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ABOUT THIS MANUAL

Overview and Scope

This manual describes the operation and installation of the Xenus XEL, XPL, and XML drives
manufactured by Copley Controls.

Related Documentation

For important setup and operation information, see the CME 2 User Guide.
Users of the CANopen features should also read these Copley Controls documents:

o CANopen Programmer’s Manual

e CML Reference Manual

o Copley Motion Objects Programmer’s Guide

Also of related interest:

e Copley Indexer 2 Program User’s Guide (describes use of Indexer Program to create motion
control sequences)

o Copley Controls ASCII Interface Programmer’s Guide (describes how to send ASCII format
commands over a drive’s serial bus to set up and control one or more drives)

o Copley Drive Parameter Dictionary
o Copley Camming User Guide
e Copley DeviceNet Programmer’s Guide

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

Comments

Copley Controls welcomes your comments on this manual.
For contact information, see http://www.copleycontrols.com

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.

Xenus, XEL, XML, XPL and XTL are registered trademarks of Copley Controls.

CME 2 is a registered trademark of Copley Controls.

Windows 2000, Windows 7, Windows XP, Vista, Visual Basic, Excel, and .NET are trademarks or
registered trademarks of the Microsoft Corporation.

LabVIEW is a registered trademark of National Instruments.

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. Copley Controls
assumes no responsibility for any errors that may appear in this document.
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Product Warnings

Observe all relevant state, regional, and local safety regulations when installing and using this
product. For safety and to assure compliance with documented system data, only Copley Controls
should perform repairs to drives.
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DANGER

DANGER: Hazardous voltages.

Exercise caution when installing and adjusting.

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

Risk of electric shock.

High-voltage circuits on J1, J2, and J3 are connected to mains power.

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

Risk of unexpected motion with non-latched faults.

After the cause of a non-latched fault is corrected, the drive re-enables the PWM
output stage without operator intervention. In this case, motion may re-start
unexpectedly. Configure faults as latched unless a specific situation calls for non-
latched behavior. When using non-latched faults, be sure to safeguard against
unexpected motion.

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

Using CME 2 or serial commands may affect or suspend CAN operations.

When operating the drive as a CAN node, the use of CME 2 or ASCII serial
commands may affect CAN operations in progress. Using such commands to initiate
motion may cause CAN operations to suspend.

CAN operations may restart unexpectedly when the commanded motion is stopped.

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

Latching an output does not eliminate the risk of unexpected motion with non-
latched faults.

Associating a fault with a latched, custom-configured output does not latch the fault
itself. After the cause of a non-latched fault is corrected, the drive re-enables without
operator intervention. In this case, motion may re-start unexpectedly.

For more information, see Clearing Non-Latched Faults (p. 41).

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

Use equipment as described.

Operate drives within the specifications provided in this manual.

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

Copley Controls
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Revision History

About this Manual

Revision | Date ECO # Comments
0.1 July 2010 - First general review.
00 December, 2010 38399 First customer release.
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CHAPTER

1: INTRODUCTION

This chapter provides an overview of the Copley Controls Xenus Plus drives.
Contents include:

Title Page
1.1: XENUS PIUS FAMIIY OVEIVIEW .....ciiiiiii ittt ettt ettt ettt e a4t bt e e o b bt e ea ket o4 kbt e e ek bt e e aa bt e e e abb e e e e abb e e e snbeeeennneeeans 10
1.22.CME2.........
1.3: CMO/CML
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1.1: Xenus Plus Family Overview

Each Xenus Plus servo drive provides 100% digital control of brushless or brush motors in an off-
line powered package. It can also control a Copley Controls ServoTube motor. Xenus can operate
from single or three-phase mains with a continuous power output of up to 4 kW.

Xenus Plus comes in three basic models to support three network interface protocols: the XEL,
which supports CANopen over EtherCAT, the XML, which supports MACRO, and the XPL, which
supports CANopen.

Xenus Plus provides a Safe Torque Off (STO) function as defined in IEC 61800-5-2. Two opto-
couplers are provided which, when de-energized, prevent the upper and lower devices in the
PWM outputs from being operated by the digital control core. This provides a positive OFF
capability that cannot be overridden by the control firmware, or associated hardware components.
When the opto-couplers are activated (current is flowing in the input diodes), the control core will
be able to control the on/off state of the PWM outputs.

Xenus Plus supports a wide range of feedback devices. The standard version supports digital
guadrature encoders, analog sin/cos encoders, and EnDat, Hiperface, BiSS, SSI, and Absolute A
encoders. The -R version supports brushless resolvers. The standard and -R versions can
emulate a digital quadrature encoder output from the analog encoder or resolver respectively.

Xenus Plus can operate in several basic ways:

e As a traditional motor drive accepting current, velocity or position commands from an external
controller. In current and velocity modes it can accept £10 Vdc analog, digital 50% PWM or
PWM/polarity inputs. In position mode, inputs can be incremental position commands from
step-motor controllers in Pulse and Direction or Count Up/Count Down format, as well as A/B
guadrature commands from a master-encoder. Pulse-to-position ratio is programmable for
electronic gearing.

¢ As anode on a CANopen network. CANopen compliance allows the drive to take instruction
from a master application over a CAN network to perform torque, velocity, and position
profiling, interpolated motion, and homing operations. Multiple drives can be tightly
synchronized for high performance coordinated motion.

e As anode on a CANopen over EtherCAT network or MACRO network.

e As a stand-alone controller running Copley Virtual Machine (CVM) control programs such as
the Indexer 2 Program. It can also be controlled directly over an RS232 serial link with simple
ASCII format commands.

Mains input voltage to the drive can range from 100 to 240 Vac, single or three-phase, and 47 to
63 Hz. This allows Xenus the ability to work in the widest possible range of industrial settings.
Several models are available, with peak current ratings of 18 to 40 amps:

Model
Standard Resolver Continuous Peak Current Vac
Current
XEL-230-18 XEL-230-18 -R 6 A 18 A

XML-230-18 XML-230-18 -R
XPL-230-18 XPL-230-18 -R

XEL-230-36 | XEL-230-36-R | 12 A 36 A
XML-230- 36 | XML-230- 36 -R
XPL-230- 36 | XPL-230- 36 -R

XEL-230-40 XEL-230-40 -R 20A 40 A
XML-230-40 XML-230-40 -R
XPL-230-40 XPL-230-40 -R

100 to
240
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A separate +24 Vdc logic supply powers the internal logic and control circuits. These are isolated
from the high-voltage power supply and inverter stage that connect to the mains. This simplifies
system design by allowing the mains to be completely disconnected from the drive for safety
reasons while allowing the logic side of the drive to stay powered. This allows the drive to retain
position information and maintain communication through the digital I/O or over the serial or CAN,
EtherCAT, or MACRO ports when disconnected from the mains.

The Xenus Plus is RoHS compliant.

1.2: CME 2

Drive commissioning is fast and simple using Copley Controls CME 2 software. CME 2
communicates with Xenus via an RS-232 link, and all of the operations needed to configure the
drive are accessible through CME 2.

The multi-drop feature allows CME 2 to use a single RS-232 serial connection to one drive as a
gateway to other drives linked together by CAN bus connections.

Auto phasing of brushless motor Hall sensors and phase wires eliminates “wire and try.”
Connections are made once and CME 2 does the rest. Encoder or resolver wire swapping to
establish the direction of positive motion is also eliminated.

Motor data can be saved as .ccm files. Drive data is saved as .ccx files that contain all drive
settings plus motor data. This makes it possible to quickly set up drives by copying configurations
from one drive to another.

1.3: CMO/CML

Copley Motion Libraries (CML) and Copley Motion Objects (CMO) make CANopen system
commissioning fast and simple. All network housekeeping is taken care of automatically by a few
simple commands linked into your application program. CML provides a suite of C++ libraries,
allowing a C++ application program to communicate with and control a drive over the CANopen
network. CMO provides a similar suite of COM objects that can be used by Visual Basic, .NET,
LabVIEW, or any other program supporting the Microsoft COM object interface.

Copley Controls 11
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CHAPTER

2: OPERATIONAL THEORY

This chapter describes the basics of Xenus Plus operation. Contents include:

Title Page

2.0 DIIVE INEEINAI POWET ...ttt ettt h ettt e e e et e e e et e em e e e r e e b e e e et e nm e e n e e e re e e e meesmn e e neeenneennneanne 14
2.2: Synchronizing PWM Switching Frequency.... .16
2.3: Commutation Modes ............cccoevernieiinernnns ... 16
2.4: FeedbackK...........ccuuueen.. ...16
2.5: Operating Modes .... .17
2.6: Communication ...... ...30
2.7: Limit Switches ........ ...33
2.8: Brake Operation ..... ...35
2.9: Status Indicators..... ...36
2.10: Protection ........ccceeveeeieiivnnennnn. .41
2.11: Position and Velocity Errors... ...43
2.12: INPULS oo ... 46
2.13: OULPULS....ceeeeeeiiieeeeeene .47
P S =T T I (=Y 1S3 (o g I T To PP ST SPPUPPRPRRRORE 48
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2.1: Drive Internal Power

Power distribution within Xenus is divided into three sections: +24 Vdc, logic/signal, and high
voltage. Each is isolated from the other.

2.1.1: Logic/Signal Power

An internal DC/DC converter operates from the +24 Vdc Logic Supply input and creates the
required logic/signal operating voltages, the isolated voltages required for the high-voltage control
circuits, and a +5 Vdc supply for powering the motor encoder and Hall circuits. All the digital and
analog inputs, digital outputs (with the exception of OUT4, OUT5, and OUT®6), Hall and encoder
inputs are referenced to the same signal common. OUT4, OUTS5, and OUT6 are controlled
through an opto-isolator, and OUT6 is referenced to the +24Vdc return. The CAN interface is also
optically isolated.

Deriving internal operating voltages from a separate source enables the drive to stay on-line when
the mains have been disconnected for emergency-stop or operator-intervention conditions. This
allows CAN bus and serial communications to remain active so that the drive can be monitored by
the control system while the mains power is removed.

2.1.2: High Voltage

Mains power drives the high-voltage section. It is rectified and capacitor-filtered to produce the DC
bus: the DC “link” power that drives the PWM inverter, where it is converted into the voltages that
drive a three-phase brushless or DC brush motor. An internal solid-state switch, together with an
external power resistor, provides dissipation during regeneration when the mechanical energy of
the motor is converted back into electrical energy. This prevents charging the internal capacitors
to an overvoltage condition.

14 Copley Controls



Xenus Plus User Guide Specifications

2.1.3: Power and Grounding Diagram

| SHIELD

REGEN(-) 13
L T X e 1% 3 --------ﬁ

L1 2350 PF
+

oEamr_ 4
DC BUS(+)
M e <*> _L_ L PAWM
MA INS a -
"‘l‘ o sus() | NVERTER

FRAME GROUND _l_—Q S ,
{SAFETY GROUND) " P !
3 : PW'M

i STAGE

CONTROL
POWER
ISOLATION BARRIER
Jozé SHIEL
LOGIC
& . 1
SIGNAL >
POWER
recceack | 0 /_
CSOY';TT:SAL L POWER & \
DECODING FEEDBACK
18 Depspie I :]

I [1NT] CONTROL ||

“ 3 LOGIC —} I

ASIGNAL GND .

B i ! 510
SIGNAL
-1 GrOUND
jp— ez
=

Copley Controls



Specifications Xenus Plus User Guide

2.2: Synchronizing PWM Switching Frequency

In some situations, such as when sampling small analog signals, it is desirable to synchronize the

PWM switching frequency among multiple drives. In these cases, one drive serves as a master for
one or more slave drives. The PWM sync output of the master sends a signal that is received as a
PWM sync input by each slave.

2.3: Commutation Modes

The drive supports three commutation modes to drive brush and brushless motors: AC brushless
sinusoidal, AC brushless trapezoidal, and DC brush.

In most applications, sinusoidal commutation is preferred over trapezoidal, because it reduces
torque ripple and offers the smoothest motion at any velocity or torque. In the sinusoidal
commutation mode, an encoder or a resolver are required for all modes of operation.

In AC brushless trapezoidal commutation mode, the drive provides traditional six-step
commutation.

When driving a DC brush motor, the drive operates as a traditional H-Bridge drive.

2.4: Feedback

2.4.1: Encoder and Resolver Support

The Xenus drive is offered in two versions to support encoder or resolver feedback: standard and
resolver. The standard version supports digital quadrature encoders, analog sin/cos encoders,
and a variety of serial and absolute encoder formats. These versions normally require the use of
Hall switches for the commutation of brushless motors.

The resolver version supports standard, single speed, transmit-type resolvers.
2.4.2: Multi-Mode Port

All versions support a multi-mode port. This interface can be configured to:

e Provide a buffered digital encoder output based on the digital encoder input.
e Provide an emulated digital encoder output based on the analog encoder or resolver input.
¢ Provide an emulated serial encoder output.

¢ Provide a second digital encoder input to be used in the dual encoder position mode. In this
mode, an encoder attached to the load provides position loop feedback, and the motor
encoder or resolver provides velocity loop feedback.

16 Copley Controls
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2.5: Operating Modes
2.5.1: Modes and Control Loops

Specifications

Nesting of Control Loops and Modes

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

Control Loops lllustration

In position mode, the drive uses all three loops. As shown below, the position loop drives the
nested velocity loop, which drives the nested current loop.

Limits
Target Position Velocity Limited Current Limited PWM
Position Command Command Velocity Command | Current Command
. " Z 1 [ | : Z
Trajectory . Position : Vglqcny - |5 Velocity : 5| CL_Jrr_ent ! Current : Motor/
Generator Loop Limiter 0 Loop . Limiter Loop Sensors
’—A:tual Position ’_;erived Velocity ’—;ctual 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 can be adjusted during drive 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 or the input to a power drive.

Copley Controls
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2.5.2: Current Mode and Current Loop

Current Loop Diagram

As shown below, the “front end” of the current loop is a limiting stage. The limiting stage accepts a
current command, applies limits, and passes a limited current command to the summing junction.
The summing junction takes the limited current command, 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 drive’s power stage.

Current Loop AWM

—I|> Current Integral Gain (Ci) | + | Command
- o . :
Current Command—| Current Limiter | Limited Current 'dz:)_’l Current Proportional Gain (Cp) @_ .
+

Current Offset —— f\_ -

—

Limits: Feedback (Actual Current)
» Peak Current

* Continuous Current

* Peak Current Limit Time

Current Loop Inputs

e The drive’s analog or PWM inputs.

e A network command, CANopen, DeviceNet, or RS-232 Serial.

o A Copley Virtual Motion (CVM) control program.

e The drive’s internal function generator.

In velocity or position modes, the current command is generated by the velocity loop.

Offset

The current loop offset is intended for use in applications where there is a constant force applied
to, or required of, the servomotor and the system must control this force. Typical applications
would be a vertical axis holding against gravity, or web tensioning. This offset value is summed
with the current command before the limiting stage.

Limits
The current command is limited based on the following parameters:
Limiter Description
Peak Current Limit Maximum current that can be generated by the drive for a short duration of time. This value
cannot exceed the peak current rating of the drive.
Continuous Current Maximum current that can be constantly generated by the drive.
Limit
I°T Time Limit Maximum amount of time that the peak current can be applied to the motor before it must
be reduced to the continuous limit or generate a fault.
For more details, see I°T Time Limit Algorithm (p. 181).
Note: Although the current limits set by the user may exceed the drive's internal limits, the
drive operates using both sets of limits in parallel, and therefore will not exceed its own
internal limits regardless of the values programmed.
Ramp Rate of change in current command.

18 Copley Controls
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Current Loop Gains

Specifications

The current loop uses these gains:

Gain

Description

Cp - Current loop 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.

Current Loop Output

The output of the current loop is a command that sets the duty cycle of the PWM output stage of

the drive.

Auto Tune

CME 2 provides a current loop Auto Tune feature, which automatically determines optimal Cp and
Ci values for the motor. For more information, see Auto Tune the Current Loop (p. 139).

Copley Controls
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2.5.3: Velocity Mode and Velocity Loop

Velocity Loop Diagram

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

_’I Velocity Integral Gain (Vi
Velocity Limited y 9 (Vi) | +
o : + '
Command ™| Velocity Limiter | o, [_Velocity | 7 Z —[ Velocity Proportional Gain (Vp) | - Z Filter |_,, Current

Command

,—> _/_\_
Limits: |
* Velocity
e Acceleration* Feedback (Derived Velocity)
« Deceleration*
e Emergency Stop Deceleration*

*Not used w hen velocity loop is controlled by position loop. See "Velocity Loop Limits" for details.

Inputs

In velocity mode, the velocity command comes from one of the following:
e The drive’s analog or PWM inputs.

¢ A network command, CANopen, DeviceNet, or RS-232 Serial.

e A Copley Virtual Motion (CVM) control program.

e The drive’s internal function generator.

In position mode, the velocity command is generated by the position loop.

Velocity Loop Limits

The velocity command is limited based on the following set of parameters designed to protect the
motor and/or the mechanical system.

Limiter Description
Velocity Limit Sets the maximum velocity command input to the velocity loop.
Acceleration Limit Limits the maximum acceleration rate of the commanded velocity input to the velocity loop.

This limit is used in velocity mode only.

Deceleration Limit Limits the maximum deceleration rate of the commanded velocity input to the velocity loop.
This limit is used in velocity mode only.

Fast Stop Ramp Specifies the deceleration rate used by the velocity loop when the drive is hardware
disabled. (Fast stop ramp is not used when drive is software disabled.) If the brake delay
option is programmed, the fast stop ramp is used to decelerate the motor before applying
the brake.

Note that Fast Stop Ramp is used only in velocity mode. In position mode, the trajectory
generator handles controlled stopping of the motor. There is one exception: if a non-latched
following error occurs in position mode, then the drive drops into velocity mode and the
Fast Stop Ramp is used.

For more information, see Following Error Fault Details (p. 44).

20 Copley Controls



Xenus Plus User Guide Specifications

Diagram: Effects of Limits on Velocity Command
The following diagram illustrates the effects of the velocity loop limits.

Limited Velocity

Commanded Velocity
> - - - - B

Vel Limit- — — £ -

—

I
Accel Limit === [—— [==— Decel Limit ==

Velocity Loop Gains
The velocity loop uses these gains:

Gain Description

Vp - Velocity loop proportional The velocity error (the difference between the actual and the limited commanded
velocity) is 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 integral The integral of the velocity error is multiplied by this value. Integral gain reduces the
velocity 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 velocity error value over time.

Velocity Gains Shift

The Velocity Gains Shift feature adjusts the resolution of the units used to express Vp and Vi,
providing more precise tuning. If the non-scaled value of Vp or Vi is 64 or less, the Low Gains
Shift option is available to increase the gains adjustment resolution. (Such low values are likely to
be called for when tuning a linear motor with an encoder resolution finer than a micrometer.) If the
non-scaled value of Vp or Vi is 24001 or higher, the High Gains Shift option is available to
decrease the gains adjustment resolution.

Velocity Loop Command and Output 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.

For more information on the velocity loop filters, see the CME 2 User Guide.

Velocity Loop Outputs
The output of the velocity loop is a current command used as the input to the current loop.
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2.5.4: Position Mode and Position Loop

Position Loop Diagram

The drive receives position commands from the digital or analog command inputs, over the CAN
interface or serial bus, or from the CVM Control Program. When using digital or analog inputs, the
drive's internal trajectory generator calculates a trapezoidal motion profile based on trajectory limit
parameters. When using the CAN bus, serial bus, or CVM Control Program, a trapezoidal or S-
curve profile can be programmed. The trajectory generator updates the calculated profile in real
time as position commands are received.

The output of the generator is an instantaneous position command (limited position). In addition,
values for the instantaneous profile velocity and acceleration are generated. These signals, along
with the actual position feedback, are processed by the position loop to generate a velocity
command.

To bypass the trajectory generator while in digital or analog position modes, set the maximum
acceleration to zero. The only limits in effect will now be the velocity loop velocity limit and the
current limits. (Note that leaving the maximum acceleration set to zero will prevent other position
modes from operating correctly.)

The following diagram summarizes the position loop.

. . Position Loop
Profile Velocity T -
> Velocity Feed Forw ard (Vff) +
Target Trajectory Profile Acceleration + i i
iti [ Acceleration Feed Forw ard (Aff Gain Velocity
Position Generator g ! ward (ATf) I Multiplier] " Ccommand
imi iti +
,—» _/_\_ Limited Position @—»I Position Proportional Gain (Pp) |—+A
o A-
Limits:
Max veloci
N ty Feedback| /c‘ from motor encoder or resolver
¢ Max accel o
* Max decel . .
O---vmrmrmemmnnnn from optional position encoder (on load
* Abort decel P P ( )

Trajectory Limits

In position mode, the trajectory generator applies the following user-set limits to generate the
motion profile.

Limiter Description

Maximum Velocity Limits the maximum speed of the profile.

Maximum Acceleration Limits the maximum acceleration rate of the profile.

Maximum Deceleration Limits the maximum deceleration rate of the profile.

Abort Deceleration Specifies the deceleration rate used by the trajectory generator when motion is aborted.

Position Loop Inputs From the Trajectory Generator
The position loop receives the following inputs from the trajectory generator.

Input Description
Profile Velocity The instantaneous velocity value of the profile. Used to calculate the velocity feed forward
value.

Profile Acceleration | The instantaneous acceleration/deceleration value of the profile. Used to calculate the
acceleration feed forward value.

Limited Position The instantaneous commanded position of the profile. Used with the actual position feedback to
generate a position error.
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Position Loop Gains
The following gains are used by the position loop to calculate the velocity command:

Gain Description

Pp - Position loop proportional The loop calculates the position error as the difference between the actual and
limited position values. This error in turn is multiplied by the proportional gain value.
The primary effect of this gain is to reduce the following error.

Vff - Velocity feed forward The value of the profile velocity 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 profile acceleration is multiplied by this value. The primary effect of
this gain is to decrease following error during acceleration and deceleration.

Gain Multiplier The output of the position loop is multiplied by this value before being passed to the
velocity loop.

Position Loop Feedback
Xenus supports two position feedback configurations

e Single sensor. Position loop feedback comes from the encoder or resolver on the motor.
o Dual sensor. Position loop feedback comes from the encoder attached to the load.

(Note that in either case, velocity loop feedback comes from the motor encoder or resolver.) For
more information, see Feedback (p. 16).

Position Loop Output
The output of the position loop is a velocity command used as the input to the velocity loop.

Position Wrap

The position wrap feature causes the position reported by the amplifier to “wrap” back to zero at a
user-defined value instead of continually increasing. Once set, the reported position will be
between 0 and n-1 where n is the user entered wrap value. This feature is most useful for rotary
loads that continually turn in one direction and only the position within a revolution is of interest to
the user.

Relative moves with the wrap value set will move the relative distance called for. Example; if the
wrap value is set to 1000 and a relative move of 2500 is commanded, the axis will turn 2 %
revolutions.

Absolute moves will move the shortest distance to arrive at the programmed position. This could
be in the positive or negative direction. Moves programmed to a point greater then the wrap value
will cause an error.

To configure the position wrap feature, see
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Position Loop Settings (p. 145).
2.5.5: Input Command Types

The drive can be controlled by a variety of external sources: analog voltage or digital inputs, CAN
network (CANopen or DeviceNet), CAN over EtherCAT, MACRO, or over an RS-232 serial
connection using ASCII commands. The drive can also function as a stand-alone motion controller
running an internal CVM program or using its internal function generator.
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2.5.6: Analog Command Input

Overview

The drive can be driven by an analog voltage signal through the analog command input. The drive
converts the signal to a current, velocity, or position command as appropriate for current, velocity,
or position mode operation, respectively.

The analog input signal is conditioned by the scaling, dead band, and offset settings.

Scaling

The magnitude of the command generated by an input signal is proportional to the input signal
voltage. Scaling controls the input-to-command ratio, allowing the use of an optimal command
range for any given input voltage signal range.

For example, in current mode, with default scaling, +10 Vdc of input generates a command equal
to the drive’s peak current output; +5 Vdc equals half of that.

Scaling could also be useful if, for example, the signal source generates a signal range between 0
and +10 Vdc, but the command range only requires +7.5 Vdc of input. In this case, scaling allows
the drive to equate +7.5 Vdc with the drive’s peak current (in current mode) or maximum velocity
(in velocity mode), increasing the resolution of control.

Dead Band

To protect against unintended response to low-level line noise or interference, the drive can be
programmed with a “dead band” to condition the response to the input signal voltage. The drive
treats anything within the dead band ranges as zero, and subtracts the dead band value from all
other values. For instance, with a dead band of 100 mV, the drive ignores signals between —100
mV and +100 mV, and treats 101 mV as 1 mV, 200 mV as 100 mV, and so on.

200
100 Dead Band
2 o v v
5
o)
-100
-200
-200 -100 0 100 200

Input

Offset

To remove the effects of voltage offsets between the controller and the drive in open loop
systems, CME 2 provides an Offset parameter and a Measure function. The Measure function
takes 10 readings of the analog input voltage over a period of approximately 200 ms, averages
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the readings, and then displays the results. The Offset parameter allows the user to enter a
corrective offset to be applied to the input voltage.

The offset can also set up the drive for bi-directional operation from a uni-polar input voltage. An
example of this would be a 0 to +10 Vdc velocity command that had to control 1000 rpm CCW to
1000 rpm CW. Scale would be set to 2000 rpm for a +10 Vdc input and Offset set to -5V. After
this, a 0 Vdc input command would be interpreted as -5 Vdc, which would produce 1000 rpm CCW
rotation. A +10 Vdc command would be interpreted as +5 Vdc and produce 1000 rpm CW rotation.

Monitoring the Analog Command Voltage
The analog input voltage can be monitored in the CME 2 control panel and oscilloscope. The
voltage displayed in both cases is after both offset and deadband have been applied.

Analog Command in Position Mode

The Xenus Analog Position command operates as a relative motion command. When the drive is
enabled the voltage on the analog input is read. Then any change in the command voltage will
move the axis a relative distance, equal to the change in voltage, from its position when enabled.

To use the analog position command as an absolute position command, the drive should be
homed every time it is enabled. The Homing sequence may be initiated by CAN, ASCII serial, or
CVM Indexer program commands.
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2.5.7: PWM Input

Two Formats

The drive can accept a pulse width modulated signal (PWM) signal to provide a current command
in current mode and a velocity command in velocity mode. The PWM input can be programmed
for two formats: 50% duty cycle (one-wire) and 100% duty cycle (two-wire).

50% Duty Cycle Format (One-Wire)

The input takes a PWM waveform of fixed frequency and variable duty cycle. As shown below, a
50% duty cycle produces zero output from the drive. Increasing the duty cycle toward 100%
commands a positive output, and decreasing the duty cycle toward zero commands a negative
output.

—-s——  Decreasing Duty Cycle Increasing Duty Cycle

e LUUUUTT

50 % Duty Cycle

Amp“fier Output [0 I R )

Max -

The command can be inverted so that increased duty cycle commands negative output and vice
versa.
100% Duty Cycle Format (Two-Wire)

One input takes a PWM waveform of fixed frequency and variable duty cycle, and the other input
takes a DC level that controls the polarity of the output. A 0% duty cycle creates a zero command,
and a 100% duty cycle creates a maximum command level. The command can be inverted so that
increasing the duty cycle decreases the output and vice versa.

100% 100%
Duty Cycle Duty Cycle

e TTUULL_ LU

Direction Input

Amplifier Output 0

Min -

Failsafe Protection from 0 or 100% Duty Cycle Commands

In both formats, the drive can be programmed to interpret O or 100% duty cycle as a zero
command. This provides a measure of safety in case of a controller failure or a cable break.
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2.5.8: Digital Input

Three Formats

In position mode, the drive can accept position commands via two digital inputs, using one of
these signal formats: pulse and direction, count up/count down, and quadrature.

In all three formats, the drive can be configured to invert the command.

Pulse Smoothing

In position mode, the drive’s trajectory generator ensures smooth motion even when the command
source cannot control acceleration and deceleration rates.

When using digital or analog command inputs, the trajectory generator can be disabled by setting
the Max Accel limit to zero. (Note that when using the CAN bus, serial bus, or CVM Control
Program, setting Max Accel to zero prevents motion.)

Pulse and Direction Format

In pulse and direction format, one input takes a series of pulses as motion step commands, and
another input takes a high or low signal as a direction command, as shown below.

Pulse Input J—H—Hﬂ I_IJ_I—l_I—I_ —

Direction Input \— _ e e e e e e = = = -

\ /

The drive can be set to increment position on the rising or falling edge of the signal. Stepping
resolution can be programmed for electronic gearing.
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Count Up/Count Down Format

In the count up/count down format, one input takes each pulse as a positive step command, and
another takes each pulse as a negative step command, as shown below.

Up |nput J—H—Hﬂ
Down Input H H—H ﬂ

Velocity /
Command iR R R -------------/7

The drive can be set to increment position on the rising or falling edge of the signal. Stepping
resolution can be programmed for electronic gearing.

Quadrature Format

In quadrature format, A/B quadrature commands from a master encoder (via two inputs) provide
velocity and direction commands, as shown below.

Alnput

B Input

Velocity /
Command @ = = = = = = = = = = = == 2

The ratio can be programmed for electronic gearing.

2.5.9: CVM Program

The Copley Virtual Machine (CVM) is a software program that runs motion control programs on
supported Copley Controls drives. When a CVM program is running, the drive can receive input
commands from the CVM program.

For more information, see the Copley Indexer Program User’s Guide.
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2.6: Communication

As described below, the drive features multiple communication interfaces, each used for different

purposes.
Interface Description
RS-232 port The drive features a three-wire RS-232 port.

Control commands can be sent over the RS-232 port using Copley Controls ASCII
interface commands.

In addition, CME 2 software communicates with the drive (using a binary protocol) over
this link for drive commissioning, adjustments, and diagnostics. For RS-232 port
specifications, see Serial Interface (p. 57). For RS-232 port wiring instructions, see RS-
232 Serial Communications (J6) (p. 74).

Note that CME 2 can be used to make adjustments even when the drive is being
controlled over the CAN interface or by the digital inputs.

CAN interface (XPL)

When operating as a CAN node, the drive takes command inputs over a CANopen or
DeviceNet network. CAN communications are described in the next section.

EtherCAT (XEL)

The XEL accepts CANopen commands over EtherCAT.

MACRO (XML)

The XML typically runs in torque mode accepting commands over the MACRO network.
(Velocity mode is also supported.)

DANGER

30

Using CME 2 can affect or suspend CAN operations.
When operating the drive as a CANopen or DeviceNet node, use of CME 2 to change
drive parameters can affect CANopen or DeviceNet operations in progress.

Using CME 2 to initiate motion can cause CANopen or DeviceNet operations to
suspend. The operations may restart unexpectedly when the CME 2 move is
stopped.

Failure to heed this warning can cause equipment damage, injury, or death.
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2.6.1: CAN Communication Details (XPL)

CAN Network and CANopen Profiles for Motion

In position mode, the XPL can take instruction over a two-wire Controller Area Network (CAN).
CAN specifies the data link and physical connection layers of a fast, reliable network.

CANopen is a set of profiles (specifications) built on a subset of the CAN application layer
protocol. These profiles specify how various types of devices, including motion control devices,
can use the CAN network in a highly efficient manner. Xenus supports the relevant CANopen
profiles, allowing it to operate in the following modes of operation: profile torque, profile velocity,
profile position, interpolated position, and homing.

Supported CANopen Modes

In profile torque mode, the drive is programmed with a torque command. When the drive is
enabled, or the torque command is changed, the motor torque ramps to the new value at a
programmable rate. When the drive is halted, the torque ramps down at the same rate.

In profile velocity mode, the drive is programmed with a velocity, a direction, and acceleration and
deceleration rates. When the drive is enabled, the motor accelerates to the set velocity and
continues at that speed. When the drive is halted, the velocity decelerates to zero.

In profile position mode, the drive is programmed with a velocity, a relative distance or absolute
position, and acceleration and deceleration rates. On command, a complete motion profile is
executed, traveling the programmed distance or ending at the programmed position. The drive
supports both trapezoidal and s-curve profiles.

In PVT mode, the controller sends the drive a sequence of points, each of which is a segment of a
larger, more complex move, rather than a single index or profile. The drive then uses cubic
polynomial interpolation to “connect the dots” so that the motor reaches each point at the specified
velocity at the programmed time.

Homing mode is used to move the axis from an unknown position to a known reference or zero
point with respect to the mechanical system. The homing mode is configurable to work with a
variety of combinations of encoder index, home switch, and limit switches.
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CANopen Architecture

As shown below, in a CANopen motion control system, control loops are closed on the individual
drives, not across the network. A master application coordinates 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 provides the protocol for mapping device
and master internal commands to messages that can be shared across the network.

A

Xenus Local Control >
Amplifier

Vo ::I Sensor |
Feedback

Softw are Application

CAN port
CANopen

Control

Master Controller <Statu—s

CANopen
CAN port

A

Xenus Local Control >
Amplifier

/o :_’I Sensor

CAN port
CANopen

CAN Network

Other
CANopen
Device

CAN port
CANopen

CAN Addressing

A CANopen network can support up to 127 nodes. Each node must have a unique and valid
seven-bit address (Node ID) in the range of 1-127. (Address 0 is reserved and should only be
used when the drive is serving as a CME 2 serial port multi-drop gateway.)

There are several basic methods for setting the CAN address, as described below. These method
can be used in any combination, producing a CAN address equal to the sum of the settings.

Addressing Method Description

Use switch If the address number <= 15, CAN address can be set using the CAN ADDR switch only.

Use inputs Use the drive’s programmable digital inputs (user selects how many (1-7) and which inputs
are used).

Use programmed value Program address into flash only.

For more information on CAN addressing, see CAN Interface (p. 1286).
For more information on CANopen operations, see the following Copley Controls documents:

e CANopen Programmer’s Manual
e CML Reference Manual
e Copley Motion Objects Programmer’s Guide
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2.6.2: EtherCAT Communication Details (XEL)

The XEL accepts CANopen commands over EtherCAT.

EtherCAT Addressing

Stations on EtherCAT are automatically addressed by their bus location. The first drive on the
network is station address -1. The second is -2, and so on.

B Hy—H

J7 J7 J7

Control XEL XEL XEL
-1 -2 -3

l |
{

Default EtherCAT station addresses

As an alternate to the default addressing, switches S1 and S2 may be used to program a drive
with a hexadecimal station alias (synonym) with an address value between 0x01 and OxFF (1-255
decimal).

51 52

The default address and station alias are always available. If the switch-based station alias is
used, it is the responsibility of the user to ensure that each drive has a unique station alias.

2.6.3: MACRO Communication Details (XML)

The XML typically runs in torque mode accepting commands over the MACRO network. (Velocity
mode is also supported.)

MACRO Addressing

A Delta Tau PMAC card can hold up to four MACRO IC’s each of which is a master on a MACRO
ring. Each master IC can address 16 stations (nodes, slaves) enabling the addressing of up to 64
devices on a ring. Of these, 32 can be motion devices such as Xenus XML. A node address is an
8-bit value with bits 7-4 addressing the master IC and bits 3-0 addressing the slave.

XML switch S1 is set to select the master IC to which the Xenus will be linked. The four possible
values for this setting are 0,1,2, and 3.

As a MACRO station or node the XML has eight available addresses as a motion control device.
These are 0,1,4,5,8,9,12, & 13.

2.7: Limit Switches
2.7.1: Use Digital Inputs to Connect Limit Switches

Limit switches help protect the motion system from unintended travel to the mechanical limits. Any
of the digital inputs 2-12 can be can be programmed as positive or negative limit switch inputs.
With the drive operating as a CAN node, an input can also be programmed as a home limit switch
for CANopen homing operations.

Copley Controls 33



Specifications Xenus Plus User Guide

2.7.2: Diagram: Sample Placement of Limit Switches

The following diagram shows these limit switches in use on a sample motion stage.

Mechanical Limits of Motion Stage

% %
T | I

Negative Home Positive
Limit Switch Limit
Switch Switch

2.7.3: How the Drive Responds to Limit Switch Activation

The drive stops any motion in the direction of an active limit switch, as described below. The
response is identical in current and velocity modes, and slightly different in position mode.

Mode Drive Response to Active Positive (or Negative) Limit Switch

Current | Drive prohibits travel in positive (or negative) direction. Travel in the opposite direction is still allowed.
Velocity | Drive status indicator flashes green at fast rate.
Warning is displayed on CME 2 Control Panel and CME 2 Control Panel limit indicator turns red.

Position | Drive stops responding to position commands until the drive is disabled and re-enabled, or the fault is
cleared over the CANopen interface.

Drive status indicator flashes green at fast rate.
Warning is displayed on CME 2 Control Panel and CME 2 Control Panel limit indicator turns red.

Default behavior: If, after re-enabling the amp, the limit switch is still active, the drive will only allow
movement in the opposite direction.

“Hold position” behavior: If the *Hold position when limit switch is active option is set, the drive prevents
any motion while a limit switch is active.

CAUTION: If the drive is switched back to current or velocity mode with this option selected, the limit
switches will no longer function.

For more information on *Hold position when limit switch is active, see Digital Inputs (p. 1132).

2.7.4: Using Custom Output to Signal Limit Switch Activation

In addition to the response described above, any of the drive’s digital outputs can be configured to
go active when a positive or negative limit switch is activated. For more information, see Custom
Digital Output Settings: Custom Event (p. 116).
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2.8: Brake Operation

2.8.1: Digital Output Controls Brake

Many control systems employ a brake to hold the axis when the drive is disabled. Digital output 6
(OUT®6) is designed specifically for a brake output. (Other outputs can be used for brake control,
but OUT6 is recommended.) Unlike the other outputs, OUT6 is optically isolated from the control
signals and has an internal fly back diode connected to the +24 Vdc input. By eliminating the need
to connect into the drive control connector, having the brake output on the +24 Vdc power
connector simplifies wiring when the brake wires are in the power cable of the motor.

For more information, see Brake Output (p. 55) and Logic Supply / Brake (J4) (p. 71).
2.8.2: Brake/Stop Sequences

Disabling the drive by a hardware or software command starts the following sequence of events.

¢ The motor begins to decelerate (at Abort Deceleration rate in position mode or Fast Stop
Ramp rate in velocity mode). At the same time, the Brake/Stop Delay Time count begins. This
allows the drive to slow the motor before applying the brake.

e When the motor slows to Brake/Stop Activation Velocity OR the Brake/Stop Delay Time
expires, the brake output activates and PWM Delay Brake/Stop Response Time count begins.

¢ When response time has passed, the drive’s output stages are disabled. This delay ensures
the brake has time to lock in before disabling the power section.

Enable Input —_— -'I—I'-E BrakesStop delay time
:
[ ]
[]
Speed .
Y : Braker=top activation velocity
1
1
1
Brake Ouptput :
i
| ]
]
1
Enable vl PN delayd

Powver Zection

This sequence is not available in the current mode of operation. Instead, in current mode, the
drive output turns off and the brake output activates immediately when the disable command is
received.
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2.9: Status Indicators
2.9.1: XEL Drive and Network Interface Status Indicators

The XEL amplifier status and EtherCAT network status LED indicators are located on J6.
Additional EtherCAT activity and link status indicators are located on J7.

o)

—BEPL PLI]

c s @¢

|

J weus

8
S

S

i
o

T7) AL34vS

—— STAT-Drive Status

—— NET-EtherCAT Network Status

J7

Ll <—— Activity Status (Yellow)

I: Link Status (Green)
Activity Status (Yellow)

j Link Status (Green)

Out (B)

In (A)

XEL J6 Drive Status Indicator Operation
XEL Drive status indicator color/blink codes are described below.

Color/Blink Code

Meaning

Not illuminated

No +24 Vdc power to drive.

Steady green

Drive is enabled and operational.

Slow-blinking green

Drive is disabled. No faults or warnings are active.

Fast-blinking green

A limit switch is active. The drive is enabled.

Steady red

A non-latched fault has occurred.

Blinking red

A latched fault has occurred.
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XEL J6 EtherCAT NET Status Indicator Operation

Run (Green)

Color/Blink Code

Meaning

Not illuminated

Initialization

Blinking Pre-operational.
Single flash Safe-operational.
Steady Operational.
Error (Red)

Not illuminated No error.

Blinking Invalid configuration. A change of state commanded by the master is not possible or is
illegal.

Single flash Local error. The slave has initiated a change of state by itself in response to an error.

Double flash Watchdog timeout. The EtherCAT sync manager watchdog timer has timed out.

XEL J7 EtherCAT Port Link and Activity Indicator Operation

Link Activity
(Green) | (Yellow)

Description

On Off Port open, no activity
On Flicker Port open, network activity
Off On Port closed
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2.9.2: XML Drive and Network Interface Status Indicators
The XML amplifier status and MACRO network status LED indicators are located on J6.

—— STAT-Drive Status

—— NET-MACRO Network Status

XML J6 Drive Status Indicator Operation
XML Drive status indicator color/blink codes are described below.

Color/Blink Code Meaning

Not illuminated No +24 Vdc power to drive.

Steady green Drive is enabled and operational.

Slow-blinking green Drive is disabled. No faults or warnings are active.
Fast-blinking green A limit switch is active. The drive is enabled.
Steady red A non-latched fault has occurred.

Blinking red A latched fault has occurred.

XML Network (NET) Status Indicator

NET Description

Off MACRO network has not been detected.

Blinking green MACRO network detected and has disabled drive.

Green MACRO network detected and is trying to enable drive. This condition can occur while the

AMP LED shows any of its valid color combinations.

Steady red MACRO network errors have been detected.
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2.9.3: XPL Drive and Network Interface Status Indicators
The LEDs located on connector J6 indicate XPL’s CAN network status and drive status.

—— STAT-Drive Status

—— NET-CAN Network Status

XPL Drive Status Indicator Operation
XPL Drive status indicator color/blink codes are described below.

Color/Blink Code Meaning

Not illuminated No +24 Vdc power to drive.

Steady green Drive is enabled and operational.

Slow-blinking green Drive is disabled. No faults or warnings are active.
Fast-blinking green A limit switch is active. The drive is enabled.
Steady red A non-latched fault has occurred.

Blinking red A latched fault has occurred.
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XPL CAN Interface Status Indicator Operation

The XPL drive status indicator color/blink codes comply with CAN Indicator Specification 303-3 as
described below. Note that green and red codes are often interlaced, each indicating a different
set of conditions. The green codes indicate the CANopen state machine mode of operation (pre-
operational, operational, or stopped). The red codes indicate the status of the physical bus
(warning or error conditions).

CANopen State Machine Mode of Operation

Indicator State Diagram
Blinking green Pre-operational. 200
ms
reen
e I s Y e O
200
ms
Steady green Operational
green
off J
Single flash green Stopped 1 second
reen [
g off ‘ I':A T * |
‘ 200
ms

Physical Bus Status

Single flash red Warning Limit 1 second
Reached g :
re [ — .
off ‘ I A T + |
‘ 200
ms
Double flash red Error Control Event 1 second
q :
roeff A A v |
200 200
ms ms
Triple flash red Sync Error 1 second
red E
N s : o~
200 200 200
ms ms ms
Steady red Bus Off red F
off

In addition, the XPL CAN status indicator is turned off when the CAN node ID selector (CAN
ADDR) is set to 0. A setting of 0, which is invalid, shuts down most operations on the CAN
interface, and the light is shut off to indicate this status.
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2.10: Protection

2.10.1: Safe Torque Off

The Xenus Plus has a safety feature that is designed to provide the Safe Torque Off (STO)
function as defined in IEC 61800-5-2. Two opto-couplers are provided which, when de-energized,
prevent the upper and lower devices in the PWM outputs from being operated by the digital control
core. This provides a positive OFF capability that cannot be overridden by the control firmware, or
associated hardware components. When the opto-couplers are activated (current is flowing in the
input diodes), the control core will be able to control the on/off state of the PWM outputs.

2.10.2: Faults

Overview

Xenus detects and responds to a set of conditions regarded as faults, such as drive over
temperature and excessive following error. When any fault occurs, with the exception of a
following error, the drive’s PWM output stage is disabled, the fault type is recorded in the drive’s
internal error log (which can be viewed with CME 2), and the status LED changes to indicate a
fault condition exists. A digital output can also be programmed to activate on a fault condition. The
following error fault behaves with slight differences, as described in

Following Error Fault Details (p. 44).

The drive’s PWM output stage can be re-enabled after the fault condition is corrected and the
drive faults are cleared. The process for clearing faults varies depending on whether the fault is
configured as non-latched or latched. The fault-clearing descriptions below apply to all faults
except for the following error fault, which is described in Following Error Fault Details (p. 44).

Clearing Non-Latched Faults

The drive clears a non-latched fault, without operator intervention, when the fault condition is
corrected.

Risk of unexpected motion with non-latched faults.

After the cause of a non-latched fault is corrected, the drive re-enables the PWM

output stage without operator intervention. In this case, motion may re-start

unexpectedly. Configure faults as latched unless a specific situation calls for non-

latched behavior. When using non-latched faults, be sure to safeguard against
DANGER unexpected motion.

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

Clearing Latched Faults

A latched fault is cleared only after the fault has been corrected and at least one of the following
actions has been taken:

e power-cycle the +24 Vdc to the drive

¢ cycle (disable and then enable) an enable input that is configured as
Enables with Clear Faults or Enables with Reset

. access the CME 2 Control Panel and press Clear Faults or Reset
e clear the fault over the CANopen network or serial bus
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Example: Non-Latched vs. Latched Faults

For example, the drive temperature reaches the fault temperature level and the drive reports the
fault and disables the PWM output. Then, the drive temperature is brought back into operating
range. If the Drive Over Temperature fault is not latched, the fault is automatically cleared and the
drive’s PWM outputs are enabled. If the fault is latched, the fault remains active and the drive’s
PWM outputs remain disabled until the faults are specifically cleared (as described above).

Fault Descriptions

Xenus Plus User Guide

The set of possible faults is described below. For details on limits and ranges, see

Fault Levels (p. 58).

Fault Description

Fault Occurs When...

Fault is Corrected When...

*Drive Over Temperature

Drive's internal temperature exceeds
specified temperature.

Power module temperature falls below
specified temperature.

Motor Phasing Error

Encoder-based phase angle does not
agree with Hall switch states. This fault can
occur only with brushless motors set up
using sinusoidal commutation. It does not
occur with resolver feedback or with Halls
correction turned off.

Encoder-based phase angle agrees
with Hall switch states.

*Feedback error

Over current condition detected on the
output of the internal +5 Vdc supply used
to power the feedback. Resolver or analog
encoder not connected or levels out of
tolerance.

Encoder power returns to specified
voltage range.

Feedback signals stay within specified
levels.

*Motor Over Temperature

Motor over-temperature switch changes
state to indicate an over-temperature
condition.

Temperature switch changes back to
normal operating state.

Under Voltage

Bus voltage falls below specified voltage
limit.

+ DC bus voltage returns to specified
voltage range.

Over Voltage

Bus voltage exceeds specified voltage
limit.

+ DC bus voltage returns to specified
voltage range.

*Following Error

User set following error threshold
exceeded.

See
Position and Velocity Errors (p. 43).

*Short Circuit Detected

Output to output, output to ground, internal
PWM bridge fault.

Short circuit has been removed.

Over Current (Latched)

Output current I°T limit has been
exceeded.

Drive is reset and re-enabled.

*Latched by default.
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2.11: Position and Velocity Errors

2.11.1: Error-Handling Methods

In position mode, any difference between the limited position output of the trajectory generator
and the actual motor position is a position error. The drive’s position loop uses complementary
methods for handling position errors: following error fault, following error warning, and a position-
tracking window.

Likewise, in velocity or position mode, any difference between the limited velocity command and
actual velocity is a velocity error. The drive’s velocity loop uses a velocity tracking window method
to handle velocity errors. (There is no velocity error fault.)

2.11.2: Following Error Faults

When the position error reaches the programmed fault threshold, the drive immediately faults.
(The following error fault can be disabled.)
For detailed information, see Following Error Fault Details (p. 44).

2.11.3: Following Error Warnings

When the position error reaches the programmed warning threshold, the drive immediately sets
the following error warning bit in the status word. This bit can be read over the CAN network. It
can also be used to activate a digital output.

2.11.4: Position and Velocity Tracking Windows

When the position error exceeds the programmed tracking window value, a status word bit is set.
The bit is not reset until the position error remains within the tracking window for the programmed
tracking time.

A similar method is used to handle velocity errors.
For detailed information, see Tracking Window Details (p. 45).
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2.11.5: Following Error Fault Details

Position Error Reaches Fault Level

As described earlier, position error is the difference between the limited position output of the
trajectory generator and the actual position. When position error reaches the programmed
Following Error Fault level, the drive faults (unless the following error fault is disabled.) As with a
warning, a status bit is set. In addition, the fault is recorded in the error log.

Additional responses and considerations depend on whether the fault is non-latched or latched, as
described below.

Drive Response to Non-Latched Following Error Fault

When a non-latched following error fault occurs, the drive drops into velocity mode and applies the
Fast Stop Ramp deceleration rate to bring the motor to a halt. The drive PWM output stage
remains enabled, and the drive holds the velocity at zero, using the velocity loop.

Resuming Operations After a Non-Latched Following Error Fault

The clearing of a non-latched following error depends on the drive’s mode of operation. Issuing a
new trajectory command over the CAN bus, the ASCII interface, or DeviceNet will clear the fault
and return the drive to normal operating condition.

If the drive is receiving position commands from the digital or differential inputs, then the drive
must be disabled and then re-enabled using the drive’s enable input or though software
commands. After re-enabling, the drive will operate normally.
Drive Response to a Latched Following Error Fault
When a latched following error fault occurs, the drive disables the output PWM stage without first
attempting to apply a deceleration rate.
Resuming Operations After a Latched Following Error Fault
A latched following error fault can be cleared using the steps used to clear other latched faults:
e power-cycle the +24 Vdc to the drive
e cycle (disable and then enable) an enable input that is configured as

Enables with Clear Faults or Enables with Reset
. @I access the CME 2 Control Panel and press Clear Faults or Reset
o clear the fault over the CANopen network or serial bus
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2.11.6: Tracking Window Details

Proper Tracking Over Time

As described earlier, position error is the difference between the limited position output of the
trajectory generator and the actual position. Velocity error is the difference between commanded
and actual velocity.

When the position or velocity error exceeds the programmed tracking window value, a status word
bit is set. The bit is not reset until the error remains within the tracking window for the programmed
tracking time.

Velocity Tracking Illustration
The following diagram illustrates the use of tracking window and time settings in velocity mode.

Actual Velocity
Limited Velocity \

+ Tracking Window

J/ | ~ Tracking |
= Time

Tracking Window
Output
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2.12: Inputs
The Xenus Plus drive has 15 digital inputs and three analog inputs.
2.12.1: Digital Inputs

The Xenus Plus features 14 programmable digital inputs. Non-isolated inputs IN1-IN6 are
connected on J8. Opto-isolated IN7-IN14 are connected on J9.

The 15" digital input is an encoder fault channel on J10. For a list of input functions, see Digital
Input Functions (p. 114 ).

Input Filters

Two types of input RC filters are used: GP (general-purpose) and HS (high-speed). Input
reference functions such as Pulse and Direction, Pulse Up/Pulse Down, and Quadrature A/B are
wired to inputs that have the HS filters, and inputs with the GP filters are used for general-purpose
logic functions, limit switches, and the motor temperature sensor.

Debounce Time

To prevent undesired multiple triggering caused by switch bounce upon switch closures, each
input can be programmed with a debounce time. The programmed time specifies how long an
input must remain stable at a new state before the drive recognizes the state. The debounce time
is ignored if the input is used as a digital command input.

Configure for Pull Up/Pull Down Resistors by Groups
Pre-defined groups of inputs can be programmed to have either an internal pull up or pull down
resistor. See J8 Pin Description (p. 79) for groupings.

2.12.2: Analog Inputs

Two programmable differential analog inputs, AIN1 and AIN2, are connected on J8 with £10 Vdc
range. As a reference input [AIN1] can take position/velocity/torque commands from a controller.
A second input [AIN2] is programmable for other functions. The ratio of drive output current or
velocity vs. reference input voltage is programmable.

Analog input [AIN3] Motemp, is for use with a motor overtemperature switch or sensor connected
on J10.
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2.13: Outputs

The Xenus Plus drive has 6 programmable digital outputs (one opto-isolated and five non-isolated)
and one programmable analog output.

2.13.1: Digital Outputs

The Xenus Plus features six programmable digital outputs. OUT1 - 5 are general-purpose outputs.
OUT®6 is specifically designed as a brake output but can be programmed to perform any of the
functions. For a list of digital output functions, see Standard Digital Outputs (p. 115).

OUT1-OUT3 are connected on J8. Opto-isolated OUT4 and OUTS5 are on J9. OUT6 (Brake) is on
J4.

OUT1 and OUT2 are current seeking MOSFETSs, each with a pull-up resistor, in series with a
diode, connected to the drive’s internal +5 Vdc supply. This design allows the outputs to be
directly connected to optically isolated PLC inputs that reference a voltage higher than +5 Vdc,
typically +24 Vdc. The diode prevents current flow between the +24 Vdc supply and the internal +5
Vdc supply though the pull-up resistor. This current, if allowed to flow, could turn on the PLC input,
giving a false indication of the drive’s true output state. OUT1 and OUT2 require an external fly-
back diode to be installed across any inductive loads, such as relays, that are connected to them.

OUT3 is a 5V high speed buffered CMOS output.

OUT4 and OUTS5 are opto-isolated with a 30 Vdc maximum output. Zener clamping diodes across
outputs allow driving of resistive-inductive (R-L) loads without external flyback diodes.

The brake output (OUT®6) is described in Brake Operation (p. 35).
2.13.2: Analog Output

The Xenus Plus features one programmable analog output (AOUT1). It has an output voltage
range of £5 Vdc. An op-amp buffers the output of a 12-bit D/A converter.
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2.14: Regen Resistor Theory
2.14.1: Regeneration

When a load is accelerated electrical energy is converted into mechanical energy. During
deceleration the conversion is reversed. This is called regeneration. Some of this regenerated
energy is lost to friction in the mechanical system. More of this energy is converted to heat due to
I’R losses in the motor windings, cabling, and drive electronics. The remainder of the energy is
added to the electrical energy already stored in the internal capacitor bank of the drive. The result
of this energy being added is an increase in the voltage on the capacitor bank.

2.14.2: Regen Resistor

If too much energy is added to the capacitor bank, the voltage rises to a point where the drive's
over voltage protection shuts down the drive. To prevent this, a regen circuit shunts some of the
energy into an external regen resistor when the voltage rises too high.

2.14.3: Regen Circuit Components

The drive provides an internal transistor that is used in combination with an external resistor.
Copley Controls supplies compatible resistors as described in Regen Resistor Assemblies (p.
207). When using a resistor acquired from another source, be sure it meets the specifications
described in Regen Resistor Sizing and Configuration (p. 173).

2.14.4: Regen Circuit Protections

The drive protects the regen circuit against short circuit, and uses I°T peak current/time algorithms
to protect both the external resistor and the internal transistor.

2.14.5: Configurable Custom Resistor

The following values can be entered for a custom resistor using CME 2:

Option Description

Resistance Value Value in ohms of the resistor
Continuous Power Continuous power rating of the resistor
Peak Power Peak power rating of the resistor

Time at Peak Power | Time at peak power of resistor

For more information, see Regen Resistor (p. 122) and
Regen Resistor Sizing and Configuration (p. 173)
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CHAPTER

3: SPECIFICATIONS

This chapter describes the drive specifications. Contents include:

Title
AN [T 0y VY o] o] (0 )V =T PP PUPPPPPPPN
TPOWET INPUL ...
B =T @ 1U 1 o1 | S PR PP PP PPRPPRN
: Control Loops...............
: Regen Circuit Output.......
: Digital Command Input...
: Analog Command Input..
: Analog Inputs ................. .
BB 1o 1 v= U L0 o0 £ 3 PR PUPPT PPN

T ANIOG OULPULS ...ttt e ettt ekt e ekttt e e bttt ook e e 44kttt e ok bt e e ea bt e e bt e e ek et e e et e e b et e e e e a e e e e aanne
: Digital Outputs .
: Brake Output .......ccoeeviiiiiiiicie
: Encoder Power Supply Output
: Primary Encoder Inputs ...................
: Analog Encoder Inputs ... .
THAI SWILCR INPULS ...ttt a oo bbbt e e bt e ekt e e bb et e e b et e eab et e e bt et e s nab et e abe e e et
: Resolver Interface
: Multi-Mode Port..........
: Serial Interface ..........
: Network Interfaces
: Status Indicators........
: Fault Levels............... .
B o1 g BT [ T L1 (o] o PP OPPPRUPPRNE
S THEIMAI IMPEAANCE........eiieiiee ettt oo bt e e o4ttt ook et eea bt e e bttt e e ettt e ea et e e ebbe e e s nab e e e nabeeeeannee
: Mechanical and Environmental
- DIMeNSIoNS.......cccevvviiiiieeeeeeiiiieeen.
3.26.1: XEL, XPL Dimensions .
3.26.2: XIMIL DIMENSIONS .....eeeiieeeeiiitieieee e e ettt e e e e e sttt eeeeaaateeeeeaeaaamsateeeeee e e nneaseeeeeeeamsebeeeeee e s nnbsseeaaeeasnssbeeeaeeeaannntneeaaeaeanes

Copley Controls 49



Specifications

3.1: Agency Approvals

e CE Compliance*:

EN 55011 2007 Compatibility
EN 61000-6-1 2007 Immunity
EN 61010-1 2001 Safety

e UL 508C Compliant

e ROHS Compliant

*CE Declaration of Conformity available at
http://www.copleycontrols.com/Motion/Downloads/xenusData.html

3.2: Power Input

Xenus Plus User Guide

Model

XEL-230-18 (-R)
XPL-230-18 (-R)
XML-230-18 (-R)

XEL-230-36 (-R)
XPL-230-36 (-R)
XML-230-36 (-R)

XEL-230-40 (-R)
XPL-230-40 (-R)
XML-230-40 (-R)

Mains Voltage 100 - 240 Vac
1%or3Q
Mains Frequency 47 to 63 Hz

Mains Current

20 Arms maximum

Current Inrush

15 A peak at 120 Vac
35 A peak at 240 Vac

Logic Supply Voltage

+20 to +32 Vdc

Logic Supply Current

500 mA maximum

3.3: Power Output

15 kHz center-weighted PWM
space-vector modulation

Model XEL-230-18 (-R) XEL-230-36 (-R) XEL-230-40 (-R)
XPL-230-18 (-R) XPL-230-36 (-R) XPL-230-40 (-R)
XML-230-18 (-R) XML-230-36 (-R) XML-230-40 (-R)
Peak Current 18 Adc 36 Adc 40 Adc
[12.7 Arms] [25.5 Arms] [28.3 Arms]
Peak Current Time 1 Second
Continuous Current* 6 Adc 12 Adc 20 Adc
[4.24 Arms] [8.5 Arms] [14.1 Arms]
Efficiency >97% @ 230 Vac and rated continuous current
Output Type 3-phase IGBT inverter

PWM Ripple Frequency

32 kHz

Minimum Load
Inductance

400 uH line-to-line**

NOTE: See Xenus Filter (p. 191).

* Heat sinking and/or forced air cooling required for continuous output power rating
** Consult factory for operation with inductance lower than 400 uH
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3.4: Control Loops

Specifications

Frequency Range

Low Pass, 1 Pole

Type
Current
Velocity | 100% digital.
Position
Sampling rate (time)
Current | 16 kHz (62.5 us)
Velocity | 4 kHz (250 ps)
Position | 4 kHz (250 us)
Current Loop Small Signal > 2 kHz (Tuning and load impedance dependent)
Bandwidth
Velocity Loop Filters
Type | Programmable

Low Pass, Butterworth, 2 Poles
Bi-Quadratic, 2 Poles & 2 Zeros

Programmable
20 - 1500 Hz

Bus Voltage Compensation

Changes in bus or mains voltage do not affect tuning.

3.5: Regen Circuit

Output

Model

XEL-230-18 (-R)
XPL-230-18 (-R)
XML-230-18 (-R)

XEL-230-36 (-R)
XPL-230-36 (-R)
XML-230-36 (-R)

XEL-230-40 (-R)
XPL-230-40 (-R)
XML-230-40 (-R)

Continuous Power 2 kw 4 kW
Peak Power 5 kw 10 kW
Minimum Resistance 30Q 150
Minimum Resistor Wattage 25W 50 W
Turn On Voltage +390 Vdc
Turn Off Voltage +380 Vdc

DC Bus Capacitance

2350 pF nominal

Regen Energy Absorption
Capacity

Input Voltage 120 Vac
208 Vac
240 Vac

145 joules
77 joules
43 joules

3.6: Digital Command Input

Digital Position Command

Pulse and direction,
Count up/ count down
maximum rate

2 MHz (with active driver)

Quadrature A/B encoder

2 M line/sec (8 M count/sec after

maximum rate quadrature)
Digital Current & Velocity PWM frequency range 1 kHz - 100 kHz
Command PWM minimum pulse width 220 nSec
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3.7: Analog Command Input
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Channels

1

Type

Differential, non-isolated

Measurement Range

+10 Vdc

Maximum Voltage

Differential | +10 Vdc
Input to Ground | +10 Vdc

Input Impedance 5 kQ

Resolution 16 Bit

Anti-aliasing filter 14.5 kHz

Scan Time 62.5 uSec

Function Current, velocity, or position command

3.8: Analog Inputs

Channels 3 (AIN1-IN3)
AIN1-AIN2 AIN3
Type Differential, non-isolated Single-ended
Measurement +10 Vdc 0-5 vdc
Range
Input Impedance | 5 kQ 4.99 kQ pull-up to 5V
Resolution 16 Bit 12 Bit
Anti-aliasing 14.5 kHz 27 Hz
filter
Scan Time 62.5 uSec 250 puSec
Function Programmable Motor temperature sensor
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3.9: Digital Inputs

Specifications

IN2 - IN15 programmable

Channels 15 (IN1-IN15)
IN1-IN2 IN3-IN6 IN7-IN14
Type Schmitt trigger w/ RC filter, Non-isolated line receiver w/ Opto-isolated, bi-polar, 2
24Vdc max RC filter, programmable as 4 groups of 4 with common for
single-ended or 2 differential each group
Single-ended
Input Voltage 0 Vdc-24 Vdc 0-12Vvdc +15 - 30 Vdc
Range
Logic Low Input | <=+1.13 Vdc <=+2.3 Vdc N/A
Voltage =
15
Logic High Input | +3.15 Vdc >=+2.7 Vdc N/A
Voltage
Scan Time 250 pSec 250 pSec 250 pSec
Debounce
Type | Digital Digital Digital
Time | Programmable 0 - 10,000 Programmable 0 - 10,000 Programmable 0 - 10,000
mSec mSec mSec
Function IN1 enable

Note: Inputs 3&4 and 5&6 can be programmed to function as differential pairs as digital

command inputs.
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3.10: Analog Outputs
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Channels 1

Type Single-ended
Range 0-5 Vvdc
Resolution 12 Bit

3.11: Digital Outputs

Channels 6 (OUT1-0UT6)
OUT1- OUT 2 OouT3 OUT 4- OUT 5 OuUT6

Type Current-sinking, open | High-speed 5Vdc Opto-isolated Opto-isolated motor
drain MOSFET with 1 CMOS buffer Darlingtons with 36V brake control, current-
kQ pullup to +5 Vdc Zener flyback diodes sinking with flyback
through diode diode
External flyback diode
required if driving
inductive loads

Maximum +40 Vdc 5vdc 30vdc +24 Vdc

Voltage

Maximum Sink 1 Adc +/- 32 mA 50 mA 1 Adc

Current

Low Level <0.2Q Not applicable (Rout Not applicable (Rout 014 Q

Output only applies to only applies to

Resistance MOSFET outputs) MOSFET outputs)

Function Programmable Brake/Programmable
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3.12: Brake Output

Channels

(Digital output 6)

Type

Open drain MOSFET
Referenced to +24 Vdc logic supply.
Internal fly back diode to +24 Vdc.

Maximum Sink Current

1A

Low Level Output Resistance

<0.2Q

Function

Primary function is brake control.
May be programmed as a general purpose digital output.

3.13: Encoder Power Supply Output

Number 2
Voltage Output +5 Vdc 2%
Maximum Current Output 400 mA

Short Circuit Protection

Fold-back current limiting

Function

Provides power for motor encoder and/or Hall switches.

3.14: Primary Encoder Inputs

Channels 3

Type Differential RS-422 line receiver w/ RC filter
Non-isolated

Signals A, IA, B, IB, X*, IX*

Input Voltage Range +7 Vdc

Differential Input Threshold +0.2 Vdc

Termination Resistance 121 Q

Maximum Frequency

5 MHz Line (20 Mcount/sec)

Function

Incremental or analog encoder or resolver required for sinusoidal commutation
and position or velocity modes of operation.

* X is equivalent to Marker, Index, or Z channels, depending on the encoder manufacturer. This channel is only
required in certain homing modes while under CAN control.

3.15: Analog Encoder Inputs

Channels 2
Type Differential, non-isolated
Signals Sin(+), Sin(-), Cos(+), Cos(-)
Nominal Voltage 1 Vpk-pk
Maximum Voltage

Differential | £0.6 Vdc

Input to Ground | 0 to +3.5 Vdc

Differential Input Impedance 121 Q
Bandwidth 230 kHz

Interpolation

1 to 1024, programmable

Function

Incremental or analog encoder or resolver required for sinusoidal commutation
and position or velocity modes of operation.
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3.16: Hall Switch Inputs

Channels

3 (U, VandW)

Type

74HC14 Schmitt trigger w/ RC Filter
10 kQ pull up resistor to internal +5 Vdc

Input Voltage Range

0 Vdc - +24 Vdc

Low Level Input Voltage <+1.35Vdc
High Level Input Voltage > +3.65 Vdc
Scan Time 62.5 uSec

RC Filter Time Constant

1 uSec when driven by active sources.

Function

Commutation of brushless motors in trapezoidal mode.
Commutation initialization and phase error detection in sinusoidal mode.

3.17: Resolver Interface

Type

Transmit, 1:1 to 2:1 transformation ratio

Resolution

14 bits (equivalent to a 4096 line quadrature encoder)

Reference Frequency

7.5 kHz

Reference Voltage

2.8 Vrms, auto-adjustable by drive for proper feedback levels.

Reference Max Current

100 mA

Max RPM

10,000

Function

Incremental or analog encoder or resolver required for sinusoidal commutation
and position or velocity modes of operation.

3.18: Multi-Mode Port

Channels 3

Type Bi-Directional, Differential RS-422
Non-isolated

Signals A /A B, /B, X, IX, S, /IS

Input Voltage Range +7 Vdc

Differential Input Threshold +0.2 Vdc

Termination Resistance None

Function
Programmable

Output Mode

Buffered primary incremental encoder
Emulated incremental or serial encoder from analog encoder or resolver

Input Mode

Secondary digital quadrature input
Current / Velocity mode, PWM input
Position Mode, Digital command input

Maximum Frequency
Output Mode
Buffered Encoder
Emulated Encoder

Input Mode
PWM Input
Digital Command
Secondary Encoder

5 MHz Line (20 Mcount/sec)
4.5 MHz Line (18 Mcount/sec)

100Khz
5 MHz (50% Duty Cycle)
5 MHz Line (20 Mcount/sec)
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3.19: Serial Interface

Channels 1

Type RS-232, DTE

Signals Rxd, Txd, Gnd

Baud Rate 9,600 to 115,200 (defaults to 9600 on power up or reset)

Data Format N, 8,1

Flow Control None

Protocol Binary or ASCII format

Function Set up, control and diagnostics status

3.20: Network Interfaces

Model XEL XPL XML

Channels 1

Connectors 2 eight-position (RJ-45 style). 2 Duplex type SC optical

fiber connector.

Signals 100BASE-TX CAN H, CAN L, CAN MACRO (Motion And
Gnd (CAN +5 Vdc Pass | Control Ring Optical).
though only)

Format EtherCAT CAN V2.0b physical
layer for high-speed
connections compliant

Protocol CANopen over Motion Control Device MACRO

EtherCAT (CoE) based
on DSP-402 for motion
control devices.

Under DSP-402 of the
CANopen DS-301 V4.01
(EN 50325-4)
Application Layer

Supported Modes

Cyclic Synchronous
Position & Velocity.

Profile Current, Velocity,
and Position, PVT, and
Homing.

Torque (current),
Velocity.

Node Address Selection

Slaves are automatically
assigned addresses
based on their position
in the bus.

Two 16-position
hexadecimal rotary
switches can be used to
define a cabling-
independent Station
Alias.

16-position rotary switch
on front panel

OR programmable
digital inputs

OR stored in flash
memory

OR combination of
above.

Two 16-position
hexadecimal rotary
switches are used to
define a MACRO node
address.

Bus Termination

No termination required.

External 121 Q resistor
across CAN-H and
CAN-L when termination
plug is installed in
second connector.

No termination required.

Function

Real-time motion control

Copley Controls
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3.21: Status Indicators

Xenus Plus User Guide

Model

XEL

XPL

XML

Network Status

Bicolor LED, status of
EtherCAT bus indicated
by color and blink codes
to CAN Indicator
Specification 303-3

Ethernet:

Link (green) shows port
open-closed

ACT (yellow) shows
activity

Bicolor LED, status of
CAN bus indicated by
color and blink codes to
CAN Indicator
Specification 303-3

Bicolor LED, status of
the MACRO interface.

Drive Status

Bi-Color LED

*For status indicator locations and codes, see Status Indicators (p. 36).

3.22: Fault Levels

Amp Over Temperature >80 °C

DC Bus Under Voltage < +60 Vdc
DC Bus Over Voltage > +400 Vdc
Encoder Power < +4.25 Vdc
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Specifications

3.23: Power Dissipation

Model:

XEL-230-18 (-R) XEL-230-36 (-R) XEL-230-40 (-R)

Output Power | Mains Voltage

XPL-230-18 (-R)
XML-230-18 (-R)

XPL-230-36 (-R)
XML-230-36 (-R)

XPL-230-40 (-R)
XML-230-40 (-R)

Maximum 120 Vac 30 W 55 W 92 W
Continuous 240 Vac 40 W 75 W 120 W
Power Dissipation
120
100
2
c 80
ie]
©
2 — 230 VAC
o 60
a — 120 VAC
2
T 40
2
(@]
o
20
0 ; ‘ ‘
0 5 10 15 20

Continuous Output Current (A)

3.24: Thermal Impedance
See Thermal Considerations (p. 187).

3.25: Mechanical and Environmental

Size

7.55in (191,8 mm) X 5.57 in (141,5 mm) X 2.57 in (65,3 mm)

Weight
Driver without Heat Sink
Low profile (-HL) Heat Sink
Standard (—HS) Heat Sink

3.0 Ib (1.36 kg)
1.86 Ib (0.84 kg)
3.1 Ib (1.40 kg)

Ambient Temperature
Storage
Operating

-40 to +85°C
0 to +45°C

Humidity

0% to 95%, non-condensing

Contaminants

Pollution degree 2

Environment

IEC68-2: 1990

Cover Material

Meets U.L. Spec 94 V-0 Flammability Rating

Cooling

Heat sink and/or forced air cooling required for continuous power output

Copley Controls
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3.26: Dimensions
3.26.1: XEL, XPL Dimensions

Xenus Plus User Guide

7.92[201.17]

7.54[191.52]

—= f———— 19[4.83]

1.22[32.69]

5.12[130.07]

7 Plus 3.00([76.20]
Xenus
]
R R =|::
76 FR— 0 o) R 1V
‘190[4.53]/1‘
Chassis
grounding =19 [4.83]
tab
; 1.00[25.40]
= == B
ai7s] —  s@®es =->4 § B w 3ie 7815.18]
* &
7.92[201.17]

60

Tl R.094[2.37] TYP
”.: /

2.31[58.67

5.51[13%.88]

5.72[145.35]
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3.26.2: XML Dimensions

7.52(201.17]

7selivis) —————————— | 159 [4.33]

M 1 094[2.37] Tre
1.29[32.69] 1 | .n.!_ /RO‘? 237] 1
—"_W N
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tab \ L 3
L T
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—— 24[s.12]

7.54[191.52] — | ] ) - I
a !E SRR
1 i
1.00[25.40] E ﬁ I ﬁ E I h h J 231[58.67]
ARLAEARRAR LA NN .-
7815.18] y o .7F
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f
7.92[201.17] ———————————————— I 5.51[139.28]
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CHAPTER
4: WIRING

This chapter describes the wiring of drive and motor connections. Contents include:

Title Page
4.1: General WINNG INSIIUCTIONS ......co.uuii ittt ettt ettt e ettt e e e a b et e aa bt e e e aa bt e e eh bt e e £abe e e e aabe e e e b bt e e aabe e e e anbb e e e nnbeeeabneeeannne 64
4.2: ACMains (J1)....ccocvvveeeeeiiinns ...67
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4.5: Logic Supply / Brake (J4)............. .71
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4.7: RS-232 Serial Communications (J6)...... .74
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4.1. General Wiring Instructions

4.1.1: Electrical Codes and Warnings

Be sure that all wiring complies with the National Electrical Code (NEC) or its national equivalent,
and all prevailing local codes.

DANGER: Hazardous voltages.

Exercise caution when installing and adjusting.

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

>

DANGER

Risk of electric shock.

High-voltage circuits on J1, J2, and J3 are connected to mains power.

>

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

Do not ground mains-connected circuits.

With the exception of the ground pins on J1, J2, and J3, all of the other circuits on
these connectors are mains-connected and must never be grounded.

>

Failure to heed this warning can cause equipment damage.
WARNING

Do not plug or unplug connectors with power applied.

The connecting or disconnecting of cables while the drive has 24Vdc and/or mains
power applied is not recommended.

>

Failure to heed this warning may cause equipment damage.

WARNING
4.1.2: Grounding Considerations

Primary Grounding Functions
A grounding system has three primary functions: safety, voltage-reference, and shielding.

J1-3 Primary Ground

The primary ground at J1-3 is the safety ground and is intended to carry the fault currents from the
mains in the case of an internal failure or short-circuit of electronic components. This ground is
connected to the drive chassis. Wiring to this ground should be done using the same gauge wire
as that used for the mains. This wire is a “bonding” conductor that should be connected to an
earthed ground point and must not pass through any circuit interrupting devices.

The pin on the drive at J1-3 is longer than the other pins on J1, giving it a first-make, last-break
action so that the drive chassis is never ungrounded when the mains power is connected.
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J2 and J3 Grounds
The ground terminals at J1-3, J2-1, and J3-5 also connect to the drive chassis.

Motor cases can be safety-grounded in one or optionally both of these ways:

¢ Direct grounding of the motor frame (assuming the frame of the machine is grounded). Attach
the metal motor case to the metal machine frame or connect the ground wire of the motor to
the metal frame of the machine.

e Grounding of the motor frame through the motor power cable to drive J2-1. The ground wire
should be of the same gauge as the power wires.

Likewise, the case of the regen resistor can also be safety-grounded by direct grounding of the
case or by a grounding wire connected to drive J3-5. Again, this wire should be of the same gauge
as the other regen resistor conductors.

Cable shields, because of their smaller wire size, must not be used as part of a safety-ground
system.

Signal Grounding

The drive signal ground must be connected to the control system signal ground. The drive signal
ground is not connected to earth ground internal to the drive. Therefore, the control system signal
ground can be connected to earth ground without introducing a ground loop.

Shielding

Shields on cables reduce emissions from the drive and help protect internal circuits from
interference due to external sources of electrical noise. The shields shown in the wiring diagrams
are also required for CE compliance. Cable shields should be tied at both ends to earth or chassis
ground. The housing and pin 1 of J8, J9, and J10 are connected to the drive’s chassis.
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Connector locations (J1-J10) are shown below.

4.1.3: Connector Locations

Xenus Plus User Guide

XEL

XPL

XML

®
»
n
m
e
<

66

Copley Controls



Xenus Plus User Guide

4.2: AC Mains (J1)

Mating Connector

Wiring

Description

Euro-style 7,5 mm pluggable female terminal block with preceding ground
receptacle.

Manufacturer PN

Wago: 51118287 or 721-204/026-045/RN01-0000

Wire size

22-12 AWG

Recommended Wire

18 A models: 14 AWG, 600 V
36 A and 40 A models: 12 AWG, 600 V
Shielded cable required for CE compliance

Wire Insertion/Extraction Tool

Wago: 231-131

Connector and tool are included in Connector Kits XEL-CK, XML-CK, and XPL-CK.

Pin Description

Pin | Signal Function

1 L1 AC power input (hot or L1)

2 L2 AC power input (neutral or L2)
3 Protective ground Chassis safety ground

4 L3 AC power input (L3)

AC Mains Fuse Recommendation
Recommended fuse type: Class CC, 600 Vac rated, Ferraz-Shawmut ATDR, Littelfuse CCMR,
Bussman LP-CC, or equivalent.

Copley Controls
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AC Mains Wiring Diagram (Single-Phase)

Xenus Plus User Guide

Amplifier J1
L1 Fuses**
J1-1 |« —1 L2 (Neut) 10
L L 47-63 Hz
) a— — ———L11 (Line
J1-2 @ O line Filter* ! (Line) 100-240 VAC
L2 A N
J1-3 |« D L E
Earth
Ground
Keep wire length * Filter Concepts SF20L
as short as (or equivalent)
%{ possible. Not to }e used for CE compliance
exceed 1 Meter. ** Not required on a neutral line.
AC Mains Wiring Diagram (Three-Phase)
Amplifier J1 Line Filter*
L3 Fuses —
J1-4 |« @ C C [ L3
@) |« 3@
L2 — 47-63 Hz
121 o B B L L2 1100-240 vAC
J1-1 |- A A .' L1
Earth
—| Gnd @ Ground
Keep wire length -
as shortas * Filter Concepts 3F15
—= possible.Notto | (or equivalent)
exceed 1 Meter. used for CE compliance
4.3: Motor (J2)
Mating Connector
Description Euro-style, 4 position, 5.0 mm pluggable female terminal block
Manufacturer PN Wago: 51118008 or 721-104/026-047/RN01-0000
Wire Size 22 -12 AWG
Recommended Wire 18 A models: 14 AWG, 600 V
36 A and 40 A models: 12 AWG, 600 V
Shielded cable required for CE compliance
Wire Insertion/Extraction Tool Wago: 231-131
Standard connector and tool are included in Connector Kits XEL-CK, XML-CK, and XPL-CK.
Pin Description
Pin | Signal Function
1 Ground Motor frame ground and cable shield
2 w Phase W output of drive
3 \% Phase V output of drive (use for DC motor connection)
4 U Phase U output of drive (use for DC motor connection)
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Brushless Motor Wiring Diagram

Amplifier J2 AN Brushless
: : : ! Motor
32-4 Y R A A
323 Y ; : : 5
322 W i L c
= ; ' : '
J2-1 : : Case
| / " h Ground
Brush Motor Wiring Diagram
Amplifier J2 Brush
: : : ' Motor
U : ‘ ' :
323 |~ s A -
=2 E E Case
e | - ' : :
J32-1 b—2 ! : ; Ground

Copley Controls
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4.4: Regen Resistor (J3) (Optional)

Mating Connector

Xenus Plus User Guide

Description

Euro-style, 5 position, 5.0 mm pluggable male terminal block.

Manufacturer PN

Wago: 51111279 or 721-605/000-044/RN01-0000

Wire Size

22 -12 AWG

Recommended Wire

18 A models: 14 AWG, 600 V
36 A and 40 A models: 12 AWG, 600 V
Shielded cable required for CE compliance

Wire Insertion/Extraction Tool

Wago: 231-131

Standard connector and tool are included in Connector Kits XEL-CK, XML-CK, and XPL-CK.

Pin Description

Pin | Signal Function

1 Regen + + DC Bus to one side of regen resistor

2 N/C No connection

3 Regen - Collector of regen transistor to one side of regen resistor
4 N/C No connection

5 Ground Enclosure ground and cable shield

Regen Resistor Wiring Diagram

Amplifier J3 Fuses Reggn
+ DC Bus (optional*) ; ' Resistor
T Regen + 1 : ‘ : Enclosure
J3-1 : ; : :
J32 : : 5 §
13-3 Regen - —
J3-4 ! l :
L . . .
J3-5 : : 4
- DC Bus - L A LALREEEr
*Fuses may be required by local electrical codes
Regen Resistor Fusing
Recommended Fuses:
Regen Resistor Fuse type
XTL-RA-03 Cooper Bussman KLM-8, Littelfuse KLKD008, Ferraz Shawmut ATM-10 or equivalent.
XTL-RA-04 Cooper Bussman KLM-12, Littelfuse KLKD012, Ferraz Shawmut ATM-15 or equivalent.
User Supplied See Regen Resistor Sizing and Configuration (p. 173).
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4.5: Logic Supply / Brake (J4)

Mating Connector

Description Euro-style, 3 position, 5.0 mm pluggable female terminal block.
Manufacturer PN Wago: 51117974 or 721-103/026-047/RN01-0000

Wire Size 22 - 14 AWG

Recommended Wire 18 AWG

Wire Insertion/Extraction Tool | Wago: 231-131
Standard connector and tool are included in Connector Kits XEL-CK, XML-CK, and XPL-CK.

Pin Description

Pin | Signal Function

1 RTN +24 Vdc return

2 Brake Return or low side of motor brake
3 +24 Vdc +24 Vdc Logic power supply

Logic Supply / Brake Wiring Diagram

Amplifier Ja
Isolated Logic
Power Supply
— Brake
> +24 V
7 J4-3 | —— +24 Vdc
Ja-p | Brake Power
Supply
| J4-1 RTN (Required)
X
/= -
[ A
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4.6: Safe Torque Off (J5)

Mating Connector

Xenus Plus User Guide

Description Manufacturer PN Wire Size
9 Position, D-Sub Male, Solder Style Connector Norcomp: 171-009- 20-24 AWG
103L001
Back shell Norcomp: 979-009-
020R121

Solder style connector included in Connector Kits XEL-CK, XML-CK, and XPL-CK.

Pin Description

Pin | Signal Function
1 Frame Ground Cable shield connection.
2 Safe Enable HI(+) . . .
High Side PWM enable inputs.
3 Safe Enable :HI(-)
4 Safe Enable LO(+) . )
Low Side PWM enable inputs.
5 Safe Enable (LO-)
6 Enable LED(+)
PWM outputs state LED outputs.
7 Enable LED(-)
8 24 Vdc Common Signal ground.
9 +24 Vdc Output +24 Vdc Logic power supply.
72
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Safe Torque Off Wiring Diagram

NOTE: The diagram below includes the STO override connections that will energize both ENH and
ENL opto-couplers. When this is done the STO feature is defeated and control of the output PWM

stage is under control of the digital control core. If not using the STO feature, these connections

must be made in order for the Xenus to be enabled.

Amplifier J5
+HV
High Side PWM
4,99 KQ ENH(+
‘ T’L . AANENHG) g5
j ‘ | 4.99 KQ
| ENH
Motor | ENH() J5-3
Outputs
-~
Low Side PWM
— 4.99 KQ ENL(+
‘ \<L b AANAENLG) 5 g
j | JENL %4.99 KQ
. .
L | ENL(-) 55
100
+V AANLED(H) |45 o
% 36V
ENH
DAGON —] LEDQ) 1357
ENL
+24V Output 15-9
From 24V input on J4-3
Signal Ground I5-8
LD
Copley Controls
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4.7: RS-232 Serial Communications (J6)

Mating Connector
6-position, modular connector (RJ-11 style).

Copley Controls provides a prefabricated cable and modular-to-9-pin sub-D adapter in RS-232
Serial Cable Kit, PN SER-CK.

A diagram of the female connector is shown below.

Pin Description

O o o o o O
1 2 3 4 5 6
|

Pin | Signal Function

1 N/C No connection

2 RxD Receive data input from computer
3 Signal ground Power supply ground

4 Signal ground Power supply ground

5 TXD Transmit data output to computer
6 N/C No connection

RS-232 Serial Communications Wiring Diagram

Amplifier J6
J6-6
65 > Tx D //
16-4 ground To PC
RS-232
ground \
—1J6-3 Port
~ RxD }
l J6-2 —
J6-1
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4.8: Network Ports (J7)
4.8.1: EtherCAT (J7-XEL)

Wiring

Mating Connector
Dual RJ-45 sockets accept standard Ethernet cables. The IN port connects to a master, or to the
OUT port of a device that is ‘upstream’ between the Xenus and the master. The OUT port

connects to ‘downstream’ nodes. If Xenus is the last node on a network, only the IN port is used.
No terminator is required on the OUT port.

|

Pin Description*

Pin | Signal Function

1 TX+ Transmit data +

2 TX- Transmit data -

3 RX+ Receive data +

4

5

6 RX- Receive data -

7

8

*Table applies to both EtherCAT connectors
EtherCAT Bus Wiring Diagram

Opto-isolation

Amplifier J7
X+
i {
J7-3|«
J7-4
J7-5
J7-6 RX-
J7-7
J7-8
TX +
J7-1 T - R /
J7-2 7
37-3|le—RXE
J7-4 >
J7-5
J7-6l«—RX-
J7-7
J7-8

Opto-isolation

Copley Controls

EtherCAT Network ("In")

EtherCAT Network ("Out")

75



Wiring

4.8.2: CAN Bus (J7-XPL)

Xenus Plus User Guide

Mating Connector

8-position, modular connector (RJ-45 style). Copley Controls provides the following assemblies:
e Prefabricated 10 foot cable, PN XPL-NC-10

o Prefabricated 1 foot cable, PN XPL-NC-01

e Terminator Plug, PN XPL-NT

A diagram of the female connector is shown below.

- T

T - - - T -
1 2 3 4 5 6 7 8

|
Pin Description*
Pin | Signal Function
1 CAN_H CAN_H bus line (dominant high)
2 CAN _L CAN_L bus line (dominant low)
3 CAN_Gnd Ground/0V/V-
4 - No connection
5 -- Pass though to second connector, no internal connection
6 CAN_SHLD Pass though to second connector, no internal connection
7 CAN_Gnd Ground/0V/V-
8 CAN V+ Pass through to second connector, no internal connection

*Table applies to both CAN connectors
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CAN Bus Wiring Diagram

g CAN Network

Opto-isolation

CAN Network

Amplifier J7
J7-1fe—SANE
J7-2fe>—SAN-
173 CAN Gnd
J7-4
J7-5
J7-6
J7-7
J7-8
_ CAN +
ST (
CAN Gnd )
J7-3 ~
J7-4
J7-5
J7-6 Note 1: If this is the last amplifier on the network,
:]]Zg use Copley Terminator Plug PN XPL-NT

4.8.3: MACRO Port (J7-XML)

to terminate the bus.

Wiring

The XML'’s duplex SC sockets, shown below, accept standard optical fiber.

IN

5
0

beglel

The IN port connects to a master or to the OUT port of a device that is “upstream,” between the
XML and the master. The OUT port connects to “downstream” nodes. If XML is the last node on a
network, only the IN port is used. No terminator is required on the OUT port.

Copley Controls
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4.9: Control (J8)

Mating Connectors

Xenus Plus User Guide

Description

Manufacturer PN

Wire Size

26 Position, 0.1 x 0.09 High Density D-Sub Female, Solder Style
Connector

Norcomp 180-026-
203L001

24 - 30 AWG

Back shell

Norcomp 979-015-
020R121

Solder style connector included in Connector Kits XEL-CK, XML-CK, and XPL-CK.

Pin connections are shown here:

/

18

26

78
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J8 Pin Description

Pin | Signal Function
1 Frame Ground Cable shield connection
2 Ref + Input Analog command positive input—single analog
3 Ref - Input Analog command negative input--single analog
4 IN1 Enable
5 IN2 Programmable input
6 IN3
7 IN4 Mode-dependent. See Mode-Dependant Dedicated Inputs (p. 80).
8 IN5
9 AOUT Programmable analog output -5 Vdc — 5 Vdc
10 IN6 Mode-dependent. See Mode-Dependant Dedicated Inputs (p. 80).
11 AIN2 + Analog input 2 positive input
12 | AIN2- Analog input 2 negative input
13 | Multi-mode port /S2 )
- Mode-dependent. See Mode-Dependant Dedicated Inputs (p. 80).
14 Multi-mode port S2
15 Signal Ground Signal ground reference for inputs and outputs
16 | OUT1
17 ouT2 Programmable outputs
18 | OUT3 (HS)
19 Signal Ground Signal ground for +5Vdc, inputs and outputs
20 | +5Vde To load turrent on 38-20, 310-6, and J10-17 not to exceed 400 mA.
21 Multi-Mode Port /X
22 Multi-Mode Port X
23 Multi-Mode Port /B Programmable differential input/output port.
24 Multi-Mode Port B See Mode-Dependant Dedicated Inputs (p. 80)
25 Multi-Mode Port /A
26 Multi-Mode Port A

Copley Controls
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Mode-Dependant Dedicated Inputs

These inputs are dedicated to specific functions, depending on operating mode.

Xenus Plus User Guide

Mode Selected Command Source Function
Digital Input Digital Input Multi-Mode
Single Ended Differential Port
Current & Velocity IN5 IN3(+) & IN4(-) A&IA PWM Input
PWM 50%
Current & Velocity IN5 IN3(+) & IN4(-) A&IA PWM Input
PWM 100% IN 6 IN5(+) & IN6(-) B&/B Direction Input
Position IN5 IN3(+) & IN4(-) A&IA Pulse Input
Pulse & Direction IN 6 IN5(+) & IN6(-) B & /B Direction Input
Position IN5 IN3(+) & IN4(-) A&IA Count Up
Up/Down IN 6 IN5(+) & IN6(-) B &/B Count Down
Position IN5 IN3(+) & IN4(-) A&IA Channel A
Quadrature IN 6 IN5(+) & IN6(-) B&/B Channel B
Digital Inputs (IN1-IN6) Wiring Diagram
Amplifier J8
Cypieal T Motion
Circuit *+ 5 Vdc 10 KO Controller
’\1\ pull up / pull dow n
W AVAVAV.
—< N\ | AR J8-4 | ¢ NLHS)
J_ — 185 |- IN2(HS)
’J:lOOpF : —{J8-6 | -t 3
P —{ 187 |2
""""""""""""""""""" — 188 |- INS
—1J8-10| ¢ ING
JJ J8-15 Signal
Ground

*HS:
GP:

80

IN1, IN2 R =10 KQ +24V MAX
IN3-IN6 R =1KQ +12V MAX
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Digital Outputs Wiring Diagram

v

+ 5 Vdc

~L

I/ J8-18

OUT3 (HS) )
\Z/

Amplifier J8
_______________________ Typical Output Loads
: + 5 Vdc :
Typical )
: Circuits 1 KQ Relay %
' Lamp
' ouT1 Motion
| J8-16 OUT2 Controller| | External
T J8-17[> Power
J : Supply
Signal |
’7‘]8'15 Ground ‘L

I

Motion
Controller
or
Position
Encoder

Signal
Ground

| NC7SZ125 +/-32 mA
. >
* Flyback diode required
for inductive loads
Multi-Mode Port Interface Diagram
Amplifier J8
+ 5 Vdc
1.5 KQ
MAX 3362 é
: J8-13
- Jg-14 f
X
1.5KQ Jg8-21
v J8-22 >_(
............................... B
__________________________________ J8-23 9
‘Typical Circuit B
. . J8-24
: MAX 3097 : N
: + : J8-2549
: AN §121 Q. A
: : J8-26
: | s :
MAX 3032 j8-1 |Erame Gnd -

Copley Controls
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Analog Input Wiring Diagram

Xenus Plus User Guide

Amplifier J8
D/A
o KQ 5.36 KQ
37.4KQ y REF+ ' VCMD +
- J8-2
% REF- %/CMD -
Vref + —T’\/\/\/ J8-3 v
37.4 KQ Frame Gnd *.__..* I
‘ J8-1 ‘ ] /7;7
SKQ /777
’7‘]8-15 }
15V ' sgnd
5 KQ 5.36 KQ
37.4KQ y
_ N J8-1lle—REF+
Vref * '\/\/wi J8-12|¢«—REF -
37.4 KQ
o J8-19
5KQ ' sqnd
1.5V
Analog Output Wiring Diagram
Amplifier J8
40.2 KQ
AVAVAY,
6.5V
Measurement
v (
—_— &% Sgnd
e 18-15 -
JJ Sgnd Jg-1
Frame gnd
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4.10: Secondary /O (J9)
Mating Connector
Description Manufacturer PN Wire Size
15 Position, High-density, D-Sub, male, solder cup. | Norcomp: 180-015- 24 - 30 AWG
103L001
Backshell Norcomp: 979-009-
020R121
Solder style connector included in Connector Kits XEL-CK, XML-CK, and XPL-CK.
Pin connections are shown here:
@) Pt
r""f-;)//
1 = ¢ 11
5 "'5& 15
O |l 10
J9 Pin Description
Pin | Signal Function
1 Frame Ground Cable shield connection.
2 COMM_A Common signal for first group of optically isolated programmable inputs.
3 IN7 GPI Optically isolated programmable input.
4 IN8 GPI Optically isolated programmable input.
5 IN9 GPI Optically isolated programmable input.
6 IN10 GPI Optically isolated programmable input.
7 COMM_B Common signal for second group of optically isolated programmable inputs.
8 IN11 GPI Optically isolated programmable input.
9 IN12 GPI Optically isolated programmable input.
10 IN13 GPI Optically isolated programmable input.
11 IN14 GPI Optically isolated programmable input.
12 OUT5+ GPI Optically isolated programmable output positive signal.
13 OUT5- GPI Optically isolated programmable output negative signal.
14 OUT4+ GPI Optically isolated programmable output positive signal.
15 OUT4- GPI Optically isolated programmable output negative signal.
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Optically Isolated Programmable Inputs Wiring Diagram

J9

Opto-isolators

84

/ >4.7KQ AL o-2 <—l =
' 4.99 KQ v
i{«*l\/\m["\”]w-a T e -
5.1V
%4.7«2
4.99 KQ
A, [N8] 94 | —0 |
5.1V
%4.71«2
4.99KQ
5.1V
47KQ
/ 4200 o oo | — |
5.1V v |t
24VI
J9
Opto-isolators GND 24V
/ Yo ro [COMM B1 1yq.7 4—‘|7 1t
' 4.99 KQ v
$14 e SAVAVAY NI hog | = e <
5.1V
4.7 KQ
499 KQ
% IN12 -
/ Yoo fann, N2 999 | — o | ]
5.1V
4.7 KQ
4.99KQ
% IN13 -
/ Wb | A INISL oo | — | |
5.1V
Z47KO
Tl A bon | — |
5.1V v |t
24VI
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Optically Isolated Programmable Outputs Wiring Diagram
J9
Opto-isolators 20 mA
i 209 oyta + s
] A Jo-14 %;@—H 30 Vdc Max
o N 1+
OouT4 - 19-15 T
20 mA
200 ouTs + =
SR AVAVAV J9-12 — RL ]+ 30Vdc Max
CULEEN K ) —
4.11: Motor Feedback (J10)
Mating Connector
Description Manufacturer PN Wire Size
26 Position, High-Density D-Sub Male Solder Style | Norcomp: 180-026- 24 - 30 AWG
Connector 103L001
Back shell Norcomp: 979-015-
020R121
Solder style connector included in Connector Kits XEL-CK, XML-CK, and XPL-CK.
Pin connections are shown here:
[
O |0
=l
1 5o 19
o L]
o :l?
[ I ]
-] o -] J 10
o :D
a _ o
s a 26
o 4N
= T~ 18
|—————=
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J10 Pin Description Quad A/B Incremental Encoder

Pin | Signal Function
Frame Ground Cable shield connection.
2 Digital Hall U
3 Digital Hall V
4 Digital Hall W
5 | Signal Ground Signal and +5 Vdc ground.
6 | +5Vdc Encoder and/or Halls +5 Vdc power supply output.
Total load current on J10-6, J10-17, and J8-20 not to exceed 400 mA.
7 [AIN] Motemp Motor over temperature switch.

May be programmed to other functions.

Encoder /X1 Input

Encoder X1 Input
10 | Encoder /B1 Input
11 | Encoder B1 Input
12 | Encoder /Al Input
13 | Encoder Al Input
14 | Encoder /S1 Input
15 | Encoder S1 Input

Primary incremental encoder inputs.

16 | Signal Ground Signal and +5 Vdc ground.

17 | +5Vdc Encoder and/or Halls +5 Vdc power supply output.
Total load current on J10-6, J10-17, and J8-20 not to exceed 400 mA.

18 | Sinl(-)

19 | Sinl(+)

20 | Cosi(-) ) )
Analog Sin/Cos/Index encoder signals.

21 | Cosi(+)

22 | Index1(-)

23 | Index1(+)

24 | Encoder Fault Encoder fault signal.

25 | Signal Ground Signal and +5 Vdc ground.

26 | Signal Ground Signal and +5 Vdc ground.
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J10 Pin Description Resolver Xenus (-R)

Pin | Signal Function
Frame Ground Cable shield connection
2 Digital Hall U
3 Digital Hall V
4 Digital Hall W
5 | Signal Ground Signal and +5 Vdc ground
6 | +5Vdc Encoder and/or Halls +5 Vdc power supply output.
Total load current on J10-6, J10-17, and J8-20 not to exceed 400 mA.
7 [AIN3] Motemp Motor over temperature switch
May be programmed to other functions
16 | Signal Ground Signal and +5 Vdc ground
17 | +5Vdc Encoder and/or Halls +5 Vdc power supply output.
Total load current on J10-6, J10-17, and J8-20 not to exceed 400 mA.
18 | S1Sin(-) o
- Resolver Sin inputs.
19 | S3Sin(+)
20 | S4 Cos(-) .
Resolver Cos inputs.
21 | S2 Cos(+)
22 | R2 Ref(-) )
Resolver Ref inputs.
23 | R1 Ref(+)
24 | Encoder Fault Encoder fault signal.
25 | Signal Ground Signal and +5 Vdc ground
26 | Signal Ground Signal and +5 Vdc ground
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Quad A/B Incremental Encoder Wiring Diagram
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Amplifier J10
éTypicaI Circuit
: MAX 3097 A A
A + § J10-13 :f>< >< —|Incremental
- 121 Q J10-12 A A Encoder
: To B B
. MAX 3097
' Encoder - + ?121 o J10-11 :@< >< B
Output - J10-10
X Index
MAX 3097 _~ 110-0 |~
—_— ?121 Q X X Index
- J10-8
MAX 3362
—>
-
— 5V J10-6 S5 Vhe Encoder
@ 400 mA i G:n >< X
110-5 : PJJower
J10-1 LFrame Gnd ' Case
v Ground
Hall Switch Wiring Diagram
Amplifier J10
' Typical Circuit + 5 Vdc
E 10 KQ il
: alls
: 310-7< U Hall
: 10 KQ : Vv Hall
RN\ 1 NN/, ——J10-3 =
: T 100 pf J10-4< Hall
5V 5 Vdc Halls
— J10-6
@ 400 mA Gnd Power
J10-5 : . ]
' J10-1|-Erame Gnd .
Case
Ground
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Analog Sin/Cos Encoder Wiring Diagram

Amplifier

sin

h
%

cos

h
;

index

h
;

Wiring
J10
10k Q
SIN (+ SIN (+
11g [0 (E i) X . égggr
110-18 |« SINC SIN (-)
10k Q
10k Q
COS (+ COS (+
I:(>)X o
121 0 . .
110201« COS ( COS ()
10k Q |_
VaVaVa
10k Q
INX(+ INX (+
o ix o
1210 |10 5oL INXO) INX (-)
10k O |_
AN
5V 110-17 +5VDC Encoder
@ 400 mA 05 Gnd Power
v Case
1101 Frame Gnd

Copley Controls

Ground

89



Wiring

Resolver

Wiring Diagram

Amplifier

/7J77_ J10-1
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J10
REF(+) R1
J10-23 .
310.02—REEQ) 5 >< R2
SIN (+) : S3
J10-19 : ><
710-18[«2NC : S1
COS (+) : S2
J10-21 : X
110-20/ <S9S € : sS4
Frame Gnd

Resolver

Motor Over Temperature Wiring Diagram

Amplifier

12-bit 27 Hz
A/D LPF

Encoder Fault Wiring Diagram

Amplifier

S Q\
<}rj-_\100pf

J10
+5V
5 KQ
100 KQ
Thermistor,
‘ Posistor,
1310-5 or Switch
J10
+5V
10k Q
10k ©
ENCFL
VAN [ 1 J10-24|«
Encoder
‘L Fault
Output
Jz J10-25|«
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CHAPTER
5. QuicK SETUP WITH CME 2

This chapter describes the general procedure for configuring and tuning a drive with a motor.
(To copy setup data from an existing Copley Controls axis file (.ccx), skip to Quick Copy Setup Procedure (p. 161).

Step
LT V- T4 1T o Vo LT PP PO PUPPPPTN
5.2: CME 2 Installation and Serial Port Setup..
5.2.1: REQUIrEMENES ....cooiiiiiiiieeeeiiiiiiee e
5.2.2: Special Notes for Windows 7 and Vista Users .
5.2.3: Downloading Software from Web (OPIONAI) .........cooiiiiiiii et e e e e e e e
5.2.4: Installing CME 2 Software
5.2.5: Serial Port Setup........ccccee...
5.3: Prerequisites .........ccccoevvveennieeenineennn
5.3.1: Hardware and Equipment
5.3.2: Starting CME 2 and ChOOSING @ AIVE ........eeiiiiiiiiiiieiiiie ettt ettt ettt et e e e et e e e e sa b e e e sabe e e e asbe e e e sabeeesabneeesnnreas
5.4: BASIC SEIUP ..eovvviiiiiiiie it
5.4.1: Basic Setup Screen
5.5: MOTOI/FEEADACK SEIUP ...ttt ettt et a e ea bt oo a b et ookttt e ek e e e e e bb et e ea b bt e s bbb e e e sbb e e e sabe e e sbnreeeas
5.5.1: Load Motor/Feedback/Brake Settings from a File
5.5.2: Enter Motor/Feedback/Brake Settings Manually .........
5.5.3: Rotary Motor Setup Parameters
5.5.4: Linear Motor Setup Parameters
5.5.5: Feedback Parameters, Rotary .....
5.5.6: Feedback Parameters, Linear..
5.5.7: Feedback Notes..........c.........
5.5.8: Brake/Stop Parameters ........
5.5.9: The Calculate Function..........
5.6 DIIVE CONFIGUIALION ...ttt ettt a e e et e oo a bt e e h et o4t e e e e e abb et e ea b et e et e b e e e abb e e e st et e sbnreeaas
Lo ST R 1o 1 e= L [0 10 £ OO OUPPPOPRPIN
5.6.2: Digital Input FUNctions ............cccoceeevciieinnnen.
5.6.3: Standard Digital Input Function Assignments
5.6.4: Standard Digital OQUIPULS..........coccveeercinierninnen.
5.6.5: Custom Digital Output Settings: Custom Event.................
5.6.6: Custom Digital Output Settings: Custom Trajectory Status ...
5.6.7: Custom Digital Output Settings: Position Triggered OULPUL...........coiuiiiriiiieiieie ittt ee e e e e e siaee e
5.6.8: SAVe INPUL/OULPUL CRANGES .......uviiiiiiiiie ittt ettt ettt be e e et e e ea et e s be e e e e b et e s st e e e atneeeneane
5.6.9: Non-Latched and Latched Custom Outputs
5.6.10: Fault Latching .........ccoocvveiiiiiciiiiceiiieee
5.6.11: Regen Resistor ...
5.7: Command Input..............
5.7.1: Analog Input ...
L VAT LY N T o1 TSP OTRTR
5.7.3: Digital Position Input
5.7.4: CAN Interface (XPL)
5.7.5: EtherCAT Addressing for CAN Over EtherCAT (XEL)
5.7.6: MACRO Configuration (XML)...
5.8: AUtO Phase.........cccooviiiieiiiiicnieceeee
5.8.1: Auto Phase Warnings and Notes.
5.8.2: AULO PRASE PrOCEUUIE ........ciutiiiiiiiii ettt ettt ettt ettt e et et et a e s et e ket et e aee e e r e e et et e b e neneenbeeeneens
5.8.3: Guidelines for Choosing Auto Phase Current and Increment Rate Values
5.8.4: Trouble Shoot Motor Direction Setup
5.8.5: Trouble Shoot Motor Wiring Setup...........
5.8.6: Trouble Shoot Halls Wiring Setup...
5.8.7: Trouble Shoot Other Problems ...
5.9: CUIrent LOOP.......uuvveeeeeeiiiiiiieee e eeiiiies
5.9.1: CUITENT LOOP SEIINGS ...ttt ittt e et oottt e e bt ook et e e bt e e ea et e et et e e eabn e e e sab e e e abneeeannne
5.9.2: AULO TUNE thE CUIMENTE LOOP ... eeeteieeiiiiiiitee e ettt ettt e e e e e ettt e e e e s a bbb e e e e e e aa bbb et e e e e e s nnbe et e e e e s e anbnbeeeeeeesnnbnneeeaens
5.10: Velocity LOOP ....ccccvvveeiiiiiniiiieiienn
5.10.1: Velocity Loop Settings ...............
5.10.2: Manually Tune the Velocity Loop ..
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5.11: Position Loop

Xenus Plus User Guide

5.11.1: Position Loop Settings .........cccccevveeen.

5.11.2: Manually Tune the Position Loop

5.10.3: TESE S=CUINVE PrOfilE....ciiiiiieiiiii ettt e e e e s ettt e e e e e st a e et e e e e e sata e e eeee e s nntaeeeeeesasnsnbanaeeeesanrnnneaeean
L A o010 o] (=TT 4IRS (=] oL PP PP PPPPTN

5.12.1: Objective

5.12.2: Steps

5.1: Warnings

92

DANGER

DANGER

WARNING

DANGER: Hazardous voltages.

Exercise caution when installing and adjusting.

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

Make connections with power OFF.

Do not make connections to motor or drive with power applied.

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

Spinning motor with power off may damage drive.

Do not spin motors with power off. Voltages generated by a motor can damage a
drive.

Failure to heed this warning can cause equipment damage.
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5.2: CME 2 Installation and Serial Port Setup

5.2.1: Requirements

Computer Requirements

Minimal hardware requirements:

e CPU: Minimum: 1 GHz*

e RAM: Minimum: 512 MB*

*Using the minimum requirements will allow CME 2 to run, but performance will be significantly
reduced.

Communication Requirements

For serial communications:

o At least one standard RS-232 serial port or a USB port with a USB to RS-232 adapter.

e At least one serial communication cable. Available from Copley Controls. Copley Controls
cable part number: SER-CK.

For CAN communications (XPL, XEL):
e One Copley Controls CAN PCI network card (part number CAN-PCI-02).

CME 2 also supports CAN network cards made by these manufacturers: KVaser, Vector, and
National Instruments.

e One PC-to-drive CANopen network cable.
For EtherCAT communications (XEL, XPL):

e At least one standard Ethernet network card
e At least one standard Ethernet cable

For MACRO communications (XML):

e At least one 62.5 micron Multi-Mode Glass Fiber Cable per ISO/IEC 9314 & ANSI X3.166-
1990 (Commonly referred to as “62.5/125 multi-mode” glass fiber cable.)

Software Requirements
Copley Controls CME 2 software, Version 6.0 or higher.

Operating System Requirements

Operating Systems Supported: Windows 7, Vista, Windows 2000, and Windows XP. Vista users
see Special Notes for Windows 7 and Vista Users below.

5.2.2: Special Notes for Windows 7 and Vista Users

o When the installer starts, Windows 7 or Vista displays a message stating that an
unidentified program is trying to access the computer. Click the button to allow the
installer to continue, and CME 2 will be installed properly.

e The default file locations for CME 2's data files (ccx, ccm, etc.) are in the "Program
Files/Copley Motion/CME 2" folder. Vista does not allow programs to write to the
Program Files folder; instead, it re-directs the file writes to a separate users folder.
All of CME 2's data folders will be under this path:

C:\Users\Public\Public Documents\Copley Motion\CME 2\Copley Motion\CME 2.
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5.2.3: Downloading Software from Web (Optional)

5.2.3.1 Choose or create a folder where you will download the software installation file.

5.2.3.2 In an internet browser, navigate to
http://www.copleycontrols.com/Motion/Downloads/index.html

5233 Under Software Releases, click on CME 2.

5.2.3.4  When prompted, save the CMEZ2.zip file to the folder chosen or created in
Step 5.2.3.1.

The folder should now contain a file named CME2.zip.

5.2.3.5 Extract the contents of the zip file to the same location.
The folder should now contain the files CME2.zip and Setup.exe.

5.2.3.6 If desired, delete CME2.zip to save disk space.

5.2.4: Installing CME 2 Software

5.2.4.1 If installing from a CD, insert the CD (Copley Controls part number CMEZ2).

Normally, inserting the CD causes the installation script to launch, and a CME 2
Installation screen appears. If so, skip to Step 5.2.4.3.

5.2.4.2 If the software installation file was downloaded from the Copley Controls website,
navigate to the folder chosen or created in Step 5.2.3.1, and then double-click on
Setup.exe
OR
if you inserted the CD and the CME 2 Installation screen did not appear, navigate to the
root directory of the installation CD and then double-click on Setup.exe.

5.2.4.3 Respond to the prompts on the CME 2 Installation screens to complete the installation.
We recommend accepting all default installation values.
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5.2.5: Serial Port Setup

One or more serial ports on a PC can be used to connect drives. Use the following instructions to
add (enable) ports for drives, to choose baud rates for those ports, and to remove (disable) ports
for drives.

5.25.1 Start CME 2 by double-clicking the CME 2 shortcut icon on the Windows desktop:

If a serial or CAN port has not been selected, the Communications Wizard Select
device screen appears.

x|

Select device:
{* Serial Ports
£ CAN Metwork
" EtherCAT

Cancel |

5.2.5.2 If the CME 2 Main screen appears instead of Select device,
choose Tools>Communications Wizard.

5.2.5.3 Choose Serial Ports and click Next to open the Communications Wizard Select Ports
screen.

@Eummunicatinns Wizard ll

Select Ports

To add serial ports, selectthem from the Available Ports list, then press Add.

To remove serial ports, selectthern from the Selected Ports list, then press Remaove.

Available Ports: Selected Ports:

Cohdd
COobAS

= Remove |

= Back | [Ent = Cancel

5.2.5.4 From the Available Ports list on the Select Ports screen, choose the serial ports that
will be used to connect to drives.

1 To allow connection of a drive through a port, highlight the port name and click Add
(or click Add All to enable all available ports).

2 Toremove a port from the Selected Ports list, highlight the port name and click
Remove.
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5.2.5.5 Click Next to save the choices and open the Communications Wizard Configure Serial
Ports screen.

@Enmmunicatinns Wizard ll

Configure Serial Ports

Select one or more serial ports from the list, then selectthe baud rate.

Selected Ports:

COMS
Baud Rate: |1 15200 =~ I

= Back | T Finish Caneel

5.2.5.6 Configure the selected ports.
1 Highlight a port in the Selected Ports list.

2 Choose a Baud Rate for that port.
NOTE: Using 9600 baud will result in very slow performance of CME 2, especially
when using the Oscilloscope. Automatic screen updating, which shows parameter
changes from an external source (like CAN or CVM) will not be available at this
baud rate.

3 Repeat for each selected port.

5.2.5.7 Click Finish to save the choices.
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5.3: Prerequisites
5.3.1: Hardware and Equipment

Using CME 2

5.3.1.1
5.3.1.2

5.3.1.3

5.3.1.4

DANGER

Verify that +24 Vdc power is OFF and AC power is OFF.

Verify wiring and connections.

Ensure the following connections are wired according to the guidelines in
Wiring (p. 63).

1 J10 "FDBCK" motor signals

2 J2"UV W Earth" motor power

3 J8"CNTRL" control signals

4 J4"+24 Vdc, BRAKE" required +24 Vdc (power OFF)
5 J6"RS-232" PC serial link

6 J1"L1L2L3 Earth"line power (power OFF)

Secure the motor:

1 Make sure motor is securely fastened.

2 Make sure that no load is connected to the motor.

Apply +24 Vdc to the drive’s J4 connection.
(Do NOT apply AC voltage to the drive at this point.)

Risk of unexpected or uncontrolled motion with CME 2 in CAN or DeviceNet
mode.

CME 2 can be used while the drive is under CAN or DeviceNet control. However,
some extreme changes made with CME 2 could cause unexpected or uncontrolled
motion.

Failure to heed this warning can cause equipment damage, injury, or death.
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5.3.2: Starting CME 2 and Choosing a drive

NOTE: Digital input 1 (IN1) should be configured as a hardware disable. It may then be used to
immediately disable the drive. To software disable the drive at any time while running CME 2,
press function key F12.

5.3.2.1 Verify CME 2 installation and serial port configuration.

5.3.2.2 Start CME 2 by double-clicking the CME 2 shortcut icon on the Windows desktop:
r

If there are multiple ports, the Copley Neighborhood root will be selected:

[&G CME 2 V6.0 Beta 9

File Amplifier Tools Help

il e
E...‘

Copley Neighborhood \ CAN

BB virtual Amplifier

5.3.2.3 Select the desired drive. For instance:
=4 Copley Neighborho

After a drive has been selected, the CME 2 Main Screen looks similar to this:

& CME 2 V6.0 Beta 9 (XEL-230-40 XEL 1) - Ol x|

File Amplifier Tools Help

&7 3P E ] B | <zl

=5 J Copley Heighbarhood CAM Metwark:  Address: 16
- R Virtual Amplifier

BB coms: Input ¢ Dutput
"=~ O EL 4

CWhi Control Pragram I |
Cigital Input |—’ F Loop I—} W Loop |—} | Loop I—’ MotorFeadback

Hame | Configure Regen | Configure Faults |

|Sine Commutation |R0tary IMotor AmpEnabled F1Z To Disable

If the Basic Setup options have not been chosen, the Basic Setup screen opens.
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5.4: Basic Setup
5.4.1: Basic Setup Screen

5.4.1.1  To configure a drive for use with a Copley Controls ServoTube motor, see the CME 2
User’s Guide.

54.12  Toload a .ccx file that was prepared for the drive/motor combination, see Quick Copy
Setup Procedure (p. 161).

5.4.1.3  Click the Basic Setup button (EE) to display the Basic Setup screen.

x|

- Settings
motar Farmily: Brushless
Matar Type: Ratary
Cammutation: Sinusaidal
Hall Type: Digital
Hall Phase Carrection: an

lse Halls for VelocityPosition:  Off
\J5e Back EMF for velacity: Ooff

Wator Encader: Frirmary Incrarmeantal
Fosition Encoder: MNone

multi-mode Port: Buffered Primary Encoder
Cperating Mode: CAM over EtherCat

" Change Settings Load ccx File | ServoTube Setup | Cancel |

54.14  Click Change Settings to start the Basic Setup wizard. Use the Back and Next buttons
to navigate screens. Screen details vary depending on drive model and mode

selection.
5.4.15 _ View or change the Motor settings described below. Options vary with drive model.
Setting Description
Motor Family Select motor family: Brushless or Brush.
Motor Type Select motor type: Rotary or Linear.
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5.4.1.6 View or change the Feedback settings described below. Options vary with drive model.

100

Setting Description

Hall Type Select Hall type: None, Digital, or Analog (Analog is used with Copley
Controls ServoTube motors).

Hall Phase If selected, will enable error checking between Hall switches and encoder

Correction based phase angle.

Motor Encoder

Select type and source of motor feedback.

¢ None: No motor encoder.

e Primary Incremental: Incremental encoder on primary feedback connector.
e Secondary Incremental: Incremental encoder on multi-mode port.
e SSI

e EnDat

o Absolute A

e Tamagawa Absolute A

e Panasonic Absolute A Format

¢ Panasonic Incremental A Format

¢ Analog: Analog encoder on primary feedback connector.

e BIiSS

o Low Frequency Analog: Copley ServoTube motor on primary feedback
connector.

o Resolver (Resolver version only): Resolver on primary feedback connector.

(Monitor) Mode

Position Select type and source of Position (load) feedback.
Encoder ¢ None: No position encoder.
e Primary Incremental: Incremental encoder on primary feedback connector.
e Secondary Incremental: Incremental encoder on multi-mode port.
¢ Analog: Analog encoder on primary feedback connector.
Position Select the type of Position (load) encoder:
Encoder Type « Rotary.
e Linear.
Use Position When this is checked, the position of the position encoder will be reported by
Encoder in the passive load position variable but it will not be used to control the position
Passive of the axis.

Copley Controls




Xenus Plus User Guide

54.1.7

5.4.1.8

54.1.9

Using CME 2

View or change the Operating Mode settings described below. Options vary with drive

model.

Setting

Description

Operating
Mode

Choose the mode of operation: Current, Velocity, or Position.

Command
Source

Choose the command input source:

¢ Analog Command: Analog voltage provides command input.
See Analog Input (p. 124).

e CAN over EtherCAT. (XEL) Command input is provided using CANopen
protocol over the EtherCAT network. See the CANopen Programmer’s Guide.

e CAN. (XPL). Command input is provided using CANopen protocol over the
CAN network. See the CANopen Programmer’s Guide.

e PWM command (current and velocity mode only): Digital pulse-width
modulated signal provides command input. See PWM Input (p. 126).

¢ Function Generator: Internal function generator provides command input.

e Software Programmed: The drive is controlled by software commands from
either the Copley Virtual Machine (CVM) or an external source. See Copley
Indexer Program User’s Guide or the Copley ASCII Interface Programmer’s
Guide.

e Camming: Drive runs in Camming Mode. See Copley Camming User Guide.

¢ Digital Input: Command input is provided via the Input Source selected from the
choices described below. See Digital Position Input (p. 127).

Digital Input
Source

Choose the input source for PWM or Digital input commands:

¢ High Speed Inputs: Command input is provided via two of the drive’s
programmable digital inputs.

e Multi-mode Port: Command input is provided via differential inputs on the
drive’s multi-mode port.

¢ Differential Inputs: Command is provided via the drive’s differential inputs.

View or change the Miscellaneous settings described below. Options vary with drive

model.

Setting Description

Commutation Select commutation method: Sinusoidal, Trapezoidal, or Estimated Sinusoidal.

Use back EMF If selected, will use the motor's measured back EMF to determine motor velocity.

for Velocity Recommended only for medium- to high-speed. Accuracy depends on the
accuracy of the programmed Back EMF value, and may be affected by factors
such as cable resistance.

Use Halls for If selected, will use transitions of the Hall switches to determine motor velocity

Velocity and and position. Recommended only for medium- to high-speed applications (may

Position run roughly at low speeds).

(Position mode)

Use Halls for
Velocity

(Velocity mode)

If selected, will use transitions of the Hall switches to determine motor velocity.
Recommended only for medium- to high-speed applications (may run roughly at
low speeds).

Multi-mode Port

Selects the mode for the drive’s multi-mode port:

o Buffered Primary Encoder. The multi-mode port functions as a buffered digital
or serial encoder output based on the digital encoder input.

e Emulated Motor Encoder. The multi-mode port functions as an emulated digital
or serial encoder output based on the motor analog encoder or motor resolver.

e Emulated Position Encoder. The multi-mode port functions as an emulated
digital or serial encoder output based on the position analog encoder.

o Differential Input. The multi-mode port functions as a differential command
input.

Click Finish to close the Basic Setup screen.
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5.5: Motor/Feedback Setup

Motor, Feedback, and Brake settings can be loaded from a file or entered manually into the fields.
Choose the appropriate method and perform the steps described:

¢ Load Motor/Feedback/Brake Settings from a File (p. 102)
o Enter Motor/Feedback/Brake Settings Manually (p. 103)
5.5.1: Load Motor/Feedback/Brake Settings from a File

5511

55.1.2

102

To download motor data files from the website:

1

6

In an internet browser, navigate to
http://www.copleycontrols.com/Motion/Products/Motors/index.html

Click on the appropriate motor name.

When prompted, save the file to the MotorData folder in the CME 2 installation
folder.

(The default installation folder is

C:\Program Files\Copley Motion\CME 2\MotorData.)

Extract the contents of the zip file to the same location.

The folder should now contain the new motor data file (with a .ccm filename
extension).

If desired, delete the .zip file to save disk space.

To load motor data from a motor data file:

1

2

' "“°t°_|'m°""’°k Click Motor/Feedback to open the Motor/Feedback screen.

On the Motor/Feedback screen, click Restore Motor Data from Disk ().
When prompted, navigate to the folder containing the file,
then click on the file name, and then click Open.

Proceed to The Calculate Function (p. 112).

Copley Controls
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5.5.2: Enter Motor/Feedback/Brake Settings Manually

5.5.2.1 M Click Motor/Feedback to open the Motor/Feedback screen.

55.2.2

55.2.3

55.24

5.5.25

55.2.6

A Motor/Feedback screen representing a typical rotary motor is shown below.
Parameters vary with drive model.

Motor /Feedback - Rotary Motor x|
Motor | Feedbackl Braka\StupI
Manutacturer: Copley Units:
% Metric " English
Maclel Mumber: CEL341FE-001
hator Ineia:
I 011878 frgor 7] Torque Constant
0.1401 - |Mrmda |
Number of Poles: 4
Back emf Constant:
1457 [Mirpm -

Peak Torque:

18546 m Resistance:

227 ahms
Continuous Torgue:

06553 |Mm ¥ Inductarce:
523 mH

elocity Limit:
6000 rpm

FIEE K E e

Click the Motor tab to view or change Rotary Motor Setup Parameters (p. 104)
or Linear Motor Setup Parameters (p. 105).

Feedback |

Click the Feedback tab to view or change Feedback Parameters, Rotary (p. 106) or
Feedback Parameters, Linear (p. 109). Read the Feedback Notes (p. 110) for
important related information.

Erakei=top I

Click the Brake/Stop tab to view or change Brake/Stop Parameters (p. 111). Read the
Brake/Stop Notes (p. 111) for important related information.

< rFBa Calculatel
Use The Calculate Function (p. 112) to calculate initial gains and limits.

Iﬂl On the Main screen, click Save to Flash to avoid losing the changes.
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5.5.3: Rotary Motor Setup Parameters

View or change the settings described below. Options vary with drive model. Metric units are

shown here.
Setting Description
Manufacturer Motor manufacturer's name. Saved for reference in the motor data file.

Model Number

Motor model number. Saved for reference in the motor data file.

Units

Selects whether the parameters entered in this screen are in Metric or English units.

Motor Inertia

The rotor inertia of the motor. Used for calculating initial velocity loop tuning values.
Range: 0.00001 to 4,294 kg cm?. Default: 0.00001 kg-cm*

Number of Poles

(Brushless only.) The number of magnetic poles in the motor. Required for correct
commutation of the motor. Range: 2 to 200. Default: 4.

Peak Torque

The peak torque that the motor can produce. Peak Torque divided by torque constant =
motor’s peak current limit. Range: 0.001 to 2,200 Nm. Default: 0.0001 Nm.

Continuous Torque

The continuous torque that the motor can produce. Used with the torque constant to
calculate continuous current. Range: 0.001 to 1,000 Nm. Default: 0.0001 Nm.

Velocity Limit

Maximum speed of the motor. Used to calculate the velocity and acceleration limits for the
velocity loop. Range dependent on encoder resolution.

Torque Constant

Relates the motor's input current to torque produced. Sometimes abbreviated as K.
Range: 0.001 to 1,000 Nm/Apk. Default: 0.001 Nm/Apk.

Back emf Constant

Relates the motor's input voltage to speed. Sometimes abbreviated as Ke. Used for
calculating the maximum velocity for a given drive bus voltage.
Range: 0.01 to 21,000,000 V/Krpm. Default: 0.01 V/Krpm.

Resistance Motor resistance line-to-line. Used for calculating the initial current loop tuning values.
Range: 0.01 to 327 Q. Default: 0.01 Q.
Inductance Motor inductance line-to-line. Used for calculating the initial current loop tuning values.
Range: see Power Output (p. 50).
104 Copley Controls




Xenus Plus User Guide

Using CME 2

5.5.4: Linear Motor Setup Parameters

View or change the settings described below. Options vary with drive model. Metric units are shown

here.
Setting Description
Manufacturer Motor maker's name. Saved in the motor data file. Choose from list or enter

manually.

Model Number

Motor model number. Saved in the motor data file. Choose from list or enter
manually.

Units Selects whether the parameters entered in this screen are in Metric or English
units.

Mass The mass of the motor. Used for calculating initial velocity loop tuning values.
Range: .0001 Kg to 100,000 Kg. Default: .0001 Kg.

Peak Force The peak force that the motor can produce. Peak Force divided by Force

Constant = motor’s peak current limit. Range: 0.00001 to 2,000 N. Default:
0.00001 N.

Continuous Force

The continuous force that the motor can produce. Used with the force constant
to calculate continuous current. Range: 0.00001 to 1,000 N. Default: 0.00001
N.

Velocity Limit

Maximum speed of the motor. Used to calculate the velocity and acceleration
limits for the velocity loop. Range dependent on encoder resolution.

Force Constant

Relates the motor's input current to force produced. Sometimes abbreviated as
Kf. Range: 0.00001 to 2,000 N/Amp. Default: 0.00001 N/Amp.

Back emf Constant

Relates the motor's input voltage to speed. Sometimes abbreviated as Ke.
Used for calculating maximum velocity for a given drive voltage. Range: 0.01 to
1,000 V/M/Sec. Default: 0.01 V/M/Sec.

Resistance Motor resistance line to line. Used for calculating the initial current loop tuning
values. Range: 0.01 to 327 Q. Default: 0.01 Q.
Inductance Motor inductance line to line. Used for calculating the initial current loop tuning

values. Range: see Power Output (p. 50).

Magnetic Pole Pair Length

The length of a pair of magnets which equals the distance moved in one
electrical cycle of the motor.
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5.5.5: Feedback Parameters, Rotary

As appropriate for each encoder or resolver, enter the options described here.

Feedback Type Parameters/Actions
Incremental In the Motor Encoder lines or Position Encoder lines field, enter the number of encoder lines
(see encoder or motor data sheet). As indicated by the counts field, the number of encoder
counts per revolution is equal to 4 x the number of lines.
-Motor Encoder 3
1000 | lines = 4000 counts
[ "] Enable Encoder Loss Detection
["| Ignore Index Error
Panasonic In the Bits text field, enter the number of bits (see encoder data sheet). In the counts per rev text
Incremental A field enter the counts per revolution (See encoder data sheet).
Format
Bits: 17
Counts per rev: 4000
Analog In Fundamental Lines, enter the number of fundamental encoder lines (see encoder or motor
data sheet). As indicated by the Fundamental Counts field, the number of fundamental encoder
counts per revolution is equal to 4 x the number of Fundamental Lines.
Optionally modify the encoder resolution by changing the Interpolation value. The interpolated
resolution (Interpolated Counts Per Rev) is the product of Fundamental Counts value and the
rMotor Encoder -
Fundamental Lines: 64 = 256 Fundamental Counts
Interpolation: 4 v
Interpolated Counts Per Rev: 1024
Interpolation value.
SSi In the counts per rev text field, enter the number of counts per revolution, (see data sheet). In
the Number of Encoder Bits text field enter the number of encoder bits, (see data sheet).
-Motor Encoder
17 counts per rev
4000 Number of Encoder Bits
Continued...
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Absolute A Format

...Continued
BiSS In the Bits text field specify the number of bits used for single turn Resolution (see encoder data
sheet). In the Number of Revolutions text field specify the number of turns (see encoder data
sheet). Optionally, specify the number of alignment bits text field if required else set to 0. Select
code format BiSS B or BiSS C.
Bits: 16| = 65536 counts per rev
Number of Revolutions: 4096| turns
Number of Alignment Bits: 0
@ BiSSB BiSS C
Absolute A In the Bits text field specify the number of bits used for single turn resolution (see encoder data
sheet). In the Number of Revolutions text field specify the number of turns (see encoder data
sheet). Optionally, enter a number of counts per rev bits to ingnore in the specified box. Choose
bit rate.
Bits: 0= 1 counts per rev
Number of Revolutions: 1 turns
Number of Counts Per Rev Bits to Ignore: 0
Bit Rate:
@ 2.5MBfs () 4MB/s
Tamagawa In the Bits text field specify the number of bits used for single turn resolution (see encoder data
Absolute A and sheet). In the Number of Revolutions text field specify the number of turns (see encoder data
Panasonic sheet). Optionally, enter a number of counts per rev bits to ingnore in the specified box. The bit

rate defaults to 2.5 MB/s. Zero encoder in the specified box when needed.

Bits: 0 = 1 counts per rev

Number of Revolutions: 1 turns

Number of Counts Per Rev Bits to Ignore: 0

4MB/s

Zero Encoder

EnDat

In the Bits text field specify the number of bits used for single turn resolution (see encoder data
sheet). In the Number of Revolutions text field specify the number of turns (see encoder data
sheet). Optionally, check Enable Incremental 1Vpp sin/cos.

If your encoder has an analog output, select Enable Incremental.

Bits: 8= 256 counts per rev

Number of Revolutions: 1| turns

[ "] Enable Incremental 1Vpp sin/cos

Resolver

Optionally modify the feedback resolution by changing the value in Counts Per Rev. Default:
16384.

rResolver
16384

counts per rev

Continued...
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...Continued
Halls With amplifier set to Use Halls for Velocity/Position, optionally increase the counts per rev ratio
by incrementing the Halls Count Multiplier.
-Motor Halls - =
Hall Count Multiplier: | 1 v
Counts per Rev.: 24

If two feedback devices are installed, verify that the values of Motor Turns to Position Turns
correctly represent the ratio of motor encoder turns to position encoder turns. The details of the
following screen may vary depending on the types of feedback devices present.

Ratio

hdator Turns I 1
[ |

Positon Turns 10
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5.5.6: Feedback Parameters, Linear

As appropriate for each encoder installed, enter the options described below.

Feedback Type

Parameters/Actions

Incremental

Choose units and then enter the Encoder Resolution (see encoder or motor data sheet).

Encader Resolution: I 1 Comm Coam 7 um

SSi

Choose units and then enter the Encoder Resolution (see encoder or motor data sheet). In the
Number of Encoder Bits text field enter the number of encoder bits, (see data sheet).

Maotor Encoder

Encoder Resolution: 100 Comm F oum O onm

number of Encoder Bits: I a

BiSS

Choose units and then enter the Encoder Resolution (see encoder or motor data sheet). In the
Bits text field specify the number of bits used for single turn Resolution (see encoder data sheet).

Select code format BiSS B or BiSS C.

Makor Encoder

Encoder Resolution: I 10 omm * um  nm

Bits: I a

¥ BiSS B = BiS5 C

Analog

Enter the Fundamental Pitch (distance between encoder lines; see encoder or motor data sheet).
As indicated by the Fundamental Resolution field, Fundamental Pitch divided by four gives
Fundamental Resolution. The interpolated resolution is the dividend of Fundamental Resolution
value/Interpolation value. Optionally modify the Interpolated Resolution by changing the
Interpolation value and optionally change the units.

Motor Encoder -
OpE @un Oom

Fundamental Pitch: 4| um = 1 um Egl;gurgggtal
Interpolation: 1 v |
1 um

Interpolated Resolution:

Low Frequency
Analog

(Normally used with ServoTube) Pole Pitch is the distance between poles in a poll pair, as
entered in the Magnetic Pole Pair Length field on the Motor tab. The interpolated resolution is the
dividend of Pole Pitch/Counts per pole value, expressed in micrometers. Optionally modify the
resolution by changing the Counts/Pole value. Click Restore Default to restore default

Counts/Pole.

Fale Fitch 512 mm
Counts/Paole I 4000 Restore Default |
Interpolsted Resolution 128 Ut
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5.5.7: Feedback Notes

Encoder and Resolver Support

The Xenus Plus is offered in both encoder and resolver versions. The encoder version supports a
variety of feedback options including quad A/B encoder analog sin/cos encoder, EnDat, Hiperface,
BiSS, SSI, and Panasonic Absolute A. The resolver version supports standard, single speed,
transmit-type resolver feedback. The encoder versions normally require Hall switches for the
commutation of brushless motors.

Dual Feedback

The Xenus Plus can receive position feedback from sensors on the motor, the load, or both,
through the primary feedback channel, a multi-mode encoder port, or both. (The drive can also
operate in certain modes without encoders or resolvers.)

The multi-mode port can:

o Provide a buffered digital encoder output based on the digital encoder input.

¢ Provide an emulated digital encoder output based on analog encoder, resolver, serial encoder,
or absolute encoder.

¢ Provide an emulated serial encoder output.

e Provide a second digital encoder input to be used in the dual encoder position mode. In this

mode, an encoder attached to the load provides position loop feedback, and the motor
encoder or resolver provides velocity loop feedback.

A dual-feedback setup is shown below. The drive receives feedback from an incremental motor
encoder through the primary feedback channel. Position (load) encoder feedback comes through
the multi-mode port. The ratio of motor turns to position encoder turns is 1 to 10.

Motor /Feedback - Rotary Motor il

Motor  Feedback I |

I 1000 lines = I 4000  counts

"Mutor Frimary Incremental

Position Secondary Incremental

I 1000 lines = 4000 counts

Ratio

Mator Turns I 1
Positon Turns I 1EI|

adl @l M M o

Ok Cancel
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5.5.8: Brake/Stop Parameters

Enter the following parameters as appropriate.

Parameter

Description

Brake/Stop Delay Time

Range of accepted values: 0 to 10,000 mSec.

Brake Activation Velocity

Range of accepted values: motor-dependent.

PWM Delay Brake/Stop
Response Time

Range of accepted values: 0 to 10,000 mSec.

Brake/Stop Notes

Many control systems employ a brake to hold the axis when the drive is disabled. On brake-
equipped systems, disabling the drive by a hardware or software command starts the following

sequence of events.

o The motor begins to decelerate (at Abort Deceleration rate in position mode or Fast Stop
Ramp rate in velocity mode). At the same time, the Brake/Stop Delay Time count begins. This
allows the drive to slow the motor before applying the brake.

¢ When the motor slows to Brake/Stop Activation Velocity OR the Brake/Stop Delay Time
expires, the brake output activates and PWM Delay Brake/Stop Response Time count begins.

o When response time has passed, the drive’s output stages are disabled. This delay ensures
the brake has time to lock in before disabling the power section.

Enszhle Input

Speed

Brake Ouptput

Enakle
Powvver Section

E Brake/Stop delay time

Brakerztop activation velocity

This sequence is not available in the current mode of operation. Instead, in current mode, the
drive output turns off and the brake output activates immediately when the disable command is

received.
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5.5.9: The Calculate Function

The Calculate function uses the motor and encoder values entered to calculate initial loop gains

and limits. These can be modified later to fine-tune the drive.

55.9.1

5.5.9.2

5.5.9.3

55.94

112

[T
<ol Calculate| . .
Click Calculate to calculate and display the settings.

x|

Current Loop Cp Gain: 1634 =
Current Loop Ci Gain: 83
Peak Current Limit: 13.95 A
Continuous Current Limit: 4,68 A
T Time Lirmit: 1000 ms
Welocity Loop Vp Gain: 13312
Welocity Loop Vi Gain: 2958
Welocity Loop Velocity Limit: 3000 rpm —
Welocity Loop Accel, Decel,, Fast Stop: 1000 rps®
velocity Tracking Window 600 rpm
Welocity Tracking Time: 100 ms
Fosition Laop Propartional Gain Pp 1000
Positon Loop Velocity Feedforward Wi 16384
Fosition Loop Following Error: 4000 Coun

« | _>I_I

Cancel |

Verify the peak current limit, continuous current limit, and velocity loop velocity limit.

If one or more of these values seems inappropriate, click Cancel and check: Peak
Torque (or Force), Continuous Torque (or Force), Velocity Limit, and Torque (or Force)
Constant. Correct them if needed. See Rotary Motor Setup Parameters (p. 104)

or Linear Motor Setup Parameters (p. 105).

If the Motor/Feedback values were correct but the peak current limit, continuous
current limit, or velocity loop velocity limit values are not optimal for the application,
change these limits during the tuning process.

Load the values into drive RAM by clicking OK.

NOTE: If the motor wiring configuration in the motor file does not match the
configuration currently stored in the drive, CME prompts for verification on which
configuration to use. Select the file configuration by clicking Yes. The configuration will
be tested later, in Auto Phase (p. 132).

|ﬂ| On the Main screen, click Save to Flash to avoid losing the changes.
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5.6: Drive Configuration

5.6.1: Digital Inputs

5.6.1.1

5.6.1.2

& Pullup +5%  Pull down [IN1]

& Pullup +5% ¢ Pull down [IN2]

& Pullup +5%  Pull down [IN3]

& Pullup +5% ¢ Pull down [IN4]

& Pullup +5% ¢ Pull down [IN3]

& Pullup +5%  Pull down [ING]

Click Input/Output to open the Input/Output screen.

A typical Input/Output screen is shown below. (Features vary with drive model and configuration.)

& Input/Output

Digital Inputs 7-14 | Digital Outputs |

1ol

Debounce time:

Inmp Enable-L0 Enables With Clear Faulks LI I 0 ms
INot Configured ;I I 0 ms
INot Confiqured LI I 0 ms
INot Configured ;I I 0 ms
INot Configured ;I I 0 ms
INot Confiqured LI I 0 ms
i~ Differential £+ Single Ended

I Hold pasition whien limit switch is actkive Restore Defaulks Close

Change or verif

the following settings:

Setting Description
Pull up +5V Pulls up the input up to internal +5 V.
Pull down Pulls the input down to internal signal ground.
Debounce Sets the input debounce time (how long an input must remain stable at a new state before
Time the drive recognizes the state). Increase to prevent undesired multiple triggering caused by
switch bounce. Debounce time is ignored for digital command inputs such as PWM.
Range: 0 to 10,000 mSec. See Debounce Time (p. 46).
IN1-IN14 Select the function for the input. See Digital Input Functions (p 114).
Differential IN3 and IN4 or IN5 and IN6 function as differential command inputs.
Single Ended | IN3 and IN4 or IN5 and IN6 function as single-ended command inputs.
*Hold position | Available in position mode when one or more inputs are configured as a limit switch (NEG
when limit Limit-HI Inhibits, NEG Limit-LO Inhibits, POS Limit-HI Inhibits, or POS Limit-LO Inhibits). The
switch is *Hold position option prevents any motion while a limit switch is active.
active CAUTION: If the drive is switched back to current or velocity mode with this option selected,

the limit switches will no longer function.

The Restore Defaults button restores all inputs and outputs to factory defaults. The Close button
closes the screen.
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5.6.2: Digital Input Functions
The digital input functions are described below.

Input Function

Description

AMP Enable- A low input will enable the drive.

LO Enables with clear faults A low to high transition will clear latched faults and outputs.
AMP Enable- A high input will enable the drive.

HI Enables with clear faults A high to low transition will clear latched faults and outputs.
AMP Enable- A low input will enable the drive.

LO Enables with reset

A low to high transition will reset the drive.

AMP Enable-
HI Enables with reset

A high input will enable the drive.
A high to low transition will reset the drive.

AMP Enable- A low input will enable the drive.
LO Enables

AMP Enable- A high input will enable the drive.
HI Enables

Not Configured No function assigned to the input.

NEG Limit-HI Inhibits*

A high input will inhibit motion in negative direction.

NEG Limit-LO Inhibits*

A low input will inhibit motion in negative direction.

POS Limit-HI Inhibits*

A high input will inhibit motion in positive direction.

POS Limit-LO Inhibits*

A low input will inhibit motion in positive direction.

Reset on LO-HI Transition

A low to high transition of the input will reset the drive.

Reset on HI-LO Transition

A high to low transition of the input will reset the drive.

Motor Temp HI Disables

A high input will generate a Motor Over Temperature fault.

Motor Temp LO Disables

A low input will generate a Motor Over Temperature fault.

Home Switch Active HI

A high input indicates the home switch is activated.

Home Switch Active LO

A low input indicates the home switch is activated.

Motion Abort Active HI

A high input will stop motion, leaving drive enabled.

Motion Abort Active LO

A low input will stop motion, leaving drive enabled.

Hi Res Analog Divide Active HlI

A high input causes the firmware to divide the level of the analog input signal by 8.

Hi Res Analog Divide Active
LO

A low input causes the firmware to divide the level of the analog input signal by 8.

High Speed Position Capture
on LO-HI Transition

Position will be captured on the low to high transition of the input.

High Speed Position Capture
on HI-LO Transition

Position will be captured on the high to low transition of the input.

PWM Sync Input

PWM synchronization input. See Synchronizing PWM Switching Frequency (p. 16).
(For high-speed inputs only.)

5.6.3: Standard Digital Input Function Assignments

Enable Input: On the XEL, XML, and XPL drives, IN1 is dedicated to the enable function.

Other inputs can be programmed as additional enables. If there is more than one input
programmed as an enable then all the inputs must be in the enabled state before the drive PWM
output stage will be enabled.
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5.6.4: Standard Digital Outputs

5.6.4.1 Click the Digital Outputs tab of the Input/Output screen. A typical Digital Outputs screen
is shown below. (Features may vary with drive model and configuration.)

Red light: output is active.
Current Hi/Lo state of output. Grey light: output is not active.

&4 Input/Output =10l x|

Digital Inputs 1-6 | Digital Inputs 7-14 i D

[OUT 1] |Fault-Active High Hi

Configure Custom |

[ouT 2] INc-t Canfigured

Configure Custom |

[ouT 3] INot Canfigured

Configure Custom |

[OUT 4] INot Canfigured

Configure Custom |

[OUT 5] INDt Configured

Configure Custom |

[OUT 6] IBrake—Active High

Configure Custom |

L

Hi -

L

Lo

Hi L]

L

Hi -

L]

Hi L]

L

Hi @

I~ * Hold position when limit switchis ackive Restore Defaulks | Close |

5.6.4.2 Choose any of the following functions for any output. OUT6 is recommended for brake

function.

Output Function Description For More Information

Not Configured No function assigned. Output remains high.

Fault Active High Output goes high when at least one fault is Faults (p. 41).

detected.
Fault-Active Low Output goes low when at least one fault is
detected.

Brake-Active High Output goes high to activate the brake. Brake Operation (p. 35).

Brake-Active Low Output goes low to activate the brake.

PWM Sync Output The PWM synchronization output. Synchronizing PWM Switching

(OUT1 only) Frequency (p. 16) and Digital
Input Functions (p. 114).

Custom Event See Custom Digital Output Settings: Custom Event (p. 116).

Custom Trajectory See Custom Digital Output Settings: Custom Trajectory Status (p. 118).

Status

Custom Position See Custom Digital Output Settings: Position Triggered Output (p. 119).

Triggered Output

Program Control Output state controlled by CVM or external program.

Active High

Program Control Output state controlled by CVM or external program

Active Low
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5.6.5: Custom Digital Output Settings: Custom Event

Any of the drive’s digital outputs can be programmed to respond to a combination of events
including faults, warnings, and status indications. The output goes active when one or more of the

selected events take place.

[OUT2]

Custom Event

Hi

Configure Cuskom |

5.6.5.1
Choose Custom Event for an output and then click Configure Custom to open the
Event Configuration screen.
B x|

[ Amplifier Faulk -

[~ Amp Cver Temperature I™ Latch Output

[~ Motor Phasing Errar

[ Feedback Error Clear |

[~ Maokor Over Temperature

[ Under valkage

[ ver Valkage

[ shart Circuit

[ Current Limited
[ walkage Limited -
K 3
" Cutput Active High % Qutput Active Low
Cancel | Help |
5.6.5.2 Select any of the events described below. Note that multiple functions are OR’ed
together, so any event activates the output.

Event Description

Amplifier Fault A latched fault is active.

Amp Over Drive's internal temperature exceeds specified temperature.

Temperature

Motor Phasing Error | Encoder-based phase angle does not agree with Hall switch states. This fault can
occur only with brushless motors set up using sinusoidal commutation. It does not
occur with resolver feedback or with Halls correction turned off.

Motor Over Temp Motor over-temperature switch indicates an over-temperature condition.

Under Voltage Bus voltage falls below specified voltage limit.

Over Voltage Bus voltage exceeds specified voltage limit.

Short Circuit Qutput to output, output to ground, internal PWM bridge fault.

Current Limited The current output is being limited by the 1T algorithm or a latched current fault
has occurred. See I°T Time Limit Algorithm (p. 181).

Voltage Limited The current loop is commanding the full bus voltage in an attempt to control
current. Commonly occurs when the motor is running as fast as the available bus
voltage will allow.

Positive Limit Switch | Axis has contacted positive limit switch.

Negative Limit Axis has contacted negative limit switch.

Switch

Amp Disabled by Drive enable input(s) is not active.

Hardware

Amp Disabled by Drive is disabled by a software command.

Software

Continued...
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Select any event, continued:

Attempting to Stop
Motor

The drive, while in velocity or position mode, has been disabled.

In velocity mode, drive is using the Fast Stop Ramp described in

Velocity Loop Limits (p. 20).

In position mode, the drive is using the Abort Deceleration rate described in
Trajectory Limits (p. 22).

The output remains active until the drive is re-enabled.

Motor Brake
Activated

Motor brake activated. See Brake Operation (p. 35) for more information.

PWM Outputs
Disabled

The drive’s PWM outputs are disabled.

Positive Software
Limit

Actual position has exceeded the positive software limit setting.
See Home Function (p. 171).

Negative Software
Limit

Actual position has exceeded the negative software limit setting.
See Home Function (p. 171)

Following Error

User set following error threshold exceeded.

Following Warning

Following error has reached programmed warning limit.
See Following Error Fault Details (p. 44).

Position has
Wrapped

The position counters have exceeded the maximum range of
-2%' — 2%L.1 and have wrapped. Normal amplifier operation is not affected.

Velocity Limited

Velocity command (from analog input, PWM input, or position loop) has exceeded
the velocity limit that was set as described in Velocity Loop Limits (p. 20).

Acceleration Limited

In velocity mode, motor has reached an acceleration or deceleration limit that was
set as described in Velocity Loop Limits (p. 20).

Position Outside of
Tracking Window

The following error has exceeded the programmed value.
See Tracking Window Details (p. 45).

Velocity Outside of
Tracking Window

Difference between target and actual velocity has exceeded the window.
See Tracking Window Details (p. 45).

Home Switch Active

Axis has contacted the home limit switch.

In Motion

The motor is moving, or it has not yet settled after a move. The drive is settled
when it comes within the position tracking window and stays there for the tracking
time at the end of a move. Once settled, it remains settled until a new move is
started.

Phase not Initialized

Amplifier is using Phase Initialization function and phase is not initialized.

Command Input
Fault

PWM or other command signal not present. If Allow 100% Output option is
enabled this fault will not detect a missing PWM command.

Choose Output Active High to have the output go high when active or Output Active
Low to have the output go low when active.

" To optionally latch the selected events, set Latch Output. For more

information on latching, see Non-Latched and Latched Custom Outputs (p. 120).

Latching an output does not eliminate the risk of unexpected motion with
non-latched faults.

Associating a fault with a latched, custom-configured output does not latch the
fault itself. After the cause of a non-latched fault is corrected, the drive re-
enables without operator intervention. In this case, motion may re-start

DANGER

unexpectedly.

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

5.6.5.5 Click OK to save changes to volatile memory and close the

Custom Output Configuration screen.
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5.6.6: Custom Digital Output Settings: Custom Trajectory Status

Any of the drive’s digital outputs can be programmed to respond to a combination of drive
trajectory status conditions. The output goes active when one or more of the conditions is met.

(o1} pd B "uskom Trajectory Status Hi

Configure Custom |

5.6.6.1
Choose Custom Trajectory Status for an output and then click Configure Custom to
open the Trajectory Status Configuration screen.

Trajectory Status P

[~ Haoming Error

[~ Referenced (Homed)
[ Haoming In Progress
™ Move sharked

[~ Trajectory Generator Running

 Qukput Ackive High (% Qukput Ackive Low

Cancel |

5.6.6.2 Select one or more trajectory status conditions described below. Multiple functions are
OR’ed together, so any status match activates the output.

Trajectory Status Functions

Status Description

Homing Error Activate output if an error occurred in the last homing attempt.
Referenced (Homed) Activate output if the most recent homing attempt was successful.
Homing in Progress Activate output when a homing move is in progress.

Move Aborted Activate output if move is aborted.

Trajectory Generator Activate output while trajectory generator is generating a move.
Running

5.6.6.3 Choose Output Active High to have the output go high when active or Output Active
Low to have the output go low when active.

5.6.6.4 Click OK to save changes to volatile memory and close the screen.
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5.6.7: Custom Digital Output Settings: Position Triggered Output

Any of the drive’s digital outputs can be programmed to respond in certain ways to the position of
the controlled axis. The output goes active when the axis position meets the specified criteria.

(LoL0) ] B " ustom Position Triggered Oukput Hi

Configure Custom |

5.6.7.1

5.6.7.2 Choose Custom Position Triggered Output for an output and then click Configure
Custom to open the In Position Configuration screen.

Position Triggered Dutput 5[

Configuration
* In Position YWindaw

= Trigger At Position
" Trigger Pasitive Mation
" Trigger Megative Mation

£ Qukput Ackive High % Qukput Ackive Low

Upper Position: I 0 counts
Lower Position: I 0| counts

& Use Actual Position
= Wse Limited /Position

Cancel |

5.6.7.3 Select one of the configurations described below and enter appropriate values for the

arameters.

Configuration | Description and Parameters

In Position Activates the output while the axis is in the window between the programmed Upper
Window and Lower positions.

Trigger at Activates the output for the programmed Time when the axis travels through the
Position programmed Position.

Trigger Positive | Activates the output for the programmed Time when the axis travels in the positive
Motion direction through the programmed Position.

Trigger Activates the output for the programmed Time when the axis travels in the negative

Negative Motion | direction through the programmed Position.

5.6.7.4 Choose Output Active High to have the output go high when active or Output Active
Low to have the output go low when active.

5.6.7.5 Choose Use Actual Position (the Limited Position choice is for stepper drives only).

5.6.7.6 Click OK to save changes to volatile memory and close the
Custom Output Configuration screen.

5.6.8: Save Input/Output Changes

5.6.8.1 On the Input/Output screen, click Close.

5.6.8.2 Iﬂl On the Main screen, click Save to Flash.
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5.6.9: Non-Latched and Latched Custom Outputs
Like a drive fault, a custom-configured output can be non-latched or latched.

If a non-latched, custom-configured digital output goes active, it goes inactive as soon as the last
of the selected events is cleared.

If a latched output goes active, it remains active until at least one of the following actions has been
taken:
e power-cycle the drive
e cycle (disable and then enable) an enable input that is configured as
Enables with Clear Faults or Enables with Reset
. @I access the CME 2 Control Panel and press Clear Faults or Reset
e clear faults over the CANopen network

Latching an output does not eliminate the risk of unexpected motion with non-
latched faults.

Associating a fault with a latched, custom-configured output does not latch the fault
itself. After the cause of a non-latched fault is corrected, the drive re-enables without
operator intervention. In this case, motion may re-start unexpectedly.

DANGER Formore information, see Clearing Non-Latched Faults (p. 41).
Failure to heed this warning can cause equipment damage, injury, or death.

Custom Event Output Faults

An output configured for Custom Event can be programmed to go active in response to events,
including any of the drive faults described in Fault Descriptions (p. 42).

Example: Custom Output Fault Handling vs. Overall Fault Handling

A fault on an output configured for Custom Event is separate from a fault on the drive. For
instance, suppose:

e OUTS has a Custom Event configuration. Only the Under Voltage fault condition is selected,
and the output is latched.

¢ Under Voltage is not latched on the Configure Faults screen.

An under voltage condition occurs, and the drive goes into fault condition, output stages are
disabled, and faults are reported. At the same time, OUT3 goes active.

The under voltage condition is corrected, and:

e The drive fault is cleared. Output stages are enabled.
¢ OUTS3 remains active.
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5.6.10: Fault Latching

56101 L= B Click Configure Faults to open the Fault Configuration screen.

x|

Lakch Faulk

[V Shork Circuit

[v Amp Over Temperature
[ Matar Cver Temp

[~ Cwer Yaolkage

[ Under valkage

¥ Feedback Errar

[~ Mator Phasing Errar

[+ Following Error

Optional Faults

[~ Crver Current (Lakched)

Restore Defaulks |

Cancel | Help |

5.6.10.2 To make a fault condition latching, click to put a check mark next to the fault
description.

Risk of unexpected motion with non-latched faults.

After the cause of a non-latched fault is corrected, the drive re-enables the PWM
output stage without operator intervention. In this case, motion may re-start
unexpectedly. Configure faults as latched unless a specific situation calls for non-
latched behavior. When using non-latched faults, be sure to safeguard against
unexpected motion.

DANGER
Failure to heed this warning can cause equipment damage, injury, or death.
For more information, see Safe Torque Off (p. 41).

5.6.10.3 To restore factory defaults if needed, click Restore Defaults.

5.6.10.4 Click OK to save fault configuration settings to drive RAM and close the
Fault Configuration screen.

5.6.10.5 On the Main screen, click Save to Flash (Iﬂl).
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5.6.11: Regen Resistor

For more information on the external regen resistor, see Regen Resistor Theory (p. 48), and
Regen Resistor Sizing and Configuration (p. 173).

Regen Settings

5.6.11.1 i Click Regen Settings to open the Regen Settings screen.
x|
&' Hane
" RTL-RA-03
€ RTL-RA-04
" Custom Resistor  Configure |
yiew settings | ok | cancel |

5.6.11.2  Select a resistor option.

Option Description

None No external regen resistor is used.

XTL-RA-03 Standard regen resistors supplied by Copley Controls.

XTL-RA-04

Custom Resistor User-supplied resistor. See Regen Resistor Sizing and Configuration (p. 173).

5.6.11.3 Click OK to save regen settings to flash memory and close the Regen Resistor screen.
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5.7: Command Input

Choose the appropriate step for the input format.

Input Format Step

Analog Analog Input (p. 124)

PWM PWM Input (p. 126)

Digital Position Digital Position Input (p. 127)

CAN (XPL) CAN Interface (p. 128)

CAN over EtherCat (XEL)  EtherCAT Addressing for CAN Over EtherCAT (p. 129)

MACRO (XML) MACRO Configuration (XML) (p. 130)

ASCII Connecting XPL for Serial Control (p. 201), the Copley Controls ASCII Interface

Programmer’s Guide, and the Copley Drive Parameter Dictionary.
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5.7.1: Analog Input

For more information, see

124 Copley Controls



Xenus Plus User Guide

Using CME 2

Analog Command Input (p. 25).

5.7.1.1 Ml Click Analog Command to open the mode-specific Analog Command screen.

5.7.1.2

5.7.1.3

5.7.1.4
5.7.1.5

Current mode:

Velocity mode: Position mode:

15 5l Ll
Staling: l—n\ A= 10¢ Sealing: l—u rpm = 104 | saalng: ITDQ\ counts = 104
Dead Band: 0 Dead Band: 0 my Dead Band: l—g il
[~ Inwvert Command [~ Invert Command - [ Invert Command
Analog Input Filker Analog Input Filker Analog Input Fiter
Offset Offset
[Measure 0 my [Measure 0 my il
offset [ 0 my offset: [ 0 my
Close Close
Set the input Configuration options described below.
Option Description
Scaling Current mode: output current produced by +10 Vdc of input.
Range: 0 to 10,000,000 A. Default: Peak Current value.
Velocity mode: output velocity produced by +10 Vdc of input.
Range: 0 to 100,000 rpm (mm/sec).
Default: Maximum Velocity value.
Position mode: position change (counts or mm) produced by +10 Vdc of input.
Range: 0 to 1,000,000,000 counts.
Default: 1 Revolution of a rotary motor or 1 pole pair distance for a linear motor.
For more information, see Scaling (p. 25).
Dead Band Sets dead band. Range: -10,000 to 10,000 mV. Default: 0.

For more information, see Dead Band (p. 25).

Invert Command

Inverts polarity of drive output with respect to input signal.

Offset

(Current and Velocity modes only.) Used to offset input voltage error in an open loop
system. Not recommended for use when the drive is part of a closed loop system.
Range: -10,000 to 10,000 mV. Default: 0. For more information, see

Offset (p. 25).

Analog Input Filter

Programmable input filter. Disabled by default.

Click Close.

MI On the Main screen, click Save to Flash.
Proceed to Auto Phase (p. 132).
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5.7.2: PWM Input

For more information, see PWM Input (p. 27).

5.7.2.1 Mlcnck PWM Command to open the PWM Command screen.
=[x

—Configuration

Scaling: I 3000 rpm at 100 % duty cycle

Py Input Type:
ol 80% Duty Cycle [ 100% Duty Cycle

Qptions:
[ Invert PYitd input.
[ Allow 100% output.
[0/ nvert Sigminput.

5.7.2.2 Set the input options described below.

Option Description

Scaling Current mode: output current at 100% duty cycle.
Range: 0 to 10,000,000 A. Default: Peak Current value.

Velocity mode: output velocity at 100% duty cycle.
Range: 0 to 100,000 rpm (mm/sec).
Default: Maximum Velocity value.

PWM Input One wire 50% or two wire 100% with direction.
Type

Options Invert PWM input: Inverts the PWM logic.

Allow 100% output: Overrides the 100% command safety measure.
See Failsafe Protection from 0 or 100% Duty Cycle Commands (p. 27).

Invert Sign Input: In 100% duty cycle mode, inverts the polarity of the directional input.

57.2.3 Click Close.

5.7.2.4 Iﬂl On the Main screen, click Save to Flash.
5.7.2.5 Proceed to Auto Phase (p. 132).
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5.7.3: Digital Position Input

For more information, see Digital Input (p. 28).

Crigital Input i ) o o ) )
5.7.3.1 2 Click Digital Input to open the Digital Input screen, Configuration
tab.
=1zl
Control Input: Increment Position on:
& Pulse and Directior: ¥ Rising Edge
" Pulse Up [ Pulsz Down " Falling Edge
' Quadrature
Stepping Resolution
1 Input Pulses = l—l Output Counts
[ Invert Command
Close
5.7.3.2 Set the options described below:
Option Description
Control Input Pulse and Direction: One input takes a series of pulses as motion step commands,
and another input takes a high or low signal as a direction command.
Pulse Up / Pulse Down: One input takes each pulse as a positive step command,
and another takes each pulse as a negative step command.
Quadrature: A/B quadrature commands from a master encoder (via two inputs)
provide velocity and direction commands.
Increment Rising Edge: Increment position on the rising edge of the input pulse.
position on Falling Edge: Increment position on the falling edge of the input pulse.
Stepping Input Pulses: Number of Input Pulses required to produce output counts.
Resolution Range: 1 to 32,767. Default: 1.
Output Counts: Number of Output Counts per given number of input pulses.
Range: 1 to 32,767. Default: 1.
Invert Command When selected, inverts commanded direction.
5.7.3.3 Click Close.
5.7.3.4 Iﬂl On the Main screen, click Save to Flash.
5.7.3.5 Proceed to Auto Phase (p. 132).
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5.7.4: CAN Interface (XPL)

For more information on CAN see Communication (p. 30).
For information on DeviceNet, see the Copley DeviceNet Programmer’s Guide.

5.7.4.1 Verify that the following connections are wired according to the instructions in Network
Ports (J7) (p. 75).

1. J7 "CAN" CANopen cable
2. J7 "CAN" Termination plug

5.7.4.2 Ml Click CAN Configuration to open the CAN Configuration screen. (If
CAN is not the Position Loop Input, choose Drive->Network Configuration instead.)
Here is a typical CAN Configuration screen. (Features may vary based on drive model
and configuration.)

CAN Configuration |
Mekwork Type: ~Input Mapping

¥ CAN ( Devicehet

Bit Rate: Ileit,l's - I

~Address Configuration

rumbet af Inputs: ID - I

Bit: 0 |Mong + Swikch

Bit 1: |Mone * Swikch
[¥ Use Switch

I Use Inputs Bit Z: |Mong * Swikch

AN

[~ Use Programmed Yalue Bit 3 |Mone - Swikch
Stgitch Yalle; Bit : [Mane ¥
Input Lines Yalue; Eit5r [Nane [+
Programmed Value: I
g Bt 61 |Mare =
Mew Resulting Sddress:
Save B Reset | Save & Close | Cancel | Help |

5.7.4.3 Choose a Bit Rate and choose any combination of address sources (Switch, Inputs,
and Programmed Value). The address is the sum of the values from these sources.
See CAN Addressing (p. 32).

5.7.4.4 For each source selected, perform the additional steps described below.

Source Additional Steps

Use Switch Verify the S1 switch setting. (Assigns values for Bit 0 — Bit 3 of CAN
address.)

Use Inputs Enter the Number of inputs. Choose the input that will represent each
CAN address bit.

Use Programmed Enter the Programmed value.

Value

5.7.4.5 Click Save & Reset to save changes to drive flash, close the screen, and reset the
drive. Click Save & Close to save changes to drive flash without resetting.
NOTE: CAN address and bit rate changes take effect only after power-up or reset.
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5.7.5: EtherCAT Addressing for CAN Over EtherCAT (XEL)

Stations on EtherCAT are automatically addressed by their bus location. The first drive on the

network is station address -1. The second is -2, and so on.

[]

Control

H

H

J7
XEL

J7 J7
XEL XEL
-1 -2

l

-3
l

{

Default EtherCAT station addresses

As an alternate to the default addressing, switches S1 and S2 may be used to program a station
alias (synonym). The default address and station alias are always available. If the switch-based
station alias is used, it is the responsibility of the user to ensure that each drive has a unique

station alias.

5751  Verify that the following connections are wired according to the instructions in

Network Ports (37) (p. 75):

1. J7 "EtherCAT IN" EtherCAT cable.
2. J7 "EtherCat OUT" EtherCAT cable.

5.7.5.2 Note the bus position of each drive.

5.7.5.3 Optionally verify the S1 and S2 switch settings.
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5.7.6: MACRO Configuration (XML)

A Delta Tau PMAC card can hold up to four MACRO IC’s each of which is a master on a MACRO
ring. Each master IC can address 16 stations (nodes, slaves) enabling the addressing of up to 64
devices on a ring. Of these, 32 can be motion devices such as Xenus XML. A node address is an
8-bit value with bits 7-4 addressing the master IC and bits 3-0 addressing the slave.

XML switch S1 is set to select the master IC to which the Xenus will be linked. The four possible
values for this setting are 0,1,2, and 3.

As a MACRO station or node the XML has eight available addresses as a motion control device.
These are 0,1,4,5,8,9,12, & 13.
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5.7.6.1

5.7.6.2
5.7.6.3

5.7.6.4

5.7.6.5

Verify that the following co
Ports (J7) (p. 75):

1. J7 "MACRO IN"
2.J7 "MACRO OUT"

Verify the S1 and S2 switc
Select Amplifier>Network

Using CME 2

nnections are wired according to the instructions in Network

h settings.
Configuration from the CME 2 Main Screen to open the

Macro Configuration screen as shown in the following example.

MACRO Configuration X

Master Address:
Slave Address:

Heart Beak Time Cut;

Auxiliary Data: | Analog Input
[] Enable Position Cutput Scaling
[] Active Metwark Required far Amp to

Scaling Input Command: 655,37 | A

0
1

1| ms

Enabla

Enable MACRO Metwork Svnchronizal

Fior

Current Loop Frequency: 16 [kHz

Close:

Verify the following parameters.

Parameter

Description

Scaling Input Command

Current mode: output current produced by +10 Vdc of input.
Range: 0 to 10,000,000 A. Default: Peak Current value.

Velocity mode: output velocity produced by +10 Vdc of input.
Range: 0 to 100,000 rpm (mm/sec).
Default: Maximum Velocity value.

Position mode: position change (counts or mm) produced by +10 Vdc of input.
Range: 0 to 1,000,000,000 counts.
Default: Revolution of a rotary motor or 1 pole pair distance for a linear motor.

Heart Beat Time Out

The frequency at which the drive will produce heartbeat messages. This
parameter may be set to zero to disable heartbeat production.

Auxiliary Data

Defines what type of additional data is sent with every MACRO response
message:

¢ Analog Input: analog input value

e Motor Encoder: motor encoder reading

¢ Position Encoder: position encoder reading

Enable Position Output
Scaling

When selected, position data sent over the MACRO network is shifted up 5
bits to be compatible with Delta-Tau controllers.

Enable MACRO Network
Synchronization

Current Loop Frequency

Allows the drive’s PWM frequency to be adjusted to allow synchronous
operation with the MACRO ring. Note that changing the PWM Frequency will
affect the current loop tuning. Therefore, current loop tuning will need to be
checked.

Active Network Required
for Amp to Enable

If selected, drive will not enable if network is not active.

Click Close to close the screen and save the settings.
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5.8: Auto Phase
5.8.1: Auto Phase Warnings and Notes

Warnings
Motor Motion
Applying AC power to the drive may result in motor motion. Be sure that motor motion

will not cause injury.

Failure to heed this warning can result in equipment damage, injury, or death.
Danger

High Voltage
Applying AC power to the drive applies high voltage to the drive-motor connections
and cabling. Protect personnel against electrical shock.

Failure to heed this warning can result in equipment damage, injury, or death.
Danger

Notes

¢ Do not connect a load to the motor before performing Auto Phase procedure.
e Always connect the motor using the same configuration.

o Wire properly and consistently.

e Connections are actually changed within the DSP, not at the motor terminals, and the results
are saved to flash memory. The actual wire configuration should NEVER change.

e Brushless motors require two electrical cycles for auto phasing.

Phasing accomplishes several objectives:

e Checks the encoder or resolver and establishes proper commutation.

e Checks the motor power wires for proper connection and establishes proper phasing.
e Checks the Hall switches and establishes proper commutation.
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5.8.2: Auto Phase Procedure

Using CME 2

NOTE: The following steps use a brushless rotary motor. Screens and sequences vary by motor

type.
5821  Verify that the Enable Input is not activated.
5.8.2.2 Apply HV or AC power.
Jﬂ Click Auto Phase to open the Auto Phase Motor Direction Setup screen.
:@Autu Phase x|
Motor Direction Setup
Maove the motor in the direction that vou want
to be positive. Press Mextwhen done.
Mokor Ackual Posikion: 0 counts
Release Brake | Skip = | Cancel |
5.8.2.3 Move the motor in the direction to be considered positive
OR if you cannot move the motor, click Skip (you will confirm motor direction later).
NOTE: If an output is configured as a brake you can temporarily release the brake by
holding down the Release Brake button. The brake will be reactivated when you
release the button.
The Actual Position value on the screen should change. If it does not change, see
Trouble Shoot Motor Direction Setup (p. 137).
5.8.2.4 Click Next to open the Auto Phase Motor Wiring Setup screen.
x|
Motor Wiring Setup Comranded Motor Phase Angle
The saftware will now micro step the matar in 2 P
the positive direciton. Make sure the motor is 150 a0
free to move. Press Startwhen ready.
180 o
Auto Phase Current:l 047 A 210 ‘ 330
240 270 200
Increment Rate: I 490 elec degisec
Actual Position: 0 counts
e I i | Ready
= Back THEnt= Cancel
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5.8.2.5
5.8.2.6

5.8.2.7

5.8.2.8

5.8.2.9

5.8.2.10

134

Activate the Enable Input.

Click Start to begin the motor wiring setup.

The software displays messages: Configuring Initial Settings, Microstepping, Test
Complete, Motor Wiring has been configured.

During microstepping, a current vector is applied to the motor windings and
microstepped through an electrical cycle at a set rate, causing the motor to move.

If you chose to Skip the motor direction setup step, Auto Phase will prompt for
confirmation of correct motor direction.

If the step fails see Trouble Shoot Motor Wiring Setup (p. 137).

NOTE: If incorrect values were entered for inductance and resistance, the calculated
Cp and Ci values may produce current loop oscillation, evidenced by an audible high
frequency squeal during auto phasing.

Click Next to open the Phase Count Test screen.

x

Phase Count Test Commanded Motor Phaze Angle
The soffware will now micro step the motar in oo
the negative direciton. Make sure the motaoris 128 50
free to move. Press Start when ready. 150 30
180 / 0
Auto Phaze Currerrt:l 147 A 210 330
240 270 200
Increment Rate: I 90 elec degls
| Actual Motar Position: 0 courts
Stop
Read:
Configuration Settings S
COUNts per rey 4000
Ptz 4 = Back Skip = Cancel |

Click Start to begin the Phase Count Test. Observe status messages. See the prompt:

Phase Counts |

i Cbserve mokor motion and werify that it
\2 moves 1 Full burn before any gearing.

When you are ready to observe motion, click OK. See the prompt:

Phase Counts x|

@ Did motor move 1 full turn?
Mo |

If motor did not turn 1 full turn, click No and verify that in the Motor/Feedback screen
the following parameters have been set correctly:

= Number of Poles for rotary motors.

= Magnetic Pole Pair Length for linear motors
= Encoder Lines or Fundamental Lines for rotary encoders.

= Encoder Resolution for linear encoders.
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5.8.2.11
5.8.2.12

5.8.2.13

5.8.2.14

5.8.2.15

5.8.2.16

If motor turned 1 full turn, click Yes.

Using CME 2

For a —R version of Xenus with a resolver, skip to 5.8.2.15.

For a non-resolver Xenus, click Next to d

x
Hall Wiring Setup Commanded Mator Phase Angle
& Hall State
The software will now micro step the motar.
Make sure the motor is free to mave. [ | [ |
Prass Startwhen ready. 120 B0
Wiso =0
: 12 A
Auto Phase Current: | 240 300
IncrementRate: | 90 elec degfsec [ | [ |
it | Hall States

u W i
Hall Offset; 0 deg . . .
Ready Lo Lo Hi

= Back | Eirish | Cancel |

isplay the Halls Wiring Setup screen.

Click Start to begin the Halls wiring setup.
The message area displays the messages: Microstepping. Test Complete. Motor has

been properly phased.
During microstepping, a current vector is

applied to the motor windings and

microstepped through an electrical cycle at a set rate. The field produced should push
on the permanent magnet's magnetic field causing the motor to move. As the motor
moves the Hall lines are decoded for proper commutation.

If the step fails, see Trouble Shoot Halls Wiring Setup (p. 137).

For a resolver (-R) version of Xenus, click Next to open the Resolver Phase Angle

Setup screen.

& Auto Phase

Resolver Phase Angle Setup Resolver angle in red. Commanded

Fosition your motar in center of its range motar phase angle in black
The software will now micro step the motor
Make sure the mator is free to maove

Press Start when ready.

Auto Phase Currert a A 160 \— 0
Start 240 300

Offset 0 deg

Resolver Angls 119 deg Testing Phase Angle

Matar Actual Positian: -11 counts

=Back | Firish | Cancel I

Click Start to start the resolver phase angle setup.
The message area displays status messages.
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5.8.2.17

5.8.2.18

5.8.2.19

136

Click Finish to close the screen and save values to flash memory
OR

to close the screen without saving changes, click Cancel.

If the Auto Phase algorithm does not produce desired results, try adjusting the Auto
Phase Current and Increment Rate values, using the guidelines in
Guidelines for Choosing Auto Phase Current and Increment Rate Values (p. 137).

If desired results are not obtained, see “Manual Phasing” in the CME 2 User Guide.
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5.8.3: Guidelines for Choosing Auto Phase Current and Increment Rate
Values

Here are some considerations in choosing Auto Phase Current and Increment Rate values:

e [f friction is high, then more current may be required to move the load.

¢ High static friction may require more current to overcome stiction.

e Transition from static friction to dynamic friction, and back, may produce jerky motion.
o A faster rate will operate in the dynamic friction range.

e A slower rate will operate in the static friction range.

¢ If the friction is low, as in the case of air bearings, low frequency oscillations may occur; thus,
less current and slower rates may be required. If oscillations persist, then friction may need to
be temporarily added.

5.8.4: Trouble Shoot Motor Direction Setup

If motor direction setup step failed:

5.8.4.1 Check Encoder or resolver power and signals.
5.8.4.2 Verify that the encoder is differential. (Contact factory if encoder is single-ended.)
5.8.4.3 Check shielding for proper grounding.

5.8.5: Trouble Shoot Motor Wiring Setup
If motor wiring setup step failed:

5.8.5.1 Verify that drive is disabled.

5.8.5.2 Check for mechanical jamming.

5.8.5.3 Check for smooth motion with no mechanical jerking.
5854  Check for good connections to the motor power wires.
5.8.5.5 Disconnect motor power wires.

5.8.5.6 Measure for proper motor resistance.

5.8.6: Trouble Shoot Halls Wiring Setup
If Halls wiring setup step failed:

5.8.6.1 Check Halls power and signals.

5.8.6.2 Check for smooth motion with no mechanical jerking.
5.8.6.3 Check shielding for proper grounding.

5.8.7: Trouble Shoot Other Problems

If the auto phase procedure fails despite these corrective measures, see
“Manual Phasing” in the CME 2 User Guide.

Copley Controls 137



Using CME 2 Xenus Plus User Guide

5.9: Current Loop

Initial current loop proportional gain (Cp) and current loop integral gain (Ci) values were calculated
in a previous step. For an introductory overview of the control loops, see
Operating Modes (p. 17).

NOTE: For Copley Controls digital drives, the current loop gain is independent of the power supply
voltage.

5.9.1: Current Loop Settings

For more information, see Current Mode and Current Loop (p. 18).

5.9.1.1 il Click | Loop to open the Current Loop screen:

:@Eurrent Loop o ] B4
Current
Offzet
Corgmanded + l 5 Egl_nec:ting
urrent N = y Compensator orque
I + p+Ci
.
Actual
Current

Peak Current Limit:

& Cp: | i i’

I 1]

[ om [ il
Continuous Currenk Limik: I oA Drive COutpuk

I i

I=T Time Limi:

{* Maximize Smookhness

Current Loop Offset; (@0 (e S

Aubo Tume | Eamduwidth |

Close: |

5.9.1.2 Changel/verify Current Loop parameters as needed.

Parameter Description

Peak Current Limit Used to limit the peak phase current to the motor. Max value depends upon the drive
model; Min value > continuous limit.

I°T Time Limit Sets I°T Time Limit in mS. See I°T Time Limit Algorithm (p. 181).

Continuous Current Limit | Used to limit the Phase Current. Max Value is < Peak Current and depends upon the
drive model. Min value: 0

Current Loop Offset Sets current loop offset. Leave it set to zero until after tuning. For more information, see
Offset (p. 18).

Cp Current loop proportional gain. Range 0 — 32,767.

Ci Current loop integral gain. Range 0 — 32,767.

Drive Output Maximize Smoothness: Drive uses circular vector limiting to produce smooth operation

even into the voltage limits.

Maximize Speed: Allows for slightly more of the bus voltage to be used when in the
voltage limit. This may produce a small disturbance at top speed.

Auto Tune See Auto Tune the Current Loop (p. 139).

Bandwidth Measure bandwidth using the Cp and Ci values now in the drive.
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5.9.2: Auto Tune the Current Loop

(For instructions on manually tuning the current loop, see the CME 2 User Guide.)

The current loop auto tune algorithm applies a square-wave command to the current loop and

adjusts current loop proportional gain (Cp) and current loop integral gain (Ci) until a desirable
waveform is obtained.

Initial current loop proportional gain (Cp) and current loop integral gain (Ci) values can be
calculated with The Calculate Function (p. 112).

5.9.2.1 Verify that the following steps in Quick Setup with CME 2 (p. 91) have been performed:
Prerequisites, Basic Setup, Motor/Feedback Setup, Drive Configuration,
Command Input, Auto Phase.
+ | Loop .
5.9.2.2 _l Click | Loop to open the Current Loop screen:
51
Current
Offzet
Corgmandted + l g ; Egl_nec:ting
A ~ - o Toigue
e _/_ 3 oy perlsg IDI orque
x Actual
Current
Peak Current Limit: I 13.95 A p: I 2597 ﬂ
I=T Time Limik: I 1000 ms Cit I 285 ﬂ
Conkimuous Current Limit: I 4,68 A Drive Qutput
{* Maximize Smoothness
Current Loop Offset: I oA (@0 e S
Auto Tune | Bandwidth |
Close: |
59.23  Verify that drive is hardware enabled.
Auto Tune .
5.9.2.4 4| Click Auto Tune to open screen and start the Current Loop Auto Tune.
JRTe
Auto Tune Current: I 1 Status: Auto Tune in progress.
ch: 10 ci 0 Start | Stop |
5.9.2.5 To Change the Auto Tune Current, Press Stop, enter the new current in the Auto Tune

Current field, and then press Start.
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5.9.2.6 Observe the auto tune process and results.

Auto Tune uses a proprietary algorithm to mimic a standard tuning approach that would
be used by a trained technician, as described below:

1 Sets Cp and Ci to zero and then adjusts Cp and Ci for optimal values.
10/

Auto Tune Current: I 1 Status: Auto Tune in progress.
Cp: 2538 Ci: 0 Start | Stop |

2 Uses a frequency sweep to determine the small signal, current loop bandwidth.
101X

Auto Tune Current: I 1 Status: Auto Tune finished.
Cp. 2469 i 187 ﬁtaﬁl Slopl

3 Displays the results: a set of Cp, Ci, and bandwidth value alternatives.
]

Auto Tune has determined new walues for Cp and Ci along with a
high bandwidth measurement. Select desired settings.

" High Cp: 2469 g 157 Bandwidth: 2100 Hz
& Medium cp; 1481 G 94
 Low cpe 988 g 63

C Original  gp: 1383 g 123

@ Save Cp and Cito Flash
 Keep Cp and Ciin RAM only

Cancel |
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5.9.2.7 Choose an action based on Auto Tune results.

1 Optionally choose which set of values to save: High, Medium, Low, or Original.
The Medium values, selected by default, are appropriate for most applications.

2 Optionally choose how to save: Save Cp and Ci to Flash
or Keep Cp and Ci in RAM only.

3 Click OK to save the values as chosen, and close the Auto Tune Results window
or click Cancel to close the window without saving any changes.

Copley Controls 141



Using CME 2

Xenus Plus User Guide

5.10: Velocity Loop

Initial velocity loop proportional gain (Vp) and velocity loop integral gain (Vi) values were

calculated in a previous step.

5.10.1: Velocity Loop Settings

For more information, see Velocity Mode and Velocity Loop (p. 20).

5.10.1.1 &l Click V Loop.

E\felucity Loop

Commanded

Welocity |_/_—|-

Wel, Limit: I 2000 rpra

Faskt Stop Ramp: I 3 rps?

Tracking

Window:l 597 rpm
Time: I 100 ms

I ] 3
Eorcnmanded
Command Compensatar Olutput urrerik
Fo0N T R T T Wptv Fiter
x Actyal
Welocity

accel, Limits I 333 rps:?
Dece!, Limit: I 3 rps2

33
X}

v.::| 117 Cutput Filker |
vie [ 26

[~ Law Gains Shift

Command Filer | 0 P I 0

Close: |

5.10.1.2  Changel/verify Velocity Loop parameters as needed.

Parameter Description

Velocity Limit Top speed limit. Max value may depend upon the back EMF & the Encoder value.
Min value: 0.

Acceleration Limit Maximum acceleration rate. Max value may depend upon load, inertia, & peak
current. Min value: 1. (Does not apply in position mode.)

Deceleration Limit Maximum deceleration rate. Max value may depend upon load, inertia, & peak
current. Min value: 1. (Does not apply in position mode.)

Tracking Window ) . .

- - See Tracking Window Details (p. 45).

Tracking Time

Vp Velocity loop proportional gain. Range: 0 to 32,767.

Vi Velocity loop integral gain. Range: 0 to 32,767.

Fast Stop Ramp Deceleration rate used by the velocity loop when the drive is hardware disabled.
Range: 0 to 100,000,000. Default: velocity loop Decel. Limit value.
For more information, see Velocity Loop Limits (p. 20).

Low Gains Shift Increases the resolution of the units used to express Vp and Vi, providing more
precise tuning. For more information, see Velocity Gains Shift (p. 21).

High Gains Shift Decreases the resolution of the units used to express Vp and Vi, providing more
precise tuning. For more information, see Velocity Gains Shift (p. 21).

Vi Drain (integral Vi drain modifies the effect of velocity loop integral gain. The higher the Vi Drain

bleed) value, the faster the integral sum is lowered. Range: 0 to 32,000. Default: 0.

Command Filter Programmable command input filter. Disabled by default. For more information on
the velocity loop filters, see the CME 2 User’s Guide.

Output Filter Programmable output filter. Default filter type: Low-Pass, 2-pole Butterworth (Cut
Off Frequency 200 Hz). For more information on the velocity loop filters, see the
CME 2 User Guide.
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5.10.2: Manually Tune the Velocity Loop

To tune the velocity loop, apply square-wave excitation to the velocity loop and adjust velocity loop
proportional gain (Vp) and velocity loop integral gain (Vi) to obtain a desired waveform. For
instance:

E[)sci]luscupe - ME 3

Trace Status: Trace Canceled - Ready To Start Mew Trace
300

200
'E 100
E 0
2100

200

<300
0.00 005 0.10 016 0.20 0.25 0.30 0.35 0.40 0.45 0.50
Time (seconds)

NOTE: During tuning, observe any warnings that appear to the left of the trace.

L
L
u

5.10.2.1 t2eal Click the Scope Tool to open the Oscilloscope window.

Apply Tao: |Ve|oc'rt\,f

5.10.2.2 Choose Velocity from the Function Generator Apply To: list.
¥ On the Settings tab, make sure Auto Setup is selected.
Auto Setup automatically sets the following parameters:
Function Generator Tab
Parameter | Description
Function Square Wave
Amplitude | 10% of maximum velocity value.
Frequency | 5Hz
Settings Tab
Channel 1 | Limited velocity (green)
Channel 2 | Actual velocity (white)
litwud :I 200 ) . . 3
5.10.2.3 S _ Verify that Amplitude value is not excessive for the motor.

5.10.2.4 ﬂl Click Start.

5.10.2.5  On the Gains tab, adjust velocity loop proportional gain (Vp).
1 Set velocity loop integral gain (Vi) to zero.

2 Raise or lower velocity loop proportional gain (Vp) until desired step response is
obtained. Typically, this means little or no overshoot on a 5 Hz small, slow-speed
square wave.

5.10.2.6  Adjust velocity loop integral gain (Vi) until desired settling time is obtained.

5.10.2.7 &l Press Stop to stop the function generator.

5.10.2.8 Iﬂl On the Main screen, click Save to Flash to avoid losing the changes.

5.10.2.9 If the drive is to be operated in velocity mode, skip the position loop setup procedures
and go to Completion Steps (p. 151).
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5.11: Position Loop

Initial position loop proportional gain (Pp), velocity feed forward (Vff), and acceleration feed
forward (Aff) values were calculated in a previous step.
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5.11.1: Position Loop Settings

For more information, see Position Mode and Position Loop (p. 22).

511.1.1 ﬁl Click P Loop to open the screen:

e

Trajectory Values Position Laop Yalues |

Frofile
Accelerstion

Profile:
Yelocity

Commanded
Welocit

Lirnited
Position

Pp: I 1000

- Actual
T Position

WFF: I 16354 aff: I 0 Gains Mulkiplier: I 1

100%: Wi = 16384

Following Error

Faulk: I 4000 counts Windows: I 1000 counts
Warning:l 2000 counts Time: I 10 ms

[ Disahle Fault

Tracking Position YWrap |

5.11.1.2  Changel/verify Position Loop parameters as needed:

Gain Description
Aff Acceleration feed forward. Range: 0 to 32,767. See Trajectory Limits (p. 22).
Viff Velocity feed forward. Range: 0 to 32,767. 100% Vff: 16,384.
See Trajectory Limits (p. 22).
Pp Position loop proportional gain. Range: 0 to 32,767. See Trajectory Limits (p. 22).

Gains Multiplier

Position loop output is multiplied by this value before going to the velocity loop. In
dual encoder systems, the multiplier’s initial value is calculated based on the ratio
of motor encoder turns to position encoder turns. See Feedback Parameters,
Rotary (p. 106) for information on motor/position encoder ratio.

Following Description

Error

Fault The level (in encoder counts) at which the following error produces a fault, which
stops the servo loop. We recommend raising the fault level before tuning the
loop. See Following Error Fault Details (p. 44).

Warning The level (in counts) at which the following error produces a warning (without
stopping the loop). See Following Error Fault Details (p. 44).

Disable Fault Stops following error from faulting. Following Error Fault Details (p. 44).

Tracking Description

Tracking Width of tracking window in counts. See Tracking Window Details (p. 45).

Window

Tracking Time

Position must remain in the tracking window for this amount of time to be
considered tracking. See Tracking Window Details (p. 45).
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5.11.1.3  Optionally click Position Wrap to open the Position Wrap screen:

B X
Mokor Position YWrap: I D| counks

1 rewvolution of the maotor is 4000 counts,

Load Position YWrap: I 0 counts

Load positioning not configured.

(04 | Cancel | Help |

5.11.1.4 Changel/verify the position wrap parameters as needed. Set both values to zero to
disable position wrapping. Note that the changes do not take effect until OK is pressed.
For more information about this feature, see Position Wrap (p. 23).

Parameter Description

Motor Position Position at which the actual motor position count returns to zero. In a single

Wrap feedback system, it also applies to the actual load position.

Load Position Position at which the actual load position count returns to zero in dual

Wrap feedback systems. If the position encoder is set to passive mode, this value
applies to the passive encoder position.

5.11.1.5 Click on the Trajectory Values tab:
=101]

Trajectory Yalues | Position Loop Yalues |
Frafile

Colgnma_nded _/_ A F'rlofile_
ozition coeleration
b » y 2wl

Lirnited
Puosition
Ma: Velogity: I 0,38 rpm Ma: Accel. I 1 rps?

0]
Max Decel.: I 0.1 rps?
Clear Limits |
Abort Decel.:l 0.1 rps?
Sek Default Limits |
I 4.8 rpss

Jerk:

Close |

5.11.1.6  Changel/verify the trajectory values as needed.
Parameter Description

Max Velocity Maximum trajectory velocity. Max value may depend upon the back EMF and
the Max feedback count. Min:0. Default: 0.25 x motor velocity limit.

Max Accel Maximum trajectory acceleration. Max value may depend upon the load
inertia and peak current. Min:0. Default: 0.5 x velocity loop Accel. Limit value.

Continued...
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...Continued

Max Decel Maximum trajectory deceleration. Max value may depend upon the load
inertia and peak current. Min:0 (disables limit). Default: 0.5 x velocity loop
Accel. Limit value.

Abort Decel Deceleration rate used by the trajectory generator when motion is aborted.
Min:0. Default: 0.5 x velocity loop Accel. Limit value.

Jerk Rate of change of acceleration. The value of jerk set during the calculate

procedure produces an S-Curve whose maximum slope is equal to the
trajectory profile slope. This value will produce a maximum acceleration that
is not more than the initial default value of acceleration. Small values will
produce less jerking but will take longer to complete move. Large values will
produce more jerking and a more trapezoidal profile but will complete the
move faster.

Note that setting limits to zero disables the trajectory generator so that the command input is not
limited by the generator. Velocity is only limited by the Velocity Limit set in the Velocity Loop.
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e the Position Loop

To manually tune the posit

ion loop, minimize following error and oscillation by running profiles and

adjusting position proportional gain (Pp), velocity feed forward (Vff), acceleration feed forward
(Aff) and other settings. For instance:

@Usci]loscupe

1000

Trace Status, Ready

(gunod) Jaug Bumanoy

04 04 0.6 0.7 =} 0.4 1.0 1.4 1.2 1.3
Time seconds)

NOTE: During position loop tuning, observe any warnings that appear to the left of the trace.

5.11.2.1  Perform an auto setup test:

L
L
u

1 t2mm| Click the

ator  Profile |

Scope Tool to open the Oscilloscope window.

Select the Profile tab.

r On the Settings tab, make sure that Auto Setup is checked. Auto

Setup automatically sets the following options:

Profile Tab

Parameter

Description

Move

Relative

Type

Trap

Distance

2000 counts

Reverse and repeat | Not selected

Settings Tab

Channel 1

Profile velocity (green)

Channel 2

Following error (white)

Distance: | 2000 counts
appropriate, enter an appropriate short distance.

5 ﬂl Click Start.

The Profile Generator executes a short move.

NOTES:

If the auto setup default profile distance is not

1 The profile may not reach constant velocity during a short move.

2 If a following error occurs, open the CME 2 Control Panel (El) and click Clear

Faults.
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5.11.2.2  Set up a trapezoidal profile by setting the trajectory limits and distance. See table:

Trajectory Limits Tab

Parameter | Description

Maximum

Velocity

Maximum

Acceleration | Set values typical of those expected to be used in the application.

Maximum

Deceleratio

n

Profile Tab

Distance Set the move distance to produce a complete trajectory profile. Be sure that this distance
does not exceed mechanical limits of the system.

Move Relative

Type Trap

5.11.2.3  Adjust position proportional gain (Pp) to minimize following error. Note that too much
position loop proportional gain (Pp) might cause oscillation.
1 On the Gains tab, set velocity feed forward (Vff) and acceleration feed forward
(Aff) to zero.

2 On the Profile tab, click Start. On the Gains tab, adjust position loop proportional
gain (Pp) until best result is obtained.

3 Click Start after each adjustment to test the new value on a new profile move.

NOTE: If a following error occurs, open the CME 2 Control Panel (@l) and click Clear
Faults.

5.11.2.4  Adjust velocity feed forward (Vff):
Velocity feed forward (Vff) reduces following error in the constant velocity portion of the
profile. Often, a velocity feed forward (Vff) value of 16384 (100%) provides best results.
1 Click in the Vff field and adjust the value.

2 Click Start after each adjustment to test the new value on a new profile move.

5.11.2.5 Adjust acceleration feed forward (Aff):

Acceleration feed forward (Aff) reduces following error during profile acceleration and
deceleration.

1 Click in the Aff field and adjust the value.
2 Click Start after each adjustment to test the new value on a new profile move.
NOTES:

1 If, after tuning the position loop, the motor makes a low frequency audible noise
while enabled but not moving, the velocity loop gains (Vp and Vi) may be lowered
to reduce the noise. If the gain values are set too low, the response to
instantaneous rates of change might be reduced (i.e., slow correction to
disturbances or transients).

2 If the drive is set up to run in position mode under analog input command, and the
analog command signal produces too much noise at the motor after tuning, the
Velocity Loop Command Filter may be used to reduce the noise further. See the
CME 2 User Guide for more information about the velocity loop filters.

5.11.2.6  Tune to multiple sets of profiles representing typical moves that might be executed in
the application. Starting with Set up a trapezoidal profile, repeat the process as
needed.
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5.11.3: Test S-Curve Profile
NOTE: Skip this step unless the drive will perform CANopen S-Curve profile moves.

Jerk is the rate of change of acceleration. S-Curve moves reduce jerk to provide a smooth profile.
To tune the level of jerk, run an S-Curve profile and adjust velocity, acceleration, deceleration, and
jerk levels until the desired profile is obtained. For instance:

@leci]luscnpe : 5 [ x

Trace Status: Ready

1200

=
T

1000
‘E 200
= 600
3 400

-
(=]

F - |

{gunad) 1an3 Buwsojoy

200

o
& A
[T=1

0.0 0.1 0.2 0.3 0.4 a5 06 o7 08 0.9 1.0 1.4 1.2 1.3
Time (seconds)

s Profile

Type:
= Trap
% 5Curve

5.11.3.1 On the Profile tab, click the S-Curve button.

5.11.3.2  Adjust the following options. Set values that represent a typical move under normal
operation.

Trajectory Limits Tab

Maximum Velocity Maximum speed of the profile.

Maximum Acceleration Maximum acceleration/deceleration of the profile. The deceleration is set to
be the same as acceleration.

Maximum Jerk The value of jerk set during the calculate procedure produces an S-Curve
whose maximum slope is equal to the trapezoidal profile slope. This value
will produce a maximum acceleration that is not more than the initial default
value of acceleration. Small values will produce less jerking but will take
longer to complete move. Large values will produce more jerking and a more
trapezoidal profile but will complete the move faster.

Profile Tab

Distance Increase the move distance to produce a complete trajectory profile. Use an
acceptable value the does not exceed mechanical limits of the system.

Move Relative

Type S-Curve

5.11.3.3 Click Start.
5.11.3.4  Adjust values for desired results.

5.11.3.5  Try multiple sets of profiles representing typical moves that might be executed in the
application. Starting with Step 5.11.3.2, Adjust the following options, repeat the process
as needed.
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5.12:
5.12.1;

Completion Steps
Objective

Using CME 2

Save the work and perform additional testing with load and under normal control source.

5.12.2:

Steps

5.12.2.1
5.12.2.2
5.12.2.3
5.12.2.4
5.12.2.5

5.12.2.6

5.12.2.7

5.12.2.8

5.12.2.9

Iﬂl On the Main screen, click Save to Flash.
Remove AC power from connector J1.

Attach load.

Reconnect AC power to connector J1.

Re-tune velocity and position loops if applicable.

Iﬂl On the Main screen, click Save to Flash.

ﬂ On the Main screen, click Save to Disk (for backup or duplication).

Click Control Panel and then click Reset
OR
Power-cycle the drive.

The drive tuning procedure is complete.
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CHAPTER
6. USING CME 2

This chapter provides an overview of CME 2 software features. Contents include:

Title
B.11 CIME 2 OVEIVIEW.....ceieeeiiiiitiee e e e e ettt e e e e ettt et e e e e e e st bttt e e e e e e a bbb et e e e 4o oanabe st e e e e 4o aab b b e e e e e e e 4R abe b et e e oo e aa kb be e e e e e e e nbabeeaaeeeansbbnneaaeeaannes
6.1.1: Main Screen Overview
6.1.2: Tool Bar Overview
6.1.3: MAIN MENU OVEIVIEW .....ouviiiiiiieeeiet ettt ettt r etk e et e se e e et e e m e e e e et e e n e e nne e e nr e e et e e e nneennneenrneeneens
(SR I S e W g Tt o] g = T D =T T = TP PUT TP
6.1.5: Network Information and Status Bar ........
6.1.6: Choosing a drive from a List of Drives
6.1.7: Renaming a drive..........cccceevuveeinveeenineen.
6.2: Manage Drive and Motor Data..
6.2.1: Memory.......ccccceeeeernnnnes
6.2.2: DISK SEOTAGE ......eeeettee itttk e oo bt a e bt et h ettt e e et et e e
6.2.3: Data ManagemMENT TOOIS.........coiiuiiiiiiiie ittt e e e bt e e s ettt e e bb e e e abb e e e ea bt e e aabe e e e enbb e e e snbeeesnbneeeannne
6.2.4: Quick Copy Setup Procedure...........cccvvveeeeeeninnns
6.2.5: Saving a MACRO File for Delta Tau Controllers .........
6.3: DOWNIOAING FIMMWETE ...ttt ettt ettt b et e ettt e oo bbbt e e bbbt e s ekt e e sbe e e e bbbt e st et e e eabe e e e aab e e e sabeeeeainns
6.3.1: Acquiring Firmware from Web Site (OPLIONEAI) .........ceeiiiiiiiiiiieiiii ettt e e e s e e sbne e e
6.3.2: Downloading Firmware to Drive
L S o] g i (o] I == 13 1] OO PSP RSP R T PUPPRPUPPRRIN
6.4.1: CONIOI PANEI OVEIVIEW ......iiiiiiiiei e oottt ettt e ettt e e e e et bttt e e e e e s s s bt e et e e e e e ambbbe e e e e e e s nnbeeeeeeeeeanbebeeaaeeeannbnnaeaeens
6.4.2: Status Indicators and Messages ..
6.4.3: Control Panel Monitor Channels ..
(S S @foTa1 1 (o] I W [ Tox 110 O PO OUPRPPPPPIN
B.4.5: J00 MO ...ttt ettt ekt b e b et ea et e skt e e e bt et ea bt e e
6.5: Manual Phasing...........ccccevvveeeninenn.
6.5.1: Manual Phase Objectives
6.5.2: Manual Phase Instructions, Quad A/B Encoder Xenus Plus .
6.6: HOME FUNCLION ....uiiiiiiiiiieiee e
6.6.1: Overview
6.6.2: HOMING FUNCLONS SEINGS .....eeitiiiiiiiieiii ettt ekttt et s et e e et e s e e e st e e e eaene
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6.1: CME 2 Overview

6.1.1: Main Screen Overview

CME 2 features are called out in the diagram below. Screen details vary depending on drive model
and mode selection. Details follow in the chapter.

@CME 2 ¥5.0 (XTL-230-40-5 Xenus XTL) = IDIﬂ
Filz  Amplifier Tools Help < Main Menu
e BV E ol - Tool Bar

Copley =—p|| E1+/_4 Copley Neighborhood o ‘can hetwark: 'CAN or DeviceNet

Neighborhood A virual Amplifier e b b b b - Information
AT ] Input # Output | .

Tree (-] COm1:

CWhA Contro] Program I
CAN Configuration I—’ E Loop I—’ W Loop I—, 1 Loop I—’ MotorFeedback

| Functional
. Diagram

F12 To Disable

Rokary Makor Amp Under CAN Control

Status _>|Sine Commukation
Bar

6.1.2: Tool Bar Overview

Click on any of the tools in the toolbar to access the tools described below.

Ilcon

Name

Description

For More Information

Basic Setup

Opens Basic Setup screen.

Basic Setup (p. 99).

Control Panel

Opens Control Panel.

Control Panel (p. 165).

Restore drive
data from disk

Restores a drive file from disk to
drive RAM.

Save drive
data to flash

Saves contents of drive RAM to
flash memory.

Restore drive
data from
flash

Restores contents of flash
memory to drive RAM.

& Auto Phase Opens Auto Phase tool. Auto Phase (p. 132).
Auto Tune Opens Auto Tune for Linear CME 2 User Guide.
Servo Motors.

Scope Opens Scope. CME 2 User Guide.
Error Log Opens Error Log. CME 2 User Guide.
Drive Displays basic drive properties.
Properties
Save drive Saves contents of drive RAM to a
data to disk disk file.

Manage Drive and Motor Data (p. 159).
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6.1.3: Main Menu Overview

Using CME 2

The CME 2 Main Menu choices are described below.

Menu Selection Description For More Information
File Save MACRO File Saves data in Delta-Tau format with a Saving a MACRO File for Delta Tau
(XML only) .pmc extension. Controllers (p. 162).
Save Amplifier Data | Saves contents of drive’s RAM to a disk Manage Drive and Motor Data
file. (p. 159).
Restore Amplifier Restores contents of a drive file from
Data disk to drive RAM.
Restore CVM Prompts for a Copley Virtual Machine Copley Indexer 2 Program User
Control Program program file. The program in this file will Guide.
replace the current program in flash.
This procedure also results in the setting
of the Indexer 2 Program option Enable
Control Program on Startup. This
configures the program to auto start
when the drive is powered up or reset.
Restore Cam Tables | Prompts for a saved Cam Table file (.cct | See Copley Camming Users Guide.
file). All tables in drive flash will be
replaced by the ones in this file.
Exit Closes CME 2. Prompts for data-saving decision.
Amplifier | Basic Setup Opens Basic Setup screen. Basic Setup (p. 99).
Control Panel Opens Control Panel. Control Panel (p. 165).
Auto Phase Opens Auto Phase tool. Auto Phase (p. 132).
Scope Opens Scope. CME 2 User Guide.
Error Log Opens Error Log. CME 2 User Guide.
Drive Properties Displays basic drive properties.
Network Opens the CAN, DeviceNet, EtherCAT,
Configuration or MACRO Configuration screen.
Rename Prompts for new drive name. Renaming a drive (p. 158).
Auto Tune Auto Tune for Linear Servo Motors. CME 2 User Guide.
Gain Scheduling Opens Gain Scheduling screen. CME 2 User Guide.
Tools Communications Starts sequence of prompts to set up Serial Port Setup (p. 95).
Wizard serial port.
Communications Log | Opens Communications Log. CME 2 User Guide.
Download Firmware Starts prompts to download new Downloading Firmware (p. 163).
and FPGA Program firmware image from disk to drive.
Manual Phase Opens Manual Phase tool. CME 2 User Guide.
View Scope Files Opens Trace Viewer window. CME 2 User Guide.
1/0 Line States Opens I/O Line States window.
CME 2 Lock/Unlock | Opens screen for locking and unlocking CME 2 User Guide.
CME 2 functionality.
ASCII Command Opens screen to accept ASCII format CME 2 User Guide.
Line commands.
Continued...
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...continued:
Menu Selection Description
Help CME 2 User Guide Opens the CME 2 User Guide.

All Documents

Opens the Doc folder in the CME 2 installation folder
(typically c://Program Files/Copley Motion/CME 2/Daoc).
This folder contains all of the related documents that were installed with CME 2.

Downloads Web
Page

Software Web Page

Opens default web browser with relevant pages from Copley Controls’ website.

View Release Notes

Opens latest CME 2 release notes in a text viewer.

About

Displays CME 2 version information.
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6.1.4: Functional Diagram

Using CME 2

The functional diagram, shown below, provides button-click access to most of the screens used to
configure a drive. It also indicates the flow of control from input, across all active control loops, to
motor/feedback. Only those control loop buttons that are appropriate to the operational mode
appear on the diagram.

Control Loops

Input # Output |

CWhi Contral Program I

-------- ]

|nput Command—> Digital Pozition Inputs |-i—b P Loop I—} W Loop |—b | Laop

ck

- éhﬂoton’Feedba

Home |

Configure Regen |

Configure Faults |

Name Description For More Information
Inout/Outout Opens Input/Output screen. Theory: Inputs (p. 46) and Outputs (p. 47).
P P Programming instructions: Drive Configuration (p. 113).
CVM Control Opens Copley Virtual Machine Copley Indexer Program User Guide.
Program screen.

Input Command

Configure the input command.

Button label varies depending on
the selected control loop input.

Theory: Input Command Types (p. 23).
Programming instructions: Basic Setup Screen (p. 99).

Control Loops

Each opens a control loop
configuration screen.

Theory: Operating Modes (p. 17).
Programming instructions: Current Loop (p. 138), Velocity
Loop (p. 142), and Position Loop (p. 144).

Motor/Feedback

Opens the Motor/Feedback
screen.

Theory: Feedback (p. 16).
Programming instructions: Motor/Feedback Setup (p. 102).

Home Configure and test homing. Home Function (p. 171).
Configure Opens Regen Resistor screen. Theory: Regen Resistor Theory (p. 48).
Regen Programming instructions: Regen Resistor (p. 122).

Configure Faults

Opens Fault Configuration
screen.

Theory: Faults (p. 41).
Programming instructions:
Non-Latched and Latched Custom Outputs (p. 120).
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6.1.5: Network Information and Status Bar

The Main screen displays basic network status information. The example below shows CAN
information:

CAR Metwaork:  Address: 1 State: Pre-operational

The Address field shows the drive’s present CAN, DeviceNet, EtherCAT or MACRO address. This
value is updated on +24 Vdc power-up or reset only (for more information, see CAN Addressing
(p. 32) or the Copley DeviceNet Programmer’s Guide. When the Position Loop Input is set to

CAN, the State field shows the state of the drive’s CANopen state machine (for more information,
see Copley Control's CANopen Programmer’s Manual).

The status bar describes the present commutation mode, motor type, and drive control status as

shown below. It also includes a reminder that pressing the F12 function key while CME 2 is
running disables the drive.

|5inusnidalCnmmtﬂatiun |R|:|targ.r M otor

Amp Sofware Disabled  F12ToDisable |
6.1.6: Choosing a drive from a List of Drives

If, as shown on left, below, there is only one serial port set up for communications with a drive,
CME 2 automatically attempts to connect to the drive on that port on CME 2 startup.

If, as shown at center, below, multiple PC serial ports have been set up for communications with

multiple drives, CME polls all the drives and displays their names in the Copley Neighborhood. To
choose a drive, click on the drive name.

If, as shown on right, below, one drive serves as a CME 2 multi-drop gateway for one or more
node drives, the node drives are indented under the gateway.

One drive:

Multiple drives: Multi-drop:

@EMEZ ¥3.1 (XSL-230-4

File Amplifier Tools He

\J Copley Neighbarhood

G CME 2 ¥3.2 Beta 2 Enging

File Amplifier Tools He

GCME 2 ¥4.0 (STP-075-07 ST

File  Amplfier  Took Help

GEOEEL S

[=-_4 Copley Neighborhood
=B vitual Amplifier

[ E m l;gi-' Err

2B comi: ACP

== Node 1: ACM
B Node 2: XE5L-1

LB wittual Amplifier

BB COnE: X Axis
B cotdd v Axis B Hode 10: X5L2
o BB COMS: Z Axis

6.1.7: Renaming a drive

Each drive represented in the Copley Neighborhood drive tree has a name. The default name for
a drive is unnamed. Use this procedure to rename a drive.

6.1.7.1 Choose Main Menu Drive>Rename to open the Rename Drive screen.
B

Enter the new name for this amplifier:

0K | Cancel |

6.1.7.2 Enter the new name.

6.1.7.3 Click OK to close the screen and save the new name
or click Cancel to close the screen without saving the name.

158 Copley Controls



Xenus Plus User Guide

Using CME 2

6.2: Manage Drive and Motor Data

6.2.1: Memory

To maintain drive and motor settings, the drive uses volatile RAM memory and non-volatile flash
memory. Data can also be saved to disk for backup and distribution.

Xenus RAM and Xenus Flash Memory

The drive’s RAM holds status data and certain user-entered information data during operation,
whereas flash memory permanently stores the data for loading into the drive’s RAM at power-up

or reset, as described below.

Xenus RAM

Xenus Flash

Volatile. Contents erased when amplifier is reset or
powered off.

Non-volatile. Contents retained when the amplifier is reset
or powered off.

Initial contents read from flash on power-up. Contents
then updated in real time to reflect certain operational
conditions and changes entered with CME 2 software. At
any time, the user can use CME 2 to restore data from
flash into amplifier RAM.

Modified only by using a Save to Flash tool or by closing
certain screens (Motor/Feedback, Basic Setup, or CAN
Configuration), whose contents are automatically saved to
flash upon closing of the screen.

How the Drive Uses RAM and Flash Memory

As described below, some data resides in flash only, some in RAM only, and some in both.

Data Resides In Data

Flash only

This category includes all data represented on the Motor/Feedback screen, Basic Setup screen,
and CAN Configuration screen. This data is automatically saved to flash as soon as its entry is
confirmed (when the user clicks the appropriate Save to Flash button, or closes the screen).

Flash and RAM

Includes all user-entered data represented on other screens, such as gains, limits, and 1/O, and
faults. Initial values for this data are factory-set in flash. They are loaded from flash to RAM with
each power-up or amplifier reset. This data is saved to flash only when a user clicks the
appropriate Save to Flash button. It is flushed from RAM with each power-down or drive reset.

RAM only

Includes operating status data such as actual position, actual current, and drive temperature.
Such data is never stored in flash. It is flushed from RAM with each power-down or drive reset.

6.2.2: Disk Storage

Drive Data Files and Motor Data Files

At any time, the user can save certain data from RAM and flash memory to a file on disk. From the
Main screen, the user can save all user-entered data represented on all screens (the data
described as Flash only and Flash and RAM on p. 159). This data is saved in a Copley Controls

drive data file with a .ccx filename extension.

From the Motor/Feedback screen, the user can save all data represented on the Motor/Feedback
screen. This data is saved in a Copley Controls motor data file with a .ccm filename extension.

A .ccx file can be restored to return the drive to a previous state or to copy settings from one drive
to another, as described in Quick Copy Setup Procedure (p. 161). This procedure can be
performed via a direct RS-232 serial connection or on node drives via the serial connection

gateway drive.
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6.2.3: Data Management Tools

Drive Data Management Tools

Operations performed using the drive data management tools at the top of the Main screen
(shown below) affect drive settings, including motor/feedback data. (CVM Control Program data is
not saved by these operations.)

{XSL-230-40 Xenus 1)
File  amplifier Tools Help

Oy e B EE [ B al

Drive Data Management Tools

The drive data management tools are described below.

Icon | Name Description
ﬂ Save amplifier Saves save all user-entered data represented on all screens from volatile and flash
data to disk memory to a disk file with a .ccx filename extension.

<l

Restore amplifier
data from disk

Restores amplifier and motor data from a .ccx file to the amplifier's volatile and flash
memory. Note that only certain data is saved to flash by this operation (the data described
as Flash only on p. 159). To assure that all data (including the data described as

Flash and RAM) is stored in flash, use the Save amplifier data to flash tool.

L+ |

Save amplifier
data to flash

Saves contents of amplifier RAM to amplifier flash memory.

ke |

Restore amplifier
data from flash

Restores contents the amplifier's flash memory to amplifier's volatile RAM.

To use a data management tool, click the icon and respond to prompts.

Motor Data Management Tools

Operations performed using the data management tools at the bottom of the Motor/Feedback
screen (shown below) affect only user-entered data that is represented on the Motor/Feedback
screen.

Motor/Feedback

Data Management Tools *

. T Calculatel 0K | cancel | ‘

The motor data management tools are described below.

Icon | Name Description
S t Saves only motor/feedback data from the PC to a disk file with a .ccm filename extension.
ﬂ d:éetg'gi;i Drive data that is not represented on the Motor/Feedback screen is not saved in this file,

and this operation does not affect any .ccx files.

<l

Restore motor
data from disk

Restores only motor data from a disk file with a .ccm filename extension to the PC. Drive
data that is not represented on the Motor/Feedback screen is not affected.

[+ |

Save motor
data to flash

Saves the contents of the Motor/Feedback screen from PC to the drive’s flash memory.
Drive data that is not represented on the Motor/Feedback screen is not saved. Can be

used to assure that all changes are saved to flash without closing the Motor/Feedback

screen.

S

Restore motor
data from
flash

Restores only motor data from the drive’s flash memory to the PC. Drive data that is not
represented on the Motor/Feedback screen is not affected. Can be used before closing the
Motor/Data screen to restore settings to the previously saved values.

To use a data management tool, click the icon and respond to prompts.
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6.2.4: Quick Copy Setup Procedure

Use this procedure to configure a drive/motor pair by copying a .ccx file that was prepared for the
drive/motor combination.

6.2.4.1

6.2.4.2

6.2.4.3
6.2.4.4

6.2.4.5

6.2.4.6

6.2.4.7

Make sure the drive is connected to the PC using the J5 RS-232 connector.
For wiring instructions, see RS-232 Serial Communications (J6) (p. 74).

L=k

Ele Amplfier Tools Help
Ay &8 2B [ B | o <l ol W
B4 Copley Neighborhaod CANM Network:  Address: 4  State: Pre-operational

o BB wirtual Amplifier

""" Input / Dutput

CAN Configuration |—; P Leep I—; ¥ Loap |—; 1Lecp I—g MetorFesdback |
Heme | Configure Regen | Configure Faults

[Sine Commutation Roktary Motar |Amp Under CAN Cantrol

ﬂ On the Main screen, click Restore drive data from disk.

When prompted, navigate to the folder containing the appropriate .ccx file.
Highlight the file name and then click Open to load the file data into volatile memory.

ﬂ On the Main screen, click Save to Flash to save the new settings to flash
memory.

If you do not need to load a CVM Control Program, skip to Step 6.2.4.7.

To load a CVM Control Program, choose File>Restore CVM Control Program.
When prompted, navigate to the folder containing the appropriate .ccp file.
Highlight the file name and then click Open to load the file data into flash memory.

This procedure also results in the setting of the Indexer 2 Program option Enable
Control Program on Startup. This configures the program to auto start when the drive is
powered up or reset.

If you do not need to load a set of Cam Tables, the process is complete.

To load a set of Cam Tables, choose File>Restore Cam Tables.

When prompted, navigate to the folder containing the appropriate .cct file.
Highlight the file name and then click Open to load the file data into flash memory.

TIP: When copying drive data to multiple drives in a production environment, consider locking
CME 2 to prevent accidental changes to settings. For more information on locking/unlocking CME
2, see the CME 2 User’s Guide.

Copley Controls 161



Using CME 2 Xenus Plus User Guide

6.2.5: Saving a MACRO File for Delta Tau Controllers

This feature is available only on Copley MACRO amplifiers such as the Accelnet MACRO, with a
minimum firmware version of 1.2.

6.2.5.1 On the CME 2 Main screen, choose File->Save MACRO File to open the MACRO File
Save window:

|
MACRO node: | i

[o]4 | Cancel |

6.2.5.2 Enter the ID of the MACRO node with the settings you want to save and click OK.
6.25.3  When prompted, enter a File Name. If needed, navigate from the default AmpData

folder to another folder where you wish to store the file.
6.254  Click Save to save the .pmc file in the same folder and close the screen.
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6.3: Downloading Firmware
6.3.1: Acquiring Firmware from Web Site (Optional)

Using CME 2

6.3.1.1

6.3.1.2
6.3.1.3

6.3.1.4

6.3.1.5

In an Internet browser, navigate to:
http://www.copleycontrols.com/Motion/Downloads/firmware.html

Under click on the appropriate Xenus firmware name.

When prompted, save the file to the Firmware Image folder in the CME 2 installation
folder.

(The default installation folder is
C:\Program Files\Copley Motion\CME 2\Firmwarelmage.)

The folder should now contain a file named Xenus_Firmware.zip.

Extract the contents of the zip file to the same location.
The folder should now contain the files Xenus_Firmware.zip and the latest .cff file.

If desired, delete Xenus_Firmware.zip to save disk space.
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6.3.2: Downloading Firmware to Drive

NOTE: Firmware can only be downloaded to a drive via a direct serial port connection between the
drive and the PC. CME 2 does not support downloading firmware to a node drive via a multi-drop
gateway drive.

6.3.2.1

6.3.2.2

6.3.2.3

6.3.2.4

6.3.2.5

164

On the Main screen choose Tools>Download Firmware to open the Download
Firmware window.

Download Firmware x|

@ Do vou want to save vour data before
downloading new firmware?

Mo | Cancel |

To download new firmware without saving drive and motor data, click No
and then proceed to Step 6.3.2.4.

To save drive and motor data for backup purposes before downloading firmware, click
Yes.

save amplifier Data x|

v Save Data To Disk
¥ Save Data To Flash

Cancel |

1 Use check marks to select whether to save to disk, flash, both, or neither.

2 Click OK to save data and continue to select a firmware image,
or click Cancel to continue without saving data.

3 If Save Data to Disk was checked, use the Save Drive Data to Disk screen to
browse to the folder where you want to save the .ccx file. Then enter a name in the
Name field. Then click Save.

When the Firmware Images window appears, proceed to Step 6.3.2.4.

Use the Firmware Images window to locate and select a firmware image file.

EFirmware Images x|

Look in I@ Firtwarelmage ;I P EE

File rame:  |ccelnet_4 32,01t Open |
Files of type IFirmware Itage Files (*.cff) LI Cancsl |

Click Open to begin the download.
(Or click Cancel to close the screen without downloading new firmware.)
A message window displays a series of progress messages:

Writing news firmware image
o 8%

When the message window closes, the firmware download is complete.
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6.4: Control Panel

6.4.1: Control Panel Overview

@I To access the control panel, click the Control Panel icon on the Main screen.
Each of the features labeled below is described in the following sections.

and operational mode
Econtrol Panel o ] 54 |
Status TMonitor

Red if fault i Motor Cutput: Active ILimited Position ﬂ
is active _— w % Hardware Enabled: Enabled
% Software Enabled: Enabled I.ﬁ.ctual Miotor Position LI
] ) X i Positive Limit: Mok Ackive
Yellow if warning _— ! i Megative Limit: Mok Active
is active o i Software Limits: Mok Ackive |Actual Matar Welocity LI - rpm
Display error log } E——— | * Mot?r Phase: [8]4 . - -
i Motion Abork Input: Mok Active Maode: Position, Digital Input
WM Control Pragram:  Mak Running
Home: Mok Referenced
A Statis; iz
taain Scheduling: Weloeity I 158.98  rpm
Message bOX—> Acceleration I 212 rps?

Control functions—»

Status indicators Monitor real-time amplifier values

Control Deceleration I 212 rps?

Set Zero Position |

| I~ Enable Jog Move NEG | Move POS |

Disable Clear Faults | Reset

T
Jog mode controls

6.4.2: Status Indicators and Messages

The Status area
lights indicate th

includes status indicator lights (described below) and a message box. All green
e drive is enabled and ready to accept motion commands.

Indicator States/Description

Motor Output State of the PWM output stage. Red if the output stage is inactive (disabled)
Hardware State of the hardware enable input(s). Red if one or more enable inputs are inactive.
Enabled

Software State of the software enable. Red if the drive is disabled by software.

Enabled

Positive Limit State of the positive limit switch input. Red indicates an activated positive limit switch.

Negative Limit

State of the negative limit switch input. Red indicates an activated negative limit switch.

Software Limits

State of the software limits. Red indicates an activated software limit.

Motor Phase

Indicates a motor phasing error. Red indicates a motor phasing error exists.

Motion Abort

State of the programmed Motion Abort Input. Red indicates the input is active.

Input

CVM Control Status of the CVM Control Program.

Program

Home Indicates whether the axis has successfully been referenced (homed).

CAN Status The status of the CAN Bus. Yellow indicates a CAN warning limit reached. Red indicates a bus
error detected. (If the CAN Status indicator is replaced by the DeviceNet Status indicator, see the
Copley DeviceNet Programmer’s Guide.)

Continued...
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...Continued

Gain Scheduling

Indicates whether Gain Scheduling is active. See the CME 2 User Guide.

Indicator

States/Description

Q9

The fault indicator goes red when a fault is active. Check the status message box for a description

of the most recent fault; Fault: Under ¥altage
Check the Error Log for a full history of faults and warnings.

AN

The warning indicator goes yellow when a warning is active. Check the status message box for a

description of the most recent: Warning: Pos Qukside of Tracking Window
Check the Error Log for a full history of faults and warnings.

Message Box

Displays status descriptions.

The message box below the indicators displays the most recent active fault or warning message.
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6.4.3: Control Panel Monitor Channels

Using CME 2

The Control Panel Monitor channels can display real-time values on up to three separate

variables.

Manitar

ICommanded Position LI counts
I.ﬁ.ctual Mator Position Ll counts
ILimited Position LI counts

Mode: Position, Digital Input

To set up a monitor display box, click in the list box and select a variable from the list.

Disabled disables the display. Other options represent the following drive values:

e Actual Current
Actual Motor Velocity
Actual Motor Position
Actual Load Velocity
Actual Load Position
Velocity Error

Following Error
Commanded Current
Commanded Velocity
Commanded Position
Profile Velocity
Profile Acceleration

Passive Load Position
Limited Position
Analog Command
Bus Voltage

Drive Temperature
Motor Phase Angle

Mode: Displays the drive’s present operating mode. In camming it also displays the active cam

table number.
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6.4.4: Control Functions

The Control area of the screen, shown here, provides functions related to overall drive control.
The screen options are different when the Position Loop Input is CAN.
Cantral

Enable | Set Zera Position |

Disabl= | Clear Faults | Reset |

Control the operational state of the drive using the buttons described below.

Control Description

Enable Click to software enable the drive.

Disable Click to software disable the drive.

Set Zero Position Click to set the drive’s actual position counter to zero.
Clear Faults Click to clear all drive faults.

Reset Click to reset the drive.

Risk of unexpected or uncontrolled motion.

Using the CME 2 Set Zero Position function while the drive is operating under
CANopen control could cause unexpected or uncontrolled motion.

Failure to heed this warning can cause equipment damage.
WARNING

6.4.5: Jog Mode
Jog mode provides a simple way to generate forward or reverse commands as described here:

6.4.5.1 To put the drive in jog mode, set the Enable Jog option.
6.4.5.2 Set up a jog move by setting the following mode-specific parameters:

Mode Parameter Description
Current Current Current applied to the motor. Limited by current loop Continuous Current.
Warning: Unloaded motors may, depending on torque setting, ramp up in
speed very quickly.
Current Ramp | The rate at which the current will increase and decrease.
Velocity | Jog Speed Velocity of the jog move. Limited by velocity loop Vel. Limit.
Position | Velocity Velocity of the jog move. Limited by velocity loop Vel. Limit.
Acceleration Acceleration limit of the jog move.
Deceleration Deceleration limit of the jog move.

6.4.5.3 Command the move.

Mode Steps

Current e Hold Pos to apply positive current to the motor or hold down Neg to apply negative current.
o Release the button to command zero current.

Velocity | e Hold Jog Pos to command a forward velocity or hold down Jog Neg to command a
negative velocity.
e Release the button to command zero velocity.

Position | e Hold Move Pos to generate a forward move profile or hold Move Neg to generate a
negative move profile.

o Release the button to stop movement.

NOTE: A position mode jog move continuously updates the commanded position. If a

following error develops with Following Error Fault is disabled, motion will not stop on button

release. Instead, it stops when actual position = commanded position.
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6.5: Manual Phasing
6.5.1: Manual Phase Objectives

The CME 2 Manual Phase tool lets the user phase a brushless motor, monitor signals, check
configuration wiring, and control a microstepping current vector.

6.5.2: Manual Phase Instructions, Quad A/B Encoder Xenus Plus

6.5.2.1 Make sure that no load is connected to the motor.
6.5.2.2 On the Main screen, choose Tools>Manual Phase to open Manual Phase.

Manual Phase x|
~Configurstion——————— [ Monitar
~Halls Mo faults.
Motor Phase iAngle
Invert Inpout: & Hall 3tate
Mu v w
Hall Wiring: |wvu -] eSS .120 BD.
: -30 U i L \
Hall Offzet: I deg . . . .180 0 .
—Maotor Feedback——— Hi Lo Lo 240 300
IV Inwert Ingut . .
Maotor Phase &ngle: 116 deg
rMator——————————| | Motor Feedhack: 10915 courts
v
7 Invert Qutot SctuslCurrent: U: -002 & v 003 A W 001 A

—Cantral

Ihcrermert Riate: I 90 elec deglz Set Lera Postion |
- I 0E
s o Tlorve Motor

" Enable % Disable Rey | v |

Restore Defaults | QK | Cancel

ik i “

" Disable

6.5.2.3 . ) . .
Verify the Current setting and then enable the amp by selecting Enable in the Control
area of the Manual Phase window.

fdave Motar
R Fved

To control the current vector rotation, command the motor forward or reverse.
NOTE: Some motors have bearings stiction, so helping the motor with mechanical
force is acceptable. Motors with no friction may need friction added to steady motion.

6.5.2.4 If the motor cannot keep up with the rate of vector rotation, then reduce the Increment
Rate or increase the Current.

6.5.25  Verify that pressing forward button moves motor forward. If it does not, toggle the
Motor Invert Output box setting.

6.5.2.6 Verify actual position count agrees with direction of rotation: increasing counts in
forward direction and decreasing counts in reverse direction. If it does not, toggle the
Encoder Invert Input box setting.
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6.5.2.7 Monitor the vector rotation through one electrical cycle for proper Hall transitions.

1 Verify that the red indicator rotates in the same direction as the motor phase angle,
and that the transition occurs when the needle is between indicators (+30 degrees,
as shown below).

Waotor Phaze dngle & Hall State

B an”
120 B0 Y
Wm0 * 0

240 300

2 If the needle and Hall states do not track properly, use the Hall Wiring list box
(shown below) to swap the drive’s Hall wire configuration.

—Halls

Imvert Input:

VIR I

Hall wiring [v UW |

LIy
Hall Offset: |y

Ereoder T

WL
] Irwvert It )

W LY

|—n|1 otor——— I

3 If the red indicator transition leads or lags behind the centered needle by more than
30 degrees, then try adjusting the Hall Offset in +/- 30 degree increments:

Hall Offset: [ Bl deg

6.5.2.8 Phasing of a motor with encoder and Halls is complete. Click OK.
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6.6: Home Function

6.6.1: Overview

The CME 2 Home function can be used to set and test homing parameters.
6.6.2: Homing Functions Settings

Home . . .
6.6.2.1 4| On Main screen, click Home to open the Homing screen.

6.6.2.2

6.6.2.3
6.6.2.4

6.6.2.5

Homing
Software Limits

Positive: 0 counts

Negative: 0/ counts

Method: | et Current Position &5 Harme »

Offeat:

East Yelocity: 400 | rpm
Slow Velocity: | Bl TR
dccel/Decel: | 25 ps?
Actual Position:

[ Test without home adjustments

Deceleration Rate:

Homing Adjustment:

]
0 rps?

0| counts

0 counts

counts

Select homing options described below.

Parameter

Description

Software limits: Positive

Software limits: Negative

Position of user-defined travel limits that take effect after homing operation.

Deceleration Rate

Deceleration rate used to stop a motor when approaching a software limit.

Software limits: Disable

Disables the use of software limits by setting both limits to zero.

Method

Homing method. See Homing Methods in the CME 2 User Guide.

Direction of Motion

Initial direction of motion for the homing method (Pos or Neg).

Fast Velocity

The velocity used to find a limit or home switch. Also used when moving to an
offset position, or a resolver or Servo Tube index position.

Slow Velocity

The velocity used to find a switch edge, incremental or analog encoder index
pulse, or hard stop.

Accel/Decel

The acceleration and deceleration rate used during homing.

Offset

Execute a move of this distance after the reference is found. Set actual
position to 0 and call the new position home.

Current Limit

Current Delay Time

Hard stop home is reached when the drive outputs the homing Current Limit
continuously for the time specified in the Delay Time.

Following Warning

Shows the programmed following warning level.

Actual Current

Shows actual current being applied to windings during homing.

Homing Adjustment

Displays the captured home adjustment value.

Test without home
adjustments

If selected the homing routine runs as normal with no adjustments made to
the home position. The homing adjustment value will be captured and
displayed.

Optionally click Home to begin a homing sequence.

To stop the homing sequence before it is completed, click Stop.

Click Save to save the settings to flash memory. Click Exit to close the screen.
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APPENDIX

A: REGEN RESISTOR SIZING AND
CONFIGURATION

This chapter describes the formulas used to determine if a regen resistor is required and what the
optimal resistor characteristics would be for a given application. For an overview of regeneration
and regen resistors, see Regen Resistor Theory (p. 48).

The contents of this chapter include:
Title

Page
AL SIZING @ REGEN RESISION .....ceiuitiii ittt ettt ettt e tb e e e s bb e e ekttt e o be e e e eabb e e e aa ket a4 be e e e e b b e e e as ket e e bbb e e e nnbeeesnbbeeeanneeas 174
A.2: Configuring @ CUSTOM REJEN RESISTON ........uiiiiiiiiiiiiie ettt e et se et e st bt e e bt e et e seneees 178
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A.l: Sizing a Regen Resistor

A.1.1: Gather Required Information

Calculating the power and resistance of the regen resistor requires information about the drive
and the rotary or linear motor application.

Al.1.1 For all applications, gather the following information:
1 Details of the complete motion profile, including times and velocities

2 Drive model number
3 Applied line voltage to the drive
4 Torque constant of the motor
5 Resistance (line-to-line) of the motor windings.
A1.1.2 For rotary motor applications, gather this additional information:
1 Load inertia seen by the motor
2 Inertia of the motor.
A1.1.3 For linear motor applications, gather this additional information:
1 Mass of the moving load

2 Mass of the motor forcer block if the motor rod is stationary
OR
Mass of the motor rod if the motor forcer block is stationary.

A.1.2: Observe the Properties of Each Deceleration During a Complete Cycle
of Operation

Al12.1 For each deceleration during the motion cycle, determine:
1 Speed at the start of the deceleration

2 Speed at the end of the deceleration
3 Time over which the deceleration takes place.
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A.1.3: Calculate Energy Returned for Each Deceleration

Use the following formulas to calculate the energy returned during each deceleration:
Rotary motor:
Edec= %2 J; (0012 - UJzz)
Where:

Eqc = Energy returned by the deceleration, in joules.

Jt = Load inertia on the motor shaft plus the motor inertia in kg m?.

w1 = Shaft speed at the start of deceleration in radians per second.
w2 = Shaft speed at the end of deceleration in radians per second.
w = 211 RPS.

Linear motor:
Egec= Y2 M; (Vl2 - V22)
Where:

Eqec = Energy returned by the deceleration, in joules.

M, = Total mass of the load and the moving part of the motor in kg.
V; = Velocity at the start of deceleration in meters per second.

V, = Velocity at the end of deceleration in meters per second.

A.1.4: Determine the Amount of Energy Dissipated by the Motor

Calculate the amount of energy dissipated by the motor due to current flow though the motor
winding resistance using the following formulas.

Protor = 3/4 Ryinding (F / Kt)°
Where:

Pmotor = Power dissipated in the motor in watts.
Ruinging = Line to line resistance of the motor.
F = Force needed to decelerate the motor:
Nm for rotary applications
N for linear applications
Kt = Torque constant for the motor:
Nm/Amp for rotary applications
N/Amp for linear applications

Emotor = Pmotor Tdecel

Where:

Emotor = ENergy dissipated in the motor in joules
Taecel = Time of deceleration in seconds

A.1.5: Determine the Amount of Energy Returned to the Drive

Calculate the amount of energy that will be returned to the drive for each deceleration using the
following formula.

Ereturned = Edec - Emotor
Where:

Erewmeda = ENergy returned to the drive, in joules
Eqc = Energy returned by the deceleration, in joules
Emotor = Energy dissipated by the motor, in joules
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A.1.6: Determine if Energy Returned Exceeds Drive Capacity

Compare the amount of energy returned to the drive in each deceleration with the drive's energy
absorption capacity. For related drive specifications, see Regen Circuit Output (p. 51).

For mains voltages not listed in the specification table, use the following formula to determine the
energy that can be absorbed by the drive.

Wcapacity =%C (Vregen2 - (1414 Vmains)z)
Where:

W_apacity = The energy that can be absorbed by the bus capacitors, in joules.
C = Bus capacitance in farads.

Viegen = Voltage at which the regen circuit turns on, in volts.

Vmains = Mains voltage applied to the drive, in volts AC.

A.1.7: Calculate Energy to be Dissipated for Each Deceleration

For each deceleration where the energy exceeds the drive’s capacity, use the following formula to
calculate the energy that must be dissipated by the regen resistor:

Eregen = Ereturned - Eamp
Where:
Eregen = Energy that must be dissipated in the regen resistor, in joules.
Erewmed = Energy delivered back to the drive from the motor, in joules.
Eamp = Energy that the drive will absorb, in joules.
A.1.8: Calculate Pulse Power of Each Deceleration that Exceeds Drive
Capacity
For each deceleration where energy must be dissipated by the regen resistor, use the following
formula to calculate the pulse power that will be dissipated by the regen resistor:

I:)pulse = Eregen / Tdecel
Where:

Pouse = Pulse power in watts.
Eregen = Energy that must be dissipated in the regen resistor, in joules.
Taecel = Time of the deceleration in seconds.

A.1.9: Calculate Resistance Needed to Dissipate the Pulse Power

Using the maximum pulse power from the previous calculation, calculate the resistance value of
the regen resistor required to dissipate the maximum pulse power: For related drive specifications,
see Regen Circuit Output (p. 51).

R= Vregen2 / I:)pulse max

Where:

R = Resistance in ohms.
Ppuise max = The maximum pulse power.
Viegen = The voltage at which the regen circuit turns on.

Choose a standard value of resistance less than the calculated value. This value must be greater
than the minimum regen resistor value specified in Regen Circuit Output (p. 51).
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A.1.10: Calculate Continuous Power to be Dissipated

Use the following formula to calculate the continuous power that must be dissipated by the regen
resistor. Use each deceleration where energy is dissipated by the regen resistor.

I:)cont = ( Eregen 1 + Eregen 2 + Eregen )/ Tcycle
Where:
Pent = The continuous power that will be dissipated by the resistor in watts.

Eregenn = Energy being dissipated during decelerations, in joules.
Teyce = Total cycle time in seconds.

Choose a resistor with a power rating equal to or greater than the calculated continuous power.
Verify that the calculated power value is less than the continuous regen power rating specified in
Regen Circuit Output (p. 51).

A.1.11: Select Fuses

For custom regen resistors, Cooper Bussman KLM fuses, or equivalent, should be selected. The
peak and continuous currents, as well as the peak current time, must be taken into consideration
for proper fuse selection. The duration of the peak current is the deceleration time (T gecer)
associated with the maximum pulse power regen event.

Use the following formulas to determine the minimum peak and continuous current ratings of the
fuse. For related drive specifications, see Regen Circuit Output (p. 51).

The peak current is determined by the chosen regen resistor value.
Ipeak = Vregen / Rregen
Where:

leak = The current though the regen resistor during regeneration in amps.
Viegen = The voltage at which the regen circuit turns on.
Rregen = The resistance value of the chosen regen resistor in ohms.

The continuous current is determined by the continuous regen power.
Icont= Pcont / Vregen
Where:

lcont = The minimum continuous current rating the fuse requires in amps.
Pent = The continuous power calculated in the previous step, in watts.
Viegen = The voltage at which the regen circuit turns on.
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A.2: Configuring a Custom Regen Resistor

A.2.1: Regen Configuration Objective and Warning
Configure the drive to operate properly with the custom resistor.

A

WARNING

Incorrect values may damage drive or external regen resistor.

For the regen 1T algorithms to work correctly, the values entered in the following
steps must be correct. Damage to the external regen resistor may result from
incorrect values entered. Damage to the drive may result if an incorrect resistance
value is entered.

Failure to heed this warning can cause equipment damage.

A.2.2: Regen Configuration Instructions

MI Click Configure Regen to open the Regen Resistor screen.

A221
|
& Fane
" ¥TL-RA-03
" RTL-RA-04
£ Cuskarn Resiskar Configure |
Wiew Sethings | ik | Cancel |
A222 If configuring a standard Copley Controls regen resistor, select the model number and
click Finish to save the configuration and close the screen.
Otherwise, continue Select Custom Resistor and then click Configure to open the
Custom Regen Configuration screen.
x|
Step 1:
Resistance: I |E 0 2
Continuous Power IW W Enter the resistance in Ohms.
A lm Wy The minimum value is: 15 Q
Th i lue is: 30000
Titme at Peak Bower: I 1000 S B MAMUM VSILE 13
= Eray | Mext = Cancel |
A223 Enter a Resistance within the range described on the screen. Click Next for Step 2.
x|
Step 2:
Fesistance: | 15| @ -
Continuous Pawer: l_m W Enter the continuous power rating in Watts.
S, I—D W The minimum value is: 2000
Th i lue is: 42500y
Time at Eeak Bower: I—U =] & masmum A 1s
= Prev | Mext = I Cancel |
178 Copley Controls



Xenus Plus User Guide 12T Time Limit Algorithm

A22.4 Enter a Continuous Power within the range described. Click Next for Step 3.
x
Step 3:
FEsistance: 0 L2

RIS BaaEr 300 4y Enter the peak power rating in Watts.

The minimum value is: 2000
Peak Power:

The maximum value is: 10000

Titne at Feak Fower: =

= Prev I Mext =

Ja

Cancel |

A2.25 Enter a Peak Power within the range described. Click Next for Step 4.
x|
P [ o Step 4:
Continuous Power IW W Enter the peak power duration in milliseconds.
Peak Pawer: m Wy The minimum value is: 40 mS
Time at Feak Fower l_ﬂ i The maximurm value is: 5000 mS

d

= Prev | Mext = Cancel |

A2.2.6 Click Next for Step 5.

xl
Step 5:
Fesistance: 0]

- ;
Continuous Power: 300 Wy Custom regen configuration is completel
Press Finish to acceptthe values entered and

fFeak Fower: SO s ave them to the amplifier's RAM and flash.

Ll

lime at Feak Fawer: 50y change any of the values press Prey

= Prev | Cancel |
A2.2.7 Review the configuration.
A2.2.8 Click Finish to save the configuration to volatile and flash memory and close the
screen.
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This page for notes.
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APPENDIX

B: |2T TIME LIMIT ALGORITHM

The current loop I°T limit specifies the maximum amount of time that the peak current can be
applied to the motor before it must be reduced to the continuous limit or generate a fault. This
chapter describes the algorithm used to implement the I°T limit.
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B.1: I°T Algorithm

B.1.1: I°T Overview

The I°T current limit algorithm continuously monitors the energy being delivered to the motor using
the I°T Accumulator Variable. The value stored in the I°T Accumulator Variable is compared with
the I°T setpoint that is calculated from the user-entered Peak Current Limit, I°T Time Limit, and
Continuous Current Limit. Whenever the energy delivered to the motor exceeds the I°T setpoint,
the algorithm protects the motor by limiting the output current or generates a fault.

B.1.2: I°T Formulas and Algorithm Operation

Calculating the I°T Setpoint Value

The I°T setpoint value has units of Amperes®-seconds (A”S) and is calculated from programmed
motor data. The setpoint is calculated from the Peak Current Limit, the 1T Time Limit, and the
Continuous Current Limit as follows:

I°T setpoint =
(Peak Current Limit* — Continuous Current Limit®) * I°T Time Limit

I°T Algorithm Operation

During drive operation, the I°T algorithm periodically updates the I°T Accumulator Variable at a
rate related to the output current Sampling Frequency. The value of the I°T Accumulator Variable
is incrementally increased for output currents greater than the Continuous Current Limit and is
incrementally decreased for output currents less than the Continuous Current Limit. The I°T
Accumulator Variable is not allowed to have a value less than zero and is initialized to zero upon
reset or +24 Vdc logic supply power-cycle.

Accumulator Increment Formula
At each update, a new value for the I°T Accumulator Variable is calculated as follows:

I°T Accumulator Variable .1 =
I>T Accumulator Variable ,
+(Actual Output Current ,.,> — Continuous Current Limit?) * Update period

After each sample, the updated value of the I°T Accumulator Variable is compared with the I°T
setpoint. If the I°T Accumulator Variable value is greater than the I°T Setpoint value, then the drive
limits the output current to the Continuous Current Limit. When current limiting is active, the output
current will be equal to the Continuous Current Limit if the commanded current is greater than the
Continuous Current Limit. If instead the commanded current is less than or equal to the
Continuous Current Limit, the output current will be equal to the commanded current.
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B.1.3: I°T Current Limit Algorithm — Application Example

I°T Example: Parameters

Operation of the I°T current limit algorithm is best understood through an example. For this
example, a motor with the following characteristics is used:

e Peak Current Limit—12 A
e ITTimelLimit—1S
e Continuous Current Limit — 6 A
From this information, the I°T setpoint is:
I°T setpoint = (12 A>-6 A%) * 1 S = 108 A’S
See the example plot diagrams on the next page.

Copley Controls 183



12T Time Limit Algorithm Xenus Plus User Guide

I°T Example: Plot Diagrams

The plots that follow show the response of a drive (configured w/ I°T setpoint = 108 A*S) to a
given current command. For this example, DC output currents are shown in order to simplify the
waveforms. The algorithm essentially calculates the RMS value of the output current, and thus
operates the same way regardless of the output current frequency and wave shape.

I°T current limit
16 I I
N e I N | R |_commanded| -
~ 121 |_actual
< 10 - /
° 81,7
4
2 -]
0
0 1 2 3 4 5 6 7
Time (S)
A)
I*T Accumulator
120
?/-)\ [ AES Ry s e Rl Il Sl pum—
@ 100 . //
< 80 4 |/
3 60 T IET Setpoint
S 1T Accumulator
c 40 4
o /
lL_ 20 T //
0
0 1 2 3 4 5 6 7
Time (S)
B)

At time 0, plot diagram A shows that the actual output current follows the commanded current.
Note that the current is higher than the continuous current limit setting of 6 A. Under this condition,
the 1°T Accumulator Variable begins increasing from its initial value of zero. Initially, the output
current linearly increases from 6 A up to 12 A over the course of 1.2 seconds. During this same
period, the I°T Accumulator Variable increases in a non-linear fashion because of its dependence
on the square of the current.

At about 1.6 seconds, the I°T Accumulator Variable reaches a value equal to the I°T setpoint. At
this time, the drive limits the output current to the continuous current limit even though the
commanded current remains at 12 A. The I°T Accumulator Variable value remains constant during
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the next 2 seconds since the difference between the actual output current and the continuous
current limit is zero.

At approximately 3.5 seconds, the commanded current falls below the continuous current limit and
once again the output current follows the commanded current. Because the actual current is less
than the continuous current, the I°T Accumulator Variable value begins to fall incrementally.

The I°T Accumulator Variable value continues to fall until at approximately 5.0 seconds when the
commanded current goes above the continuous current limit again. The actual output current
follows the current command until the I°T Accumulator Variable value reaches the I°T setpoint and
current limiting is invoked.
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APPENDIX
C: THERMAL CONSIDERATIONS

This chapter describes operating temperature characteristics, heatsink options, and heatsink mounting
instructions. Contents include:

C.1: Operating Temperature and Cooling CONfIQUIALIONS ..........uiiiiiiiiiiiiie et e e 188
C.1.2: Heatsink and Fan CONFIQUIALIONS .........coiuuiiiiiiiieiiie ettt ettt et e e e bb e e e sa e e e s be e e anbb e e e sabeeesnbneeennnne 189
C.2: HeatSink MOUNEING INSTIUCTIONS .....c.viiiiiiiie ittt ettt e e et e e e et e st e e e e eiba e e s e e e e sabeeeeaaans 190
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C.1: Operating Temperature and Cooling Configurations

The following charts show the maximum allowable ambient temperature of Xenus Plus drives for a
variety of operating conditions and cooling configurations. The cooling options are for Xenus Plus
drives with no heatsink, with the low profile heatsink and with the standard heatsink all with and
without forced-air cooling. The operating conditions considered cover a range of continuous output
currents at both 120 Vac and 240 Vac mains voltages.

Model XEL/XML/XPL-230-18 (-R) Mains 120 Vac

Mains 120 Vac Mains 240 Vac
60 ) 60
2 2 Low Profile ‘ 3 3 Allother
) — —  Heatsink * ) — heatsink/fan
g Pt < \\ | combinations
o 50 . o 50 N
3 1 No Heatsink 3 N 2 enable_
© © \ operation at
g g 1 55°C
S 40 * All other g 40 Low Profil
e heatsink/fan @ 2 How _rc|>( ile
= combinations = eatsin
2 30 enable 2 30
o) . Qo .
S operation at € 1 No Heatsink
< 55°C <
20 20
1 2 3 4 5 6 1 2 3 4 5 6
Continuous Output Current (Adc) Continuous Output Current (Adc)
Model XEL/XML/XPL-230-36 (-R)
Mains 120 Vac Mains 240 Vac
60 60
o ’_\ 375 Standard ~ ’_L 5 Standard
e \ N [4] " Heatsinkwitan g 0 NL N5 | ° Heatsink w/fan
o 50 \ Nd 3 Low Profile g N 4 4 Low Profile
% Heatsink w/fan =] \\ Heatsink w/fan
g 40 2773 Low Profile_Heatsink 3 40 \\\ Low Profile Heatsink
g \\ or no Heatsink w/fan g \3 or no Heatsink w/fan
= N 1 , Standard = P 7, Standard
S 30 N\ Heatsink S 30 | | “ Heatsink
3 N <] 1
[ N1 No Heatsink € 1 No Heatsink
< A <
20 20
123456 789101112 1 234567 89101112
Continuous Output Current (Adc) Continuous Output Current (Adc)
Model XEL/XML/XPL-230-40 (-R)
Mains 120 Vac Mains 240 Vac
60 60,
— | 5 Standard L ’ Standard
O N Heatsink w/fan O ‘\ Heatsink w/fan
% 50 R 5 Low Profile g 50 \\ Low Profile
§ \ 4\ ——  Heatsink w/fan 5 \ Heatsink w/fan
8_ 40 Low Profile Heatsink L 40 \ 5 Low Profile Heatsink
S 3 or no Heatsink w/fan IS \ 3 or no Heatsink w/fan
[a) @) 4
= 1\ 5 \ , Standard = A \\3 |, Standard
3 30 A\ Heatsink & 30 S Heatsink
o . o 2 .
[S | 1 No Heatsink € | 1 No Heatsink
< <
20 20
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
Continuous Output Current (Adc) Continuous Output Current (Adc)

The various cooling configurations are shown on the following page.
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C.1.2: Heatsink and Fan Configurations

No Heatsink
No Fan With Fan*

Low-Profile Heatsink
No Fan

Standard Heatsink
No Fan

)

LA
|

* Select a 4.25-inch square fan that supplies forced air at a minimum rate of 300 linear feet per
minute
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C.2: Heatsink Mounting Instructions

A dry film interface pad is used in place of thermal grease. The pad is die-cut to shape and has
holes for the heat sink mounting screws. There are two protective sheets, blue on one side and
clear on the other. Both must be removed when the interface pad is installed.

c.2.1 Remove the blue protective sheet from one side of the pad.

Clear Protective Sheet
(Discard)

Dry Film
Interface Pad

Blue Protective Sheet

(Discard)
c.2.2 Place the interface pad on the drive, taking care to center the pad holes over the
heatsink mounting holes.
c.23 Remove the clear protective sheet from the pad.
C.2.4 Mount the heatsink onto the drive taking care to see that the holes in the heatsink,
interface pad, and drive all line up.
C.2.4 Torque the #6-32 mounting screws to 8~10 Ib-in (0.9~1.13 Nm).

#6-32 Mounting Screws

Heatsink

Dry Film Interface Pad

Xenus Amplifier

NOTE: The drawing shows the standard heatsink kit but the mounting instructions
given are valid for the low profile heatsink kit as well.
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D: XENUS FILTER

This chapter provides an overview of the Model XTL-FA-01 edge filter.

The contents of this chapter include:

Title
D0 IR O Y=Y 1= PP RPRPTRRPR
D.2: XTL-FA-01 Edge Filter Specifications ...
D.3: ThermMal CONSIAEIALIONS ........ooiieiiiieiiie ettt s e et e e s e e st e e b e e e s r e e aer e e E e e e sn e e nmeeenr e e sreeenmeeenneenneeenneens
D.4: XTL-FA-01 Edge Filter Dimensions
D.5: XTL-FA-01 Edge Filter Wiring ...........
D.6: XTL-FA-01 Edge Filter Ordering
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D.1: Overview
The XTL-FA-01 edge filter can be used to minimize noise on the output of any Xenus drive.

D.1.1: Differential and Common Mode Filtering

Most noise is capacitively coupled from the motor power cable to neighboring cables. To minimize
this noise, the XTL-FA-01 edge filter uses both differential edge filtering and common mode
filtering. Differential edge filtering reduces the high frequency component of the PWM signal, thus
producing a signal with less energy that can be coupled during transmission. Common mode
filtering reduces the unnecessary common mode noise generated by PWM signals.

D.1.2: Description and Functional Diagram

The differential filter increases the rise time by at least a factor of 3, substantially reducing noise in
the system. Copley Controls drives typically have a 150 ns-rise time (high frequency component in
the MHz range). Thus, the edge filter can increase rise time to 500 ns, reducing the high
frequency noise emissions by the square law. The differential filter is designed with 82 uH
inductors and a proprietary passive circuit. The inductance will provide a total of 164uH in series
with the load, helping to reduce ripple current. This brings low inductance motors into the required
range.

The common mode filter is designed with a 220 uH common mode toroid that works with the cable
capacitance to earth ground to remove common mode switching noise.

Amp | g 3] | Motor]

Uil J2-4

1 - ¥
Vi : 82UH§ v i :
11313 | YY" ||J2-3 —

82uH
—.’T‘o’\"——f\ﬁ(‘(g_

Wi 82uH Wi
1r]J1-2 J2-2 ¥
‘,- Common Differential '! Case GND
J1-1 Mode H  Mode HJ2-1 —8{----------- .
= = h

D.1.3: PWM Output Plot

H
)
=3

|
|
|
|
|
|
|
-I

= === RawPWM
— Filtered

~4— 500ns
150ns
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Xenus Filter

D.2: XTL-FA-01 Edge Filter Specifications

Inout Voltage, maximum 373 Vdc
npu
P Current, maximum 20 Adc
Voltage, maximum 373 Vdc
Output -
Current, maximum 20 Adc

Peak Current/Peak Current Time

40 Adc for 1 second

Rise/Fall Time

500 nS (typical)

Differential Mode Inductance

82 pH per phase, 162 uH phase-phase (nominal)

Common Mode Inductance

220 pH (nominal)

Nominal Resistance

27 milliohms per leg, 54 milliohms phase-phase (nominal)

Agency Approvals

UL508C, EN60204, RoHS

Weight

11b. 11 oz.

D.3: Thermal Considerations

Cooling Requirements

When used with XEL/XML/XPL-230-18 or XEL/XML/XPL-230-36 drives, the XTL-FA-01 operates
below maximum temperature values, and thus requires no cooling fan.

When used with XEL/XML/XPL-40 drives running continuous currents greater than 12 Adc,
the XTL-FA-01 should be cooled with an external fan. The fan should have a flow rate of at least
110 CFM. The filter has been tested using the Comair Rotron MD24B2 24 Vdc powered fan.

Fan Mounting Guidelines

Most of the filter's heat is transferred to ambient air, rather than through the heat plate. Thus, it is
very important to mount the filter and fan in such a way that the fan can blow up through the filter's
cover slots. Mount the filter on edge and mount the fan below it so that it blows up through the

cover slots.

There is no heatsink option for the XTL-FA-01 edge filter.
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D.4: XTL-FA-01 Edge Filter Dimensions

The following diagram shows the mounting dimensions of the XTL-FA-01 Edge Filter.

FROM

TO
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Xenus Plus User Guide
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D.5: XTL-FA-01 Edge Filter Wiring

This section describes the wiring of the XTL-FA-01 Edge Filter.

D.5.2: Electrical Codes and Warnings

Xenus Filter

Be sure that all wiring complies with the National Electrical Code (NEC) or its national equivalent,
and all prevailing local codes.

DANGER

DANGER

WARNING

Copley Controls

DANGER: Hazardous voltages.

Exercise caution when installing.

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

Risk of electric shock.
High-voltage circuits on Xenus J1, J2, and J3 and on Filter J1 and J2 are connected
to mains power.

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

Do not ground mains-connected circuits.

With the exception of the ground pins on Xenus J1, J2, and J3 and on Filter J1 and
J2, all of the other circuits on these connectors are mains-connected and must never
be grounded.

Failure to heed this warning can cause equipment damage.
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D.5.2: Connector Locations

Edge Filter J1 connects to Xenus J2. Edge Filter J2 connects to the motor.

£a0M
AMPLINER
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D.5.3: Cable Notes

Xenus Filter

1 Keep the Edge Filter J1 to Xenus J2 cable as short as possible. A typical length is 7 inches.
2 To reduce noise, twisted shielded cable must be used and the signal cables should not be

bundled in the same conduit.
D.5.4: Input (J1) From Drive

Mating Connector

Description

Euro-style, 5 position, 5.0 mm pluggable female terminal block

Manufacturer PN

Wago 51118042 or 721-105/026-047/RN01-0000

Wire Size

22 -12 AWG

Recommended Wire

12 AWG, 600 V
(Shielded cable used for CE compliance)

Wire Insertion/Extraction Tool

Wago 231-131

Connector and tool are included in Connector Kit XTL-FK.

Pin Description

Pin | Signal Function

Ground Chassis ground and cable shield
2 Phase W Phase W input from drive
3 Phase V Phase V input from drive (use for DC motor connection)
4 Phase U Phase U input from drive (use for DC motor connection)
5 No connection

D.5.5: Output (J2) To Motor

Mating Connector

Description

Euro-style, 4 position, 5.0 mm pluggable female terminal block.

Manufacturer PN

Wago 51118008 or 721-104/026-047/RN01-0000

Wire Size

22-12 AWG

Recommended Wire

12 AWG, 600 V
(Shielded cable used for CE compliance)

Wire Insertion/Extraction Tool

Wago 231-131

Connector and tool are included in Connector Kit XTL-FK.

Pin Description

Pin | Signal Function
Ground Chassis ground and cable shield
2 Phase W Phase W output to motor
3 Phase V Phase V output to motor (use for DC motor connection)
4 Phase U Phase U output to motor (use for DC motor connection)

Copley Controls
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D.5.6: Diagram: Edge Filter Wiring with Brushless Motor

Xenus Plus User Guide

Amplifier Filter
Brushless
o J1-5 Motor
32-4 |2 14| | 324 | A
323 Y 1.3 | |92-3 | B
22 e W L Ino| {022 | <
L Lo L L
J2-1 = — Ji-1| |J2-1 = = Case
T \ ] Ground
D.5.7: Diagram: Edge Filter Wiring with Brush Motor
Amplifier Filter
Brush
Lo J1-5 S Motor
Lo Co +
323 |2 ——1J1-3 | 323 | - -
322 : a2 | 322 Lo
L L ' X
= = C Case
J2-1 4| 321 :
Ji-1 ] Ground

e

—

N
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D.6: XTL-FA-01 Edge Filter Ordering

Xenus Filter

Filter
Model Description
XTL-FA-01 Xenus Edge Filter

Connector Kit

Model Qty Ref Description Mfr. Model No.
1 Jl Plug, 5 position, 5.0 mm, female Wago 51118042 or
721-105/026-047/RN01-0000
XTL-FK 1 J2 | Plug, 4 position, 5.0 mm, female | Wago 51118008 or 721-104/026-047/RN01-0000
2 - Insertion / Extraction Tool Wago 231-131

Copley Controls
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APPENDIX

E: CONNECTING XPL FOR SERIAL
CONTROL

This chapter describes how to connect one or more XPL drives for control via the RS-232 bus on
one of the drives.
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E.1: Single-Axis and Multi-Drop

An XPL drive’s RS-232 serial bus can be used by CME 2 for drive commissioning. The serial bus
can also be used by an external control application (HMI, PLC, PC, etc.) for setup and direct serial
control of the drive. The control application can issue commands in ASCII format.

For experimentation and simple setup and control, a telnet device such as the standard Microsoft
Windows HyperTerminal can also be used to send commands in ASCII format. For more
information, see Copley Controls ASCIlI RS-232 User Guide.

The serially connected drive can also be used as a multi-drop gateway for access to other drives
linked in a series of CAN bus connections.

Instructions for hooking up a single-axis connection and a multi-drop network appear below.
E.1.2: Single-Axis Connections

For RS-232 serial bus control of a single axis, set the CAN node address of that axis drive to zero
(0). Note that if the CAN node address is switched to zero after power-up, the drive must be reset
or power cycled to make the new address setting take effect.

Serial Copley Amplifier
PC, PLC, or HMI COM port . SER-CK "Serial Cable Kit" P _y p CAN »
9pin D-sub with ASCII @:
for ASCII Control for RS-232 ADDR v
RS-232 0
ADDRESS MUST BE SET
TO ZERO BEFORE

POWER-UP OR RESET.

E.1.3: Multi-Drop Network Connections

A serially connected XPL drive can be used as a multi-drop gateway for access to other XPL
drives linked in a series of CAN bus connections. Set the CAN node address of the serially
connected drive (gateway) to zero (0). Assign each additional drive in the chain a unigue CAN
node address value between 1 and 127. For more information on CAN node address assignment,
see CAN Addressing (p. 32) and CAN Interface (p. 128). Use 120 Ohms termination on the first
and last drive.

TERMINATION MUST BE 120 Ohm
USED ON FIRST AND LAST Terminator
NODE

for ASCII Control for RS-232 with ASCIl RS-232 ADDR

Serial . : o
SER-CK "Serial Cable Kit"
PC,PLC, orHMI | S8 o bsub i i Copley Amplifier  cAN S
0

CAN Network Cable UTP CAT.5E Gigabit Ethernet

CAN CAN Port CAN CAN Port CAN CAN Port
ADDR ADDR ADDR
1 T

ADDRESSES MUST BE 120 Ohm
SET BEFORE POWER-UP Terminator
OR RESET.
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APPENDIX

F: ORDERING GUIDE AND ACCESSORIES

This chapter lists part numbers for drives and accessories. Contents include:

F.2: Accessory Model Numbers

SRS N @] (o [ o 1o o] O SO PP OPPRTP 207

F.4: Copley Standard Regen ReSiStOr SPECIfICALIONS. .........cciiiiiiiiiiiiii e 208
F.5.1: Specifications
F.4.2: Dimensions
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F.1: Drive Model Numbers

XEL
Model Number Description
XEL-230-18 Xenus Plus EtherCAT Servo drive 6/18 A

XEL-230-18-HL

Xenus Plus EtherCAT Servo drive 6/18 A with factory-fitted, low-profile heatsink

XEL-230-18-HS

Xenus Plus EtherCAT Servo drive 6/18 A with factory-fitted, standard heatsink

XEL-230-36

Xenus Plus EtherCAT Servo drive 12/36 A

XEL-230-36-HL

Xenus Plus EtherCAT Servo drive 12/36 A with factory-fitted, low-profile heatsink

XEL-230-36-HS

Xenus Plus EtherCAT Servo drive 12/36 A with factory-fitted, standard heatsink

XEL-230-40

Xenus Plus EtherCAT Servo drive 20/40 A

XEL-230-40-HL

Xenus Plus EtherCAT Servo drive 20/40 A with factory-fitted, low-profile heatsink

XEL-230-40-HS

Xenus Plus EtherCAT Servo drive 20/40 A with factory-fitted, standard heatsink

XEL-230-18-R

Xenus Plus EtherCAT Servo drive 6/18 A with resolver feedback

XEL-230-18-R-HL

Xenus Plus EtherCAT Servo drive 6/18 A with resolver feedback and factory-fitted, low-profile heatsink

XEL-230-18-R-HS

Xenus Plus EtherCAT Servo drive 6/18 A with resolver feedback and factory-fitted, standard heatsink

XEL-230-R-36

Xenus Plus EtherCAT Servo drive 12/36 A with resolver feedback

XEL-230-36-R-HL

Xenus Plus EtherCAT Servo drive 12/36 A with resolver feedback and factory-fitted, low-profile heatsink

XEL-230-36-R-HS

Xenus Plus EtherCAT Servo drive 12/36 A with resolver feedback and factory-fitted, standard heatsink

XEL-230-40-R

Xenus Plus EtherCAT Servo drive 20/40 A with resolver feedback

XEL-230-40-R-HL

Xenus Plus EtherCAT Servo drive 20/40 A with resolver feedback and factory-fitted, low-profile heatsink

XEL-230-40-R-HS

Xenus Plus EtherCAT Servo drive 20/40 A with resolver feedback and factory-fitted, standard heatsink

NOTE: Heatsink kits

may be ordered separately.

XPL
Model Number Description
XPL-230-18 Xenus Plus Standard Servo drive 6/18 A

XPL-230-18-HL

Xenus Plus Standard Servo drive 6/18 A with factory-fitted, low-profile heatsink

XPL-230-18-HS

Xenus Plus Standard Servo drive 6/18 A with factory-fitted, standard heatsink

XPL-230-36

Xenus Plus Standard Servo drive 12/36 A

XPL-230-36-HL

Xenus Plus Standard Servo drive 12/36 A with factory-fitted, low-profile heatsink

XPL-230-36-HS

Xenus Plus Standard Servo drive 12/36 A with factory-fitted, standard heatsink

XPL-230-40

Xenus Plus Standard Servo drive 20/40 A

XPL-230-40-HL

Xenus Plus Standard Servo drive 20/40 A with factory-fitted, low-profile heatsink

XPL-230-40-HS

Xenus Plus Standard Servo drive 20/40 A with factory-fitted, standard heatsink

XPL-230-18-R

Xenus Plus Standard Servo drive 6/18 A with resolver feedback

XPL-230-18-R-HL

Xenus Plus Standard Servo drive 6/18 A with resolver feedback and factory-fitted, low-profile heatsink

XPL-230-18-R-HS

Xenus Plus Standard Servo drive 6/18 A with resolver feedback and factory-fitted, standard heatsink

XPL-230-R-36

Xenus Plus Standard Servo drive 12/36 A with resolver feedback

XPL-230-36-R-HL

Xenus Plus Standard Servo drive 12/36 A with resolver feedback and factory-fitted, low-profile heatsink

XPL-230-36-R-HS

Xenus Plus Standard Servo drive 12/36 A with resolver feedback and factory-fitted, standard heatsink

XPL-230-40-R

Xenus Plus Standard Servo drive 20/40 A with resolver feedback

XPL-230-40-R-HL

Xenus Plus Standard Servo drive 20/40 A with resolver feedback and factory-fitted, low-profile heatsink

XPL-230-40-R-HS

Xenus Plus Standard Servo drive 20/40 A with resolver feedback and factory-fitted, standard heatsink

NOTE: Heatsink kits

may be ordered separately.
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XML
Model Number Description
XML-230-18 Xenus Plus MACRO Servo drive 6/18 A

XML-230-18-HL

Xenus Plus MACRO Servo drive 6/18 A with factory-fitted, low-profile heatsink

XML-230-18-HS

Xenus Plus MACRO Servo drive 6/18 A with factory-fitted, standard heatsink

XML-230-36

Xenus Plus MACRO Servo drive 12/36 A

XML-230-36-HL

Xenus Plus MACRO Servo drive 12/36 A with factory-fitted, low-profile heatsink

XML-230-36-HS

Xenus Plus MACRO Servo drive 12/36 A with factory-fitted, standard heatsink

XML-230-40

Xenus Plus MACRO Servo drive 20/40 A

XML-230-40-HL

Xenus Plus MACRO Servo drive 20/40 A with factory-fitted, low-profile heatsink

XML-230-40-HS

Xenus Plus MACRO Servo drive 20/40 A with factory-fitted, standard heatsink

XML-230-18-R

Xenus Plus MACRO Servo drive 6/18 A with resolver feedback

XML-230-18-R-HL

Xenus Plus MACRO Servo drive 6/18 A with resolver feedback and factory-fitted, low-profile heatsink

XML-230-18-R-HS

Xenus Plus MACRO Servo drive 6/18 A with resolver feedback and factory-fitted, standard heatsink

XML-230-R-36

Xenus Plus MACRO Servo drive 12/36 A with resolver feedback

XML-230-36-R-HL

Xenus Plus MACRO Servo drive 12/36 A with resolver feedback and factory-fitted, low-profile heatsink

XML-230-36-R-HS

Xenus Plus MACRO Servo drive 12/36 A with resolver feedback and factory-fitted, standard heatsink

XML-230-40-R

Xenus Plus MACRO Servo drive 20/40 A with resolver feedback

XML-230-40-R-HL

Xenus Plus MACRO Servo drive 20/40 A with resolver feedback and factory-fitted, low-profile heatsink

XML-230-40-R-HS

Xenus Plus MACRO Servo drive 20/40 A with resolver feedback and factory-fitted, standard heatsink

NOTE: Heatsink kits may be ordered separately.
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F.2: Accessory Model Numbers

Software
Model Description
CME2 CME 2 Drive Configuration Software (CD-ROM)
CML Copley Motion Libraries (CD-ROM)
CMO Copley Motion Objects (CD-ROM)
Connector Kit with Solder-Cup Feedback and Control Connectors
Model Qty Ref Description Mfr. Model No.
1 J1 Plug, 4 position, 7.5 mm, female Wago: 51118287 or
721-204/026-045/RN01-0000
1 J2 Plug, 4 position, 5.0 mm, female Wago: 51118008 or
721-104/026-047/RN01-0000
1 J3 Plug, 5 position, 5.0 mm, male Wago: 51111279 or
721-605/000-044/RN01-0000
1 J4 Plug, 3 position, 5.0 mm, female Wago: 51117974 or
721-103/026-047/RN01-0000
4 - Tool, wire insertion and extraction Wago: 231-131
XEL-CK 1 Connector, D-Sub, 9-position, male, solder cup Norcomp: 171-009-103L001
XPL-CK J5
XML-CK 1 Backshell, D-Sub, RoHS, metallized, for above Norcomp: 979-009-020R121
1 Connector, high-density D-Sub, 26 position, female, Norcomp: 180-026-203L001
J8 solder cup
1 Backshell, D-Sub, RoHS, metallized, for above Norcomp: 979-015-020R121
1 Connector, high-density D-Sub, 15 position, male, Norcomp: 180-015-103L001
9 solder cup
1 Backshell, D-Sub, RoHS, metallized, for above Norcomp: 979-009-020R121
1 Connector, High Density D-Sub Male Norcomp: 180-026-103L001
J10 26 position, solder-cup
1 Backshell, D-Sub, RoHS, metallized, for above Norcomp: 939-015-020R121
CANopen Connector Kit (XPL)
Model Qty Ref Description | Mfr. Model No.
1 J7 Sub-D 9-position female to RJ-45 adapter
XPL-NK 1 37 CAN bus Network Cable, 10 ft (3 m)
1 CAN bus RJ-45 Network Terminator
Individual Cable Assemblies (and Related Accessories)
Model Ref Description Mfr. Model No.
SER-CK J6 RS-232 Serial Cable Kit (for connecting PC to drive)
XPL-CV J7 Sub-D 9-position female to RJ-45 adapter (PC to CANopen cable adapter)
XPL-NC-10 CAN bus Network Cable, 10 ft (3 m)
XPL-NC-01 J7 CAN bus Network Cable, 1 ft (0.3 m)
XPL-NT CAN bus Network Terminator
XEL-NC-10 37 EtherCAT Network Cable, 10 ft (3 m)
XEL-NC-01 EtherCAT Network Cable, 1 ft (0.3 m)
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Heatsink Kit, Low Profile

Ordering Guide and Accessories

Model Qty Description

XEL-HL 1 Heatsink, low-profile

XPL-HL 1 Heatsink thermal material
XML-HL 1 Heatsink hardware mounting kit

Heatsink Kit, Standard

Model Qty Description

XEL-HS 1 Heatsink, standard

XPL-HS 1 Heatsink thermal material
XML-HS 1 Heatsink hardware mounting kit

Regen Resistor Assemblies

Model Description
XTL-RA-03 Regen Resistor Assembly (for use with XEL/XML/XPL-230-18)
XTL-RA-04 Regen Resistor Assembly (for use with XEL/XML/XPL-230-36 and XEL/XML/XPL-230-40)
Edge Filter
Model Description
XTL-FA-01 Xenus Edge Filter
XTL-FA-01 Edge Filter Connector Kit
Model Qty Ref Description Mfr. Model No.
1 J1 Plug, 5 position, 5.0 mm, female Wago: 51118042 or 721-104/026-047/RN01-0000
XTL-FK 1 J2 Plug, 4 position, 5.0 mm, female Wago: 51111277 or 721-105/026-047/RN01-0000
2 - Insertion / Extraction Tool Wago 231-131

F.3: Order Example

Order 1 XEL-230-18 drive with standard heatsink fitted at the factory, Connector Kit, CME 2 CD,

and serial cabl

e kit:

Qty | Item

Description

1 | XEL-230-18-HS

Xenus Plus EtherCAT Servo drive with standard heatsink installed

1 | XEL-CK Connector Kit with solder cup connectors
1| CME2 CME 2 CD
1 | SER-CK Serial Cable Kit for connecting the PC to the drive

Copley Controls
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F.4. Copley Standard Regen Resistor Specifications

F.5.1: Specifications
Specifications for Copley’s standard regen resistors are described below.

Model Resistance | Default Max Peak Peak For Use With
Continuous Power | Continuous Power Power
Power Time

XTL-RA-03 | 30 ohms 65 W 400 W 5 kw 1000 ms XEL/XML/XPL-
230-18
XEL/XML/XPL-
230-18-R

XTL-RA-04 | 15 ohms 65 W 400 W 10 kW 1000 ms XEL/XML/XPL-
230-36
XEL/XML/XPL-
230-36-R
XEL/XML/XPL-
230-36-S
XEL/XML/XPL-
230-40
XEL/XML/XPL-
230-40-R

High Temperature Risk.

Setting Default Continuous Power for a standard Copley regen resistor to a value greater
than the default of 65 W may cause the resistor casing to heat to temperatures that could
cause injury. If higher settings are required, contact Copley Controls customer support.

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

F.4.2: Dimensions
The diagram below shows XTL-RA-03 and XTL-RA-04 mounting dimensions (in mm).
4.3¢ hole
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	J10 Pin Description Quad A/B Incremental Encoder
	J10 Pin Description Resolver Xenus (-R)
	Quad A/B Incremental Encoder Wiring Diagram
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	5: Quick Setup with CME 2
	5.1: Warnings
	5.2:  CME 2 Installation and Serial Port Setup
	5.2.1: Requirements
	Computer Requirements
	Communication Requirements
	Software Requirements
	Operating System Requirements

	5.2.2: Special Notes for Windows 7 and Vista Users
	5.2.3:  Downloading Software from Web (Optional)
	5.2.3.1 Choose or create a folder where you will download the software installation file.
	5.2.3.2 In an internet browser, navigate to http://www.copleycontrols.com/Motion/Downloads/index.html
	5.2.3.3 Under Software Releases, click on CME 2.
	5.2.3.4 When prompted, save the CME2.zip file to the folder chosen or created in  Step 5.2.3.1.
	5.2.3.5 Extract the contents of the zip file to the same location.
	5.2.3.6 If desired, delete CME2.zip to save disk space.

	5.2.4: Installing CME 2 Software
	5.2.4.1 If installing from a CD, insert the CD (Copley Controls part number CME2).
	5.2.4.2 If the software installation file was downloaded from the Copley Controls website, navigate to the folder chosen or created in Step 5.2.3.1, and then double-click on Setup.exe OR  if you inserted the CD and the CME 2 Installation screen did not app]
	5.2.4.3 Respond to the prompts on the CME 2 Installation screens to complete the installation. We recommend accepting all default installation values.

	5.2.5:  Serial Port Setup
	5.2.5.1 Start CME 2 by double-clicking the CME 2 shortcut icon on the Windows desktop:
	5.2.5.2 If the CME 2 Main screen appears instead of Select device,  choose Tools(Communications Wizard.
	5.2.5.3 Choose Serial Ports and click Next to open the Communications Wizard Select Ports screen.
	5.2.5.4 From the Available Ports list on the Select Ports screen, choose the serial ports that will be used to connect to drives.
	5.2.5.5 Click Next to save the choices and open the Communications Wizard Configure Serial Ports screen.
	5.2.5.6 Configure the selected ports.
	5.2.5.7 Click Finish to save the choices.


	5.3:  Prerequisites
	5.3.1: Hardware and Equipment
	5.3.1.1 Verify that +24 Vdc power is OFF and AC power is OFF.
	5.3.1.2 Verify wiring and connections.
	5.3.1.3 Secure the motor:
	5.3.1.4 Apply +24 Vdc to the drive’s J4 connection.

	5.3.2:  Starting CME 2 and Choosing a drive
	5.3.2.1 Verify CME 2 installation and serial port configuration.
	5.3.2.2 Start CME 2 by double-clicking the CME 2 shortcut icon on the Windows desktop:
	5.3.2.3 Select the desired drive. For instance:


	5.4:  Basic Setup
	5.4.1: Basic Setup Screen
	5.4.1.1 To configure a drive for use with a Copley Controls ServoTube motor, see the CME 2 User’s Guide.
	5.4.1.2 To load a .ccx file that was prepared for the drive/motor combination, see Quick Copy Setup Procedure (p. 161).
	5.4.1.3 Click the Basic Setup button () to display the Basic Setup screen.
	5.4.1.4 Click Change Settings to start the Basic Setup wizard. Use the Back and Next buttons to navigate screens. Screen details vary depending on drive model and mode selection.
	5.4.1.5 View or change the Motor settings described below. Options vary with drive model.
	5.4.1.6 View or change the Feedback settings described below. Options vary with drive model.
	5.4.1.7  View or change the Operating Mode settings described below. Options vary with drive model.
	5.4.1.8 View or change the Miscellaneous settings described below. Options vary with drive model.
	5.4.1.9 Click Finish to close the Basic Setup screen.


	5.5:  Motor/Feedback Setup
	5.5.1: Load Motor/Feedback/Brake Settings from a File
	5.5.1.1 To download motor data files from the website:
	5.5.1.2 To load motor data from a motor data file:

	5.5.2:  Enter Motor/Feedback/Brake Settings Manually
	5.5.2.1  Click Motor/Feedback to open the Motor/Feedback screen. A Motor/Feedback screen representing a typical rotary motor is shown below. Parameters vary with drive model.
	5.5.2.2 Click the Motor tab to view or change Rotary Motor Setup Parameters (p. 104) or Linear Motor Setup Parameters (p. 105).
	5.5.2.3   Click the Feedback tab to view or change Feedback Parameters, Rotary (p. 106) or Feedback Parameters, Linear  (p. 109). Read the Feedback Notes (p. 110) for important related information.
	5.5.2.4   Click the Brake/Stop tab to view or change Brake/Stop Parameters (p. 111). Read the Brake/Stop Notes (p. 111) for important related information.
	5.5.2.5   Use The Calculate Function (p. 112) to calculate initial gains and limits.
	5.5.2.6  On the Main screen, click Save to Flash to avoid losing the changes.

	5.5.3:  Rotary Motor Setup Parameters
	5.5.4:   Linear Motor Setup Parameters
	5.5.5:  Feedback Parameters, Rotary
	5.5.6:  Feedback Parameters, Linear
	5.5.7:  Feedback Notes
	Encoder and Resolver Support
	Dual Feedback

	5.5.8:  Brake/Stop Parameters
	Brake/Stop Notes

	5.5.9:  The Calculate Function
	5.5.9.1  Click Calculate to calculate and display the settings.
	5.5.9.2 Verify the peak current limit, continuous current limit, and velocity loop velocity limit.  If one or more of these values seems inappropriate, click Cancel and check: Peak Torque (or Force), Continuous Torque (or Force), Velocity Limit, and Torqueo
	5.5.9.3 Load the values into drive RAM by clicking OK.
	5.5.9.4  On the Main screen, click Save to Flash to avoid losing the changes.


	5.6:  Drive Configuration
	5.6.1: Digital Inputs
	5.6.1.1  Click Input/Output to open the Input/Output screen.
	5.6.1.2 Change or verify the following settings:

	5.6.2: Digital Input Functions
	5.6.3: Standard Digital Input Function Assignments
	5.6.4:  Standard Digital Outputs
	5.6.4.1 Click the Digital Outputs tab of the Input/Output screen. A typical Digital Outputs screen is shown below. (Features may vary with drive model and configuration.)
	5.6.4.2 Choose any of the following functions for any output. OUT6 is recommended for brake function.

	5.6.5:  Custom Digital Output Settings: Custom Event
	5.6.5.1  Choose Custom Event for an output and then click Configure Custom to open the  Event Configuration screen.
	5.6.5.2 Select any of the events described below. Note that multiple functions are OR’ed together, so any event activates the output.
	5.6.5.3 Choose Output Active High to have the output go high when active or Output Active Low to have the output go low when active.
	5.6.5.4  To optionally latch the selected events, set Latch Output. For more information on latching, see Non-Latched and Latched Custom Outputs (p. 120).
	5.6.5.5 Click OK to save changes to volatile memory and close the  Custom Output Configuration screen.

	5.6.6:  Custom Digital Output Settings: Custom Trajectory Status
	5.6.6.1  Choose Custom Trajectory Status for an output and then click Configure Custom to open the Trajectory Status Configuration screen.
	5.6.6.2 Select one or more trajectory status conditions described below. Multiple functions are OR’ed together, so any status match activates the output.
	5.6.6.3 Choose Output Active High to have the output go high when active or Output Active Low to have the output go low when active.
	5.6.6.4 Click OK to save changes to volatile memory and close the screen.

	5.6.7:  Custom Digital Output Settings: Position Triggered Output
	5.6.7.1
	5.6.7.2  Choose Custom Position Triggered Output for an output and then click Configure Custom to open the In Position Configuration screen.
	5.6.7.3 Select one of the configurations described below and enter appropriate values for the parameters.
	5.6.7.4 Choose Output Active High to have the output go high when active or Output Active Low to have the output go low when active.
	5.6.7.5 Choose Use Actual Position (the Limited Position choice is for stepper drives only).
	5.6.7.6 Click OK to save changes to volatile memory and close the  Custom Output Configuration screen.

	5.6.8: Save Input/Output Changes
	5.6.8.1 On the Input/Output screen, click Close.
	5.6.8.2  On the Main screen, click Save to Flash.

	5.6.9:  Non-Latched and Latched Custom Outputs
	Custom Event Output Faults
	Example: Custom Output Fault Handling vs. Overall Fault Handling

	5.6.10: Fault Latching
	5.6.10.1  Click Configure Faults to open the Fault Configuration screen.
	5.6.10.2 To make a fault condition latching, click to put a check mark next to the fault description.
	5.6.10.3 To restore factory defaults if needed, click Restore Defaults.
	5.6.10.4 Click OK to save fault configuration settings to drive RAM and close the  Fault Configuration screen.
	5.6.10.5 On the Main screen, click Save to Flash ().

	5.6.11:  Regen Resistor
	5.6.11.1  Click Regen Settings to open the Regen Settings screen.
	5.6.11.2 Select a resistor option.
	5.6.11.3 Click OK to save regen settings to flash memory and close the Regen Resistor screen.


	5.7:  Command Input
	5.7.1:  Analog Input
	5.7.1.1  Click Analog Command to open the mode-specific Analog Command screen.
	5.7.1.2 Set the input Configuration options described below.
	5.7.1.3  Click Close.
	5.7.1.4  On the Main screen, click Save to Flash.
	5.7.1.5 Proceed to Auto Phase (p. 132).

	5.7.2:  PWM Input
	5.7.2.1 Click PWM Command to open the PWM Command screen.
	5.7.2.2 Set the input options described below.
	5.7.2.3 Click Close.
	5.7.2.4  On the Main screen, click Save to Flash.
	5.7.2.5 Proceed to Auto Phase (p. 132).

	5.7.3:  Digital Position Input
	5.7.3.1  Click Digital Input to open the Digital Input screen, Configuration tab.
	5.7.3.2 Set the options described below:
	5.7.3.3 Click Close.
	5.7.3.4  On the Main screen, click Save to Flash.
	5.7.3.5 Proceed to Auto Phase (p. 132).

	5.7.4:  CAN Interface (XPL)
	5.7.4.1 Verify that the following connections are wired according to the instructions in Network Ports (J7) (p. 75).
	5.7.4.2  Click CAN Configuration to open the CAN Configuration screen. (If CAN is not the Position Loop Input, choose Drive(Network Configuration instead.) Here is a typical CAN Configuration screen. (Features may vary based on drive model and configuratio�
	5.7.4.3 Choose a Bit Rate and choose any combination of address sources (Switch, Inputs, and Programmed Value). The address is the sum of the values from these sources.  See  CAN Addressing (p. 32).
	5.7.4.4 For each source selected, perform the additional steps described below.
	5.7.4.5 Click Save & Reset to save changes to drive flash, close the screen, and reset the drive. Click Save & Close to save changes to drive flash without resetting.  NOTE: CAN address and bit rate changes take effect only after power-up or reset.

	5.7.5: EtherCAT Addressing for CAN Over EtherCAT (XEL)
	5.7.5.1 Verify that the following connections are wired according to the instructions in  Network Ports (J7) (p. 75):
	5.7.5.2 Note the bus position of each drive.
	5.7.5.3 Optionally verify the S1 and S2 switch settings.

	5.7.6: MACRO Configuration (XML)
	5.7.6.1 Verify that the following connections are wired according to the instructions in Network Ports (J7) (p. 75):
	5.7.6.2 Verify the S1 and S2 switch settings.
	5.7.6.3 Select Amplifier(Network Configuration from the CME 2 Main Screen to open the Macro Configuration screen as shown in the following example.
	5.7.6.4 Verify the following parameters.
	5.7.6.5 Click Close to close the screen and save the settings.


	1.1:
	5.8: Auto Phase
	5.8.1: Auto Phase Warnings and Notes
	Warnings
	Notes

	5.8.2:  Auto Phase Procedure
	5.8.2.1 Verify that the Enable Input is not activated.
	5.8.2.2 Apply HV or AC power.
	5.8.2.3 Move the motor in the direction to be considered positive OR if you cannot move the motor, click Skip (you will confirm motor direction later). NOTE: If an output is configured as a brake you can temporarily release the brake by holding down the Re�
	5.8.2.4 Click Next to open the Auto Phase Motor Wiring Setup screen.
	5.8.2.5  Activate the Enable Input.
	5.8.2.6 Click Start to begin the motor wiring setup.
	5.8.2.7 Click Next to open the Phase Count Test screen.
	5.8.2.8 Click Start to begin the Phase Count Test. Observe status messages. See the prompt:
	5.8.2.9 When you are ready to observe motion, click OK. See the prompt:
	5.8.2.10 If motor did not turn 1 full turn, click No and verify that in the Motor/Feedback screen the following parameters have been set correctly:
	5.8.2.11 If motor turned 1 full turn, click Yes.
	5.8.2.12 For a –R version of Xenus with a resolver, skip to 5.8.2.15.
	5.8.2.13 For a non-resolver Xenus, click Next to display the Halls Wiring Setup screen.
	5.8.2.14 Click Start to begin the Halls wiring setup.
	5.8.2.15  For a resolver (-R) version of Xenus, click Next to open the Resolver Phase Angle Setup screen.
	5.8.2.16 Click Start to start the resolver phase angle setup.
	5.8.2.17 Click Finish to close the screen and save values to flash memory OR to close the screen without saving changes, click Cancel.
	5.8.2.18 If the Auto Phase algorithm does not produce desired results, try adjusting the Auto Phase Current and Increment Rate values, using the guidelines in  Guidelines for Choosing Auto Phase Current and Increment Rate Values (p. 137).
	5.8.2.19 If desired results are not obtained, see “Manual Phasing” in the CME 2 User Guide.

	5.8.3:  Guidelines for Choosing Auto Phase Current and Increment Rate Values
	5.8.4: Trouble Shoot Motor Direction Setup
	5.8.4.1 Check Encoder or resolver power and signals.
	5.8.4.2 Verify that the encoder is differential. (Contact factory if encoder is single-ended.)
	5.8.4.3 Check shielding for proper grounding.

	5.8.5:  Trouble Shoot Motor Wiring Setup
	5.8.5.1 Verify that drive is disabled.
	5.8.5.2 Check for mechanical jamming.
	5.8.5.3 Check for smooth motion with no mechanical jerking.
	5.8.5.4 Check for good connections to the motor power wires.
	5.8.5.5 Disconnect motor power wires.
	5.8.5.6 Measure for proper motor resistance.

	5.8.6: Trouble Shoot Halls Wiring Setup
	5.8.6.1 Check Halls power and signals.
	5.8.6.2 Check for smooth motion with no mechanical jerking.
	5.8.6.3 Check shielding for proper grounding.

	5.8.7: Trouble Shoot Other Problems

	5.9:  Current Loop
	5.9.1: Current Loop Settings
	5.9.1.1  Click I Loop to open the Current Loop screen:
	5.9.1.2 Change/verify Current Loop parameters as needed.

	5.9.2:  Auto Tune the Current Loop
	5.9.2.1 Verify that the following steps in Quick Setup with CME 2 (p. 91) have been performed: Prerequisites, Basic Setup, Motor/Feedback Setup, Drive Configuration,  Command Input, Auto Phase.
	5.9.2.2  Click I Loop to open the Current Loop screen:
	5.9.2.3 Verify that drive is hardware enabled.
	5.9.2.4  Click Auto Tune to open screen and start the Current Loop Auto Tune.
	5.9.2.5 To Change the Auto Tune Current, Press Stop, enter the new current in the Auto Tune Current field, and then press Start.
	5.9.2.6  Observe the auto tune process and results.
	5.9.2.7  Choose an action based on Auto Tune results.


	5.10:  Velocity Loop
	5.10.1: Velocity Loop Settings
	5.10.1.1  Click V Loop.
	5.10.1.2 Change/verify Velocity Loop parameters as needed.

	5.10.2: Manually Tune the Velocity Loop
	5.10.2.1  Click the Scope Tool to open the Oscilloscope window.
	5.10.2.2  Choose Velocity from the Function Generator Apply To: list.
	5.10.2.3  Verify that Amplitude value is not excessive for the motor.
	5.10.2.4  Click Start.
	5.10.2.5 On the Gains tab, adjust velocity loop proportional gain (Vp).
	5.10.2.6 Adjust velocity loop integral gain (Vi) until desired settling time is obtained.
	5.10.2.7  Press Stop to stop the function generator.
	5.10.2.8  On the Main screen, click Save to Flash to avoid losing the changes.
	5.10.2.9 If the drive is to be operated in velocity mode, skip the position loop setup procedures and go to Completion Steps (p. 151).


	5.11:  Position Loop
	5.11.1:  Position Loop Settings
	5.11.1.1  Click P Loop to open the screen:
	5.11.1.2 Change/verify Position Loop parameters as needed:
	5.11.1.3 Optionally click Position Wrap to open the Position Wrap screen:
	5.11.1.4 Change/verify the position wrap parameters as needed. Set both values to zero to disable position wrapping. Note that the changes do not take effect until OK is pressed. For more information about this feature, see Position Wrap (p. 23).
	5.11.1.5 Click on the Trajectory Values tab:
	5.11.1.6 Change/verify the trajectory values as needed.

	5.11.2:  Manually Tune the Position Loop
	5.11.2.1 Perform an auto setup test:
	5.11.2.2  Set up a trapezoidal profile by setting the trajectory limits and distance. See table:
	5.11.2.3 Adjust position proportional gain (Pp) to minimize following error. Note that too much position loop proportional gain (Pp) might cause oscillation.
	5.11.2.4 Adjust velocity feed forward (Vff):
	5.11.2.5 Adjust acceleration feed forward (Aff):
	5.11.2.6 Tune to multiple sets of profiles representing typical moves that might be executed in the application. Starting with Set up a trapezoidal profile, repeat the process as needed.

	5.11.3:  Test S-Curve Profile
	5.11.3.1  On the Profile tab, click the S-Curve button.
	5.11.3.2 Adjust the following options. Set values that represent a typical move under normal operation.
	5.11.3.3 Click Start.
	5.11.3.4 Adjust values for desired results.
	5.11.3.5 Try multiple sets of profiles representing typical moves that might be executed in the application. Starting with Step 5.11.3.2, Adjust the following options, repeat the process as needed.


	5.12:  Completion Steps
	5.12.1: Objective
	5.12.2: Steps
	5.12.2.1  On the Main screen, click Save to Flash.
	5.12.2.2 Remove AC power from connector J1.
	5.12.2.3 Attach load.
	5.12.2.4 Reconnect AC power to connector J1.
	5.12.2.5 Re-tune velocity and position loops if applicable.
	5.12.2.6  On the Main screen, click Save to Flash.
	5.12.2.7  On the Main screen, click Save to Disk (for backup or duplication).
	5.12.2.8  Click Control Panel and then click Reset  OR Power-cycle the drive.
	5.12.2.9 The drive tuning procedure is complete.



	6: Using CME 2
	6.1:  CME 2 Overview
	6.1.1: Main Screen Overview
	6.1.2: Tool Bar Overview
	6.1.3: Main Menu Overview
	6.1.4:  Functional Diagram
	6.1.5:   Network Information and Status Bar
	6.1.6: Choosing a drive from a List of Drives
	6.1.7: Renaming a drive
	6.1.7.1 Choose Main Menu Drive(Rename to open the Rename Drive screen.
	6.1.7.2 Enter the new name.
	6.1.7.3 Click OK to close the screen and save the new name or click Cancel to close the screen without saving the name.


	6.2:  Manage Drive and Motor Data
	6.2.1: Memory
	Xenus RAM and Xenus Flash Memory
	How the Drive Uses RAM and Flash Memory

	6.2.2: Disk Storage
	Drive Data Files and Motor Data Files

	6.2.3:  Data Management Tools
	Drive Data Management Tools
	Motor Data Management Tools

	6.2.4:  Quick Copy Setup Procedure
	6.2.4.1 Make sure the drive is connected to the PC using the J5 RS-232 connector.
	6.2.4.2  Start CME 2 by double-clicking the CME 2 desktop shortcut icon:
	6.2.4.3  On the Main screen, click Restore drive data from disk.
	6.2.4.4 When prompted, navigate to the folder containing the appropriate .ccx file. Highlight the file name and then click Open to load the file data into volatile memory.
	6.2.4.5  On the Main screen, click Save to Flash to save the new settings to flash memory.
	6.2.4.6 If you do not need to load a CVM Control Program, skip to Step 6.2.4.7. To load a CVM Control Program, choose File(Restore CVM Control Program.  When prompted, navigate to the folder containing the appropriate .ccp file. Highlight the file name and 
	6.2.4.7 If you do not need to load a set of Cam Tables, the process is complete. To load a set of Cam Tables, choose File(Restore Cam Tables.  When prompted, navigate to the folder containing the appropriate .cct file. Highlight the file name and then clic 

	6.2.5: Saving a MACRO File for Delta Tau Controllers
	6.2.5.1 On the CME 2 Main screen, choose File(Save MACRO File to open the MACRO File Save window:
	6.2.5.2 Enter the ID of the MACRO node with the settings you want to save and click OK.
	6.2.5.3 When prompted, enter a File Name. If needed, navigate from the default AmpData folder to another folder where you wish to store the file.
	6.2.5.4 Click Save to save the .pmc file in the same folder and close the screen.


	6.3:  Downloading Firmware
	6.3.1: Acquiring Firmware from Web Site (Optional)
	6.3.1.1 In an Internet browser, navigate to: http://www.copleycontrols.com/Motion/Downloads/firmware.html
	6.3.1.2 Under click on the appropriate Xenus firmware name.
	6.3.1.3 When prompted, save the file to the Firmware Image folder in the CME 2 installation folder.
	6.3.1.4 Extract the contents of the zip file to the same location.
	6.3.1.5 If desired, delete Xenus_Firmware.zip to save disk space.

	6.3.2:  Downloading Firmware to Drive
	6.3.2.1 On the Main screen choose Tools(Download Firmware to open the Download Firmware window.
	6.3.2.2 To download new firmware without saving drive and motor data, click No  and then proceed to Step 6.3.2.4.
	6.3.2.3 To save drive and motor data for backup purposes before downloading firmware, click Yes.
	6.3.2.4 Use the Firmware Images window to locate and select a firmware image file.
	6.3.2.5 Click Open to begin the download.  (Or click Cancel to close the screen without downloading new firmware.) A message window displays a series of progress messages:


	6.4:  Control Panel
	6.4.1: Control Panel Overview
	6.4.2: Status Indicators and Messages
	6.4.3:  Control Panel Monitor Channels
	6.4.4:  Control Functions
	6.4.5: Jog Mode
	6.4.5.1 To put the drive in jog mode, set the Enable Jog option.
	6.4.5.2 Set up a jog move by setting the following mode-specific parameters:
	6.4.5.3 Command the move.


	6.5: Manual Phasing
	6.5.1: Manual Phase Objectives
	6.5.2: Manual Phase Instructions, Quad A/B Encoder Xenus Plus
	6.5.2.1 Make sure that no load is connected to the motor.
	6.5.2.2 On the Main screen, choose Tools(Manual Phase to open Manual Phase.
	6.5.2.3  Verify the Current setting and then enable the amp by selecting Enable in the Control area of the Manual Phase window.
	6.5.2.4 If the motor cannot keep up with the rate of vector rotation, then reduce the Increment Rate or increase the Current.
	6.5.2.5 Verify that pressing forward button moves motor forward. If it does not, toggle the Motor Invert Output box setting.
	6.5.2.6 Verify actual position count agrees with direction of rotation: increasing counts in forward direction and decreasing counts in reverse direction. If it does not, toggle the Encoder Invert Input box setting.
	6.5.2.7  Monitor the vector rotation through one electrical cycle for proper Hall transitions.
	6.5.2.8 Phasing of a motor with encoder and Halls is complete. Click OK.


	6.6:   Home Function
	6.6.1: Overview
	6.6.2: Homing Functions Settings
	6.6.2.1  On Main screen, click Home to open the Homing screen.
	6.6.2.2 Select homing options described below.
	6.6.2.3 Optionally click Home to begin a homing sequence.
	6.6.2.4 To stop the homing sequence before it is completed, click Stop.
	6.6.2.5 Click Save to save the settings to flash memory. Click Exit to close the screen.



	A: Regen Resistor Sizing and Configuration
	A.1: Sizing a Regen Resistor
	A.1.1: Gather Required Information
	A.1.1.1 For all applications, gather the following information:
	A.1.1.2 For rotary motor applications, gather this additional information:
	A.1.1.3 For linear motor applications, gather this additional information:

	A.1.2: Observe the Properties of Each Deceleration During a Complete Cycle of Operation
	A.1.2.1 For each deceleration during the motion cycle, determine:

	A.1.3: Calculate Energy Returned for Each Deceleration
	A.1.4: Determine the Amount of Energy Dissipated by the Motor
	A.1.5: Determine the Amount of Energy Returned to the Drive
	A.1.6: Determine if Energy Returned Exceeds Drive Capacity
	A.1.7: Calculate Energy to be Dissipated for Each Deceleration
	A.1.8: Calculate Pulse Power of Each Deceleration that Exceeds Drive Capacity
	A.1.9: Calculate Resistance Needed to Dissipate the Pulse Power
	A.1.10: Calculate Continuous Power to be Dissipated
	A.1.11: Select Fuses

	A.2: Configuring a Custom Regen Resistor
	A.2.1: Regen Configuration Objective and Warning
	A.2.2: Regen Configuration Instructions
	A.2.2.1  Click Configure Regen to open the Regen Resistor screen.
	A.2.2.2 If configuring a standard Copley Controls regen resistor, select the model number and click Finish to save the configuration and close the screen.  Otherwise, continue Select Custom Resistor and then click Configure to open the Custom Regen Co...
	A.2.2.3 Enter a Resistance within the range described on the screen. Click Next for Step 2.
	A.2.2.4 Enter a Continuous Power within the range described. Click Next for Step 3.
	A.2.2.5 Enter a Peak Power within the range described. Click Next for Step 4.
	A.2.2.6 Click Next for Step 5.
	A.2.2.7 Review the configuration.
	A.2.2.8 Click Finish to save the configuration to volatile and flash memory and close the screen.



	B: I2T Time Limit Algorithm
	B.1: I2T Algorithm
	B.1.1: I2T Overview
	B.1.2: I2T Formulas and Algorithm Operation
	Calculating the I2T Setpoint Value
	I2T Algorithm Operation
	Accumulator Increment Formula

	B.1.3: I2T Current Limit Algorithm – Application Example
	I2T Example: Parameters
	I2T Example: Plot Diagrams



	C: Thermal Considerations
	C.1: Operating Temperature and Cooling Configurations
	Model XEL/XML/XPL-230-18 (-R) Mains 120 Vac
	Model XEL/XML/XPL-230-36 (-R)
	Model XEL/XML/XPL-230-40 (-R)
	C.1.2: Heatsink and Fan Configurations
	No Heatsink
	Low-Profile Heatsink
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