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ABOUT THIS MANUAL

Overview and Scope

This manual describes the CANopen implementation developed by Copley Controls Corporation
for the Accelnet, Xenus, R-Series, and Stepnet amplifiers. It contains useful information for
anyone who participates in the evaluation or design of a distributed motion control system. The
reader should have prior knowledge of motion control, networks, and CANopen.

Related Documentation

Readers of this book should also read information on CAN and CANopen at the “CAN in
Automation” website at http://www.can-cia.de/.

Those interested in Running CAM Tables from RAM (p. 199) should also see'the Copley
Camming User Guide.

Information on Copley Controls Software can be found at:
http://www.copleycontrols.com/Motion/Products/Software/index.html

Comments

Copley Controls Corp. welcomes your comments on this manual.
See http://www.copleycontrols.com for contact information.

Copyrights

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
Corporation. Accelnet, Stepnet, Xenus, and"CME 2 are registered trademarks of Copley Controls
Corporation.

Document Validity

We reserve 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 Corp. Copley Controls
Corp. assumes no responsibility forany errors that may appear in this document.

Product Warnings

Use-caution in designing and programming machines that affect the safety of
operators.

The programmer is responsible for creating program code that operates safely for the
amplifiers and motors in any given machine.

WARNING Failure to heed this warning can cause equipment damage, injury, or death.

Copley Controls Corporation 7
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Revision History

CANopen Programmer’s Manual

Revision | Date DECO # | Comments

1.0 Oct, 2002 Initial publication.

2.0 Dec, 2003 Added descriptions of new objects to support stepper mode and profile
velocity mode operation, additional homing methods, and amplifier
configuration.

2.1 Jan, 2004 Various minor edits and updates.

2.2 March, 2004 Added information about emergency message (EMCY) and memory
storage options for objects.

3 June, 2006 Added information on EMCY Message Error Codes (p. 41), a new
Camming mode and an object for reading/writing CVM Indexer Program
registers (see Alternative Control Sources, p. 191), a new"Trace Tool (p.
203), and a new Profile Torque Mode Operation (p. 173)!Also, instructions
for Ending an Interpolated Position Move (p. 184).

4 June, 2008 16591 Various updates, including Web page references’ and details on Running
CAM Tables from RAM (p. 199).

5 October, 2008 | 17339 Various updates.
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Object Description Conventions

Object descriptions in this manual look like the samples shown below. Each description includes a
table of summary information.

SERVER SDO PARAMETERS INDEX 0X1200
Type Access Unitz Fange Map PDO | Memory
Recard RO - - HO -

Description

Holds the COB- 1D (communication object D, also known as CARN message 1D values usedio
access the amplifier's S0DO. Sub-index 0 contains the number of sub-elements of this recard.

AN node 10,

=00 RECENVE COB-ID IMDEX DX 1200\5UB-INDEX T
Type Access Unit= Fange Map PODO | Memary
Un=zigned 32 RO - O=G00-0:671 MO -
Description

CAM object ID used by the amplifier to receive 300 packets. The valuesis 0x600 + the amplifier's

Sub-Index Object Relationships

This manual describes objects and sub-index objects. Object descriptions are set off by bold type
and a heavy separator line. Sub-index object descriptions)have regular typeface and a thinner line.

Sub-index object 0 always contains the number of elements contained by the record.

Object Summary Description Fields

Field Name Description
Type The object type (i.e., Unsigned 32,)Integer; String).
Access The object’s access type:
e RO forread only.
e WO for write only
e RW for read-and write
e RC forread and clear
Units The units used to express the object’s value.
Range The acceptable range of values if less then that specified by Type.
Map PDO YES ifthe object'can be mapped to a PDO. NO if it cannot. EVENT if the object can be mapped and
setto event triggering.
Memory Some objects can be held in the amplifier's flash memory (F), some in RAM (R), and some in RAM

and flash (RF). If an object cannot be stored, or if the object contains sub-index objects, the Memory
field‘contains a dash (-).

Copley Controls Corporation 9
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CHAPTER

1: INTRODUCTION

This chapter discusses how Copley Controls supports the use of CANopen to provide distributed
motion control.

Contents include:
1.1: CAN and CANopen

12
1.2: Defining and Accessing CANopen Devices 17
1.3: Objects that Define SDOs and PDOs 30

Copley Controls Corporation 11
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1.1: CAN and CANopen

Contents of this Section

This section describes Copley Controls’ use of CANopen and the underlying Controller Area
Network (CAN).

Topics include:

Copley Controls Amplifiers in CANopen Networks ... LT 13
Overview of the CAN ProfOCO .........couiiiiiiiiiie et et e e s snreee e s snreeee sl S e e 14
The CAN MESSAJE........eiiiiiiiiiii ettt ettt e sttt e e sbee e e e sbeeeeeanneeeesnneeeesne Shtbadh e e e e sneeees 15
Overview of the CANOPEN Profil€S..........coioiiiiiiiie e e S a e e e 16

12 Copley Controls Corporation
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Copley Controls Amplifiers in CANopen Networks

Copley’s CANopen Amplifiers

Several lines of Copley Controls amplifiers, including Accelnet, Stepnet, Xenus, and the
ruggedized R-Series, offer distributed motion control through support of the Controller Area
Network (CAN) and the CANopen network profiles. Using CANopen, the amplifiers can take
instruction from a master application to perform homing operations, point-to-point motion, profile
velocity motion, profile torque, and interpolated motion. (These amplifiers also support serial
communication.)

CAN and CANopen

CAN specifies the data link and physical connection layers of a fast, reliable network. TFhe
CANopen profiles specify how various types of devices, including motion control devices, can use
the CAN network in a highly efficient manner.

Architecture

As illustrated below, in a CANopen motion control system, control loops.are closed on the
individual amplifiers, not across the network. A master application coardinates multiple devices,
using the network to transmit commands and receive status information. Each device can transmit
to the master or any other device on the network. CANopen praovides the protocol for mapping
device and master internal commands to messages that can be shared across the network.

Feedback

A 4

18 Xenus Local Control _
icati >-S08 | Amplifier >
Softw are Application z |2 mpi
0\ <
s|& Control q C)e 9 ZI Sensor |
Ql o
Master Controller Sl = Statu
Z| 2 [e—aus—
(SRS Feedback

Y

Accelnet Local Control >
Amplifier

\i

CAN port
CANopen

= Vo ::I Sensor |
2
2
- Feedback
<
(&)
A/
Stepnet
bl =
»| 5|8 | Anpifier Local Control
z g (Servo Mode)
< O|S Vo ZI Sensor |

\i

Step.n ,e ! Local Control
Amplifier |
(Step Mode)

A CANopen network can support up to 127 nodes. Each node has a seven-bit node ID in the
range of 1-127. (Node ID 0 is reserved and should not be used.)

CAN port
CANopen

<
<
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Example of a CANopen Move Sequence

o CANopen master transmits a control word to initialize all devices.

¢ Devices transmit messages indicating their status (in this example, all are operational).

o CANopen master transmits a message instructing devices to perform homing operations.
¢ Devices indicate that homing is complete.

o CANopen master transmits messages instructing devices to enter position profile mode (point-
to-point motion mode) and issues first set of point-to-point move coordinates.

o Devices execute their moves, using local position, velocity, and current loops, and then
transmit actual position information back to the network.

e CANopen master issues next set of position coordinates.
Overview of the CAN Protocol

A Network for Distributed Control
The backbone of CANopen is CAN, a serial bus network originally designed-by Robert Bosch
GmbH to coordinate multiple control systems in automobiles.

The CAN model lends itself to distributed control. Any device can broadcast messages on the
network. Each device receives all messages and uses filters toaceept only the appropriate
messages. Thus, a single message can reach multiple nodes, reducing the number of messages
that need to be sent. This also greatly reduces bandwidth required for addressing, allowing
distributed control at real-time speeds across the entire system.

CAN Benefits
Other benefits of CAN include:
¢ Wide use of CAN in automobiles and many:other/industries assures availability of inexpensive

hardware and continued support. Ready-availability of standard components also reduces
system design effort.

e CAN's relative simplicity reduces.training requirements.

e By distributing control to devices, CAN eliminates the need for multiple wire connections
between devices and a central controller. Fewer connections enable increased reliability in
harsh operating conditions:

¢ Device-based error checking ‘and handling methods make CAN networks even more reliable.
Physical Layer

The physical layer of CANis'a differentially driven, two-wire bus, terminated by 124-Ohm resistors
at each end. The.maximum bit rate supported by CAN is 1,000,000 bits/second for up to 25
meters. Lower bit rates may be used for longer network lengths.

14 Copley Controls Corporation



CANopen Programmer’s Manual 1: Introduction

The CAN Message

Overview

CANopen messages are transmitted within CAN messages (a CAN message is also known as a
communication object or COB).

CAN Message Format

CAN messages are communicated over the bus in the form of network packets. Each packet
consists of an identifier (CAN message ID), control bits, and zero to eight bytes of data.

CRC Error Checking

Each packet is sent with CRC (cyclic redundancy check) information to allow controllers to identify
and re-send incorrectly formatted packets.

CAN Message ID

Every CAN message has a CAN message ID (also known as COB-ID). The message ID plays two
important roles.

o It provides the criteria by which the message is accepted or rejected by a node.
o It determines the message’s priority, as described below.

CAN Message Priority

The priority of a CAN message is encoded in the messagé.ID. The lower the value of the
message ID, the higher the priority of the message. When twe, or more devices attempt to transmit
packets at the same time, the packet with the highest priority succeeds. The other devices back
off and retry.

This method of collision handling allows for a high' bandwidth utilization compared to other network
technologies. For instance, Ethernet handles.collisions by requiring both devices to abort
transmission and retry.

For More Information

For more information on the CAN protocol, see CAN Specification 2.0, Robert Bosch GmbH, and
ISO 11898, Road Vehicles, Interchange-of Digital Information, Controller Area Network (CAN) for
high-speed communication.

Copley Controls Corporation 15
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Overview of the CANopen Profiles

Communication and Device Profiles

CANopen is a set of profiles built on a subset of the CAN application layer protocol. The CANopen

profiles achieve two basic objectives:

e They specify methods for packaging multiple CAN messages to send large blocks of data as a
single entity.

e They standardize and simplify communication between devices within several application
types, including motion control.

Developed by the CAN In Automation (CiA) group, CANopen includes the underlying CANopen
Application Layer and Communication Profile (DS 301) and several device profiles, including
CANopen Profile for Drives and Motion Control (DSP 402).

Communication Profile
The Application Layer and Communication Profile describes the communication techniques used
by devices on the network. All CANopen applications must implement this-profile.

Profile for Drives and Motion Control

Each of the CANopen device profiles describes a standard device for a certain application. Copley
Controls CANopen amplifiers comply with the Profile for Drives‘and Motion Control. This profile
specifies a state machine and a position control function. It alse supports several motion control
modes, including:

e Homing

Profile position

Profile velocity

Profile torque

Interpolated position

The amplifier's operating mode is set using the Mode Of Operation object (index 0x6060, p. 59).

(The Profile for Drives and Motion Centrol also supports other modes that are not supported by
Copley Controls amplifiers at thig:;time.)

16 Copley Controls Corporation



CANopen Programmer’s Manual 1: Introduction

1.2: Defining and Accessing CANopen Devices

Contents of this Section

This section describes the objects and methods used to configure and control devices on a
CANopen network.

Topics include:

Defining a Device: CANopen Objects and Object Dictionaries. ...
Accessing the ObjJect DICHONAIY ..........cuiiiiiiiicciiee e e e e e e s snrnaeeee e e e edothn areaaae s
SDOs: Description and EXampIEs.........oo oot e
PDOs: Description and EXamMPIES...........ovuiiiiiiiiiiiiiiiieie et e e e e s siireeeeeae e e ssennseeeeeee s en oadeeaaeeeeeearnneees
SDO vs. PDO: Design CoNSIAEIAtiONS.........eeiiiiiiiii ittt e et e e s enbeeeeeans
How to Map (or ReEmMap) @ PDO ...ttt e e e e e o St e e e e e earnnee s

Copley Controls Corporation

17



1: Introduction CANopen Programmer’s Manual

Defining a Device: CANopen Objects and Object Dictionaries

Objects and Dictionaries

The primary means of controlling a device on a CANopen network is by writing to device
parameters, and reading device status information. For this purpose, each device defines a group
of parameters that can be written, and status values that can be read. These parameters and
status values are collectively referred to as the device's objects.

These objects define and control every aspect of a device’s identity and operation. For instance,
some objects define basic information such as device type, model, and serial number. Othérs are
used to check device status and deliver motion commands.

The entire set of objects defined by a device is called the device’s object dictionary. Every device
on a CANopen network must define an object dictionary, and nearly every CANopen-network
message involves reading values from or writing values to the object dictionaries, of devices on the

network.

Object Dictionary as Interface
The object dictionary is an interface between a device and other entities on the network.

Local Control

AcceINet
Amplifier >

Obj I{z
D o~
|c93 § II0 (<™ Sensor |

CAN Network

CANopen Profiles and the Object Dictionary

The CANopen profiles specify the’mandatory and optional objects that comprise most of an object
dictionary. The Communicatien Profile specifies how all devices must communicate with the CAN
network. For instance, the:Communication Profile specifies dictionary objects that set up a
device’s ability to send.and receive messages. The device profiles specify how to access
particular functions ofia device. For instance, the CANopen Profile for Drives and Motion Control
(DSP 402) specifies.objects"used to control device homing and position control.

In addition to therobjects specified in the Application Layer and Communication Profile and device
profiles, CANopen allows manufacturers to add device-specific objects to a dictionary.
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Object Dictionary Structure

An object dictionary is a lookup table. Each object is identified by a 16-bit index with an eight-bit
sub-index. Most objects represent simple data types, such as 16-bit integers, 32-bit integers, and
strings. These can be accessed directly by the 16-bit index.

Other objects use the sub-index to represent groups of related parameters. For instance, the
Motor Data object (index 0x6410, p. 81) has 24 sub-index objects defining basic motor
characteristics such as motor type, motor wiring configuration, and Hall sensor type. (The sub-
index provides up to 255 subentries for each index.)

The organization of the dictionary is specified in the profiles, as shown below.

Index Range Objects

0000 not used

0001-001F Static Data Types

0020-003F Complex Data Types

0040-005F Manufacturer Specific Complex Data Types

0060-007F Device Profile Specific Static Data Types (including those specific.te_ motion control)
0080-009F Device Profile Specific Complex Data Types (including those specific to motion control)
00AO-OFFF Reserved for future use

1000-1FFF Communication Profile Area (DS 301)

2000-5FFF Manufacturer Specific Profile Area

6000-9FFF Standardized Device Profile Area (including Profile for Motion Control)

IAOOO-FFFF Reserved for further use

Copley Controls Corporation 19
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Accessing the Object Dictionary

CANopen Programmer’s Manual

Two Basic Channels

CANopen provides two ways to access a device’s object dictionary:

e The Service Data Object (SDO)
¢ The Process Data Object (PDO)

Each can be described as a channel for access to an object dictionary.

SDOs and PDOs

Here are the basic characteristics of PDOs and SDOs.

SDO

PDO

The SDO protocol allows any object in the object dictionary
to be accessed, regardless of the object's size. This comes
at the cost of significant protocol overhead.

One PDO message can transfer up to‘eight bytes of data in
a CAN message. There is no additional protocol overhead
for PDO messages.

Transfer is always confirmed.

PDO transfers are unconfirmed.

Has direct, unlimited access to the object dictionary.

Requires prior setup, wherein the CANopen master
application uses SDOs-to'map each byte of the PDO
message to one or more objects. Thus, the message itself
does not need to identify the objects, leaving more bytes
available for data.

Employs a client/server communication model, where the
CANopen master is the sole client of the device object
dictionary being accessed.

Employs a peer-to-peer communication model. Any network|
node can initiate a PDO communication, and multiple
nodes can.receive it.

IAn SDO has two CAN message identifiers: a transmit
identifier for messages from the device to the CANopen
master, and a receive identifier for messages from the
CANopen master.

Transmit PDOSs are used to send data from the device, and
receive PDOs are used to receive data.

SDOs can be used to access the object dictionary directly.

A PDO can be used only after it has been configured using
SDO transfers.

Best suited for device configuration, PDO mapping, and
other infrequent, low priority communication-between the
CANopen master and individual devices. Such transfers
tend to involve the setting up of basic node’services; thus,
the term service data object.

Best suited for high-priority transfer of small amounts of
data, such as delivery of set points from the CANopen
master or broadcast of a device’s status. Such transfers
tend to relate directly to the application process; thus, the
term process data object.

For more information about SDOs,
see SDOs: Description and Examples, p:22.

For more information about PDOs,

see PDOs: Description and Examples, p. 24.

For help deciding whether to-use annSDO or a PDO see SDO vs. PDO: Design Considerations, p. 27.

20
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Copley SDOs and PDOs
The Communication Profile requires the support of at least one SDO per device. (Without an
SDO, there would be no way to access the object dictionary.) It also specifies default parameters

for four PDOs.
Copley Controls CANopen amplifiers each support 1 SDO and 16 PDOs (eight transmit PDOs and

eight receive PDOs).

1SDO Local Control
> . AccelNet
. Object L RS
<«——— 8 TxPDO's e Amplifier
Dictionary
8 RxPDO's I0 (<™ Sensor

CAN Network

Copley Controls Corporation
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SDOs: Description and Examples

Overview

Each amplifier provides one SDO. The CANopen master can use this SDO to configure, monitor,
and control the device by reading from and writing to its object dictionary.

SDO CAN Message IDs
The SDO protocol uses two CAN message identifiers. One ID is used for messages sent from‘the

CANopen master (SDO client) to the amplifier (SDO server). The other ID is used for messages
sent from the SDO server to the SDO client.

The CAN message ID numbers for these two messages are fixed by the CANopen protocol. They
are based on the device's node ID (which ranges from 1 to 127). The ID used for messages from
the SDO client to the SDO server (i.e. from the CANopen master to the amplifier) is the hex value
0x600 + the node ID. The message from the SDO server to the SDO client is' 0x580 + the node
ID. For example, an amplifier with node ID 7 uses CAN message IDs 0x587-and 0x607 for its SDO
protocol.

Client/ Server Communication

The SDO employs a client/server communication model. The CANopen master is the sole client.
The device is the server. The CANopen master application should provide a client SDO for each
device under its control.

The CAN message ID of an SDO message sent from thexCANopen master to a device should
match the device’s receive SDO message identifier. In-response, the CANopen master should
expect an SDO message whose CAN message ID matches-the device’s transmit SDO message
identifier.

SDO Message Format

The SDO uses a series of CAN messages-to send-the segments that make up a block of data.
The full details of the SDO protocol are‘described in the CANopen Application Layer and
Communication Profile.

Confirmation

Because an SDO transfer is always:confirmed, each SDO transfer requires at least two CAN
messages (one from the miaster and one from the slave).

Confirmation Example

For instance, updating an.ebject that holds an eight-byte long value requires six CAN messages:
1 The mastersends.a:message to the device indicating its intentions to update an object in the

device’s dictionary: The message includes the object’s index and sub-index values as well as
the size-(in bytes) of the data to be transferred.

2 The device responds to the CANopen master indicating that it is ready to receive the data.

3. The CANopen master sends one byte of message header information and the first 7 bytes of
data.(Because SDO transfers use one byte of the CAN message data for header information,
the)largest amount of data that can be passed in any single message is 7 bytes.)

4 /The device responds indicating that it received the data and is ready for more.

5 The CANopen master sends the remaining byte of data along with the byte of header
information.

6 The device responds indicating success.
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Segmented, Expedited and Block Transfers

As in the example above, most SDO transfers consist of an initiate transfer request from the
client, followed by series of confirmed eight-byte messages. Each message contains one byte of
header information and a segment (up to seven bytes long) of the data being transferred.

For the transfer of short blocks of data (four bytes or less), the Communication Profile specifies an
expedited SDO method. The entire data block is included in the initiate SDO message (for
downloads) or in the response (for uploads). Thus, the entire transfer is completed in two
messages.

The Communication Profile also describes a method called block SDO transfers, where many
segments can be transferred with a single acknowledgement at the end of the transfer: Copley
Controls CANopen amplifiers do not require use of the block transfer protocol.
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PDOs: Description and Examples

Overview

Each amplifier provides eight transmit PDOs and eight receive PDOs. A transmit PDO is used to
transmit information from the device to the network. A receive PDO is used to update the device.

Default PDO Message Identifiers

The Communication Profile reserves four CAN message identifiers for transmit PDOs and four
identifiers for receive PDOs. These addresses are described later in this chapter (see Receive
PDO Communication Parameters, p. 32, and Transmit PDO Communication Parameters,p."34).

The first four transmit PDOs and receive PDOs provided in Copley Controls CANopen-amplifiers
use these default addresses. The addresses of the remaining four transmit PDOs.and receive
PDOs are null by default.

The designer can reconfigure any PDO message identifier.

PDO Peer- to-Peer Communication
Peer-to-peer relationships are established by matching the transmit PDO identifier of the sending
node to a receive PDO identifier of one or more other nodes on the.network.

Any device can broadcast a PDO message using one of its eight transmit PDOs. The CAN
identifier of the outgoing message matches the ID of the sending PDO. Any node with a matching
receive PDO identifier will accept the message.

PDO Peer-to- Peer Example

For instance, Node 1, transmit PDO 1, has a CAN. message 1D of 0x0189. Node 2, receive PDO 1
has a matching ID, as does Node 3. They both accept the message. Other nodes do not have a
matching receive PDO, so no other nodes accept the message.

PDO Mapping
PDO mapping allows optimal use of the"“CAN.message’s eight-byte data area.

Mapping uses the SDO to configure dictionary objects in both the sending and the receiving node
to know, for each byte in the PDQ message:

e The index and sub-index which-objects are to be accessed

o The type of data

e The length of the data

Thus, the PDO message'itself carries no transfer control information, leaving all eight bytes
available for data.-(Contrast this with the SDO, which uses one byte of the CAN message data
area to describe the objects being written or read, and the length of the data.)
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Mappable Objects

Not all objects in a device’s object dictionary can be mapped to a PDO. If an object can be
mapped to a PDO, the MAP PDO field in the object’s description in this manual contains the word
EVENT or the word YES.

Dynamic PDO Mapping

Copley supports the CANopen option of dynamic PDO mapping, which allows the CANopen
master to change the mapping of a PDO during operation. For instance, a PDO might use one
mapping in Homing Mode, and another mapping in Profile Position Mode.

PDO Transmission Modes
PDOs can be sent in one of two transmission modes:

¢ Synchronous. Messages are sent only after receipt of a specified number.of synchronization
(SYNC) objects, sent at regular intervals by a designated synchronization device. (For more
information on the SYNC object, see SYNC and High-resolution Time Stamp Messages, p.
40.)

o Asynchronous. The receipt of SYNC messages does not govern message transmission.
Synchronous transmission can be cyclic, where the message is sent after a predefined number of

SYNC messages, or acyclic, where the message is triggered by some internal event but does not
get sent until the receipt of a SYNC message.

PDO Triggering Modes
The transmission of a transmit PDO message from a.node can be triggered in one of three ways:

Trigger Description

Event Message transmission is triggered by the occurrence,of an object specific event. For synchronous PDOs
this is the expiration of the specified transmission period, synchronized by the reception of the SYNC
object. For acyclically transmitted synehronous'PDOs and asynchronous PDOs the triggering of a
message transmission is a device-specific event specified in the device profile.

SYNC For synchronous PDOs, the message is‘transmitted after a specified number of SYNC cycles have
message occurred.

Remote The transmission of an asynchronous PDO is initiated on receipt of a remote request initiated by any
Request other device.

Default PDO Mappings

Copley Controls CANopen‘amplifiers are shipped with the default PDO mappings specified in the
Profile for Drives andMotion‘Control. These mappings are:

RECEIVE'PDOs TRANSMIT PDOs
PDO | Default mapping PDO | Default mapping
1 0x604Q(Control Word) 1 0x6041(Status Word)
2 0x6040, 0x6060 (Mode Of Operation) 2 0x 6041, 0x 6061
3 0x6040, 0x607A (Target Position) 3 0x 6041, 0x6064 (Position Actual Value)
4 0x6040,~0x60FF (Target Velocity) 4 0x 6041, 0x606C (Actual Velocity)
5 0x6040, 0x6071 (Target Torque) 5 0x 6041, 0x6077 (Torque Actual Value)
6 0x6040 6 0x 6041
7 0x6040 7 0x 6041, 0x60FD (Digital Inputs)
8 0x6040, 0x6060 8 no default mapping

For more information see the CANopen Profile for Drives and Motion Control (DSP 402).
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PDO Examples
The designer has broad discretion in the use of PDOs. For example:

CANopen Programmer’s Manual

¢ On the device designated as the SYNC message and time stamp producer, map a transmit
PDO to transmit the high-resolution time stamp message on a periodic basis. Map receive

PDOs on other devices to receive this object.

e On each amplifier, map a transmit PDO to transmit PVT buffer status updates in interpolated
position mode. Map a receive PDO to receive PVT segments.

¢ Another transmit PDO could transmit general amplifier status updates.
The Copley Controls CANopen Motion Libraries product (CML) uses these default mappings:

RECEIVE PDOs

TRANSMIT PDOs

PDO

Default mapping

PDO

Default mapping

IP move segment command (index 0x2010, p.
187). Used to receive the PVT segments.

Trajectory Buffer Status-object (index 0x2012, p.
189). This is also used)with transmission type
255. The PDO will-be transmitted each time a
segment is read from the buffer, or on an error
condition.

High-resolution Time Stamp (index 0x1013, p. 45)
on the amplifier designated as the time-stamp
transmitter. CML programs this object with
transmit type 10 (transmit every 10 sync cycles).
The sync cycle is 10 milliseconds. Thus, the
timestamp is transmitted every 100 milliseconds.

High-resalution Time Stamp (index 0x1013, p. 45)
on all butjthe time-stamp transmitter.

Various status information:

Status Word (index 0x6041, p. 55), Manufacturer
Status Register object (index 0x1002, p. 56), and
Input Pin States (index 0x2190 p. 95).

CML programs this PDO to transmit on an event
(transmission type 255). This causes the PDO to
be transmitted any time an input pin changes or a
status bit changes. Note that Copley input pins
have a programmable debounce time, so if one of
the inputs is connected to something that might
change rapidly, then the debounce time can be
used to keep it from overloading the CANopen
network.
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SDO vs. PDO: Design Considerations

1: Introduction

Differences Between SDO and

PDO

As stated earlier, SDOs and PDOs can both be described as channels through which CAN
messages are sent, and both provide access to a device’s object dictionary, but each has
characteristics that make it more appropriate for certain types of data transfers.

Here is a review of the differences between SDOs and PDOs, and some design considerations

indicated by those differences:

SDO

PDO

Design Considerations

The accessed device always confirms
SDO messages. This makes SDOs
slower.

PDO messages are unconfirmed. This
makes PDOs faster.

'To transfer 8 bytes or less-at'real-time
speed, use a PDO. For instance, to
receive control instructions and transmif
status updates.

To transfer large amounts of low priority|
data, use theSDO.

Also, if confirmation is absolutely
required;.use an SDO.

One SDO transfer can send long blocks
of data, using as many CAN messages
as required.

IA PDO transfer can only send small
amounts of data (up to eight bytes) in a
single CAN message. Mapping allows
very efficient use of those eight bytes:

IAsynchronous.

Synchronous or asynchronous«<Cyclic
or acyclic.

Use PDO when synchronous or
broadcast communications are
required. For instance, to communicate
set points from the master to multiple
devices for a multi-axis move, or to
have a device broadcast its status.

[The SDO employs a client-server
communication model. The CANopen
master is the client. It reads from and
writes to the object dictionaries of
devices. The device being accessed is
the server.

The PDO employs\a peers=to-peer
communication ‘'model{ Any device can
send a PDO-message) and a PDO
message can besreceived and
processed by multiple devices.

IAll communications can be performed
through the SDO without using any
PDOs.

[The CANepen master application uses
SDO messages to map the content of
thePDO, at a cost of increased CPU
cycles on the CANopen master and
increased bus traffic.

If the application does not benefit from
the use of a PDO for a certain transfer,
consider using SDO to avoid the extra
overhead. For instance, if an object’s
value is updated only once (as with
many configuration objects), the SDO is
more efficient. If the object’s value is
updated repeatedly, a PDO is more

efficient.

Copley Controls Corporation
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How to Map (or Remap) a PDO

Process Overview

Two objects in the device’s object dictionary define a PDO:

e A PDO’s communication object defines the PDO’s CAN message ID and its communication
type (synchronous or asynchronous) and triggering type (event-drive or cyclic).

¢ A PDOs mapping object maps every data byte in the PDO message to an object in the
device’s object dictionary.

Mapping a PDO is the process of configuring the PDO’s communication and mapping objects.

To Map a Receive PDO

The general procedure for mapping a receive PDO follows. (The procedure for mapping a transmit
PDO is similar).

Stage Step Sub-steps/Comments

1 Disable the PDO. In the PDO’s mapping object (Receive PDO Mapping Parameters, index
0x1601), set the sub-index 0 (NUMBER ©F MAPPED OBJECTS) to zero.
This disables the PDO.

2 Set the communication If necessary, set the PDO’s CAN message ID (PDO COB-ID) using sub-
parameters. index 1 of the PDO’s RECEIVE-PDO Communication Parameters (index
0x1401).

Choose the PDO’s transmission type (PDO TYPE) in sub-index 2 of
object 0x1401. A value in‘the range
[0-240] = synchronousy[254-255] = asynchronous.

3 Map the data. Using the PDO’s mapping parameters (sub-indexes 1-4 of Receive PDO
Mapping Paraméters, index'0x1601), you can map up to 4 objects (whose
contents must.total to-no more than 8 bytes), as follows:

In bits 0-7.0f'the mapping value, enter the size (in bits) of the object to be
mapped;.as specified in the object dictionary.

In bits;8-15, enter the sub-index of the object to be mapped. Clear bits 8-
15:if the object is a simple variable.

In bits 46-31, enter the index of the object to be mapped.

4. Set the number of mapped In the PDO’s Receive PDO Mapping Parameters (index 0x1601), set sub-
objects and enable the PDO. index 0 (NUMBER OF MAPPED OBJECTS) to the actual number of
lobjects mapped. This properly configures the PDO. Also, the presence of
a non-zero value in the NUMBER OF MAPPED OBJECTS object enables
the PDO.
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Example: Mapping a Receive PDO

1: Introduction

This example illustrates the general procedure for mapping a receive PDO. In the example, the
second receive PDO is mapped to the device’s Control Word object (index 0x6040, p. 54) to
receive device state change commands and to the Mode Of Operation object (index 0x6060, p.
59) to receive mode change commands.

Stage Step Sub-steps/Comments
1 Disable the PDO. In the PDO’s mapping object (Receive PDO Mapping Parameters, index
0x1601), set the sub-index 0 (NUMBER OF MAPPED OBJECTS) to.zero.
This disables the PDO.
2 Set the communication In this case, it is not necessary to set the CAN message ID of.the'PDO,
parameters. because the default value is acceptable.
In the PDO TYPE object (sub-index 2 of RECEIVE PDO-Communication
Parameters, index 0x1401) choose a value in the range [254-255] so that
the PDO transmits immediately upon request (without waiting for a
synchronization message).
3 Map the data. In the device’s Receive PDO Mapping Parameters object (index 0x1601):
1: To map the Control Word to the PDO,set object 1601, sub-index 1 to:
0x604000 10
Bits 16-31 Bits/8:15 .
contain the clear;the aléss(i); zp&vg
index of the mapped Control Word
object to be object has no 16 bits) in hex
mappéd subindex ( )
2. To map.the Mode Of Operation object to the PDO, set sub-index 2 to:
0x6060 00 08
Bits 16-31 Bits 8-15 Bits 0-7 show
contain the clear; the the size of the
index of the mapped Change of
object to be object has no Mode object
mapped subindex (16 bits) in hex
4. Set the number of mapped In the PDQO’s Receive PDO Mapping Parameters object (index 0x1601),

objects and enable the PDO.

set sub-index 0 (NUMBER OF MAPPED OBJECTS) to 2, the actual
number of objects mapped. This properly configures the PDO. Also, the
presence of a non-zero value in the NUMBER OF MAPPED OBJECTS

object enables the PDO.

Copley Controls Corporation
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1.3: Objects that Define SDOs and PDOs

Contents of this Section

This section describes objects and sub-index objects used to configure SDOs and PDOs. They
include:

Server SDO Parameters  INdeX OXT1200 ........coooiimieeieiieeeeeeeeee et e et e e e e e e e e eet e e e e e e e e eeee s i s 31
SDO Receive COB-ID  Index 0x1200, SUb-INAEX 1.....cooooviiiiieie LR 31
SDO Transmit COB-ID  Index 0x1200, SUDb-INAEX 2 ......ooveeiieieeeeeeeeee e e e 31

Receive PDO Communication Parameters Index 0X1400 — OXT1407 .......ccooeiieeieeeieeeeeeeeeeeeeeeee st e 32
PDO COB-ID  Index 0X1400 — 7, SUD-INAEX 1. ....emmiiiieieieeee e s e e 32
PDO Type Index 0Xx1400 — 7, SUD-INAEX 2........cuviiiiiieeiiiiiieeee e e N a e e e e 32

Receive PDO Mapping Parameters  Index 0X1600 — OX1607 .......cooieeiiiieierriiie e e 33
Number Of Mapped Objects Index 0x1600 — 7, Sub-index 0 .........ccccmrieeree S, 33
PDO Mapping Index 0x1600 — 7, Sub-Index 1 —4 ... AN e 33

Transmit PDO Communication Parameters Index 0X1800 — OX1807 ........ctiuesverererererererererererererererennnn. 34
PDO COB-ID Index 0x1800 — 7, SUD-INAEX T .....evmeiiiieiiieeeee e e e 34
PDO Type Index OX1800 — 7, SUD-INAEX 2........uuiiiiiiieeeiiiciiieeeee e e sreaas et e eaeeeeeennraseeeaeessesnsssseeeaeessannnns 35

Transmit PDO Mapping Parameters  Index OX1TAOO — OXTAQT ... o e eeiiieieeee e ae e 35
Number Of Mapped Objects Index OX1TA00 — 7, SUb-iNdeX O..cr. i niiiiiieeeiieceeee e 35

PDO Mapping Index 0x1AQ00 — 7, Sub-Index 1 — 4
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SERVER SDO PARAMETERS INDEX 0x1200
Type Access Units Range Map PDO | Memory
Record RO - - NO -

Description

Holds the COB-ID (communication object ID, also known as CAN message ID) values used to
access the amplifier's SDO. Sub-index 0 contains the number of sub-elements of this record.

SDO RECEIVE COB-ID

INDEX 0X1200, SUB-INDEX 1

Type Access Units Range Map PDO | ‘Memory
Unsigned 32 RO - 0x600-0x67f NO -
Description

CAN object ID used by the amplifier to receive SDO packets. The value is 0x600 + the amplifier's
CAN node ID.

SDO TRANSMIT COB-ID

INDEX:0X1200, SUB-INDEX 2

Type Access Units Range Map PDO | Memory
Unsigned 32 RO - 0x580-0x5ff NO -
Description

This value gives the CAN object ID used by the amplifier to transmit SDO packets. The value is
0x580 + the amplifier's CAN node ID.
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RECEIVE PDO COMMUNICATION PARAMETERS INDEX 0X1400 — 0x1407
Type Access Units Range Map PDO| Memory
Record RW - - NO -
Description

These objects allow configuration of the communication parameters of each of receive PDO. Sub-
index 0 contains the number of sub-elements of this record.

PDO COB-ID INDEX 0X1400 — 7, SUB-INDEX 1
Type Access Units Range Map PDO | ‘Memory
Unsigned 32 RW - See Default Values, below. NO R

Description

CAN message ID used by the PDO. The ID is formatted as follows:

Bit Description

0-10 Give the 11-bit identifier for standard (CAN 2.0A) identifiers, or the lower 11 bits.for extended (CAN 2.0B)
identifiers.

11-28 Give the upper 18 bits of extended identifiers. For standard identifiers these, bits should be written as zeros.

29 Defines the identifier format. This bit is clear for standard (11-bit) identifiers, and set for extended (29-bit)
identifiers.

30 Reserved for future use.

31 Identifies the PDO as valid if clear. If set, the PDO is disabled and its mapping may be changed.

Default Values
The default values for this object are specified in the, DS-304/CANopen specification. These
values are:

Index Default ID
0x1400  |0x00000200 + amplifier CAN node ID.

0x1401 0x00000300 + amplifier CAN node ID.
0x1402  |0x00000400 + amplifier CAN node ID.
0x1403  |0x00000500 + amplifier CAN node ID.
0x1404  [0x80000000
0x1405  [0x80000000
0x1406  [0x80000000
0x1407  [0x80000000

PDO TYPE INDEX 0X1400 — 7, SUB-INDEX 2
Type Access Units Range Map PDO | Memory
Unsigned 8 RW - See Description, below NO R
Description

This object controls the behavior of the PDO when new data is received. The following codes are
defined forcreceive PDOs:
Code Behavior

0-240 The received data is held until the next SYNC message. When the SYNC message is received the data is
applied.

241-253 |Reserved.
254-255 [The received data is applied to its mapped objects immediately upon reception.
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RECEIVE PDO MAPPING PARAMETERS

INDEX 0X1600 — 0x1607

Type Access Units Range Map PDO | Memory
Record RW - - NO -
Description

These objects allow the mapping of each of the receive PDO objects to be configured.

NUMBER OF MAPPED OBJECTS INDEX 0X1600 — 7, SUB-INDEX 0

Type Access Units Range Map PDO | Memory
Unsigned 8 RW - 0-4 NO R
Description

This value gives the total number of objects mapped to this PDO. It can be set to.0 to disable the
PDO operation, and must be set to 0 before changing the PDO mapping.

Once the PDO mapping has been established by configuring the objects in-sub-indexes 1 — 4, this
value should be updated to indicate the actual number of objects mapped.to'the PDO.

PDO MAPPING

INDEX 01600 — 7, SUB-INDEX 1 -4

Type Access Units Range Map PDO | Memory
Unsigned 32 RW - See Description, below NO R
Description

When a PDO message is received, the data passed with.the PDO message (up to 8 bytes) is
used to update the objects mapped to the PDO. The values in‘the PDO mapping objects identify
which object(s) the PDO data maps to. The first object’is specified by the value in sub-index 1; the
second object is identified by sub-index 2, etc.

Each of the PDO mapping values consist of .a-32-bit value structured as follows:

Bit Description
0-7 Size (in bits) of the object being mapped.-Mustmatch the actual object size as defined in the object
dictionary.

8-15 Sub-index of the object to be mapped.

16-31 Index of the object to be mapped.
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TRANSMIT PDO COMMUNICATION PARAMETERS INDEX 0x1800 — 0x1807
Type Access Units Range Map PDO | Memory
Record RW - - NO -
Description

These objects allow configuration of communication parameters of each transmit PDO object.
Sub-index 0 contains the number of sub-elements of this record.

PDO COB-ID INDEX 0X1800 — 7, SUB-INDEX 1
Type Access Units Range Map PDO | ‘Memory

Unsigned 32 RW - See Default Values, below. NO R

Description

This object holds the CAN object ID used by the PDO. The ID is formatted as follows:

Bit Description

0-10 11-bit identifier for standard (CAN 2.0A) identifiers, or the lower 11 bits for extended (CAN 2.0B) identifiers.

11-28 Upper 18 bits of extended identifiers. For standard identifiers these bits should be written as zeros.

29 Identifier format. This bit is clear for standard (11-bit) identifiers, and set for extended (29-bit) identifiers.

30 If set, remote transmit requests (RTR) are not allowed on this PDO. If clear, the PDO is transmitted in

response to a remote request.
31 Identifies the PDO as valid if clear. If set, the PDO is disabled‘and’its mapping may be changed.

Default Values
The default values for this object are specified in the:DS-301 CANopen specification. These
values are:

Index Default ID
0x1800  [0x00000180 + amplifier CAN node ID.

0x1801 0x00000280 + amplifier CAN node ID.
0x1802  [0x00000380 + amplifier CAN node.|D.
0x1803  [0x00000480 + amplifier CAN node ID.
0x1804  |0x80000000
0x1805  |0x80000000
0x1806  |0x80000000
0x1807  |0x80000000
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PDO TYPE INDEX 0X1800 — 7, SUB-INDEX 2
Type Access Units Range Map PDO | Memory
Unsigned 8 RW - See Description, below EVENT R
Description
This object identifies which events trigger a PDO transmission:
Code Behavior
0 'The PDO is transmitted on the next SYNC message following a PDO event. See PDO Events, below, fora

description of a PDO event.

1-240 The PDO is transmitted every N SYNC messages, where N is the PDO type code. For example, a’PDO with
type code 7 would be transmitted on every 7th SYNC message.

241-251 |Reserved.
252 The PDO is transmitted on the SYNC message following a remote request.
253 The PDO is transmitted immediately in response to a remote request.

254-255 [The PDO is transmitted immediately in response to an internal PDO event.

PDO Events

Some objects in the object dictionary have special PDO events associated with them. If such an
object is mapped to a transmit PDO, then the PDO may be configured with a code that relies on
this event to trigger its transmission. The codes that use PDO-events are 0 and 255.

An example of an object that has a PDO event associated:with it is the Device Status object (index
0x6041). This object triggers an event to any mapped transmit PDO each time its value changes.
A transmit PDO which included this object in its mapping woutld-have its event signaled each time
the status register changed.

Most objects in the object dictionary do not have’'PDO events associated with them. Those that do
are identified by the word EVENT in the PDO<Mappingfields of their descriptions.

TRANSMIT PDO MAPPING PARAMETERS INDEX 0X1A00 — 0X1A07
Type Access Units Range Map PDO | Memory
Record RW - - NO -
Description

These objects allow the mapping of each of the transmit PDO objects to be configured.

NUMBER OF MAPPED-OBJECTS INDEX 0X1A00 — 7, SUB-INDEX 0
Type Access Units Range Map PDO | Memory
Unsigned 8 RW - 0-4 NO R
Description

Total number-of abjects mapped to this PDO. It can be set to 0 to disable the PDO operation, and
must be.set to 0)before changing the PDO mapping.

Once.the PDO mapping has been established by configuring the objects in sub-indexes 1 — 4, this
value should be updated to indicate the actual number of objects mapped to the PDO.
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PDO MAPPING INDEX 0X1A00 — 7, SUB-INDEX 1 -4
Type Access Units Range Map PDO | Memory
Unsigned 32 RW - See Description, below NO R
Description

When a PDO message is transmitted, the data passed with the PDO message (up to 8 bytes) is
gathered from the objects mapped to the PDO. The values in the PDO Mapping objects identify
which object(s) the PDO data maps to. The first object is specified by the value in sub-index 1;the
second object is identified by sub-index 2, etc.

Each of the PDO mapping values consist of a 32-bit value structured as follows:

Bit Description

0-7 Size (in bits) of the object being mapped. This value must match the actual object size’as defined in the
object dictionary.

8-15 Sub-index of the object to be mapped.

16-31 Index of the object to be mapped.
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CHAPTER

2: NETWORK MANAGEMENT

This chapter describes the messages, methods, and objects used to manage devices on a
CANopen network.

Contents include:

2.1: Network Management OVEIVIEW ............coiiiiiiiiiiiiie et ee e sa B e ee e 38
2.2: Network Management Objects

Copley Controls Corporation 37



2:

2

Network Management CANopen Programmer’s Manual

.1: Network Management Overview

Contents of this Section
This section describes the objects, messages, and methods used to control the CANopen

network.

Topics include:
OVEIVIEBW ... 39
General Device State CONMIOl .........cuiiiiiiiiie et e e nee e e e e e e e 39
DeVICE MONITOMING ....eeiiiiiiiie ittt ee e e ssanree s s enreeesennree e s S bade s e e e 40
SYNC and High-resolution Time Stamp MeSSAgES .........ccvveeiiiiiiiiiiiiee e S, 40
EMErgenCy MESSAGES ......oeiiiiiiiiiiiiiie ettt ettt e et e e e bbb e e nre e e nes 40
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Overview

2: Network Management

Network Management Services and Objects

Network management services on the CANopen network include device state control, device
monitoring, synchronization, and emergency handling. Special communication objects, as
summarized below, provide these services.

Object Description

Network This object provides services to control the state of the device, including the initialization, starting,
Management monitoring, resetting, and stopping of nodes. It also provides device-monitoring services (node-
(NMT) guarding and heartbeat).

Synchronization
(SYNC)

Broadcast periodically by a specified device or the CANopen master to allow synchronized activity
among multiple devices. The CAN message ID of the SYNC message is 80.

Time Stamp Broadcast periodically by a specified device or the CANopen master to allow/devices to
synchronize their clocks.
Emergency Transmitted by a device when an internal error occurs.

Network Manager Node

Normally, a single node (such as a PC) is designated as the network:manager. The network
manager runs the software that issues all NMT messages. The network manager node can be the
same node that runs the CANopen master application.

General Device State Control

State Machine

Every CANopen device implements a simple state machine- The machine defines three states
(described below). The network manager application, usess\NMT messages to interact with the
state machine and control state changes.

Device States

The following states are defined for Copley,Controls CANopen amplifiers:

State

Description

Pre-operational

Every node enters this\state after power-up or reset. In this state, the device is not functional, but
will communicate over the CANopen network. PDO transfers are not allowed in pre-operational
state, but SDO transfers may be used.

Operational

This is the normal operating state for all devices. SDO and PDO transfers are both allowed.

Stopped

No communicationis allowed in this state except for network management messages. Neither
SDO norPDO transfers may be used.

State Control Messages

One use of NMT messages is to control state changes on network devices. The following NMT
messages are'sent by the network manager to control these state changes. Each of these
messages can be.either sent to a single node (by node ID), or broadcast to all nodes.

Message Effect
Reset Causes each receiving node to perform a soft reset and come up in pre-operational state.
Reset Causes each receiving node to reset its CANopen network interface to power-on state, and enter

communications

pre-operational state. This is not a full device reset, just a reset of the CANopen interface.

Pre-operational

Causes the receiving node(s) to enter pre-operational state. No reset is performed.

Start

Causes the node(s) to enter operational state.

Stop

Causes the node(s) to enter stopped state.
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Device Monitoring

Monitoring Protocols

In addition to controlling state machines, NMT messages provide services for monitoring devices
on the network. Monitoring services use one of two protocols: heartbeat and node guarding.

Heartbeat Protocol

The heartbeat protocol allows the network manager application to detect problems with a device
or its network connection. The CANopen master configures the device to periodically transmit a
heartbeat message indicating the device’s current state (pre-operational, operational, or stopped).
The network manager monitors the heartbeat messages. Failure to receive a node’s heartbeat
messages indicates a problem with the device or its connection to the network.

Node-guarding Protocol

The node-guarding protocol is similar to the heartbeat, but it allows both the device and the
network manager to monitor the connection between them. The network manager configures the
device (node) to expect node-guarding messages at some interval. The.network manager then
sends a message to the configured device at that frequency, and the.device responds with a
node-guarding message. This allows both the network manager and-the device to identify a
network failure if the guarding messages stop.

SYNC and High-resolution Time Stamp Messages

The SYNC message is a standard CANopen message used/to synchronize multiple devices and
to trigger the synchronous transmission of PDOs.

In addition, to allow more accurate synchronization of ‘device clocks, Copley Controls CANopen
amplifiers use the optional high-resolution time stamp message specified in the Communication
Profile.

Normally, a single device produces both the-SYNC 'message and the high-resolution time stamp
message. Copley amplifiers can produce the SYNC and high-resolution time stamp messages.

We recommend using an amplifier as-the master sync generator. This assures greater timing
accuracy and allows the amplifier PVT segment buffer to be filled with the minimum number of
PVT segments at all times during-operation.

Time Stamp PDOs

The device designated as the time stamp producer should have a transmit PDO mapped for the
high-resolution time stamp message. This PDO should be configured for synchronous
transmission, based on the:-SYNC message. We recommend sending this message approximately
every 100 milliseconds.

Every other device (all.time stamp consumers) should have a receive PDO mapped for the high-
resolution time’stamp message. The message ID of each receive PDO used to receive a time
stamp should match the ID of the transmit PDO used to send the time stamp.

Configuring the'devices in this fashion causes the time stamp producer to generate a transmit
PDO-for every N sync messages. This PDO is received by each of the time stamp consumers on
the’network and causes them to update their internal system times based on the message
content:“The result is that all devices on the network act as though they share the same clock
input,-and remain tightly synchronized.

Emergency Messages

A device sends an 8-byte emergency message (EMCY) when an error occurs in the device. It
contains information about the error type, and Copley-specific information. A device need only
send one EMCY message per event. Any device can be configured to accept EMCY messages.
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EMCY Message Structure
The EMCY message is structured as follows:

2: Network Management

Bytes Description

0,1 Standard CANopen emergency error code for errors active on the amplifier.
See EMCY Message Error Codes, p. 41.
2 Error register object value See Error Register, p. 62.
3 Reserved for future use (0 for now).
4,5 Bit mask representing the Copley Controls codes for active error conditions on the amplifier

(see EMCY Message Copley-Specific Error Conditions, p. 42).

6,7 Reserved for future use (0 for now).

EMCY Message Error Codes
Bytes 0 and 1 of the EMCY message describe the standard CANopen error codes used by Copley

Amplifiers:
Error Description
Code (hex)
2280 Encoder Feedback Error
2310 Current Limited
2320 Short Circuit
3110 Mains Over Voltage
3120 Mains Under Voltage
3310 Output Voltage Limited
4210 Amplifier Over Temperature
4300 Motor Temperature Sensor
5080 Amplifier error
7122 Phasing Error
7380 Positive Limit Switch
7381 Negative Limit Switch
7390 Tracking Error
73A0 Position Wrapped Around,+/- 2°Counts
8130 Node Guarding Error:orHeartbeat Error
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EMCY Message Copley-Specific Error Conditions
The bit mask in bytes 4 and 5 of the EMCY message maps 1 bit for each error condition active on
the amplifier. The mapped bits have the following meanings:

CANopen Programmer’s Manual

Bit | Description
0 | Output short circuit
1 | Amplifier over temperature
2 | Amplifier over voltage
3 | Amplifier under voltage
4 | Motor over temperature input active
5 | Encoder power error (indicates the 5V encoder supply over current)
6 | Motor phasing error
7 | Output current limited
8 | Output voltage limited
9 | Positive limit switch
10 | Negative limit switch
11 | Tracking error
12 | Position input wrapped around +/- 2°" bits
13 | Amplifier internal hardware error (contact Copley Controls customer support)
14 | Node guarding error

42
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2.2: Network Management Objects

Contents of this Section
This section describes closely related to network management. They include:

COB-ID Sync Message  INdex OXT00S5 .......coouuiiiiiiiiiieiieee ettt e e 44
Communication Cycle Period  INdeX OXT006...........c..uuiiiieeiiiiiiiiiiiee e e e e e e e e e e e e st e e e e e e e esaareeeeeaeeesprnnes 44
Guard Time INAEX OXTOO0C. ... e e e e et ee e e e e e e e enneeeeeeee e e s nnnneeeeeeeeeaannnnneees e Sanmens 44
Life Time Factor  INdeX OXT00D ........ccoiiuiiieiiiiieeeiieee et e eriiee e s sitee e e e snteee s s sneeee e enneeesenneeeeesnneee e radadseeneees 45
High-resolution Time Stamp  INdeX OXT013 ... rrtba e 45
Producer Heartbeat Time  INdeX OXT10T7 ... e e e e 45
Emergency Object ID  INAeX OXT0T4 .. ..ooiiiiiiiii e e et 45
Emergency Object ID Inhibit Time  INdex OX1015 ......cooiiiiiiiieiee e e 45
Network Options  INdex OX21B3 ... ... e e s e 46
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COB-ID SYNC MESSAGE INDEX 0X1005
Type Access Units Range Map PDO | Memory
Unsigned 32 RW - See SYNC ID Format, below. NO R
Description

This object defines the CAN object ID (COB-ID) associated with the SYNC message. The SYNC
message is a standard CANopen message type used to synchronize multiple devices on a
CANopen network.

SYNC ID Format
The SYNC message ID is formatted as follows:

Bits Description
0-10 Give the 11-bit identifier for standard (CAN 2.0A) identifiers, or the lower 11 bits for extended (CAN 2.0B)

identifiers.

11-28  |Give the upper 18 bits of extended identifiers. For standard identifiers these bits shodld be written as zeros.

29 Identifier format. This bit is clear for standard (11-bit) identifiers, and set for extended (29-bit) identifiers.

30 If set, the amplifier is configured as the SYNC message producer. This bit should be set in at most one
amplifier on a network.

31 Reserved

COMMUNICATION CYCLE PERIOD INDEX 0X1006

Type Access Units Range Map PDO | Memory
Unsigned 32 RW microseconds 4 NO R
Description

This object defines the interval between SYNC messages, in units of microseconds.

An amplifier configured as a SYNC message.producer will not produce SYNC messages unless
this object contains a non-zero value. A value of zero in this object disables SYNC message
production.

Amplifiers not configured to produce. SYNC messages ignore the value of this object.

GUARD TIME INDEX 0X100C
Type Access Uhits Range Map PDO | Memory
Unsigned 16 RW milliseconds - NO R
Description

This object gives the time between node-guarding requests that are sent from the network master
to this amplifiero,Fhe amplifier will respond to each request with a node-guarding message
indicating the.internaléstate of the amplifier.

If the amplifier hasynot received a node-guarding request within the time period defined by the
product(of theguard time and the Life Time Factor (index 0x100D, p. 45), the amplifier will treat
this lack of communication as a fault condition.
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LIFE TIME FACTOR INDEX 0Xx100D
Type Access Units Range Map PDO | Memory
Unsigned 8 RW - - NO R
Description

This object gives a multiple of the GUARD Time (index 0x100C, p. 44). The amplifier expects to
receive a node-guarding request within the time period defined by the product of the guard time
and the lifetime factor. If the amplifier has not received a node-guarding request within this time
period, it treats this condition as a fault.

HIGH-RESOLUTION TIME STAMP INDEX 0X1013
Type Access Units Range Map PDO | Memory
Unsigned 32 RW microseconds 0 - 294,967,295 YES R
Description

This object holds a time stamp indicating the amplifier's internal time (in_ microseconds) when the
last SYNC message was received (or transmitted for the SYNC producer). Writing to this object
will cause the amplifier to adjust its internal clocks to reconcile the difference between the value
passed and the internal value of the time stamp.

The purpose of this object is to allow multiple amplifiers to synchronize their clocks across the
CANopen network. To enable this feature, one amplifier should'be selected as a high-resolution
time stamp producer. This amplifier should have a transmit.PDO configured to transmit this object
to the rest of the network at a rate of approximately 10 Hertz (once every 100 milliseconds).

Every other amplifier should have a receive PDO configured (using the same COB-ID as the
producer's transmit PDO) to update its time stamp. dsing the value passed by the producer.

PRODUCER HEARTBEAT TIME INDEX 0x1017
Type Access Units Range Map PDO | Memory
Unsigned 16 RW milliseconds - NO R
Description

This object gives the frequency at,which-the amplifier will produce heartbeat messages. This
object may be set to zero to disable heartbeat production. Note that only one of the two node-
guarding methods may be.used at'once. If this object is non-zero, then the heartbeat protocol is
used regardless of the settings.of the node-guarding time and lifetime factor.

EMERGENCY OBJECT ID INDEX 0x1014
Type Access Units Range Map PDO | Memory
Unsigned 32 RW. - - NO R
Description

CAN message-1D used with the emergency object. See Emergency Messages, p. 40 and the
CANopen Application Layer and Communication Profile (DS 301).

EMERGENCY OBJECT ID INHIBIT TIME INDEX 0X1015
Type Access Units Range Map PDO | Memory
Unsigned 16 RW milliseconds - NO R
Description

Inhibit time for the emergency object. See Emergency Messages, p. 40 and the
CANopen Application Layer and Communication Profile (DS 301).
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NETWORK OPTIONS INDEX 0X21B3
Type Access Units Range Map PDO [ Memory
Unsigned 16 RW - - NO RF

Description

Network options. Configures the amplifier's network.
CANopen

Bits Meaning

0 Must be clear to select CANopen networking.

1-15 Reserved
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CHAPTER

3: DEVICE CONTROL, CONFIGURATION,
AND STATUS

This chapter describes a wide range of device control, configuration, and status methods.and

objects.

Contents include:
3.1: Device Control and Status OVEIVIEW ..........coooiiiiiiiiiiiiieeiiiieeee e eeieee e e a e e e 48
3.2: Device Control and Status ODJECES ...........ceiiiiiiiiiiiiiiiie e Bt e e e e e e e e e e e e 53
3.3: Error Management ODJECES ..........uuiiiiii e g T ea ettt 61
3.4: Basic Amplifier Configuration ODJECES.........cceeiiiiiiiiiiiiicccicceee e N e e 65
3.5: Basic Motor Configuration ODJECES .........cooiiiiiiiiiiii i e ee e 80
3.6: Real-time Amplifier and Motor Status ObJeCtS..........eevviiiiii o e 9N
3.7: Digital 1/0 Configuration ObJECES...........eeeiiiiiiiiiiiiieiiiieeeeieee B e 94
3.8: Xenus Regen Resister ObJECES........coiiiiiiiiiiiiecicccieeee e T e 101
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3.1: Device Control and Status Overview

Contents of this Section
This section describes the objects and functions used to control the status of an amplifier.
Topics include:

Control Word, Status Word, and Device Control FUNCLON ...........coooiiiiiiie e S 49
State Changes Diagram..........coi it e e e e e e s e e e e e s s s saareeeeaaeesssensnseeeeeeessssnssneededhnTananns 51
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Control Word, Status Word, and Device Control Function

Device Control Function Block

The CANopen Profile for Drives and Motion Control (DSP 402) describes control of the amplifier in
terms of a control function block with two major sub-elements: the operation modes and the state
machine.

Control and Status Words

As illustrated below, the Control Word object (index 0x6040, p. 54) manages device mode and
state changes. The Status Word object (index 0x6041, p. 55) identifies the current state of'the
amplifier. The Mode Of Operation object (index 0x6060, p. 59) sets the amplifier's operating
mode.

Control Word
(0x6040)

Device Control Function

~— Digital inputs

Operation Mode >
Homing, Profile Position, . Fault
State machine

Profile Velocity,
Interpolated Position = Modes of Operation 0x 6060)

I
Status Word
(0x6041)

Other factors affecting control functions-include: digital input signals, fault conditions, and settings
in various dictionary objects.

Operation Modes

As controlled by the Mode Of. @peration object (index 0x6060, p. 59), Copley Controls CANopen
amplifiers support homing;{profile.position, profile velocity, profile torque, and interpolated position
modes.

State Machine Nesting

Note that the Communication Profile also specifies a state machine, with three states: pre-
operational, operational, and stopped. The entire device control function block described in this
chapter, including.the device state machine, operates in the operational state of the
Communication Profile state machine.
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State Machine and States

The state machine describes the status and possible control sequences of the drive. The state
also determines which commands are accepted.

States are described below:

State Description

Not Ready to Switch On Low-level power (e.g. _ 15V, 5V) has been applied to the drive.
The drive is being initialized or is running self-test.

A brake, if present, is applied in this state.

The drive function is disabled.

Switch On Disabled Drive initialization is complete.

The drive parameters have been set up.
Drive parameters may be changed.

The drive function is disabled.

Ready to Switch On The drive parameters may be changed.
The drive function is disabled.
Switched On High voltage has been applied to the drive.

The power amplifier is ready.
The drive parameters may be changed.
The drive function is disabled.

Operation Enable No faults have been detected.

The drive function is enabled and power’s.applied to the motor.
The drive parameters may be changed:

(This corresponds to normal operation of the-drive.)

Quick Stop Active The drive parameters may be,changed:
The quick stop function is being executed.
The drive function is enabled and’power is applied to the motor.

If the ‘Quick-Stop-Option-Cede’ is switched to 5 (Stay in Quick-Stop), the amplifier cannot
exit the Quick-Stop-State, but can be transmitted to ‘Operation Enable’ with the command
‘Enable Operation.”

Fault Reaction Active The drive parametersdmay be changed.

A non-fatabfault has occurred in the drive.

The quick stop-function is being executed.

The drive function is enabled and power is applied to the motor.

Fault The drive'parameters may be changed.
A fault’has occurred in the drive.
The drive function is disabled.
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State Changes Diagram

3: Device Control, Configuration, and Status

Diagram
The following diagram from the CANopen Profile for Drives and Motion Control (DSP 402) shows

the possible state change sequences of an amplifier. Each transition is numbered and described
in the legend below.
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State Changes Diagram Legend

From State | To State Event/Action
0 Startup Not Ready to | Event: Reset.
Switch On Action: The drive self-tests and/or self-initializes.
1 Not Ready to | Switch On Event: The drive has self-tested and/or initialized successfully.
Switch On Disabled Action: Activate communication and process data monitoring
2 Switch On Ready-to Event: 'Shutdown' command received from host.
Disabled Switch On Action: None
3 Ready to Switched.On Event: 'Switch On' command received from host.
Switch On Action: The power section is switched on if it is not already switched on.
4 Switched*On Operation Event: 'Enable Operation' command received from host.
Enable Action: The drive function is enabled.
5 Operation Switched On Event: 'Disable Operation' command received from host.
Enable Action: The drive operation is disabled.
6 Switched On Ready to Event: 'Shutdown' command received from host.
Switch On Action: The power section is switched off.
7 Ready to Switch On Event: 'Quick stop' command received from host.
Switch On Disabled Action: None
8 Operation Ready to Event: 'Shutdown' command received from host.
Enable Switch On Action: The power section is switched off immediately, and the motor is free to
rotate if unbraked
Continued....
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...State Changes Diagram Legend, continued

From State | To State Event/Action
9 Operation Switch On Event: 'Disable Voltage' command received from host.
Enable Disabled Action: The power section is switched off immediately, and the motor is free to
rotate if unbraked
10 | Switched On Switch On Event: 'Disable Voltage' or 'Quick Stop' command received from host.
Disabled Action: The power section is switched off immediately, and the motor is free to
rotate if unbraked
11 | Operation Quick Stop Event: 'Quick Stop' command received from host.
Enable Active Action: The Quick Stop function is executed.
12 | Quick Stop Switch On Event: 'Quick Stop' is completed or 'Disable Voltage' command received from
Active Disabled host. This transition is possible if the Quick-Stop-Option-Code is.not 5 (Stay in
Quick-Stop)
Action: The power section is switched off.
13 | FAULT Fault A fatal fault has occurred in the drive.
Reaction Action: Execute appropriate fault reaction.
Active
14 | Fault Fault Event: The fault reaction is completed.
iet?c’”o“ Action: The drive function is disabled. The.power section may be switched off.
ctive
15 | Fault Switch On Event: 'Fault Reset' command received.from host.
Disabled Action: A reset of the fault condition'is carried out if no fault exists currently on
the drive.

After leaving the 'Fault' state the Bit!Fault Reset' of the Control Word has to be
cleared by the host.

16 | Quick Stop Operation Event: 'Enable Operation' command received from host. This transition is
Active Enable possible if the Quick=Stop-Option-Code is 5, 6, 7, or 8 (see the Quick Stop
Option Code object, index:0x6085, p. 58).

Action: The drive function)is enabled.

52 Copley Controls Corporation




CANopen Programmer’s Manual 3: Device Control, Configuration, and Status

3.2: Device Control and Status Objects

Contents of this Section
This section describes the objects used to control the status of an ampilifier.

They include:
Control Word — INdeX: OXB040.......cooeeeeieiiiiiee e e e e e e e e e eee e e e e e e e e s neneeeeaaeeeaannnneeeeaeeeeaaannsnneeeesiabnsde 54
Status Word — INdeX OXBO04T .......ooiiiiiee ettt e e et e e e snteee e s snteeeessnteeeessnneeeesenneees {oPiatenens 55
Manufacturer Status Register  INdex OXT002 ..........oooiiiiiiiiiiiiie et T e 56
'Sticky' Event Status Register  IndexX OX2180 ........ccccvvviiiiieeiieiiiieeee e cesireeee e e seeinreeee e e e 57
Latched Event Status Register  Index OX2181......c.uiiiiiiiiieiiiee e 57
Limit Status Mask  INAeX OX2T84 ...ttt e et e et pme e e e e e e e neeeeeennees 57
Quick Stop Option Code  INdeX OXBOBA ........ooii e eeee e e e e e Nade e e e e e e e e e e 58
Shutdown Option Code  INdex OXBO0S5B...........coiiiiiiiiiiiee e et e e e e e e e e 58
Disable Operation Option Code  Index OXB05C.......coooi i e 58
Halt Option Code  INdeX OXBO5D ..........ouuiiiieiiiiiiiiiiieeee et e e e ashe s S et e e e e e e e et e e e e e e e e ennenneees 59
Mode Of Operation  INAeX OXB0B0 .........ooeiiiieiiiiiiiieiee e iee e e e e e maa i e e eeeeeee e e e e e e meneeeeaaaeeeaannennees 59
Mode Of Operation Display  INdex OX6061...........oeveiiieeiiiiiiiiieee e s e e e e 59
Desired State  INdeX OX2300 ....cooeeiiiiiiiiiiiiieeeieiiiieeee e e e erieeeeeee e e e et e e e e e e e et e e e e e e e e nenneeas 60

Copley Controls Corporation 53



3: Device Control, Configuration, and Status CANopen Programmer’s Manual

CONTROL WORD INDEX: 0X6040
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - See Description, below. EVENT R
Description

This object is used to controls the state of the amplifier. It can be used to enable / disable the
amplifier output, start, and abort moves in all operating modes, and clear fault conditions.

Control Word Bit Mapping
The value programmed into this object is bit-mapped as follows:

Bits

Description

Switch On. This bit must be set to enable the amplifier.

Enable Voltage. This bit must be set to enable the amplifier.

2 Quick Stop. If this bit is clear, then the amplifier is commanded to perform a quick stop:

3 Enable Operation. This bit must be set to enable the ampilifier.

4-6 Operation mode specific. Descriptions appear in the sections that describe the various operating modes. Also
see Mode Of Operation (index 0x6060, p. 59).

7 Reset Fault. A low-to-high transition of this bit makes the amplifier attempt to-clear any latched fault condition.

8 Halt. If the bit is set, the amplifier will perform a halt.

9-15 | Reserved for future use.
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STATUS WORD INDEX 0X6041
Type Access Units Range Map PDO [ Memory
Unsigned 16 RO - See Description, below. Event -

Description

This object identifies the current state of the amplifier and is bit-mapped as follows:

Bits Description

0 Ready to switch on.

1 Switched on.

2 Operation Enabled. Set when the amplifier is enabled.

3 Fault. If set, a latched fault condition is present in the amplifier.

4 Voltage enabled. Set if the amplifier bus voltage is above the minimum necessary for normal.operation.

5 Quick Stop. When clear, the amplifier is performing a quick stop.

6 Switch on disabled.

7 Warning. Set if a warning condition is present on the amplifier. Read the Manufacturer Status Register object
(index 0x1002, p. 56) for details of what warning is bit indicates.

8 Set if the last trajectory was aborted rather then finishing normally.

9 Remote. Set when the amplifier is being controlled by the CANopen interface. When clear, the amplifier may
be monitored through this interface, but some other input source is/controlling it. Other input sources include
the serial port, amplifier CVM program, analog reference input, digital’ command signals (i.e. PWM input or
master controller), and internal function generator. The input seurce is controlled by the 'amplifier desired
state' value, which is normally programmed by the CME-2 software. This setting can be manipulated through
the CANopen interface through the Desired State object (index 0x2300, p. 60).

10 Target Reached. This bit is set when the amplifier is finished rtnning a trajectory, and the Position Error
(index Ox60F4, p. 116) has been within the Position Tracking\Window (index 0x6067, p. 115) for the
programmed time. The bit is not cleared until a new trajectory is started.

11 Internal Limit Active. This bit is set when one of.the amplifier limits (current, voltage, velocity or position) is
active. The specific bits from the Manufacturer-Status Register (index 0x1002, p. 56) that cause this bit to be
set can be customized by using the mask defined.in-the Limit Status Mask object (index 0x2184, p. 57).

12-13 The meanings of these bits are operation mode, specific:

Bit | Profile Position Profile Velocity. Profile Torque Homing Mode Interpolated
Mode Mode Mode Position Mode
12 | Setpoint Speed = Q. Reserved Homing attained. Interpolated pos.
acknowledge. mode active.
13 | Following error. Maximum Reserved. Homing error. Reserved.
slippage error.
For information_on operation modes, see Mode Of Operation (index 0x6060, p. 59).

14 Set when the ‘amplifieris’ performing a move and cleared when the trajectory finishes. This bit is cleared
immediately-at theiend of the move, not after the motor has settled into position.

15 Reserved:
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MANUFACTURER STATUS REGISTER INDEX 0X1002
Type Access Units Range Map PDO [ Memory
Unsigned 32 RO - See Description, below. EVENT -

Description

This 32-bit object is a bit-mapped status register with the following fields:

Bit Description

0 Short circuit detected

1 Amplifier over temperature

2 Over voltage

3 Under voltage

4 Motor temperature sensor active

5 Feedback error

6 Motor phasing error

7 Current output limited

8 Voltage output limited

9 Positive limit switch active

10 Negative limit switch active

11 Enable input not active

12 Amp is disabled by software

13 Trying to stop motor

14 Motor brake activated

15 PWM outputs disabled

16 Positive software limit condition

17 Negative software limit condition

18 Tracking error

19 Tracking warning

20 Amplifier is currently in a reset condition

21 Position has wrapped. The Position variable cannot increase indefinitely. After reaching a certain value the
variable rolls back. This type of eounting-is called position wrapping or modulo count.

22 Amplifier fault. See the faultlatch for.more info.

23 Velocity limit has beenreached:.

24 Acceleration limit has-beenreached.

25 Position Error (index 0x80F4, p. 116) is outside Position Tracking Window (index 0x6067, p. 115).

26 Home switch'is active:

27 In motion; This bitis-set when the amplifier is finished running a trajectory, and the Position Error (index
0x60F4;,p. 116)has been within the Position Tracking Window (index 0x6067, p. 115) for the programmed
time: . The bitis not cleared until a new trajectory is started.

28 Velocity window. Set if the absolute velocity error exceeds the velocity window value.

29 Phase not yet initialized. Set when the amplifier has not yet initialized its phase while using mode setting 5
(algorithmic phase mode) of Phasing Mode object (0x21C0).

30 Command fault. PWM or other command signal not present.
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'STICKY' EVENT STATUS REGISTER INDEX 0x2180
Type Access Units Range Map PDO | Memory
Unsigned 32 RO - - YES -
Description

Sticky Amplifier Event Status Register. This read-only parameter is bit-mapped in exactly the
same way as the Manufacturer Status Register (index 0x1002, p. 56), but instead of giving the
present status of the amplifier, the sticky version indicates any bits in the Manufacturer Status
Register that have been set since the last reading of the sticky register.

The sticky register is similar to the Latched Event Status Register (index 0x2181, p. 57),(but the
latched register must be cleared explicitly, whereas the sticky register is cleared automatically
each time it is read.

LATCHED EVENT STATUS REGISTER INDEX 0x2181
Type Access Units Range Map PDO | Memory
Unsigned 32 RC - - YES R
Description

This is a latched version of the Manufacturer Status Register object/(index 0x1002, p. 56). Bits are
set by the amplifier when events occur. Bits are cleared only by-a’set command.

When writing to the Latched Event Status Register, any bit'set in the written value will cause the
corresponding bit in the register to be cleared. For example, writing the value 0x0010020C would
clear bits 2, 3, 9, and 20. To clear the short circuit detected.bit,-write a 1 to the register. To clear
all bits, write OXFFFFFFFF to the register.

LiMIT STATUS MASK INDEX 0x2184
Type Access Units Range Map PDO | Memory
Unsigned 32 RW - - YES RF
Description

This parameter defines which bitsqin the Manufacturer Status Register object (index 0x1002, p. 56)
can set the limit bit (bit 11) of theStatus:Word object (index 0x6041, p. 55). If a Manufacturer
Status Register bit and its corresponding Limit Mask bit are both set, then the CANopen Status
Word limit bit is set. If all selected a’Manufacturer Status Register bits are clear, then the limit bit
is clear.
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Quick Stop OPTION CODE INDEX 0X605A
Type Access Units Range Map PDO | Memory
Integer 16 RW - See Description, below. NO R
Description

This object defines the behavior of the amplifier when a quick stop command is issued. The
following values are defined.

Value | Description

0 Disable the amplifier's outputs

1 Slow down using the normal slow down ramp programmed in Profile Deceleration (index 0x6084,p.“177).
When the move has been successfully aborted the amplifier's state will transition to the 'switch-on disabled'
state.

2 Slow down using the quick stop ramp programmed in Quick Stop Deceleration (index 0x6085, p. 178) then
transition to 'switch on disabled'.

3 Stop the move abruptly and transition to 'switch on disabled'.

5 Slow down using the slow down ramp. The amplifier state will remain in the 'quick-stop' state after the move
has been finished.

6 Slow down using the quick stop ramp and stay in 'quick stop' state.

7 Stop the move abruptly and stay in 'quick stop' state.

All other values will produce unspecified results and should not-be used.

SHUTDOWN OPTION CODE INDEX 0X605B
Type Access Units Range Map PDO | Memory
Integer 16 RW - See Description, below. NO R
Description

This object defines the behavior of the amplifier when‘the amplifier's state is changed from
“operation enabled” to “ready to switch on.” The following values are defined:

Value | Description
0 Disable the amplifier's outputs
1 Slow down using the slow down:ramp (i;e. the normal move deceleration value).

All other values will produce unspecified results and should not be used.

DiSABLE OPERATION-QPTION CODE INDEX 0X605C
Type Access Units Range Map PDO | Memory
Integer 16 RW - See Description, below. NO R
Description

This object defines the behavior of the amplifier when the amplifier's state is changed from
“operation.enabled™to “switched on.” The following values are defined.

Value

Description

0

Disable the amplifier's outputs

1

Slow down using the slow down ramp (i.e. the normal move deceleration value).

All other'values will produce unspecified results and should not be used.
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HALT OPTION CODE INDEX 0X605D
Type Access Units Range Map PDO | Memory
Integer 16 RW - See Description, below. NO R
Description

This object defines the behavior of the amplifier when a halt command is issued. The following
values are defined.

Value | Description

0 Disable the amplifier's outputs

1 Slow down using the slow down ramp (i.e. the normal move deceleration value).
2 Slow down using the quick stop ramp.

3 Stop the move abruptly.

All other values will produce unspecified results and should not be used.

MoDE OF OPERATION INDEX 0X6060
Type Access Units Range Map PDO | Memory
Integer 8 RW - See Description, below. YES R
Description

This object selects the amplifier's mode of operation. The modes of operation presently supported
by this device are:

Mode Description

1 Profile Position mode.

3 Profile Velocity mode.

4 Profile Torque mode.

6 Homing mode.

7 Interpolated Position mode

The amplifier will not accept other valueés.

Note that there may be some delay between setting the mode of operation and the amplifier
assuming that mode. To read the’active-mode of operation, use object 0x6061.

MoDE OF OPERATION DiSPLAY INDEX 0X6061
Type Access Units Range Map PDO | Memory
Integer 8 RO - See Description, below. EVENT -
Description

This object displays the'current mode of operation. See Mode Of Operation (index 0x6060, p. 59).
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DESIRED STATE INDEX 0x2300
Type Access Units Range Map PDO | Memory
Integer 16 RW - See Description, below. NO RF
Description

This object defines what input source controls the amplifier, and what general mode the amplifier
runs in. It is encoded as follows:

Code | Description

0 Disabled.

1 The current loop is driven by the programmed current value.

2 The current loop is driven by the analog command input.

3 The current loop is driven by the PWM & direction input pins.

4 The current loop is driven by the internal function generator.

5 The current loop is driven by UV commands via PWM inputs.

11 The velocity loop is driven by the programmed velocity value.

12 The velocity loop is driven by the analog command input.

13 The velocity loop is driven by the PWM & direction input pins.

14 The velocity loop is driven by the internal function generator.

21 In servo mode, the position loop is driven by the trajectory generator.

22 In servo mode, the position loop is driven by the analog command input.

23 In servo mode, the position loop is driven by the digital inputs{pulse & direction, master encoder, etc).

24 In servo mode, the position loop is driven by the internal function-generator.

25 In servo mode, the position loop is driven by the camming function.

30 In servo mode, the position loop is driven by the-CANopen interface.

31 In microstepping mode, the position loop is dfiven by/the’trajectory generator.

33 In microstepping mode, the position loop;is driven-by the digital inputs (pulse & direction, master encoder,
etc).

34 In microstepping mode, the position'loop is.driven by the internal function generator.

35 In microstepping mode, the position loop-is‘driven by the camming function.

40 In microstepping mode, the amplifier-isidriven by the CANopen interface.

42 Micro-stepping diagnostic' mode. The current loop is driven by the programmed current value, and the phase
angle is micro-stepped.

Unlisted codes are reserved,

Note that this object should normally be programmed to 30 (or 40 for stepper motors) for use
under the CANopen interface.
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3.3: Error Management Objects

Contents of this Section

This section describes objects used to view error status and define error limits and error handling.
They include:

Pre-Defined Error Object  INdeX OXT1003 ........ooiiiiiiiiiiiiiei e (T 62
Number of Errors  Index 0x1003, SUb-INAEX O .......cociiiiiiiiiiiiiie e 62
Standard Error Field Index 0x1003, Sub-IndeX 1-8 ......oomrreiiiiieeee e e 62

Error Register  INdeX OXA00T ... uune s e g e 62

Tracking Error Window — INdeX OX2120 ........eiiiiiiiiiieiiiee ettt 62

Fault Mask INAEX OX2T82 ...ttt e e e 63

Latching Fault Status Register  Index OX2183.........cooiiiiiiiiiiiieiiieee e e 64
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PRE-DEFINED ERROR OBJECT INDEX 0x1003
Type Access Units Range Map PDO | Memory
Array RW - - NO R
Description

This object provides an error history. Each sub-index object holds an error that has occurred on
the device and has been signaled via the Emergency Object. See Emergency Messages (p. 40),
The entry at sub-index 0 contains the number of errors that are recorded in the array starting at
sub-index 1. Each new error is stored at sub-index 1. Older errors move down the list.

NUMBER OF ERRORS

INDEX 0X1003, SUB-INDEX 0

Type

Access

Units

Range

Map PDO

Memory

Unsigned 8

RW

0-8

NO

R

Number of errors in the error history (number of sub-index objects 1-8). Writing.a 0 deletes the
error history (empties the array). Writing a value higher than 0 results in an‘error.

STANDARD ERROR FIELD INDEX'0X1003, SuB-INDEX 1-8

Type Access Units Range Map PDO | Memory
Unsigned 32 RW - - NO R
Description

One sub-index object for each error found, up to 8 errors. €ach is composed of a 16-bit error code
and a 16-bit additional error information field. The error cede is contained in the lower 2 bytes
(LSB) and the additional information is included in theawpper2 bytes (MSB).

ERROR REGISTER INDEX 0x1001
Type Access Units Range Map PDO | Memory
Unsigned 8 RO - See Description, below. YES -
Description

This object is a bit-mapped list of erfor-conditions present in the amplifier. The bits used in this
register are mapped as follows:

Bits | Description

0 Generic error. This bit is set'any time there is an error condition in the amplifier.

1 Current error. Indicates either a short circuit on the motor outputs, or excessive current draw by the encoder.

2 Voltage error. The DC'bus voltage supplied to the amplifier is either over or under the amplifier's limits.

3 Temperature error-Eitherithe amplifier or motor is over temperature. Note that the amplifier will only detect a
motor over temperature condition if an amplifier input has been configured to detect this condition.

4 Communication error. The amplifier does not presently use this bit.

5-6 Reserved-for futureuse.

7 The'following'errors cause this bit to be set; Motor phasing error, tracking error, limit switch active.

TRACKING ERROR WINDOW INDEX 0x2120
Type Access Units Range Map PDO | Memory

Integer 32 RW Counts 0-2,147,483,647 YES RF
Description

Also known as Position Tracking Error Limit. Specifies the maximum absolute Position Error
(index Ox60F4, p. 116) allowed before a tracking error event is triggered. If the Position Error
exceeds this value, then the tracking warning bit (bit 18) is set in the Manufacturer Status Register
(index 0x1002, p. 56).Using the Fault Mask object (index 0x2182, p. 63), the tracking error event
can be configured to either disable the amplifier immediately, or abort the present move and
continue holding position.
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FAULT MASK INDEX 0x2182
Type Access Units Range Map PDO | Memory
Unsigned 32 RW - See Description, below. YES RF
Description

This variable is used to configure which amplifier events cause latching faults. Setting a fault mask
bit to 1 causes the associated amplifier event to cause a latching fault when it occurs. Setting a
fault mask bit to 0 disables fault latching on the associated event.

Latched faults may cleared using the Latching Fault Status Register Object (index 0x2183,.p: 64).

The fault mask is bit-mapped as follows:

Bits

Contents

0

Data flash CRC failure. This bit is read only and cannot be cleared. It indicates that the amplifier detected
corrupted flash data values on startup. The amplifier will remain disabled and indicatea fault condition.

Amplifier internal error. This bit is read only and cannot be cleared. It indicates that theramplifier failed its
power-on self-test. The amplifier will remain disabled and indicate a fault condition.

2 Short circuit. If set, then the amplifier will latch a fault condition when a short.circuit is detected on the motor
outputs. If clear, the amplifier will disable its outputs for 100 milliseconds and then re-enable.

3 Amplifier over temperature. If set, this bit will cause an amplifier over temperature condition to act as a latching
fault. If clear, the amplifier will re-enable as soon as it cools sufficiently.

4 Motor over temperature. If set, an active input on a motor temperature sensor will cause the amplifier to latch a
fault condition. If clear, the amplifier will re-enable as soon as the over temperature input becomes inactive.

5 Over voltage. Determines whether excessive bus voltage will,cause a latching fault.

6 Under voltage. Determines whether inadequate bus voltage will.cause a latching fault.

7 Feedback fault. Allows encoder power errors to causelatching.faults. Feedback faults occur if: a digital
encoder draws too much current from the 5-volt source on the amplifier; a resolver or analog encoder is
disconnected; a resolver or analog encoder hasevels out.of tolerance. This is not available for all amps.

8 Phasing error. If set, phasing errors are latched-If clear;,the amplifier is re-enabled when the phasing error is
removed.

9 Tracking error. If set, a tracking error willxcause the amplifier to latch in the disabled state. If clear, a tracking
error will cause the present move to.be aborted, but the amplifier will remain enabled.

10 Output current limited by I°T algorithm.

11 FPGA failure. This bit is read.only and.cannot be cleared. It indicates that the amplifier detected an FPGA
failure. The amplifier will remain disabled and indicate a fault condition.

12 Command input lost fault.\If setiprograms the amplifier to latch in the disabled state when the command input
is lost. This fault is curréntly only available on special amplifiers.

13- Reserved

31
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LATCHING FAULT STATUS REGISTER INDEX 0X2183
Type Access Units Range Map PDO [ Memory
Unsigned 32 RC - - YES R
Description

Bit-mapped to show which latching faults have occurred in the amplifier. When a latching fault has
occurred, the fault bit (bit 22) of the Manufacturer Status Register object (index 0x1002, p. 56) is
set. The cause of the fault can be read from this register.

To clear a fault condition, write a 1 to the associated bit in this register.

The events that cause the amplifier to latch a fault are programmable. See Fault Mask object
(index 0x2182, p. 63) for details.

Latched Faults

Bit Fault Description

Data flash CRC failure. This fault is considered fatal and cannot be cleared.

Amplifier internal error. This fault is considered fatal and cannot be cleared,

Short circuit.

Amplifier over temperature.

Motor over temperature.

Over voltage.

Under voltage.

Feedback fault.

Phasing error.

©| O Nl O| O] M| W N| =~ O

Tracking error.

N
o

Over Current,

11-31 Reserved,
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3.4: Basic Amplifier Configuration Objects

Objects described in this section provide access to basic amplifier parameters. They include:

They include:
Device Name  INdeX OXT008 ...... ... e e e e e e e e s s e e s e s s e e endls 67
Hardware Version String  INdeX OXT1009 ..ot e e e e e e e e e e e e e re e e e e e e e e snne e es 67
Store Parameters  Index OXT1010. ... 67
Store All Objects  Index 0x1010, SUD-INAEX 1 ...coooiiiiiiiieiee e e 67
Store Communication Parameters Index 0Xx1010, SUb-iNdeX 2.........coiiiiiiiiiiiieieee i S 68
Store Device Profile Parameters  Index 0x1010, SUb-INAEX 3.....ccooiiiiiiiiiiiie et e 68
Store Manufacturer Specific Parameters  Index 0x1010, Sub-Index 4...................... 6 68
Software Version Number  Index OXT00A ......uiiiiiiiiiee el Shpteee e s steee e e sneeeeeens 68
Identity Object  INdeX OXTOM8 ..o e e Dottt 68
Vendor ID  Index 0X1018, SUD-INAEX 1 ......uiiiiiiiiie e e e e e e e e e e 69
Product Code Index 0X1018, SUD-INAEX 2 ......cooeiieieeeeeeeeeeeeeeee e o e e e e e e e e e eeeees 69
Revision Number Index 0x1018, Sub-INdexX 3 .........coooiiiiiiiiii O e 69
Serial Number Index OX1018, SUD-INAEX 4 ........eeenieeeeeee e T e 70
Amplifier Name  INdeX OX2TAD ........uuiiiiiie e e e et an e ah e e s ae e e e e e e s e st e e e eaeeeseeannreeeeaaeeas 70
Misc Amplifier Options Register  Index 0X2420.........o.ooiiiiiiiieee S 70
CANopen Network Configuration  INdeX OX21BO0 ........oeiiieiiiiiies S eeeeiiie e e e e ceseee e e e e e e e srree e e e e e e e enaans 71
Input Mapping for CAN Node ID  IndexX OX21B1 ... S e 72
CAN ID Selection Switch Value  INdex OX2197 ......uiiiiii e e ettt ttee et e e e e e e e 72
Multi-Mode Port Configuration — Index OX2241 ...........ooct iy Xttt 72
Supported Drive Modes  INdeX OXB502 .........ooeiieiiiiee et ee e N st e e e e e e ettt e e e e e e st re e e e e e e e e senrareeeaeeeeenanes 73
Amplifier Model Number  Index OX6503 ........ ..o e e e e e e e e e e e s e e e e e e e e e enneeeeeeaeeas 73
Amplifier Manufacturer  Index O0X6504 ...............cch oo e e 73
Manufacturer's Web Address  Index OXB505 i . oo i e e e 73
Amplifier Data  INdex OXB510 .....cccuviiiiiiee it 5 e e 73
Amplifier Serial Number Index 0x6510, SUD=INAEX 1 .........uuiiiiiiiiiiiiiiiiiiiiieierereveve e ererererereeereeeraaes 74
Amplifier Date Code Index 0x6510;,SUD-INAEX 2.......ceeeiiiiiieeie e 74
Amplifier Peak Current Index 0X6510, SUB-INAEX 3.......ooumiiiiiiiiieeee e rereraees 74
Amplifier Continuous Current Andex 0x8510, SUD-INAEX 4.........ccceviiiiiiee i 75
Amplifier Peak Current Time. & Index-0X6510, SUb-INAEX 5...........uvuiiiiiiiiiiiiieiiiiieieveieieveveverevevevereverereeeees 75
Amplifier Maximum Voltage *~ Index.0x6510, SUb-INAEX 6 ..........ccocurriiiiiieiiie e 75
Amplifier Minimum Voltage Index 0x6510, SUD-INAEX 7 .....cooor e 75
Amplifier Voltage Hysteresis\ ‘“Index 0x6510, SUb-INAEX 8 .........ccccumriiiiiii i 75
Amplifier MaximumtTemperature Index 0x6510, Sub-INdeX 9 ... 75
Amplifier Temperature Hysteresis Index 0x6510, Sub-INdex 10 ........ccooviiieiiiiiie e 75
Amplifier Current LoopPeriod Index 0x6510, Sub-Index 11 ... 75
Amplifier Servo Loop.Period  Index 0x6510, SUb-INAEX 12 .......cooiiiiiiiiiee e 76
Amplifier Type.Code Index 0x6510, Sub-Index 13 .. ... 76
CurrentCorresponding to Max A/D Reading Index 0x6510, Sub-Index 14 ..........cccovieveeeiiiicciiieeeeen, 76
Voltage Corresponding to Max A/D Reading Index 0x6510, Sub-Index 15 ..., 76
Analog Input Scaling Factor Index 0x6510, SUD-INAEX 16........c.ccoiiiiiiiiiiiee e 76
Amplifier'Minimum PWM Off Time  Index 0x6510, SUb-INAeX 17 ..........ouveiiiiiiieiiiiieiiiiveierevevevevevevevenanes 77
PWM'Dead Time At Continuous Current Limit  Index 0x6510, Sub-Index 18 ............cccceeiiviiieiiiinenne 77
PWM Dead Time At Zero Current  Index 0x6510, Sub-Index 19 ...........coiiiiiiiiiiiiiee e, 77
Peak Current Internal Regen Resistor Index 0x6510, Sub-Index 20...........ccccoeeeveiiiiiieeee e, 77
Continuous Current Internal Regen Resistor  Index 0x6510, Sub-Index 21 ..., 77
Time at Peak Current Internal Regen Resistor Index 0x6510, Sub-Index 22............ccccovvveeveeeiiiinnnen, 77
Analog Encoder Scaling Factor Index 0x6510, Sub-Index 23 ... 77
Firmware Version Number Index 0x6510, Sub-Index 24 .............c.oooiiiiiiiiiiiie e 77
Axis Count  Index OXB510, SUD-INAEX 25........eeoeeeeeeee e et e e e e e e 77
Internal Regen Current  Index 0x6510, SUD-INAEX 26 ...........ovviiiiiiiiiiiiiieie e 78
FPGA Image Version Index 0x6510, SUD-INAEX 27 ... 78
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Secondary Firmware Version Index 0x6510, Sub-INdex 28............coooiiiiiiiiiiiiie e 78
Firmware Version Number (Extended)  INdexX OX2422 ............ooiiiiiiiiiiiii e 78
Device TYpe  INAEX OXBTEF ... .. e e 78
PWM MODE  INAEX OX2140 ...coiiiiiieeeeiiite e ettt e ettt e sttt e e st e e s stte e e s estaeaesnseee e s ssseeeaansseeeeansseeeeanseeaesannees 79
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Device Type Index 0x1000

Type Access Units Range Map PDO | Memory
Unsigned 32 RO - See Description, below. NO -
Description

Describes the type of device and its functionality.

This 32-bit value is composed of two 16-bit components. The lower two bytes identify the device
profile supported by the device. This amplifier supports the DSP402 device profile, indicated by
the value 0x0192.

The upper two bytes give detailed information about the type of motors the drive can control. The
bit mapping of this value is defined by the CANopen Profile for Drives and Motion Control (DSP
402). For Copley Controls CANopen amplifiers, this value is 0x0006, indicating that €opley
Controls supports servo and stepper devices.

DEVICE NAME INDEX 0X1008
Type Access Units Range Map PDO [ Memory
Visible String RO - - NO -
Description

An ASCII string which gives the amplifier's model number.

HARDWARE VERSION STRING INDEX 0x1009
Type Access Units Range Map PDO | Memory
String RO - - NO -
Description

Describes amplifier hardware version.

STORE PARAMETERS INDEX 0X1010
Type Access Units Range Map PDO | Memory
Record RW 5 - NO R
Description

Allows the current values programmed.into the amplifier's objects to be saved to flash memory.
The various sub-index values of this object allow either all objects, or specific groups of objects to
be saved. Sub-index 0 contains-the number of sub-elements of this record.

STORE ALL OBJECTS INDEX 0X1010, SUB-INDEX 1
Type Access Units Range Map PDO | Memory
Unsigned 32 RW. - - NO R
Description

When read, this/object will return the value 1 indicating that the device is able to save objects in
this category:

When the ASCII string “save” (or, the corresponding 32-bit value 0x65766173) is written to this
object;.all objects in the object dictionary that can be saved to flash are written. Objects written to
flash will resume the stored value after an amplifier reset.

Note that not every object in the object dictionary may be written to flash. Presently, the objects
that define the amplifier's CANopen communication interface are not stored to flash and will
resume default values on startup. Most other objects may be stored to flash.
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STORE COMMUNICATION PARAMETERS

INDEX 0X1010, SUB-INDEX 2

Type Access Units Range Map PDO | Memory
Unsigned 32 RW - - NO R
Description

When read, this object returns the value 1, indicating that the device can save objects in this
category.

When the ASCII string “save” (or, the corresponding 32-bit value 0x65766173) is written to this
object, all objects in the object dictionary that can be saved to flash are written. Objects written to
flash resume the stored value after an amplifier reset.

Objects in the category are the objects with indexes in the range 0x1000 — Ox1FFF.

STORE DEVICE PROFILE PARAMETERS INDEX 0X1010;, SUB-INDEX 3

Type Access Units Range Map PDO | Memory
Unsigned 32 RW - - NO R
Description

When read, this object returns the value 1, indicating that the device-can save objects in this
category.

When the ASCII string “save” (or, the corresponding 32-bit value'0x65766173) is written to this
object, all objects in the object dictionary that can be savedto flash are written. Objects written to
flash resume the stored value after an amplifier reset.

Objects in the category are the objects with indexes in‘the range 0x6000 — Ox9FFF.

STORE MANUFACTURER SPECIFIC PARAMETERS INDEX 0X1010, SUB-INDEX 4

Type Access Units Range Map PDO | Memory
Unsigned 32 RW - - NO R
Description

When read, this object returns the value 1 indicating that the device is able to save objects in this
category.

When the ASCII string “save” (or, the.corresponding 32-bit value 0x65766173) is written to this
object, all objects in the object dictionary that can be saved to flash are written. Objects written to
flash resume the stored-value after an amplifier reset.

Objects in the category. are the objects with indexes in the range 0x2000 — Ox5FFF.

SOFTWARE VERSION\NUMBER INDEX 0X100A

Type Access Units Range Map PDO | Memory
Visible String RO - - NO -

Description

Contains an ASCII string listing the software version number of the amplifier.

IDENTITY OBJECT INDEX 0x1018
Type Access Units Range Map PDO | Memory
Record RO - - NO -

Description

This object can uniquely identify an amplifier by unique manufacturer ID, serial number, and
product revision information. Sub-index 0 contains the number of sub-elements of this record.
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VENDOR ID INDEX 0X1018, SUB-INDEX 1
Type Access Units Range Map PDO | Memory
Unsigned 32 RO - 0x000000AB NO -
Description

A unique identifier assigned to Copley Controls Corp.
The value of this identifier is fixed at: 0x000000AB

PrRobucT CODE INDEX 0X1018, SUB-INDEX 2
Type Access Units Range Map PDO | Memory
Unsigned 32 RO - See Description, below. NO -
Description

Identifies the specific amplifier model. Also known as Amplifier Hardware Type:identical to
Amplifier Type Code (index 0x6510, Sub-Index 13, p. 76). The currently defined‘values for this

object are:
Value Product
0x0200 ACM: Accelnet Module.
0x0201 XSL: Xenus Panel (obsolete).
0x0203 ACP: Accelnet Panel (obsolete).
0x0206 XSL-R: Xenus Panel, resolver version.
0x0207 XSL: Xenus Panel.
0x0209 ACJ: Accelnet Micro Panel.
0x020b ACP: Accelnet Panel.
0x020c ACK: Accelnet Micro Module.
0x020e Special.
0x020f Special.
0x0210 ACJ-S: Accelnet Micro Panel, analog encoder version.
0x0240 STM: Stepnet Module.
0x0242 STP: Stepnet Panel.
0x0243 STL: Stepnet Micro Module.
0x0300 ASP: Accelnet Panel, dual axis:
0x0310 XSJ(S): Xenus Micro Panel
0x0320 XTL-R: Xenus\Panel, fesolver version.
0x0330 XTL(S): Xenus Panel.
0x0340 XSJ-R:Xenus_Micro Panel, resolver version
0x0380 AER:Accelnet’EtherCat Panel.
0x0350 STX: Stepnet AC Panel
0x03a0 ADP: Accelnet Panel
REVISIONNUMBER INDEX 0X1018, SUB-INDEX 3
Type Access Units Range Map PDO | Memory
Unsigned 32 RO - - NO -
Description

Identifies the revision of the CANopen interface.
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SERIAL NUMBER INDEX 0X1018, SUB-INDEX 4
Type Access Units Range Map PDO | Memory
Unsigned 32 RO - - NO -
Description

The amplifier's serial number. Holds the same value as Amplifier Serial Number (index 0x6510,
Sub-Index 1, p. 74).

AMPLIFIER NAME INDEX 0X21A0
Type Access Units Range Map PDO | ‘Memory
Visible string RW - - NO F
Description

This object may be used to assign a name to an amplifier. The data written here. is stored to flash
memory and is not used by the amplifier. Although this object is documented‘as-holding a string
(i.e. ASCII data), any values may be written here. Up to 40 bytes are stored.

Misc AMPLIFIER OPTIONS REGISTER INDEX 0x2420
Type Access Units Range Map PDO | Memory
Unsigned 32 RW - - YES RF

Description

Miscellaneous Amplifier Options Register. Bit-mapped as follows:

Bit Description

0 If set, input pins 1, 2, and 3 are pulled high on the amplifier. If ¢clear the pins are not pulled up. This option is
only available on the Junus ampilifier.
Reserved.

2 If set, limit switch inputs will only abort a trajectory in)progress, but will not affect current output. If clear, limit
switches limit current.

3-31 Reserved.
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CANOPEN NETWORK CONFIGURATION INDEX 0x21B0
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - See Description, below. NO RF
Description

This object is used to configure the CANopen network bit rate and node ID for the amplifier.
The bit rate is read only at power-up or reset.

Likewise, the ID is calculated at power-up or reset (and only then) using a combination of general-
purpose input pins and a programmed offset value. On certain models, an address switch’is also
used. The resulting value is clipped to a 7-bit ID in the range 0 to 127.

The configuration parameter is bit-mapped as follows. Values written here are stored'to flash
memory. The new network configuration will not take effect until the amplifier is.reset.

Bit Description
0-6 Give the node ID offset value.
7 Used only on DeviceNet firmware. If this bit is set, then the drive will be software disabled on startup and will

remain disabled until it is enabled by a DeviceNet I/O message with the enable bit set.

8-10 Number of input pins (0-7) to read on startup for the node ID value. If-input pins are used (i.e., the value in
bits 8-10 is not zero), the inputs can be mapped to node ID bits through the object Input Mapping for CAN
Node ID (index 0x21B1, p. 72).

11 This bit is ignored on amplifiers that do not have an address-switch.

On amplifiers with an address switch, setting this bit programs the amplifier to use the address selector
switch as part of the address calculation. In this case, thenode-ID value is equal to the sum of:

The value read from the designated input pins, shifted up 4 bits.
The address switch value.
The programmed offset value.

Note that since the node ID is always clipped.to the‘lowest 7 bits, no more than 3 input pins will ever have
an effect on the node address when the address (switch is used.

12-15 Network bit rate setting.

The network bit rate is encoded as one of the following values:

Code Bit Rate (bits / second)

0 1,000,000

800,000

500,000

250,000

125,000

50,000

20,000

N| O O | W N —~

-15 Réservedforfuture use
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INPUT MAPPING FOR CAN NODE ID INDEX 0x21B1
Type Access Units Range Map PDO | Memory
Unsigned 32 RW - See Description, below. NO F
Description

When the CANopen Network Configuration object (index 0x21B0, p. 71) indicates that 1 or more
input pins will be used to select the CAN node ID, this mapping register is used to select which
input pins will be mapped to which ID bit. Fields include:

Bit Description

0-3 Identify the general purpose input pin associated with ID bit 0.
4-7 Identify the general purpose input pin associated with ID bit 1.
8-11 Identify the general purpose input pin associated with ID bit 2.

12-15 Identify the general purpose input pin associated with ID bit 3.

16-19 Identify the general purpose input pin associated with ID bit 4.

20-23 Identify the general purpose input pin associated with ID bit 5.

24-27 Identify the general purpose input pin associated with ID bit 6.

28-30 Reserved for future use.

31 Set to enable this register. Clear to use default mapping.

If bit 31 is zero, then a default bit mapping is used and the rest'‘ofithis register is ignored. The
default bit mapping uses the top N input pins and maps them such that the high-numbered pins
are used for higher-numbered bits in the ID. For example, the Accelnet panel amplifier has 12
general purpose input pins (0 to 11). If 3 of these pins arerused for ID configuration and the
default mapping is used, then the highest 3 pins (9, 107and™ 1) will be used for the ID. In this case,
pin 9 is bit 0, pin 10 is bit 1 and pin 11 is bit 2. If bit'31 is set, then the rest of this register is used
to define which input pin is assigned to which bit'of the/ID; The input pins are numbered from 0 to
15 and each nibble of the register gives the input pin.number associated with one bit of the ID.
For example, if three input pins are configured for‘address selection and the mapping register is
set to 0x80000012, then input pin 2 is.used fordD bit 0, input pin 1 is used for ID bit 1, and input
pin 0 is used for ID bit 2.

Note that the CAN node ID is calculated at startup only. The input pins assigned to the node ID
are sampled once during power.up andused to calculate the ID. These pins may be assigned
other uses after power up if necessary.

CAN ID SELECTION.SWITCHVALUE INDEX 0X2197
Type Aceess Units Range Map PDO | Memory
Integer 16 RO - 0-15 YES -
Description

This object gives the current state of the CAN address switch. For amplifiers that do not have a
switch, the'valug returned is undefined.

MuLTI-MODE PORT CONFIGURATION INDEX 0x2241
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - - YES RF
Desecription

Multi-mode Port Configuration. The available settings are:

Value Description

0 Output buffered primary encoder (hardware buffering).

1 Configure pins as inputs.

2 Output simulated encoder outputs tracking motor encoder.

3 Output simulated encoder outputs tracking position encoder.
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SUPPORTED DRIVE MODES INDEX 0X6502
Type Access Units Range Map PDO | Memory
Unsigned 32 RO - See Description, below. NO -
Description

This bit-mapped value gives the modes of operation supported by the amplifier.

The standard device profile (DSP402) defines several modes of operation. Each mode is assighed
one bit in this variable. A drive indicates its support for the mode of operation by setting the
corresponding bit. The modes of operation supported by this device, and their corresponding bits
in this object, are as follows:

Bit Description

0 Position profile mode.

1 Profile velocity mode.

3 Profile torque mode.

5 Homing mode.

6 Interpolated Position Mode.

The current version of amplifier firmware supports only these five mades of operation and the
corresponding bits are the only ones set in the object. Therefore the expected value of this object
is 0x00000061.

Future versions of Copley Controls CANopen amplifier firmware might support additional operating
modes. If so, those versions will return additional values:!

AMPLIFIER MODEL NUMBER INDEX 0X6503
Type Access Units Range Map PDO | Memory
Visible String RO - - NO -
Description

This ASCII string gives the amplifier model number.

AMPLIFIER MANUFACTURER INDEX 0x6504
Type Access Units Range Map PDO | Memory
Visible String RO s - NO -
Description

This ASCII string identifies the amplifier's manufacturer as “Copley Controls Corp.”.

MANUFACTURER’S WEB ADDRESS INDEX 0X6505
Type Access Units Range Map PDO | Memory
Visible String RO - - NO -
Description

This/ASCllI string gives the web address of Copley Controls.

AMPLIFIER DATA INDEX 0X6510
Type Access Units Range Map PDO | Memory
Record RO - - NO -
Description

This record lists various amplifier parameters. Sub-index 0 contains the number of sub-elements
of this record.

Copley Controls Corporation 73




3: Device Control, Configuration, and Status

CANopen Programmer’s Manual

AMPLIFIER SERIAL NUMBER

INDEX 0X6510, SUB-INDEX 1

Type Access Units Range Map PDO | Memory
Integer 32 RO - - NO -
Description

Gives the amplifier serial number.

AMPLIFIER DATE CODE

INDEX 0X6510, SUB-INDEX 2

Type Access Units Range Map PDO | Memory
Visible string RO - - NO -
Description

Date of manufacture of the amplifier.

AMPLIFIER PEAK CURRENT

INDEX 0X6510, SUB-INDEX 3

Type Access Units Range Map PDO | Memory
Integer 16 RO 0.01 amps - NO -
Description

The amplifier's peak current rating.
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AMPLIFIER CONTINUOUS CURRENT

INDEX 0X6510, SUB-INDEX 4

Type Access Units Range Map PDO | Memory
Integer 16 RO 0.01 amps - NO -
Description
The amplifier's continuous current rating.
AMPLIFIER PEAK CURRENT TIME INDEX 0X6510, SUB-INDEX 5
Type Access Units Range Map PDO | Memory
Integer 16 RO milliseconds - NO -
Description

The maximum time for which the amplifier is rated to output peak current.

AMPLIFIER MAXIMUM VOLTAGE

INDEX 0X6510, SUB-INDEX 6

Type Access Units Range Map PDO | Memory
Integer 16 RO 0.1 volts - NO -
Description
Maximum bus voltage rating for amplifier.
AMPLIFIER MINIMUM VOLTAGE INDEX 0X6510, SUB-INDEX 7
Type Access Units Range Map PDO | Memory
Integer 16 RO 0.1 volts - NO -
Description
Minimum bus voltage rating for amplifier.
AMPLIFIER VOLTAGE HYSTERESIS INDEX 0X6510, SUB-INDEX 8
Type Access Units Range Map PDO | Memory
Integer 16 RO 0.1 volts - NO -
Description
Hysteresis for maximum bus voltage cut-out.
AMPLIFIER MAXIMUM TEMPERATURE INDEX 0X6510, SUB-INDEX 9
Type Access Units Range Map PDO | Memory
Integer 16 RO degrees centigrade - NO -
Description
Temperature limit(for amplifier.
AMPLIFIER ‘TEMPERATURE HYSTERESIS INDEX 0X6510, SUB-INDEX 10
Type Access Units Range Map PDO | Memory
Integer'16 RO degrees centigrade - NO -
Description
Hysteresis value for amplifier over temperature cut-out.
AMPRLIFIER CURRENT LOOP PERIOD INDEX 0X6510, SUB-INDEX 11
Type Access Units Range Map PDO | Memory
Integer 16 RO 10 nanoseconds - NO -
Description
Current loop update period in 10-nanosecond units.
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AMPLIFIER SERVO LOOP PERIOD INDEX 0X6510, SUB-INDEX 12

Type Access Units Range Map PDO | Memory
Integer 16 RO - - NO -
Description

Servo loop update period as a multiple of the current loop period.

AMPLIFIER TYPE CODE INDEX 0X6510, SUB-INDEX 13

Type Access Units Range Map PDO | Memory
Integer 16 RO - See Description, below. NO -
Description

Identifies the specific amplifier model. Also known as Amplifier Hardware Type. Identical to
Product Code (index 0x1018, Sub-index 2, p. 69). The currently defined values for this object are:

Value Product
0x0200 ACM: Accelnet Module.
0x0201 XSL: Xenus Panel (obsolete).
0x0203 ACP: Accelnet Panel (obsolete).
0x0206 XSL-R: Xenus Panel, resolver version.
0x0207 XSL: Xenus Panel.
0x0209 ACJ: Accelnet Micro Panel.
0x020b ACP: Accelnet Panel.
0x020c ACK: Accelnet Micro Module.
0x020e Special.
0x020f Special.
0x0210 ACJ-S: Accelnet Micro Panel, analog encader version:
0x0240 STM: Stepnet Module.
0x0242 STP: Stepnet Panel.
0x0243 STL: Stepnet Micro Module.
0x0300 ASP: Accelnet Panel, dual axis.
0x0310 XSJ(S): Xenus Micro Panel.
0x0320 XTL: Xenus Panel, resolver version.
0x0330 XTL(S): Xenus Panel.
0x0340 XSJ-R: Xenus Micro Panel, resolver version
0x0380 AEP: Accelnet EtherCat Panel.
0x0390 AMP: Accelnet.Macro Panel.
0x0350 STX: Stepnet AC Panel
0x03a0 ADP: Accelnet Panel
CURRENT CORRESPONDING TO MAX A/D READING INDEX 0X6510, SUB-INDEX 14
Type Access Units Range Map PDO | Memory
Integer. 16 RO 0.01 amps - NO F

Amplifier.current corresponding to maximum A/D reading.

VOLTAGE CORRESPONDING TO MAX A/D READING

Type Access Units Range Map PDO | Memory
Integer 16 RO 0.1 volts - NO F

Amplifier voltage corresponding to maximum A/D reading.

INDEX 0X6510, SUB-INDEX 15

ANALOG INPUT SCALING FACTOR INDEX 0X6510, SUB-INDEX 16

Type

Access

Units

Range

Map PDO

Memory

Integer 16

RO

NO

F
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Amplifier analog input scaling factor.

AMPLIFIER MINIMUM PWM OFF TIME INDEX 0X6510, SUB-INDEX 17

Type Access Units Range Map PDO | Memory
Integer 16 RO 10 ns - NO F

This fixed amplifier parameter gives the minimum amount of time for which all PWM outputs must
be disabled for each current loop cycle.

PWM DEAD TIME AT CONTINUOUS CURRENT LIMIT INDEX 0X6510, SUB-INDEX 18
Type Access Units Range Map PDO | Memory
Integer 16 RO CPU cycles - NO F
This fixed amplifier parameter gives the PWM dead time used at or above the continuous current

limit. The dead time below the continuous current limit is a linear function of this parameter and
PWM Dead Time At Zero Current (index 0x6510, Sub-Index 19, p. 77).

PWM DEAD TIME AT ZERO CURRENT INDEX 0X6510, SUB-INDEX 19

Type

Access

Units

Range

Map PDO

Memory

Integer 16

RO

CPU cycles

NO

F

This fixed amplifier parameter gives the PWM dead time used at 6riabove the continuous current
limit. The dead time below the continuous current limit is a linear function of this parameter and
PWM Dead Time At Continuous Current Limit (index 0x6510, Sub-Index 18 p. 77).

PEAK CURRENT INTERNAL REGEN RESISTOR

INDEX 0X6510, SUB-INDEX 20

Type

Access

Units

Range

Map PDO

Memory

Integer 16

RO

0.01 amps

NO

F

The amplifier’s peak current rating for its internal regen-tesistor.

CONTINUOUS CURRENT INTERNAL REGEN RESISTOR

INDEX 0X6510, SUB-INDEX 21

Type

Access

Units

Range

Map PDO

Memory

Integer 16

RO

0.01 amps

NO

F

The amplifier's continuous current.rating for'its internal regen resistor.

TIME AT PEAK CURRENT INTERNAL)REGEN RESISTOR INDEX 0X6510, SUB-INDEX 22

Type Access Units Range Map PDO | Memory
Integer 16 RO ms - NO F

The amplifier's maximum time)at peak current rating for its internal regen resistor.

ANALOG ENCODER SCALING FACTOR INDEX 0X6510, SUB-INDEX 23

Type Access Units Range Map PDO | Memory
Integer 16 RO - - NO F

This parametersselects the resolution of an analog encoder input. The parameter is not used for

other encoder types.

FIRMWARE VERSION NUMBER

INDEX 0X6510, SUB-INDEX 24

Type Access

Units

Range

Map PDO | Memory

Unsigned 16 RO

NO F

The version number consists of a major version number and a minor version number. The minor
number is passed in bits 0-7; the major number is in bits 8-15. For example, the version 1.12

would be encoded 0x010C.

AXIS COUNT INDEX 0X6510, SUB-INDEX 25
Type Access Units Range Map PDO | Memory
Unsigned 16 RO - - NO F
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Returns the number of axis implemented by this amplifier.

INTERNAL REGEN CURRENT INDEX 0X6510, SUB-INDEX 26
Type Access Units Range Map PDO | Memory
Unsigned 16 RO mA - NO F

Amplifier internal maximum regen current.

FPGA IMAGE VERSION INDEX 0X6510, SUB-INDEX 2Y
Type Access Units Range Map PDO | Memory
Unsigned 16 RO - - NO R

FPGA firmware version number (available on certain amplifier models).

SECONDARY FIRMWARE VERSION INDEX 0X65105 SUB-INDEX 28
Type Access Units Range Map PDO [ Memory
Unsigned 32 RO - - NO R

Firmware version of second processor for amplifiers equipped with two processors.

FIRMWARE VERSION NUMBER (EXTENDED) INDEX 0x2422
Type Access Units Range Map PDO | Memory
Integer 32 RO - - NO F
Description

Firmware Version Number (extended). The upper 16 bits.give the same major/minor version
number as Firmware Version Number (index 0x6510, Sub-Index 24, p. 77). The lower 16 bits hold
a release number (upper byte) and a reserved byte-(lower):

DEVICE TYPE INDEX O0X67FF
Type Access Units Range Map PDO | Memory
Unsigned 32 RO - - NO -
Description

Holds the same data as object 0x1000. Repeated as required by the CANopen specification.
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PWM MODE INDEX 0x2140
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - See Description, below. NO RF
Description

PWM mode and status. This bit-mapped register allows some details of the PWM output to be
controlled and monitored. Fields are described below:

Bit Description

0 Force bus clamping if set, disable bus clamping if clear. Note that if bit 1 is set, then this bit is ignored.

1 Automatic bus clamping mode if set. Setting this bit causes bus clamping mode to be automatically.'selected
based on the output voltage. Bit 0 is ignored if this bit is set.

3 Factory reserved. If set, DBrk mode is enabled.

4 Use hex voltage limiting if set, circular limiting if clear. This setting is only used with brushless motors.

8 Status bit, set when bus clamping is active.
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3.5: Basic Motor Configuration Objects

Contents of this Section
Objects described in this section provide access to basic motor parameters. They include:

Motor Model Number  IndeX OXB403 ...ttt e e e e e e e eeetee e e e e e e e eeennanaeeeaeeeensndon 81
Motor Manufacturer  INA@X OXBA04......... .. e e e e e e e e e e e s e e e e e e e e e e e e s e e g et 81
Motor Data LaTo Lo 0 7 iy O I s 81
Motor Type Index 0x6410, SUD-INAEX T...cooiiiiiiie e e e dads e 81
Motor Pole Pairs Index 0X6410, SUD-INAEX 2 .........oomrreieiieeeeeeeee et ba e e e e e 81
Motor Wiring Configuration  Index 0x6410, SUD-INAEX 3 ......oomiiiiiiiiiiieee e rra e e 82
Hall Sensor Type Index 0x6410, Sub-IndeX 4. T, 82
Hall Sensor Wiring  Index 0X6410, SUD-INAEX 5.....ooovviiiiiiieiee e e 82
Hall Offset  Index Ox6410, SUD-INAEX B........euneiiiiieieeeeee e e e 83
Motor Resistance Index O0X6410, SUD-INAEX 7 .......oeiiiiiiiiiiiieieccceeceeceee e B b e e 83
Motor Inductance Index 0x6410, SUD-INAEX 8 ........oomreeiiiiieeee e T e 83
Motor Inertia  Index OXB410, SUD-INAEX O.....eunniieeeeeeeeeeeeeeeeeeereee e e e 83
Motor Back EMF  Index 0x6410, SUD-INAEX 10 ........oomueiieiieeeeeee e e T e e e e e 83
Motor Maximum Velocity Index 0x6410, Sub-INdeX 11..........ooiii st 83
Motor Torque Constant Index 0x6410, Sub-INdeX 12.........cccom et iiiiiiieceeeeeeeee e 83
Motor Peak Torque Index 0X6410, SUD-INAEX 13 ......ccoiiii e St a e e 84
Motor Continuous Torque Index 0x6410, Sub-INdeX 14 ... 0. e e 84
Motor Temperature Sensor Index 0x6410, SUD-INAEX 1575 . cceeeiiiiiiiiiiiie e 84
Motor Has A Brake Index 0x6410, Sub-INndex 16.....c. 0 . omd et 84
Motor Stopping Time  Index 0x6410, SUD-INAEX 17 ... .. i 84
Motor Brake Delay Index 0x6410, Sub-Index 18, . it 84
Motor Brake Velocity Index 0x6410, SUb-INAEX, 19 ...l i 85
Encoder Type Code Index 0x6410, SUb-INAeX 20 .05 et e e e e 85
Encoder Units  Index 0X6410, SUb-INdex 20 ... o i e 85
Motor Encoder Direction Index 0x6410, SUD=INAEX 22 .......cooomreieii e 85
Motor Counts/Rev  Index 0X6410,SUB-INAEX23 .......cooiiiiiieiiieeeeeeeeeeeeeece e 86
Motor Encoder Resolution  Index 0x6410,"Sub-INdeX 24 ............eoiiiieiiieeeee e 86
Motor Electrical Distance Index 0x6410/SUb-INAEX 25 .......oooiiiiiiieeeeeeeceeeeeeeee e 86
Reserved Index 0X6410, SUD-INAEXI26-27 ........oeeeeeeeeeeeeeeeeeee e et e e e e e e eenaanan 86
Analog Encoder Shift  Index 0x6410, SUD-INAEX 28 ..........ooeiiiiiiiie e 86
Microsteps/Rev  Index OXB410,5SUD-INAEX 29 .......ueeeeeceeeeeeeee e 86
Load Encoder Type «Index:0x6410, SUD-INAEX 30.......ouiiiiiiiiiiiiiie e a e 87
Load Encoder Dire¢tion . Index 0x6410, Sub-INdex 31 ........oommeiiiiiiee e 87
Load Encoder Resolution. Index 0x6410, SUb-INAEX 32.........coooviiiiiiiiii 87
Bi-Quad Filter‘Coefficients Index 0x6410, Sub-INdeX 33.........cooiiiiiiiiie e 88
Number of ResolverCycles/Motor Rev  Index 0x6410, Sub-INdexX 34..........ccooociiiiieiieeeiicieiieee e, 88
Motor Encoder Wrap  INdeX OX2220........ccooueiiiiiiiiee ettt e e 88
Load Encoder Wrap  INAeX OX2227 ........euiiiiiiie ettt e e e e e e e e e e e e e e e e st naeeeaeeseeannraeeeeaeeeaananes 88
Motor ENcoderOptions  INAeX OX2222 ... ettt e et e e e e e e e e e e e e e e e e e neneeeas 88
Load"Encoder Options  INAEX OX2223 .........cooiiiiiiiiiiiieiee e e e sttt e e e e e e s ae et e e e e e e sara e e e e e e s eeannrraeeeaeesaaaanes 89
Phasing Mode  INAEX OX2TC0........uuiiiiiiiie ettt e e e e e e bb e e e e nre e e e anes 89
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MOTOR MODEL NUMBER INDEX 0X6403
Type Access Units Range Map PDO [ Memory
Visible String RW - - NO F
Description

The motor's model number.

MOTOR MANUFACTURER INDEX 0x6404
Type Access Units Range Map PDO | Memory
Visible String RW - - NO F
Description

The motor's manufacturer name.

MOTOR DATA INDEX 0X6410
Type Access Units Range Map PDO [ Memory
Record RW - - NO -
Description

This record holds a variety of motor parameters.

Note that all motor parameters are stored to non-volatile memory on the amplifier. The
programmed values are preserved across power cycles. Sub-index 0 contains the number of sub-
elements of this record.

MOTOR TYPE INDEX 0X6410, SUB-INDEX 1
Type Access Units Range Map PDO | Memory
Integer 16 RW - See-Description, below. NO F
Description
Defines the type of motor connected tothe amplifier:
Type Description
0 Rotary motor.
1 Linear motor.
MOTOR POLE PAIRS INDEX 0X6410, SUB-INDEX 2
Type Access Units Range Map PDO [ Memory
Integer 16 RW. - 0-32,767 NO F
Description

Number of motar pole,pairs (electrical phases) per rotation. For example, a 1.8 deg/step motor
would require.setting motor poll pairs to 50.

This parameter(is only used for rotary motors. For linear motors its value is ignored.

Copley Controls Corporation 81




3: Device Control, Configuration, and Status

CANopen Programmer’s Manual

MOTOR WIRING CONFIGURATION

INDEX 0X6410, SUB-INDEX 3

Type Access Units Range Map PDO | Memory
Integer 16 RW - See Description, below. NO F
Description
Defines the direction of the motor wiring:
Type Description
0 Standard wiring.
1 Motor's U and V wires are swapped.

HALL SENSOR TYPE

INDEX 0X6410, SUB-INDEX 4

Type Access Units Range Map PDO [ Memory
Integer 16 RW - See Description, below. NO F
Description
Defines the type of Hall Effect sensors attached to the motor:
Type Description
0 No Hall sensors available.
1 Digital Hall sensors.
2 Analog Hall sensors.
HALL SENSOR WIRING INDEX 0X6410, SUB-INDEX 5
Type Access Units Range Map PDO [ Memory
Integer 16 RW - See)Deseription, below. NO F
Description

Defines the wiring of the Hall sensors. Bit-mapped as.follows (when analog Halls are used, only bit

8 is relevant):

Bits Description

0-2 The Hall wiring code (see below).

3 Reserved.

4 Invert W Hall input if set. Inversion.occurs after Halls wiring has been modified by bits 0-2.
5 Invert V Hall input if set“nversienyoccurs after Halls wiring has been modified by bits 0-2.
6 Invert U Hall input. if.set. Inversion occurs after Halls wiring has been modified by bits 0-2.
7 Reserved.

8 Swap analog‘Halls if.set.

9-15 Reserved;

The Hall wiring.codes define the order of the Hall connections:

Code

Hall ordering

0

Uvw

U WV

VUW

VWU

wVvu

wuv

~NO| o B W N~

Reserved

Reserved
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HALL OFFSET INDEX 0X6410, SUB-INDEX 6
Type Access Units Range Map PDO | Memory
Integer 16 RW degrees -360 - 360 NO F
Description
Offset angle to be applied to the Hall sensors.
MOTOR RESISTANCE INDEX 0X6410, SUB-INDEX 7
Type Access Units Range Map PDO | Memory
Integer 16 RW 0.01 Ohm 0-32,767 NO F
Description
Motor winding resistance, in 0.01-Ohm units.
MOTOR INDUCTANCE INDEX 0X6410, SUB-INDEX 8
Type Access Units Range Map PDO | Memory
Integer 16 RW 0.01 milliHenry 0-32,767 NO F
Description
Motor winding inductance, in 0.01-milliHenry units.
MOTOR INERTIA INDEX 0X6410, SUB-INDEX 9
Type Access Units Range Map PDO | Memory
Integer 32 RW Rotary: 0-2,147,483,647 NO F
0.000001 Kg / cm?
Linear: 0.0001 Kg.
Description
Motor inertia.

MOTOR BACK EMF

INDEX 0X6410, SUB-INDEX 10

Type Access Units Range Map PDO | Memory
Integer 32 RW Rotary: 0.01\W/KRPM 0-2,147,483,647 NO F
Linear;0:01 V/mps
Description

Motor back-EMF constant.

MOTOR MAXIMUM VELOCITY

INDEX 0X6410, SUB-INDEX 11

Type Access Units Range Map PDO | Memory
Integer 32 RW 0.1 counts / second 0 - 500,000,000 NO F
Description

Maximum motor velocity.

MOTOR TORQUE CONSTANT

INDEX 0X6410, SUB-INDEX 12

Type Access Units Range Map PDO | Memory
Integer 32 RW Rotary: 0.001 Nm / Amp 0-2,147,483,647 NO F
Linear: 0.00001 N.
Description
Motor Torque (Force) constant.
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MOTOR PEAK TORQUE INDEX 0x6410, SUB-INDEX 13
Type Access Units Range Map PDO | Memory
Integer 32 RwW Rotary: 0.001 Nm 0-2,147,483,647 NO F
Linear: 0.00001 N

Description
Motor Peak Torque (Force).

MOTOR CONTINUOUS TORQUE INDEX 0X6410, SUB-INDEX 14
Type Access Units Range Map PDO | Memory
Integer 32 RW Rotary: 0.001 Nm/Amp 0-2,147,483,647 NO F
Linear: 0.00001 N/Amp

Description
Motor Continuous Torque (Force).

MOTOR TEMPERATURE SENSOR INDEX 0X6410, SUB-INDEX 15
Type Access Units Range Map PDO | Memory
Integer 16 RW - See Description, below: NO F
Description
Value Description
0 No temperature sensor available.
1 Temperature sensor is available.
MOTOR HAS A BRAKE INDEX 0X6410, SUB-INDEX 16
Type Access Units Range Map PDO [ Memory
Integer 16 RW - See Description, below. NO F
Description
Value Description
0 The motor has a brake.
1 The motor does not have a brake:
MOTOR STOPPING TIME INDEX 0X6410, SUB-INDEX 17
Type Access Units Range Map PDO [ Memory
Integer 16 RW milliseconds 0-10,000 NO F
Description

Also known as Brake/Stop Delay Time. When the amplifier is disabled, it will actively decelerate
the motor for this @amount of time (in milliseconds) before activating the brake output.

This delay may,be cut’short if the motor velocity falls below the value programmed in Motor Brake
Velocity (index 0x6410, Sub-Index 19, p. 85).

MOTOR BRAKE DELAY INDEX 0X6410, SUB-INDEX 18
Type Access Units Range Map PDO | Memory
Integer 16 RW milliseconds 0-10,000 NO F
Deseription

After the brake output is activated, the amplifier will stay enabled for this amount of time to allow
the brake to engage.

84 Copley Controls Corporation



CANopen Programmer’s Manual 3: Device Control, Configuration, and Status

MOTOR BRAKE VELOCITY

Type Access Units
Integer 32 RW 0.1 counts / second

INDEX 0X6410, SUB-INDEX 19

Range Map PDO | Memory
0 - 500,000,000 NO F

Description

During the Motor Stopping Time (index 0x6410, Sub-Index 17, p. 84), if the motor's actual velocity
falls below this value the brake output is activated immediately.

ENCODER TYPE CODE

Type Access Units
Integer 16 RW -

INDEX 0X6410, SUB-INDEX 20

Range Map PDO | iMemory
See Description, below. NO F

Description
Also known as Motor Encoder Type. Identifies the type of encoder attached to the motor:

Value

Description

Primary incremental quadrature encoder.

No encoder.

Analog encoder.

Multi-mode port incremental quadrature encoder

Analog Halls used for position feedback.

Resolver input.

Digital Halls.

Analog encoder, special.

Yaskawa Sigma-Mini SGMM.

O©| | N[O O M| WO DN = O

Panasonic Minas-A.

-
o

SPI Command

—_
—_

SSI

12

EnDat 2.2

ENCODER UNITS

INDEX 0X6410, SUB-INDEX 21

Type

Access

Units

Range

Map PDO

Memory

Integer 16

RW

See Description, below.

NO

F

Description

This value defines the.units used to describe linear motor encoders. It is not used with rotary

motors.

Value

Description

0

microns

1

nanometers

2

millimetefs

MOTOR ENCODER DIRECTION INDEX 0X6410, SUB-INDEX 22

Typé Access Units Range Map PDO | Memory
Integer 16 RW - See Description, below. NO F
Description

Motor encoder direction. Value 0 for standard, value 1 to reverse direction.
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MOTOR COUNTS/REV INDEX 0X6410, SUB-INDEX 23
Type Access Units Range Map PDO | Memory
Integer 32 RW counts / rev 0-2,147,483,647 NO F
Description

For rotary motors gives the number of counts/motor revolution. When a resolver is used as the
motor feedback device, this parameter sets the resolution of the interpolated position. This
parameter is not used for linear motors.

MOTOR ENCODER RESOLUTION

INDEX 0X6410, SUB-INDEX 24

Type Access Units Range Map PDQ . Memory
Integer 16 RW encoder units / count 0-32,767 NO F
Description

Number of Encoder Units (sub-index 21)/ count. Only used with linear motors.

MOTOR ELECTRICAL DISTANCE

INDEX 0%6410, SUB-INDEX 25

Type Access Units Range Map PDO | Memory
Integer 32 RW encoder units / cycle 0-2,147,483,647 NO F
Description

Number of Encoder Units (sub-index 21) / motor electrical cyele. Only used with linear motors.

RESERVED INDEX 0X6410, SUB-INDEX 26-27
Type Access Units Range Map PDO | Memory
RESERVED - - - NO F
Description
Reserved.
ANALOG ENCODER SHIFT INDEX 0X6410, SUB-INDEX 28
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - 0-10 NO F
Description

This value gives the number of bits 0f interpolation to be applied to an analog encoder. The

fundamental encoder resolution Will'be increased by a multiplier of 2" where n is the value

programmed in this parameter.The range of this value is 0 to 8 giving possible multipliers of 1 to

256.
MICROSTEPS/REV INDEX 0X6410, SUB-INDEX 29
Type Access Units Range Map PDO | Memory
Integer.32 RW microsteps - NO F
Description

Micrestepscper revolution for microstepping motors.
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LOAD ENCODER TYPE

INDEX 0X6410, SuB-INDEX 30

Type

Access Units Range Map PDO | Memory

Unsigned

16 RW See Description, below. NO F

Description

Also known as Position Encoder Type. This bit-mapped value defines the type of encoder

attached to

the load:

Bits

Description

0-2

Encoder Type (see below).

3

Reserved.

4

Linear encoder if set, rotary encoder if clear.

5

Passive load encoder if set.

The encoder type codes define the type of encoder.

Code

Encoder Type

0

No load encoder present.

Primary incremental quadrature encoder.

Analog encoder.

Multi-mode port incremental quadrature encoder.

Low frequency analog encoder

a1l Bl W| N =

Resolver.

LOAD ENCODER DIRECTION

INDEX 0X6410, SUB-INDEX 31

Type Access Units Range Map PDO [ Memory
Unsigned 16 RW - See Description, below. NO F
Description

Also known as Position Encoder Direction. Load encoder direction. Value 0 for standard, value 1
to reverse direction.

LOAD ENCODER RESOLUTION

INDEX 0X6410, SUB-INDEX 32

Type Access Units Range Map PDO [ Memory
Integer 32 RW encoder units*/,count 0-2,147,483,647 NO F
Description

Only used with linear mators. Also known as Position Encoder Resolution. Number of Encoder
Units | encoder count:-For information, see Encoder Units (index 0x6410, Sub-Index 21, p. 85).
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BI-QUAD FILTER COEFFICIENTS INDEX 0x6410, SUB-INDEX 33
Type Access Units Range Map PDO | Memory
RESERVED - - - NO F
Description
Reserved.
NUMBER OF RESOLVER CYCLES/MOTOR REV INDEX 0X6410, SUB-INDEX 34
Type Access Units Range Map PDO | Memory
Unsigned 16 - - - NO F
Description

Number of Resolver Cycles/Motor Rev. This parameter is only used with resolver feedback
devices.

MOTOR ENCODER WRAP INDEX 02220
Type Access Units Range Map PDO | Memory
Integer 32 RW Counts - NO RF
Description

Actual motor position will wrap back to zero when this value is reached. Setting this value to zero
disables this feature.

LOAD ENCODER WRAP INDEX 0x2221
Type Access Units Range Map PDO | Memory
Integer 32 RW Counts - NO RF
Description

Actual load position will wrap back to zero when this value is reached. Setting this value to zero
disables this feature.

MOTOR ENCODER OPTIONS INDEX 0X2222
Type Access Units Range Map PDO | Memory
Integer 32 RW - - NO F
Description

Specifies various configurationoptions for the motor encoder. The mapping of option bits to
function depends on the encoder type.

Quadrature Encoder

Bit Description

0 If set; ignoreddifferential signal errors (if detected in hardware).

1 If set, select single ended encoder inputs (if available in hardware).
EnDat Encoder.

Bit Description

0-4 Number of bits of single turn data available from encoder.

8-12 Number of bits of multiturn data available from encoder.

16 Set if analog inputs are supplied by encoder.

88 Copley Controls Corporation



CANopen Programmer’s Manual 3: Device Control, Configuration, and Status

LoAD ENCODER OPTIONS INDEX 0x2223
Type Access Units Range Map PDO | Memory
Integer 32 RW - - NO F
Description

Specifies various configuration options for the motor encoder. The mapping of option bits to
function depends on the encoder type.

Quadrature Encoder

Bit Description

0 If set, ignore differential signal errors (if detected in hardware).

1 If set, select single ended encoder inputs (if available in hardware).

EnDat Encoder

Bit Description

0-4 Number of bits of single turn data available from encoder.

8-12 Number of bits of multiturn data available from encoder.

16 Set if analog inputs are supplied by encoder.
PHASING MODE INDEX 0X21CO

Type Access Units Range Map PDO | Memory
Integer 16 RW - See Desciription, below. NO RF

Description

Controls the mechanism used by the amplifier to compute the motor phasing angle. Determines
what inputs the amplifier uses to initialize and maintain the'phase angle. This variable is normally
set using CME and stored to flash, but it can also be accessed via object 0x21CO.

The values that can be programmed into this.object are as follows:

Code Description

0 Standard mode. Use digital Hall inputs-to initialize phase, then switch to an encoder to maintain it. The
encoder is the primary sensing device with.the Hall effect sensors used to monitor and adjust the phase
angle as necessary during operation. This‘'mode gives smooth operation and should be selected for most
applications.

1 Trapezoidal (hall based) phasing. The Hall sensors are used for phasing all the time. This mode can be
used if no encoder is available.

2 Like mode 0 except that the‘phase angle is not adjusted based on the Hall inputs. Hall sensors are still
required to initialize-the.phase angle at startup.

Analog Halls (90°). Only’available on amplifier's with the necessary analog inputs.

DC Brush:

Algorithmic phase“init mode (wake & wiggle).

Encoder based phasing. Use with resolver or Servo Tube motor.

~N| ol o M| W

Trapezoidal commutation with phase angle interpolation.

Algorithmic Phase Init Mode Details

When mode’'5 is selected the amplifier enters a state machine used to initialize its phase. While
the amplifier is performing this operation, bit 29 of the Manufacturer Status Register (0x1002) is
set.

Atthe start of the phase init algorithm the amplifier will wait to be enabled. Once enabled, the main
algorithm will start. If the amplifier is disabled during the phase initialization, it will wait to be
enabled again and start over.

When the phase init algorithm ends successfully, bit 29 the Manufacturer Status Register
(0x1002) is cleared and the ampilifier will start using the encoder input to maintain its phasing info.
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If the algorithm fails for any reason, bit 29 remains set and bit 6 (phase error) is also set in the

status word. The amplifier is then disabled.

To restart the phase init algorithm, object 0x21CO can be written with the value 5. Bit 29 of the
status register will immediately be set and the phase init algorithm will restart as soon as the
amplifier is enabled.

Note that no profiles can be started until the phase init algorithm is completed.

MAX CURRENT TO USE WITH ALGORITHMIC PHASE INITIALIZATION INDEX 0X21C2
Type Access Units Range Map PDO | Memory
Unsigned 16 RW 0.01 amps - YES RF
Description
See Algorithmic Phase Init Mode Details (p. 89).
ALGORITHMIC PHASE INITIALIZATION TIMEOUT INDEX 0x21C3
Type Access Units Range Map PDO | Memory
Unsigned 16 RW milliseconds - YES RF
Description
See Algorithmic Phase Init Mode Details (p. 89).
ALGORITHMIC PHASE INITIALIZATION CONFIG INDEX 0x21C4
Type Access Units Range Map PDO | Memory
Unsigned 16 RW milliseconds - YES RF
Description
See Algorithmic Phase Init Mode Details (p. 89): Bit-mapped:
Bits Description
0 If clear, use algorithmic phase initialization.
If set force the phase angle to zero(degrees.
1 If set, increment the initial phase ‘angle by-90 degrees after each failed attempt.
2 If set, use the Hall Offset (index 0x6410, Sub-Index 6, p. 83), as the initial angle for the first attempt.
3-15 Reserved.
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3.6: Real-time Amplifier and Motor Status Objects

Contents of this Section
This section describes the following objects:

Analog/Digital Reference Input Value  IndeX 0X2200 ...........oeiiiiiiiiiiiiiieeiieiee e eeeeadls 92
High Voltage Reference  INdexX OX2207 ......cooiiiiiiiiiiie et e e e e s e e e e e e et e e e e e e e e enne e es 92
Amplifier Temperature  Index OX2202 ... e e e e e s eee e e e e e e e 92
System Time  INAEX OX2141 ...t e e e e e e e e e s e sanre e e e e e e e s sennnseneaeeeeennnssegiadadiannnnns 92
Winding A Current  INdex OX2203.........coooiiiiiiiiiie ettt e sbe e e e sane e ey e e nnee s 92
Winding B Current  INAEX OX2204........ccoceeiiieiieiee e ettt e e e e e e e st ae e e e e e e s esanssesesrma BT ennnnreeeeaaeeas 92
Sine Feedback Voltage  INdeX OX2205........ccoouiiiiiiiiiiiiiiiee e B et 92
Cosine Feedback Voltage INAeX OX2206............ccccuiriiiieeeieiiiiiieeeeeeeeeseiiieeeeeeeesesdee e e e e ennrneeeeaeeeeennes 92
A/D Offset Value  INdeX OX2207 ........oooiiiiieiiiieiiee e ee e eeeeeee e e e sneeee e e faafesn e e e e e e e e e e anneeeeeeaeens 93
Current Offset A INAEX OX2210 .....ueiiieiiiiie et e reree e Pa e Db e e e nee e e e e neeeeeenbeeeeennees 93
Current Offset B INA@X OX2211 .ot e e B es P eeee e e e e e e e ammnemeeeeaeeeeaannns 93
Motor Phase Angle  INdeX OX2260...... ... e s e 93
Motor Phase Angle  INdEX OX2262...........cooiuuiiiiiiiieieiieee e e Tttt e e e 93
Encoder Phase Angle  INAeX OX2263 ... s st s e e e e 93
Hall State  INd@X OX22671 ...t 8 ettt e e et e e e e e e e e e e e e e e e e nenneeas 93
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ANALOG/DIGITAL REFERENCE INPUT VALUE INDEX 0x2200
Type Access Units Range Map PDO | Memory
Integer 16 RO millivolts - YES -
Description

Most recent value read from the reference A/D input (millivolts). Available on certain amplifiers.

HIGH VOLTAGE REFERENCE INDEX 0x2201
Type Access Units Range Map PDO | Memory
Integer 16 RO 0.1 volts - YES -
Description

The voltage present on the high-voltage bus.

AMPLIFIER TEMPERATURE INDEX 0x2202
Type Access Units Range Map PDO | Memory
Integer 16 RO degrees centigrade - YES R
Description

The amplifier temperature.

SYSTEM TIME INDEX 0x2141
Type Access Units Range Map PDO | Memory
Unsigned 32 RO milliseconds - YES R
Description

Time since startup.

WINDING A CURRENT INDEX 0x2203
Type Access Units Range Map PDO [ Memory
Integer 16 RO 0.01 amps - YES -
Description

The current present on one of the'motor-windings (0.01-amp units).

WINDING B CURRENT INDEX 0x2204
Type Access Units Range Map PDO | Memory
Integer 16 RO 0.01 amps - YES -
Description

The current present on-one of the motor windings (0.01-amp units).

SINE FEEDBACK VOLTAGE INDEX 0X2205
Type Access Units Range Map PDO [ Memory
Integer.16 RO millivolts - YES -
Description

Thelvoltage present on the analog feedback, sine input (millivolts). Not available on all amplifiers.

COSINE FEEDBACK VOLTAGE INDEX 0x2206
Type Access Units Range Map PDO | Memory
Integer 16 RO millivolts - YES -
Description

Voltage present on the analog feedback, cosine input (millivolts). Available on certain amplifiers.
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A/D OFFSET VALUE INDEX 0x2207
Type Access Units Range Map PDO | Memory
Integer 16 RO millivolts - YES -
Description

Primarily of diagnostic interest, this object gives the offset value applied to the internal A/D unit. It
is part of a continuous calibration routine that the amplifier performs on itself while running.

CURRENT OFFSET A INDEX 0X2210
Type Access Units Range Map PDO [~ Memory
Integer 16 RO 0.01 amps - YES -
Description

A calibration offset value, calculated at startup, and applied to the winding A current reading.

CURRENT OFFSET B INDEX 0x2211
Type Access Units Range Map PDO | Memory
Integer 16 RO 0.01 amps - YES -
Description

A calibration offset value, calculated at startup, and applied te'the winding B current reading..

MOTOR PHASE ANGLE INDEX 02260
Type Access Units Rangé Map PDO | Memory
Integer 16 R degrees 0 4360 YES R
Description
Motor phase angle, derived from motor commutation.
MOTOR PHASE ANGLE INDEX 0X2262
Type Access Units Range Map PDO | Memory
Integer 16 RW degrees 0 - 360 YES R
Description

Same as 0x2260 but writeable:” Writes are only useful when running in diagnostic micro-stepping

mode.

ENCODER PHASE ANGLE INDEX 0x2263
Type Access Units Range Map PDO | Memory
Integer 16 RO degrees 0 - 360 YES R
Description

For feedback'types, such as resolver, that can also calculate phase angle information. This

parameterallows the phase information to be read directly.

HALL-STATE INDEX 0X2261
Type Access Units Range Map PDO | Memory
Integer 16 RO - 0-7 YES -
Description

The lower three bits of the returned value give the present state of the Hall input pins.

The Hall state is the value of the Hall lines AFTER the ordering and inversions specified in the Hall
wiring configuration have been applied.
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3.7: Digital /0 Configuration Objects

Contents of this Section
This section describes the following objects:

Input Pin States  INAeX OX2190 ... et e e et e e e e e e e e e nnee e e e e e e e e e nenneeeeaee e e e nnennnds 95
Input Pin Config register INAeX OX2197 ... ..o e e e e e e e et e e e e e e e e e es 95
Input Pin Configuration  INdeX OX2192........uiiiiiiiei e e E e 96

Input Pin Configuration Index 0x2192, Sub-INndex 1-N.........cccoiiiiiiiiie e i et 96
Input Pin Debounce Values Index OX2195. .. ... e i path e 97

Input Pin Debounce Values Index 0x2195, SUb-INdeX 1-N........cccoiiiiiiiiiiiiee et e e 97
Raw Input Pin Value  INdeX OX2196.........ooiiiiiiiiiieee e e e ee e e e e T e e e e e 97
Output pin configuration  INAeX OX2193 ........eiiiiiiiiiiiee e e e e e e B e e e e e e rre e e e e e e e enaaes 98

Output Pin Configuration Index 0x2193, Sub-Index 1-N ... e, 98
Output States and Program Control  INdeX OX2194.........oeeeiiiiiiiiiiiie e e B e e e e e e eirare e e e e e e e e naans 99
Digital Control Input Configuration  INdeX OX2320 ..........coiiiiiiiiiiiieee e T e 99
Digital Control Input Scaling  INdex OX2321 ........ouiiiiiieiieieee e e S e a e 100
Digital Inputs  INAEX OXBOFD ........ooiiiiiiiiiiiie e e T ettt e e e 100
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INPUT PIN STATES INDEX 0x2190
Type Access Units Range Map PDO | Memory
Unsigned 16 RO - See Description, below EVENT -
Description

The 16-bit value returned by this command gives the current state (high/low) of the amplifier’s
input pins after debouncing. The inputs are returned one per bit as shown below.

Bits Description

Input 1.

Input 2.

Input 3.

Input 4.

Input 5.

Input 6.

Input 7.

Input 8.

Input 9.

O 0| N o] O | W N = O

Input 10

-
o

Input 11

—_
—_

Input 12

-
N

Input 13

-
w

Input 14

14 Input 15

15 Input 16

There is a PDO event associated with the input states object that can transmit a PDO any time an
input pin changes state.

INPUT PIN CONFIG REGISTER INDEX 0x2191
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - See Description, below YES RF
Description

Some amplifiers have one ormore pull-up resistors associated with their general-purpose
input pins. On these amplifiers, the state of the pull-ups can be controlled by writing to this
register.

This register has one bit for each pull-up resistor available on the amplifier. Setting the bit
causes the resistor to pull any inputs connected to it up to the high state when they are
not connected/Bits 0 — 7 of this register are used to control pull-up resistor states. Each
bit represents an input number. Bit 0 = IN1, bit 1 = IN2, etc.

On amplifiers that allow groups of inputs to be configured as either single ended or differential, bit
8 controls this feature. Set bit 8 to 0 for single ended, 1 for differential.
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INPUT PIN CONFIGURATION INDEX 0x2192

Type Access Units Range Map PDO | Memory
Array: Unsigned 16 RW - - YES -
Description

This object consists of N identical sub-elements, where N is the number of input pins available on
the amplifier. Sub-index 0 contains the number of sub-elements of this array.

INPUT PIN CONFIGURATION INDEX 0X21 92, SUB-INDEX1-N
Type Access Units Range Map PDO | ‘Memory
Unsigned 16 RW - See Description, below YES RF
These values allow functions to be assigned to each of the input pins. The available-functions are:
Code | Description
0 No function
1 Reserved for future use (no function)
2 Reset the amplifier on the rising edge of the input.
3 Reset the amplifier on the falling edge of the input.
4 Positive side limit switch. Active high. See Misc Amplifier Options Register\(index 0x2420, p. 70).
5 Positive side limit switch. Active low. See Misc Amplifier Options Register (index 0x2420, p. 70).
6 Negative side limit switch. Active high. See Misc Amplifier Options"Register (index 0x2420, p. 70).
7 Negative side limit switch. Active low. See Misc Amplifier Options Register (index 0x2420, p. 70).
8 Motor temperature sensor. Active high.
9 Motor temperature sensor. Active low.
10 Disable amplifier when high. Clear latched faults ondow to high-transition.
11 Disable amplifier when low. Clear latched faults .onthigh to low transition.
12 Reset on rising edge. Disable amplifier when<high.
13 Reset on falling edge. Disable amplifier when' low.
14 Home switch. Active high.
15 Home switch. Active low.
16 Disable amplifier when high.
17 Disable amplifier when low.
19 PWM synchronization..Onlyfor; high speed inputs; see amplifier data sheet.
20 Halt motor and prevent.a new-trajectory when high.
21 Halt motor and prevent asnew trajectory when low.
22 High resolution analog'divide when high.
23 High resolution analog divide when low.
24 High speed position capture on rising edge. Only for high speed inputs.
25 High'speed position capture on falling edge. Only for high speed inputs.
26 Counterinput, rising edge.
Note: Upper byte of this parameter designates which Indexer register to store the count in.
27 Counter input, falling edge.
Note: Upper byte of this parameter designates which Indexer register to store the count in.
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INPUT PIN DEBOUNCE VALUES INDEX 0x2195
Type Access Units Range Map PDO | Memory
Array RW - - YES -
Description

This object consists of N identical sub-index objects, where N is the number of input pins available
on the amplifier. (Sub-index object 0 contains the number of elements of this record.) These
values allow debounce times to be assigned to each of the input pins. Each sub-index object can
be described as shown below:

INPUT PIN DEBOUNCE VALUES INDEX 0X2195, SUB-INDEX 1-N
Type Access Units Range Map PDO | Memory
Unsigned 16 RW milliseconds 0-10,000 YES RF
Description

The debounce time for the input identified by the sub-index in milliseconds. This time specifies
how long an input must remain stable in a new state before the amplifiefirecognizes the state.

RAW INPUT PIN VALUE INDEX 0X2196
Type Access Units Range Map PDO | Memory
Unsigned 16 RO - See Description, below. YES -
Description

This object shows the current state of the input pins before debouncing.

The inputs are returned one per bit. The value of IN{ is returned in bit 0 (1 if high, 0 if low), IN2 in
bit 1, etc.

For input states with debouncing, see Input-Pin States (index 0x2190, p. 95).
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OUTPUT PIN CONFIGURATION INDEX 0x2193
Type Access Units Range Map PDO | Memory
Array - - YES RF
Description

This array consists of N identical sub-elements, where N is the number of outputs. Sub-index 0
contains the number of sub-elements of this array.

OUTPUT PIN CONFIGURATION INDEX 0X2193, SUB-INDEX1-N
Type Access Units Range Map PDO |.‘Memory
Variable RW - See Description, below. YES RF

The values programmed into these objects allow the amplifier's digital outputs to be-driven by
internal amplifier events, or externally driven.

Each output configuration consists of a 16-bit configuration word (bits 0-15),fellowed by a variable
number of words (0-4), depending on the configuration code chosen. The configuration word is
defined as follows:

Bits Configuration

0-2 Define which internal register drives the output. The acceptable valuesforthese bits are as follows:

Value | Description

0 Word 2 (bits 16-32) is used as a mask of the amplifier's Manufacturer Status Register object (index
0x1002, p. 56). When any bit set in the mask is also.set in the Manufacturer Status Register object,
the output goes active.

1 Word 2 (bits 16-32) is used as a mask of the-amplifier'sdcatched Event Status Register (index
0x2181, p. 57). When any bit set in the mask is also'set in the Latched Event Status Register, the
output goes active and remains active until the necessary bit in the Latched Event Status Register is

cleared.

2 Puts the output in manual mode. Additional-words are not used in this mode, and the output's state
follows the value programmed in the' manual eutput control register.

3 Word 2 (bits 16-32) is used as a'mask of the amplifier's Trajectory Generator Status object (index

0x2252, p. 175). When any.bit set in.the mask is also set in the Trajectory Generator Status object
the output goes active.

4 Output goes active if-the actualiaxis position is between the low position specified in words 2 and 3
(bits 16-47) and the-high position specified in words 4 and 5 (bits 48-80).
5 Output goes_active if the ‘actual axis position crosses, with a low to high transition; the position

specified in words 2 and'3 (bits 16-47). The output will stay active for number of milliseconds
specified in\words 4 and 5 (bits 48-80).

6 Same.as'5 butsfor a high to low crossing.

7 Same as 5.but for any crossing.
3-7 Reservedfor future\use.
8 If set;ithe outputis active low. If clear, the output is active high.
9-15 Reserved forfuture use.
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OUTPUT STATES AND PROGRAM CONTROL INDEX 0x2194
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - See Description, below. EVENT R
Description

When read, this parameter gives the active/inactive state of the amplifier's general-
purpose digital outputs. Each bit represents an input number. Bit 0 = digital output 1
(OUT1), bit 1 = 0OUT2, etc., up to OUTn, the number of digital outputs on the amplifier.
Additional bits are ignored.

Outputs that have been configured for program control can be set by writing to this parameter (see
the Output pin configuration object, index 0x2193, p. 98 for pin configuration details)..Set a bit to
activate the output. It will be activated high or low according to how it was programmed. Clear a bit
to make the output inactive. If an output was not configured for program contralit will not be
affected.

DIGITAL CONTROL INPUT CONFIGURATION INDEX 0x2320
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - See Description; below. NO RF
Description

Defines the configuration of the digital control inputs when/the ampilifier is running in a mode that
uses them as a control source.

The lower 8 bits control the PWM input configuration for cantrolling current and velocity modes.
The upper 8 bits configure the digital inputs when ranning in-position mode.

Bits Description
0 If set, use PWM in signed/magnitude mode< If.clear use PWM in 50% duty cycle offset mode.
1 Invert the PWM input if set.
2 Invert the sign bit if set.
3 Allow 100% duty cycle if set. If clear, treat-100% duty cycle as a zero command, providing a measure of
safety in case of controller failure or cable break.
4-7 Reserved for future use.
8-9 Input pin interpretation-for position mode (see below).
Value Description
0 Step & Direction mode.
1 Separate'up & down counters.
2 Quadrature encoder input.
10-11 Reserved forfuture use.
12 Count falling edges if set, rising edges if clear.
13 Invert.command signal.
14-15 Selects source of digital position input command.
Value Description
0 Single ended high speed inputs.
1 Multi-mode encoder port.
2 Differential high speed inputs.
3 Motor encoder port.
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DIGITAL CONTROL INPUT SCALING INDEX 0x2321
Type Access Units Range Map PDO | Memory
Integer 32 RW See Description, See Description, below. YES RF
below.
Description

When the amplifier is running in a mode that takes input from the digital control input pins
(as determined by the setting of object 0x2300, Desired State), this object gives the
amount of current to command at 100% PWM input. The scaling depends on what the
PWM input is driving:

Current mode: 0.01 A

Velocity: 0.1 counts/s

In position mode the scaling factor is a ratio of two 16-bit values. The first word passed
gives the numerator and the second word gives the denominator. Thistatio determines
the number of encoder units moved for each pulse (or encoder count) input.

For example, a ratio of 1/3 would cause the motor to move 1 encoder unit for every three input
steps.

DIGITAL INPUTS INDEX 0X60FD
Type Access Units Range Map PDO | Memory
Unsigned 32 RO - See Description, below. EVENT -
Description

This object gives the present value of the digital inputs of the amplifier. The lower 16 bits are
defined by the device profile and show the value ‘of input based on the function associated with
them. The upper 16 bits give the raw values'of-the inputs connected to the amplifier in the same
ordering as Input Pin States (index 0x2190,-p. 95):

Bits | Description

0 Negative limit switch is active when'set.
1 Positive limit switch is active when_set.

2 Home switch is active when set:

3 Amplifier enable input is active when.set.

4-15 | Reserved.

16- Raw input mapping These(bits contain the same data as Input Pin States (index 0x2190, p. 95).
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3.8: Xenus Regen Resister Objects

Contents of this Section
This section describes the following objects:

Xenus Regen Resister Resistance  INdeX OX2150 ........ooiiiiiiiiiiiiiiiie e 102
Xenus Regen Resister Continuous Power  INdexX OX215T.....coiiiiiiiiiiiiie e 102
Xenus Regen Resister Peak Power  IndeX OX2152.......cooiiiiiiiiiiiiiee e S 102
Xenus Regen Resister Peak Time  INdeX OX2153........ueieiiiiiiiiiiiiiiiiiiieieieieiereeeeeeeiereesennessesrsreseese i dadeennes 102
Xenus Regen Resister Turn-On Voltage Index OX2154 .......ooiiiiiiiiiiiie g e 102
Xenus Regen Resister Turn-Off Voltage  INdex OX2155 .......oooiiiiiiiiiiiiiee e et e e 102
Xenus Regen Resister Model String  INdeX OX2156 .........ocvveiiiiiiiiiiiieeeieee e T 103
Xenus Regen Resister Status  INAeX OX2157 .....vveiiieiiiiiiiieiieee el e 103
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XENUS REGEN RESISTER RESISTANCE INDEX 0X2150
Type Access Units Range Map PDO [ Memory
Unsigned 16 RW 0.01Q - NO RF
Description
Regen resister resistance.
XENUS REGEN RESISTER CONTINUOUS POWER INDEX 0x2151
Type Access Units Range Map PDO | Memory
Unsigned 16 RW watts - NO RF
Description
Regen resister, continuous power.
XENUS REGEN RESISTER PEAK POWER INDEX 0X2152
Type Access Units Range Map PDO [ Memory
Unsigned 16 RW watts - NO RF
Description
Regen resister, peak power.
XENUS REGEN RESISTER PEAK TIME INDEX 0X2153
Type Access Units Range Map PDO [ Memory
Unsigned 16 RW milliseconds ~ NO RF
Description
Regen resister, peak time.
XENUS REGEN RESISTER TURN-ON VOLTAGE INDEX 0X2154
Type Access Units Range Map PDO [ Memory
Unsigned 16 RW 0.1 Vde - NO RF
Description
Regen resister, turn-on voltage:
XENUS REGEN RESISTER TURN-OFF VOLTAGE INDEX 0X2155
Type Access Units Range Map PDO | Memory
Unsigned 16 RW 0.1 Vdc - NO RF
Description

Regen resister) turn-off voltage.

102
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XENUS REGEN RESISTER MODEL STRING INDEX 0X2156
Type Access Units Range Map PDO [ Memory
String RW - - NO F

Description

Regen resister model number string.

XENUS REGEN RESISTER STATUS INDEX 0x2157
Type Access Units Range Map PDO | Memory

Unsigned 16 RO - See Description, below. YES -

Description

Describes regen system status. Bit-mapped as follows:

Bit Description

0 Set if the regen circuit is currently closed.

1 Set if regen is required based on bus voltage.

2 Set if the regen circuit is open due to an overload condition. The overload may.be caused by either the

resister settings or the internal amplifier protections.
3-15 Reserved for future use.

Copley Controls Corporation
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CHAPTER

4: CONTROL LOOP CONFIGURATION

This chapter describes nested control loop model used by Copley Controls amplifiers to control
the position of the motor.

Contents include:

4.1: Control Loop Configuration OVEIVIEW ...........c.uuiiiiiiiiiiiiiee et 106
4.2: Position Loop Configuration ObJECES.........ccuviiiiiiii il S 113
4.3: Velocity Loop Configuration ODJECES .........cooiiiiiiiiii e T e 119
4.4: Current Loop Configuration ODJECES .........cuuvviiiiiei i st Vo 125
4.4: Gain Scheduling ConfIQUIation ............ocueiiiiiiii e B e 130
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4.1: Control Loop Configuration Overview

Contents of this Section
This section provides an overview of the control loops.

Topics include:

Nested Position, Velocity, and CUrrent LOOPS. ... ....ueiiiaiiiiiiiiiieie et e e e e e ee e e e e e g e 107
I (=3 e 1311 o T I T o T PP S S 108
THE VEIOCIY LOOP ..ciiiiiiiiiitie ettt e abee e e sbne e e s ennnee e s ennne e e et e e enes 110
B L @015 =T o 4 1o Yo o P UUPRURL N (U5 R 112
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Nested Position, Velocity, and Current Loops

Nesting of Control Loops and Modes

Copley Controls amplifiers use up to three nested control loops - current, velocity, and position - to
control a motor in three associated operating modes.

In position mode, the amplifier uses all three loops. As shown in the typical system illustrated
below, the position loop drives the nested velocity loop, which drives the nested current loop.

Limits

Target Position Velocity Limited Current Limited P

Position v CGommand Command v Velocity Command v Current Gommand

. . il , ' :
Position + [ Velocity %- Velocity

Trajectory e ' Current ! Current Motor/
oop

Generator Loop Limiter Limiter Loop Sensors
’_A:tual Position ’_;erived Velocity ’_'Actual Current

In velocity mode, the velocity loop drives the current loop. In current' mode, the current loop is
driven directly by external or internal current commands.

Basic Attributes of All Control Loops
These loops (and servo control loops in general) share several common attributes:

Loop Attribute Description

Command input Every loop is given a value to which it will attempt-to control. For example, the velocity loop
receives a velocity command that is the desired motor speed.

Limits Limits are set on each loop to protect the motor and/or mechanical system.

Feedback The nature of servo control loops is that'they receive feedback from the device they are
controlling. For example, the-position\loop uses the actual motor position as feedback.

Gains These are constant values’that-are.used in the mathematical equation of the servo loop. The

values of these gains.¢an be adjusted during amplifier setup to improve the loop
performance. Adjusting these values is often referred to as tuning the loop.

Output The loop generates a control signal. This signal can be used as the command signal to another
control loop orthe inputto a power amplifier.
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The Position Loop

Position Loop Diagram

The CANopen master provides a target position to the amplifier’s internal trajectory generator. In
turn the generator provides the position loop a position command and velocity and acceleration
limit values. The position loop applies corrective gains in response to feedback to forward a
velocity command to the velocity loop. The inputs to the position loop vary with different operating
modes. The following diagram summarizes the position loop in position profile mode.

Position L
Profile Velocity K — T OSIon _oop
> Velocity Feed Forw ard (Vff)

Target Trajectory Profile Acceleration i i

9€ ] - Gain o Velocity
Position Generator > Acceleration Feed Forw ard (Aff) Multiplier > d

- - " mal
l—' _/_\_ Limited Position ®—>| Position Proportional Gain (Pp) |
I

Limits:
e Max velocity _
® Max accel Feedback _O< from motérencoder or resolver
o Max decel (O from optional position encoder (on load)

o Abort decel

Trajectory Generator Inputs and Limits

The inputs to the trajectory generator include profile position, velocity, and acceleration values.
They are accessed through different sets of mode-specific objects as summarized below.

Mode Input Object Name/ID Description Page #
Homing Homing Method / 0x6098 Defines the‘method to find the motor home position 157
Homing Speeds / 0x6099 The sub-index.objects of 0x6099 hold the two velocities 158
(fast'and slow).used when homing.
Homing Acceleration / 0x609A Defines thejacceleration used for all homing moves. 158
Home Offset / 0x607C Used'in*homing mode as an offset between the home 158
sensor position and the zero position.
Profile Motion Profile Type / 0x6086 Selects the type of trajectory profile to use. Choices are 178
Position trapezoidal, S-curve, and velocity.
Target Position / 0x60/A Destination position of the move. 175
Profile Velocity /0x6081 The velocity that the trajectory generator attempts to 176
achieve when running in position profile mode.
Profile Acceleration/,0x6083 Acceleration that the trajectory generator attempts to 177
achieve when running in position profile mode
Profile_Deceleration / 0x6084 Deceleration that the trajectory generator attempts to 176
achieve at the end of a trapezoidal profile when running in
position profile mode.
Trajectory Jerk Limit / 0x2121 Defines the maximum jerk (rate of change of acceleration) | 175
for use with S-curve profile moves.
Interpolated IP'move segment command / Used to send PVT segment data and buffer commands 187
Position 0x2010 when running in interpolated position mode.
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Position Loop Inputs
Inputs from the trajectory generator to the position loop are described below.

Input Object Name/ID Description Page #
Instantaneous Commanded Velocity to which the position loop's velocity feed forward gain is 114
Velocity / 0x2250 applied.

Instantaneous Commanded Acceleration to which the position loop's acceleration feed forward gain | 114
Acceleration / 0x2251 is applied.

Position Command Value / Motor position (in units of counts) to which the amplifier is currently 114
0x6062 trying to move the axis.

Position Loop Feedback

The feedback to the loop is the actual motor position, obtained from a position sensor.attached to
the motor (most often a quadrature encoder). This is provided by Position Actual’VValue object
(index 0x6063, p. 114).

Position Loop Gains

The following gains are used by the position loop to calculate the output.value:

Gain Description

Pp - Position loop proportional The loop calculates its Position Error (index 0X60F4, p. 116) as the difference
between the Position Actual Value and the Position Command Value. This error in
turn is multiplied by the proportional gaimyvalue. The primary effect of this gain is to
reduce the following error.

Vff - Velocity feed forward The value of the Instantaneous Commanded Velocity object is multiplied by this
value. The primary effect of this gain is to. decrease following error during constant
velocity.

Aff - Acceleration feed forward The value of the Instantaneous Commanded Acceleration object is multiplied by

this value. The primary gffect of this gain is to decrease following error during
acceleration and deceleration’

These gains are accessed through the sub=index objects of the Position Loop Gains object (index
0x60FB, sub-index 1-6, p. 117).
Position Loop Output

The output of the position loop is‘a veloeity value that is fed to the velocity loop as a command
input. This output is associated with.two objects, as described below.

Output Object Name/ID Description Page #
Velocity Command Value / Velogity that the velocity loop is currently trying to attain. In normal 120
0x606B operation, this value is provided by the position loop and is identical to

the Position loop control effort.

Optionally, the velocity loop can be controlled by one of several
alternate control sources. In this case, the Velocity command value
comes from the analog reference input, the digital PWM inputs, or the
internal function generator.

Position lcoop Control Effort / Normally, this value is provided by the position loop. When the velocity | 116
Index Ox60FA loop is driven by an alternate control source, the Position loop control
effort object does not hold a meaningful value.

Modulo Count (Position Wrap)

The'position variable cannot increase indefinitely. After reaching a certain value the variable rolls
back. This type of counting is called modulo count. See bit 21 of the Manufacturer Status Register
object (index 0x1002, p. 56).
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The Velocity Loop

Overview of the Velocity Loop

As shown below, the velocity loop limiting stage accepts a velocity command, applies limits, and
passes a limited velocity command to the input filter. The filter then passes a velocity command to
the summing junction. The summing junction subtracts the actual velocity, represented by the
feedback signal, and produces an error signal. (The velocity loop feedback signal is always from
the motor feedback device even when an additional encoder is attached to the load.) The error
signal is then processed using the integral and proportional gains to produce a current command.
Programmable digital filters are provided on both the input and output command signals,

Velocity Loop
Velocity Integral Gain (Vi H
Velocity Limited e @ §
I ) + i
Command ™| Velocity Limiter 1> pyg, | Velocity | Z Velocity Proportional Gain (Vp) |_»{ Filter [, Current
+ Command

Limits: |

e Velocity

o Acceleration* Feedback (Derived Velocity)

o Deceleration*
o Emergency Stop Deceleration®
*Not used w hen velocity loop is controlled by position loop. See "Velocity Loop Limits" for details,

Velocity Loop Limits

The velocity loop starts with a command limiter. This is-useful because the position loop may
produce large spikes in its output velocity command-value that are beyond the safe operating
range of the motor. During normal operation, with-the velocity loop driven by the position loop, the
limiter requires and accepts only a maximum velocity, value.

Optionally, the velocity loop can be driven-by an alternate source of control (such as such as the
device’s serial port, digital I/O channels,“analog reference, or internal generator), without input
from the position loop. (See Alternative Control Sources Overview, p. 192.) In these cases, the
velocity loop limiter also requires-and accepts maximum acceleration and deceleration values.
Velocity limiter parameters are‘accessed through the following objects:

Limiter Object Name/ID Page #
Velocity Loop — Maximum Velocity / 0x2103 (used in all control modes) 121
*Velocity Loop Maximum Acceleration./ 0x2100 (used only without position loop) 120
*Velocity Loop Maximum Deceleration / 0x2101 (used only without position loop) 121
Velocity Loop Emergency Stop Deceleration / 0x2102 (used only without position loop) 121

*Not used when.velocity 160p is controlled by position loop.

Velocity Loop Input

The output of the velocity loop limiter is the input of the velocity loop. It is accessed through the
object Limited Velocity (index 0x2230, p. 122).

Velocity'Loop Gains

The'velocity loop uses the following gains. See Velocity Loop Gains (index 0x60F9, p. 123).

Gain Description
Vp - Velocity loop | The velocity error (the difference between the actual and the limited commanded velocity) is
proportional multiplied by this gain. The primary effect of this gain is to increase bandwidth (or decrease the

step-response time) as the gain is increased.

Vi - Velocity loop | The integral of the velocity error is multiplied by this value. Integral gain reduces the velocity error
integral to zero over time. It controls the DC accuracy of the loop, or the flatness of the top of a square
wave signal. The error integral is the accumulated sum of the velocity error value over time.
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Velocity Loop Filters

The velocity loop contains two programmable digital filters. The input filter should be used to
reduce the effects of a noisy velocity command signal. The output filter can be used to reduce the
excitation of any resonance in the motion system.

Two filter classes can be programmed: the Low-Pass and the Custom Bi-Quadratic. The Low-
Pass filter class includes the Single-Pole and the Two-Pole Butterworth filter types. The Custom
Bi-Quadratic filter allows advanced users to define their own filters incorporating two poles and.two
zeros.

Program the filters using Velocity Loop Output Filter Co-Efficients (index 0x2106, p. 124).and
Velocity Loop Command Filter Co-Efficients (index 0x2108, p. 124).

Velocity Loop Output

The output of the velocity loop is accessed in the Commanded Current object {index 0x221D, p.
128).
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The Current Loop

Overview of the Current Loop

As shown below, the current limiter accepts a current command from the velocity loop, applies
limits, and passes a limited current value to the summing junction. The summing junction takes
the commanded current, subtracts the actual current (represented by the feedback signal), and
produces an error signal. This error signal is then processed using the integral and proportional
gains to produce a command. This command is then applied to the amplifier's power stage.

Current Loop
PWM
Current Integral Gain (Ci) + | Command
. . P + :
Current Command— Current Limiter |Limited Current ~ Z Current Proportional Gain (Cp) L s
o
Current Offset — _/_\_ 'yl
Limits: Feedback (Actual Current)

e Peak Current
e Continuous Current
o Peak Current Limit Time

Current Loop Limits

The commanded current value is first reduced based on a‘set of current limit parameters designed
to protect the motor. These current limits are accessed through the following objects:

Output Object Name/ID Description Page #
User Peak Current Limit / Maximum current that cancbe’generated by the amplifier for a short 126
0x2110 duration of time. This value cannot'exceed the peak current rating of
the amplifier.

User Continuous Current Limit | Maximum currentthat can-be‘constantly generated by the ampilifier. 126
/0x2111

User Peak Current Limit Time / | Maximum amount of time that the peak current can be applied to the 126
0x2112 motor before it must.be reduced to the continuous limit.

Current Loop Input

The output of the current limiting block'is the input to the current loop. It is accessed through the
object Limited Current object (index' 0x221E, p. 128).

Current Loop Gains

The current loop uses thése gains:

Gain Description

Cp - Current logp.proportional The current error (the difference between the actual and the limited commanded
current) is multiplied by this value. The primary effect of this gain is to increase
bandwidth (or decrease the step-response time) as the gain is increased.

Ci - Current loop integral The integral of the current error is multiplied by this value. Integral gain reduces the
current error to zero over time. It controls the DC accuracy of the loop, or the
flatness of the top of a square wave signal. The error integral is the accumulated
sum of the current error value over time.

These gains are represented by Current Loop Gains (index 0x60F6, p. 128) and its sub-index
objects.

Current Loop Output

The output of the current loop is a command that sets the duty cycle of the PWM output stage of
the amplifier.
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4.2: Position Loop Configuration Objects

Contents of this Section
This section describes the objects used to configure the position control loop.

They include:

Instantaneous Commanded Velocity  INdeX 0X2250 ........cocueiiiiiiiieiiiiie e v )
Instantaneous Commanded Acceleration  INdex OX2257 ........oiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e i T
Position Command Value INdeX OXB062 ..........ccoooiiiimiiieeee e e e e e e e e e e e e e detaste e e e
Position Actual Value Index OXB0B3 ...........oouuiiiiiiiiiiicei e eernre e e a e
Position Actual Value  IndexX OXB0B4 ...........ooeeeeeieeeieeeeeeeee e o e
Tracking Warning Window  INdeX OXBO0BS5............uuuuuieieieieieieiiieieieieieeeeerereeeessnsassessenees mnessssbesssnsnsnsssssssnnes
Maximum Slippage-Profile Velocity Mode  INdex OXB0FS8 ..........cccooiiiiiiiiiiii sl N
Position Tracking Window  INdeX OXB0B7 ..........cccoeeiiiiiiiiieeieeeee e B i s e
Position Tracking Window Time  Index OXB068 .............coooiiiiiiiiiiieiiiee a5 e
Position Error  INdex OXB0F4 .........oeueiiiieeeiiee e N e ettt e e e e e e e e ee e e e aeeaees
Position Loop Control Effort  Index OXB0FA ... ...t e e e e e e
Position Loop Gains  INdeX OXBOFB ............cooiiiiiiiiiieeeeiciiiieeee el ettt e e e e e e e e e e

Position Loop Proportional Gain  Index Ox60FB, Sub-Index 1.0 . s

Position Loop Velocity Feed Forward Index Ox60FB, Sub-INdeX-2............ccooviiiiiiiiieeiiiiiieeeee e,

Position Loop Acceleration Feed Forward Index Ox60FB, Sub=Index 3 ..........ccooeiiiiiiiiiiiiiiiiiiii,

Position Loop Output Gain Multiplier Index 0Xx60FB, Sub=Index 4 .............cooiiiiiiiiiiieei e,
Position Command Value Index OX60FC.........cccooooiimimmeom e et
Software Position Limits  INndexX OXB07D ...........ooovveeee 0

Negative Software Limit Position Index 0x607D, SUb-IndeX 1.........c.ueiiiiiiiii e

Positive Software Limit Position Index OX607D, SUD-INAEX 2 .......ccooeeiiieieieeeeeeeeeeeeeeeeeeeeeeeee e
Software Limit Deceleration  INdex OX2253 ... e e i
Motor Encoder Position  INdeX OX2240........ 00 . et e e e e e e e e et eeaeaaees
Load Encoder Position  INAeX OX2242 ...... 0 .. ettt e e e e e e e e e e e e eeaanan
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INSTANTANEOUS COMMANDED VELOCITY INDEX 0Xx2250
Type Access Units Range Map PDO | Memory
Integer 32 RO 0.1 counts / sec - YES -
Description

This is the velocity output from the trajectory generator. It is the velocity by which the position
loop's Position Loop Velocity Feed Forward gain (index Ox60FB, Sub-Index 2, p. 117) is multiplied.

INSTANTANEOUS COMMANDED ACCELERATION INDEX 0X2251

Type Access Units Range Map PDO [~ Memory
Integer 32 RO 2 - YES -

10 counts / sec

Description

This is the acceleration output from the trajectory generator. It is the acceleration by which the
position loop's Position Loop Acceleration Feed Forward gain (index Ox60FB;Sub-Index 3, p. 117)
is multiplied.

PoOsSITION COMMAND VALUE INDEX 0X6062
Type Access Units Range Map PDO | Memory
Integer 32 RO counts - YES -
Description

This is the motor position (in units of counts) to which thexamplifier is currently trying to move the
axis. This value is updated every servo cycle based on-the amplifier's internal trajectory generator.
Identical to Position Command Value (index 0x6062:,p. 114):

PoOSITION ACTUAL VALUE INDEX 0X6063

Type Access Units Range Map PDO | Memory
Integer 32 RW counts - YES R
Description

This is the actual motor position as-calculated by the amplifier every servo cycle based on the
state of the encoder input lines; and as'tused by the position loop. For single encoder systems, this
is the same as the Motor Encoder Position object (index 0x2240). For dual encoder systems, it is
the same as Load Encoder.Position’ (index 0x2242, p. 118).

POSITION ACTUAL VALUE INDEX 0x6064
Type Access Units Range Map PDO | Memory
Integer 32 RW. counts - YES R
Description

This object holds'the same value as Position Actual Value object (index 0x6063, p. 114).
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TRACKING WARNING WINDOW INDEX 0X6065
Type Access Units Range Map PDO | Memory
Integer 32 RW counts 0-2,147,483,647 YES RF
Description

This object holds the maximum position error that the ampilifier will tolerate before indicating a
tracking warning. If the absolute position error (defined as the difference between the actual motor
position and the position command value) exceeds this window, then the warning bit (bit 19) of the
Manufacturer Status Register (index 0x1002, p. 56) is set.

Note that this following error window generates a warning, not an amplifier fault. A separate
tracking error window may be programmed which will cause an amplifier fault condition)if
exceeded. See the Tracking Error Window object (index 0x2120, p. 62) for details:

MAXIMUM SLIPPAGE-PROFILE VELOCITY MODE INDEX 0X60F8
Type Access Units Range Map PDO | Memory
Integer 32 RW counts 0-2,147,483,647 YES RF
Description

Object 60F8 is included because the CANopen Profile for Drives and Motion Control (DSP 402)
mandates it for support of profile velocity mode operation. This ‘ebject is identical to Tracking
Warning Window (index 0x6065, p. 115). A change to either object is reflected in the other.

POSITION TRACKING WINDOW INDEX 0X6067
Type Access Units Range Map PDO | Memory
Integer 32 RW counts 0-+2,147,483,647 YES RF
Description

Size of the amplifier's tracking window. When the @absolute position error of the motor is less then
or equal to the position tracking window value, the motor is considered to be tracking the desired
position correctly. This is true both when‘moving and when resting in position.

The target reached bit (bit 10) is set in the Status Word (index 0x6041, p. 55) when the amplifier
has finished running a trajectory,cand the position error has been within the position tracking
window for the programmed time.

The Manufacturer Status Register.(index 0x1002, p. 56) has two bits that are affected by the
tracking window. Bit 25(is set-any time the motor position has fallen outside the position tracking
window (whether in.motion©rnot), and bit 27 is set when the motor position is outside the position
tracking window,_ or the amplifier is in motion.

POSITION TRACKING WINDOW TIME INDEX 0X6068
Type Access Units Range Map PDO | Memory
Unsigned 16 RW milliseconds 0 - 5000 YES RF
Description

Accesses the time component of the position tracking window. The motor will only be treated as
tracking properly when the position error has been within the Position Tracking Window (index
0x6067, p. 115) for at least this long. The tracking window bit (bit 25) in the Manufacturer Status
Register (index 0x1002, p. 56) will not be cleared until the position has been within the position
tracking window for at least this long.
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POSITION ERROR INDEX 0X60F4
Type Access Units Range Map PDO | Memory
Integer 32 RO counts - YES -
Description

Also known as following error. This object gives the difference, in units of counts, between the
Position Actual Value object (index 0x6063, p. 114) and the Position Command Value object
(index Ox60FC, p. 117).

This value is calculated as part of the position control loop. It is also the value that the various
tracking windows are compared to. See Tracking Warning Window object (index Ox60FC;-p. 117),
Position Tracking Window object (index 0x6067, p. 115), and Tracking Error Window 0bject (index
0x2120, p. 62).

POSITION LOOP CONTROL EFFORT INDEX OX60FA
Type Access Units Range Map PDO | Memory
Integer 32 RO 0.1 counts/sec - YES -
Description

The position loop produces a commanded velocity as its output.-This object gives access to that
value. This value also represents the input to the velocity loop:
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POSITION LOOP GAINS INDEX 0X60FB
Type Access Units Range Map PDO | Memory
Record RW - - YES -

Description

This object contains the various gain values used to optimize the position control loop. Sub-index
0 contains the number of sub-elements of this record.

POSITION LOOP PROPORTIONAL GAIN INDEX OX60FB, SUB-INDEX 1
Type Access Units Range Map PDO |.‘Memory
Integer 16 RW - 0-32,767 YES RF
Description

This gain value is multiplied by the position loop error. The position loop error is-the difference
between the Position Command Value (index Ox60FC, p. 117) and the Position‘Actual Value
(index 0x6064, p. 114).

POSITION LOOP VELOCITY FEED FORWARD INPEX OX60FB, SUB-INDEX 2
Type Access Units Range Map PDO | Memory
Integer 16 RW - 032,767 YES RF
Description

This value is multiplied by the Instantaneous Commanded Velocity (index 0x2250, p. 114)
generated by the trajectory generator. The product is added te the output of the position loop.

This gain is scaled by 1/16384. Therefore, setting this.gain.to 0x4000 (16384) would cause the
input velocity to be multiplied by 1.0, and the result added to the output of the position loop.

POSITION LOOP ACCELERATION FEED FORWARD INDEX OX60FB, SUB-INDEX 3
Type Access Units Range Map PDO | Memory
Integer 16 RW - 0-32,767 YES RF
Description

This value is multiplied by the Instantaneous Commanded Acceleration (index 0x2251, p. 114)
generated by the trajectory generator. The product is added to the output of the position loop.

POSITION LOOP OUTPUT.GAINMULTIPLIER INDEX OX60FB, SUB-INDEX 4
Type Access Units Range Map PDO | Memory
Integer 16 RW - - YES RF
Description

The output of.the position loop is multiplied by this value before being passed to the
velocity loop: This scaling factor is calculated such that a value of 100 is a 1.0 scaling
factor.

Thisparameter is most useful in dual loop systems.

POsSITION COMMAND VALUE INDEX 0X60FC
Type Access Units Range Map PDO | Memory
Integer 32 RO counts - YES -
Description

This value is the output of the trajectory generator, and represents the commanded position input
to the position control loop. Each servo cycle the trajectory generator will update this value, and
the position loop will attempt to drive the motor to this position. Identical to Position Command
Value (index 0x6062, p. 114).
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SOFTWARE POSITION LIMITS INDEX 0X607D
Type Access Units Range Map PDO | Memory
Array RW - - YES -
Description

This array holds the two software position limit values Negative Software Limit Position and
Positive Software Limit Position.

NEGATIVE SOFTWARE LIMIT POSITION

INDEX 0X607D, SUB-INDEX 1

Type Access Units Range Map PDO |.‘Memory
Integer 32 RW counts - YES RF
Description

Software limits are only in effect after the amplifier has been referenced (i.e. homing has been

successfully completed). Set to less than negative software limit to disable.

POSITIVE SOFTWARE LIMIT POSITION

INDEX-0OX607D, SUB-INDEX 2

Type Access Units Range Map PDO | Memory
Integer 32 RW counts - YES RF
Description

Software limits are only in effect after the amplifier has been.referenced (i.e. homing has been

successfully completed). Set to greater than positive software limit to disable.

SOFTWARE LIMIT DECELERATION INDEX 0x2253
Type Access Units Range Map PDO | Memory
Integer 32 RW 10 counts / sec” 0= 100,000,000 YES RF
Description
The deceleration rate used when approaching a software limit.
MOTOR ENCODER POSITION INDEX 0Xx2240
Type Access Units Range Map PDO | Memory
Integer 32 RW counts - YES R
Description

For single-encoder systems, this,is the same as the Position Actual Value object (index 0x6063, p.
114). For dual-encoder, systems this gives the motor position rather than the load encoder
position. For more information, see Load Encoder Velocity (index 0x2231, p. 120).

LOAD ENCODER PQOSITION INDEX 0x2242
Type Access Units Range Map PDO | Memory
Integer{32 RW counts - YES R
Description

For)dual.encoder systems, this object gives the load (position) encoder position and is the same
as the-Position Actual Value object (index 0x6063, p. 114). For single encoder systems, this object
is not-used.
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4.3: Velocity Loop Configuration Objects

Contents of this Section
This section describes the objects used to configure the velocity control loop.

They include:

Velocity Command Value  INdexX OXBO6B .............oiiiiiiiiiiiii e )
Actual Velocity  INdeX OXBO0B9...........uuuuueieieiiiiieieieieiiieieeeeeieaerererererereeesereessssssssasssnsssssssnsssssnsssssssssssdsdhnbones
Actual Velocity  INdeX OXBOBC ........cooueiiiiiiiiiie ittt e e s e e et e e
Unfiltered Motor Encoder Velocity INdex OX2232..........ccccoiiieiieeiiiciiiieeeee e e see
Load Encoder Velocity  IndeX 0X2231 ......ccooiiiiiiiiiiiei e sieee e b
Velocity Loop Maximum Acceleration  INdeX OX2100 ...........uuuuueieimueieieieiereiereeeeeeereneesmneeeesberessenensnrnsnnnnes
Velocity Loop Maximum Deceleration  INdex OX2107 ....ccooiiiiiiiiiiiiiiiieeeiiee oMb
Velocity Loop Emergency Stop Deceleration  Index 0X2102.........cccvvvveveeeeeicciieee S,
Velocity Loop — Maximum Velocity  Index OX2103 ........cooiiiiiiiiiiieiee e 5 e
Velocity Error Window — Profile Position  INdex OX2104..........oooiiiiiiiiee e N it
Velocity Error Window — Profile Velocity — Index OX606D ...........cc.eoiiiiiiiaantiee e
Velocity Error Window Time  IndeX OX2105........uuuiriiiiiiiiiiiiiiiieieieieiee o b eeteieseeeteseesensssssssssessensnnsrnsnnnnes
Velocity Error Window Time  Index OXB06E .............ocoeeiiiieiiie e
Limited Velocity  Index OX2230 ......cccooiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeee e et e
Programmed Velocity Command  Index OX2341 ... e
Velocity Loop Gains  INdeX OXBOF 9 .......c.ccciiiiiiiiiiiiee i e e e e e e e e e

Velocity Loop Proportional Gain  Index 0x60F9, Sub-IndexX 1 £ utuem e

Velocity Loop Integral Gain  Index Ox60F9, Sub-IndeX.2.....0..0. . curiiiiii e

Velocity Loop Acceleration Feed Forward Index Ox60F9, Sub-Index 3 .........cccoiiiiiiiiiiii e

Velocity Loop Gain Scaler Index OX60F9, SUD-INAEX 44 i

Velocity Loop Vi Drain (Integral Bleed) Index-0Xx60F9,)Sub-Index 5.........cccoeiiiriiiiniieiee e
Hall Velocity Mode Shift Value  INdeX OX2T07 5. .. fi e ettt e e a e e e e e e e e e e e enenreees
Velocity Loop Output Filter Co-Efficients  INAEX OX2906 ........ooooiiiiiiiiiee e
Velocity Loop Command Filter Co-Efficients Index 0X2108 ...........cceeeeeveeiiiiiiiieeie e
Analog Input Filter Co-Efficients  INd@X OX2108 .........oeiiiiiiiieiie e
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VELOCITY COMMAND VALUE INDEX 0X606B
Type Access Units Range Map PDO | Memory
Integer 32 RO 0.1 counts/sec - YES -
Description

Also known as commanded velocity. The velocity that the velocity loop is currently trying to attain.

When the amplifier is running in homing, profile position, or interpolated position mode, the
velocity command value is the output of the position loop, and the input to the velocity loop.

Copley Controls CANopen amplifiers support some modes in which the velocity commandis
produced from a source other then the position loop. In these modes the command velocity comes
from the analog reference input, the digital PWM inputs, or the internal function generator.

ACTUAL VELOCITY INDEX 0x6069
Type Access Units Range Map PDO [ Memory
Integer 32 RO 0.1 enc counts / sec - YES -
Description
Actual motor velocity.
ACTUAL VELOCITY INDEX 0X606C
Type Access Units Range Map PDO | Memory
Integer 32 RO 0.1 counts/sec - YES -
Description
This object contains exactly the same information.as’ object 0x6069.
UNFILTERED MOTOR ENCODER VELOCITY. INDEX 0x2232
Type Access Units Range Map PDO | Memory
Integer 32 RO 0.1 enc counts’/.sec - YES -
Description
Unfiltered motor velocity.
LoAD ENCODER VELOCITY INDEX 0x2231
Type Access Units Range Map PDO | Memory
Integer 32 RO 0.9 counts / sec - YES -
Description

Also known as Position.Encoder Velocity. Copley Controls supports the use of two encoders on a
system, where_the motor encoder is on the motor and the load or position encoder is on the load
(the deviece being controlled). In such a system, the actual velocity objects read the motor encoder
velocity; and the'velocity loop acts on the motor encoder input. Object 0x2231 reads the load

encoder velocity.

VELOCITY LOOP MAXIMUM ACCELERATION INDEX 0x2100
Type Access Units Range Map PDO | Memory
Integer 32 RW 1000 enc counts / sec” 0 - 100,000,000 YES RF
Description

This acceleration value limits the maximum rate of change of the commanded velocity input to the
velocity loop. This limit only applies when the absolute value of the velocity change is positive (i.e.
the speed is increasing in either direction).
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VELOCITY LOOP MAXIMUM DECELERATION INDEX 0x2101
Type Access Units Range Map PDO | Memory
Integer 32 RW 1000 enc counts / sec” 0 - 100,000,000 YES RF
Description

This acceleration value limits the maximum rate of change of the commanded velocity input to the
velocity loop. This limit only applies when the absolute value of the velocity change is negative (i.e:
the speed is decreasing in either direction).

VELOCITY LOOP EMERGENCY STOP DECELERATION INDEX'0X2102
Type Access Units Range Map PD@Y{ Memory
Integer 32 RW 1000 enc counts / sec” 0 - 100,000,000 YES RF
Description

The deceleration rate used during the time that the amplifier is trying to actively'stop a motor
before applying the brake output.

Note that this feature is not used when the position loop is driving thevelocity loop. In that case,
the trajectory generator's abort acceleration is used.

VELOCITY LOOP — MAXIMUM VELOCITY INDEX 0x2103
Type Access Units Range Map PDO | Memory
Integer 32 RW 0.1 counts/sec 0 — 500,000,000 YES RF
Description

This velocity value is a limit on the commanded velocity used by the velocity loop.

The velocity loop's commanded velocity can be 'generated by several sources, including the output
of the position loop. Velocity Loop-Maximum:Velocity.allows that velocity to be limited to a
specified amount.

VELOCITY ERROR WINDOW — PROFILE POSITION INDEX 0x2104
Type Access Units Range Map PDO | Memory
Integer 32 RW 0.1'counts/sec 0 - 500,000,000 YES RF
Description

Also known as the Velocity) Tracking Window, this object defines the velocity loop error window. If
the absolute velocity error exceeds this value, then the velocity window bit of the Manufacturer
Status Register object (index 0x1002, p. 56) is set. The Velocity Window bit will only be cleared
when the velocity‘error has been within the Velocity Error Window for the timeout period defined in
the Velocity Erfor Window Time object (index 0x2120, p. 62).

VELOCITY-ERROR WINDOW — PROFILE VELOCITY INDEX 0X606D
Type Access Units Range Map PDO | Memory
Unsigned16 RW 0.1 counts/sec 0 - 65,535 YES RF
Description

Object606D holds the same value as index 0x2104. It is included because the CANopen Profile
foriDrives and Motion Control (DSP 402) mandates it for support of profile velocity mode
operation. In the Copley Controls implementation, 0x2104 and 0x606D differ only in the data type.
Object 0x606D is unsigned 16 and 0x2104 is Integer 32. Changes made to either object affect
both.
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VELOCITY ERROR WINDOW TIME INDEX 0x2105
Type Access Units Range Map PDO | Memory
Unsigned 16 RW milliseconds 0- 5,000 YES RF
Description

Also known as Velocity Tracking Time. When the absolute velocity error remains below the limit
set in the Velocity Error Window — Profile Position object (index 0x2104, p. 121) the Velocity
Window bit (bit 28) in the Manufacturer Status Register object (index 0x1002, p. 56) is cleared.

VELOCITY ERROR WINDOW TIME INDEX 0X606E
Type Access Units Range Map PDO | Memory
Unsigned 16 RW milliseconds 0- 5,000 YES RF
Description

Object 606E holds the same value as 0x2105. It is included because the.CANopen Profile for
Drives and Motion Control (DSP 402) mandates it for support of profile velocity mode operation.
Changes made to either 0x606E or 0x2105 affect both objects.

LIMITED VELOCITY INDEX 0x2230
Type Access Units Range Map PDO | Memory
Integer 32 RO 0.1 counts/sec - YES -
Description

This is the commanded velocity after it passes through the.velocity loop limiter and the velocity
command filter. It is the velocity value that the velocity loop will attempt to achieve.

PROGRAMMED VELOCITY COMMAND INDEX 0x2341
Type Access Units Range Map PDO | Memory
Integer 32 RW 0.1 counts/sec -500,000,000 — 500,000,000 YES RF
Description

Gives the commanded velocityvalue when running in programmed velocity mode (see mode 11,
Desired State object, p. 60, and Alternative Control Sources Overview, p. 192).
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VELOCITY LOOP GAINS INDEX 0X60F9
Type Access Units Range Map PDO | Memory
Record RW - - YES -
Description

This object contains the various gain values used to optimize the velocity control loop.

VELOCITY LOOP PROPORTIONAL GAIN INDEX 0X60F9, SUB-INDEX 1

Type Access Units Range Map PDO | Memory
Integer 16 RW - 0-32,767 YES RF
Description

This gain value is multiplied by the velocity loop error. The velocity loop error is the difference
between the desired and actual motor velocity.

VELOCITY LOOP INTEGRAL GAIN INDEX OX60F9, SUB-INDEX 2

Type Access Units Range Map PDO | Memory
Integer 16 RW - 0-32,767 YES RF
Description

This gain value is multiplied by the integral of the velocity loop error.

VELOCITY LOOP ACCELERATION FEED FORWARD INDEX 0X60F9, SUB-INDEX 3

Type Access Units Range Map PDO | Memory
Integer 16 RW - 0 =382;767 YES RF
Description

This gain value is multiplied by the Instantaneous'Commanded Acceleration (index 0x2251, p.
114) from the trajectory generator. The result'is added to the output of the velocity loop.

VELOCITY LOOP GAIN SCALER INDEX OX60F9, SUB-INDEX 4

Type Access Units Range Map PDO | Memory
Integer 16 RW - 0-32,767 YES RF
Description

Velocity loop output is shifted-this many times to arrive at the commanded current value. Positive
values result in a right shift: while negative values result in a left shift. The shift allows the velocity
loop gains to have reasonable.values for very high or low resolution encoders.

Recommended values for this’parameter are 8, 0 or -1.

VELOCITY LOOPR:VI DRAIN (INTEGRAL BLEED) INDEX O0X60F9, SUB-INDEX 5

Type Access Units Range Map PDO | Memory
Unsigned 16 RW - 0 - 32,000 YES RF
Description

Modifies the, effect of velocity loop integral gain. The higher the Vi Drain value, the faster the
integral sum is lowered.

HALL VELOCITY MODE SHIFT VALUE INDEX 0x2107
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - 0-32,767 YES RF
Description

This parameter is only used in Hall velocity mode. It specifies a left shift value for the position and
velocity information calculated in that mode.
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VELOCITY LooP OUTPUT FILTER CO-EFFICIENTS INDEX 0X2106
Type Access Units Range Map PDO | Memory
Octet RW - - YES RF
Description

Programs the filter coefficients of a bi-quad filter structure that acts on the velocity loop output.
Contact Copley Controls for more information.

VELOCITY LOOP COMMAND FILTER CO-EFFICIENTS INDEX 0Xx2108
Type Access Units Range Map PDO | iMemory
Octet RW - - YES RF

Description

Programs the filter coefficients of a bi-quad filter structure that acts on the velocity foop input.
Contact Copley Controls for more information.

ANALOG INPUT FILTER CO-EFFICIENTS INDEX 0x2109
Type Access Units Range Map PDO | Memory
Octet RW - - YES RF

Description

Programs the filter coefficients of a bi-quad filter structure that'acts on the analog reference input
at servo loop update rate (3 kHz). Contact Copley Controls.for more information.
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4.4: Current Loop Configuration Objects

Contents of this Section
This section describes the objects used to configure the current control loop.

They include:

User Peak Current Limit  INAeX OX2110.....coeiieie e e e e e e e e ree e e e e e e e e ee e e s o bee)
User Continuous Current Limit  INdeX OX21 1T .. eunnineeeeeeeeeeeeeeecee e e e Pin T
User Peak Current Limit Time  INdeX OX2112 ...ttt
Actual Current, D AXiS  INAEX OX2214.......uuueeeeereiererereeeiererererereresersressreressrsssssssssssssrsssssssrsssssdadasdessererernnes
Actual Current, Q Axis  INdeX OX2215 ...l e D e
Current Command, D AXiS  INAEX OX2216 .......cccoeeeieieeeieee et e e e e
Current Command, Q AXiS  INAEX OX2217 ......cooeeeeeeeeee e e s N e e e e e e eeaanas
Current Loop Output, D Axis  INdeX OX2218 ... b e e e e s e e e e e e
Current Loop Output, Q AXis  IndeX OX2219..... e e e e e e
Actual Motor Current  INdeX OX221C ....uvvvviieieiireiererererererererererererereresereresesssher S errerererererersrerersrsrerererernne
Commanded Current  INAeX OX221D .....coeuueiieeeeeeeeeee et et e e e e e e e eeeeeaeeeeeeeeeeneanns
Limited Current  INdeX OX221E ......ccooooiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e
Programmed Current Command  INdeX 0X2340 ........c.ooevviieeeenneeed g
Commanded Current Ramp Rate  INdex OX2113 ....oviiiiirerii et e
Current Loop Gains  INdeX OXBOFG ...........oooiiiiiiieiee e e e a e e e

Current Loop Proportional Gain  Index OX60F6, Sub-IndeX 17 ..........oooiiiiiiiiie e,

Current Loop Integral Gain  Index Ox60F6, Sub-Index 2 .5 .. du i e

Current Offset Index OX60F6, Sub-Index 3............... o0 0
Gain Scheduling Config  INAEX OX2370 ....ccooiiiieeiie e e
Gain Scheduling Key Parameter  Index OX237 1 ... it i ettt e e e e e e e e e e
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USER PEAK CURRENT LIMIT INDEX 0x2110
Type Access Units Range Map PDO | Memory
Integer 16 RW 0.01 amps 0-32,767 YES RF
Description

User peak current limit. Known as boost current on stepper amplifiers. This value cannot exceed
the peak (or boost) current rating of the amplifier.

USER CONTINUOUS CURRENT LIMIT INDEX 0X2111
Type Access Units Range Map PDO [~ Memory
Integer 16 RW 0.01 amps 0-32,767 YES RF
Description

User Continuous Current Limit. Also known as Run Current on stepper amplifiers. This value
should be less then the User Peak Current Limit. The amplifier uses this value as an input to an

12T current limiting algorithm to prevent over stressing the load.

USER PEAK CURRENT LIMIT TIME INDEX 0x2112
Type Access Units Range Map PDO | Memory
Integer 16 RW milliseconds 0 - 10,000 YES RF
Description

Specifies the maximum time at peak current. The amplifier uses.this value as an input to an 12T
current limiting algorithm to prevent over stressing the load:

ACTUAL CURRENT, D Axis INDEX 0x2214
Type Access Units Range Map PDO | Memory
Integer 16 RO 0.01 amps - YES -
Description

Part of the internal current loop calculation:
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ACTUAL CURRENT, Q AXIS INDEX 0X2215
Type Access Units Range Map PDO [ Memory
Integer 16 RO 0.01 amps - YES -
Description
Part of the internal current loop calculation.
CURRENT COMMAND, D AXIs INDEX 0x2216
Type Access Units Range Map PDO | Memory
Integer 16 RO 0.01 amps - YES -
Description
Part of the internal current loop calculation.
CURRENT COMMAND, Q AXIS INDEX 0X2217
Type Access Units Range Map PDO [ Memory
Integer 16 RO 0.01 amps - YES -
Description
Part of the internal current loop calculation.
CURRENT LooP OuTPUT, D AXIS INDEX 0X2218
Type Access Units Range Map PDO | Memory
Integer 16 RO 0.1V - YES -
Description

Part of the internal current loop calculation. Also/known;as Terminal Voltage Stepper.

CURRENT LooP OuUTPUT, Q AXIS INDEX 0x2219
Type Access Units Range Map PDO [ Memory
Integer 16 RO 0.1V - YES -
Description

Part of the internal current loop-calculation. Also known as Terminal Voltage Servo.
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ACTUAL MOTOR CURRENT INDEX 0x221C
Type Access Units Range Map PDO | Memory
Integer 16 RO 0.01 amps - YES -
Description
Actual motor current.
COMMANDED CURRENT INDEX 0x224D
Type Access Units Range Map PDO [ Memory
Integer 16 RO 0.01 amps - YES -
Description
Instantaneous commanded current as applied to the current limiter.
LIMITED CURRENT INDEX 0x221E
Type Access Units Range Map PDO | Memory
Integer 16 RO 0.01 amps - YES -
Description
Output of the current limiter (input to the current loop).
PROGRAMMED CURRENT COMMAND INDEX 0x2340
Type Access Units Range Map PDO [ Memory
Integer 16 RW 0.01 amps - YES RF
Description

This object gives the programmed current value‘used when running in programmed current mode
(mode 1) or diagnostic micro-stepping mode (mode 42). (See Desired State object, p. 60, and
Alternative Control Sources Overview, p. 192.)

COMMANDED CURRENT RAMP RATE INDEX 0X2113
Type Access Units Range Map PDO [ Memory
Integer 32 RW mA/second - YES RF
Description

Setting this to zero disables slopelimiting in Profile Torque mode. It is also used when the
amplifier is running in Programmed Current mode (Desired State object [index 0x2300, p. 60] = 1).

CURRENT LOOP GAINS INDEX 0X60F6
Type Access Units Range Map PDO | Memory
Record RW - - YES -
Description

This object contains the various gain values used to optimize the current control loop. Sub-index 0
contains theznumber of sub-elements of this record.

CURRENT LOOP PROPORTIONAL GAIN INDEX OX60F6, SUB-INDEX 1

Type Access Units Range Map PDO [ Memory
Integer 16 RW - 0-32,767 YES RF
Description

This gain value is multiplied by the current error value. The current error is the difference between
the desired current and the actual current.
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CURRENT LOOP INTEGRAL GAIN

INDEX OX60F6, SUB-INDEX 2

Type Access Units Range Map PDO | Memory
Integer 16 RW - 0-32,767 YES RF
Description

This gain value is multiplied by the integral of current error.

CURRENT OFFSET INDEX OX60F6, SUB-INDEX 3
Type Access Units Range Map PDO | Memory
Integer 16 RW 0.01 amps - YES RF
Description

This offset value is added to the commanded motor current. It can be used to compensate for a

directional bias affecting the current loop.
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4.4: Gain Scheduling Configuration

The Gain Scheduling feature allows you to schedule gain adjustments based on changes to a key
parameter. For instance, Pp, Vp, and Vi could be adjusted based on changes to commanded
velocity.

Gain adjustments are specified in a Gain Scheduling Table. Each table row contains a key
parameter value and the corresponding gain settings. The amplifier uses linear interpolation to
make smooth gain adjustments between the programmed settings.

Gain Scheduling Tables are stored in the Copley Virtual Machine (CVM) memory space. They can
be created and modified using CME 2 software.

The following objects are used to configure Gain Scheduling.

GAIN SCHEDULING CONFIG INDEX 0x2370
Type Access Units Range Map PDO | Memory
Integer 16 RW - - YES RF
Description
Bits Meaning
0-2 Key parameter for gain scheduling.
Value Description
0 None. Setting the key parameter to zero-disables gain scheduling.
1 :(Jse value written to Gain Scheduling Key Parameter (index 0x2371, p. 130) as the
ey.
2 Use Instantaneous Commanded Velocity (index 0x2250, p. 114).
3 Use Load Encoder Velocity (index 0x2231, p. 120).
4 Use Position Command Value object (index 0x60FC, p. 117).
5 Use Position Actual Yalue object (index 0x6063, p. 114).
6-7 Reserved.
3-7 Reserved.
8 If set, use the absolute.value of key parameter for gain lookup.
9 If set, disable gain s¢heduling until the axis is referenced (homed).
GAIN SCHEDULING KEY PARAMETER INDEX 0x2371
Type Access Units Range Map PDO | Memory
Integer 32 RW - - YES R
Description

Gain scheduling key parameter value. When gain scheduling is enabled, the current value of the
key,parameter is stored here. When this parameter is selected as the key parameter for gain
scheduling, then it may be written to manually move through entries in the gain scheduling table.
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CHAPTER

5: STEPPER MODE SUPPORT

This chapter describes Copley Controls’ support of stepper motor operation over a CANopen
network.

Contents include:

5.1: Stepper Mode Operation
5.2: Stepper Mode Objects
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5.1: Stepper Mode Operation

Copley Controls Amplifiers and Stepper Mode Operation

Copley Controls supports the use of stepper motors over a CANopen network.
The Stepnet amplifier can drive a two-phase stepper motor in stepper or servo mode.
The Accelnet and Xenus amplifiers can drive a three-phase stepper motor in stepper mode:

Stepper vs. Servo

In a closed-loop servo system, sensors feed back the actual position and/or velocity. of the motor,
and the amplifier calculates how much torque to apply to the motor to move it to.the target
destination.

An open-loop stepper system does not typically have sensors to feed back actual position or
velocity information. Nor does it use the position and velocity loops used.in servo systems.
Instead, the amplifier moves the motor in steps by applying fixed current to the motor’s windings in
measured intervals. Position and velocity commands can be derived but not measured.

Microstepping

The type of stepper motor supported by the Copley Controls’Stepnet amplifier has two windings. It
can be driven using the simple full stepping method or the-more precise microstepping method.
Copley Controls supports microstepping as described.in Microstepping (p. 132).

The Accelnet and Xenus amplifiers support three-phase,\three-winding stepper motors. The
Accelnet and Xenus also use microstepping to«drive these three-phase stepper motors.

Microstepping

Copley Controls’ microstepping amplifiers provide a much higher degree of control over a motor’s
position than does a full stepping system. The microstepping amplifier applies varying amounts of
current into both windings of the motor at:the same time, making it possible to rest the motor not
only at the full step locations, but‘at points between them, and thus allowing a high degree of
control over the motor’s position.

In microstepping mode it isjnecessary to program the following CANopen objects:

Object Description

Motor Pole Pairs Number of motor pole pairs (electrical phases) per rotation. For example, for
(index 0x6410, Sub-Index 2, p»81) a 1.8 deg/step motor, set Motor Pair Polls to 50.

Microsteps/Rev Microsteps per revolution.

(index 0x6410,*Sub-Index 29, p. 86)

There is.virtually,no limit on the number of microsteps/rev. Programming a very high value does
not mean that'the amplifier can actually move the motor to that many distinct positions, because
the ability to,control current in the windings is limited. The practical limit depends on the motor, but
something on the order of 1000 microsteps/electrical cycle is generally reasonable. It is
sometimes advantageous to program a large number of microsteps, so the system works as
expected when connected to a high resolution encoder.

Some drive manufacturers require that the number of microsteps/rev be an integer multiple of the
number of electrical cycles. Copley Controls amplifiers do not have such a limitation.
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Current Control in Microstepping Mode

Servo systems use their servo loops to determine how much current (and in which direction) to
apply to the motor. For a stepper motor, the amount of current is typically a constant value
programmed by the user.

In addition, Copley Controls amplifiers use different current values for different states of motor
activity. During constant speed moves, the Run Current is applied.

During the acceleration / deceleration portion of the move, the Boost Current is used. After a move
completes (the velocity reaches zero) the amplifier continues to apply the Run Current to the
motor for the amount of time programmed in the Run to Hold Time object. Once that timeout has
expired, the Hold Current is applied.

While Boost Current is applied to the motor, an I°T limit is used to protect the motor from
overheating. If the move remains in the acceleration phase for longer then the boost current time,
then the current applied to the motor falls back to the run current. This allows the system to set the
Run Current value equal to the motor’s continuous current limit, and set the*Boost Current to a
value larger then the motor’s continuous limit.

Once the move has finished and the holding current has been applied to the motor, an optional
voltage control mode of operation can be entered. In this mode of-operation, the motor is held in
position with extremely low jitter at the expense of a slightly looser-control of the current in the
motor's windings. The Voltage Control Mode Time Delay objeet)can be programmed to control the
delay between entering hold current mode and entering thé voltage control mode.

If the Voltage Control Mode Time Delay is set to zero, the'vaoltage control mode is disabled.
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5.2: Stepper Mode Objects

Contents of this Section

This section describes the objects used to support stepper motor operation. Some are also used
in servo mode operation.

They include:
Boost Current  INAeX OX2110 .....eeiiiiieiiiie e e e e e e e e e e e eneee e e e e e e e e sennneeeeeaeeeeennnnnneees odionnnns 135
Run Current  INAeX OX2111 oot ree e et e e et e e s snne e e s enneeeesnreee st eeenees 135
Time at Boost Current  INdeX OX2112.. .o oo i e Skt 135
Hold Current  INdeX OX21D0........ueiiiiiiiiee et siee e sntee e e nnte e e e s nneee e e s e hadeeeeitee e e 135
Run to Hold Time  INAeX OX21D T ...t e et e e e e e e e e e e e et e e e e e e e e e e mnnneeeas 135
Detent Correction Gain Factor For Microstepping Mode  Index Ox21D2...........cccccolSiduniiiiiiee e, 135
Voltage Control Mode Time Delay  Index OX21D5.........cooiiiiiiiiiiiiiiieeeeiee e e e e 135
Stepper Configuration and Status  INAEX OX21D6 .........eeeiiieiiiiiiiiiiiee et s e rere e e e e e e e e sannrneeeaaeeas 136
Maximum Velocity Adjustment  Index OX21D8 ........cooiiiiiiiiiiiiiiee e e 136
Proportional Gain For Stepper Outer Loop  INdeX OX21D7 ....ooiiiiiiiiiieictimstae s eeireeeeeeeeeeeninreeeeeaeeesenrnnees 136
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BOOST CURRENT INDEX 0x2110
Type Access Units Range Map PDO | Memory
Integer 16 RW 0.01 amps 0-32,767 YES RF
Description

Functions as boost current in stepper mode and peak current in servo mode. Current used during
acceleration and deceleration in stepper mode. Specifies a boost or peak current limit in 0.01-amp

units.

RUN CURRENT INDEX'0X2111
Type Access Units Range Map PD@Y{ Memory
Integer 16 RW 0.01 amps 0-32,767 YES RF
Description

Functions as run current in stepper mode and continuous current in servo mode. Output of the
current limiter (0.01-amp units). This is the current that the current loop will.attempt to apply to the
stepper motor during continuous velocity portion of moves.

TIME AT BOOST CURRENT INDEX 0x2112
Type Access Units Range Map PDO | Memory
Integer 16 RW milliseconds 0 —10,000 YES RF
Description

Functions as time at boost current in stepper mode and time<at-peak current in servo mode.
Specifies the maximum time at boost or peak current.“The ‘amplifier uses this value as an input to

an 12T current limiting algorithm to prevent over stressing. the load.

HoLD CURRENT INDEX 0x21D0
Type Access Units Range Map PDO | Memory
Unsigned 16 RW 0.01 amps 0-32,767 YES RF
Description
Current used to hold the motoratrest.Used in stepper mode only.
RUN TO HOLD TIME INDEX 0x21D1
Type Access Units Range Map PDO | Memory
Unsigned 16 RW milliseconds 0-10,000 YES RF
Description

The period of time, beginning when a move is completed, during which the output stays at run

current level before’switching to hold current level. Used in stepper mode only.

DETENT CORRECTION GAIN FACTOR FOR MICROSTEPPING MODE INDEX 0x21D2
Type Access Units Range Map PDO | Memory
Integer 16 RW - - YES RF
Description
Can be used to reduce detent noise.
VOLTAGE CONTROL MODE TIME DELAY INDEX 0x21D5
Type Access Units Range Map PDO | Memory
Unsigned 16 RW milliseconds 0-10,000 YES RF
Description
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Time delay from entering hold current before entering the special voltage control mode of
operation. This mode trades the normal tight control of current for very low jitter on the motor
position. Used in stepper mode only. Set to 0 to disable this feature.

STEPPER CONFIGURATION AND STATUS INDEX 0x21D6
Type Access Units Range Map PDO | Memory

Unsigned 16 RW - - YES RF

Description

Bit-mapped as follows:

Bit Description

0 Use the encoder input for phase compensation if enabled. Pure stepper mode if disabled.

1 Use on outer position loop to adjust the stepper position based on Position Error (index 0x60F4, p. 116).

When this bit is set, the gain value Maximum Velocity Adjustment (index 0x21D5, p. 135) is multiplied by the
Position Error, and the result is a velocity that is added to the microstepping position.

2-15 Reserved.

MAXIMUM VELOCITY ADJUSTMENT INDEX 0x21D8
Type Access Units Range Map PDO | Memory
Unsigned 32 RW 0.1 steps/sec - YES RF
Description

This is the maximum velocity adjustment made by the stepper outer position loop when enabled.
This parameter is only used when the stepper outer loopds engaged, which occurs when bit 1 of
Stepper Configuration and Status (index 0x21D6, p. 136) igset.

PROPORTIONAL GAIN FOR STEPPER OUTER'LOOP INDEX 0x21D7
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - - YES RF
Description

This parameter gives the gain used*for calculating a velocity adjustment based on Position Error
(index 0x60F4, p. 116). This parameter.is’only used when the stepper outer loop is engaged,
which occurs when bit 1 of Stepper Configuration and Status (index 0x21D6, p. 136) is set.
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CHAPTER

6: HOMING MODE OPERATION

This chapter describes the operation of an amplifier in homing mode.
Contents include:

6.1: Homing Mode Operation Overview
6.2: Homing Mode Operation Objects
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6.1: Homing Mode Operation Overview

Contents of this Section
This section describes control of the amplifier in homing mode.

Topics include:

HOMING OVEIVIEBW ...ttt ettt et e e e e bt e e s e bt e e e e ebbe e e e enteeesanreeesennneesonabas) 139
HOomMING MethOdS OVEIVIEW ........coiiiiiiiiieeie ettt e e e e e e e e e e e saareaeeeaeeesennnsneeeeaeseedePhiaTones 140
HOME IS CUIMTENE POSIHION ... ..ot e e e e e e e e e e e s e s e e s e esennn s s et T e enaaans 141
Home is Current Position; Move t0 NEW ZEI0..........c.oovvuuuiiiiiieiieeieee e e e 141
[N R 101 =) T G R OUTTTTT 141
[T YL 1T (o o T SO 142
Limit SWItCh QUL O INAEX ... e e e re e e e s N e e et e e e e e e e e 143
P2 T 0 ] (0] o S 144
[ F= 10 5 (o o J @ U1 G (3N [ o =) U RS 145
[ (o1 TS TS 1TV (o] o I SR 146
Home SWItCh QUL tO INAEX ... .o e e s e e e e e e e et e e e e s e e e esa e e enannss 147
HOomMe SWItCh 1N 10 INAEX c..uvveiiiicieeeee e e et e e e et eeeeeeees 148
IO VYL 0] 1 ¢ 1= T (et 149
LU 0] 01T o o T = Y 150
Lower Home OULSIAE INAEX ... i ettt e e e e e e e e 151
LOWETr HOME INSIAE INAEX ... et e et e e et e e e et e e e e et e e e eaa e e e eaaneeeeaanes 152
Upper Home Outside INAeX .......oooiieiiiiiiiiiieieeeiiieeeeeee e e e e 153
Upper Home INSIAE INAEX ....uunne e T b B s 154
Copley Controls Home Configuration Object for Custom’Homing Methods ... 155
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Homing Overview

Homing is the method by which a drive seeks the home position (also called the datum, reference
point, or zero point). There are various methods of achieving this using:

¢ limit switches at the ends of travel, or

e a dedicated home switch.

Most of the methods also use the index pulse input from an incremental encoder.

The amplifier performs homing operations in Homing Mode (Mode Of Operation [index 0x6060, p.
59] =6).

The Homing Function

The homing function provides a set of trajectory parameters to the position loop, .as‘shown below.
The parameters are generated by the homing function and are not directly accessible through
CANopen dictionary objects. They include the profile mode and velocity, acceleration, and
deceleration data.

o Home Offset

o Homing Method . . ; ”
e Horring Speeds — :;E?c?n | Trajectory ] g::}zcr;‘:z | Position Demand __,,|  Position
e Home Velocity Fast / Slow Parameters Loop

o Homing Acceleration

Initiating and Verifying a Homing Sequence
A homing move is started by setting bit 4 of the Contral,Word.object (index 0x6040, p. 54). The
results of a homing operation can be accessed in the Status-Word (index 0x6041, p. 55).

Home Offset

The home offset is the difference between the zero position for the application and the machine
home position (found during homing). During homing the home position is found and once the
homing is completed the zero position.is-offset from the home position by adding the Home Offset
to the home position. All subsequent absolute moves shall be taken relative to this new zero
position. This is illustrated in the following’diagram.

Homi: Fom
Foimon Paaiticn

| Frouraer_prffses]

|..|

¥

Homing Speeds

There are two.homing-speeds: fast and slow. The fast speed is used to find the home switch and
the slow speéd is used to find the index pulse. (See the Homing Speeds object [index 0x6099, p.
158])

Homing Acceleration

Homing Acceleration (index 0x609A, p. 158) establishes the acceleration to be used for all
accelerations and decelerations with the standard homing modes.

Note that in homing, it is not possible to program a separate deceleration rate.
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Homing Methods Overview

There are several homing methods. Each method establishes the:

e Home reference (limit or home switch transition or encoder index pulse)

¢ Direction of motion and, where appropriate, the relationship of the index pulse to limit
or home switches.

Legend to Homing Method Descriptions

As highlighted in the example below, each homing method diagram shows the starting position on
a mechanical stage. The arrow line indicates direction of motion, and the circled H indicates the
home position. Solid line stems on the index pulse line indicate index pulse locations. Longer
dashed lines overlay these stems as a visual aid. Finally, the relevant limit switch is represented,
showing the active and inactive zones and transition.

Mechanical Stage Limits
I

\l/ s Axis \l/

Starting position 9! ;
/®<—>€ Direction of motion

Home position \
®<—| <— Starting position
Index pulse location T
Index Pulse | | |

Positive Limit
Switch
T Sw itch active

Swiitch inactive —

Sw itch transition

Note that in the homing method descriptions, negative motion is leftward and positive motion is
rightward.
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Home is Current Position

Using this method, home is the current position.
Set Homing Method (index 0x6098, p. 157) to: 0.

Home is Current Position; Move to New Zero

Set current position to home and move to new zero position (including home offset). This is the
same as Home is Current Position except that mode 0 does not do the final move to the home
position.

Set Homing Method (index 0x6098, p. 157) to: 35.

Next Index

Direction of Motion: Positive

Home is the first index pulse found in the positive direction. Direction of motion-is positive. If a
positive limit switch is activated before the index pulse, an error is generated,

[ ]

@

Index Pulse | |

Set Homing Method (index 0x6098, p. 157) to: 34.

Direction of Motion: Negative

Home is the first index pulse found in negativedirection. Direction of motion is negative. If a
negative limit switch is activated befere the index pulse, an error is generated.

o ]

o

Index.Pulse I I

Set Homing-Method (index 0x6098, p. 157) to: 33.
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Limit Switch

Direction of Motion: Positive
Home is the transition of the positive limit switch. Initial direction of motion is positive if the positive

limit switch is inactive.
Positive Limit :
Switch

Set Homing Method (index 0x6098, p. 157) to: 18.

Direction of Motion: Negative
Home is the transition of negative limit switch. Initial direction of motion is-negative if the negative

limit switch is inactive.

Negative Limit |
Switch |

Set Homing Method (index 0x6098, p. 157) to: 17.
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6: Homing Mode Operation

Direction of Motion: Positive

Home is the first index pulse to the negative side of the positive limit switch transition. Initial
direction of motion is positive if the positive limit switch is inactive (shown here as low).

[

Positive Limit
Switch

Index Pulse

|

Set Homing Method (index 0x6098, p. 157) to: 2.

Direction of Motion: Negative

Home is the first index pulse to the positive side of the-negative-limit switch transition. Initial
direction of motion is negative if the negative limit switch is\inactive (shown here as low).

—=

Negative Limit
Switch

|

Index-Pulse |

Set Homing Method (index.0x6098, p. 157) to: 1.
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Hardstop

Direction of Motion: Positive

Home is the positive hard stop. Direction of motion is positive. The hard stop is reached when the
amplifier outputs the homing Current Limit continuously for the amount of time specified in the
Delay Time. If a positive limit switch is activated before the hard stop, an error is generated.

In stepper amplifiers in stepper mode, the hard stop is reached when the following error exceeds

the tracking window.

| ~®

Set Homing Method (index 0x6098, p. 157) to: -1.

Direction of Motion: Negative

Home is the negative hard stop. Direction of motion is negative. The.hard stop is reached when
the amplifier outputs the homing Current Limit continuously for the-amount of time specified in the
Delay Time. If a negative limit switch is activated before the hard stop, an error is generated.

In ]
@ |

Set Homing Method (index 0x6098, p. 157) to: -2.
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Hardstop Out to Index

Direction of Motion: Positive

Home is the first index pulse on the negative side of the positive hard stop. Initial direction of
motion is positive. The hard stop is reached when the amplifier outputs the homing Current Limit
continuously for the amount of time specified in the Delay Time. If a positive limit switch is
activated before the hard stop, an error is generated.

In stepper amplifiers in stepper mode, the hard stop is reached when the following error exceeds
the tracking window.

Index Pulse |

Set Homing Method (index 0x6098, p. 157) to: -4.

Direction of Motion: Negative

Home is the first index pulse on the positive side of the negative hard stop. Initial direction of
motion is negative. The hard stop is reached when the amplifier outputs the homing Current Limit
continuously for the amount of time specified in the Delay Time. If a negative limit switch is
activated before the hard stop, an error is generated:

| 3 ]
=

Index Pulse | |

Set Homing Method (index 0x6098, p. 157) to:-3.
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Home Switch

Direction of Motion: Positive

Home is the home switch transition. Initial direction of motion is positive if the home switch is
inactive. If a limit switch is activated before the home switch transition, an error is generated.

[ I |

Home Switch |

Set Homing Method (index 0x6098, p. 157) to: 19.

Direction of Motion: Negative

Home is the home switch transition. Initial direction of motion is negative if the home switch is
inactive. If a limit switch is activated before the home switch transition, an error is generated.

[ ]

Home Switch

Set Homing Method (index 0x6098, p. 157) to: 21.
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Home Switch Out to Index

Direction of Motion: Positive

Home is the first index pulse to the negative side of the home switch transition. Initial direction of
motion is positive if the home switch is inactive. If a limit switch is activated before the home
switch transition, an error is generated.

[ = ]

Home Switch 5 |

Index Pulse I |

Set Homing Method (index 0x6098, p. 157) to: 3.

Direction of Motion: Negative

Home is the first index pulse to the positive side of the home switch transition.
Initial direction of motion is negative if the home switch is inagtive. If a limit switch is activated
before the home switch transition, an error is generated.

[ == |

Home Switch

Index Pulse l l

Set Homing Method (index 0x6098, p. 157)to: 5.
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Home Switch In to Index

Direction of Motion: Positive

Home is the first index pulse to the positive side of the home switch transition. Initial direction of
motion is positive if the home switch is inactive. If a limit switch is activated before the home
switch transition, an error is generated.

[ —0——

Home Switch |

Index Pulse | |

Set Homing Method (index 0x6098, p. 157) to: 4.

Direction of Motion: Negative

Home is the first index pulse to the negative side of the home_switch transition. Initial direction of
motion is negative if the home switch is inactive. If a limit switch is activated before the home
switch transition, an error is generated.

[ = |

Home Switch ' |

Index Pulse

Set Homing Method (index.0x6098, p/(157) to: 6.
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Lower Home

Direction of Motion: Positive

Home is the negative edge of a momentary home switch. Initial direction of motion is positive if the
home switch is inactive. Motion will reverse if a positive limit switch is activated before the home
switch; then, if a negative limit switch is activated before the home switch, an error is generated.

| =z ol

Home Switch
Positive Limit
Switch // // |

Set Homing Method (index 0x6098, p. 157) to: 23.

Direction of Motion: Negative

Home is the negative edge of a momentary home switch'“Initial.direction of motion is negative. If
the initial motion leads away from the home switch, the axis reverses on encountering the negative
limit switch; then, if a positive limit switch is activated before the home switch, an error is

generated.
/
0~
Home Switch |_/ /_‘

Negative Limit '
Switch _l // //

Set Homing Method (index-0x6098, p. 157) to: 29.
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Upper Home

Direction of Motion: Positive

Home is the positive edge of a momentary home switch. Initial direction of motion is positive. If the
initial motion leads away from the home switch, the axis reverses on encountering the positive limit
switch; then, if a negative limit switch is activated before the home switch, an error is generated.

| /A =]
® |

| Cp
Home Switch ’_/ /_‘ :

Positive Limit
Switch // // |

Set Homing Method (index 0x6098, p. 157) to: 25

Direction of Motion: Negative

Home is the positive edge of momentary home switch.. Initialdirection of motion is negative if the
home switch is inactive. If the initial motion leads away from the home switch, the axis reverses on
encountering the negative limit switch; then, if a positive limit switch is activated before the home

switch, an error is generated.
/
|: ! 7 ’&[ :|
' —®

Llliew
Home Switch ’_/ /_l

Negative Limit '
Switch _l // //

Set Homing Méthod (index0x6098, p. 157) to: 27
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Lower Home Outside Index

Direction of Motion: Positive

Home is the first index pulse on the negative side of the negative edge of a momentary home
switch. Initial direction of motion is positive if the home switch is inactive. If the initial motion leads
away from the home switch, the axis reverses on encountering the positive limit switch; then, if a
negative limit switch is activated before the home switch, an error is generated.

] /]
] L
|: i ::|

Home Switch 7
Positive Llimit /
Switch ! I/

Index Pulse | |

Set Homing Method (index 0x6098, p. 157) to: 7.

Direction of Motion: Negative

Home is the first index pulse on the negative'side of the negative edge of a momentary home
switch. Initial direction of motion is negative:If the'initial motion leads away from the home switch,
the axis reverses on encountering the negative.limit switch; then, if a negative limit switch is
activated before the home switch, an‘error.is:\generated.

] /|
7/
|: y - ! 71 :|

Home Switch '_/ /_‘

Negative Limit

Index Pulse |

Set Homing Method (index 0x6098, p. 157) to: 14.
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Lower Home Inside Index

CANopen Programmer’s Manual

Direction of Motion: Positive

Home is the first index pulse on the positive side of the negative edge of a momentary home
switch. Initial direction of motion is positive if the home switch is inactive. If the initial motion leads
away from the home switch, the axis reverses on encountering the positive limit switch; then, if a
negative limit switch is activated before the home switch, an error is generated.

[ =/

Home Switch
Positive Limit i
Switch ' i
Index Pulse |

Set Homing Method (index 0x6098, p. 157) to: 8.

Direction of Motion: Negative

Home is the first index pulse on the positive side of the negative edge of a momentary home
switch. Initial direction of motion is negative.:If.the initial motion leads away from the home switch,
the axis reverses on encountering the negative limit switch; then, if a negative limit switch is

activated before the home switch; an erroris generated.

[

Home Switch
Negative Limit :
Switch 1 / /

Index Pulse |

Set Homing Method (index 0x6098, p. 157) to: 13.
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Upper Home Outside Index

Direction of Motion: Positive

Home is the first index pulse on the positive side of the positive edge of a momentary home
switch. Initial direction of motion is positive. If the initial motion leads away from the home switch,
the axis reverses on encountering the positive limit switch; then, if a negative limit switch is
activated before the home switch, an error is generated.

[ 7/ : ]

Home Switch /1 t
Positive Llimit /7 |
Switch [/ |
Index Pulse |

Set Homing Method (index 0x6098, p. 157) to: 10.

Direction of Motion: Negative

Home is the first index pulse on the positive side of the positive edge of a momentary home
switch. Initial direction of motion is negative if.the home switch is inactive. If the initial position is
right of the home position, the axis reverses:on encountering the home switch.

I iV
C C 6

Home Switch ’_/ /_‘

Negative Limit :
Switch o

/]
I/

Index Pulse | |

Set Homing Method (index 0x6098, p. 157) to: 11.
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Upper Home Inside Index

Direction of Motion: Positive

Home is the first index pulse on the negative side of the positive edge of momentary home switch.
Initial direction of motion is positive. If initial motion leads away from the home switch, the axis
reverses on encountering the positive limit switch; then, if a negative limit switch is activated
before the home switch, an error is generated.

[ /Al al

Home Switch |7/ /—_|

Positive Llimit / |
Switch IR
Index Pulse | |

Set Homing Method (index 0x6098, p. 157) to: 9.

Direction of Motion: Negative

Home is the first index pulse on the negative side of the positive edge of a momentary home
switch. Initial direction of motion is negative if the home switch is inactive. If initial motion leads
away from the home switch, the axis.reverses on encountering the negative limit; then, if a
negative limit switch is activated before the home switch, an error is generated.

[ g / #E ]

Home Switch |7/ /—_|

Negative Limit : .
Switch  — s

' [

Index Pulse | |

Set Homing Method (index 0x6098, p. 157) to: 12.
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Copley Controls Home Configuration Object for Custom Homing Methods

Copley Controls provides an object that provides access to the amplifier’s internal home
configuration register. When a standard CANopen homing method is used, the software
automatically sets a value in this register.

To specify homing options that are not supported by the standard CANopen methods, the
application can directly program this configuration register. This provides finer control of the
homing methods then the standard CANopen ones allow.

For example, all of the standard CANopen homing methods will cause a move to the new zero
position after it has been found. With a large home offset, this could be a large or slow move. This
final move can be avoided by programming the internal home configuration register directly.
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6.2: Homing Mode Operation Objects

Contents of this Section
This section describes the objects that control the operation of the amplifier in homing mode.

They include:

Homing Method  INdexX OXB098.........couiiiiiiiiie ettt nre e e s enee ey ) 157
Homing Speeds  INdex OXB099 ...........uuiiiiiiiiiiiiieiie e e et e e e e e e e e e e e s sennnrneeeeaee e e dePhiaTeees 158

Home Velocity — Fast  Index 0x6099, Sub-Index 1. ... e 158

Home Velocity — Slow  Index 0x6099, SUb-INAEX 2 ........cccuvriiiieiiiiiicieeee e e e e 158
Homing Acceleration  INdex OXBO09A .........ociiiiiiiiiiiiiiee e s e 158
Home Offset  INAEX OXBOTC........ueiieiiiiiie ettt ettt e ettt e e e et e e e e st e e e e pimg e e e bereeeeennteeeeennees 158
Hard Stop Mode Home Delay  Index OX2357 .......ooiiiiiiiiiiiiiiiee i€ B e 159
Hard Stop Mode Home Current  INdex 0X2350 .......ccccoiiiiiiiiiiiieeiieciiiieeee e i e 159
Home Config  INAEX OX2352 ........uuiiiiiiiiiii ittt Be T ettt e et e et e e e 159
Position Capture Control Register Index 0X2400...........cccciiieiieeiiiiiiiiieeee e N e 160
Position Capture Status Register  Index OX2407 .......ocuiiiiiiiiiii e e 160
Captured Index Position  INd@X OX2402.........ccccoiiiiiiiiiieee e e e e et e e e e e e s e e e e e e e e e 161
Home Capture Position  Index O0X2403 ... ... e e 161
Time Stamp of Last High Speed Position Capture  Index 0x2404.«0 . .coooi i 161
Captured Position for High Speed Position Capture  Index 0X2405..........coooiiiiiiiiii e 161
Homing Adjustment  INdeX OX2353...... .. s s e e e 161
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HOMING METHOD INDEX 0X6098
Type Access Units Range Map PDO | Memory
Integer 8 RW - See Description, below. YES RF
Description

The method for finding the motor home position in homing mode. Program a method described
below by writing its code to 0x6098. Most of the methods are paired. Each member of a pair uses
the same basic method but starts in the opposite direction and has a distinct code. For a full
description of any method, see the referenced pages.

Homing Method Initial Motion Code Full Description.#

Hardstop Out to Index Positive -4 p. 145
Negative -3

Hardstop Negative -2 p. 144
Positive -1

Home is Current Position Any 0 p.~141

Home is Current Position; Move to New Zero Any 35 p. 141

Limit Switch Out to Index Negative 1 p. 143
Positive 2

Home Switch Out to Index Positive 3 p. 147
Negative 5

Home Switch In to Index Positive 4 p. 148
Negative 6

Lower Home Outside Index Positive 7 p. 151
Negative 14

Lower Home Inside Index Positive 8 p. 152
Negative 13

Upper Home Inside Index Positive 9 p. 154
Negative 12

Upper Home Outside Index Positive 10 p. 153
Negative 11

Limit Switch Negative 17 p. 142
Positive 18

Home Switch Positive 19 p. 146
Negative 21

Lower Home Positive 23 p. 149
Negative 29

Upper Home Positive 25 p. 150
Negative 27

Next Index Positive 34 p. 141
Negative 33

Reserved for future use.

15-16, 20, 22, 24, 26, 28, 30-32

Note that these homing methods only define the location of the home position. The zero position is
always the home position adjusted by the homing offset. See Homing Methods Overview, p.140.

Copley Controls Corporation
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HOMING SPEEDS INDEX 0X6099
Type Access Units Range Map PDO | Memory
Array RW - - YES -
Description

This array holds the two velocities used when homing. Sub-index 0 contains the number of sub-
elements of this record.

HOME VELOCITY — FAST INDEX 0X6099, SUB-INDEX 1
Type Access Units Range Map PDO |.‘Memory
Integer 32 RW 0.1 counts/sec 0 — 500,000,000 YES RF
Description

This velocity value is used during segments of the homing procedure that may.be handled at high
speed. Generally, this means move in which the home sensor is being located, but the edge of the
sensor is not being found.

HOME VELOCITY — SLOW INDEX 0X6099, SUB-INDEX 2
Type Access Units Range Map PDO | Memory
Integer 32 RW 0.1 counts/sec 0 — 500,000,000 YES RF
Description

This velocity value is used for homing segment that require low speed such as cases where the
edge of a homing sensor is being sought.

HOMING ACCELERATION INDEX 0X609A
Type Access Units Range Map PDO | Memory
Integer 32 RW 10 counts/sec” 0 — 200,000,000 YES RF
Description

This value defines the acceleration usedfor allhoming moves. The same acceleration value is
used at the beginning and ending ofimoves(i.e. there is no separate deceleration value).

HoOME OFFSET INDEX 0X607C
Type Access Units Range Map PDO | Memory
Integer 32 RW counts - YES RF
Description

The home offset is:the difference between the zero position for the application and the machine
home position (found during homing). During homing the home position is found. Once the homing
is completed the zeroposition is offset from the home position by adding the Home Offset to the
home position. All.subsequent absolute moves shall be taken relative to this new zero position.

See Home Offset (p. 139) for more information.
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HARD SToP MODE HOME DELAY INDEX 0x2351
Type Access Units Range Map PDO | Memory
Unsigned 16 RW milliseconds 0-10,000 YES RF
Description

Delay used for homing to a hard stop mode.

HARD STOP MODE HOME CURRENT INDEX 0X2350
Type Access Units Range Map PDO | Memory
Unsigned 16 RW 0.01A 0-32,767 YES RF
Description

Home current in hard stop mode, in which the amplifier drives the motor to the mechanical end of
travel (hard stop). End of travel is recognized when the amplifier outputs the Hard Stop Mode
Home Current for the Hard Stop Mode Home Delay time (index 0x2351, p. 159).

HomE CONFIG INDEX 0X2352
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - See Descriptionbelow. YES RF
Description

Alternate method for configuring the homing mode. Provides.more flexibility than the standard
CANopen method does. Bit-mapped as follows:

Bits Description
0-3 Home function.
Value Description
0 If bit 5 is not set, then just set the current position as home. If bit 5 is set, then move in the
direction specified by bit 4 and'set the Jocation of the first index pulse as home. Bit 6 is not used
in this mode.
1 Move in the direction specified by-bit 4 until a limit switch is encountered. Then move in the

other direction out of limit: If bit.5.is clear, then the edge location is home. If bit 5 is set, then the
next index pulse is home. Bit 6'is not used in this mode.

2 Home on a constant home’switch. The initial move is made in the direction specified by bit 4.
When the home switchuis‘encountered, the direction is reversed. The edge of the home switch
is set as homeif bit& is clear. If bit 5 is set, then an index pulse is used as the home position.
Bit 6 is used to define which index pulse is used.

3 Home on an, intermittent home switch. This mode works the same as mode 2 except that if a
limit switchs, encountered when initially searching for home, then the direction is reversed. In
mode 2, hitting a limit switch before finding home would be considered an error. Bit 8 identifies
which-edge of the home to search for (positive or negative).

4 Home to a hard stop. This moves in the direction specified in bit 4 until the home current limit is
reached. It then presses against the hard stop using that current value until the home delay time
expires. If bit 5 (index) is set, drive away from the hard stop until an index is found.

4 Initial move direction (O=positive, 1=negative).

5 Home.on index pulse if set.

6 Selects which index pulse to use. If set, use the pulse on the DIR side of the sensor edge. DIR is the
direction specified by bit 4 of this word.

7 If set, capture falling edge of index. Capture rising edge if clear.

8 When using a momentary home switch, this bit identifies which edge of the home switch to reference on. If
set, then the negative edge is used; if clear the positive edge is used.

9 If set, make a move to the zero position when homing is finished. If clear, the zero position is found, but not
moved to.

10 If set, the homing sequence will run as normal, but the actual position will not be adjusted at the end. Note

that even though the actual position is not adjusted, the Homing Adjustment (index 0x2353, p. 161) is
updated with the size of the adjustment (in counts) that would have been made.
Also, if bit 10 is set then no move to zero is made regardless of the setting of bit 9.
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PosSITION CAPTURE CONTROL REGISTER INDEX 0xX2400
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - See Description, below. YES RF
Description

Sets up position capture features for the encoder index home switch input and high speed position
capture input. Bit-mapped as follows:

Bit Description

0 If set, the Captured Index Position (index 0x2402, p. 161) is captured on the falling edge of the index.
If set, the Captured Index Position is captured on the rising edge of the index.

2 If set, a Captured Index Position value will not be overwritten by a new position until it has beenyread. If clear,
new positions will overwrite old positions.

34 Reserved.

If set, Home Capture Position (index 0x2403, p. 161) captures falling edges of the home switch input
transition; if clear, it captures rising edges.

6 If set, Home Capture Position will not be overwritten by a new position until.ithas been read.
If clear, new positions will overwrite old positions.

8 If set, enable high speed input position capture. The position value is written to Captured Position for High
Speed Position Capture (index 0x2405, p. 161).

9 If set, don't overwrite high speed input capture positions.

10 If set, a Captured Position for High Speed Position Capture yalue will not be overwritten by a new position
until it has been read. If clear, new positions will overwrite old\positions.

12 Clear actual position on every encoder index pulse.

PoOSITION CAPTURE STATUS REGISTER INDEX 0x2401

Type Access Units Range Map PDO | Memory
Unsigned 16 RO - See Description, below. YES -

Description

Shows the current status of the index-or-home switch capture mechanism. Bit-mapped as follows:

Bit Description

0 If set, an index position has-been captured. Cleared when the captured position is read.

1,2 Reserved.

3 If set, a new index-transition.occurred when a captured position was already stored.

The existing Captured Index Position (index 0x2402, p. 161) will be overwritten or preserved as programmed
in bit 2 of the Position Capture Control Register (index 0x2400, p. 160).

4 If set, newhome switch transition data has been captured.
5,6 Reserved.
7 If set;"a newhome switch input transition occurred when a captured position was already stored. The existing

Home Capture Position (index 0x2403, p. 161) will be overwritten or preserved as programmed in bit 6 of the
Position.Capture Control Register.

8 If set, a new high speed input position has been captured. Cleared when the captured position is read.
10 If set, high speed input position overflow.
11 If set, a new high speed input transition occurred when a Captured Position for High Speed Position Capture

(index 0x2405, p. 161) was already stored.

The existing Captured Position for High Speed Position Capture will be overwritten or preserved as
programmed in bit 10 of the Position Capture Control Register.
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CAPTURED INDEX POSITION INDEX 0Xx2402
Type Access Units Range Map PDO | Memory
Integer 32 RO counts - YES -
Description

Reading this variable resets bits 0 & 3 of the Position Capture Status Register (index 0x2401, p.
160). Provides the position that the axis was in when an index pulse was captured. Configured by,
setting bits in the Position Capture Control Register (index 0x2400, p. 160), and the status of the
captured data can be checked in the Position Capture Status Register. Reading this variable

resets bits 0 & 3 of the Position Capture Status Register.

HOME CAPTURE POSITION INDEX 0x2403
Type Access Units Range Map-PDO [ Memory
Integer 32 RO counts - EVENT -
Description

Provides the position that the axis was in when an input pin configuredas.a home switch input
became active. This function can be configured by setting bits in the‘Position Capture Control
Register (index 0x2400, p. 160), and the status of the captured data‘can be checked in Position

Capture Status Register (index 0x2401, p. 160).

TIME STAMP OF LAST HIGH SPEED POSITION CAPTURE INDEX 0x2404
Type Access Units Range Map PDO | Memory
Integer 32 RO microseconds = EVENT R
Description

Provides the time when an input pin configured.-as a high speed capture input became active (and
the axis position was captured).

CAPTURED POSITION FOR HIGH SPEED POSITION CAPTURE INDEX 0X2405
Type Access Units Range Map PDO | Memory
Integer 32 RO counts - EVENT R
Description

Provides the position that the axiswas in when an input pin configured as a high speed capture
input became active.

HOMING ADJUSTMENT INDEX 0X2353
Type Access Units Range Map PDO | Memory
Integer 32 RO counts - EVENT R
Description

This parameter.is updated after each successful homing operation. The value it contains is the

size of the actual position adjustment made in the last home sequence.

Copley Controls Corporation
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CHAPTER

7: PROFILE POSITION, VELOCITY, AND
TORQUE MODE OPERATION

This chapter describes the operation of an amplifier in profile position, profile velocity, and profile
torque mode.

Contents include:
7.1: Profile Position Mode Operation

......................................................................................................... 164
7.2: Profile Velocity Mode OpPeration............cc.uuuiiiieeiiiiiiiiieiee et S5kt ae e e e e e e e e snsnraneeaaee s 172
7.3: Profile Torque Mode Operation.............eeiiiiieaeieieee et b STt e e e e e e e e e annneneeeaaeeas 173
7.4 Profile MOAE ODJECES.....ciiiiiiiiiiiiiee ettt a e e e s S e e e e e e e e e e e e e e e sannraneeaaeeas 174
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7.1: Profile Position Mode Operation

Point-to-Point Motion Profiles

In profile position mode, an amplifier receives set points from the trajectory generator to define a
target position and moves the axis to that position at a specified velocity and acceleration. This’is
known as a point-to-point move.

The amplifier performs profile position moves in Profile Position Mode (Mode Of Operation’findex
0x6060, p. 59] =1).

Jerk

In a point-to-point move, the rate of change in acceleration is known as jerk. In-some applications,
high rates of jerk can cause excessive mechanical wear or material damage:

Trapezoidal and S-curve Motion Profiles

To support varying levels of jerk tolerance, the profile position mode supports two motion profiles:
the trapezoidal profile, which has unlimited jerk, and the jerk-limited=S=curve (sinusoidal) profile.

Trapezoidal A S-Curve
A

Velocity Velocity
Target Velocity (Run-Speed) - -

R Deceleration Rate

A L LR S bbbl Acceleration Rate -----1

Time Time

In a trapezoidal profile, jerk is.unlimited at the corners of the profile (start of the move, when the
target velocity is reached,-when deceleration begins, and at the end of the move). S-curve profiling
limits jerk or “smoothes™the mation.

Note that an S-curveprofile;move does not support an independent deceleration rate. Instead, the
acceleration rate. iS)applied to both the acceleration and deceleration of the move. Further,
trapezoidal and profile position special velocity mode profiles support changing of the parameters
of the current. move; whereas an S-curve profile does not. This difference is discussed in Handling
a Series 0f-Point{o-Point Moves, p. 165.

The Metion Profile Type object (index 0x6086, p. 178) controls which type of profile is used.

For{guidance in choosing a trapezoidal or S-curve profile, read the following sections and then
refer to-Trapezoidal vs. S-Curve Profile: Some Design Considerations, p. 171.

(Copley Controls CANopen amplifiers also support a profile position special velocity mode. This
profile type resembles the trapezoidal profile, but with no target position specified. The motion
obeys the acceleration, deceleration, and velocity limits, but continues to move as though the
target position were infinite.)

Relative vs. Absolute Moves

In a relative move, the target position is added to the instantaneous commanded position, and the
result is the destination of the move. In an absolute move, the target position is offset from the
home position.
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Handling a Series of Point-to-Point Moves

There are two methods for handling a series of point-to-point moves:

e As a series of discrete profiles (supported in both trapezoidal and S-curve profile moves)

e As one continuous profile (supported in trapezoidal profile moves only)

General descriptions of the two methods follow. Detailed procedures and examples appear later in
the chapter.

A Series of Discrete Profiles

The simplest way to handle a series of point-to-point moves is to start a move to a particular
position, wait for the move to finish, and then start the next move. As shown below, each.move is
discrete. The motor accelerates, runs at target velocity, and then decelerates to zero.before the
next move begins.

velocity g

7

| /—\
'-'l'1 1 \
Lt t,

L

L.
-

time

The CANopen Profile for Drives and Motion Control (DSP 402) refers to this method as the “single
setpoint” method.

Copley Controls CANopen amplifiers allow usetof thisymethod with both trapezoidal and S-curve
profile moves.
One Continuous Profile

Alternately, a series of trapezoidal profile moves can be treated as a continuous move. As shown
below, the motor does not stop between moves. Instead, the move parameters (target position,
velocity, acceleration, and deceleration)-are updated immediately at the end of the previous move
(when bit 4 of the Control Word is set, as described later in this section).

velocity x

2 T /
W |

1 b
T T T -

t[. t1 tz time

The CANopen Profile for Drives and Motion Control (DSP 402) refers to this method as the “set of
setpoints” method.

Copley Controls CANopen amplifiers allow use of this method with trapezoidal profile moves only.
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Overview of Point-to-Point Move Parameters and Related Data

Move Parameters

Each point-to-point move is controlled by a set of parameters, accessed through the following
objects.

Object Name/ID Description Page #

Trajectory Jerk Limit / 0x2121 Maximum rate of change of acceleration. Used with S-curve profiles 175
only.

Target Position / 0x607A When running in position profile mode, this object holds the destination | 1786

position of the trajectory generator. Note that for profile position special
velocity mode profiles, the target position only specifies the direction of
motion, not a true position.

Profile Velocity / 0x6081 Velocity that the trajectory generator will attempt to achieve when 176
running in position profile mode.

Profile Acceleration / 0x6083 Acceleration that the trajectory generator attempts to achieve'when 177
running in position profile mode.

Profile Deceleration / 0x6084 Note that an S-curve profile move does not use a deceleration rate. 177
Instead, the acceleration rate is applied to both the acceleration and
deceleration of the move.

Quick Stop Deceleration / Deceleration value used when a trajectory‘needs to be stopped as the 178
0x6085 result of a quick stop command. Note that.unlike most trajectory
configuration values, this value is NOT buffered. Therefore, if the value
of this object is updated during an-abort, the new value is used
immediately.

Motion Profile Type / 0x6086 Trapezoidal, S-curve, or special velocity mode. 178

The Point-to-Point Move Buffer

In profile position mode, the amplifier uses a<buffer to'store the parameters (listed in Move
Parameters, above) for the next point-to-point moeve, or for a modification of the current
trapezoidal profile move. The move buffer can‘be modified at any point before a control sequence
(described in following sections) copies the <next-move” parameters to the active move registers.
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Move-Related Control Word and Status Word Bit Settings

An amplifier's Control Word (index 0x6040) and Status Word (index 0x6041) play an important
role in the initiation and control of point-to-point move sequences, as described below.

Object Name / Index

Bit #

Bit Name

Description/Comments

Control Word / 0x6040

4

new setpoint

The transition of bit 4 from 0 to 1 is what causes the
amplifier to copy a set of move parameters from the
buffer to the active register, thus starting the next move:

change set
immediately

Allows or prevents attempt to perform a series of moves
as one continuous profile (change move parameters’while
move is in progress).

Value = 0: Amplifier will ignore a 0 to 1 transition on bit 4
if there is currently a move in progress.

Value = 1 and Motion Profile Type (index-0x6086, p. 178)
= trapezoidal or velocity mode: Allew new move to begin
immediately after bit 4 low-to-high\transition.

Value = 1 and Motion Profile Type is S-curve: Ignore
update and continue move.with old parameters.

absolute/relative

Value = 0: Move is absolute (based on home position).

Value = 1: Move is.relative (based on current commanded
position).

halt

Value = 1: Interrupts the motion of the drive. Wait for
release to_continue.

Status Word / 0x6041

10

target reached

Amplifier'sets bit 10 to 1 when target position has been
reachedr Amplifier clears bit 10 to zero when new target is
received.

If quick stop option code (p. 58) is 5, 6, 7, or 8, this bit is
set when the quick stop operation is finished and the
drive.is halted.

Bit.10 is also set when a Halt occurs.

12

setpoint acknowledge

Set by the amplifier when Control Word bit 4 goes from 0
to 1. Cleared when Control Word bit 4 is cleared. An
invalid transition on Control Word bit 4 will not cause this
bit to be set. Invalid transitions include those made while
drive is in motion and in S-curve mode, or made while
drive in motion with Control Word bit 5 not set.

Copley Controls Corporation
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Point-To-Point Move Sequence Examples

Overview
The following sections illustrate how to perform:
e A series of moves treated as a Series of Discrete Profiles

o A series of trapezoidal or profile position special velocity moves treated as One Continuous
Profile
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7: Profile Position, Velocity, and Torque Mode Operation

This diagram illustrates how to implement a series of moves as a series of discrete profiles.

lear Control Word
bit 5 (to 0).

action or query done by amplifier

action or query done by CANopen
master

2 )set move parameters.
Set profile type to 0 for
trapezoid; 1 for s-curve.

<

Control
Word
bit 4

Clear Control Word bit 4
(to 0).

Set Control Word bit 4
(to 1).

6
Amplifier sees bit 4 0-1

transition;
copies buffered move to
active registers.

Word bit
6

Amplifier-starts
absolute move.

Amplifier starts relative movey

(s) »

mplifier,sefs’” Status Word bit
12 (to ).

9.7 vl
CIea!@trol Word bit 4
) ‘\@ (to|0).

¢ mplifier clears bit 12 (to 0).
When target position is
reached, amplifier sets bit 10
of Status Word (to 1).

yes

Copley Controls Corporation

Finished.

Notes:

1. Control Word bit 5 is “change set immediately.”
Clearing it tells the amplifier to treat a series of
moves as a series of discrete profiles.

2. Move Parameters are described on page 108.

3. Control Word bit 4 is “new setpoint.” It needs.to’'be
0 because the move is triggered by a 0->1 transition.

4, Status Word bit 10 is “target reached.”VValue is 0
when move is in progress; 1 when move.is finished.

5. Value of 1 indicates that valid data-has been sent
to amplifier and new move should begin.

6. Amplifier must detect 0-1<ransition to begin move.

7. Control word bit 6: value 0 causes absolute move;
value 1 causes relativeimove.

8. Status Word bit.13:is “setpoint acknowledge.” A
value of 1 indicatesthe amplifier has received a
setpoint and _has started the move.

9. Control'Word bit 4 is “new setpoint.” It needs to be
0 to allow the next move is triggered by a

0->1 transition. Also, the 1->0 transition causes the
amplifier to clear bit 13.

10, Amplifier detects 0->1 transition of Control Word
bit 4 and.clears bit 13 in response.

When the motor reaches the target position, the
amplifier sets Status Word bit 10 (“target reached”)
fo 1.

11. CANopen master returns to step 2 if there are
more moves to complete; otherwise, the series of
moves is finished.
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One Continuous Profile
This diagram illustrates how to implement a series of moves as one continuous profile.

Set move parameters;
Set profile type to 0 (for
trapezoidal move).

action or query done by amplifier

action or query done by CANopen
master

Control
Word
bit 4

Clear Control Word bit 4
(to 0).

Set Control Word
bits 4 and 5 (to 1).

Amplifier sees bit 4 0-1
transition; sees that bit 5 is set;
copies buffered move to
active registers.

Amplifier begins
absolute move.

Amplifier begins relative
move.

G\ [
/Amplifier Status Word bit 12
(to 1).

I
Amplifier clears Status-Word
° bit, 12 (to 0).

Notes:

1. Move Parameters are described on page
108. This type of move is only supported as a
trapezoidal profile.

2. Control Word bit 4 is “new setpoint.” It
needs to be 0 because the move will be
triggered by a 0->1 transition.

3. Bit 4, value of 1 indicates that valid data
has been sent to amplifier and new.move
should begin.

Bit 5 is “change set immediately.” A value of 1
tells the amplifier to update the current profile
immediately by copying\the.contents of the
move buffer to the active registers (without
waiting for move to.finish).

4. Amplifier must detect bit 4 0-1 transition to
begin move.-Bit 5 value 1 allows immediate
update.

5. Control*word bit 6: value 0 causes absolute
moyve;wvalue 1 causes relative move.

6. Status Word bit 13 is “setpoint
acknowledge.” A value of 1 indicates the
amplifier has received a setpoint and has
started the move.

7., Control Word bit 4 is “new setpoint.” It
needs to be 0 to allow the next move will be
triggered by a 0->1 transition. Also, the 1->0
transition causes the amplifier to clear bit 13.

8. Amplifier detects 0->1 transition of Control
Word bit 4 and clears bit 13 in response.

When the motor reaches the target position,
the amplifier sets Status Word bit 10 (“target
reached”) to 1.

9. CANopen master returns to step 1 if there
are more moves to complete; otherwise, the
series of moves is finished.
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Trapezoidal vs. S-Curve Profile: Some Design Considerations

Difference Between Trapezoidal and S-Curve Profiles

Here is a review of the differences between trajectory and S-curve profiles, and some design
considerations indicated by those differences:

Trapezoidal Profile

S-Curve Profile

Design Considerations

Unlimited jerk, operation not as
smooth.

Limited jerk, smoother operation.

If the application cannot tolerate jerk,
use S-curve.

If the application can tolerate jerk;
other features available exclusively in
trapezoidal profile may indicate its use.

Supports separate acceleration and
deceleration rates.

Does not support separate
deceleration rate; uses acceleration
rate for acceleration and deceleration.

If a separate deceleration rate is
critical, the trapezoidal profile is
indicated.

Supports modification of current move
parameters during current move,
allowing the execution of a series of
moves as a continuous profile.

Does not support modification of
current move. A series of moves
requires a series of discrete profiles.

If current move’modification is critical,
the trapezoidal profile is indicated.

Generally requires less torque than the
S-curve profile to complete an equal
move in equal time.

Generally requires more torque than a
trapezoidal profile to complete an
equal move in equal time, to make up
for time sacrificed for gentler starts ‘and
stops.

Designers switching a profile from
trapezoidal to S-curve or lowering the
value of Trajectory Jerk Limit (index
0x2121, p. 175) might notice some
slowing. A higher Profile Acceleration
can be applied to compensate, but
watch out for amplifier and motor
limits.

Copley Controls Corporation

171




7: Profile Position, Velocity, and Torque Mode Operation CANopen Programmer’s Manual

7.2: Profile Velocity Mode Operation

Position and Velocity Loops

In profile velocity mode, both the velocity and position loops are used to reach the velocity
programmed in the Target Velocity object (index Ox60FF, p. 176). Profile velocity moves are
controlled by some of the same gains and limits objects used in profile position mode.

The amplifier performs profile velocity moves in Profile Velocity Mode (Mode Of Operation findex
0x6060, p. 59] =3).

Stepper Motor Support

The profile velocity mode can be used with a stepper motor.

Encoder Used as Velocity Sensor

The actual velocity is not measured with a velocity sensor. It is derived using position feedback
from the encoder.

Starting and Stopping Profile Velocity Moves

As in Profile Position (and Interpolated Position) modes, metion is started by a low-to-high
transition of bit 4 of the Control Word (index 0x6040, p. 54):“Motion is stopped by a high-to-low
transition of the same bit.

Profile Velocity Mode vs. Profile Position’Special Velocity Mode

Profile Position Special Velocity Mode

As described earlier, the profile position made supports a special velocity mode, in which the
velocity trajectory generator takes the place of the trapezoidal generator. The two generators are
identical with the exception that in the-velocity.trajectory generator, the Target Position object
(index 0x607A, p. 175) indicates direction, not a target position. Any positive number (including
zero) gives positive motion and any negative number gives negative motion. In this special velocity
mode, the move continues at the Profile Velocity (index 0x6081, p. 176) until a new target velocity
is set or until the move is halted.

To start a move in this.mode,-program all the profile parameters (trajectory mode, profile velocity,
acceleration, deceleration, and direction) and then program a 0-to-1 transition on Control Word bit
4. You can then clear bit 4 :without effecting the trajectory, modify any of the parameters (direction,
velocity, acceleration, et¢), and set Control Word bit 4 (with bit 5 set also) to update the profile.
The normal way to stop motion in this mode is to set a profile velocity of 0.

Profile Velocity,Mode

In profile velacity mode, the target velocity is updated as soon as the Target Velocity object (index
0x60FF, p.“176) is set.

In this.mode, Control Word bits 4, 5, and 6 are not used.

To-start a move in profile velocity mode, set the profile parameters (profile acceleration, profile
deceleration, and target velocity). The amplifier will generate a move as long as the halt bit
(Control Word bit 8) is not set. If the halt bit is set, the amplifier will stop the move using the
deceleration value.
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7.3: Profile Torque Mode Operation

Current Loop

In profile torque mode, the current loop is used to reach the torque programmed in the Target
Torque object (index 0x6071, p.176). When the amplifier is enabled, or the torque command is
changed, the motor torque ramps to the new value at the rate programmed in Torque Slope (index
0x6087, p. 177). When the amplifier is halted, the torque ramps down at the same rate.

Profile torque moves are controlled by Current Loop Gains (index 0x60F6, p. 128).

The amplifier performs profile torque moves in Profile Torque Mode (Mode Of Operation [index
0x6060, p. 59] =4).

Notes:
1: The profile torque mode cannot be used with a stepper motor.

2: To convert torque commands to the current commands that actually drive the motor, the
amplifier performs calculations based on the motor’'s Motor Torque~Constant (index 0x6410, Sub-
Index 12, p. 83) and Motor Continuous Torque (index 0x6410, Sub=Index 14, p. 84).

Starting and Stopping Profile Torque Moves

To start a move in profile torque mode, set the profile parameters. The amplifier will generate a
move as long as the halt bit (Control Word bit 8) is not-set. M the halt bit is set, the amplifier will
stop the move using the torque_slope value.
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7.4: Profile Mode Objects

Contents of this Section

This section describes the objects that control operation of the ampilifier in profile position, velocity,
and torque modes.

They include:

Trajectory Jerk Limit  INdeX OX21271.....ooiiiiiiieeee e Do 175
Trajectory Generator Status  INAexX OX2252.........cooiiiiiiiiiiiiiiiiee e ee e e e 175
Trajectory Generator Destination Position  INdex 0X2122 .........ccccoeiieiiiiieneiieceeeee e NS 175
Target Position  INA@X OXBOTA..........ueueeeeeieieeiieieieeeieeeiereeereaeeersreresnreenrnresssssssnsnssssssssssssssshas budsssnnnsnnnrnnnnes 175
Profile Velocity  INAeX OXBO08T ........ooiiiiiiiiiiie ettt et Tog e e nr e e e enre e e e enes 176
Target VeloCity  INdeX OXBOFF ...........uuuieieieiiiiieiiieieieieieieeeieieeersrereenresnsesessessssnsnsssssadhos s Sudenennnnnsnnnnnnnmnrnnnnes 176
Target Torque  INAEX OXBO7T ......eiiiiiiiiiiiiiiiee e e e 176
Torque Command  INAEX OXBOT4 ........ooeiieeiiiiiiieeee e e et e e e e e et e e e e e e e e iaatae s eeeeeeennrsreeeaeeeeesnnnrnreees 176
Motor Rated Torque  INdeX OXBO0T6 ........oooeiiiiiiiieiieee e e e e e e et e e e e ee e e e e e 176
Torque Actual Value  INAEX OXBOT77 ..........uuuuueeereieeeieeeeeiereieueeeeseeneesrssnsessimnatasesesssssssssssssssssssssssssssnsssnsssnnes 176
Torque Slope  INdeX OXB087 ..o eeeeee e e b e 177
Torque Profile Type  Index OXB088...........cccoiiiiiiiiiieeeeiiciiieiee e e 177
Profile Acceleration  INdex OXB083 ... g 7 ettt e et e e e e e e e e e e e e e e 177
Profile Deceleration  INdex OXB084...........cooiiiiiiiiiieiiiiee e e e e 177
Quick Stop Deceleration  IndeX OXB085 ..........oooii i e e e e e e e e e e snneeeeeaae s 178
Motion Profile Type  INdeX OXB086 .........ccoeeeiiiiiiiiiiiieee s aiaeereee e adtmm et e e e e e e e e e e e e e e eaaraeeeeaeeeeenrnneees 178
Velocity Sensor Selection  INdex OXGO06A ...........eeeeriire ST b e 178
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TRAJECTORY JERK LIMIT INDEX 0x2121
Type Access Units Range Map PDO | Memory
Integer 32 RW 100 counts / sec’ 0 - 100,000,000 YES RF
Description

This object defines the maximum jerk (rate of change of acceleration) for use with S-curve profile
moves. Other profile types do not use the jerk limit.

TRAJECTORY GENERATOR STATUS INDEX 0X2252
Type Access Units Range Map PDO . Memory
Unsigned 16 RO - See Description, below. YES -
Description
This variable gives status information about the trajectory generator. It is bit-mapped as follows:
Bit Description
0-10 Reserved for future use.
11 Homing error. If set an error occurred in the last home attempt. Cleared by.a home command.
12 Referenced. Set if a homing command has been successfully executed«Cleared by a home command.
13 Homing. Set when the amplifier is running a home command.
14 Set when a move is aborted. This bit is cleared at the start of the-next move.
15 In motion bit. If set, the trajectory generator is presently generating a profile.
TRAJECTORY GENERATOR DESTINATION POSITION INDEX 0x2122
Type Access Units Range Map PDO | Memory
Integer 32 RO counts - YES -
Description

The position that the trajectory generator uses asiits destination. Mostly useful when driving the amplifier
using the pulse & direction inputs.

TARGET POSITION INDEX 0X607A

Type Access Units Range Map PDO | Memory
Integer 32 RW counts i YES RF
Description

When running in position.profile-mode, this object defines the destination of the trajectory
generator.

The object’s meaning varies with the move type, as set in Motion Profile Type (index 0x6086, p.
178):

Move Type Meaning

Relative Move distance.

Absolute Target position.

VeloCity Direction: 1 for positive, -1 for negative.

Note that.the target position programmed here is not passed to the internal trajectory generator
until. the move has been started or updated using the Control Word. See Profile Position Mode
Operation, p. 164, for more information.
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PROFILE VELOCITY INDEX 0X6081
Type Access Units Range Map PDO | Memory
Integer 32 RW 0.1 counts/sec 0 - 500,000,000 YES RF
Description

In profile position mode, this value is the velocity that the trajectory generator will attempt to

achieve.

Note that the value programmed here is not passed to the internal trajectory generator until the
move has been started or updated using the Control Word. See Profile Position Mode Operation,
p. 164, for more information.

TARGET VELOCITY INDEX O0X60FF
Type Access Units Range Map PDO | Memory
Integer 32 RW 0.1 counts/sec -500,000,000 - 500,000,000 YES R
Description

In profile velocity mode, this object is an input to the amplifier’s internal trajectory generator. Any
change to the target velocity triggers an immediate update to the trajectory generator.

Note that this is different from the way the profile position works: In"that mode, changing the
trajectory input parameters doesn't affect the trajectory generator until bit 4 of the Control Word
object (index 0x6040, p. 54) has been changed from 0 to 1.

TARGET TORQUE INDEX 0X6071
Type Access Units Range Map PDO | Memory
Integer 16 RW rated torque/1000 -32,768 - 32,767 YES RF
Description

In profile torque mode, this object is an input'to thesamplifier’s internal trajectory generator. Any
change to the target torque triggers animmediate update to the trajectory generator.

TORQUE COMMAND INDEX 0X6074
Type Access Units Range Map PDO | Memory
Integer 16 RO rated torque/1000 -32,768 - 32,767 YES RF
Description
Output value of the torque limiting function.
MoOTOR RATED.TORQUE INDEX 0X6076
Type Access Units Range Map PDO | Memory
Integer 16 RW 0.001 Nm 0 - 32,767 YES RF
Description
Motor's’'rated forque (see motor name plate or documentation).
TORQUE ACTUAL VALUE INDEX 0X6077
Type Access Units Range Map PDO | Memory
Integer 16 RO rated torque/1000 -32,768 - 32,767 YES RF
Description

Instantaneous torque in the motor.

176
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TORQUE SLOPE INDEX 0X6087
Type Access Units Range Map PDO | Memory
Integer 16 RO rated Positive integer values YES RF
torque/1000/second
Description
Torque acceleration or deceleration.
TORQUE PROFILE TYPE INDEX 0X6088
Type Access Units Range Map PDO |.‘Memory
Integer 16 RO -- 0-0 YES RF
Description

Type of torque profile used to perform a torque change. Set to zero to select trapezoidal profile.

PROFILE ACCELERATION INDEX 0x6083
Type Access Units Range Map PDO | Memory
Integer 32 RW 10 counts/sec” 0 - 200,000,000 YES RF
Description

In profile position mode, this value is the acceleration that the-trajectory generator attempts to
achieve. For S-curve moves, this value is also used to decelerate at the end of the move.

Note that the value programmed here is not passed to the internal trajectory generator until the
move has been started or updated using the Control.\WWord. See Profile Position Mode Operation,
p. 164, for more information.

PROFILE DECELERATION INDEX 0x6084
Type Access Units Range Map PDO | Memory
Integer 32 RW 10 counts/sec* 0 - 200,000,000 YES RF

Description

Deceleration that the trajectory generator-uses at the end of a trapezoidal profile when running in
position profile mode.

Note that this value is only used when running trapezoidal or profile position special velocity mode
profiles. The S-curve profile generator uses the Profile Acceleration object (index 0x6083, p. 177)
as the acceleration target for both the start and end of moves.

Note that the valueprogrammed here is not passed to the internal trajectory generator until the
move has been started orrupdated using the Control Word. See Profile Position Mode Operation,
p. 164, for more-information.

Copley Controls Corporation 177



7: Profile Position, Velocity, and Torque Mode Operation CANopen Programmer’s Manual

QUICK STOP DECELERATION INDEX 0X6085
Type Access Units Range Map PDO | Memory
Integer 32 RW 10 counts/sec” 0 - 200,000,000 YES RF
Description

Also known as Trajectory Abort Deceleration. This object gives the deceleration value used when
a trajectory needs to be stopped as the result of a quick stop command.

When a quick stop command is issued, the command velocity is decreased by this value untilit
reaches zero. This occurs in all position modes (homing, profile position, and interpolated peosition
modes), and for all trajectory generators (trapezoidal and S-curve).

Note that unlike most trajectory configuration values, this value is NOT buffered. Therefore, if the
value of this object is updated during an abort, the new value is used immediately:

Also note that setting this object to zero causes the abort to run with unlimited deceleration. The
command velocity is immediately set to zero.

MOTION PROFILE TYPE INDEX 0X6086
Type Access Units Range Map PDO | Memory
Integer 16 RW - See Description,-below. YES RF
Description

This object selects the type of trajectory profile to use when_running in profile position mode. The
supported values for this object are:

Mode Description

0 Trapezoidal profile mode.

3 S-curve profile mode (Jerk limited).
-1 Velocity mode.

The amplifier will not accept other values."See Profile Position Mode Operation, p. 164, for more
information.

Note that the value programmed here€ is not passed to the internal trajectory generator until the
move has been started or updated using the Control Word. See Profile Position Mode Operation,
p. 164, for more information.

VELOCITY SENSOR SELECTION INDEX 0X606A
Type Access Units Range Map PDO | Memory
RESERVED - - 0 YES RF
Description

Reserved forfuture-use. This object specifies how actual velocity is measured. Currently, Copley
Controls. amplifiers'support only the use of position encoders for calculation of actual velocity. Any
value ether thanzero will return an error.
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CHAPTER

8: INTERPOLATED POSITION OPERATION

This chapter describes control of an amplifier in interpolated position mode.
Contents include:

8.1: Interpolated Position Mode Overview
8.2: Interpolated Position Mode Objects
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8.1: Interpolated Position Mode Overview

Contents of this Section
This section provides an overview of the interpolated position mode.
Topics include:

(@70 To) r'o |19 =1 C=To I 1Y o) 4o o OO PPREE 181
CANopen Standard IP MOVE ODJECLS .........uviiiiiiiiiiiiiiiieee ettt e e e e srare e e e e s e e snnnee e e s dePin T e 182
Copley Controls Alternative Objects for IP MOVES .........occuuiiiiiiiiiiiie e e 182
Interpolated Position Trajectory BUFfer............cooociiiiiiici e S 183
Starting an Interpolated Position MOVE ... e S 184
Ending an Interpolated POSItION IMOVE ... ... e e e 184
SYNCAIONIZAtION .....coiiiiiiii e e e et e e sieeee s 184
PVT Profile Moves Using the Copley Controls Alternative Objects ...........ccccoovieee e 88 185
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Coordinated Motion

Interpolated position mode is used to control multiple coordinated axes or a single axis with the
need for time-interpolation of setpoint data. In interpolated position mode, the trajectory is
calculated by the CANopen master and passed to the amplifier’s interpolated position buffer as a
set of points. The amplifier reads the points from the buffer and performs linear or cubic
interpolation between them.

Copley Controls CANopen amplifiers support three interpolation sub-modes: linear interpolation
with constant time, linear interpolation with variable time, and cubic polynomial interpolation;.which
is also known as position, velocity, and time (PVT) interpolation. The amplifier can switch between
linear and PVT interpolation on the fly.

Linear Interpolation with a Constant Time

In this mode, trajectory position points are assumed to be spaced at a fixed timejinterval. The
amplifier drives the axis smoothly between two points within the fixed time.

Linear Interpolation with Variable Time

In this linear interpolation mode, each trajectory segment can have a different time interval.

Cubic Polynomial (PVT) Interpolation
In PVT mode, the CANopen master describes the trajectory points as a position, velocity, and time
until the next point.

Given two such points, the amplifier can interpolate smoothly-between them by calculating a cubic
polynomial function, and evaluating it repeatedly untilkthe next-point is encountered.

Cubic polynomial interpolation produces much smoother'curves than linear interpolation. Thus it
can describe a complex profile with many fewer.reference points. This allows a profile to be
compressed into a small number of reference points which can be sent over the CAN bus using
only a small amount of its total bandwidthc

Standard and Copley Custom Objects for\Interpolated Position Mode

Copley Controls CANopen amplifiers provide two sets of objects for performing IP moves:

e The CANopen DSP-402 profile standard IP move objects: 0x60C0, 0x60C1, and 0x60C2.

o The Copley Controls alternativeyobjects for PVT and linear interpolation with variable time:
0x 2010, Ox 2011, 0x.2012,-and Ox 2013. These objects use bandwidth in a more efficient
manner, and feature an integrity counter to identify lost packets.

Copley Controls Corporation 181



8: Interpolated Position Operation CANopen Programmer’s Manual

CANopen Standard IP Move Objects

When the CANopen DSP-402 profile standard IP move objects are used, the interpolation
submode is chosen by setting a code in Interpolation Submode Select (index 0x60CO0 p. 189) as
described here:

IP Submode | Description

0 Linear interpolation with a constant time.
-1 Linear interpolation with variable time.
-2 PVT interpolation.

Linear Interpolation with a Constant Time

In IP submode 0, the trajectory target position of each segment is written to Interpolation Position
Target (index 0x60C1, Sub-Index 1, p. 190. Each time Interpolation Position Target'is written to,
the entire record is written to the amplifier’s internal buffers. (In mode 0, Sub-Index 2 and Sub-
Index 3 are ignored).

The time interval is set in Interpolation Constant Time Index (index 0x60C2,"Sub-Index 1, p. 190).

Linear Interpolation with Variable Time

In IP submode -1, each trajectory segment can have a different time interval. The trajectory target
position of each segment is written to Interpolation Position Target, which is Sub-Index 1 of the
Interpolation Data Record (index 0x60C1, p. 190). With each.update to Interpolation Time (index
0x60C1, Sub-Index 2, p. 190), the entire record is written to.the amplifier's internal buffers.

(In mode -1, Sub-Index 3 is ignored.)

Cubic Polynomial (PVT) Interpolation

In IP submode -2, the trajectory target position of each-segment is written to Interpolation Position
Target (index 0x60C1, Sub-Index 1, p. 190)and the.segment time is written to Interpolation Time
(index 0x60C1, Sub-Index 2). When the segment velocity is written to Interpolation Velocity (index
0x60C1, Sub-Index 3, p. 190), the entire record-is written to the amplifier's internal buffers.

Copley Controls Alternative Objects for IP Moves

The Copley Controls alternative objectsuse bandwidth in a highly efficient manner. They also
feature an integrity counter to ‘identify lost packets.

Each profile segment is packed into' a single 8-byte object in the object dictionary (IP move
segment command, index 0x2040, p. 187). If a PDO is used to transmit the object, then a
segment may be transmitted in a single CAN message.

For a PVT example, see PVT Profile Moves Using the Copley Controls Alternative Objects, p. 185.
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Interpolated Position Trajectory Buffer

A typical profile contains a large number of segments. These segments must be passed to the
amplifier over the CANopen network quickly enough to ensure that the next point is received
before the amplifier needs it to calculate the intermediate motor positions.

To reduce the tight timing requirements of sending trajectory segments over the network, the
amplifier maintains a buffer of trajectory segments in its memory. This allows the controller to send
trajectory segments in bursts, rather then one at a time, as the profile is executing. The amplifier
can hold 32 trajectory segments. See the Trajectory Buffer Free Count object (index 0x201.1,-p.
188).

Guidelines for Buffer Use

The amplifier needs a minimum of 2 trajectory segments to perform interpolation:Thus, a
successful move requires at least two segments in the buffer. Generally, it is best to keep the
buffer at least one step ahead of the interpolation, so it is best to keep at least three segments in
the buffer at any time during a move.

For instance, suppose a PVT trajectory includes the three segments:

PO, VO, TO

P1, V1, T1

P2, V2, T2

While the move is between the points PO and P1, the amplifier needs access to both of these
segments to do the interpolation. When that segment is finished (at point P1) the amplifier needs
the next segment in order to continue interpolating toward point-P2.

So, between PO and P1, the amplifier does not yet need P2."At P1, the amplifier no longer needs

PO, but does need P2 to continue. Strictly speaking, there is no time when the amplifier needs all

three segments at once. However, in practice:itis bestto make sure that P2 is available when the
move is getting close to it.
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Starting an Interpolated Position Move

An interpolated position move is started using Control Word settings (index 0x6040, p. 54) and
Status Word settings (index 0x6041, p. 55) settings. The transition of Control Word bit 4 from 0 to
1 causes the amplifier to start the move using the points stored in the interpolated move trajectory
buffer. For an example, see PVT Profile Moves Using the Copley Controls Alternative Objects
(below) and Format of Data Bytes in PVT Segment Mode, p. 188.

Ending an Interpolated Position Move

Interpolated position moves can be stopped by adding a zero time value to the buffer. This method
allows the amplifier to reach the present set point before motion stops.

When using the CANopen standard interpolation objects, send the zero time value using one the
methods described below.

IP Description Method
Submode
0 Linear interpolation with a constant Send a zero value to Interpolation Constant Time Index (index
time. 0x60C2, Sub-Index 1, p~190) before sending a segment to the
buffer.
-1 Linear interpolation with variable time. | Send a zero ininterpolation Time (index 0x60C1, Sub-Index 2,
-2 PVT move using standard CANopen p. 190).
objects.

Sending a segment with a zero time value is the recommeénded way to end an interpolation profile
that uses the Copley Controls alternate objects. See IP-move segment command object (index
0x2010, p. 187), and Format of Data Bytes inRVT Segment Mode, p. 188.

An Interpolated position move can also be ended in one of several other ways:

Clear bit 4 of the Control Word (index 0x6040, p. 54).

Clear the quick stop bit (bit 2) of'the Control Word.

Set the halt bit (bit 8) of the ControldAford.

e Stop adding segments to-the buffer. This will cause a buffer underflow, stopping interpolation.

Note that each of these methods stops motion immediately, even if the axis has not reached the
set point.

Synchronization

An amplifier canrun in-synchronized mode or asynchronous mode. Synchronized mode should be
used when doing multi-axis interpolated position moves. (See PDO Transmission Modes, p. 25,
and SYNGC,and High-resolution Time Stamp Messages, p. 40.)
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PVT Profile Moves Using the Copley Controls Alternative Objects

As mentioned earlier, Copley Controls CANopen amplifiers provide an alternate set of objects for
more efficient execution of PVT moves and linear interpolation moves with variable time.

The basic method for sending PVT profile data over the CANopen network is:

1

Configure a transmit PDO to send out the Trajectory Buffer Status object (index 0x2012, p.
189). The preferred transmit type for this PDO is 255 (event driven). This causes the PDO to
be transmitted every time a segment is read from the buffer, or on error.

Configure a receive PDO to receive the PVT buffer data via the IP move segment command
(index 0x2010, p. 187).

Use either PDO or SDO transfers to fill the PVT buffer with the first N points of the-profile
(where N is the size of the PVT buffer).

If using synchronization, start synchronization before starting motion.

Start the move by causing a 0-to-1 transition of bit 4 of the Control Word\object (index 0x6040,
p. 54).

Each time a new Trajectory Buffer Status object (index 0x2012, p. 189) is received, first check
for error bits. If no errors have occurred, then one or more additional segments of PVT data
should be transmitted (until the trajectory has finished).

If the Trajectory Buffer Status object indicates that an error-has occurred, then the reaction of
the controller will depend on the type of error:

Underflow errors indicate that the master controller istnot-able to keep up with the trajectory
information. When an amplifier detects a buffer underflow condition while executing an
interpolated profile, it will immediately abort the'profile. In this case, using longer times
between segments is advisable.

Overflow errors indicate an error in the CANopen,master software.

Segment sequencing errors suggest either an-error in the CANopen master software or a lost
message, possibly due to noise on-the bus. Since the next segment identifier value is passed
with the PVT status object, it should be-possible to resend the missing segments starting with
the next expected segment. Note that'the sequencing error code must be cleared with the
appropriate IP move segment command Buffer Command Mode message (p. 187) before any
new segments of PVT data are-accepted.

End the move by setting the.PVT segment time to zero. See IP move segment command
object (index 0x2010, p.-187), and Format of Data Bytes in PVT Segment Mode, p. 188.
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8.2: Interpolated Position Mode Objects

Contents of this Section
This section describes the objects that control operation of the ampilifier in profile position mode.

They include:
IP move segment command  INAeX OX2010 ......oouuiiiiiiiiieiiiiee ey ) 187
Trajectory Buffer Free Count  INdexX OX20TT ....emriiiiiiii it e e e e e e e e e e e e Pha e 188
Trajectory Buffer Status  INAeX OX2012 .......ooiiiiiiiii e e e e 189
Next Trajectory Segment ID  Index OX2013.........uviiiieeiiiiiiiiieiee e e eesreee e e e es e 189
Interpolation Submode Select  Index OXB0CO .........oooeiiiiiiiiiiiiiieeieee e D 189
Interpolation Data Record  INdex OXB0CT...........uuiiiiiiei e e e s e e e e e e e enrnrees 190
Interpolation Position Target Index Ox60C1, Sub-IndeX 1 ...l N e 190
Interpolation Time Index 0XB0C1, SUD-INAEX 2......ccccoeiiiiiiiiiiieeeeeieeee e e e 190
Interpolation Velocity Index OX60C1, SUb-INAEeX 3 ... e 190
Interpolation Constant Time  INdex OXB0C2 ...........oovviiiiiiiiiiiieeeeeeecriee e e N e 190
Interpolation Constant Time Index Index Ox60C2, Sub-IndeX 1 ... i, 190
Interpolation Constant Time Units  Index O0x60C2, Sub-Index 2.... 0, 190
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IP MOVE SEGMENT COMMAND INDEX 0x2010
Type Access Units Range Map PDO | Memory
8 Byte array WO - - YES R
Overview

This object is used to send PVT segment data and buffer commands in interpolated position
mode.

Byte 1: Header Byte

The first byte of the object identifies the type of information contained in the rest of the message.
Among other things, it determines whether the PVT Segment Command object operates’ina PVT
buffer command mode or carries a PVT profile segment.

Buffer Command Mode

If the most significant bit of the header byte is set to 1, then the PVT segment command object is
a PVT buffer command. In this case, the command code is located in the remaining 7 bits of the
header byte and should take one of the following codes:

Code Description

0 Clear the buffer and abort any move in progress.

1 Pop the N most recently sent segments off the buffer. PVT profiles will continue to run as long as the buffer
doesn't underflow. The number of segments to pop (N) is passed in the next byte (byte 1 of the message).

If there are less then N segments on the buffer, this acts the same 'as a buffer clear except that the profile is
not stopped except by underflow.

2 Clear buffer errors. The next byte of data gives a mask of theé‘errors to be cleared (any set bit clears the
corresponding error). Error bit locations are the same as the top byte of the status value.

3-127 Reserved for future use

PVT Segment Mode

If the most significant bit of the first byte of the message is a zero, then the message contains a
segment of the PVT profile. The remaining’bits-of this first byte contain the following values:
Bits Description

0-2 Segment integrity counter. This three-bit value increases for each segment sent and is used by the amplifier to
identify missing profile segments:-More-details of the use of this value are provided below.

3-6 These bits hold a buffer format codexThis code identifies how the PVT data is packed into the remaining 7
bytes of the message. See'the table below for details.

7 Zero. This bit is always zero identifying the message as containing PVT data.
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Format of Data Bytes in PVT Segment Mode

Buffer segments hold the PVT information to be added to the buffer. The PVT data is stored in the
remaining 7 bytes of the message. The format of this data is indicated by the buffer format code
encoded in byte 0.

Code Description
0 Bytes Contents

1 The time (in milliseconds) until the start of the next PVT segment. Set to zero to end the move.
2-4 A 24-bit absolute position (counts). This is the starting position for this profile segment.
5-7 A 24-bit velocity given in 0.1 counts / second units.

1 Same as for code 0, except velocity is in 10 ct/sec units. This allows greater velocity range with less precision.

2 Same as for code 0, except the position is relative to the previous segment's position. If this is\the first segment
of a move, the position is relative to the starting commanded position.

3 Same as for code 2, except velocity is in 10 ct/sec units.

4 Bytes 1-4 hold a 32-bit absolute position (counts). This is not a full segment itself, but.is\useful at the start of a

move when a full 32-bit position must be specified. If the next segment is a relative position segment (code 2 or
3), its position is relative to this value.

5 Bytes Contents
1 The time (in milliseconds) until the start of the next linear IP segment: Set to zero to end the move.
2-5 A 32-bit absolute position (counts). This is the starting position for/this profile segment.
6 Same as for code 5, except the position is relative to the previous/Segment's position. If this is the first segment

of a move, the position is relative to the starting commanded position.
7-15 Reserved for future use.

Segment Integrity Counter

Each segment of a move is given a 16-bit numeric identifier. The first segment is given the
identifier 0, and each subsequent segment is given the next higher ID.

The three-bit integrity counter sent in byte zero of the,segment should correspond to the lowest
three bits of the ID code (i.e. zero for the first segment and increasing by 1 for each subsequent
segment). If the amplifier receives non-consecutive segments, an error is flagged and no further
segments are accepted until the error.is cleared. This allows the amplifier to identify missing
segments in the move and stop processing data at that point. Because the PVT buffer status
message includes the ID of theznext expected segment, it should be possible to clear this error
and resend the missing data before'the buffer is exhausted.

TRAJECTORY BUFFER FREE{COUNT INDEX 0x2011
Type Access Units Range Map PDO | Memory
Integer 16 RO - - YES -
Description

This object@ives the number of locations in the IP trajectory buffer that are currently available to
accept new trajectory segments. It contains the same information as bits 16-23 of the Trajectory
Buffer'Status(object (index 0x2012), below.
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TRAJECTORY BUFFER STATUS INDEX 0x2012
Type Access Units Range Map PDO | Memory
Unsigned 32 RO - See Description, below. EVENT -
Description

This object gives access to status information about the IP trajectory buffer. The status value is
bit-mapped as follows:

Bit(s) Description

0-15 These bits hold the 16-bit segment identifier of the next IP move segment expected. If a segment error has

occurred (i.e. the segment integrity counter of a received message was out of order), then these bits may
be consulted to determine the ID of the segment that should have been received.

16-23 The number of free locations in the IP buffer.

24 Set if a segment sequence error is in effect. A segment sequence error occurs when an.\JP’segment is
received with the incorrect value in its integrity counter.

25 Set if a buffer overflow has occurred.

26 Set if a buffer underflow has occurred.

27-30 Reserved for future use.

31 This bit is set if the IP buffer is empty.

This object is intended to be read using a PDO, and has a PDO-event associated with it. The
event occurs when one of the error bits (24 — 26) is set, or when-the trajectory generator removes
a segment from the trajectory buffer.

NEXT TRAJECTORY SEGMENT ID INDEX 0x2013
Type Access Units Range Map PDO | Memory
Unsigned 16 RO - - YES R
Description

This object gives the full 16-bit value of the(next trajectory segment expected by the buffer
interface. It contains the same information-as bits 0-15 of the Trajectory Buffer Status object
(index 0x2012).

INTERPOLATION SUBMODE SELECT: INDEX 0X60C0
Type Access Units Range Map PDO | Memory
Integer 16 RW 3 - YES R

Description

Determines which interpolation submode to use:

Submode Description

0 Linear interpolation with a constant time.

-1 Linearinterpolation with variable time.

-2 Cubic polynomial interpolation, which is also known as position, velocity, and time (PVT) interpolation.
NOTE: Copley Controls provides a set of alternate objects (0x 2010, Ox 2011,
0x 2012, and 0x 2013) for efficient PVT move handling. When using the alternate objects, it is not
necessary to set a linear interpolation submode using Interpolation Submode Select.
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INTERPOLATION DATA RECORD INDEX 0X60C1
Type Access Units Range Map PDO | Memory
Record RW - - YES R
Description

This object is used to send interpolation data to the amplifier’s interpolation buffer.

INTERPOLATION POSITION TARGET

INDEX 0X60C1, SUB-INDEX 1

Type Access Units Range Map PDO | Memory
Integer 32 RW Counts - YES R
Description
A target position. Used in all three interpolation modes.
INTERPOLATION TIME INDEX 0X60C1, SUB-INDEX 2
Type Access Units Range Map PDO | Memory
Unsigned 8 RW milliseconds - YES R
Description

The time interval of the move segment that ends with the Interpolation Position Target (Sub-Index
1). Not used with interpolation mode O (linear interpolation with‘a constant time). In interpolation
mode -1 (linear interpolation with variable time), writing to this™object causes the entire record to
be written to the interpolation buffer.

INTERPOLATION VELOCITY INDEX 0X60C1, SUB-INDEX 3

Type Access Units Range Map PDO | Memory
Integer 32 RW 0.1 counts/sec - YES R
Description

Used only in interpolation mode -2 (PVT).This is\the velocity used to drive the axis to the
Interpolation Position Target (Sub-Index-1) within the Interpolation Time (Sub-Index 2). Writing to
this object causes the entire record {6 be written to the interpolation buffer.

INTERPOLATION CONSTANT TAME INDEX 0X60C2
Type Access Units Range Map PDO | Memory
Record RW - - YES R
Description

Used only in interpolation:mode O (linear interpolation with a constant time). Defines the segment
interval.

INTERPOLATION GONSTANT TIME INDEX INDEX 0X60C2, SUB-INDEX 1

Type Access Units Range Map PDO | Memory
Unsigned 8 RW milliseconds - YES R
Description

This object sets the constant time that is associated with each trajectory segment in interpolation

mode 0.

INTERPOLATION CONSTANT TIME UNITS

INDEX 0X60C2, SUB-INDEX 2

Type Access Units Range Map PDO | Memory
Unsigned 8 RO - - YES R
Description

This object which always return the value -3 indicating that Interpolation Constant Time index is
always formatted in units of milliseconds..
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APPENDIX

A: ALTERNATIVE CONTROL SOURCES

This chapter describes control of an amplifier by a source other than the CANopen network.
Contents include:

A.1: Alternative Control Sources Overview
A.2: Alternative Control Source ODJECES .........cccuuiiiiiiiie e S 193
A.3: Running CAM Tables from RAM
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A.1: Alternative Control Sources Overview

Typically, when a Copley amplifier is used on a CANopen network, the CANopen master uses the
network to send commands that drive the amplifier’s position, velocity, or current loop.

Alternately, an amplifier on a CANopen network can accept position, velocity, or current
commands over the device’s serial port, digital I/O channels, or analog reference inputs, or run
under the control of the amplifier’s internal generator or a Copley Virtual Machine (CVM) pregram.
Use the Indexer Register Values object (index 0x2600, p. 198) to read and write the CVM Indexer
program registers.

An amplifier can also run in camming mode to execute moves programmed in camming tables.
The Camming Configuration object (index 0x2360, p. 196) and several other objects described in
this chapter are used to configure and operate the amplifier in camming mode.

Even while operating under an alternative control source, a device’s status,can still be monitored
over the CANopen network.

Specify a control source by choosing a mode in the Desired State-ebject (index 0x2300). For more
information, see page 60.

Other objects affect the amplifier under alternative control sources. They are described in the next
section.
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A.2: Alternative Control Source Objects

Contents of this Section
This section describes objects related to alternate sources of amplifier control.

They include:

Micro-Stepping Rate  INdeX OX21C ... e it e e e e e e e e e e e e s neneeeeeeee e e e g )
Analog Reference Scaling Factor  INdex OX2310 ......ccoiiiiiiiiiiee e e e e Pia e
Analog Reference Offset  INAEX OX2311 ... ..eiiiiiiiiiieee e e e e
Analog Reference Calibration Offset  Index O0X2312 ........ccveeevieiiiiiiiiieieeeeeeeceeee e S e
Analog Reference Deadband  Index OX2313.........oooiiiiiiiiiiiiiiieeeeee e s
PWM Input Frequency  INAeX OX2322 ...... ... s e e e e e e
Function Generator Configuration  INdex 0X2330..........coiiiiiiiiiiiiiieiiiiee i€ N e
Function Generator Frequency IndeX 0X2331 .....oooiiiiiiiiiiiiiiiiee e i e
Function Generator Amplitude  INdex OX2332 .......oooiiiiiiiii e e
Function Generator Duty Cycle  Index 0X2333........ccceiiiiiiiiiiiiieeeiiiiiieeee e N et
Camming Configuration  INAeX OX2360 ........c.ueeiiiiiiiiiiiieie e rgaat i s et e et e e et e e e s anbeeeeens
Cam Delay Forward  INdex OX2361 .........uvviiiiieeiiiiiiiieeee e ecesiiieeeee e e fen e et e e e e e e et te e e e e e e e e snbreeeeaeeeaeaaaes
Cam Delay Reverse  INdex 0X2362..........ccooiueeeiiiiieeeiiiiieeeenieeeenseee i
Cam Master Velocity  Index 0X2363..........ceeeiieiiiiiiiiiiieee e eeee et s e a e e e
Trace Buffer Reserved Size  Index OX250A ... e
Trace Buffer Address — INdex OX250B...........ooiiiiiiiiiiiiiie s e
Trace Buffer Data Index OX250C .........coooiiiiiiiiiiineeeeee e e e
Indexer Register Values  Index OX2600.........cooiiiieirieeee e 8T e e e

Indexer Register Values  Index 0x2600, Sub-INdeX =32 ... . oo
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MICRO-STEPPING RATE INDEX 0x21C1
Type Access Units Range Map PDO | Memory
Integer 16 RW degrees / sec 0-32,767 YES RF
Description

This value is only used when running in diagnostic micro-stepping mode. It gives the step angle
update rate. See Desired State object (index 0x2300, p. 60), code 42.

ANALOG REFERENCE SCALING FACTOR INDEX 0X2310

Type Access Units Range Map PDO { Memory
Integer 32 RW  [See Description, below. - YES RF
Description

When running in a mode that relies on the analog reference as an input, this object defines the
scaling that is applied to the analog reference input. See Desired State object'(index 0x2300, p.
60, codes 2, 12, 22.

Mode Scaling

Current 0.01 Amps /10 volt.

Velocity 0.1 counts / second / 10 volt.
Position 1 Count /10 volt.

ANALOG REFERENCE OFFSET INDEX 0x2311

Type Access Units Range Map PDO | Memory
Integer 16 RW millivolts 2 YES RF
Description

This is one of two offset values applied to the analogreference input before it is used in
calculations.

ANALOG REFERENCE CALIBRATION'OFFSET INDEX 0x2312

Type Access Units Range Map PDO | Memory
Integer 16 RW millivolts - YES RF
Description

This voltage is added to the analog-command input and is calibrated at the factory to give a zero
reading for zero input voltage:. It'is one of two offset values applied to the analog reference input
before the input is used in calculations.

ANALOG REFERENCE DEADBAND INDEX 0x2313
Type Access Units Range Map PDO | Memory
Integer.16 RW millivolts - YES RF
Description

The-analogreference input is subject to a non-linear adjustment to clip reading around zero. This
object defines the size of that window.

PWM INPUT FREQUENCY INDEX 0xX2322
Type Access Units Range Map PDO | Memory
Unsigned 16 RW 10 Hz - YES RF
Description

This is the frequency of the PWM for use only in UV commutation mode (Desired State object
[index 0x2300, p. 60[ = 5).
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FUNCTION GENERATOR CONFIGURATION INDEX 0x2330
Type Access Units Range Map PDO | Memory
Unsigned 16 RW - See Description, below. YES RF
Description

Configures the amplifier’s internal function generator, which can drive the current, velocity, or
position loop. Bit-mapped:

Bits Description

0-1 Function code.

2-11 Reserved for future use.

12 One-shot mode. If set, the function code is reset to zero (disabled) after one complete waveform.
13 Invert every other waveform if set.

14-15 Reserved for future use.

The function code programmed into bits 0-1 defines the type of waveform to be generated:

Code Describe

0 None (disabled)
1 Square wave.
2 Sine wave.

Note that the amplifier is placed under control of the function generator by setting the Desired
State object (index 0x2300, p. 60) to one of the following values:

4 (function generator drives current loop);

14 (function generator drives velocity loop);

24 (function generator drives position loop in servoimode);

34 (function generator drives position loop in stepper mode).

FUNCTION GENERATOR FREQUENCY INDEX 0x2331
Type Access Units Range Map PDO | Memory
Integer 16 RW Hz 0-32,767 YES RF
Description
This object gives the frequency:of the internal function generator.
FUNCTION GENERATOR AMPLITUDE INDEX 0x2332
Type Access Units Range Map PDO | Memory
Integer 32 RW See-Description, below See Description, below YES RF
Description

The amplitude of the‘gsignal generated by the internal function generator. The units depend on the
servo operating mode:

Mode Units

Current 0.01 Amps

Velocity 01 counts/second.

Position Counts.

FUNCTION GENERATOR DUTY CYCLE INDEX 0x2333
Type Access Units Range Map PDO | Memory
Integer 16 RW 0.1 percent 0 - 1,000 YES RF
Description

This object gives the function generator duty cycle for use with the square wave function. It has no
effect when running the sine function.
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CAMMING CONFIGURATION INDEX 0x2360
Type Access Units Range Map PDO | Memory

Unsigned 16 RW - - YES RF

Description

Configures Camming Mode operation:

Bits Description

0-3 ID Number of the Cam Table to use (0-9)

4 Reserved.

5 If set, exit table in forward direction.

6 If set, use the Camming Internal Generator. The internal generator runs at the constant velocity)programmed

in Cam Master Velocity (index 0x2363, p. 196).
If clear, use digital command input as configured in using Copley’s CME 2 software camming controls or
Input Pin States (index 0x2190, p. 95)

7 If set, run tables stored in RAM. If clear, use tables stored in the flash file system.

8-11 Input number to use as Cam Trigger.
Note: a value of 0 selects IN1, value of 1 selects IN2, etc.

12-13 Cam Trigger type:

Value Type

0 None (Continuous): The active Cam Table is repeated.continuously.

1 Use Input, Edge: The active Cam Table begins executing on the rising edge of the input pin
selected by bits 8-11.

2 Use Input, Level: The active Cam Table will rdn as/long as the input selected by bits 8-11 is
high.

3 Use Master (Secondary) Encoder Index» The active Cam Table is executed when the amplifier
receives an index pulse from the Master encoder. Index pulses received during execution are
ignored.

CAM DELAY FORWARD INDEX 0X2361
Type Access Units Range Map PDO | Memory
Unsigned 16 RW Master Counts. 0-32,767 YES RF
Description

The delay applied before beginning.a camming profile after the trigger has been activated, in a
forward direction.

CAM DELAY REVERSE INDEX 0X2362
Type Access Units Range Map PDO | Memory
Unsigned 16 RW Master Counts. 0-32,767 YES RF
Description

The delayin master counts) applied before beginning a camming profile after the trigger has
been activated, in a reverse direction.

CAM MASTER VELOCITY INDEX 0x2363
Type Access Units Range Map PDO | Memory
Integer 16 RW 0.1 counts/second -500,000,000 - 500,000,000 YES RF
Description

Virtual master encoder velocity for camming mode.
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TRACE BUFFER RESERVED SIZE INDEX 0X250A
Type Access Units Range Map PDO | Memory
Unsigned 16 RW words 0 -2048 YES R
Description

The number of RAM words in the amplifier Trace Buffer to reserve for Trace Buffer Data (such as
CAM tables).

TRACE BUFFER ADDRESS INDEX 0x250B
Type Access Units Range Map PDO . Memory
Unsigned 16 RW words 0 -2048 YES R
Description

An offset from the beginning of the memory reserved for Trace Buffer Data (index 0x250C, p.
197). Designates the location where the next Trace Buffer Data write (such.as a CAM table
master/slave value pair) will be stored.

TRACE BUFFER DATA INDEX 0x250C
Type Access Units Range Map PDO | Memory
Variable length RW - - YES R
Description

The first value written to this object will be stored in trace buffer RAM at the location specified by
Trace Buffer Address (index 0x250B, p. 197). On each subsequent write to this object, an internal
pointer is incremented and the value will be written to the next memory location. One use of this
data object is the storage of CAM Table master/slave position value pairs.
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INDEXER REGISTER VALUES INDEX 0x2600
Type Access Units Range Map PDO | Memory
Array RW - - NO R
Description

This array object holds the values of the 32 programmable registers (0-31) maintained by the CVM
Indexer Program. Each sub-index object 1-32 contains the value of an Indexer Program register.
(sub-index object 1 contains the value of Indexer Program register 0, sub-index object 32 contains
the value of register 31).

Note: When the CVM Indexer program is started, all registers are initialized to zero.

INDEXER REGISTER VALUES INDEX 0X2600, SUB~INDEX 1-32
Type Access Units Range Map'PDO [ Memory
Unsigned 32 RW - - YES R
Description

One sub-index object for each Indexer program register.
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A.3: Running CAM Tables from RAM

Normally, Cam Tables are stored in the amplifier’s flash memory, allowing the Cam Tables to be
uploaded once and persist between power cycles.

In applications where flash storage is not appropriate or optimal, up to 16 Cam Tables can be
loaded into and run from amplifier RAM.

(For a full description of camming, see the Copley Camming User Guide.)
Cam Tables in Amplifier RAM

NOTE: Increments vs. Positions. When entering Cam Table data in CME 2, the.user enters
pairs of absolute master and slave positions. CME 2 then converts the absolute position values to
increment values. When writing Cam Table data to amplifier RAM, the controller program must
write increment values (not absolute position values).

Using the Trace Buffer RAM Area for Cam Tables

Cam tables can be stored in and run from the area of amplifier RAM-called the trace buffer. This
RAM area is normally reserved for trace data collected by the CME 2 Scope Tool. When not
needed for trace data, it may be used for other purposes, including the storage of Cam Tables.

RAM Cam Table Capacity
The Trace Buffer is 2048 16-bit words long. It can store,up 10416 Cam Tables.

The maximum number of master/slave increment yalue pairs that can be stored in RAM varies. If
the master increment is constant, a compressed format can be used.

Furthermore, each Cam Table requires two words ofimetadata, so using 16 tables would reduce
the data allocation by 32 words.

Using one table in compressed format; about.2,000 master/slave increment value pairs can be
represented. A typical maximum is about 1000 value pairs.

CAM Table Structure

When used for Cam Tables, the trace buffer begins with Cam Table metadata consisting of up to
16 word pairs (32 words)(The first word in each pair defines the address (offset from the
beginning of the buffer). The second word contains the length of the Cam Table.

The metadata is followed by'Cam Table data, starting at the address (offset) specified in the
metadata.

In standard format,.Cam Table data consists of master/slave increment value pairs. The first word
in a pair containsca master increment and the second word contains the corresponding slave
increment.

A compressed format may be used when the master increment changes at a constant rate as
described in Compressed Format for Uniform Master Increments (p. 201).

NOTE: The controller program must make sure that there is a pair of metadata words for each
Cam Table. The metadata rows must start at address (offset) 0 and must be in table ID order. For
instance, the metadata pair that begins at address 0 defines Cam Table 0, the metadata pair that
begins at address 2 defines Cam Table 1, etc. When configured to run Cam Table 0, the amplifier
will look at address 0 for a metadata pair. When configured to run Cam Table 1, the amplifier will
look at address 2, and so on.
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Example: Single Cam Table

The following example shows a single Cam Table (identified at run time as Cam Table 0) stored in
the trace buffer RAM area. The first pair of words contains the Cam Table’s metadata. Word 1
contains the address (offset) to the beginning of Cam Table 0. The second word contains the
length of the table.

The remaining words begin at address 2 and contain Cam Table data in the form of master/slave
increment value pairs.

Address | Data Data Description

0 2 Address of the start of Cam Table 0.

1 30 Length of Cam Table 0.

2 100 A master/slave increment value pair. For each 100 master increments, theslave
3 50 axis is incremented 50 encoder counts.

4--31 XXXX Additional master/slave increment value pairs.

Example: Multiple Cam Tables

The following example shows three Cam Tables stored in the trace buffer RAM area. The first pair
of words contains the metadata for Cam Table 0. The second and third word pairs contain the
metadata for Cam Tables 1 and 2, respectively.

The remaining words begin at address 6 and contain Cam Tabte data, in the form of master/slave
increment value pairs, for the three Cam Tables.

Address | Data Data Description

0 2 Address of the start of the Cam Table 0:

1 30 Length of Cam Table 0.

2 36 Address of the start of Cam Table}1.

3 24 Length of Cam Table 1.

4 60 Address of the start of Cam Table 2.

5 64 Length of Cam Tahle-2.

6—35 XXXX Cam Table 0 datalin.the farm of master/slave increment value pairs.
36—59 XXXX Cam Table 1 data in the form of master/slave increment value pairs.
60—123 XXXX Cam Table-2‘data in.the form of master/slave increment value pairs.
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Compressed Format for Uniform Master Increments

When the Cam Master increments at a constant rate, a compressed format may be used to save
RAM space.

In standard format, each master/slave increment value pair is expressed using two words, one for
the master and one for the slave.

In the compressed format, the constant master increment is stored in the table’s first data word
and the slave increments are stored in the subsequent data words.

To indicate that the compressed format is used, set bit 14 of the first data word (which contains
the master increment value). Clear bit 15.

Example: A Table in Compressed Format

Address | Data Data Description

0 2 Address of the start of Cam Table 0.

1 30 Length of Cam Table 0.

2 50 The constant master increment. To indicate that this is a constant master
increment for a compressed table, bit 14 is set and bit 15.is clear.

3—31 XXXX A series of slave increment values.
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Procedures for Running Cam Tables from RAM

Process overview:

1. Allocate RAM for Cam Tables

Write to Trace Buffer Reserved Size (index 0x250A, p. 197) the number of memory words to
reserve for Cam Tables.

2. Load a Cam Table into RAM

Write to Trace Buffer Address (index 0x250B, p. 197) the Cam Table’s initial offset value.

Write a series of values to Trace Buffer Data (index 0x250C, p. 197).

For standard table format, the series starts with a master increment value followed by-the
corresponding slave increment, and the master/slave pairing sequence is repeated.for each row of
Cam Table data.

For compressed table format, the first value is the constant master increment value. Bit 14 of this
first word is set, and bit 15 is clear. Subsequent values written to Trace Buffer Data represent the
series of slave increments.

Each time a value is written to or read from Trace Buffer Data, thé amplifier increments the offset
pointer in Trace Buffer Address.

3. Configure the Camming Parameters

To configure the amplifier to run Cam Tables from RAM/set bit 7 in the Camming Configuration
object (index 0x2360, p. 196). Set other parameters asneeded.

4. Run a Cam Table from RAM

Set the Desired State object (index 0x2300, p-60) to/25 (camming mode).

The Cam Table selected in bits 0-3 of the.Camming €onfiguration object will be run in response to
the trigger events specified in bits 12-13 of thec€amming Configuration object.
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B: TRACE TOOL

This chapter describes the CANopen interface to the Copley Controls Trace Tool.

Contents include:
B.1: Trace Tool Overview 204

B.2: Trace TOOI ODJECES .....ccoiiiiiiiiiee ettt e e e e s e e e e e e s nrnreeeeeeeee e Shdbadeeaeeeeenanns 205
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B.1: Trace Tool Overview

Overview

The Copley Controls trace tool allows the programmer to configure and monitor up to 6 motion
trace channels. Each channel can be configured to monitor any of a number of trace variables
Other configuration choices include the trace period and trace trigger.
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B.2: Trace Tool Objects

Contents of this Section
This section describes objects related to the Trace Tool. They include:

Trace Channels  INdeX OX2500..........ooieuiiiiie e e e e e e e e e e e e e eaaas

Trace Channels Index 0x2500, SUub-INdeX 1-6 .......coovevveeeiiiiiiiieeeeeeeeeeee
Trace Status  INAEX OX2507 .. ... e et e e e e e e e e e e e e e eeaas
Trace Reference Period  INdex OX2502..........uuuoiiiiiiiiieiiee e e e
Trace Period  INdeX OX2505 ...t e e e e e e e e e eaaas
Trace Sample Count  INAeX OX2503 ......cccooiiiiiiiiiie e
Trace Max Samples  INdeX OX2504 .........uuuuuimiiiiiiiiiiiiiiiiiiiieireeerer e aarraeara—a—————————
Trace Trigger Configuration  INdex 0X2506 ...........coceeiiieiiiiiiiiiee e d
Trace Delay  INAeX OX2507 .....coooieeiiei e e el
Trace Start/Stop  INdeXx OX2508..........eeeiiiieiiiiiieiee e e b e
Trace Data INAEX OX25009 ... .t
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TRACE CHANNELS INDEX 0x2500
Type Access Units Range Map PDO | Memory
Array RW - See description, below. NO -

Description

This object uses 6 sub-indices configure up to 6 trace channels.

TRACE CHANNELS INDEX 0x2500, SUB-INDEX'1-6
Type Access Units Range Map PDO | Memory

Unsigned 16 RW - - NO R

Sub-object x configures trace channel x. Each channel can be configured to monitor_one of the
trace variables described below by programming the sub-object with the code.

Code | Trace Variable
0 No data. Setting a channel to this value disables it. Disabling unused channels saves space in the
trace buffer.

3 Current reading winding A (0.01 amps)
4 Current reading winding B (0.01 amps)
5 Reference A/D reading (millivolts)
6 High voltage reference (0.1 volts)
7
8
9

Commanded torque

Limited torque

Commanded current (D rotor axis) (0.01 amps)
10 Commanded current (Q rotor axis) (0.01 amps)
11 Actual current (X stator axis) (0.01 amps)

12 Actual current (Y stator axis) (0.01 amps)

13 Actual current (D rotor axis) (0.01 amps)

14 Actual current (Q rotor axis) (0.01 amps)

15 Current Error (D rotor axis) (0.01 amps)

16 Current Error (Q rotor axis) (0.01.amps)

17 Current Integral (D rotor axis)

18 Current Integral (Q rotor axis)

19 Current loop output (D rotoer axis)

20 Current loop output (Qsrotor axis)

21 Current loop output (X stator-axis)

22 Current loop output (Y ‘stator axis)

23 Actual motorvelocity)(0.1 counts/sec or 0.01 RPM if using back EMF velocity estimate).
24 Commanded motor velocity.

25 Limited motor velocity command.

26 Velocity loop error.
27 Velocity loop integral.
28 Actual load position (counts).

29 Commanded position.

30 Position loop error
31 Motor encoder position (counts)

32 Position loop output velocity
33 Raw input pin readings (no debounce)

34 reserved

35 reserved

Continued...
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...continued:

Code | Trace Variable
36 Motor phase angle (1 degree units)

37 Amplifier temperature (degrees C)

38 Amplifier Manufacturer Status Register (index 0x1002, p. 56)
39 Amplifier event latch word

40 Hall sensor state

41 Position Capture Status Register (index 0x2401, p. 160)

42 Index capture register

43 Load encoder velocity (0.1 counts / second).

44 Velocity command from trajectory generator (0.1 counts/sec)

45 Acceleration command from trajectory generator (10 counts/sec2)

46 The analog encoder sine input. Only valid for amplifiers with analog encoder support.

47 The analog encoder cosine input. Only valid for amplifiers with analog encoder support:
48 The value of the digital inputs (after debounce)
49 The destination position input to the trajectory generator.

50 Actual motor velocity as seen by velocity loop. This is an unfiltered version.of trace variable.
51 Load encoder position (counts).

52 Gain scheduling key parameter value.

53 Position loop P gain

54 Velocity loop P gain

55 Velocity loop | gain

TRACE STATUS INDEX 0xX2501
Type Access Units Range Map PDO | Memory
Unsigned 16 RO - - YES R
Description

Get trace status:

Bits | Description

0 Set if trace data is currently being collected.

1 Set if trigger has occurred.

2-15 Reserved for future use.

TRACE REFERENCE PERIOD INDEX 0x2502
Type Access Units Range Map PDO | Memory
Unsigned 32 RO nanoseconds - NO R
Description

Get fundamentalperiod. Returns a 32-bit value containing the fundamental trace period in units of
nanoseconds. The fundamental period is the maximum frequency at which the trace system can
sample data. The actual trace period is set in integer multiples of this value using the Trace Period
object (0x2505).

TRACE PERIOD INDEX 0x2505
Type Access Units Range Map PDO | Memory
Unsigned 16 RW See description. - NO R
Description

The trace period, in integer multiples of the Trace Reference Period (0x2502).

Copley Controls Corporation 207



B: Trace Tool CANopen Programmer’s Manual

TRACE SAMPLE COUNT INDEX 0x2503
Type Access Units Range Map PDO | Memory
Unsigned 16 RO - - YES R
Description

Returns the number of samples collected so far.

TRACE MAX SAMPLES INDEX 0x2504
Type Access Units Range Map PDO | Memory
Unsigned 16 RO - - NO R
Description

Get maximum samples. The maximum number of samples that the internal trace”"memory buffer
can hold is calculated and returned as a 16-bit value. Note that the maximum number of samples
is dependent on the number and type of active trace variables. For an accurate value, the trace

variables should be set first; then the maximum number of samples available may be requested.

TRACE TRIGGER CONFIGURATION INDEX 0X2506
Type Access Units Range Map PDO | Memory
Unsigned 48 RW - = NO R
Description
Set/get the trace trigger configuration.

Bits Description

0-3 Channel number to trigger on (if applicable).

4-7 Reserved.

8-11 Trigger type (may be interpreted differently.for'some trigger types):

Type | Description

No trigger in use.
Trigger as soon as the(Selected'channel's input is greater then or equal to the trigger level.

Trigger as soon asthe selected channel's input is less then or equal to the trigger level.
Trigger when the'selected-channel's input changes from below to above the trigger level.
Trigger when'the selected channel's input changes from above to below the trigger level.

Trigger when any ‘selected bits in the channel value are set. The bits are selected using the
trigger-level value as a mask.

6 | Trigger when.any selected bits in the channel value are clear. The bits are selected using the
trigger level-value as a mask.

7. \.Trigger any time the selected channel value changes.

8 | Thedrigger level mask selects one or more bits in the Manufacturer Status Register (index
0x1002, p. 56). The trigger occurs when any of these bits change from to 1. In this mode, the
channel number selected by the trigger is not used.

9 | Like type 8, but the trigger occurs when the bit(s) change from 1 to 0.

10 | Trigger on the start of the next function generator cycle. This trigger type is only useful when
running in function generator mode. The trigger channel number isn't used.

12-14 Reserved.
15 If set, take one sample per trigger event.

a | W| N | O
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TRACE DELAY INDEX 0X2507
Type Access Units Range Map PDO | Memory
Signed 16 RW - - NO R
Description

Set/get the delay between the trigger occurring and the start of captured data. The delay is given
in units of trace periods (0x2505).

Note that the delay may be either positive or negative. A negative delay means that the data
captured will precede the trigger event by the specified number of cycles. Although any input-value
is accepted, the number of samples preceding the trigger is limited to the length of the trace buffer
and the number (and size) of channels being captured.

TRACE START/STOP INDEX 0x2508

Type Access Units Range Map PDO [ Memory
Unsigned 16 RW - - YES R

Description

Write 0 to stop trace collection or a non-zero value to restart it.

TRACE DATA INDEX 0x2509
Type Access Units Range Map PDO | Memory
Octet RO - - NO R

Description

After a trace has been collected, the trace data can’be downloaded by reading from this object.
The downloaded data should be viewed as an array of 32-bit samples.
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APPENDIX

C: OBJECTS BY FUNCTION

This chapter lists the objects in functional groups. (The groupings match the titles of the sections
of this manual that describe the objects.)

They include:

Objects that Define SDOS and PDOS ..........uiiiiiiiiiieiiiiee ettt sa B e 212
Network Management ODJECES. ........coccuuiiiiiee e e e ee e e e e e e SR e e e e raeees 212
Device Control And Status ODJECES..........iiiiiiiie e e 212
Error Management ODJECES .......uiiii i e e e e e s afasi e ot e e e e e e e eenrnreees 212
Basic Amplifier Configuration ObJECES..........ccoiiiiiiiiiiiiiiiee et e 213
Basic Motor Configuration ODBJECES ........c.uuiiiiiiie e e et e e e e e e snbraeeaaeeeeenanes 214
Real-time Amplifier and Motor Status ObjJectS..........cooiiiiiiiiiiii o N e 215
Digital I/0 Configuration ObJECES........c.uuiiiiiee e BT et e e e e e e e re e e e e e e e e aenrnreees 215
Position Loop Configuration ObJECtS..........cooociiiiiiiiiiiiieee e e 215
Velocity Loop Configuration ObJECES ........c.cccciiiiiiiiiiiieeiiiciieieeeee e e 216
Current Loop Configuration ODJECES ........oouiiiiiiiiiiiiie e B Taa ket 216
Current Loop Configuration ODBJECES .......cooiiiiiiiiiieeecec e e e 216
S G o] o1 a1V oY [T @ o} =T o1 £ R 217
Homing Mode Operation ObJECES........c..uuiiiiiee it eee e Comr e se b Tttt e e e e e e et e e e e e e e aeennnreeeaeaeesannrnreees 217
Profile Mode ODJECES........coiiiiiiiiiie i e 217
Interpolated Position Mode ODJECLS .........ceiiiiiiiia T e e a e e 218
Alternative Control Source ObJECES.........eeviiiieiredidi e 218
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Objects that Define SDOs and PDOs

Server SDO Parameters  INdeX OXT1200 ........ooiiiiiiiiiiiiii e e e e e e e e e e e e e e e e s neneeeeaaeeeaannes 31
SDO Receive COB-ID  Index 0x1200, SUD-INAEX 1 .....cooiiiiiiiiiiiie e 31
SDO Transmit COB-ID  Index 0X1200, SUD-INAEX 2 .....comreeeeieeeeeeeeee e 31

Receive PDO Communication Parameters Index 0X1400 — OX1407........coocuiieiiiieeeeiiee e 32
PDO COB-ID  Index 0x1400 — 7, SUD-INAEX T......ouiiiiiiiiee ettt snrae e e e eneeee e e 32
PDO Type Index 0X1400 — 7, SUD-INAEX 2....ccciiiiiiiiiiiiee et et e e e eneeee e e 32

Receive PDO Mapping Parameters  Index 0X1600 — OXT1607 ......cooiieeeiiieiee e s 33
Number Of Mapped Objects Index 0x1600 — 7, SUb-INdeX O .......coovciiiiiiiieeiiieeee e (e 33
PDO Mapping Index 0x1600 — 7, SUb-INdeX 1 — 4 .. oo 33

Transmit PDO Communication Parameters  Index 0x1800 — OX1807 ......c..cevvviveeeeiiiierenieeee el 34
PDO COB-ID  Index 0x1800 — 7, SUD-INAEX T.....viiiiiiiiee et e e e eneee e 34
PDO Type Index 0x1800 — 7, SUD-INAEX 2.....ccoiiiiiiiiiiieeiiiieee et e S e s 35

Transmit PDO Mapping Parameters  Index OX1AO0 — OXTAQT ......oeeiiiieeiiiiiee e e 35
Number Of Mapped Objects Index Ox1A00 — 7, Sub-index O........ccccciiiiirreeiiecn S e, 35
PDO Mapping Index OX1A00 — 7, Sub-Index 1 —4 ... 3 e 36

Network Management Objects

COB-ID Sync Message  INdex OXTO00S5 ......cooiuiiiiiiiiiiieiieee e ettt nee e e 44

Communication Cycle Period  INdeX OXT006...........c..uueiiieeiiiiiiiiiiieeeeessrvatae s eeeeeeeesnsrnseeeaeessesnnrsseeeaeessaannns 44

Guard Time INAEX OXTOOC. ...ttt e e e e et 27 Sttt e e e e e e teeeeaeeeeannnnneeeaeeeeaannns 44

Life Time Factor  INdeX OXT00D ........ccoiuiiiiiiiieeeiiieeeeesieeeeesiieee s £ e e e e sateee e e nteaeeeneeeeeeneeeeeeneeeeeannees 45

High-resolution Time Stamp  INdexX OXT013 ... i T ettt 45

Producer Heartbeat Time  INdeX OXT10T7 ..o et 45

Emergency Object ID  INdeX OXT0T4 .. ..ooiiiiiiiiiiieeeeee e e 45

Emergency Object ID Inhibit Time  Index OX1015 ........i0 i e 45

Network Options  INAeX OX21B3 ........uuuiieee s fofi e T e et e e e e e e aans 46

Device Control And Status Objects

Control Word — Index: OXB040.......cooieiiii 2 e ettt e e e e e e e e e e e e e e e e e e e e e e e e aannns 54

Status Word — INdex OXB04 T .......oooviieeeeee i N ettt enaeee e e 55

Manufacturer Status Register  INdex OXT002Z ... 5 i e 56

'Sticky' Event Status Register  INdeX:0X2T80 .tii .. ueiiieiie e et e e e e e e e e st e e e e e e s eeeeaeeeeeaanes 57

Latched Event Status Register  INdexX-OX218 .. ... .uiiiiiiiie e e 57

Limit Status Mask  INdexX OX2184 ... it et e e e 57

Quick Stop Option Code  INA@XOXBOBAY.....coei et e e e e e e e e e e e e e e e ee e e e e e e e neneeeeaaeeaaannes 58

Shutdown Option Code  INAEXOXBOBB..........cooiiiiiiiiiieiee e e e e e e e e e s rre e e e e e e e enanes 58

Disable Operation Option €ode  TRAEeX OXB0S5C.......oooi i e e 58

Halt Option Code  INAEXOXBOSD..........oeuieiieieiiiieee e e e e e s e e e e e e s e be e e e e e e s aantsteeeaaaeeeannrnneees 59

Mode Of Operation ~JdRAEX,OXB060 ..........ooiiiiiiiiiiiiiire e e e e e e e er e e e e e e e e eeeeeeeeeaeeeaaaneseeeeeaaeeeaanennees 59

Mode Of Operation Display~~ INdeX OXB0B6 T ............ouiiiieiiiiiiiiiee et e e s e e e e e e s ee e e e e e e earnreees 59

(DTS =To IR F= Y (I T Lo (= Q)72 | O R 60

Error Management Objects

Pre-Defined Error Object  INdex OXT003 .......oiiiiiiieee ettt e e sae e e see e s ee e e eneeeeneeeees 62
Number of Efrors  Index 0X1003, SUD-INAEX 0 .....eoiiiiiiiiiiiiie et eeeee e 62
Standard Error Field Index 0X1003, SUb-INAE@X 1-8 .....oommrriiiieeeeeee e e 62

Error Register  INAeX OXT00T ... .uuiiiiie et e e e e e e st e e e e e e s e snstaaeeeaeeeeeannraeneeaeesaananns 62

Tracking Error Window — INAEX OX2120 ........eiiiiiiiiiieiiiiee ettt ettt e s e e snnee s 62

Fault Mask [ a0 L=y 0o I 7SS 63

Latching Fault Status Register  INdex OX2183 ... ..o 64

212 Copley Controls Corporation



CANopen Programmer’s Manual C: Objects By Function

Basic Amplifier Configuration Objects

Device Name  INdeX OXT008 ...... ... e e e e e e e e e e e e e e e e e e e anans 67
Hardware Version String  INdeX OXT1009 ..ot e e e e e e e e e e e e e e e e e e earnreees 67
Store Parameters  Index OXT10T10. ... 67
Store All Objects  Index 0X1010, SUD-INAEX 1 ...cooiiiiieiiee e e e e e 67
Store Communication Parameters Index 0Xx1010, SUb-iNdeX 2.........coiiiiiiiieiiceieeeeeeeeee e 68
Store Device Profile Parameters  Index 0x1010, SUb-iNdeX 3........cooiiiiiiiii i 68
Store Manufacturer Specific Parameters  Index 0x1010, Sub-Index 4............cccc S 68
Software Version Number  Index OXTO00A ...ttt e e setee e e s snteeeessneeee e s snnef oy 68
Identity Object  INAEX OXTOM8 ...t bbb e e e e e e Ban e 68
Vendor ID  Index 0x1018, SUb-iNdeX 1 .......ooiiiiiiieiiiiie el e 69
Product Code Index 0X1018, SUD-INAEX 2 ......coeoeieiieeeeee e ene e e e 69
Revision Number Index 0x1018, Sub-INdexX 3 ........ccoooiiiiiiiiiiiiieceee e LS e 69
Serial Number Index O0X1018, SUD-INAEX 4 ........oeeiieeeeeee e e 70
Amplifier Name  INAeX OX2TAD ........uiiiiiiie et e e e e e e e e e e e e e e sarnreeeeeesn ba b ereeeeeeesesnnreneeaaeeas 70
Misc Amplifier Options Register  INdex 0X2420.......cooooi i e e 70
CANopen Network Configuration  INdeX OX21BO0 ........oevveeiiiiiiiiiiiee e S Nadh e e e e e e esireee e e e e e e e eeanns 71
Input Mapping for CAN Node ID  INdeX OX21B1 ... N e e 72
CAN ID Selection Switch Value  Index OX2197 ......uoiiiiiiiiieiiiee e S et e 72
Multi-Mode Port Configuration — INdeX OX2241 .........ooiiiiiiiiiiiei e TR i ettt 72
Supported Drive Modes  INdeX OXB502 .........ooeiiiiiiiiiiiiiie e 2T 5ttt e e e e e e e e e e s e e e e e e e e enanes 73
Amplifier Model Number  Index OX6503 ... i et e e e e e e e e e e eeeae s 73
Amplifier Manufacturer  INAeX OX6504 ............uuviiiiiieiiiiee e T5 N ettt e e e e e st re e e e e e e e e sb e aeeeaeesseeannreneeaaeeas 73
Manufacturer's Web Address  INdex OXB505 .........oooiiiiiiie s et e e 73
Amplifier Data  INdex OX6510 ... e e 73
Amplifier Serial Number Index 0x6510, Sub-INdeX 1 5. ... /i b re e rerereeerereranes 74
Amplifier Date Code Index 0x6510, SUD-INAEX 2., 0 ...u. ol 74
Amplifier Peak Current Index 0x6510, SUb-INAEX.3.... oo ieieiiiiiiieeeeeeereev e rereeaees 74
Amplifier Continuous Current  Index 0X6510,-SUb-INABX 4 ..........ccevrmiiiieee e 75
Amplifier Peak Current Time Index OX6510,,Sub-INdEX 5.............uvuiiiiiiiiiiiiiiiiiiiiiiieieievevererevererererereraaes 75
Amplifier Maximum Voltage Index 0x6530; SUD=INAEX 6 ..........ccocumriiiiiie i 75
Amplifier Minimum Voltage Index 0x6510, SUD-INAEX 7 .....cooir e 75
Amplifier Voltage Hysteresis  Index(OX6510,,SUb-INdeX 8 .........coccurriiiiiiii i, 75
Amplifier Maximum Temperature~.. Index:0x6510, Sub-INdex 9 ... 75
Amplifier Temperature Hysteresis™ Index 0x6510, Sub-Index 10 ........ccoeeeiiiiiiiiiiii e, 75
Amplifier Current Loop Period~ Index-0x6510, Sub-Index 11... ..o 75
Amplifier Servo Loop Period = Index 0x6510, SUb-INAEX 12 .......cooiiiiiiiiei e 76
Amplifier Type Code -.Index 0x6510, Sub-Index 13 ... 76
Current Corresponding-to Max-A/D Reading Index 0x6510, Sub-Index 14 .........ccccciiviiiiiiiiieneeeenn, 76
Voltage Corresponding to'Max A/D Reading Index 0x6510, Sub-Index 15 .......cccoi i, 76
Analog Input Scaling Factor Index 0x6510, SUb-INAEX 16........ccoiuiiiiiiiee e 76
Amplifier Minimum PWM Off Time  Index 0x6510, SUb-INAeX 17 ..........ovvviiriiiiiiiiiiiieieveeeievevevevevevevenanes 77
PWM Dead iTime At'Continuous Current Limit  Index 0x6510, Sub-Index 18 ...........cccceiiviiiiiiiinenne 77
PWM.Dead Time At Zero Current Index 0x6510, Sub-IndeX 19 ..o 77
Peak Currentlinternal Regen Resistor Index 0x6510, Sub-INdex 20...........ccoooiiiiiieeieeiiiiciiieeeee e, 77
Continuous.Current Internal Regen Resistor  Index 0x6510, Sub-Index 21 ..., 77
Time atBeak Current Internal Regen Resistor Index 0x6510, Sub-Index 22............ccccovvvveveeeeiicinnnen, 77
Analeg Encoder Scaling Factor Index 0x6510, Sub-Index 23 ... 77
Firmware Version Number Index 0x6510, Sub-Index 24 ...............ooiiiiiiiiiiie e 77
Axis Count  Index OXB6510, SUD-INAEX 25.........oo oot eeaeaeees 77
Internal Regen Current  Index 0x6510, SUD-INAEX 26 ...........ouviiiiiiiiiiiiiiiiie e 78
FPGA Image Version Index 0x6510, SUD-INAEX 27 ... 78
Secondary Firmware Version Index 0x6510, Sub-INdex 28............coooiiiiiiiiiiiiie e 78
Firmware Version Number (Extended)  INdeX OX2422 ............oooiiiiiiiiiii e 78
Device TYpe  INAEX OXBTEF ... . s e e e a e 78
PWM MODE  INAEX OX2140 ...coiiiieiiieiiiite e ettt e ettt e sttt e e s eatee e e s stae e e s essaeaesnsteeeaassseeeaansseeeeansseeeeanseeaesannees 79
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Basic Motor Configuration Objects

Motor Model Number  IndeX OXB403 ... ..ot e e e e e e et e e e e e e e e e et e e eeaeeeenannan 81
Motor Manufacturer  INA@X OXBA04....... ...t e e e e e e e e e e e e e e e e e e e e anananans 81
Motor Data LaTo L= 0 7 iy O I 81
Motor Type  Index 0X6410, SUD-INAEX T ...ooiiiiiiiiie e e e e e e e ar e e e e e e e e aaaes 81
Motor Pole Pairs Index 0X6410, SUD-INAEX 2 .........oomrmeieiieeeeeeee e e 81
Motor Wiring Configuration Index 0x6410, SUD-INAEX 3 ......ooviiiiiiiiiieee e 82
Hall Sensor Type Index 0X6410, SUD-INAEX 4....... .o e e S 82
Hall Sensor Wiring  Index 0X6410, SUD-INAEX 5......ooviiiiiiiieiiee et a e Cne 82
Hall Offset  Index OXB6410, SUD-INAEX B.........ueiiiieeeeeeeeee et e e e e e e e e 83
Motor Resistance Index O0X6410, SUD-INAEX 7 ........coeiiiiiiiiiieececeeeeeeeeeeeeeee el BT e 83
Motor Inductance Index 0x6410, SUD-INAEX 8 ........oooreeiiiiieeee e e e 83
Motor Inertia  Index OXB410, SUD-INAEX O......uniieeeeeeeeeeeeeeeeeeeeeeeee e e B e 83
Motor Back EMF  Index 0x6410, SUD-INAEX 10 .........ovuuiieiieiieieee e e S ee e e e e e 83
Motor Maximum Velocity Index 0x6410, Sub-Index 11.........cccevveiiiiiiiiiiiieeeeeeeeen S e, 83
Motor Torque Constant Index 0x6410, SUb-INAeX 12........ccoiiiiiiiiiiiiicceeeceee 3 e 83
Motor Peak Torque Index 0X6410, SUD-INAEX 13 ......ccoiiiiiiiiiieeeeeecee e S e a e e 84
Motor Continuous Torque Index 0X6410, SUDb-INAEX 14 ...t e 84
Motor Temperature Sensor Index 0x6410, SUb-INAEX 15.......coiiiiiiiii et e 84
Motor Has A Brake Index 0X6410, SUD-INAEX 16..........oiiiiiiiiiee e e e e e e e e e e e aeaeees 84
Motor Stopping Time  Index 0x6410, SUD-INAEX 17 ......coo e 2T ettt 84
Motor Brake Delay Index 0x6410, Sub-INdex 18 ... 84
Motor Brake Velocity Index 0x6410, SUb-INAEX 19 ... em e 85
Encoder Type Code Index 0x6410, SUb-INAeX 20 ............. i 85
Encoder Units  Index 0X6410, SUD-INAEX 21 ......enneee e 85
Motor Encoder Direction Index Ox6410, SUb-INdeX 22 . ....f et 85
Motor Counts/Rev  Index 0x6410, SUD-INAEX 23 ... i e 86
Motor Encoder Resolution Index 0x6410, Sub-INdex 24 ..........eeoiiiiiiiieeee e 86
Motor Electrical Distance Index 0X6410, SUD=INAEX 25 .......coiiiiiiieeeeeeeeeeeeceece e 86
Reserved Index 0X6410, SUD-INAEX 26-27 . ..o e et e e e e e eeeaaaas 86
Analog Encoder Shift  Index 0x6410, SUBSINAEX 28 .........oeeiiiiieiieeee e 86
Microsteps/Rev  Index OXB6410, SUD-IAAEX 29 .. . .. u e 86
Load Encoder Type Index 0x6410{ SUD-INAEX 30......ueuiiiiiiiiiiiiiiie e e e e 87
Load Encoder Direction Index 0x6410,-Sub-INndex 31 ........ooveeiiiiiiiieee e 87
Load Encoder Resolution  Index 0x64710; SUb-INAEX 32........ccoooiiiiiiiie 87
Bi-Quad Filter Coefficients . Index 0x6410, Sub-INdeX 33.........ccoiiiiiiiiiee e 88
Number of Resolver Cycles/MotorRev  Index 0x6410, Sub-INdexX 34..........cccoviiiiiieiieeeiiiiieeee e, 88
Motor Encoder Wrap  HAeX OX2220........ooo ittt e e e e et e e e e e e e e e e e e e e e e e e neneeeas 88
Load Encoder Wrap JnAEX.0X2227 ........uuiiiiiiiei ettt e e e e e e s e e e e e e s e st e e e e e e s e e annrnaeeeaeeeaaaanes 88
Motor Encoder Options’ INAEX OX2222 ...ttt e e e e e e et e e e e e e e e ee e e e e e e e e e nnenneeas 88
Load Encoder Options ANAEX OX2223 .........oooiiiiiiiiiiiiiiie e e ettt e e e e e e e ee e e e e e e e s e e e e e e e e e e annraeeeeaeeeaananes 89
Phasing Mode / INAEX-0X2TC0.........eiiiiiiiii bbbt e e e e e s bbe e e e 89
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Real-time Amplifier and Motor Status Objects

Analog/Digital Reference Input Value  INdeX 0X2200 ...........oeiiiiiiiiiiiiiie e 92
High Voltage Reference  INAexX OX2207 ......oooiiiiiiiiieie ettt e e e e e e e e e e e e e e e e e e e e annrnreees 92
Amplifier Temperature  INdeX OX2202 ..... ... it e e e e e e e e e e e e e e e e e e e e annaeeeeaaeeas 92
System TimMe  INAEX OX214 1 ... et e e e e e et e e e e e e e s e et eeeeaaeeesaasareeeeeeeeeaansrsreeeaeesaannns 92
Winding A Current  INAeX OX2203.........ooooiiiiieiiiie ettt et ab et e e e s e e e abb e e anneee s 92
Winding B Current  INAEX OX2204........cooeee it e ettt e et e e e e e e st ae e e e e e e s e sasbaaeeaaeeesaannnrneeaaaeeas 92
Sine Feedback Voltage  INAeX OX2205........ccoouiiiiiiiiee ettt ee e s eabeee e 92
Cosine Feedback Voltage INAeX OX2206............ccccuriiiiieeeieiciiiieeee e e e e estire e e e e e e s esnraseeeeeeseesnnsseeeeeeonslonnes 92
A/D Offset Value  INdeX OX2207 ........oeiiiieeeiiieeie et e e e e et e e e e e e s e e eaeeeaeanneeneeeeeeeeeannpme Bate e s 93
Current Offset A INAEX OX2210 .....eeiiieiiiie ettt e e e sneee e e e e e e s snneeeeeennnee el B Te e e 93
Current Offset B INA@X OX2211 ...oiiiiiiiee e e e e e e e e e e e e e e sneneeeeee e e e s e e e e e e e e e 93
Motor Phase Angle  INdeX OX2260........ .ot e a3 e e 93
Motor Phase Angle  INdEX OX2262...........cooiuuiiiiiiiieieiiiee et N 93
Encoder Phase Angle  INdeX OX2263 ..o m S s b e 93
(o F= 1L = (=T o 1= Q)12 93
Digital I/O Configuration Objects

Input Pin States  INAeX OX2190 ... e e e N e e e e e e e e e ee e e e e e e e e e nnennnes 95
Input Pin Config register  INAeX OX2197 ... ..o ma e e e e et e e e e e e e et re e e e e e e e ennrnreees 95
Input Pin Configuration  INdeX OX2192.......ouiiiiii 27 et 96

Input Pin Configuration Index 0x2192, Sub-INdex 1-N............mdn e 96
Input Pin Debounce Values  Index OX2195. .. ... e i i 5 et e e e e e e e e e e 97

Input Pin Debounce Values Index 0x2195, Sub-IndeX 1-N i oo 97
Raw Input Pin Value  INdex OX2196.........ooiiiiiiiiiiieeeeeeeee s e 97
Output pin configuration  INdeX OX2193........ueeiiieiiii e e T e 98

Output Pin Configuration  Index 0x2193, Sub-Index>1-N .. s s e 98
Output States and Program Control  INAeX OX21945. 5 ..eeesiiedcniieeeeee e e e eeeiieeee e e e e e et e e e e e e e snrareeeaeeeeenaans 99
Digital Control Input Configuration — Index OX2320.. ... e e 99
Digital Control Input Scaling  INdex OX2321 ... e e e e e e e e e e e e enrnreees 100
Digital Inputs  INAeX OXBO0FD ........ooiiiii oo 0 e 100

Position Loop Configuration Objects

Instantaneous Commanded Velocity “NdeX OX2250 ........cocuiiiiiiiiie i 114
Instantaneous Commanded Acceleration INdex 0X22571 .........cocciiiiiiiii e 114
Position Command Value  INdeX OXB062 ......... ... e e e e e e e e e e e e e e e e neneeeas 114
Position Actual Value  INd@X OXBOB3........ccoiiiiiiiiiiieei ittt e e e e e e e e ee s 114
Position Actual Value  INdeX OXBOGE .........ooo oot e e e e e e e e e e e e e e e e e e e neneeeas 114
Tracking Warning Window  INAEX OXB065...........coeieieiiiiiiiiiiie ettt e e e e e e e e et e e e e e e e ennrnee s 115
Maximum Slippage-Profile Velocity Mode  INdex OXBOFS8 ..........cooiiiiiiiiiiii e 115
Position Tracking Window-\"INdeX OXB0B7 ............ueeiieeiiiiiiiiiieie e e e e e e e e e e e s e e e e e e e eenrnreees 115
Position Tracking:Window Time  INdex OXB068 ............coooiiiiiiiiiiiie e 115
Position Errar “INAEX/OXB0F 4 ..........ooo ittt e et e e e et e e e e b e e e e nte e e e ennees 116
Position Loop Control Effort  Index OXB0FA ... ..o e 116
Position\Loop Gains  INAEX OXBOFB ..........cccoiiiiiiieiieee et e e e e e e e e e e e e et ra e e e e e e e sanrnreees 117

Position Loop“Proportional Gain  Index Ox60FB, Sub-Index 1. 117

Pesition-Loop Velocity Feed Forward Index Ox60FB, Sub-Index 2..........cccevveiiiiiiiiiieiee e, 117

Position-Loop Acceleration Feed Forward Index Ox60FB, Sub-Index 3 .....................l. 117

Pasition Loop Output Gain Multiplier Index 0x60FB, Sub-INdex 4 ............ccooiiiiiiiiiiieeiiccieeeee e, 117
Position Command Value Index OXB0F C......... ... i e e e e 117
Software Position Limits  INAEX OXBOTD ........ccueiiiiiiiiii et e e e e e e e e e seae e e e aneeeeas 118

Negative Software Limit Position Index 0x607D, Sub-IndeX 1. 118

Positive Software Limit Position Index Ox607D, Sub-INdex 2 ..........ccociiiiiiiiiiii e 118
Software Limit Deceleration  IndeXx OX2253 ... e e e e e eeneneeeaaeeas 118
Motor Encoder Position  INAEX OX2240.........ooiiiiiiiiieei et e e ee s 118
Load Encoder Position  INAEX OX2242 ......... oo ettt e e e e e e e e e e ee e e e e e e e e aanes 118
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Velocity Loop Configuration Objects

Velocity Command Value  INdex OXB06B ............coooiiiiiiiiiiiiiice e e 120
Actual Velocity  INdeX OXB0BGO........cooouiiiiiiiiii et e e s e e e enes 120
Actual Velocity  INdeX OXBOBC ............uviiiieeiiiiiiieiee e e e e e e e e e e e e e e e st ae e e e e e e s e sabsaeeeaeeeeesnnnrnneees 120
Unfiltered Motor Encoder Velocity  INdex OX2232..........cooiiiiiiiiiiiiie et 120
Load Encoder Velocity  INdeX OX2231 ......ccooiiiiee et 120
Velocity Loop Maximum Acceleration  INdeX OX2100 .......ouuiiiiiiiiiiiiiiie e 120
Velocity Loop Maximum Deceleration  INdex OX2107 ... ....uuiiiiiiiiiiiiiiie e e 121
Velocity Loop Emergency Stop Deceleration  INdex OX2102.........cooiiiiiiiiiieieiiieee e 121
Velocity Loop — Maximum Velocity INdeX OX2103 .........ouuuieiiiiieieiiieieiereieeeiererereeerereenenrererernrersenneees b durre 121
Velocity Error Window — Profile Position  Index OX2104 ... e o 121
Velocity Error Window — Profile Velocity  INdex OX606D .............cccciuiiiiieeiiiiciiieeee e e 121
Velocity Error Window Time  INdeX OX2105.........uiiiiiiiiieiiie e st b T e 122
Velocity Error Window Time  IndeX OXBOBE ...............uuueieiiieiiiiiiiiieieieeeeeeeeeeernrererersrnnnsesifobaes ennnnnnnnnnnnnnnes 122
Limited Velocity  INdeX OX2230 ........cceiiiiiiiiiiiiiieiiieeee e e e el e et e e e nieeee e 122
Programmed Velocity Command  INdex O0X2341 ........coooiiiiiiiieeieecieieeeee e et e 122
Velocity Loop Gains  INdeX OXG0F 9 .......cooiiiiiiiiiiiiiiiiie e e e e e 123

Velocity Loop Proportional Gain  Index 0x60F9, Sub-Index 1 .........oeviviee e S, 123

Velocity Loop Integral Gain  Index OX60F9, Sub-Index 2.8 e 123

Velocity Loop Acceleration Feed Forward Index 0x60F9, Sub-Index @=......cevvvvieiiiiiiiiiiee e, 123

Velocity Loop Gain Scaler Index Ox60F9, Sub-Index 4..........oooo e, 123

Velocity Loop Vi Drain (Integral Bleed) Index Ox60F9, Sub-IndeX.5.........ccccvviiieieiiiiciiiieie e, 123
Hall Velocity Mode Shift Value  Index OX2107 .......oooiiiiiiiiiie e Sttt 123
Velocity Loop Output Filter Co-Efficients  INdex OX2106 .......0 i 124
Velocity Loop Command Filter Co-Efficients  IndeX OX2108 2.....cueeiuveeeiiiiieieiiiee e 124
Analog Input Filter Co-Efficients INdex OX2108 ...........c.eimueeevm e 124

Current Loop Configuration Objects

User Peak Current Limit  INdeX OX2110. ..o i e e 126
User Continuous Current Limit  IndeX OX21 1l e 126
User Peak Current Limit Time  IndeX OX211 25 ..o/ttt e e e e e 126
Actual Current, D AXis  INAEX OX2214....... 000 e s ettt e et e e et e e et e e e ennte e e e ennees 126
Actual Current, Q AXiS  INAEX DX 2215 (u i et e e ettt e e e e e e e et e e e e e e e e eeaaaneeaeaeees 127
Current Command, D AXiS  INAEX OX2216 ..ottt iiieiee ettt ettt e e st e e e st e e e e sneeeaeesneeeaeenns 127
Current Command, Q AXIS  INAEXOX22 1 7 iu..ceeeeeeeeeeeee et e et e e e e e e e ee e e e e e e e e enaanan 127
Current Loop Output, D AXis  INAEX OX227T8 .........eiiiiiiieee et e e et e e e e e e snbe e e e e e e e e enanes 127
Current Loop Output, Q AXis « INAEXO0X2219. ...t e e e e e e e e e e e e e e nanes 127
Actual Motor Current  INAEX0X220 . ...coo it e e e e e st e e e nee e e e e nbe e e e annaeeeeannees 128
Commanded Current  INAEX OX22TD ... ...eeiiiiiieiiie et e e et e e e e e e e et e e e e e e e e e anneneeeeeaeeaaannns 128
Limited Current  INdEX 0X221E . ... ..ottt e e e et e e e enb et e e e ante e e e e aneeeeeeaneeeeeen 128
Programmed CurrentCommand  INAeX OX2340 ..........oeiiiiiiiiiiiiie e 128
Commanded Curfent Ramp Rate  INdexX OX2113 .. .ureiiiiii e e e e e e 128
Current Loop.Gains INdexX OXBOFG ...t e e e e e et e e e e e e e e s e eeeeeaeeaaannes 128

Current Loop Proportional Gain  Index OX60F6, SUb-INdeX 1..........ccooiiiiiiiiiiieciicceee e 128

Current L.oop Integral Gain  Index OX60F6, SUb-INdeX 2 ... 129

Current Offsetr  Index OXB0F6, SUD-INAEX 3 .......ooi i 129
GainScheduling Config  INAEX OX2370 .....coiiiiiiiiiiiie ettt e et e e e anbeeeeeas 130
Gain Scheduling Key Parameter  INdeX OX237 1 ......uveiiiii ittt e e e e e e ae e e e e e e e 130
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Stepper Mode Objects

B0oOost CUrrent  INAEX OX2T10 ....cei ettt ettt e e sttt e e e eate e e e e sste e e e s anbeeeeeanteeeeeantneaesanneeeeaans 135
U T O =T oL S 1 o =G0 24 e I RS 135
Time at Boost Current  INAEX OX21T2....coi ittt e e e et e e e e e e e nte e e e ansneee e ennes 135
[ o) (o I @10 Ty =Y oL N Vo 1= 024 I I RS 135
Run to HOld Time  INAEX OXZ21DT ...t e e e e e e e e e s e 135
Detent Correction Gain Factor For Microstepping Mode  Index OX21D2........ccviiiiiiiiiiiiiee e 135
Voltage Control Mode Time Delay  INdexX OX21D5........ccuiiiiiiiee ettt e e e e 135
Stepper Configuration and Status  INAeX OX21D6 .........eeiiiiiiiiiiee e e e ey 136
Maximum Velocity Adjustment  INdeX OX21D8 ... e e 136
Proportional Gain For Stepper Outer Loop  IndeX OX21D7 ....oooiiiiiiiieiieeeeeeeeeeeee et e 136
Homing Mode Operation Objects

Homing Method  Index OXB098.......... ... e e e e eee e e e e e S 157
Homing Speeds  INdex OXB099 ...........uuiiiiiiiiiiiieiie e e e e e e e e e e e e e e e e e anrneeees 158

Home Velocity — Fast  Index 0x6099, Sub-Index 1.......oooiiiiiieee e N, 158

Home Velocity — Slow  Index 0x6099, SUb-INAEX 2 .......ccccuviiiiiieiiiiieeee e 5 e 158
Homing Acceleration  INdex OXBOOA ... BT ettt e e bt e e e e e e eanes 158
Home Offset  INdeX OXBOT7C.....couviieiiiiiiee ettt e Nttt e e e et e e e et e e e e 158
Hard Stop Mode Home Delay  Index OX2357 ... Bttt 159
Hard Stop Mode Home Current  Index 0X2350 .......c.ccooviiiiiieieeerienes e e 159
Home Config  INAEX O0X2352 .......c.eeeeiiiiiiiiiiiiiiiiiieeerieee e eensadbees e 159
Position Capture Control Register  Index 0X2400...........ccuuiiiicfTra e e 160
Position Capture Status Register  Index OX2407 ... e 160
Captured Index Position  INA@X OX2402.........cccooiiiiiiiiieee et ie e e e e eeeitteeeee e e s e ssarareeeaaesesannsraeeeaaesaaaanns 161
Home Capture Position  INdex OX2403 ... oo ee e imreeeeesn b Tttt e e e e e et eee e e e e e e e e e eaeae e e e neneeeas 161
Time Stamp of Last High Speed Position Capture  INndex0x2404 ............coooiiiiiiiieeeeeeceeee e 161
Captured Position for High Speed Position Capture _<{Index 0x2405..........cccciiiiiiiiiiie e 161
Homing Adjustment  INdex OX2353.........eeed o e 161

Profile Mode Objects

Trajectory Jerk Limit  INA@X QX212 ... . o mue e eeeeeeteteieeeeeteteteteteteeeteestesasasesssssssssesssnsnsnsnsnsnsnsnsnsnnnnns 175
Trajectory Generator Status  INAEX 0X2252.... i e e et 175
Trajectory Generator Destination Position  [RAeX OX2122 .........ccocoiiiiiiiiee i 175
Target Position  IndeX OX607A. ... 0. e et 175
Profile Velocity  INAeX OXB081 i ...t e e e e ettt eee ettt e e e e e e e e e e e e s e e e e e e e e e e s enanreeeeeaeeesnnnrnrnees 176
Target Velocity  INAeX OXBOFE L. ..ol . ittt e e e e e enes 176
Target Torque  INAeX OXBO7H ... o e e ettt et te et te e et a e e teteeessessssasssssssssssesssssnsnsnsnsnsnsnsnsnnnnns 176
Torque Command  INAEX-OXBOTA ........oooe ettt e e e e e e e e e e e e e e e e e e e eeeee e e e nnnnneeas 176
Motor Rated Torque «MINAEX OXBOT6 .........coeeeiiiiiiiiiiiee et e e e e e s e e e e e e e e e e e e e e s e aanreeeaeaeeesnnnrnneees 176
Torque Actual Value — INAEXOXBOTT .......ooe ettt e e e e e e e e e e e e e e e e nenee e e e e e e e e e nnnnneeas 176
Torque SIope  RAEX OXBOBT ...t e e e e e e e e e e et e e e e e e s e sarareeeeeeeeesnnrnneees 177
Torque Profile Type AINdeX OXBO8S........ ..o oot e e e e e e e e e e e e e e e e e e e eannenneeas 177
Profile Acceleration, TNdex OXBO083 .........cooi ittt e et e e e et e e e s nree e e enreeeeennees 177
Profile Deceleration” INAex OXB084......... o oo ettt e e e e e et e e e e e e e e e e e e e e e e e e e neneeeas 177
QuickStop Deceleration  INdex OXB085 ............eiiiiiiiiiiiiiee et e et e e e e neeee s 178
Motion Profile Type  INAeX OXBO86 ..........cooiiiiiiiiiiiei et 178
Velocity'Sensor Selection  INdeX OXB0BA ...........uiiiiiiiiiiieeee e e e e e e e e e e s e e e e e e e snnrnreees 178
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Interpolated Position Mode Objects

IP move segment command  INAEX OX2010 ......ouuiiiiiiiiie it 187
Trajectory Buffer Free Count  INdeX OX20TT ...eeeiiiiiiii i e e e e e e e enrnee s 188
Trajectory Buffer Status  INAeX OX2012 .......oeiiiieee e 189
Next Trajectory Segment ID  INdeX OX2013........uuiiiiieei e e e e e e e e e e s e e e e e e e senrnreees 189
Interpolation Submode Select  INdeX OXBOCO ........ooiiiiiiiei e e 189
Interpolation Data Record  INdex OXB0CT...........uuiiiiiiei e e e e e e e e e e e e nrnreees 190

Interpolation Position Target Index Ox60C1, Sub-IndeX 1 ...l 190

Interpolation Time Index OXB0C1, SUD-INAEX 2......ccccoeiiiiiiiiiiiee e e e e e e e 190

Interpolation Velocity Index OX60C1, SUb-INAEX 3 ... Bt 190
Interpolation Constant Time  INdex OXB0C2 ..........cooiiiiiiiiiiiiiiie e e e e e el S 190

Interpolation Constant Time Index Index Ox60C2, Sub-IndeX 1 .......cccoeiiiiiiiiiiiiiiiiiceceeeee E N, 190

Interpolation Constant Time Units  Index 0x60C2, Sub-IndexX 2...........ccceeeveiiiiiiiieee s e 190

Alternative Control Source Objects

Micro-Stepping Rate  INAeX OX21C T .....uiiiiii et A st e e e e e e eenrareees 194
Analog Reference Scaling Factor  INdex 0X2310 .......ueiiiiiiiiiiiiieeiee e Ak e 194
Analog Reference Offset  INAeX OX23T1 ... e e s r e e e e e e e enra e e ra e e e e e snnrnneees 194
Analog Reference Calibration Offset  INdex OX2312 ......coooiiiiiiiiiiii e N e 194
Analog Reference Deadband  INAEX OX2313.....uoiiiiii oo sema e et e e e e e e e s e e e e e e e e snnrnreees 194
PWM Input Frequency  INAeX OX2322 .......cooi i 7 et et e e e e e e e e e e e e e e e ennneeeas 194
Function Generator Configuration  INdex OX2330.......ccciiuiiiiiie e T it e e e et e e e e e e e e e e 195
Function Generator Frequency  INdex OX2337 ......cooiiiiiiiiiie i b ettt 195
Function Generator Amplitude  INAeX OX2332 ......oeeiiiiiiiiiie ettt e e e e e e e e e e 195
Function Generator Duty Cycle  INdex 0X2333........coooeee e 195
Camming Configuration  INdeX OX2360 .........ccceeieiuiiee e S et e e e e e 196
Cam Delay Forward  IndexX OX23671 ......c.eeeiiiiiiiiiii s e ettt e e e e 196
Cam Delay Reverse  INdeX OX2362..........uuueiiieeeieifiibeeeee e ot nreeeeeaeesseessreeeeaesssssssssseeesaassssssssseesaasssaasnns 196
Cam Master Velocity  INAdeX OX2363 .........cooimue i i ettt ettt et e et e e e rab e e e s anbeeeeens 196
Trace Buffer Reserved Size  Index OX250A L.t e i oot 197
Trace Buffer Address — INdex OX250B....... e s e e e e e 197
Trace Buffer Data  INdex OX250C ...l eeees bt iiiee et et e e et e e bee e e s eareeeesnsaeeeeennees 197
Indexer Register Values  INdeX OX2600.x. ...ttt e s abbe e e e 198

Indexer Register Values  Index 0x2600,-SUb-INAEX 1-32 .......cooiiiiiiiiiiiiiiee e 198

Trace Tool Objects

Trace Channels  INdeX OX2500..... o ueeeeiieiieeiiiee et eee e e ettt e sttt e e s s e e e s s nbteeeeanbeeeesannaeeeeansaeeeeannees 206

Trace Channels  Index OX2500;.SUD-INAEX 16 .....cooiieiieeei e 206
Trace Status  INdeX OX250T et e e et e e st e e e nbee e e s e nateeeeannteeeeennees 207
Trace Reference Period  INAeX OX2502........ ... it e e e e e e e e e e e e e neeeeeas 207
Trace Period  INAeX OX2B05 ........... et e e e e s e e e e 207
Trace Sample Count _INAEX OX2503 ........ccuiiiiiiiiie e e e et e e s e e e e e e raeeessnaeeeesnnteeesennees 208
Trace Max Samples (INAEX OX2504 .......ooooe it e e e e e e s e e e e e e e st reeeeaeeeeannrnreees 208
Trace Trigger Configuration  INAeX OX2506 ...........euiiuiiiiiiiiiii e 208
Trace Delay  ARAEX OX2507 ........eueeiieieieieieieiiieeeteeeeeeeeeaeaeaeaeaereeeeeeeeeeeeereeeeeeesasesesssssesesesssssssssssssnsnsssnsssnnes 209
Trace Start/Stop”  INAEeX OX2508 ... ettt e e e e e e et e e e e e e e e e neneeeeeaaeeeaannnnneeas 209
Trace’'Data INAEX OX2509 ...ttt et e e ettt e e ettt e e e e s e e e e e nte e e e e nte e e e anbe e e e e nreeeeenees 209
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APPENDIX

D: OBJECTS BY INDEX ID

This chapter lists the objects in order of index ID. Bold page numbers indicate that the top-level object’s
general description appears on that page. Regular page numbers indicate that a reference to the object (or
one of its sub-objects) appears on that page.

0x1000, 67, 68, 78
0x1001, 61, 62, 212

0x1002, 26, 53, 55, 56, 57, 62,

64, 89, 98, 109, 115, 121,
122, 207, 208, 212
0x1003, 61, 62, 212
0x1005, 43, 44, 212
0x1006, 43, 44, 212
0x1008, 65, 67, 213
0x1009, 65, 67, 213
0x100D, 43, 44, 45, 212
0x1010, 65, 67, 68, 213
0x1013, 26, 43, 45, 212
0x1014, 43, 45, 212
0x1015, 43, 45, 212
0x1017, 43, 45, 212
0x1018, 65, 68, 69, 70, 76,
213
0x1200, 30, 31, 212
0x1400, 30, 32, 212
0x1401, 28, 29, 32
0x1402, 32
0x1403, 32
0x1404, 32
0x1405, 32
0x1406, 32
0x1407, 30, 32, 212
0x1600, 30, 33, 212
0x1601, 28, 29
0x1607, 30, 33,292
0x1800, 30, 34,35, 212
0x1A00, 30;35, 36;-212
0x1A07,.30, 35,212
0x2000;68
0x2010, 26,.108, 182, 184,
185,.186, 187, 218
0x2011 183, 186, 188, 218
0x2012, 26, 185, 186, 188,
189, 218
0x2013, 186, 189, 218
0x2100, 110, 119, 120, 216
0x2101, 110, 119, 121, 216
0x2102, 110, 119, 121, 216
0x2103, 110, 119, 121, 216
0x2104, 119, 121, 122, 216
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0x2105, 119, 122, 216
0x2106, 111, 119, 124, 216
0x2107, 119, 123, 216
0x2108, 111, 119, 124, 216
0x2109, 124
0x2110, 112, 125, 126, 134,
135, 216, 217
0x2111, 112, 125, 126, 134,
135, 216, 217
0x2112, 112, 125, 126, 134,
135, 216, 217
0x2113, 125, 128, 216

0x2120, 61, 62, 115,116, 121,

212
0x2121, 108, 1665171, 174,

175, 217
0x2122, 174,175,247
0x2140, ©6, 79,213
0x2141,91,92, 215
0x2150, 101,102
0x2151,~101, 102
0x21562; 101, 102
0x2153, 101, 102
0x2154, 101, 102
0x2155, 101, 102
0x2156, 101, 103
0x2157, 101, 103
0x2180, 53, 57, 212
0x2181, 53, 57, 98, 212
0x2182, 61, 62, 63, 64, 212
0x2183, 61, 63, 64, 212
0x2184, 53, 55, 57, 212
0x2190, 26, 94, 95, 97, 100

196, 215
0x2191, 94, 95, 215
0x2192, 94, 96, 215
0x2193, 94, 98, 99, 215
0x2194, 94, 99, 215
0x2195, 94, 97, 215
0x2196, 94, 97, 215
0x2197, 65, 72, 213
0x21B0, 65, 71, 72, 213
0x21B1, 65, 71, 72, 213
0x21C0, 56, 80, 89, 90, 214

0x21C1, 193,194, 218
0x21D0, 134,135, 217
0x21D15.134, 135, 217
0x21D§,134, 135, 136, 217
0x2200, 91, 92, 215
0x2201, 91, 92, 215
0x2202, 91, 92, 215
0x2203, 91, 92, 215
0x2204, 91, 92, 215
0x2205, 91, 92, 215
0x2206, 91, 92, 215
0x2207, 91, 93, 215
0x2210, 91, 93, 215
0x2211, 91, 93, 215
0x2214, 125, 126, 216
0x2215, 125, 127, 216
0x2216, 125, 127, 216
0x2217, 125, 127, 216
0x2218, 125, 127, 216
0x2219, 125, 127, 216
0x221C, 125, 128, 216
0x221D, 111, 125, 128, 216
0x221E, 112, 125, 128, 216
0x2220, 80, 88, 214
0x2221, 80, 88, 214
0x2222, 80, 88, 214
0x2223, 80, 89, 214
0x2230, 110, 119, 122, 216
0x2231, 118, 119, 120, 130,
216
0x2232, 119, 120, 216
0x2240, 113, 114, 118, 215
0x2241, 65, 72, 213
0x2242, 113, 114, 118, 215
0x2250, 109, 113, 114, 117,
130, 215
0x2251, 109, 113, 114, 117,
123, 215
0x2252, 98, 174, 175, 217
0x2253, 113, 118, 215
0x2260, 91, 93, 215
0x2261, 91, 93, 215
0x2262, 91, 93, 215
0x2263, 91, 93, 215
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0x2300, 53, 55, 60, 100, 128,
192, 194, 195, 202, 212
0x2310, 193, 194, 218
0x2311, 193, 194, 218
0x2312, 193, 194, 218
0x2313, 193, 194, 218
0x2320, 94, 99, 215
0x2321, 94, 100, 215
0x2322, 193, 194, 218
0x2330, 193, 195, 218
0x2331, 193, 195, 218
0x2332, 193, 195, 218
0x2333, 193, 195, 218
0x2340, 125, 128, 216
0x2341, 119, 122, 216
0x2350, 156, 159, 217
0x2351, 156, 159, 217
0x2352, 156, 159, 217
0x2353, 156, 159, 161, 217
0x2360, 192, 193, 196, 202,
218
0x2361, 193, 196, 218
0x2362, 193, 196, 218
0x2363, 193, 196, 218
0x2370, 125, 130, 216
0x2371, 125, 130, 216
0x2400, 156, 160, 161, 217
0x2401, 156, 160, 161, 207,
217
0x2402, 156, 160, 161, 217
0x2403, 156, 160, 161, 217
0x2404, 156, 161, 217
0x2405, 156, 160, 161, 217
0x2420, 65, 70, 96, 213
0x2422, 66, 78, 213
0x2500, 205, 206, 218
0x2501, 205, 207, 218
0x2502, 205, 207, 218
0x2503, 205, 208, 218
0x2504, 205, 208, 218
0x2505, 205, 207,209, 218
0x2506, 205, 208,218
0x2507, 205,209, 218
0x2508, 205; 209,218
0x2509,.205, 209,218
0x250A; 193, 197, 202, 218
0x250B, 193,197, 202, 218
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0x250C, 193, 197, 202, 218
0x2600, 192, 193, 198, 218
0x6040, 25, 29, 49, 53, 54,
139, 167,172, 176, 184,
185, 212
0x6041, 25, 26, 35, 49, 53, 55,
57, 115, 139, 167, 184, 212
0x605A, 53, 58, 212
0x605B, 53, 58, 212
0x605C, 53, 58, 212
0x605D, 53, 59, 212
0x6060, 16, 25, 29, 49, 53, 54,
55, 59, 139, 164, 172, 173,
212
0x6061, 53, 59, 212
0x6062, 109, 113, 114, 117,
215
0x6063, 109, 113, 114, 116,
118, 130, 215
0x6064, 25, 113, 114, 117,
215
0x6065, 113, 115, 215
0x6067, 55, 56, 113, 115, 116,
215
0x6068, 113, 115, 215
0x6069, 119, 120, 216
Ox606A, 174, 178,217
0x606B, 109, 119, 120,216
0x606C, 25,919, 120,216
0x606D,, 119, 121, 216
0x606E;119, 122, 216
0x607%1, 25,173, 174, 176,
217
0x6074, 174, 176, 217
0x6076, 174, 176, 217
0x6077, 25, 174,176, 217
0x607A, 25, 108, 166, 172,
174,175, 217
0x607C, 108, 156, 158, 217
0x607D, 113, 118, 215
0x6081, 108, 166, 172, 174,
176, 217
0x6083, 108, 166, 174, 177,
217
0x6084, 58, 108, 166, 174,
177, 217
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0x6085, 52, 58, 166, 174, 178,
217
0x6086, 108, 164, 166, 167,
174,175,178, 217
0x6087, 173, 174,177, 217
0x6088, 174, 177, 217
0x6098, 108, 141, 142, 143,
144, 145, 146, 147, 148,
149, 150, 151, 1562, 153,
154, 1566, 157, 217
0x6099, 108, 139, 156,158,
217
0x609A, 108, 139, 156, 158,
217
0x60C0,181,182, 186, 189,
218
0x60C 1,181, 182, 184, 186,
190, 218
0x60C2, 181, 182, 184, 186,
190, 218
0x60F4, 55, 56, 62, 109, 113
116, 136, 215
0x60F6, 112, 125, 128, 129,
173, 216
0x60F9, 110, 119, 123, 216
O0x60FA, 109, 113, 116, 215
0x60FB, 109, 113, 114, 117,
215
0x60FC, 113, 116, 117, 130,
215
0x60FD, 25, 94, 100, 215
O0x60FF, 25, 172, 174, 176,
217
0x6403, 80, 81, 214
0x6404, 80, 81, 214
0x6410, 19, 80, 81, 82, 83, 84,
85, 86, 87, 88, 90, 132, 173,
214
0x6502, 65, 73, 213
0x6503, 65, 73, 213
0x6504, 65, 73, 213
0x6505, 65, 73, 213
0x6510, 65, 66, 69, 70, 73, 74,
75,76,77,78, 213
0x67FF, 66, 78, 213
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