H-{ Copley_AEM_1.382ml

+]- Copley_AEP_3.34 xml
- Copley_BEL_1.682ml
Em Copley Controls -
=l Drives @l Default EtherCAT specification file has been changed to '
[ t EtherCAT Drive (CoE) L | Copley_BEL_1.68.xml" for VendorID - 171, ProductCode -
: Device Details = #x00001110 and Revision No - #x00010003,

414 Copley_SEM_1.38xmi

Copley_TE2_1.682ml Vendor 1D:
Copley_TEL_1.68ml 171
Eop:ey_iéi_:ll égm: Product Code:
+]- opley_XEL_1.60xml

- #1110

Revision Mumber:

00010003

Repeat this action for any other drives that appear under the Amplifiers section.
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Configure Master[0]
Right-click on Master[0] Deactivated and select Configure Master[0]:

ERY | -
BN i) Decc g
0. 5% Task Reset All Masters -
[0 Devices Scan Devices r
E-(8 Amplfiers Configure Master[0]
BEL—DE-[‘.-—| - : o
! BEZ-090- Master [0] Tasks are deactivated p

ECAT Configure ]

Configuring Master[0] will reset the ecat devices slave list, Do you still want
to continue?

Amplifiers Set Up

General Tab

Click on the first device found under Amplifiers, and in the General tab to the right will be shown
the Product Code. In this example is is #x00001110.

Check the Slave Index. It must be 20. Ifitis < 0, then repeat the Configure Master step.

If Slave Index is OK, then check IsDetectedByECATNetwork and it should be Yes.

& PowerPMAC System Setup : Online[192.168.0.200:55H]
Fie Database

o ;|g|_5|

=-4% PowsrPMAC (192.168.0.200)
38 Hardware Diagnosis

d
e EtherCAT. ™
s MACRO er ®
Master[0] Deactivated
% Task General | Dc I Startup I State machine | Slave FW Update I Diagnostics

10 Devices
Amplfiers — ECAT Device Details

DeviceName BEL-090-30 (0:0)
-l Input VendorlD 17
iy Output VendorlDDescription

Communications Devices ProductCode
Unknown Devices =

Slavelndex

Absolute DevicePosition 0
Alias 0

lsDetected By ECATNetwork YES I
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DC Tab
Next, click on the Amplifiers device, then on the DC tab. For the first device in the network, note that
Is Reference Clock is checked. The master will synchronize itself and all of the other slaves on the network with

the clock of this slave.
Important: When there are multiple Amplifiers only one of them can be checked as the Reference Clock

& PowerPMAC System Setup : Online[192.168.0.200:-55H] ;IEILI

File  Datsbase

El-4¥ PowerPMAC (192.168.0.200)
48 Hardware Diagnosis

# i EtherCAT.
; MACRC e

[=-<% Master[0] Deactivated

ﬁ ET}ZVICES "General DC |Startup | State machine I Slave FW Update | Diagnostics

r— Distributed Clock Settings. (Press Accept Button to set)

¥ Is Reference Clock I

@& Output
.[T] Communications Devices MName | Default Value From Xml Speciication Power PMAC Value
% Unknown Devices w DeSyne j
i Description DC Cyclic
Assign Activate 0330 0
SyncCycle 0 0
Sync05hift 0 0
Sync15hift 0 0
Sync1Cycle 0 0

Accept

Now, enter data into the Power PMAC Value column. The Assign Activate value is simply copied from the
Default Value column. The SyncOCycle time should be the Copley servo drives’ position/velocity loop time.
That frequency is 4 kHz so the time is 250 ps, or 250000 ns which is entered in the Power PMAC Value
column. The Sync0Shift time should be one half of that value, 125 ps, or 125000 ns.

Click [Accept] to complete this operation.

=4 3 General | DC | Startup | State machine | Siave FW Update | Diagnostics
[ 1. Amplfier Information
& 2 Motor Information frmramitos
21 3 Command/Fesdback Infomation Is Reference Clock
8 4. Hardware Interface
5 5. Interactive Feedback e i Cons S
B §. Sefety Name Defauit Value From Xml Speciication Power PMAC Value
A 7. Test and Commission the metor , Desme 3

£ MACRO :
Ry Master[0] Activated =
2 Task Assign Activate 0330 330

'} Beokground SynclCyde 0 250000

=4 Forsaround
B Input SynclShit 0 125000
4 Output

o E.é] L?"EI;'Q:S SyneiCycle 0 0

5 Refeence Gk 0
& Input
# Output

= [} Copley Cortrols, a Division of Analogic Corporation (0

Input
% Output
Communications Devices
Urknown Devices ] | Accept |
——
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Startup Tab
1-Axis Drives

Open the next tab after the DC tab to access the Startup mode settings. Cyclic Sync Position (CSP)

is the default and set from the ESI file. The pull-down listing shows the other Op Modes that are supported.

Select Cyclic Sync Position and click [Accept] to continue.

4 PowerPMAC System Setup : Online[192.168.0.200:55H] = |EI|1|
File  Database
=-4% PowerPMAC (192.168.0.200)
[ Hardware Diagnosis N
EtherCAT. —
..... # Add Motor er A ®
E|# 1
‘% ; ﬂ'lo'ﬂilllirl'd::ar:::on General I ()0 Startup |State machine I Slave FW Update I Diagnostics
o3 3. Command/Feedback Informatio [~ ECAT Drive Statup Settings
&l 4. Hardware Interface MName Index Subindex Data erCAT Device Value Transition
ot 5. Interactive Feedback 3 Modes of operations #6060 0 Cyclic sync postion mode ¥ | C)llic sync position mode PS
45 6. Safety Mo mode assigned
Profile position mode
Profile velocity mode
Torque profile mode
Homing mode
Interpolated position mode
Cyclic gync position mode
Cyclic sync torque mode
C lic sync velocity mode
2-Axis Drives
Set up DC the same as the previous for Axis-A. For Axis-B leave the reference-clock item
- . . Add Mew from
unchecked. On the Startup tab, click the box to Add New from Dictionary object B
to set up the startup Mode of operation for Axis B ->
The Axis A Mode of Operation for CSP is #x6060. Axis B will be that + #x0800, or #x6860
Click to highlight that row, and press the Add button:
_ioix
Dictionary Object Details
Parameter MName | Index | 5ub-|ndex| Flags | Tvpe Size P‘!EIW = —
; Heb06D Fudiz A Modes of operation HxeD60 (0 w USINT 2 0
HxB360 Pods B Modes of operation
HeB063 Hods A Actual motor position webe3 |0 w DINT 32 0
Click in the Data box in the #x6860 row and enter “8”, the number of the CSP mode:
" General I oC Startup |State machine I Slave FW Update I Diagnostics I
ECAT Drive Startup Settings
Name: Index Subindex Data EtherCAT Device Value Transition .IDU."..CE'Dt
Modes of operations HxB0E0 0 Cyclic sync posttion mode ﬂ Cyclic sync position mode PS
3 Huis B Modes of operation Hx6860 0 g

And press [Accept] to complete the Startup tab:

Note: In future versions of the IDE, the Axis B Mode of Operation will be set automatically

based on the settings in the ESI file.
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Input PDO Configuration: 1-Axis

Click on the Input item of the drive to show the TxPdo. Note that a PMAC input is a device output. This means
that the drive is transmitting data to the PMAC and that the data will be in a drive TxPDO (Transmit PDO).

The PDO List shows all of the TxPDO, and #x1b00 is the ESI file default PDO. This is also assigned to Sync
Manager (SM) 3 and contains all of the position, velocity, and torque data as well as the Status Word.

After selecting #x1b00, click on [Load PDOs to PMAC]. This will update the PDO Contents as shown below:

4 PowerPMAC System Setup : Online[192.168.0.200:55H] o =] 4

File  Database

=0

PowerPMAC (1592.168.0.200)
¥ Hardware Diagnosis

EtherCAT.

10 Devices LIS
e e — e = —
' B (1:0) Local Device b0 3 ECATID].Slave[1].FDOMapping[0] ECATID].Slave[1].SyncManager{1]
it

BE2-050-20 (2:0) Extemal File #dlall Transmit PDO 2 None None
: COI‘I‘IVTILIniCaﬁDI?S Devices Extemal File Halal2 Transmit PDO 3 MNonge MNong

-[J1 Unknown Devices
Extemal File #1al3 Tranemit PDO 4 Mone Mone
Extemal File H1b00 Transmit PDO 5 3 None None

Add New Mappings

PDO Content #x1b00:

Type Name User Name PDO 10

#6041 |0 16 [UINT Status Word Slave_1_6041_0_5.. |ECAT[D] Save[1LPD... |ECATIDLIO[D] 0
#E064 |0 32 |UDINT  |Actuzl motorpostion | Slave_1_6084_0_Ac... | ECAT[0]Siave[1L.PD... |ECATIOLIO[1] 0
#EFd |0 32 |UDINT  |Following emoractual... |Slave_1_60f4_0_Fall .. | ECAT[0].Siave[1.FD... |ECAT[0]I0[2] 0
ez |0 32 |UDINT | Actusl motorvelocity | Slave_1_6082_0_Ac . | ECAT[D] Siave[1LPD... |ECAT[DLIO[3] 0

Add From Diclicnary Objects Add New PDOs | [ [BooL -] Load PDOs to PMAC |

I [ 2]

Ouiput | PMAC Evor  Satp Massages | Debug Messages |

11/28/2815 :1:37 PM - 192.168.8.20808, Module - Setup Motor : EtherCAT amplifier information for VendorID-ProductCode * 171 ' - ' #x808061118 d
' has been updated.
11/28/2815 :1:37 PM - 192.168.8.20808, Module - Setup Motor : EtherCAT amplifier information for VendorID-ProductCode * 171 ' - ' #x8088018c8

has been updated.
11/28/2615 :1:38 PM
11/28/2815 :1:47 PM
11/28/2815 :1:48 PM
11/2@8/2815 :1:54 PM

192.168.0.200, Module
192.168.8.286, Module
192.168.0.208, Module
192.168.0.2808, Module

ECAT Device Details : Distributed clock setting sent successfully.

ECAT Device Details : ECAT drive startup settings set successfully !

ECAT Device Details : Distributed clock setting sent successfully. j
-

ECAT Device Details : Distributed clock setting sent successfully.

Note: after loading the PDO to the PMAC, the columns PDO, I/O, and I0Data all are updated and show data.
Click the [->] at the bottom of the screen to go to the next settings.
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Input PDO Configuration: 2-Axis
Begin with the selection of #x1b00 as in the 1-axis setup, and clicking Load PDOs to PMAC.

PowerPMAC System Setup : Online[ 192.168.0.200:55H]

=101l
File  Database
=-4% PowerPMAC (192.168.0.200)
3 Hardware Diagnosis .
[ ot EtherCAT. ™
] ‘% MACRO ®
¢| =¥ Master[l] Deactivated
] Task -
PDO List:
% 10 Devices
I Amplifiers a —
?;'—I-MMD (0 Local Device #1b00 3 |ECATI0].Slave(0].PDOMapping[0] ECAT0]. Siave[0].SyncManager1]
- nput
= “Cocor oo
@ Output M == o =
St (2:0) Extemal File #x1ald Transmit PDO 1 MNone None
Extemal File #elall Transmit PDO 2 Nane None
h Communications Devices Extemal File Bclalz Transmit PDO 3 MNone: None
i : % Unknown Devices Extemal File #c1all | Transmit PDO 4 MNaone None =
Add New Mappings
PDO Content Hx1b00:
o e -~
i #6041 |0 16 |UINT Status Word Slave_0_6041_0_5t... |ECAT[0].Slave[0].PD... |ECATIOLIO[13] 1]
! #ED64 |0 32 |UDINT  |Actual motorposttion | Slave_0_6084_0_Ac... | ECAT[0LSlave[D).PD... | ECATIOLIO[14] 0
: #6040 32 |UDINT  |Following eror actual... | Slave_0_60F4_D_Fall... | ECAT[D]. Slave[D].PD... | ECATOLIO[15] 0
i #x606c |0 32 |UDINT Actual motor velocity | Slave_0_606c_{_Ac... | ECAT[0].Slave[0].FD... | ECAT[OLIO[16] 1]
Add From Dictionary Objects | AddNewPDOs | [T [e00L =] Load POOs to PMAC

Then, highlight the row with #x1b40, and click Load PDOs to PMAC

'owerPMAC System Setup : Online[192.168.0.200:55H] - Dlﬂ
File  Database
El-4% PowerPMAC (192.168.0.200)
# Hardware Diagnosis e
EtherCAT.
PDO List:
Read From Index Name SM PDOI i =
_ DO Riere R i
Local Device Halb40 3 ECATID].Slave[0].P DOMapping[2) Mone
T S - -

Extemal File Hclall Transmit PDO 2 None MNone:

% Communications Devices Extemal File Halal2 Transmit PDO 3 None None

Urknown Devices Extemal File #1al3 Transmit PDO 4 None MNone -
Add New Mappings
PDO Content #x1b40:
o s S —— — =
#6841 |0 16 |UINT ECAT[D].Slavel[0].PD... | ECATIO]IO[23] 0
#6864 |0 32 |UDINT ECATI[D].Slave[0].FD... | ECATIO]IO[24] 0
HbB4 |0 32 |UDINT ECATI[D].Slave[0].FD... | ECATIO]IO[25] 0
#686c |0 32 |UDINT ECAT[0].Slave[0].PD... | ECAT[O].IO[26] 0
Add From Dictionary Objects. Add New PDOs=s | I'I IEOOL o Load PDOs to PMAC
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Output PDO Configuration: 1-Axis

Click on Output below the device to show the PDO that the PMAC will send to the device. #x1700 is the

drive RxPdo containing the Control Word, and target position, velocity offset (velocity feedforward), and torque
offset (acceleration feedforward). Click [Load PDOs to PMAC] and the PDO Contents will update.

Click the [->] at the bottom of the screen to go to the next settings.

PowerPMAC System Setup : Online[192.168.0.200:55H] - |EI ﬂ

File  Database

E-4¥ PowerPMAC (192.168.0.200)
4 Hardware Diagnosis

[r—
# EtherCAT.

=¥y Master[0] Deactivated
B Task =
PDO List:
ﬁ 10 Devices
=-[0 Amplfiers P ——— O —— S EEEET
BEL-090-30 (1.0) l Local Device #1700 2 | ECATIO] Slave[1].PDOMapping[1] ECATI0]. Slave[1]. SyncManager(0]
i A A - o) 1 2 o rome o
o0y Extemal File #1601 Receive PDO 2 Mone Mone
""" Commurications Devices Extemal File #1602 |Receive PDO 3 Nene None L
----- Unknown Devices
Extemal File #1603 Receive PDO 4 None None
Extemal File 700 Receive PDO 5 2 None None -

Add New Mappings

Index | Sublnd Size | Type Name User Name PDO 10 I0OData
#6040 (0 16 |UINT Control Word Slave_1_6040_0_Co... | ECAT[0].Slave[1].PD... |ECATI0LIO[5] 0
T T R o = 1 o - i o g s s o "
#60b1 (0 32 |UDINT Velocity offset Slave_1_60b1_0_Vel... |[ECAT[D].Slave[1].PD... |ECATIDLIO[F] 0
#60b2 (0 16 |UINT Torque offsst Slave_1_60b2_0_Tor... | ECAT[D].Slave[1].PD... |ECAT[D).IO[8] 0

Add From Dictionary Objects Add New PDOs | |1 |pooL ~| Load PDOs to PMAC |

= _? |

Output | PMAC Emor  Setup Messages | Debug Massages |

11/28/2015 :1:37 PM - 192.168.0.200, Module - Setup Motor : EtherCAT amplifier information for VendorID-ProductCode ' 171 ' - ' #x008001116 :l
has been updated.
11/28/2015 :1:37 PM - 192.168.0.200, Module - Setup Motor : EtherCAT amplifier information for VendorID-ProductCode ' 171 ' - ' #x000018c8

has been updated.

11/28/2815 :1:38 PM - 192.168.8.280, Module ECAT Device Details : Distributed clock setting sent successfully.

11/28/2815 :1: - 192.168.9.200, Module - ECAT Device Details : ECAT drive startup settings set successfully !
11/28/2015 :1: - 192.168.8.208, Module - ECAT Device Details : Distributed clock setting sent successfully.
11/28/2815 :1: - 192.168.9.200, Module - ECAT Device Details : Distributed clock setting sent successfully.

Ll
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Output PDO Configuration: 2-Axis
Click on Output below the device to show the PDO that the PMAC will send to the device. #x1700 is the

drive RxPdo containing the Control Word, and target position, velocity offset (velocity feedforward), and torque
offset (acceleration feedforward) for Axis-A. Click [Load PDOs to PMAC] and the PDO Contents will update.

Click the [->] at the bottom of the screen to go to the next settings.

16-01450 Rev 01

&

PowerPMAC System Setup : Online[192.168.0.200:55H] - | E||1|
Fie  Database
4% PowerPMAC (192.168.0.200)
-8 Hardware Diagnosis .
o EtherCAT.
MACRO ®
Master(0] Deactivated
Task —
: % 10 Devices HEDITE
=] Amplfiers Read From Index Name SM PDOM: SyncM: 1=
: BEL-130-30 (1:0) Local Device #1700 2 |ECATIO).Slave[0]. PDOMapping[3] ECATIO]. Slave[0].SyncManager(l]
P — o o
Extemal File #1600 Receive PDO 1 None None o
Extemal File #1601 Receive FDO 2 Naone None
: % Com™® Pevices Extemal File #1602 Receive PDO 3 MNaone MNone
Unknown Devices Extemal File #1603 Receive PDO 4 None None -
Add New Mappings
Index | Subinde Size | Type Name User Name PDO 10 10Data
#6040 |0 16 |UINT Cortrol Ward Slave_0_6040_0_Co... | ECAT[0].Slave[0lPD... |ECATIOLIO[28] 0
#6072 |0 22 |UDINT | Target Position Slave_0_607s_0_Tar... | ECAT[0].Slave[01PD... | ECATIOLIO[2S] 0
ekl |0 32 |UDINT Velocty offset Slave_0_60b1_0_Vel... |ECATI0].Slave[0].PD... | ECATIOLIO[30] 0
#2602 |0 16 |UINT Torque offset Slave_0_§0b2_0_Tor... | ECAT[O].Slave[01PD... | ECAT[OLIO[31] )
Add From Dictionary Objects Add New PDOs | |1 JeooL x| Load PDOs to PMAC |

Next, highlight the row with #x1740, click [Load PDOs to PMAC] and the PDO Contents will
update the PDOs for Axis-B. Click the [->] at the bottom of the screen to go to the next settings.

PowerPMAC System Setup : Online[192.168.0.200:55H] o =] 4]
File  Database
El-4% PowerPMAC (192.168.0.200)
| B\ Hardware Diagnosis .
e EtherCAT. ™
] ®
== Master[0] Deactivated
FH-{ih Task ) PDO List-
-l 10 Devices P —
E|'- Amplifiers Read From Index Name SM PDOM: SyncM; -
??EL'DEWD (10 Local Device 51700 2 | ECATI0] Siave[0] PDOMapping[3] ECATI0]. Slave[D]. SyncManager0]
Input
% Sfltpm Local Device H1740 2 ECATI[0].Slave[0] PDOMapping[4] None
BE2-090-20 (2:0) e —
— Extemal File #1601 Receive PDO 2 None None
% Comr T —_ - Extemal File #1602 Receive PDO 3 MNone None
-] Unknown Devices Extemal File He1603 Receive PDO 4 None None -
Add New Mappings
PDO Content #x1740:
Index Size | Type Name User Name PDO 10 I0Data
#6240 |0 16 |UINT ECAT[0].Siave[0]PD... | ECATIOLIO[2] 0
H687a |0 32 |UDINT ECATI0].Slavel0].PD... |ECATIOLIOR3] o
#6801 |0 32 |uDiNT ECATI0].Save[01PD... | ECATOLIO[34] )
682 |0 16 |UINT ECATI0].Siave[01PD... | ECATIOLIO[3S] )
Add From Dictionary Objects Add New PDOs | [i [eooL - Load PDOs to PMAC |

_& |

_ |
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Motor Configuration

Note that “Motor” has two meanings in the PMAC. What is commonly called an Axis in other EtherCAT masters
is called a Motor in Delta-Tau controllers. And, a Delta-Tau Motor comprises the servo drive, a physical motor,
and any feedback devices connected to the motor and/or the load.

PowerPMAC System Setup : Online[192.168.0.200 “Motors” here are motion axes
and refers to the servo-drives AND

the actual motors attached to them

File  Datsbase

E"'!'}‘ PowerPMAC (152.168.0.200)
[+)-4#4 Hardware Diagnosis

ki This number is Motor #1

[B 1. Amplifier Information
@Y 2. Motor Information . )
.0 3, Command/Feedback INomaem This is a Copley BEL servo drive

----- & 4 Hardware Interface
pg 9. Interactive Feedback This is an actual motor
LB B, Safety

------ s 7. Test and Commission the maotor

[+ = MACRO
- Master[0] Deactivated

[]"'% Task Position Feedback encoders
----- |0 Devices on the actual motor
=k | EL_fmplfiers
..... ! np
_____ Com:us Devices .\ This device is “1.Amplifier Information”
_____ % Unknown Devices under Motor #1 above
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Add a New Motor

Click on Motors to Add a New Motor. Start with “1”. In this example, Motors #1 will be linked
to the BEL amplifier.

; PowerPMAC System Setup : Online[192.168
File  Datsbase

-4 PowerPMAC (192.168.0.200)
-8 Hardware Diagnosis
E# Motars

Enter a motor number here

@5 2. Motor Information
2 3. Command,/Feedback Informatic
<l 4 Hardware Interface

g 5. Interactive Feedback

& B, Safety

s 7. 1est and Commission the motor

Amplifier Information

Click on the Amplifier Information item under Motor #1. This shows the information from the device under
the Amplifiers section of the Master[0] folder tree.

i |—Select Amplifier
Click on Manufacturer and select Copley Controls (EtherCAT:171): |Manufacturer  [Dska Tau Dats Systems. Inc. =l
Next, click on Part Number, and find the one that brings up the AddNew .
- : = 1 Amplifier Manuf{% ECAT171) :
Product Description that matches the model in - Copley Cortrols, a Division of Analogic Corpor}
Master[0] Deactivated > Amplifiers: — A
PowerPMAC System Setup : Online[192.168.0.200:55H] =o] x|
File  Database
E-4% PowerPMAC (192.168.0.200) Selected Amplfier —————————————— ~Selected Motor — | [~ Selected Feedback —
[#-% Hardware Dizgnosis Manufacturer  Copley Controls Manufacturer Mot Set Pos: ECAT |
E-3f Motors Part Number  BEL-090-30 Part Number Mot Set Vel ECAT IW‘
# Add Motar Control Mode  Torgue Motor Type Mot Set Comm: None = l
-4 Signal Type ECAT

3. Command/Feedback Information
4 4 Hardware Interface Ampltier

-8 5. Interactive Feedback f Manufacturer (Copley Controls (ECAT:171) Part Number |#<00001110 -

dD 6. Safety
‘o i 7 Test and Commission the motar = 1_Amplifier Manufacturer
B4 MACRO Vendor 1D 171 % P |
- Master[0] Deactivated Product ID 00001110
Task Vendor Description Copley Controls
: % 10 Devices Product Description BEL-090-30
& 2 Supported Control Mode
Direct Microstepping Cortrol False
Cyclic Sync Position control True
H Cyclic Sync Velocity control True
Communications Devices Cyclic Sync Torque control True
[} Unknown Devices Profile Position Cortrol True
Profile Velocity Control True
Profile Torque Cortrol True (@J];Iap::;:
Velocity Mode Control False
Interpolated Position Control True
E 3.Supported Signal Type
Analog Command False
PWM Command False
Step and Direction Command False
[ Data over Network Ecat
E AT True 1
False —
@ Accept
g’
&

|

After the drive has been selected, the settings in Supported Control Mode and Supported Signal Type
should appear as above.

Click [Accept] to continue.
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Motor Information

Because the actual motor has already been specified and set up in the BEL configuration, it is not necessary to

add information on the motor in this step. Click [->] to continue.

PowerPMAC System Setup : Online[192.168.0.200:55H]

Database

[ =49 PowerPMAC (192.168.0.200)

Qﬂ Hardware Diagnosis

E|# Matars

[y 1. Amplifier Information
B #42. Motor Information

« 4. Hardware Interface
= 5. Interactive Feedback
B 6. Safety

[+ MACRO
=] Master[0] Deactivated
: Task

IO Devices

o 3. Command/Feedback Information

i [l 7. Test and Commission the motor

Selected Amplifier

Manufacturer  Copley Controlz
Part Number ~ BEL-030-30
Cortrol Mode  Torgue

Signal Type ECAT

Selected Mator

Manufacturer  Not Set
Part Number ~ Not Set
Motor Type Mot Set

Selected Feedback
Pos: ECAT
Vel: ECAT

Comm:  Mene

EtherCAT amplifier is selected for motor #1. Motor information is not required.

Command/Feedback Information

Under the Amplifier Control/Signal item, there is a pull-down listing. Select Cyclic Position which works with
the CSP Mode of Operation that was set up in the device configuration. In this example, the only feedback is
Primary Feedback from the motor encoder which sends the position data via EtherCAT (ECAT) to the PMAC.

If there is a secondary feedback encoder on the load, that would be entered under the Dual Feedback item.
PowerPMAC System Setup : Online[192.168.0.200:55H]

File — Database

E=-4% PowerPMAC (152.168.0.200)

- Hardware Diagnosis
B4 Motors

-3¢ Add Mator
[ﬁ 1. Amplifier Information
@ 2. Motor Information

=i 4. Hardware Interface

o 5. Interactive Feedback
45 6. Safety

[ = MACRO
=% Master[l] Deactivated

15 Task
10 Devices

Amplifiers
BEL-030-30 (0:0)
el Input

- Output

Click [Accept] to continue.

B8 3. Command/Feedback Information

o 7. Test and Commission the mator

Selected Amplifier

Manufacturer  Copley Controls
Part Number ~ BEL-090-30
Control Mode  Torgue

Signal Type ECAT

Selected Mator

Manufacturer  Not Set
Part Number  Not Set
Maotor Type Mot Set

Selected Feedback

B 1.Amplifier Control/Signal
Control Type

Signal Type

B 2 Feedback Type

Primary Feedback

Dual Feedback

ECAT
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Hardware Interface: 1-Axis Drives
Amplifier Control/Signal Make these selections from the pull-downs for each item.

2 1_Amplifier Control /Signal

Control Type Cyclic Position
Signal Type BherCAT
= 2 Feedback Type

Primary Feedback ECAT -
Dual Feedback False

Amplifier Interface

To configure these items, click on Please select etherCAT address

Command Signal Channel Invalid BEtherCAT address. Please select etherCAT address.
Amplifier Enable Signal Output Channel Invalid BtherCAT address. Please select etherCAT address.
Amplifier Fault Signal Input Channel

E 3 Feedback Interface

E 2 _Amplifier Interface
Primary Feedback Channel

Scroll down and select #x607a for the Command Signal Channel of amplifier that was selected for Motor #1.:
Select #x6040 for the Amplifier Enable Signal Output Channel

Select #x6041 for Amplifier Fault Signal Input Channel

Select #x6064 for Primary Feedback Channel

B 1.Amplifier Control /Signal

i

B 2_Amplifier Interface
Command Signal Channel
Amplifier Enable Signal Qutput Channel
Ampilifier Fault Signal Input Channel

E 3.Feedback Interface

BEL-090-30 (1:0) (#x607a) - (Slave_1_607a_0_TargetPosition)
BEL-090-30 (1:0) (#x6040) - (Slave_1_6040_0_ControlWord)
BEL-090-30 (1:0) (#x6041) - (Slave_1_6041_0_StatusWord)

BEL-090-30 (1:0) {#x6064) - (Slave_1_6064_0_Actualmotorpositi) |

Primary Feedback Channel

This is how it looks after selections are completed:

£ PowerPMAC System Setup : Online[192.168.0.200:55H]
File  Database

Selected Motor
Manufacturer Mot Set

=8 '5%" PowerPMAC (152.168.0.200)
[ Hardware Diagnosis

— Selected Amplifier
Manufacturer  Copley Controls

=] #— Mators Part Number ~ BEL-050-30 Part Number Mot Set
- # Add Motor Cortrol Mode  Position Motor Type Mot Set
B4 1 i

EE; 1. Ampiffier Information

#8 2. Motor Information

a2 3. Command/Feedback Information
84 4. Hardware Interface

B 1.Amplifier Control/Signal
Control Type

Signal Type

mo

‘ot 5. Interactive Feedback

<2 6. Safety

o 7. Test and Commission the motor
|:_:|# 2

By 1. Amplifier Information

B 2 Amplifier Interface
Command Signal Channel
Ampilifier Enable Signal Output Channel
Amplifier Fault Signal Input Channel
B 3.Feedback Interfface
Primary Feedback Channel

BEL-090-30 (1:0) (#x6072) - (Slave_1_607a_0_TargetPosition)
BEL-090-30 (1:0) (#x6040) - {Slave_1_6040_0_ControlWord)
BEL-090-30 (1:0) (#x6041) - (Slave_1_6041_0_StatusWord)

BEL-090-30 (1:0) (#x6064) - (Slave_1_6064_0_Actualmotorpositi)
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Hardware Interface: 2-Axis Drives, Axis A
Click on Motors to Add a New Motor. In this example, Motor #2 will be linked to the BE2 amplifier, Axis A:
Important! Each axis of a 2-axis drive will be configured as a separate Motor # !

Amplifier Information  Select BE2 drive
Click [Accept] to continue.

Accept
[~ Select Ampifier I
Manufacturer  |Copley Cortrols (ECAT171) =] Part Number |:000010C0 =]
B 1.Ampl ifier Manufacturer | 1=
Vendor D 17
Product ID #x000010C0
Vendor Description Copley Controls
Product Description BEZ-090-20
E 2.Supoorted Control Mode
Command/Feedback Information:
Amplifier Control/Signal and Feedback Type Should appear as below.
Click [Accept] to continue.
Accept
= 1_Amplifier Control/Signal
Control Type Cydlic Position
Signal Type BtherCAT
= 2. Feedback Type
Primary Feedback -
Dual Feedback False
Hardware Interface
To configure these items, click on Please select etherCAT address
Command Signal Channel Invalid BEherCAT addresz. Please select etherCAT address.
Amplifier Enable Signal Output Channel Invalid BtherCAT address. Please select etherCAT address.

Amplifier Fault Signal Input Channel
E 3.Feedback Interface

El 2 Amplifier Interface
Primary Feedback Channel

Scroll down and select #x607a for the Command Signal Channel of amplifier that was selected for Motor #1.:
Select #x6040 for the Amplifier Enable Signal Output Channel

Select #x6041 for Amplifier Fault Signal Input Channel

Select #x6064 for Primary Feedback Channel

Click [Accept] to continue.

Accept
E 1._Amplifier Control/Signal
Signal Type E
B 2 Amplifier Interface
Command Signal Channel BEZ2-090-20 (2:0) (#x607a) - (Slave_0_607a_0_ TargetPosition)
Amplifier Enable Signal Output Channel BE2-030-20 (2-0) (#k6040) - (Slave_0_6040_0_ControlWord)
Amplifier Fault Signal Input Channel BEZ2-090-20 (2-0) (#x6041) - (Slave_0_6041_0_StatusWord)
E 3.Feedback Interface
Primary Feedback Channel BEZ2-090-20 (2:0) (#x6064) - (Slave_0_6&064_0_Actualmotorpositi) ;I

Safety

The items in this section can be configured in the Copley servo drive. These include:
e I2T Current Limiting
e Position Following Error limits

e Software pos/neg position limits
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Hardware Interface: 2-Axis Drives, Axis B
Click on Motors to Add a New Motor. In this example, Motor #3 will be linked to the BE2 amplifier, Axis B:
Important! Each axis of a 2-axis drive will be configured as a separate Motor # !

Amplifier Information  Select BE2 drive
Click [Accept] to continue.

Accept
[~ Select Ampifier I
Manufacturer  |Copley Cortrols (ECAT171) =] Part Number |:000010C0 =]
B: 1.Ampl ifier Manufacturer ; 1=
Vendor D 17
Product ID #x000010C0
Vendor Description Copley Controls
Product Description BEZ-090-20
E 2.Supoorted Control Mode
Command/Feedback Information:
Amplifier Control/Signal and Feedback Type Should appear as below.
Click [Accept] to continue.
Accept
= 1_Amplifier Control/Signal
Control Type Cydlic Position
Signal Type BtherCAT
= 2. Feedback Type
Primary Feedback =
Dual Feedback False
Hardware Interface
To configure these items, click on Please select etherCAT address
Important, object numbers for Axis B will be $xn8nn !
El 2 Amplifier Interfface
Command Signal Channel Invalid BtherCAT address. Please select etherCAT address.
Amplifier Enable Signal Output Channel Invalid BtherCAT address. Please select etherCAT address.

Amplifier Fault Signal Input Channel
E 3.Feedback Interface
Primary Feedback Channel

Scroll down and select #x687a for the Command Signal Channel of amplifier that was selected for Motor #1:
Select #x6840 for the Amplifier Enable Signal Output Channel

Select #x6841 for Amplifier Fault Signal Input Channel

Select #x6864 for Primary Feedback Channel

Click [Accept] to continue.

B 2 Amplifier Interface Accept
Command Signal Channel BE2-090-20 (2-0) (Hxb687a)
Amplifier Enable Signal Output Channel BE2-090-20 (2:0) (#x6840)
Amplifier Fault Signal Input Channel BE2-090-20 (2-0) (Hx6841)
E 3.Feedback Interface
Primary Feedback Channel BE2-090-20 (2-0) (#x6864)
Safety

The items in this section can be configured in the Copley servo drive. These include:
e I2T Current Limiting
e Position Following Error limits

e Software pos/neg position limits
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Create Set-Up Files and Save the EtherCAT Project

Export EtherCAT Variables

From System Setup, click this to export EtherCAT variables. This will create three files.
o filename.h
e EcatActivate0.cfg
o filename.pmh

Filename is the user’s name for the file.

P . i
= BE=t]lIh Reset all Masters i
Task at
Br

10 Deviced Scan Devices

Configure Master [0]

Export EtherCAT Variables | The *.h, *.cfg, and *.pmbh files were created by
PReng DeVIce Export EtherCAT Variables

Export EtherCAT setup from Power PMAC

Import EtherCAT setup to Power PMAC

] ] L This is the confirmation of the files created by
Power PMAC Project File Organization clicking Export EtherCAT Variables (file names
| PowerPmac:MyProj(192.168.0.200:PowerPC,460EX) | may vary but they always go to these folders.
C tangusge x
Include Created cc-brakecontrol-08.h and co-brakecontrol-06.pmh files. Adding File

cc-brakecontral-06.pmh to 'PMAC Script Language\Global Includes’ in the
power pmac project, adding co-brakecontrol-06.h file to 'C
- Language\Include' in the power pmac project and adding file
C:\DeltaTau\Power PMAC IDE\EtherCATConfiguration‘ecatactivate. cfg to
'Configuration’ in the power pmac project, if the project is opened in the IDE.
Configuration

| ecatactivate0.cfg
my_proj.cfg

PMAC Script Language Click Yes to All when this screen opens

:

°

—ﬁ Global Includes Power PMAC Suite x|
L C:\Usersjwoodward\Documents\PowerPmacSuite \PowerPMACBrakeControl-03\PowerPMAC-Br

akeControl-05PowerPMAC-BrakeControl-04\Configuration\ecatactivated. cfg

Motion Programs This file has been modified outside of the source editor.

Do you want to reload it?

my_proj.pmc

Yes Yes to Al Mo Mo to Al

The files created by this operation
are saved only to the PC hard drive!
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Generate and Save a Configuration File
In the Solution Explorer, right-click on the Configuration folder and select Generate Configuration File.

This file contains all of the settings that were made in System Setup.

| PowerPmac:MyProj(192.168.0.200:PowerPC,460EX) |

Add

Properties

Upload Config Files

After the file is created, right-click on it and select

“Check to Config Download” to ad

Download Config Files

= Generate Configuration File

i

C Language

The files created by this operation
are saved only to the PC hard drive!

d the red check-mark.

Only the config files with red check marks will be downloaded

from the IDE to the PMAC master.

That download does not take place at this time.

Save All settings to the com

puter’s hard drive.

.

Configuration

ecatactivateQ.cfg

> my_proj.cfg

COMPUTER
Power PMAC IDE is Power PMAC j Ether?
Edit View Project Buld | running under Windows. a IDE
Program operation is in
w e
b= b computer RAM memory. y
Open 3 RAM
Add 3
Close Program variables are saved CME2 ~
7| Close Solution to computer Hard Drive
non-volatile memory
=
f _—
I‘ : Cirl+5hift+5 ; HARD DRIVE

PMAC System Structure

A PMAC system has three components, each of which has volatile (RAM) and non-volatile (Flash) storage.
When the word “save” is used in the following discussions it means that data is copied from RAM memory to
Flash memory. But, as the diagram shows, it is very important to understand clearly just

where the from > to operation is taking place.

COMPUTER

Power PMAC

P—

Power PMAC

EtherNET

IDE

RAM

CME2 <

Copley Servo Drive

EtherCAT

RAM

I

HARD DRIVE
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Generate and Save the EcatActivate0.cfg File

This file is run every time that the EtherCAT Master[0] is activated.
Activation occurs when this is entered in the Terminal Window EtherCAT[0].Enable=1

| Poweerac:MyPrui(lBZ.168.0.200:PowerPC,460Ex}|

After the file is created, right-click on it and select “Check to
Config Download” to add the red check-mark.

Only the config files with red check marks will be
downloaded from the IDE to the PMAC master.

pp_proj.h
- [ Configuration —j Configuration

] =catactivate0.cfg Z[ — ]
’ ecatactivateO.cfg

my_proj.cfg

Here is the contents of the file.
Note the “10” is actually a lower-case LO which is a “Local L-variable”.

ECﬂtﬂCtWﬂtﬂ'ﬂ-Cfﬂ]/ co-brakecontrol-06.h | co-brakecontrol-06.pmh |

10 = ecatsdo(0,0,$6060,0,8,0)
10 = ecatsdo(0,1,£60680,0,8,0)
10 = ecatsdon (0,1, $6860,0,8,0)

These configure EtherCAT SDOs that set the Mode of Operation of the drives and axes.

The first digit 0 means that this is a write-SDO, sending data to the drive.

Second is the slave index where 0 is the first slave in the example, the 1-axis BEL.

When this is a 1, it is the second slave, the 2-axis BE2.

Note that two SDOs are written to the BE2, setting the Mode of Operation for Axis-A and Axis-B.
Index $6060 is the basic one for setting Mode of Operation and is the same for single-axis
drives and the Axis-A of two-axis drives. Index $6860 is for Axis-B and has the 0x0800 offset
from the $6060 that is used for Axis-B of 2-axis drives.

Download the Config Files

Add »
- : The files created by this operation
‘sz Properties are saved only to the PC hard drive!

----- |=| pp_save.ctg
----- % pp_startup.ixt

Save the Configuration

Reset the PMAC
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Command Entries and Response

The Terminal window is the primary user interface in the PMAC. This is where commands are entered and
parameters can be read and written as On-Line Commands. These have immediate effect when entered.
The frame above the terminal window is a scrolling display of the commands entered and the PMAC
responses to those commands.

4 Power PMAC Suite (Administrator)

File Edit View Tools DeltaTau Window Help
G-#3-sEd s aRo-c-8-8B(r [ Response Window

@ Terminal 14 Positon [ Watch [ Status [ Jog Ribbon | < Commurication Setup This area shows the command line
IEETHOE ~ ¢ % | Postion: Orine[192.14 dialog and response messages
from the PMAC

Terminal Window
Keyboard entry of commands here.

Some typical On-Line Commands

Set the EtherCAT operation to RUN: ECAT[0].Enable = 1
Enable Motor #1: #1/

Enable Motors #1,2,3: #1..3/ or #1,2,3
Jog Motor #1 positive: #1j+

Jog Motor #1,2,3 positive: #1..3j+

Disable all Motors: k
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6.4 Acontis EC-Master Windows: Quick Setup w/ SE2

Introduction

This section provides a quick and basic walkthrough of how to use the Acontis EC-Engineer and EC-Master
Windows stack to control a Copley Controls SE2 drive operating in UV Command Mode. It will only cover the
basics of utilizing the EC-SlaveTestApplication that is included with installation. It will cover loading the ESI file
in EC-Engineer, configuring the EtherCAT settings and exporting the ENI file for use in the EC-Master example.
In the EC-Master EC-SlaveTestApplication slave settings will be configured and the output process data will be
updated to provide UV current commands to the coils.

The EC-Engineer and EC-Master Windows installations come with user manuals. It is highly recommended that
the user manuals are read prior to reading this guide. It is recommended to start with the EC-Master Quickstart
Guide.

The Acontis software EC-Engineer and EC-Master Windows must be installed prior to this walkthrough.
ESI Files

Download the ESI file from the Copley Controls web-site:
http://www.copleycontrols.com/Motion/zip/ecatxml.zip

The ESI files are used by the EC-Engineer software create an ENI file which contains
information on all of the slaves on the network.

Start the Acontis EC-Engineer Software

indows DVD Maker
dows Fax and Scan

dows Media Center LaVoie, Ryan
(2 Windows Media Player
] Windows Update Documents
8 wireshark
-4 XPS Viewer
7-Zip
Accessories

acontis technologies
EC-Engineer

EC-Engineer User Manual
= EC-Engineer g corioirene

EC-Master-Window
Avosoft [ EtherCAT Fieldbus Configuration Tool K
CANtrace
Cisco
Copley Motion Help and Support
Delta Tau Data Systems Inc
Games

Computer

Defautt Programs

1 Back

‘ Search programs and files )

Make sure Configuration Mode is highlighted, then select “Online Configuration”.

= EC-E ) —

Eil ] settings  Help

¢ Configuration Mode | I B Diagnosis Mode

Project Explorer

| start Page

EC «»Engineer

Add Master Unit Getting Started
# EtherCAT Master Unit (Class A)
## EtherCAT Master Unit (Class B)
= EtherCAT Master Unit (Beckhoff CX5000)

Offline Configuration
In the Office

Online Configuration
Slaves connected to Engineering System

EthercAT

il |

Remote Configuration
Slaves connected to Target System
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Scan the Network for Devices
Select EtherCAT Master Unit (Class A) and press OK.

Device Editor
] Start Page ‘
EC ) Engineer
Add Master Unit Getting Started
9 EtherCAT Master Unit (Class A)
) —_
#% EtherCAT Master Unit (Class B) — - g . ration
#* Select Mast it Dial |
e EtherCAT Master Unit (Beckhoff i el oot Mt e 09

the list:
EtherCAT Master Unit (Class A)

| [ration
to Engineering System

Remote Configuration
kg Slaves connected to Target System

In the Device Editor tab, select the network adapter you wish to use.
Adjust the Cycle Time to 4 ms (4000 us) then press Select.

Gt ] e e —

File View Network Settings Help
X Configuration Mode %] B Diagnosis Mode
5]
gt Eplorer
L Class-A Master [ Master |
General
Unit Name Class- er
Cycle Time [us] 4000
I Slaves connected to local system '
Network Adapter Local Area Connection 2 ( Generic Marvell Yukon 88E8052 based Ethernet Controller )
Select
Slaves connected to remote system
1P Address 1270 n 1

The EC-Engineer will now scan for devices on the network. If the scan and connection was successful you will
see the device listed under the Class-A Master in the Project Explorer viewer. The Select button will also have
changed to Deselect — allowing for a different network adapter to be chosen if necessary.

o EC-Engineer [-] I - e — e S

Elle View Network Settings Help

“{ Configuration Mode [l I315s4d3) B Diagnosis Mode

Project Explorer Switch to Configuration Mode BT
- Master m
G Slave_1001 [Stepnet - SE2] (1001)
General
Unit Name Class-A Master
Cycle Time [us] 4000

Slaves connected to local system
Network Adapter Local Area Connection 2 ( Generic Marvell Yukon 88E8053 based Ethernet Controller )
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Configure Device PDOs

The SE2 drive is now listed as a slave. If we select this drive in the Project Explorer window, we can begin to
look at its process data information as loaded by the ESI file. In this case, we see three PDOs are currently
active, one TPDO that contains the Amplifier Event Status register for each axis, as well as the Actual A and B
currents for each axis. We also see two RPDOs, one for each axis, which contains the commanded U and V
current when running in UV mode.

T EC-Engineer-] W Wl — e AN
File View Network Settings Help
ke Export ENI B8, Diagnosis Mode

Saieletdast | General\ PDO Mapping lVanables ‘
@ Slave_1001 [Stepret - SE2] (1001) |

|

= e

Select The Inputs Select The Outpuis
v [ Transmit DO O ox1A00 * Control word 16 2
Name Index Bit Length Target Torque 16
Axis 1 status 0x2185:00 32
, 4 Receive PDO 6.b{excluded by 0x1743) 0x1742
Axis 2 status 0x2985:00 32 )
Name Index Bit Length
Axis 1, curent A 0x2203:00 16 Control word 0x6840:00 16
Axis1, curentB  0x2204:00 16 3 Tamget Torgue  Qu6R71:00 16
AXis 2, current A 0x2A03:00 16 v Receive PDO 7 0x1703
Axis 2, current B O0x2A04:00 16 Name Index Bit Length
[] Transmit 200 1 0x1A01 UV mede U input | 0x2327:00 i6 B |
B i pbo —_—— UV mode Vinput | 0x2328:00 16 |
[E] Transmit PDO 3 0x1A03 v ISR UEE
v [7] Transmit 200 4 0x1800 Name Index SitLength
UV meode U input = 0x2827:00 16
«| " | Name Index Bit Length | &
= = Status word 0x6041:00 16 - UV mode Vinput  0x2828:00 16 .
‘ Classic View | Flat View H Topology View \

| Short Info v 1 § Messages v I

Information Severity Time Message
Name Slave_1001 [Stepnet - SE2]
Description Stepnet EtherCAT Module (CoE
Vendor Copley Controls Corp. (O0xAB / 1
El
Networks: 1 | Slaves: 1 | | status: @ @ | Mode: CONFIG | STANDARD
—

Export the ENI File

Once it is confirmed that the PDO Mapping matches what is expected, the ENI file can be exported for use with
the EC-Master Windows software.

'.n EC-Engineer [--] ii— . r_—-—

File View Network Settings Help

X Configuration Mode B8, Diagnosis Mode

| Project Explorer Exports ENI file of selected device
v o Class-A Master [TTGeneral | PDU Variables ‘

| < Slave_1001 [Stepnet - SE2] (1001) |

Select The Inputs

‘ v Transmit PDO 0 Ox1A

Now the installed EC-SlaveTestApplication example will be used to control the output data of the SE2 unit, and
confirm its current values in CME2 using the ASCIl command line.
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Initialize the Drive on the Network

Navigate to the EC-SlaveTestApplication shortcut in the Start Menu under acontis technologies->EC-Master-
Windows.

-4 XPS Viewer

L 7-Zip
. Accessories LaVoie, Ryan
1. acontis technologies
. EC-Engineer Documents
| EC-Master-Windows

| EC-Master Examples Pictures
m EC-Master Quickstart Guide
T EC-Master User Manual
l I ## EC-SlaveTestApplication

Music

Axosoft Computer

by

1. CANtrace

. Cisco Control Panel
.. Copley Motion

Devices and Printers
.. Delta Tau Data Systems Inc

.. Games

Default Programs

.. Google Chrome

.. Google Drive Help and Support
I, Google Talk

.. Harmonic Drive

1 Back

Now select the proper settings for our master application. First select “Local” and make sure the LinkLayer is
targeting WinPCAP and the adapter is the same adapter you used when creating the ENI file in EC-Engineer
(1). Next point the Acontis EC-Master software to the ENI file created (2).

r — = Bl
s EC-SlaveTestApplication V2.6.1.4 e ————— e ——— E@u

Configuration | Master | Slave | Process Data [ CoE [ FoE | AcE | SoE | EEPROM | Notfications | DemoMation |

Master Settings
1 @ Local
Master Cycle Time (usec): 2000 {2l [T] Use Soft Reklime Timer
Link Layer [ Redundancy Link Layer
WinPCAP v WinPCAP
Adapter : [Local Area Connection 2 v] AGEPIET - | Local Area Connection
Mode : [Poling v] lode . | Polling

[7] Enable Remote APl Sever  RAS Port : (6000

T

) Remote

P-Address: [192.168.0.1 Port - 16000 < | Masterinstance|l |2 | Download configuration

‘! EtherCAT Network Information file (ENI)
C:\Users\davoie\Documentsj\Varian\SE2_24axisMagnetControl\varian\Copley_ E]

il
The ENlfile can be generated with an EtherCAT Configurator such as our EC-Engineer. An evaluation version can be downloaded from
www.acontis.com
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Select the “Master” tab and click the “Initialize” button. This will issue the commands to initialize the EtherCAT
network.

| Configuration || Master ’| Siave | Process Data [ CoE [ FoE | AcE | SoE

De-Initialize
Init Pre-Op Safe-Op Operational
Uninitialized e Time
Reque Uninitialized
Scan Bus Scan Bus Timeout [3.000
Uninitialized

If the initialization was successful, all current slaves on the EtherCAT bus initialize with EC-Master Windows will
be listed under the “Master” top level tree label. When the bus is first initialized, the master state will be
“UNKOWN” and the slave state will be “INIT”.

L — —

[P

o EC-SlaveTestA

lication V2.6.1.4

File Log Help

= I i Confi
.4¢@ Slave_1001 [Stepnet - SE2]

Initialize Master with configuration parameter

jon | Master | Slave | Process Data | CoE | FoE [ AcE | SoE [ EEPROM | Notiications | D

Resut:  SUCCESS

Inttialize:
Master State
it | [ PreOp |[ sae0p | [ Opemtional |
Cument State :  UNKNOWN State Change Timeout
Requested State :  UNKNOWN [15.000 +
Bus Topology
Scan Bus Timeout : 13,000 =
Connected Slaves : 1 Configured Slaves : 1

ac%ﬁolo?ies )

EtherCAT Master V2.6.1 Build 04 Copyright acontis technologies GmbH ,
EcLinkOpen(): Use WinPcap version 4.1.3 (packet.dll version 4.1.0.2980), based on libpcap version 1.0 branch 1_0_rel0Ob (20051008)

EcLinkOpen(): Use network adapter "Marvell Yukon Ethernet Controller."

Evaluation Version, stop sending ethernet frames after 480 minutes!

Evaluation Version, number of slaves supported = 12!

Bus scan successful - 1 slaves found I

Masterstate: ) Unknown | Not All Dev. Op. Counter : 0000 ‘ Frames Lost : 0000 ‘ Cyclic WKC Errors : 0000
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Change the Drive State from Init

to Operational

The first step is to move the master and slave into the operational state. Click on the Operational button to
change the master state to Operational. This will also issue commands to the slaves and bring them to the
operational state as well. When the operational state is requested you will see the “Requested State” indicator
change immediately, whereas the “Current State” may take a bit longer. If necessary, adjust the “State Change
Timeout” to prevent timeout before state change occurs.

State change sequence: UNKNOWN->INIT->PREOP->SAFEOP->0OP

| Configuration | Master | Slave | Process Data [ CoE [ FoE | AcE [ SoE

Initialize Master with configuration parameter

inkiakze
Master State
it |
Curent State : PREOP State Change Timeout
Requested State :  OP 15,000 =
Bus Topology
Scan Bus Timeout : 3,000 ‘-'3'4

Connected Slaves : 1 Configured Slaves : 1

Result : SUCCESS

| Corfiguration | Master |Slave | Process Data [ CoE [ FoE [ AcE [ So

Initialize Master with configuration parameter

itize
Master State
[ mt ][ Peop || SsfeOp | [Opermtional |
Cument State :  OF State Change Timeout
Requested State :  OP 15,000 =
Bus Topology
Scan Bus Timeout : 3,000 =

Connected Slaves : 1

Result : SUCCESS

Configured Slaves : 1

Confirm that the slave has also moved to the Operational state by selecting the “Slave” tab. **Note: If no
information is displayed when the “Slave” tab is selected, make sure the slave has been selected in the tree

under the listed Master.

=

i EC-SlaveTestApplication V2.6.1.4 W o[
File Log Help
E] o| Configuration | Master | Slave | Process Data [ CoE | FoE | AcE | SoE | EEPROM | Notifications | DemoMotion |
S L Slave_1001 [Stepnet - SE2]| I E£5C Regi
A egister / Memory
— Slave (Fixed Address) : 1001 Offset (hex) : 0 =] DataSze: 2 S
Slave State 2000 -
[ m_ ][ Peop [ Sefe0p | [ Operational ] oo T
Wiite
State Change Timeout |3.000 = Read
| Cument State : OP Requested State : OP
Process Data
Status :  No emor QOutput
Slave Information DOOffje; (Byte / Bts) sf;z/es(AByle /Bts) FIDash
Device Name :  Slave_1001 [Stepnet - SE2] & g
Vendor ID:  (xAB
3 = | Input
Productcode : (1090 7] “;,?&5 §E Offset (Byte / Bits) Size (Byte / Bits)
Revision :  (x10003 s 00/0 16.0/128
Senal :  (x207433
Address :  Ox3E9 Distributed Clocks
i ) Mailbox
7 o Aias:  Ox0 [ 328t V] 648t Standard Bootstrap
acon | I s: Config Address :  (x3E9 System Time Difference ((x92C): Out Size : 256 Out Size : 256
Qn } ; \ Hot Connect 0 ns i ; S
) A - InSize: 256 InSize: 256
Ch np|09|es Present  [C] Optional
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PDO Data from Master to Drive

When the slave is in the OP state, both the RPDOs and TPDOs that have been mapped will be cyclically
updated. To test this, select the Process Data tab, and select “Auto Refresh” to allow the Input and Output data
to update automatically. An update rate of 1000ms is fine for this example — this is simply the refresh of the GUI,
not the Cycle Time of the EtherCAT master and slaves.

[ Configuration | Master | Slave | Process Data |CoE | FoE | AcE | SoE | EEPROM | Notfications | DemoMotion |
Process Data Control
Refresh Refresh Rate {ms) : 1000

Qutput
0000: 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00

Change Output Data
Offset (hex): Data (hex): Write
Input

0000: 00 E8 00 00 00 E8 00 00 00 00 00 00 FF FF 00 00
0010: 08 00 00 00 00 00 00 00 00 00 00 00 00 00

The process data is displayed as a byte stream. To understand what the byte stream is representing a good
understanding of how the PDO data has been mapped is needed. For this example two RPDO’s were mapped
containing the object for the commanded U and V currents of each axis. The byte stream in the output window
can be broken up into 16 bit values which correlate to the parameters Axis A UV_U, Axis A UV_V, Axis B UV_U,
and Axis B UV_V.

[ Corfiguration | Master | Slave | Process Data [CoE | FoE | AcE | SoE | EEPROM | Notfications | DemoMotion |
Process Data Control
Refresh | Refresh Rate fms): 1000 - [¥] Auto Refresh
Qutput
0000: [oo ooffoo 0of 0o o0ofoo 0o 00 00 00 00 00 00 00 00

Yv_u uv Wv_u uv,y

AXISA AXISB

The “Change Output Data” section is used to modify the RPDO data that is cyclically sent to the slaves. With the
understanding of which bytes of data correlate to which parameters on the slave it is easy to update the
commanded U and V currents on the drive.

**Note: There are two other parameters on the drive that affect how much current is produced when we write
to the UV_U and UV_V parameters. For this example the UV Config register (ASCII: 0x180, EtherCAT: 0x2326)
has been set to 0x103 indicating the current will be controlled via network interface and that the current
commands are offset by 90°. The digital control input scaling factor (ASCII: 0xA9, EtherCAT: 0x2321) has been
set to 500 indicating that 100% current produces 5A.
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Set the UV_U current for Axis A and Axis B to 2.5A and the UV_V current for Axis B will be 1.25A. Axis A UV_V
current will remain zero.

The output data can be updated by writing the entire by stream at once: 00 40 00 00 00 40 00 20, or it can be
written to each PDO variable individually by its offset: Offset (hex): 00 Data (hex): 00 40, this would write 0x4000
(2.5A) to the UV_U parameter in the output process data.

Press “Write” to write to the output process data.

| Configuration | Master | Slave | Process Data |CoE [ FoE | AoE [ SoE [ EEPROM [ Notfications | DemoMotion |
Process Data Control

Refresh Refresh Rate (ms): 1000 */| [¥] Auto Refresh
Output
0000: 00 00 00 00 00 00 00 OO 0O 00 OO0 00 00 00 00 0O

Change Output Data

Offset (hex): 00 Data (hex): 00 40 00 00 00 40 00 20 Wiite

The displayed output process data should update indicating the new data to be cyclically transmitted.

| Corfiguration | Master | Siave | Process Data [CoE [ FoE | AcE | SoE [ EEPROM | Netfications | DemoMotion |
Process Data Control

Refresh Refresh Rate (ms): |1000 *| [¥] Auto Refresh
Output
IOOOO: 00 40 00 00 00 40 00 20| 00 00 00 00 00 00 00 00 -

Change Output Data
Offset (hex): Data (hex):

Input |

Reading the parameters for UV_U and UV_V via ASCIlI and CME2 for each axis confirm that the current
readings have been successfully updated over the EtherCAT network.

- = = = = —
€} ASCH Command Line ST ["Eiﬂ]g G2 ASCI Command Line D @E‘g
Axis A: UV_U Axis A: UV_V
Command: |g rOx181 Command: g r0x182
Response: |v 16324 Response: |v 0
< » < »
| N
Close Close
: = - - = ——
G2 ASCI Command Line R @xﬂlﬂ 2 ASCI Command Line e é‘ﬂlﬂ
Axis B: UV_U Axis B: UV_V
Command: |.b g rox181| Command: |.b g rox182]
Response: |v 16384 Response: |v 8192
< » « »
\ )
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PDO Data from Drive to Master

The same principles are applied to the TPDO information located in the Input Process Data window. From the
ESI file for this SE2 drive the TPDO is known to contain a 32 bit Amp Event Status word for each axis, as well
as the 16 bit Actual A and Actual B currents for each axis.

The first 64 bits of the input process data will hold the Axis A and Axis B Amp Event Status information. The
amplifiers are current Hardware Disabled, which is confirmed when looking at the input process data. When the
amplifiers are hardware disabled, but otherwise ready to be used, the Amp Event Status should return a value of
59392 or OXE800 hex.

l’Conﬁguration | Master [ Siave J Process Data "CDE ]I';OE | AoE | SoE l EEPROM ] ificati I D .|
Process Data Control
Refresh Refresh Rate (ms) : 1000 /| [¥] Auto Refresh

QOutput
0000: 00 40 00 00 00 40 00 20 00 00 00 00 00 00 00 OO

Change Output Data
Offset (hex): Data (hex):

Input

0000:'00 E8 00 OOIOO E8 00 00| 00 00 00 00 00 00 00 00

0010: 08 00 00 00 00 00 00 00 00 00 00 00 00 00

When the drives become hardware enabled, the Amp Event Status words will become zero if no errors are
present, and the rest of the input process data will reflect the other objects mapped to the TPDO, specifically the
actual value for the current in windings A and B of each axis.

The Amp Event Status register for each axis has cleared, and the process data shows the following currents:
Axis A, Winding A: 00 00 -> 0A
Axis A, Winding B: FA 00 -> 250mA -> 2.5A

Axis B, Winding A: 7D 00 -> 124mA -> 1.25A
Axis B, Winding B: FA 00 -> 250mA -> 2.5A

{Egrrflgurat{qiuﬂasler 'Slave Process Data [COE I FoE |ME I SoE I EEPROM I Notifications l DemoMcmon‘
Process Data Control
Refresh Refresh Rate (ms): 1000 [¥] Auto Refresh

Output
0000: 00 40 00 00 00 40 00 20 00 00 00 00 00 00 00 00

Change Output Data
Offset fhex): Data (hex): Write

Input

0000: F)O 00 00 00 00 00 00 00} IOO 00| FA 00|7D OOIEA 00|

0010: 08 00 00 00 00 00 00 00 00 00 00 00 00 00
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A quick check using the ASCII command line and CME2 will confirm these values.

Vemae o T ——
@} ASCI Command Line (BN 2 ASCI Command Line e
Command: |g r0x03 Command: |g r0x04
Response: (v 0 Response: |v 250
< L A Al |
G2 ASCI Command Line @M 2 ASCI Command Line El‘iu
Command: lb g r0x03 Command: |.b g r0x04
Response: |v 125 Response: |v 250
< » < H
=
S
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