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User Guide Change Summary

Section A.
introduction

Section B.
Getting Started

Section C.
instaliation

Section D.
isoiating Transformer

Section E.
Power Supply Unit

Section F.
Drive Module

Section G.
Hybrid Serve Motor and
Encoder

The following is a summary of the changes to this user guide
since the last version was released. This user guide, version
88-011270-01D, supersedes versjon 88-011270-01C.

When a user guide is updated, the new or changed text is
highlighted with a change bar in the right margin (this
paragraph is an example). If an entire chapter is changed, the
change bar is Jocated to the right of the chapter title.

The entire document is now organized as Sections instead of
Chapters.

Revised the system functional block diagram

Replaced transformer mode! numbers TO165/T0O166 with
TO185/T0O186

New bench test configuration diagram
New RS-232C connection procedures for bench test

Updated system testing LED information and software
commands

Remeoeved waming (AC Line Cabling) stating that the
transformer cable is tnadequate for permarnent operation
at less than 240VAC —- cable fix

Replaced transformer model nurnbers TO165/TO166 with
TO185/TO186

Transformers are factory configured by either 120VAC
(single-phase) or 240VAC {three-phase)

Trans{ormer now comes with iInput cable that can be used
with any input voltage.

-F option available for TO170/TO171 transformers (in
which the AC input fuses are factory-installed)

Updated transformer connection diagrams

No technical changes

Included description and specs for drive # 7153.501

Updated tables F1-2 and F1-3 for all possible drtve/motor
packages

Included specifications and dimenstonal drawings for ail
the possible motors used with this system

Updated and clartfied motor and encoder connection
infortnation/drawings

Included information for using the Encoder Backup
Supply



Section H.
Contro! Module

Section J.
System Programming

Section K. Maintenance &
Troubleshooting

Added descriptions of new features {encoder following,
encoder superposition. synchronous moves, linear
interpolation. registration, servo self-tuning. dither
factlity, and speed change mode)

Updated fault LED interpretations

Updated signal descriptions and included step & direction
input capabtlity and Encoder Backup Supply

Corrected and clartfled RS-232C and ZDDC connection
information and drawings

Added information for servo self-tuning via the TONET
and TUNEV commands

Added Setting Up Servo Parameters section

Added description of drive energize and de-energize
functions

Added illustration showing various types of homing
Included description of sequence execution via hardware
input from a switch or PLC

Must enter the SV command (not the 88 command] to save
the independently saved commmands

Added new command descriptions and changed existing
descriptions according to new software versions between
version 1.4 and 2.4 (latest version):

New Commands:

Ciw CONFIGURE INTEGRAL ACTION WINDOW
DTA SET DITHER AMPLITUDE

DTF SET DITHER FREQUENCY

FDA ACCELERATION, UNEAR INTERP. MOVES
FDV VELOCITY, LINEAR iINTERP. MOVES

GL GO, UNEAR MODE

GSsY GO, SYNCHRONCUS MODE

HSD DAUGHTER BOARD QUTPUTS

MAS MODE ASYNCHAONOUS

MSY MODE SYNCHRONOUS

OSF INITIALIZATION ON LIMIT

0sG DITHER ENABLE

OSH SELECT TRIANGULAR/SOUARE DITHER
OS5I INITIALIZATION MOVEMENT

osJ SELECT 24/16 BIT GEARBOX

P3Y PAUSE FOR SYNCHRONIZATION

RE DRIVE STATUS REQUEST

RSE REPORT SERVC ERRORS

SIM SET INDEXERFOLLOWMNG MODE
TRA REGISTRATION MODE

TUNE DISPLAY TUNING SETTINGS

TUKETY  SERVO SELF-TUNING (TORQUE AMP )

TUNEY  SERVO SELF-TUNING (VELOCITY AMP J

vsy VELOCITY CHANGE IN SYNCHRONOUS MODE

Updated RS-232C diagnostics [software cormmands and
LEDs

Included sections on comrnunications, drive control, and
motor control problems

Included a section on returning the system for repairs



REVIous CHANGES | DIB—> DIC

User Guide Change Summary

Chapter 1. Using
This User Gulde

Chapter 2.
Introduction

Chapter 3. Getting
Started

Chapters 4 - 11

The following is a summary of the changes te this user gutde
since the last version was released. This user guide. version
88-011270-01C, supersedes version 88-011270-01B.

When a user guide is updated, the new or changed text is

highlighted with a change bar in the right margin (this
paragraph is an example). If an entire chapter is changed, the
change bar is located to the right of the chapter title.

No changes were made to this chapter.

Changes to Chapter 2 are summarized as follows:

* Added part numbers to the isolating transformers table
{Page €] as an additional reference convenience.

*  Added a What You Should Have section that advises you
compare the packing list with your original order to
ensure that you have recetved a complete shipment.

»  Added an Additional Tools section that lists the tools (not
provided with the product) that you may need to camplete
the procedures in this user guide

In the Tuming the System On section (Page 10) , the command
string was altered as follows:

LD3 STZ MN AlD V10 DEOOS G

This change will ensure that the test move will be completed
properly.

No changes were made to these chapters.
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Section A. Introduction

Section Objective

Read this section to familiarize yourself with the
organization of this user guide and with the product.

Organization of the
User Guide

This user guide tells yon how to configure and use the
brushless servo drive systerns. We have made it as easy as
possible for you to check that the system is functioning
properly. Once you have ensured that the system functions
properly, you can go on to learn how to set up the drive and
program the system in more detail.

Section A, Introduction, identifies the organization of this
user guide. It tells you how the sections are arranged and
describes the conventions we use. Section A also introduces
System 7. It briefly describes the basic elements as an aid to
users who have no previous knowledge of the system.

Section B 1s called Getting Started. 1t teils you the
connections you will need to make before you turmn on the
power, and also how to check that the system Is workdng by
sending a simple command.

When you are sure that the systern {s working, you are ready to
install i into your equipment. Section C lists some of the
things you should consider before mounting the motor and
system rack It also gitves recommendations on cable routing
and grounding.

Sections D - H give details of the modules used in the system.
You will need to refer to these, particularly Sections F and H,
s0 that you can learn how to set up the drive and control card
parameters and how to program the control card to suit your
application.

Section J provides ali of the information required to program
the system. including a detatled list of commands and a quick
reference list.

If the system develops a fault. or does not work when you
configure it as described in Section B, refer 10 Section K. This
chapter 1s called Maintenance and Troubleshooting. It will
help you establish the source of the problem and assist you in
deciding on the action you should take.

Warnings and
Cautions

Please read the wamings and cautions carefully before you go
on to a subsequent section. They are tmportant for the safety
of yoursell and the equipment.
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Conventions and
Definitions

Motor Rotation

Encoder
Direction Signal

Step Signal

PWM Torque
Signal

Rack Dimensions

The following list gives some of the conventions and
definjtions that are used in this user guide.

The direction of rotation is defined with the motor viewed
from the mounting flange end. Phase A leads Phase B for CW
rotation.

Channel A leads channel B for CW rotation of the motor.

Open circut tnputs cause CW rotation of the motor.
DIRECTION+ greater than DIRECTION- will cause CW rotation.
DIRECTION- greater than DIRECTION+ will cause CCW rotation.

STEP+ greater than STEP- causes the motor to rotate by one
step.

This is a pulse width modulated signal from the control card
to the drive. The signal comprises two signals: Mark (the
pericd of time when the pulse 1s on) and Space (the period
when the pulse is off). When the mark-to-space ratio is equal
to one, the torque demand is zerc. When mark (PWM+) is
greater than space (PWM-] this defines a CCW generated torque.

The dimensions of this rack systemn are expressed in metric
units—U and HP. Ta convert these units to inches, use the
table below,

Matric_Unit__|[_Equlvaient in_inches
1 HP 1.75 inchas

10U 0.20 inches




SECTION A, INTRODUCTION A1-3

System 7 General System 7 is a motion control system that uses standardized
De SCfipﬂO n construction and communication techniques to control the
full range of motor types. There are several versions of the

System 7 that can incorporate various drive rmodules (open-
and closed-Ioop steppers, microsteppers, and DC brush and
AC brushless servos) and control modules {an RS-232C
module, an [EEE-488 module, a Step & Direction module, and
an Analog module).

This user guide relates to systemns that include hybrid or AC
brushless servo drives controlled by an RS-232C control
module. Separate user guides are avaliable for other System 7
configurations.

Functional Block Figure Al-1 shows a diagram showing the functional
Dilagram interrelationships of the Systemn 7 components.
SYSTEM 7 RACK

7 SIGNAL LN TOAOLE
: TOROUE | AMRLFIER 1
STEP DEWAND 1

MODULE  §pww ToRauE wavirorw  [5ws
nATOR L
WODE CONTROL | | GEMNE S LN g -e—
ENABLE
FALLT
2 CHANNEL

MGTOR
24 ENCODER

TOROUE 1 TOROWE
O MAND 2 AMPLFIER

[
E

= powtn e T =

SUPPLY s 15
i RV
% ORNVE MODLRLE
1SOLATING
| RS-232C TRANSFORMER
TERMINALCOMPUTER
AR
AC NRUT

Figure Al-1. System 7 Functional Block Diagram
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Contro! Module

Drive Module

7 Signat Link

STEP AND
DIRECTION

ENAPLE

FAULT

PWM TOROUE

MODE CONTROL

This user guide is based on the System 7 using the RS-232C
control module (see Figure Al-1).

To control the motor, the RS-232C control module accepts X
Series comunands {described tn Section J) from a terminal or
computer via an RS5-232C link . It connects to the drtve
module via the standard 7-signal link to control any type of
seTvo motor.

The drive consists of a dual torque amplifier to supply
controlled current to the motor, a waveform generator (see
Figure Al-1), and a switched mode power supply. Its integral
power supply runs from the motor supply bus and provides
power for the on-board ctrcutiry and the isolated power
supplies {or a control card, encoder. and external switches.

The control medule commmunicates with the drive module over
the 7-signal ink. The signals used depend upon the type of
motor that you use. A hybrid or AC brushless system uses all
7 signals, an open-loop stepper uses STEP, DIRECTION, ENABLE,
and FAULT, and a brush DC servo (this capabiity {s under
developmenf) uses ENABLE, FAULT and PWM TORQUE.

These 7 signals, defined below, are fully opto-isolated at the
drive end to eliminate the problems artsing from electrical
noise.

Step and direction. the usual inputs to a stepper drive, are also
used with brushless servo drives. However, in this case, they
are dertved from the encoder and are used only for
commutation.

This signal enables and disables the motor. With a servo
drive, this signal can disable the motor #f a controller fault
occurs. It also resets a fault condition.

This line is a signal from the drive to indicate a hardware,
power supply. or termnperature problem to the controller.

The most significant of the seven signals is the PWM (pulse-
width modulated) Torque signal, which consists of pulses at a
constant frequency. The width of the pulses are related to the
torque demand. As the torque demand changes, the mark-to-
space ratio will change. A 5% mark-to-space ratio gives
maximum negative torque and a 95% mark-to-space ratio
gives maxtmum positive torque. Zero torque is produced with
a 50% mark-to-space ratio. The motor current. accurately
controlled by the PWM signal, is output by the torque
amplifiers in the drive.

This signal is spectfic to hybrid and AC brushless servo drives
using encoder feedback. It is used in power-up initialization
sequences.
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Z CHANNEL

Power Supply

Isolating
Transtformer

The position of the motor shaft s monitored by the encoder,
which is housed within an enclosure at the end of the motor.
The encoder's Z channel signal, an index pulse that occurs
once per revelution, is processed in the control module to
track rotor position.

Power for the control module and its associated input circuits
is supplied by the power supply within the drive module, but
the tnput to this module (150VDC]) is provided by the rack
power supply from a 107VAC source.

Four types of isolating transformers can be supplied: two for
single-phase operation and two for three-phase operation (see
Table Al-1}.,

[ Transformer (Part %) |

TO170 (7451.330)

TO171 (7452.530

TO185 {7452.570}
0186 (7455.070)

Table Al-1. Isclation Transfoimers

Detafls of these transformers are given in Section D, Isolating
Transformer,

What You Should
Have

Additional Tools

Before you proceed with Section B, Getting Started, review the
packing list that was included with your System 7 shipment.
If possible, compare the packing list with your original order
to ensure that you have received all of the components
necessary {or your application.

To complete some of the steps and procedures outlined in this
user guide, you will need the following tools {not provided
with your shipment}:

¢ Phillips screwdriver
+ Slot screwdriver
* Nut driver (or adjustable wrench)




SECTION B. GETTING STARTED B1-1

Section B. Getting Started

Section Objective

This section tells you how to set up your system and check
that 1t 1s working correctly. It contains all the informatton
you will need to configure the system and to complete a series
of functionality tests.

Test Requirements

Before you install the system into your equipment,
particularly if you are net familiar with Compurmotor
equipment, we recormmend that you complete a bench test to
ensure that the system operates correctly. By following the
simple procedures below, you should be able to have your
system running within a short time.

WARNING

High voliages may be accessible at various poinis on the
squipment. Ensure that you protect these areas so as
to avoid Inadvertent contact with the high-voitage bus.

Cables

Your systemn has all the cables required to connect the system
modules. The motor and encoder cables will have been
supplied to the length you specified. If you want to make your
own cables, approved cable types and plug connection
information is in Section G1 of this user guide,

Isolating transformer cables for connection between the
transformer and the rack are supplied with the system. If you
must extend these cables, use a gauge of wire that is the same
as the supplied cable. Compumotor can supply complete
cables.

Bench Test Motor
Mounting

When you bench test your system, the motor may move on the
bench uniess il is restrained. The best way to secure the motor
is to mount it on a bracket or in a cradle that is fixed to the
bench.

Bench Test
Configuration

Your system was pre-assembled and tested at Compumotor. if
you reassemble the system as instructed, you should have
little difficulty in getting it running. The rack is supplied
ready-wired, with drive, cantrol, and power supply modules
already installed. When you have made the connections
detatled below, you will be ready to power up the system.
Figure B1-]1 {lustrates the reqguired bench test configuration.
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Figure Bl-1. Bench Test Configuration

Motor/Encoder

Estop Input

Serial
Communication
Input

The motor/encoder cable supplied with the systiem is pre-
wired to the motor and encoder. For test purposes, plug the
encoder ¢able plug into the MOTOR FEEDBACK connector on
the appropriate drive/control motherboard and connect the
motor cable to the MOTOR connector (see Figure Bi-1).

You must physically connect the ESTOP input (1/0 3. pin 1} to
+12V {I/C 3 pin 10) in order for this bench test configuration o
operate (see Figure Bl-1). The Estop input should be wired
directly to +12V for the bench test gnly. In the final
configuration, pou must use a switch_for this connection

For the purpose of the temporary bench test configuration,
connect your computer terminal 1o the GND, RX, and TX lines
on the SERIAL INPUT connector. This connector is located on
the back of the drive moedule (see Figure B1-1). You may obtain
a standard 25-pin cable from Compumotor (part number
7967.100). I the front panel fault LED illuminates during the
system bench test, the RS-232C link allows you to use the
status commands {see Section J) to determine the cause of the
fault.
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Communicatlon
Parameters

isolating
Transformer

Primary Fusing

After you permanently install the Systern 7 rack in an
enclesure such as a rack cabinet, accessing the SERIAL INPUT
connector (for testing and tuning purposes) is very difficult.
Therefore, an alternattve serial connector on the front of the
control module board is accessible by removing the control
module front panel. Refer to Section H for moere information
on alternative serfal connections.

Te communicate with the control module, the terminal or
computer must be set to the communication parameters
below. Refer to the terminal's operator handbook for
information on how to do this.

Baud Rate: 9,600 baud
Data Bits: 8 (no parity)
Start Bit: 1
Stop Bit: 1

‘The control module does not accept handshaking in any form.
Therefore, you should disable the handshaking via software
or by jumpering RTS to CTS (usually pins 4 and 5) and DSR to
DTR {usually pins 6 and 20} as shown in Figure B1-1.

If you supply your own fsolating transformer, it must be

suitable for the AC line supply you intend to use. The
secondary transformer must be wound to provide an output of
107V RMS maximum and should be rated to provide the
necessary current (see spectifications table in Section D).

If you are using a Compumotor transformer, its tappings will
be jumpered for a 240V three-phase or a 120V single-phase AC
supply. as you spectfied in your order. Refer to Section D for
details on Compumotor isolating transformers.

When connecting the transformer to the AC line, you should
protect it by installing an in-line fuse (refer to Table B1-1 for
proper fuses for the various transformers).

[Transiormar (Part #)] [Fuse ﬁatlng [Fuse T'!Eo _ Volt.go
TO170 (7451.330) 15A 1Y) 250V
TO171 (7452.530) 25A 0 250V
TO1BS (7452.570) 15A k17 250V
TO186 (7455.070) 25A pin) 250V

Table B1-1. Fuse Ratings & Types
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System Testing

System Parameters

Turning the System
On

Functional Test

Now that you have made all the necessary connections, the
system should be functional Before you apply power you
should maks one fnal check to ensure that you have made all
the connections correctly.

A set of servo parameters have been programmed into the
system to allow it to be used in a wide range of applications.
These are the default parameters. Once your system is
running you may need to tune it for optimum performance by
changing these parameters. You will find information on
how to do this in Section H, RS- 232C Control Module.

Apply AC power to the system (ses Section D, Isolating
Transformer for more information). If you connectied the
system properly, the green LED on the power supply front
panel shouid illuminate, as should the green Logic Supply
LED on the drive front panel. All other LEDs on these two
modules should remain off. If any red LEDs (other than the
control card LED} flluminate, refer to Section K. Maintenance
& Troubleshooting, for instructions.

The System 7 is set prior to shipment to power up with the
limits enabled {LD@) and the drive disabled {$T1). This is
done for safety considerations. Therefore, before proceeding,
you must enable the drive by entering ST™2 (cr) and save this
parameter by entering sV {cr]. The control card LED should
now be off.

Enter the command string shown below. Puti a space between
each command and press the ENTER key after the Go {G)
command.

D3 MN AlZ ViP D2 G

The motor should tum 2 revolutions CW {4 revolutions for the
2340}. I the motor does not respond as described, switch off
power and recheck your wiring. If the wiring is correct and
the motor still does not respond, refer to Section K,
Maintenance and Troubleshooting. The successful
completion of this move indicates the following:

¢ The RS-232C connection is functioning properly

* The drive. motor/encoder, and control medule are
functioning properly

» The initial system parameters are properly set {for the
purposes of this Getting Staried Exercise

Summary

When you are satisfled that the system is functioning
properly. read the next section, which explains some items
you need to consider,

Before dismantiing your test set up, familiarize yoursell with
parameter adjustment and programming. You will find
detailed information on these functions in Sections F and J.
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Section C. Installing the System

Section Objective This section discusses some of the things you must consider
when you install the system. If you do not follow these
guidelines, the systemn may operate unreliably and/or suffer

damage.
Installation The following precautions apply to the installation of most
Precautions electronic equipment.

+ Handie all units with care.
s Install System 7 in a clean, dry, well-ventilated area.
» Do not mount units on a hot surface or a heat source.

e Circulating air must be free from steamn, chemical
substances, combustible vapors. and oil.

Mounting the Rack The rack is a standard 19" rack. You may mount it using any
g of the standard techniques.

¢ Open frame support
* Large cabinet containing other equipment
¢ Individual cabinet

Figure Cl-1 shows the rack’s dimensions. Before you mount
the unit, examine the conditions under which the equipment

will operate.
-3
(277.50)
— e
' 800" (a2 80) |
1930 (485.10) ]
I A4.00" [ K o
(120} (101,807 [175.00)

=

Bt USEARL £ FAONT APERTURE -]

* Figures in parertheast, (). am in militwlers

Figure Cl-1. Rack Dimensions
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Ventiiation The equipment is rated assuming a free flow of air at a
maximum temperature of 104°F (40°C). When you mount the
rack, you should ensure that the ventilation 1s adequate. Take
particular care, f you are mounting the rack in a cabinetl with
other equipment, to ensure an adequate flow of cool atr.

Noxious Vapors Some industrial environments contain noxous chemical
vapors and ofls that can cause serfous damage to electronic
components. If your equipment will be installed in an
industrial environment, you may have to enclose the rack in
a sealed cabinet and ventilate the unit with spectal filters.

Accessibility After you install the system, you may need to access the
equipment from the front and back of the rack to complete
modifications or repairs. You should consider this when you
decide on the most sultable form of rack mounting.

Instaliing the The drive, power supply. and control modules are normally
Modules pre-mmounted in the rack and plugged into their own
motherboards,. which are attached to the rack and pre-wired.

To remaove a module. you should first unscrew the retaining
screws located at the top and bottom of the front panel (drive
modules have four screws and control modules have two
screws). Once the screws are removed, slide the module cut.
Figure C1-2 is a front view of the rack showing the module
positions. To install a module, simply reverse the removal
procedure. Be sure to insert the module in the module guide.

e AXIS ) e AXIS 2 —+— AIS T g
o oj{o{o olc|o O] O | powen
. DRIVE MODULE j_ DANVE MODULE DANVE MODULE 1 sueey .
. Q O Q10 21 0 .
ing Fi vy

Figure C1-2. Module Positions in the Rack
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Installin he Motor The considerations that apply to handling and installing

gt electronics also apply to motors. Some motor shafts are made
from statnless steel and can easily be damaged if knocked or
if the motor is dropped on {ts shaft.

Mounting the Motor  Servo motors and stepper motors are manufactured with a pilot
machined on their mounting face. This pilot is closely
toleranced in diameter and concentricity with the shait. You
shouid use this feature to locate the motor onto your equipment.

To attach the motor you should use all the bolt holes
provided. installiing the maximum possible diamneter of screw.
Mechanical details of the moter are in Section G, Hybrid
Servo Motor and Encoder.

Heatsinking The motor you are using will have a particular rating that
depends on its operating case texnperature. Normally, your
equipment will be cooler than the motor and will provide
some heat sinking. If your equipment is hot, however, it may
heat the motor and reduce i#ts rating.

Coupling to the Stepper motors should be mounted using flange bolts and

Motor centered by the pilot on the front face. Foot-mount
configurations are a less desirable alternative because the
torque of the motor is not evenly distributed around the
moter case. Any radial load on the motor shaft is multiplied
by a much longer lever arm when a fool mount is used rather
than a face flange.

WARNING

improper mounting ¢can compromise systemn performance
and jeopardize personal safety.

The motors used with the System 7 can produce very large
torgques. These motors can also produce high accelerations.
This combination can shear shafts and mounting hardware if
the mounting is not suflicient. High accelerations can
produce shocks and vibrations that require much heavier
hardware than would be expected lor static loads of the same
magnitude. The motor. under certain profiles. can produce
low-frequency vibrations in the mounting structure. These
vibrations can alsc cause metal fatigue In structural members
if harmonic resonances are induced by the move profiles you
are using. A mechanical engineer should check the machine
design to ensure that the mounting structure s adequate.

CAUTION

Do not sttach the load to the motor yet. Sectlon G
discusses mathods for coupling the load to the motor.
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Installing the
Transformer

The transformer is a very heavy unit, It should be installed in
the bottom of a large cabinet or rack. If you wish to separate
the transformer from the rest of the system, you must ensure
that high-voltage terminals are not exposed (covers are
provided with Compumotor transformers). Section D,
Isolating Transformer contains the mechanical details of the
transf{ormer.

Installing the Wiring

Cabling

Cable Routing

Grounding

Your system is supplied with the cables cut to the lengths you
specified in your order. Instatlation tnvolves routing the
cables in or from the control cabinet to the motor. Where
cables are likely to be exposed in a machine shop, we suggest
that you route thern through a metal conduit.

H you supply your own cables, we recommend certain types of
cable for particular applications. For further information on
these, refer to Section G.

Where necessary, recommended cables are shielded to
minimize problems caused by interference from external
electrical sources and adjacent wiring.

To eliminate wiring problems, keep low-level signal cables,
such as encoder cables, away from cables carTying high-level
control signals or motor current. If possible, route high- and
low-level signal cables in separate conduits. You should not
encounter problems f you run a motor lead and its encoder
cable in the same conduit. provided they are separately
shielded.

All cable shielding and other ground connections should be
taken to one point in the control cabinet. You should leave
the remote ends of shields non-terminated. This is to
eliminate ground loops within the system wiring. If such
loops exist, currents may circulate in them and these may
cause unreliable or unpredictable perfornance.
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Setting up the
System

If you bench tested your systemn (as suggested in Section B}
before mounting it into your equipment, you should be
familiar with its operation. Having tnstalled the system, you
should be able to test your complete system. To test the
system, you should perform a move. Be sure that the move can
be completed with the mechanics of your system.

CAUTION

Use the Disable Limits (Lb3) command carefully. The
command disables limit switch operation. This may be
convenlent for system testing, but movement that
sxceeds the limit switch positions can damage your
equipmaent.

I you need to modify the performance parameters of the
system to meet the application's specifications, refer to
Gection F, Drive Module, and Section H, RS-232C Control
Module. These sections provide information for you to
customize the drive and control modules for your application.

Summary

Now that you have installed and set up your system, your
equipment should function as required. Sections D through H
describe the various modules/components in detail. If you
have problems, refer to the Secticn K. Maintenance and
Troubleshooting.
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Section D. Isolating Transformer

Section Objective

This section gives you details of the isolating transformer.
You will need to refer to it if you want te set up the voltage
tappings on the tsolating transformer.

Transformer
Description

Depending on your system Joad requirements or on the
available AC supply. you will have been supplied with either a
single- or a three-phase transformer. This will have had its
tappings jumpered for either 120V single-phase {see Figure D-
2) or 240V three-phase [see Figure D-4) and for the appropriate
output voltage {normally 107V).

It is our converition to quote transformer secondary voltages
in the open circult condttion. To use the system on a different
AC supply. or to obtain a different output voltage, you must
adjust the ransformer's jumpers. This section shows you
how (o0 do this. If you adjust the jumpers., test that 107VAC is
abtained on the cables before you connect to them to the

System 7.

Single-Phase
Supply

There are two types of single.-phase transformers avallable:
TO170 and TO171.

If you ordered the transformer with the -F option. the AC
input fuse will be factory-installed on the transformer. I you
intentd to install the AC in-line fuse yourself, use the fuse
supplied in the ship kit {see Table D-1 for specifications).
Refer to Figure D-2 for fuse placement.

Transiormaer (Part #)] (Fuse FTlHng_ [Fuse T!Eo_ Voitage
TO170 {7451.330) 154 1D '

250V
TO171 {7452.530) 25A T0 250V

Table D-1. Fuse Ratings & Types for Single-Phase

The single-phase transformer specifications are presented in
Table D-2.

Parameisr | Specliication .
Primary 1,2, 3, 4 oV, 20V, 110V, and 120V respectively {rms}

O170: 0-107V {rms) at 11A
TO171: 0107V {rms) a1 22A
EV- 115V (rms) al 1A

Reqguiation Beter than 3%

P—
VA Rating TOV170: 1.3 KVA

;!'_0171: 2.5 KVA _
Weight TO170: 34.2 lbs [15.5 kgs]

TO171: 54.0 ibs [24.5 kgs)

Table D-2. Single-Fhase Transformer Spectfications
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Single-Phase

Dimensions

Table D-3 contains the critical dimensions of the two single-
Transformer phase transformers.

Y0170

Y0173

Qverall Helght
Overall Width

8.0" {203
5.3" (135

Overall Length

7.77(195)

{203} 9.5" (242)
. 6.8 (172)

8.5 (215)

Tabie D-3. Single-Phase Transformer Dimensions

Refer to Figure D-1 for mounting details

4027 (102} (TO170}

oil}

ALY (VIE) (TOVTY)

-

-

B 1

3.2 2) (TO170)
433" (11Q) (TD3 1)

..f}

A

l

® Frguies in QaremTasat, ||, Are i melimsaes

0.917 () TYP (TO170;
0.97° (9.5} TYP [TO1 71}

Figure D-1. Single-Phase Transformer Mounting Details

Voltage Adjustment  Figure D-2 shows the transformer connections for 120V (rms)
input. If you must use other input voltages, Table D-4 gives
detalls of the terminals you will need to jumper.

The input voltages in the range 360V to 480V are available for
connecting the transformer across two phases of a three-

phase supply.
input | [ Primary Cennections Terminals
Voltage Line 1 I_.lm 2 Jumpering)
100 1 "] 1-2.3-4, 8-10--11-12
110 3 13 5-6-7-8, 13-14-15-16
120° 1 13 1-2-3-4, 13-14-15-16
200 1 10 9-2,11-4,1-3,10-12
220 5 14 {13-6, 15-8,5-7, 14-18
230 1 14 '13-6. 15-8, 14-16
240 1 14 [132.15-494-16
360 5 12 8-6, 10-7, 11-8
380 5 16 96, 10-7, 13-8
400 1 12 9-2, 10-3, 11-4
420 1 16 9.2, 10-3. 11-4
440 5 16 13-6, 14-7, 15-8
460 5 18 13.5, 14-3, 15.4
480 1 iﬁ 13.2,14.3 15.4
*This is the defaull setong for TO171 & TO171 ranstormers

Table D-4, Single-Phase Transformer Jumpers
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Wire color in Halics

. ,__\BTP-‘NSFOHER PSU MOTHERBQARD
green/yeliow
e
E
1 YA TAY ov
: : 7= (O
biue
i Q 10 Q Q 1 A -._l yeliow
E 9 Q W i 11;\! -——-'
Divg et
§ WV
= L3\, EAATH
b O
F Ogtion
(Fm:l;l::ulld Q OLZ
oY

# FAN

Figure D-2, 120V Single-Phase Transformer Connections

Three-Phase
Supply

Two types of three-phase transformers are avatlable: TO185
and TO186. The electrical and mechanical details of thess are

given in Table D-5.

[Transformer (Peri #) [Fuse ﬁallng Fuse T!E'. Yoitage
TO185 (7452.570 15A D 250V
TO18€ (7455.070) 25A TD 250V

Table D-5. Fuse Ratings & Types for Three-Phase

The three-phase transfiormer specifications are presented in

Table D-6.
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Farameter Spactiication

C14-0-71-99-127V (rms) at GA
: 14-0-71-95-127V (rms) at 184
D 14-0-71-99-127V (rms) a1 GA
; 14-0-71-99-127V {rms) at 18A
:14-0-71-98- 127V (rmhs) at 9A
:14-0-71-99-127V {rms} at 18A
; 0-120V (rms) &t 1A

: 2.5A

D 0120V (rms) at 1A

1 B-120V {rms) &t 2.5A
:18-0-18 V (rms) at 3A
: 18-0-18V irms) at 6A

TO185; 75.0 ibs {34 kgs)
TO186: 110.2 Ibs [SO kgs]

Table D-6. Three-Phase Transformer Specifications I

Three-Phase The dimensions and mounting detalls of the transformers are

Transformer shown in Table D-7.
Dimensions
TO185 Y0186
Overall Height 12.2" {310) 13.8" (350)
Oversll Width 5.27 (132} 5.5 {140)
verall Length 11.9° {302) 15.0° (380)

Table D-7. Three-Phase Transformer Dimensions

5.5 (188.0) (TOBS)

9.8° R243.0) [TOBE)

e

™

mii

|

207 (100.0) {TO188}
4.7 (08.0) (TO184)

!

-

l‘ 0.4* (10) TYP

Figure D-3. Three-Phase Transformer Mounting Detalls
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Voltage Adjustment To adjust the transformer for the AC supply. follow the
appropriate jumper connections illustrated in Tables D-8 and

D-9,

Phase “Red Yelow Biue

-C.:Ibll color Brown Black B_liie

Pin connection 1 S 17
Fan Connectlons: 45 & 46

Tabie D-8. TO185 & TO186 Transformer Primary

Connections
'_Prlmlry
Voluic Lt|gL2]{LI JUmpaers .
240 26 || 32 1138 | [1-5, 4-8, -9, 9-13 12-16, 18-17, 17-21,
20-24, 1-24, 29-32, 35-28, 26-41
380 26 || 32386} [|1-23 3-6, 7-9, 11-14, 15-17, 18-22,
[29-32. 35-38, 26-41 —
400 26 32 38 | |[1-23, 3-5, 79, 11-13, 15-17, 18-21,

28-32, 35-38, 26-41 -
415/420 26 1| 321138 ||1-23, 4-6, V-9, 12-14, 15-17, 20-22,
20-32, 35-38, 26-41

440 26 32 || 38 | {1-23, 4-5, 7-9,12:13, 1517, 20-22,
29-32, 35-38, 26-41
480 26 32 38 | [1-23, 4-5, 8-9, 12-13, 16-17, 20-21,

29-32, 35-38, 26-41

Table D-9. TO185 and TO186 Rack Connections & Jumpers

The transformer connections for 240V three-phase operation
are shown in Figure D-4.

PSU MOTHERBOARD

FAN

“ 8 W
7°so:n°«> “ o2
oo o] o/g;\o 000
» NG 5 »
-1 o o
_ 7 1
_;"&r o0
Faai nJan nn
2 Phass o0
FAOVAC - Yol
o —H&"
"0""‘3\ -
Aol Fusas

Figure D-4. 240V Three-Phase TO185 Connections
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Description

Section E. Power Supply Unit

The 7715 power supply unit is a rack-mount module for use
with Cormmpumotor's range of brushless servo and stepping
motor drives. The unit accepts a single- or three-phase AC
tnput and provides a single DC output voltage. Input and
output are sent via connections to a motherboard, which is
mounted on the rack and connected to the power supply. The
motherboard also carries the AC line fuses, two AC line
suppression capacitors, and a DC supply bleed resistor.

Additional circuitry in the power supply dumps power
generated by the motor during deceleration. The maximum
power durop rating is 68 watts continuous. In high duty cycle
applications, this rating may need to be increased.
Provisions have been made for the addition of an external
dump resistor {contac{ Compumotor for more information).
The module can power up to three rack-mounted drives,
depending on the total maximum current demand.

Adeqguate ventilation for the power supply unit should be
provided. Rack-mounted systems usually require a cooling
fan, depending on the maxdmum load. A built-in fan tray,
with fans installed as necessary, is an available option with
the Compumoter-supplied rack.

Specifications

Table E-] provides the spectfications for the power supply
unit.

Parameter Specification
AC Input 50 - 107V rms. single or three phase
wu‘tnut 70 - 150VDC .
VA Rating Single-phase inpul: 2200VA at 107V

- Thrae-phase input: 3400VA at 107V
Max. Ambient TomEratuu 95°F (45°C)

Power Dump Current 11A {maximum}

Powear Dump Raung |68 Warns continuous {provision for high-power
'_ lextarnal dump resistor if required)

Dimensions AUA2HP

Weoight 3 s (0.8 Kas)

Table E-1. Power Supply Specifications

Since the power supply smoothing capacitor is distributed
between the drive motherboards, maximum ratings will be
achieved only when the power supply is used as part of a
complete Compumotor rack system. or where suitable
additional capacitors are included.
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Fuse Ratings Table E-2 lists the power supply module fuse ratings and
types. Figure E-1 shows the Jocation of the fuses. In the event
of a failure, use only the specified fuse types for replacement.

[ Fuss Location _ “Ratin

|__FS1 Power Supply Module i 2ATLHB 32 mm
FSi PS Motherboard 25A QA HB 32 mm
FS2 PS Maotherboard 25A QA HE 32 mm
FS3__ | PS Motherboard 25A QA HB 32 mm |

Table E-2. Location & Ratings

PS5 Wotra s

L ——
L -

Figure E-1. Fuse Location
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Instaliation

Connections

DC Output

AC Input

HV Supply
Indicator

The power supply module {s normally supplied as part of a
compiete rack system. if this is not the case. and you are
mounting the power supply separately, you should observe the
following precautions:

Handle the unit with care.

Install the unit in a clean, dry, well-ventilated area.
Do not mount the unit on a hot surface.

Do not mount the unit above a radiant heat source,
The ctrcuiating air must be free from steam. chernical
substances, combustible vapors, and oil.

Allow adequate ventilation above and below the rack. In
some applications involving high duty cycles, additional
dump resistors may be needed as described earlier (n this
chapter,

You will need to make the following connections to the power
supply module via the power supply motherboard.

The DC output is taken via a pair of standoffs mounted on the
power supply motherboard. Normally, the connections
between the power supply and the rack-mounted modules are
done for you

The AC input to the power supply unit may be either single- or
three-phase. Connection should be made between the power
supply motherboard and the isolating transformer in
accordance with the instructions tn Section D, Isolating
Transformer,

When making connections betiveen the power supply and the
isolating transformer or drive modules, be sure to use the

appropriate gaiige of wire.

A single green LED flluminates on the front panel to indicate
the presence of the HV supply.
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Principles of Figures E-2 and E-3 show the cireuit diagrams of the power
Operation supply unit and its motherboard.

The AC input is rectified by the two bridges BR1 and BR2 and
smoothed by capacitors C1 - C4, to provide the main HV
supply. Additional stnoothing is provided by capacitors
mounted on the drive motherboards. When HV is present, the
front panel LED will flluminate. The power dump circuit will
remain operative if one of the tnput fuses fajls when a three-
phase supply is used.

The remainder of the circuitry absorbs power generated by the
motor while it 1s deceleration. During deceleration, the motor
generates power that causes the HV voltage to rise. If the HV
voitage rises above the reference voltage (158V), the power
dump circuit will be turned on and current will flow through
the dumnp resistors (R8 - R11) until HV is restored to its
nominal value. The dump fuse, FS1, is included to protect the
dump resistors and the circuit from over-dissipation. I this
fuse is blown and is not replaced, the drive may be damaged.
When the AC power is switched off, the dump circuit becomes
operative. reducing the HV supply to about 30V within 5

seconds.
51
2A X2 mm T =8
Lo s A A
u DHMF RES 1
. )
.
> >
DUWP RES 2
o
CIACUIT
2

HY SPPLY DN LED

Figure E-2. Power Supply Circuit Diagram
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FEI1 28 32 mm QA HB 1
—
c1 ——)
FE2 25A T2 mm QA HB
w2 o
frrer——)
) 12 way
H  COnTRSi
L —
€ 2= Py 22801 2W I "'"g
| I
ov - _g
—
RACK GROLND TR . ]
DUBAP AES 2 e}
4
—1
| R4
L3 - Fol
F53 2%A 32 mm QA HB gaz

Figure E-3. Power Supply Motherboard Circuit Diagram

Summary

You should now have an understanding of the operaton of the
power supply circuit. You should be able to adjust the

isolating transformer tappings to suit your supply voltage and
to provide the required output voltage. If a fault occurs, refer
to Section K, Maintenance & Troubleshooting.
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Section F. Drive Module

Section Objective

This section gives details of the drtve module. Refer to this
section to set up the drive or to restart it ff a fault develops.

Description

The 7153.500, 7153.501, and 7156.500 AC brushless drives
and the 7153.300 hybrid servo drive are high-performance,
low-loss, PWM drives designed for use with the Compumotor
brushless servo motors. The drive consists of a dual torque
amplifier, a waveform generator, and a switched mode power

supply.

The drive module is designed to be mounted in an extended 3U
rack, plugging into a rack-mounted motherboard. The drive
is intended to be used with one of a number of different
conirol cards mounted along side it in the rack and plugged
into a cormumon drive/control motherboard.

A single DC power bus Is provided from the rack-tnounted
power supply which plugs into its own motherboard and
supplies power to the rack via a pair of solid brass bus bars.
Up to 3 drives, complete with their asscciated control cards,
may be mounted in one rack.

Care must be taken to ensure adequate ventilation for the
drives. Rack mounting will normally require the use of one or
more cooling fans, depending on the number of drives
installed. The Compumotor-supplied rack is 4U high. having
a built in fan tray, with fans installed as necessary.

The drive is fully protected against overheating and against
short circuits across the motor terminals, or from the motor
terminals to ground. Additional protection circuitry
monitors the voltage rails within the drive and disables the
amplifiers if these fall outside the specifications. Fault
indication is provided by a series of front panej LEDs.

Principles of
Operation

Figure F1-1 is a block diagram of the drive and iis
connections to the systemn. It consists of two torque
amplifiers, a switched mode power supply. and a two-phase
waveform generator. These circults are built on two printed
circuit boards that also house the protection and fault
{ndication circuits and the control input/output isolation.

Input to the waveform generator from the control card is via
opto-isolators, These input sighals are used within the
waveforn generator to generate the torque demand signals
and send them te the torque amplifiers.

The torque amplifiers supply currents with the appropriate
profile and phase to the motor windings under the control of
the waveform generator.
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‘The switched mode power supply operates at a frequency of 80
kHz and uses the HV supply to generate the internal supplies
needed by the drtve. In addition to these, two 1solated supplies
are generated. A 5V power supply is available to power the
control card logic and the motor encoder. A 12V supply 1s
avatlable for use with external machine controls such as
imit switches.

. §sTER

7 MGMAL LK ToROUE
TORORE AMPLFER
MAMD t
DRECTION » "
P TOROUE waveron oy L
- fucoE cowvtoL | | GENERATOR B commgnT
. JENABLE HOTOR
B TR N ENCOCER
3 s T TOROUE TOROUE
DEMAND 2 | AMPLFIER
1111
" -
suppy e 1V
e -5V
DRNVE MODULE

Figure F1-1. Drve Block Diagram

Figure F1-2 illustrates the waveform generator. The EPROM
characterizes the drive (hybrid brushless) and contains the
instructions necessary for the gate array to generate the
appropriate current proflles. To generate the drive currents,
an electrical position latch (EPL) monitors the position of the
rolor using information input from the encoder. and uses this
to generate the required current profile. The PWM torque
signal determines the level of current required for the motor
to follow the input motion proflle. These two sets of data are
fed into two digital-to-analog (DAC) convertors, which
provide the analog torque demand signals for the two torque
amnplifiers. The output cusrent from the amplifiers may be
limited to a maximum leve] by the setting of the current limit
switches (refer to Figure F1-3 and Table F1-2 for details on
cwrent limit switch location and settings).

When the systern is switched on, the motor is powered up as an
open-loop stepping motor and the rotor will rotate to Jocate
its neatest step. This aliows the drive to define a known
electrical position. The mode input s then used to apply the
necessary 90° torque angle and the current s adjusted to
maintain position. If there is significant friction load on the
motor, this procedure may result in operation at a non-
optirmurn torque angle for up to one revolution of the motor
shaft. The EPL will then be reset by the encoder index pulse.
and any error in torque angle will be corrected.
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F1-3
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Figure F1-2. Waveform Generator

Specifications Table F1-1 provides specifications for all five motor/drive
packages.

Mo/ Dnve Pkg # T252.300 7252.501 7262.502 T7252.5800 7252.520
Weght. Ibs (Kgs}

homr 7501350 1014 {4.8) | 7521.350 108 (4. 7) | TS21370: 1323 (8.0) | 7E21.A50: 1036 (4.7) | 7521.250: 4191 9)
Drve 7163300 386 {1.75) | 7456.500 .86 (175) | 7156.500: 3.86 (175) | 7153500 385 (1.75) | 7163501 386 (175
DC Input Voltage 150V0C nomina! (60VDC min., 165 max }

Curtent Rating 7156.500 - 15A s

Curmen Control Racirculating PWM chapper with active current sweeding

Switching Frequency | 20kMz

Maximum Ambsent T A2-140°F (0-60°C )

Maximum Heatsink 17| 185°F (B5°C )

Protection Short greuit across phases of 10 0V, drive over-lmperature, power supplies out of specificaton. Fault

incication by LEDs.

Auxihiary Dutputs 5V a1 0.75A (for encoder and control card),

{Isalated) 12V at 0.2A {for machine and manual mputs ) control cerd),

Dimensions 5.25H x 3.6 W (3U x 18HF)

Table F1-1. Specifications for Motor/Drive Packages
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Fuse Rating

The type and rating of the HV fuse for the drive module (FS1,
located on drive motherboard) is 16A QA HB 32 mm. If this
fuse fails, use only the specified type for replacement.

Installation

The drive module is normally supplied as part of a complete
rack system. If this is not the case and you are mounting the
drive yourself, observe the installation precautions outlined
in Section C. '

The drive may be controlled by one of several control cards.
This card is normally Jocated in the rack next to the drive. If
this is the case, you do not need to make any connections
between the drive and the control card. Instructions for
connecting the motor/encoder are provided in Section G,
Hybrid Serve Motor and Encoder.

If you use a motor cable other than that supplied as part ¢f a
system, it should be of a ruting appropriate for the motor
current.

To reduce the effects of radiated electrical interference. shield
the motor cables and, \f possible, run them separately from
cables carrying low-level signals {such as encoder outputs).
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Setting Up the
Current Limit

You can adjust the maximum rms current output from the
drive with the DIP switches located in the drive module (see
Figure F1-3). If the motor runs hot, you may want to reduce
the current, though this may affect the dynamics and tuning
of the system. Table F1-2 shows the switch settings for the
range of current limit levels.

DiP Switch SW2

(blue box with 4 switches)

Ciose-up Viaw of DIP Switch SW2
(Use a small screw driver 1o set the switches.)

Figure F1-3. Drive Current Limit Switch

Max Curreni O/P|{Max Current O/P| OIP Swiich Satiings [ﬂﬁ
{amps rms) * {(amps rms) ** Bit 1 Bit 2 Bit 3 Bit 4
284 1.42 OFF OFF OFF OFF
452 2.26 OFF OFF ON OFF
5.3 2.65 QFF OFF ON ON
5 305 o) o] o (o
852 4.26 B2 | LTI | T { B T
10.08 5.04 ON || OFF OFF ON
12.54 6.27 ON ON _|f OFF
13.32 5.66 __QN_ ON OFF ON
14.24 JEAF ON ON ON OFF
185 7.5 |_ON ON ON ON
* Applies oniy 10 drive number 7156.500 (drive/motor pkgs. 7252.501 & 7252.502)

** Applies only to drive number 7153, 500/7153.501 (drive/motor pkgs. 7252500 & 7252.520)

*** Default setting

Table F1-2. DIP Switch Settings for Current Limit Levels
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CAUTION

Two trim potentiometsrs {(RV3 and RV4) are mounted 1o
the PCBs of the drive module. They are factory set and
sealed. Adjusting them may causs rough motor rotation
or prevent rotation - gnd _Invalidate the warranty.

Fault Indicators

Logic Supply On

Control Fault

Overioad

HV Over-voltage

Over-temperature

The drive is protected against overloads and short circuits.
Operation of the protection circuits is indicated by LEDs on
the drive front panel). Detection of a fault by the protection
circuitry disable the drive being .

The faults are latched and may be reset once the fault has been
corrected, ejither by temporarily disconnecting the AC supply
or by enabling the drive with the ST or ON commands.

Mlumination of this green LED tndicates that the low voltage
supplies to the drive are functioning. The LED should
normally be {luminated. However, ff the logic supply drops
for a short period and then returns to normal, the LED could
extinguish and not re-flluminate even though the drive may
stil] be functioning normally. This condition can be reset by
removing and re-applying the Enable signal (pin 1 on
conmector /0 3).

Nurmination of this red LED indicates that the PWM t{orque
demand signal has gone permanently high or low.

Hlumination of this red LED indicates an excesstve current
demand from the drive as a result of a short circuit across the
two motor terminais or a short to ground.

Mlumination of this red LED indicates that the supply bus is
not within the specification level [55 - 170V). This condition
is most likely to occur ¥ excessive regeneration is taking
place. If this is the case, it may be necessary o install an
external power dump resistor.

The built-in power dump resistor is located on the power
supply unit. If you need to increase its rating, reference
Section E, Power Supply UniL

If the drive heatsink temperature rises above 185°F (85°C),
this red LED will illuminate.

Summary

You should now have a basic understanding of the operation
of the drive module. If a fauit develops. you should be able to
decide whether or not it is a drive module fault by referring to
the above section on Fault Indicators and to Section K,
Maintenance & Troubleshooting.
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Section G. Hybrid Servo Motor and Encoder

Section Objective

This section contains the electrical and mechanical
specifications for the motor and encoder. 1t shows details of
the cable connections and lists the recommended cable types.

Description

The motors are hybrid brushiess servo motors. with a bullt-in
incremental encoder that provides shaft position and
commutation information.

The pulse count from the encoder may be multiplied, on the
control card, by a factor of 4 {see the €8 command
description in Section J).

The motor/encoder package is supplied complete with cables,
which are terminated at the motor-end by means of screw
terminal connectors.

Motor
Specifications

Table G1-1 below gives the specifications of the AC brushless

and hybrid servo motors.

_ [ 7252.507 7252.520 T252.502 7252.500 | _?252.300

7521350 7521.250 7521.370 76521.350 7501.350
Roior Inertla oz-mz(kg-cm!} B.75 (1.6 1.53 (0.28 1212 (2.4 B.75 (1.6 9.8(1.8
nsulation NEMA Class F | | NEMA Ciags F | [NEMA Class F | | NEMA Class F | [NEMA Ciass B
Bulli-in Encoder 1000-ling 500-iing 1000-bne | 1000-ine 1000-ine
Maximum Rlsglution 4000 counts/revf | 2000 countsirav | (4000 counm/rev) | 4000 countsrrev | 4000 countsirev
NEMA Frame Size 34 23. 2-poie pair | | 34, 3-pole pair 34, 3-pole pair | |34, 50-pole par
Weight (inc. C_lblt) Ibs (kgﬂl 10.3 (4.7} 4.2 (1.9} 13.2 (8.0) 10.3(4.7) 10.1 (4.6)

Max. Case Temperature

212°F (100°C} sama for all motors

IEnvItonmnnlnl
Standard Cabie

P50 same for all motors

10 ## {3 m) same for all mators

Table G1-1. Motor Specifications
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Motor Dimensional
Drawings

7521.350

Canie ertry rao)
an (30 /m Hum amn —DH
0.0
I Hm 4 Fiokes 0.21 [5.5) I.
ondBT Sid) PCD - 008 (1.67)

: 1
T

102 6.0

4.0 2110y v

Figure G1-1. 7521.350 Motor Dimensions (7252.500 & 7252.501 Motor/Drive Pkgs.)

7521.250 COVER WiTh CABLE ENTRY

2 1 PG7 MAY BE ROTATED)

a2 319 \ m

> o (1 6) 0.7% {200 .
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L}

LB,

Figure G1-2. 7521.250 Motor Dimensions (7252.520 Motor/Drtve Package)
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Figure G1-3. 7521.370 Motor Dimensions (7252.502 Motor/Drive Package)
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Figure GI-4. 7501.350 Motor Dimensions (7252.300 Motor/Drive Package)
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Connections

Compumotor motors are shipped with pre-wired cables, ready
1o connect to the System 7 motherboard MOTOR and MOTOR
FEEDBACK (encoder] connectors (see Figure G1-5 for cable
connections). The cables are supplied at the length you
specified in your order,

If you need to attach longer cables, the Cable section of this
section shows the recommnended types.

Figure 1-5 flustrates cable color and number codes, The
numbe: codes are printed directly on the motor leads. Each
pair of encoder wires (e.g., CHA+ and CHA-) 18 sealed together
in the same clear plastic tubing. This 1s done to ensure that
you use the proper black ground wire for the appropriate
encoder input.

o

¥ MOTHERBOARD

Pinouts and Color Codes
MOTOR Connector { MOTOR FEEDBACK Connector

3)iHw +g

HNAHS ¥ MD) OND

R E R N

-
o

Figure G1-5. Motor and Encoder Connections

Cabling

Motor

Encoder

If you use cables other than those supplied as part of the
system, use cables that meet the following specifications.

You can get additional cabies from Parker Cornpumotor [part
# 4011.350). The specifications for the cable are listed below.

BSE360, VDEO295 class 5 & 6
Color code: DIN47100
5 core 1 mm square screened
Type: Ollex CY/1.0/5

Five twisted pairs, 7/0.203 mm {24 AWG)

PVC insulated and wrapped in aluminized tape

Timned copper drain wire

Characteristic tmpedance 770

UL numnber 2464

Manufachurers' type numbers; Alpha—54795; Belden—9505
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Encoder Backup

Supply

By connecting an extemal +5V power supply to the ENCODER
BACKUP SUPPLY connector (see Figure G1-6), the control
module can retain the motor's position if the power is
interrupted. To determine the motor's position after a
temporary power outage, simply use the DR or PR status
commands.

To use the encoder backup supply. you must first access the
motherboard and remove the wire (link) jabeled ENCODER
INT. 5V LINK. Use the following procedure to access the 5V
Iink:

1. Make sure the power is off.

2. Using a wire cutter, remove the 5V link (located next to the

ENCODER BACKUFR SUPPLY connector]) on the motherboard.

Using pins 3 and 4 on the same connector, you can daisy-
chain multipie units from one power supply (see Figure G1-6).
This reduces the wiring eflort.

e

H INT Fv LN
7

Cut the 5V ink wwe
¥ Ut ' Encxaet
Basup Supoly

- Motherboard

.....

i.“‘ ’sv
Im

.....

1
e

Motherboard
funii #2)

Motherboard
{unit x1)

External 5V
Supply

Figure G1-6. Encoder Backup Supply Connections
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Couplings

Single-Flex
Coupling

Double-Flex
Coupling

Rigid Coupling

Special couplings that accommodate different types of
misalignments are available, There are three types of
misalignments which can exist in any combination:

* Paralle] Misalighment. The offset of two mating shaft
center lines, although the center lines remain paraliel to
cach other

* Angular Misalignment, When two shaft center lines
intersect at an angle other than zero degrees

* End Float. A change in the relative distance between the
ends of two shafts

Spectal couplings accommodate the above misalignments and
to transmit the desired torque. You should consult the
coupling manufacturer to ensure that your application is
within the coupling's specified torgue capacity and
misalignment ranges.

There are three types of shaft couplings: single-flex. double-
flex, and rigid. Like a hinge. a single-flex coupling accepts
angular misalignment only. A double-flex coupling accepts
both angular and parallel misalignments. Both single-flex
and double-flex, depending on their design. may or may not
accept end-play. A rigid coupling does nol compensate for any
misalignment.

When a single-flex coupling is used. one and only one of the
shafils must be free to move in the radial direction without
constraint. Do not use a double-flex coupling in this situation
because it will allow: tvo much freedom and the shaft will
rotate eccentrically. causing large vibrations and immediate
failure.

Use a double-flexed coupling whenever two shafts are joined
that are fixed in the radial and angular direction (angular
misalignment). Do not use a single-flex coupling with a
parallel misalignment; this wil bend the shafts. causing
excessive bearing loads and premature failure.

Rigid couplings are generally not recommended. They should
be used only if the motor is on some form of {loating mounts
that allow {or alignment compensation.

For unusual motor tnstallations contact your Compumotor
applications engineer for assistance at {800) 358-9070.

Summary

This section has provided mechanical information, including
shaft Joading (for the motor) and the connection information
needed to lengthen or re-terminate the motor or encoder
cables. In the next section. we will explain the details of the
control card and how it is prograrnmed.
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Section H. RS-232C Control Module

Section Objective

This section discusses the set up and operation of the RS-232C
control module. This information should be thoroughly
understood before carrying out the final set-up of the system.

Description

The RS-232C control module is designed to work with the
System 7 rack, performing posttion control and indexing
functions using an industry standard RS-232C interface. It is
easily controlied from computers, tenminals, and most
programmable controllers. The control module can function
with the following types of motors:

* Open-loop stepper motors

¢  Hybrid brushless servo motors

* AC brushless servo motors

It can function as a Step & Direction control module with step
and direction position command fromn an external source or
as a brush servo controller.

The programming language 1s based on Compumotor's X
Language and the RS-232C control module s capable of
storing and executing complex motion programs from its
nen-volatile memory {battery backed-up RAM).

Features

* Differential pulse width modulated outputs
* High-speed operation
» RS-232C command interface

+ 1 to 8 devices can be daisy-chained on a single RS-232C
port using zero delay daisy chaining (ZDDC)

¢ 18K of nonvolatile program memory for storing up to 16
sequences and parameters.

e Automatic load and execution of motion programs
(sequences) at power up

e Sequence execution can be initiated by external switches,
computer, or programrnable controller

+ Sequence upload, downlcad, and memory verification

+ Optically isclated inputs for home positon, end-of-travel
Itmits, and emergency stop and jog functions

¢ Seven optically-isolated, user-definable fnputs

¢ Programmable resolution

+ Programmable analog output for signal monitoring

+ Watchdog output (Optically isolated)

*» In-position output {Optically isolated)

» Three programmable outputs {Optically isolated)

« Motherboard has 12V supply for opto-isolated 170

* Encoder following - axis A follows the encoder of axis B

s Encoder superposition - motion is the sum of the encoder
following input and an internally generated index
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Fault LED indicator

« Linear interpolation on two axes

» Registration mode

* Synchronous moves

»  Servo self-tuning as a torque or velocity amplifier

» Dither facility - for pneumatic and hydraulic valves

A single control module LED, visible through the front pane),
functions as a combined fault indicator. If the control module
disables the drive when no terminal is connected to the RS-
232C control module, you can count the number of LED
flashes to determine the reason for the disabling.

1 Hiash « BT cOmmand ssued (disabled)
31 fsshes = New memory mep

4 fashes = Excessive loBowing emor

§ Haohes « Chackium tmiure

T flashes = Prolonged max. torque demand
8 Nanhes = ESTOP inpadl sedn

The sequence of flashes continues until the fault is cleared. A
one- to two-second delay separates the LED flash sequences.

Specitications
Parameter Value
5-232C Communication
Type 3.wirg (Tx, Rx. GND}, minimum voltage swing on Rx ine = +3V
Parameters 9,600 baud, B data bits, 1 stop bit, no panty
Connector Rermovabie screw wrminals
Configuraton Up © & inwrimces can be controled from & single RS-232C port using ZDOC.

All commands can be preceded by a device idress.
The address is set by jumoers JU7, JUBS. & JUS on the board.

Baan-bop micro-stepper, AC bruthiess, or hybrd servo drives
seiected by software commands}

Igital Servo Loop
Update Time (frequency)
Sarvo Tuning

Tuning Parameters
ove Parameter Ranges
Pasition

Yelogity
Acceleration

tmarmrlu Compatibility

550 us
RS-232C values stored in batiery-backed RAM

|PIVF o PID Eu’ons with Eg ital titer

+1 1 2,007,152 staps

|0.0001 o 100 rps (0.488 10 4 x 108 gweps/sec)

0.06 to 999,990 00 rps? (244 t© 4 x 109 sieps/sece)

Iﬁotlon Program Storage
Memary type, Capadity

Number of Programs, Lengths
Prograrn_ Selection

sximum Encader Fr
asolution Ranges
Feedba

Uene

Encoder

cotdinate System

Battory-backed AAM; capacity « 6400 characwers wotal

15 programs with viariable longths up 1© memory kmit

Via RS-232C. Auto-sxecution on power-up, or binary addmss on saquence-select inputs
100 kH2 (lines/sec Datore multplicanon)

1 w0 32,767 counta/rev
1 to 32,767 counts/mev

incremental or abscium

ruet._ Preset with spead change. & continuous

Opileaily-isolated &lputs

| (Home, Limits, JOgs.

Anaiog WMonitor Outpuls
owet Requiremsnis

2 me

, & Inputs 1 through 7

10-30V ON maximum: S5mA at 30V OFF maximum; maximum rpverse
Watchdog, n-position, b fult outputs:
NPN open-collector common 1 isolaied ground. 300mA ON maxmum
WV OFF maximum. 2.5V at 300mA maximum

Table H1-1. RS-232C Control Module Specifications
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Motion Profiles

Triangular Profile

Trapezoidal Profile

In any motion control application, the most important
requirement {s precise shaft rotation, whether {t be with
respect to position, time, or velocity, The type of motion
profile needed depends on the motion control requirement.
The following sections describe the basic motion profiles.

Velocity, acceleration, and distance must be defined before
any preset move can be executed. The value of these
parameters determines the type of motion profile as either
triangular or trapezoidal.

A triangular profile results when the velocity and
acceleration are set such that the designed velocity is not
attained before half of the specified distance has been
travelled. This results from either a very low acceleration, a
very high velocity, or both over a relattvely short distance.
For example, if the acceleration {s set to 1 rps?, velocity s set
to 2 rps, and distance is set to 8,000 steps (2 revs), a triangular
moeton proflle will result. This is because by the time the
motor shaft has reached the desired velocity of 2 rps, it wilt
also have traveled half of the defined distance due to the
acceleration setting of 1 rps?. The motion profile for this
move 1s shown in Figure Hl-1.

— = ——  Programmed Velocity

— v e\

—_— Ve 172 Vi
td I
Vra: « Maximum velocity ta « Acceleration time
Vap = Average velocity 1d = Deceleration time

Figure H1-1. Trangular Profile

A trapezoidal move profile results when the defined velocity
1s attained before the molor shaft has moved half of the
specified distance. This is due to a defined velocity that is low,
a delined aceeleration that is high, a move distance that is
long. or a combination of all three. For example, if the
acceleration: s set to 10 rps2, velocity 1s set to 1 rps, and
distance is specified as 20,000 steps {5 revs), the resulting
motion profile 1s shown in Figure H1-2.

—_— —— Programmaed Velocity

Velocity
{rps)

t

k fa .1< [ l ld_.-l
ta = Acceleration time

1c = Time (Seconds) al constant velocity
1d = Deceleration time

Figure H1-2. Trapezoidal Profile
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User Profiles

You may deflne a move profile with the ¥C command to
establish the continuous mode. Velocity can be programmed
on-the-fly with the v command. Sending cormmands to the
RS-232C control module in rapid succession allows smooth
profiling that will allow ctreles and arcs to be traced using a
two-axis system, or allow smooth {Jow jerk} motion by virtue
of S-curve acceleration rather than straight ramping as with
trianguiar and trapezoidal moves. Once you have generated a
sequence of comrnands to trace the correct profile, the profile
will be very repeatable. This may require some trial and
error. You can combine v commands with time delays in a
sequence buffer to create very complex move proflles.

The R5-232C control module also has a Speed Change mode
idq). which is like the Preset mode in that the move distance
is pre-defined, but ft is possible to change speed in the middle
of the move as required based on a distance, input, or time

delay trigger.

Operating Modes

Normal (Preset)
Modes

Incremental Preset
Moves

Exampie Program

This section provides an overview of the various operating
modes and special features,

A preset move refers to a move of a specified distance (in motor
steps). Preset moves allow you to position the motor in relation
1o the motor's previous stopped position {incremental moves) or
in relation to a defined zero reference position (absclute moves).
You can select preset moves by putting the RS-232C control
module into mode normal with the My command.

If the RS-232C control module is in the incremental mode MY
or I command), a preset move will move the motor shaft
the specified distance {in motor steps) from its starting
position. For exampie, to move the motor shaft 1.5
revolutions, a preset move of +6.000 steps would be specified,
assurning a 4,000 step/rev encoder resolution setup. Every
tirne this move is executed, the motor shaft will move 1.5
revolutions positive from its current position. You can
specify the direction of the move with the distance command
by using the optional  sign (D+6000 or D-6000). You can
also define it separately with the # command {H+ or H-).

Lommand Rescdotion

i1NPI Sets incramental mode

1DPA Response=1500 (currant position)
ip4goe Seis move 10 be 4000 steps CW
1G Executes move 10 position 5500
1p-3098 Sets move to 3000 steps CCW
16 Executes move 10 position 2500
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Absolute Preset
Moves

Example Program

Continuous Mode

A preset move in absolute wode (WPA command] will move the
shaft of the motor the specified distance {in motor steps) from
the absolute zero positionn. The absolute position can be set to
zero with the PZ command. For mstance, at the end of a go
home move (GE command). The absolute zero posttion is
initially the power-up position, and will remain that way
untll it ts changed with a P£ cormunand. Any preset move
performed while in the absolute mode will position the motor
shaft the defined distance (in motor steps} from the absolute
zero position. For example, with the RS-232C control module
at the absolute zero position a move with a distance of +4.000
will cause the motor shaft to turn 1 revolution in the positive
direction. If a move with the same defined distance is
execuied tmmediately after this move, the motor shaft will
not turn, since it is already +4,000 steps from the absolute
ZetTo position. The direction of an absolute preset move will
depend upon the shaft position at the beginning of the move
and the position that it is being commanded to move to. For
example, if the motor shaft is at absohite position +12.800,
and position commanded 1s +5000, the motor shaft will
move in the negattve direction a distance of 7,800 steps to

absolute position +5000,

The RS-232C control module powers up in incremental mode.
Issuing the MPA command will set the mode to absolute.
Issuing the XpI command will switch the mode from absolute
back to incremental. The RS-232C control module retains the
absolute position referenced. even while in incremental
mode. However, the counter does have an upper Iimit just
slightly more than 2,000.000 counts.

Command Description

1MPA Sets absolute mode

1PZ Sets current position 1o be absolute zero

1D4220 Sets move 10 absolute position 4000

16 Execute a CW move 1o position 4000

ilp25g@ Sets move 10 absolute position 2500

la Executes move of 1500 steps CCW 1o position
2500

Continuous moves (NC command) cause the motor to
accelerate and attain the spectfied velocity and then continue
to move. To change velocity while the motor s moving use the
Velocity (V) command. Issuing a stop (the § command) will
decelerate the motor to a stop at the last defined acceleration
rate. The distance paramneter is not used, although it is saved
in case the mode is returned to preset,

This mode is useful for applications that require constant
spinning of the load, when the motor must stop afier a period
of time has elapsed rather than after a fixed distance, or when
the motor must be synchronized to external events such as

trigger input signals.
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Exampis Program

G l 0 -
ne Sets continuous mode

Dames ignoted in continuous mode

ASD Sets acceleration 1o 50 r;:is2
vaa Sets velocity 1o 20 rps

G Motor runs st 20 rps continuously
vig Motor speed changes to 10 rps

| Motyr stops

Speed Change
Mode

The NQ command allows speed changes to be made during a

preset move. The speed changes can be triggered at a set
distance using the TR command or by an input using the TRE

command.

Exampie Program Lommand Dascrigtion
ang Set Mg moda for axis 3
IASP Sauhami«ationtowrpaz
3vis Set velocity to 15 rps
ibsged Set move distance 10 8000 steps
ic Start move
ITRDIGES Go 1o next v command at b« 3000 steps
avs Change velocity to 5 rps
ITRE_X1 Go to next command when Input 2 goes high
vz Change velocity 10 2 rps
Vi5
'E | V5 .
g | W
! i
Stan 3000 steps Trigger input 2 8000 staps
(Trigger distance) goss high {Finish)

Figure H1-3. Speed Change Mode Example Proflle

Registration Mode

A move may be programmed to end a specified distance after a

registration pulse appears at Input 6. The mode is selected
using the TRR command with the required registration

distance in the MQ or MC tnodes. Figure H1-4 illustrates an
examnple registration move.

Input 6 1
Hoid OF Distarv (I020)
Bl

§ 1 2

-

Stan
incremenial Qistares B200)

Figure H1-4. Example Registration Move
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Exampie Program

Program Operation

Asynchronous
Mode

Synchronous Mode

Linear Interpolation

Sommand Daagrigtion

1’1} Select MQ moda

D622 Set move distance to 6200 steps

Alo@ Set all accelerations to 100 rps?

vig Set veiocity 1o 10 ms

- Go

TRO LIS At distance = 4000 steps

vl Changs veiocity to 1 rps

TRDGA28 Al distance 6020 look for registration pulse
TRR14LP Travel 1440 steps from registration pulse
Vs At a velocity of 50 ps

TRIF Set Output 2 when in position

When executing this program, the axis first accelerates at 100
rps? to 10 rps (1). When # reaches a distance of 4000 steps (2},
its speed reduces to 1 rps {3) while it walits for the registration
pulse. Shortly after the pulse is recetved (4), the axis
accelerates toward 50 rps. but will not reach the speed before
starting to decelerate (5) to stop at 1440 steps from where the
pulse oocurred (6).

If the pulse was not recetved after 6020 steps {the hold off
distance) and before 6200 steps {the incremental distance), the
axis will stop at 6200 steps. This sets a window of 180 steps
during which the pulse is expected.

The MAS command selects the asynchronous mode in which
axes may start and stop moves tndependently of other axes in
the ZDDC systemn. In this mode, moves are executed in the
order that they are prograrnmed.

The normal operating mode is the asynchronous mode, but in
this mode it cannot be guaranteed that moves will be started
simuitanecusly. In synchronous mode, however, a
simultaneous start for moves on all axes can be achieved.
When the go command (GSY} ts given at the start of a
synchronous move, the system waits for the axes to be ready
and then starts them together. If they are not all ready within
two seconds of the go command being gtven, the move is
aborted. unless a PSY cornmand has previously been given, In
which case the wait for readiness is indefinite.

After the synchronized start, the moves will be at the
programmed speed. acceleration. and distance for each axis.
The synchronous mode. entered with the MSY cornmand. is
not exclusive of other modes. Exdit fram the mode ts by use of
the MAs command to return to asynchronous mode.

The RS-232C Control Module has the capability of inear
interpolation on two axes. This allows the axes to start
moving at the same time and then move with the same speed
relationship to each other untll their moves end
simultanecusly.

The furnktion requires that both of these axes be in mode
synchronous (NSY). The individual speeds and accelerations
for the axes are calculated by the processor so that moves are
started and ended at the same ttme and the axes remain at the
same speed and position relationship to each other
througheut the moves.
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The commands FoA and FDV are used to set the required
acceleration and velocity of the resulting vector movement .
Distances for both axes to be used for the linear interpolation
move may be either positive or negative and they are set as
part of the GL command, which s the command used to
fnitiate the move. Figure H1-5 shows the move proflles
followed by the two axes during a linear interpolation move
resulting from the following commands:

MSY
FDVE
FoaAlgg
GLEPRDS, 00D
! Axis 1 |
& | |
g ! |
= Axis 2
|
| )
Time '

Figure H1-5. Linear Interpolation Mode Move Profiles

The effect of these proflles on an X/Y table would be as shown
in Figure H1-6. Axds 1 has twice the distance of axis 2 to move
in the same timne, so the processor sets its acceleration.
velocity and deceleration to twice the axis 2 values. Both sets
of values are calculated from the distances and the FDA and
oV values set,

AXIS 1
+60000 End Posmﬂn
Vector Angle
AXIS 2
- Start +30000 +
Puosition

Figure H1-6. Linear interpolation X/Y Table Plot
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Encoder Foliowing
Mode

Since the relationship between the speeds of the two axes 1s
maintained, the plot of the axis 1 distance moved against the
axis 2 move Is a straight line. Along this line the resultant
combined move accelerates at the rate set by YDA to the speed
sel by FOV, decelerating to a stop as the axes reach their
programmed distances. This is called vector prog

and roa and FDv are the vector acceleration and velocity
respectively. The distances set the vector angle and vector
distance.

Encoder followtng is the technique of moving the motor of
one axis according to the input from an encoder on a different
axis. To use the control module in the encoder following
mode, you must connect the jollowing encoder’s leads to the
clock (siep) and direction terminals as shown below (see
Figure H1-6 for terminal locations}. Refer to your encoder's
user documentation to determine the lead functions.

CHA+ to CLK+
CHA 1o CLK-
CHB+ to DIR+
CHB to DIR

Use the 5IM and cCS commands (see Section J} to configure
the enceder following operation,

You can use the ¢S command to configure the CLK+, CLK-,
DIR+ and DIR- motherboard terminals as encoder inputs (x1,
x2 or x4) or as clock and direction tnputs.

The SIM command may be used to select the following:

» Normal contro] module operation {$IM2}

s  Encoder {ollowing with control module motion
commands inoperative (SIM1).

+ Encoder following with motion control commands
operative (SIMNZ).

¢ Software scaled encoder following {SIM3).
+ Software scaled encoder foliowing with reversal {STM4).

For SIN3 and SIK4 operation, the MR and CUR commands
define the scaling ratio and the rate can be calculated from the
following formula;

Motor {output} rate = input rate x OMR/COR

The step distribution: can be calculated from the formula for a
limited number of steps:

Number of motor steps to move = INT [(OMR x number of pulses
received + previous remainder/CUR) where INT means “take
the integer part of". The value is rounded towards zero
whether posiiive or negative. This formula is applied
iteratively with the remainder carried forward so that no
pulses are lost.
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Comparison of Following
Festures

Dither

Motion On
Initialization

The software scaling requires that when the ratic CMR/CUR is
reduced to its lJowest terms both the numerator and the
denominator must be in the range 1 to 255. This means that
at the maxtmum division, 255 pulses in results in 1 motor
step moved and at the maxtmum multiplication, 1 pulse in
results in 255 motor steps moved.

[Hardware Scaling Bohiware Bcaling
SIM, $IN2 SIMY, BINA
“The molor always moves by the sarre | The motor can move by more or less
of fewer pulses than received, The pulses than received. The input pulse
EIuMnismzm. stesm can be multiplied or divicded

mbo is programmed by he BAT RAT command no effect
command with 18 or 24 bit reschution
as & binary fraction.
O and COR have no SHect, The rabo s Programmed by G and CUR.
Egly_l\rlilnbh in 34rvo (E8C1) made | Avaiabie lor all dnve types.

ton on an sdditonal sidon 15 not svalable.

intermally generaind inclexpr motion s
available

This facility allows a triangular or square wave signal to be
added to the torque demand to combat problems on systems
that are non-linear in the crossover region such as pneumatic
and hydrauli valves. The commands associated with dither
operation are :

086 — Enables/disables dither

OSH — Selects triangular or square wave signal
DTA —  Sets dither signal amplitude

DTF — Sets dither signal frequency

They are defined in detatl in Section J.

On energizing the drive, a brushless non-hybrid serve motor
shaft may move through an angie of up to sixty degrees. The
08I command permits either normal initialization which
allows this movement or reduced movement initialization
which is designed to protect sysiems which could be damaged
by the normal movement. The reduced movement option is
not suitable for some types of load and with this option
initialization can take considerably longer than normal
initialization.

Program Storage

The user memorty is battery-backed up RAM with memory
retention of 1,000 hours. The capacity of the RAM is 16K. A
write-protect facility 1s provided. Programmed sequences are
stored in variable-length buffers and the total length, including
servo and other set-up parameters, cannot exceed 16K,
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Motion Program The system may be set up so that no sequence is executed at
Selection power-up. In this case, sequence execution would be initiated
from the controller over the RS-232C link.

Alternatively, a single sequence to be automatically executed
at power-up can be programmed. After that sequence is
executed, control can pass to another sequence or to the RS-
232C Interface. Sequence selection may also be initiated via
inputs. Up to 16 user-defined sequences can be selected for
execution n this way.

Motherboard The Motherboard front panel is shown in Figure H1-7,
Terminal Functions

Vo 4 Vo2 ANALOG MOTOR
x| '@ STEP. | ' @ OUTPUTS
xz 2@ STEP- 2@ ANOUT1 12 ??g??
x3| @ DR+ [+ @]  anouT2 tem
X4| « @ DR- [« @ GND 12
GND (V)| s @ GND V) [+ @
A '0 : Y .o CHA ‘0
w|-@ GND (vE) | 7 @ cHA-| 2@
3 'g VE (+5V) 'g cHB+ | 2 @
us| » SCRN | ¢ cHe-| + @
+2v| @ GND (12v) | * @ CHZ: | * @ xg:?:mx
h— [—— CHZ- '0
INPUT 1| ' @ ESTOP| '@ wunovey| 7@
3 2

INPUT2] 2@ WMT+ | 2@ VE (+5V) | '@

INPUT3| 2@ MT-| 2 @ wrl @

INPUT 4| + @ HOME | « @ SCAN | ° @

iNPUTS | 5@ 01| <@ Lo

INPUT & | 8@ [ In Position (02)| $ @] VE (+5V) n§ '@

INPUT7] 7@ Fault (03)| 7@ GND (VE) n| 2@| encoDER
JOG+{ v @ Us| 9@ VE (+5V) o '@ mackup
JOG-{ + @ U6 | *@ [GND (VE) me| ‘@
12V 1@ +12v| @

VO 1 Vo3
SERIAL INPUT
GND} 1 @
RX]|2@
™| @
RE|+@
™E | * @

Figure H1-7. Motherboard Terminal Functions
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Signal Types

I Gonnsctor/Pin _# Signal Name Funcilon Signal_Type
/G 1
Ping 1 -7 iUsar Inputs A
Pin 8 og Input A
Pin & og Input A
Pin 10 [Power Supply C
S 2
Pin 1 STEP+ (ClLK+) Step Input A
Pin 2 STEP- (CLK-} Step Input A
Pin 3 DIR+ Direction Input A
Pin 4 DR- Direction Input A
Pin 5§ GMND (5V) Power Supply e
Pin 6 GND (5V) Power Supply -—_
Pin 7 GND (VE} Powser Supply -
Pin 8 VE {+5V) Power Supply —
Pin 9 SCAN Shiald -
Pin 10 GND (12V) Powst Supply —
Q23
Pin 1 ESTOP Emergency Stop Input A
Pin 2 LMT+ Positive (CW) Limit A
Pin 3 LMT- Negative (CCW) Limit A
Pin 4 HOME Home Limit A
Pin S5 ot Usar Output B
Pin & 02 (In Pastion} User Output B
Pin 7 03 (Faul) User Ouput B
Pin 8 4. reserved K
Pin # U6 reserved K
Pin 10 +12V Power Supply C
e
Pins 1 - 4 Xi-X4 reserved K
Pin 5 GND (5V) |Power Supply C
Pins 6 - 9 t-us reserved K
| _Pin 10 +12V Powear Supply C
ANALOG OUTPUTS Not Used reserved K
AL [¥]
Pin 1 GND RS5-232C Cam. Connections F
Pin 2 RX RS.232C Com. Connections E
Pin 3 TX RS5-232C Com. Connections E
Pin 4 RXE Aux. RS-232C Conneclions E
Pin 5 TXE Aux. RS-232C Connections E
|MOTOR FEEDBACK
Pin 1 CHA+ Encoder Connections G
Pin 2 CHA. Encoder Connections G
Pin 3 CHB+ Encoder Connections G
Pin & CHE- Encoder Connections G
Pin 5 CHZ+ Encoder Connections G
Pin 6 CHZ- Encoder Connections G
Pin 7 GND (VE) Encoder Connections H
Pin 8 VE {+5V) Encoder Connections a—
Pin 9 MOT Motor Over-temperature -—
Pin 10 SCRN Shisld - ——
|ENCODEE EAEKUP
in 1 VE (+5V) Backup Encoder Connactions -
Pin 2 GND (VE) Backup Encoder Connactions H
Pin 3 VE {+5V) Backup Encoder Connactions —-—
Pin 4 GMND (VE) Backup Encoder Connections H

Table H1-2. Control Module Signal Types
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KEY
':_;_!lnal_fypo Description
' A DONCATy o WINd FIDULE Neferenced 1o Bolald GND. TV-12V ADDReC 81 MpLT repretents 10gic t
B [ Open-colecnr opbcally 180/ated OULDULS NeMeranced 1 1S0Lated N D
C Isolated 12V supply from drive
e | IBE23zC dam signais
F o Mocue OV (e 23
[} Difterontal encoder INpUts 1| L vels relatve 1 pin B
2 :NEaer supply Volmoe
[ ontrol modus OV
] DIOr GveT-Imparatsme Nputs or switch 1 GND
K afmenal not used
3 [Arslog monTior ot 12 5V relve 1o CONTO! Module OV

Signal Descriptions The following are the descriptions of the signals identified in

Step

Figure H1-7 and Table H1-2.

When step and direction control is used, the step signal
controls the acceleration, deceleration, and velocity of the
maotor. It is a balanced mput.

Direction The two direction inputs, + and -, are balanced inputs that

control the direction of rotation. Positive (CW) rotation
results when the + input is positive with respect to the - input.
Negattve (CCW) rotation results when the + input is negative
with respect to the - input.

inputs 1 to 7 The RS-232C control module reads these optically isolated

connections on connector 1/0 1 so that the controller can use
thern. They can also trigger sequences (see commands IS

and TRE]. You can use the $SE command to set Input IS as a
controiled stop line. This input triggers an internal §
cornmand that interrupts all other tndexdng activity. You can
assign alternative functions to inputs 4 - 7 as follows:

Input 4 1s a sequence select line if SS¥ is set to 1.
Input 5 is a stop input If SSE 1s set 10 §.
Input 6 clears a pause if §SB is set to 1.
Input 7 is a sequence select line if 05D is set to 1.

Jog+ & Jog- These inputs on connector [/O 1 provide a switch activated

method of moving in the positive or negative direction
respectively at a constant velocity previously defined using
the Jog Velocity {Jv) command.

ESTOP - ‘The ESTOP connection on the [/O 3 connector is a fail-safe -

input that needs current to be sourced into it to keep the drive
enabled. It provides a hardware-only path to enable the drive,
If current is momentarily stopped. the resident RS-232C
control moedule software will suppress re-enabling the drive
when the supply returns. The ESTOP input must be physically
connected to 170 3 pin 10 (+12V), preferably through a
normally closed emergency stop switch.
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+ (CW) & - (CCW) When you activate the + and - limit inputs on connector 1/0 3,
Limits you will trigder a controlled stop and prevent further
moevement in the same direction as the active limit (the
convention is positive direction = CW rotation). These inputs
need current sourced into them to allow motion in the
specified direction. You can disable all limits with the LD3
" command. The system will not operate without limit switch
connections or use of the Ld3 command.

CAUTION

Damage may occur 10 the system due 10 sxcessive travel
if you use the Disable Limits (1L03) command.

Home The home position i3 a reference position that you can define.
It is usually activated by a switch. You can program the RS-
232C control module to aearch for the home position. See the
GA, GEF, GH and P2 command descriptions in Sectton J.

Output 01 If the $50 command value is set to #. Qutput Ol becames a
user-defined output. U the 88D conmnand value is set to 1, the
output becomes a composite fault indicator that sinks current
during normal operation. It also functions as a watchdog so
that if the software enters an illegal state, the output will
become high-impedance and the drive disables. Refer to the
10, ©. and 5D command descriptions.

Output 02 If the s8¢ command value 13 set to 8, Output O2 functions as a
user-definable output. If the 55C commmand is set to 1, the
output is configured to indicate tn-position. The user defines
the criteria for being in-position with the CIT and CEW
commands (see commands 10, O, $8C, CIT, and CEW].

Output O3 This is a user-definable output with no altermative fixed function.

AN-OUT 1 This is an analogue output for position monitoring. The
output voltage is from +2.5V (representing a position error of
128 steps lagging the commanded position} to -2.5V
(representing a position error of 128 steps in advance of the
commanded position). The error corresponding to
iniermediate voltages is proportional to the fuil scale,

+2.5V

(STERS} 1 64 BTEPS)

8

2.5V

Figure H1-8. AN-OUT 1 Graph
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AN-QUT2 This {s an analogue cutput for velocity monitoring. The
output is +2.5V (representing a clockwise speed of 256,000
steps/sec) to -2.5V (representing an counter-clockwise speed of
256,000 steps/sec). The speed corresponding to intermediate
voitages is proportional to the full scale.

+2.5V
Counter-
Clockwise ov clockwise
| - 3 4 § (macsnecy
256,000 128,000 o 128,000 256,000

-2.5V

Figure Hi-9. AN-OUT 2 Graph

Indexer Inputs There are two limit inputs: end-of-travel and home. End-of-
travel limits must be normally active to allow motor motion.
If a tmit goes inactive (current stops flowing to the opto-
isolator) while the motor is moving in the direction of that
lirnit, the control tnodule will stop motor motion at a user-
defined deceleration rate determined by the LA cormunand.
The RA command tests limit status after a move.

The home input establishes a home reference position. The
GE command causes the motor to search for a transition on
its home input. After finding the home pesition, you can set
the absolute position with the PZ or SP commands.

Encoder Backup The purpose of the Encoder Backup Supply facility is to

Supply provide an external 5V backup power supply for the control
module to retain the motor's position ¥ the power is
interrupted. For more information on this facility. refer to
Section G.
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External
Connections

Step and Direction
inputs

Positive and
Negative End-of-
Travel Limit Inpuis

Figure H1-10 shows the general ctrouit arrangement of the
inputs and outputs of the interface. Both circuits are optically
isolated to give tmmunity from neise and transients.

e wa i
& ea zvono R
] Saoy - rons swnch -

’ LED hpat ,
~ b omarsem
apio-anlay ooy 1
oubutay A ]'m‘m
R e
|

S ]

Figure H1-10. Inputs and Qutputs—General Arrangement

These balanced inputs may be drtven from a single-ended
output via a differential line driver, such as the National
Semiconductor DSB830, that accepts a TTL-level input and
provides a balanced output. Each of the two circuits in the
DS8830 should have their four inputs connected together and
to the input signal if this device is used (see Figure H1-11),
Connecting the step/direction source equipment ground to the
contrel module ground should be avoided since this would
violate the fsolation conditions.

Step

\O\ Direction
D58830
|

Figure H1-11. Step and Direction Input Connections

The RS-232C control module is equipped with positive (CW)
and negative (CCW) end-of-travel Igmit inputs. These inputs
require a normally-closed, load-activated switch connected to
a current source (see Figure H1-12). If either input goes high.,
motor motion in the corresponding direction will not be
possible until the tnput goes low again. The inputs prevent the
load from crashing into a mechanical stop and damaging
equipment or injuring personnel. You can disable the Umit
switches for testing purposes or for rotary systems (which
have no end-of-travel requirement) with the Lb3 command.
When disabled, these inputs are avallabie as user inputs
similar to Il through I7. You can read thern with the Input
Status (I8) command.
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The Home Limit
input

Trigger Inputs

+ Jog Inputs

You can initiate the RS-232C control module's Go Home
function with the Go Home (GR} command. The direction and
velocity in which the motor should search for home must be
included in the command syntax. Refer to the GA, S8, SR, GHP
and GEF commands.

The homne lirnit input on the RS-232C control module is
optically isolated. A normally-open. load-acttvated switch 1o
a current source is the most commeon way of detecting the
home position (see Figure H1-12). When the control module
receives the GH command, it initiates a move in the direction
and at the velocity specified, looking for the home lmit input
state to change.

]
lossessess]le

-
O
w

Figure H1-12. Limit and Home Switch Connections

The RS-232C control module has 13 optically isolated inputs,
any of which may be used as triggers with the Trigger On Input
Equal (TRE} command. The semi-dedicated inputs such as
JOG+ and JOG- must have their dedicated functions disabled
when used as trigger inputs. They may be used etther high true
or low true, but you must supply an extermal 7V to 12V at
12mA per input to turmn on the opto-isolators (12V at 0.2A 1s
available on the motherboard). Refer to Figure H1-13 for
trigger input connection guidelines,

ni & T " —_—a ND.

-] -,0_1 -0 o

ni e XX OW

uie —— «o.

g O o

nie G COW
X | —t no
e | e O -
I F

101

Figure H1-13. Trigger and Jog Switch Connections

The jog switches provide manual control of the motor
position. Motor acceleration and speed when the jog switches
are operated are set by the JA and Jv commands respectively.
Normally-open pushbuttons (as shown in Figure ¥1-13 above)
are frequently used for this function.
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ESTOPFP Input The ESTOP input must have current sourced to it to keep the
drive cniabled. It is usually connected to the +12V supply via a
normally-closed pushbutton (see Figure H1-14). Pressing the
pushbutton immediately disables the drive.

Figure H1-14. ESTOP Input Connection

Sample Wiring The following are sample 1/0 wiring schemes.
Schemes

Coupling Outputs An output can be coupled to an tnput on another control

to Inputs module as shown in Figure H1-15. This connection may be

Tequired to run sequences on two axes with a need to
synchronize the two sequences. Using this arrangernent,
setting the output to 1 turns on the open collector output
transistor, diverting current from the input. With no input
current. the input is at 0 level, 8o a data inversion occurs.

riace 1 Wrterace 2
_____ e ——— —

+12¥ moi I

I " I

| ]

ol | g
12¥ mol GND 12V mol GND

-—*—*J e el

Figure H1-15. Input-to-Output Coupling

Fauilt Indicator Figure H1-16 shows a composite fault indicator that reguires
Qutput 1 10 be configured as a carnposite fault output (refer to
the $sD command). O1 sinks current while no fault extsts and
switches off if a fault occurs.

LED Movminaies N & i
CEEVHtinn Sty (8.5, &
WEChICY HT-0u)

yd 3 150
Figure H1-16 . Composite Fault Indicator

i
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In-Position
Indicator

Figure H1-17 shows an in-posttion indicator. which requires
Output 02 to be configured as an in-position output {with the

ccs command]. Qutput 02 sinks current while it is inside of
the deadband and switches off when outside it.

Figure H1-17 . In-Position Indicator

Setting Up
Terminal
Communication

Communication
Parameters

The RS-232C terminal is used for setting up system operating
parameiers, requesting the system's status, and tuning. Once
entered, a paramneter will be held in volatile memory until it
is actively changed or the control module Is resef. It is not
necessary to keep re-stating the same parameter value.

When you power up the control module, all parameters are
assigned default values. which the 1DR command will show
you. You can change any of these and make themn the new
default values by entering new set-up commands and typing
the Save (§V) command. The RFS and RIFS commands
return the set-up parameters to the original factory settings.

RS-232C comrmunication parameters and connection
instructions are provided below.

The control module communication is fixed as follows:

Baud Rate: 9,600

Data Btts: 8

Parity: No

Start Bit: 1

Stop Bit: 1

Device address: 1-8 (set with control card DIP switches)
Eche function: all characters received are immediately re-
transmitied. You can enable communications with the E
command and disable it with the ¥ command.

Handshaling is not supported in any form. The computer or
terminal sending characters to the interface should have its
handshaking disabled by either hardware or software (refer to
Figure H1-18 for the hardware method). XON, XOFF software
handshaking is supported.
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Basic RS5-232C The control module communicates with the terminal via a
Connections three-wire (Tx, Rx, GND} implementation of RS-232C. The Rx
line requires a minimum voltage swing of #3V.

You can make permanent or temporary RS-232C connections
as described below:

¢  For permanent RS-232C connection, use the SERIAL
INPUT connector on the motherboard {refer to Figure H1-
18]. A standard cable can be obtained from Compumotor
(part munber 7967.100).

i
%

Computer or Terminal
25-Pin communications

GOODORANC

- Fraaasantng!
R A OO

Motherboard

Figure H1-18. RS-232C Permanent Connection

¢ For temporary connection (for testing or sequence
dowmnloading}, an alternative serial connector is available
on the froni of the board (see Figure H1-19 and Table H1-
3). To access this alternative connector, you must remove
the control module front panel.

e S

Fron ot Cantsol odul Bowd
e et panal reeT

Figure H1-19. Temporary R5-232C Connection
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a

™ Pin nctlon
1
i

256 J1OVIGND)

445 +5V

at

Table H1-3. Comrmnand Input Connmector Functions

Serial Interface After power up. the sign-on message DON'T PANIC TYPE

Status HELP? and the > prompt will appear on the screen, unless you
set the RS-232C control module inio the terse computer
communications mode with the Set Communication Style
(EX2) command. Inr any case, the DR command will display
the status of the RS-232C control module.

If you do not recetve an echo from the control card, type
AQcspace>B<space>1DR<CR>. This should re-establish
commurnication. 0 represents holding down the eontrol key

while pressing the ¢ key.
Zero Delay Daisy You can use the Zero Delay Daisy Chain (ZDDC} configuration
Chain (ZDDC) to connect up to eight control modules to a single RS-232C
port and keep propagation delays to a mindrourn, Characters

sent by the terminal are echoed back to verify that the
character has been correctly recetved. In the ZDDC, for
practical purposes, all devices are connected in parallel. To
avoid confusion of data on the return line, only the addressed
interface performs the echo back.

Universal commands will be echoed back by the Jast interface
to be addressed. This function defaults to device no.1 at
power-up. Each interface is equipped with an additional RS-
232C recefver and transmitier io enable successive interfaces
to be linked together.

The first interface in the chain can be connected to the
terminal via the SERIAL INPUT connector as described above
in Basic RS-232C Connections. The other modules are linked
by ribbon cable, in via PL9 and out via PL11 on the inside of
the motherboard near the cooling fans (see Figure H1-2Q).

H-1-1-1-1-1-2—¥-1A13-3-1-0-E-N-1-0N—-NE—-N-0-3-B-N-0-E-3-A-1-0-1-E—-3}-0—-H

iR wlth the RS- ZIOC Mt
R R B R T U0 % 8 Cantrol Madulse
iy My b dainy-chairmd.

L

Uni 6 Unk 95 —— Unt s

Figure H1-20. Zero Delay Datsy Chain Connections
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Control Module

Address Jumpers

Each control module it the chain rmust have a unique address.
Normally, Control Module #1 is positioned next to the power
supply in the rack and is the first control module in the chain.

The control module address is assigned by configuring
jumpers LK7, LKS, and LX9 on each control module card in a
binary pattern as shown in Table H1-4. The jumpers are

located on the cantrol card (see Figure H1-21]. To access the
jumper, you must remove the control card front panel and
pull the control card from the rack.  Be sure to use proper

tlectro-static discharge precautions.

.......................

A

Figure H1-21. Control Module Address Jumper Location

Address Jumper 7 1 [Jumper & ] [Jumper §
Contrel Module OFF OFF ON
Contral Modula OFF ON OFF

Moduls OFF ON ON
Module ON OFF OFF

Module ON OFF ON

Module ON | | ON OFF

Module ON | ON ON

Control Moduile OFF OFF OFF
ON = jumper instsiled, OFF = no |umper instaliad

Table H1-4. Control Module Address Settings
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Servo Tuning

To obtain smooth motor rotaticn at optimum speed and
accurate posttioning without overshoeot or oscillation, you
must tune the gain and damping characteristics of the servo
loop. The TUNRT and TUNEV commands provide a self-tuning
feature for torque amplifier or veloctty amplifier operation.
but for some applications the best results will be obtatned by
manual tuning using servo tuning parameter commands from
the Cammnand List in Section J. The servo tuning parameters
(shown i1 the servo loop block diagram — Figure H1-22) are
described below.

QU Velury
oG
e J "
Gan ot [
Flw o
*
Famqursd - cre
Peaiion
w:i Yislooiy # eachack Encader
-
Gain Mowr
Foathon Fascback J J

Figure H1-22. Serve Control Loop Block Diagram

Tuning Parameters

Proportional Gain
{cpe Command)

Veloclty Feedback
Galn (CvG
Command)

integral Galn (C16
Command)

The following are descriptions of the parameters that affect
tuning. You can examine these parameters by using the DR
command.

Proportional gain determines the amount of torque produced
in response to a gtven position error. It sets the stifiness of
the system and affects the following error (see below). A high
proportional gain creates a still, responstve systemn, but
results in overshoet and oscillation, which require damping.

Velocity feedback is a signal that increases with shaft speed.
It acts in a negative sense opposing the the proportional
action and helping to stabilize the motion. The damping
action of velocity feedback allows a higher proportional gain
to be used.

Proportional action may be insuflicient to overcome static
position errors due to friction. Integral action accumulates a
steady state error until sufficient torque is produced to move
the load. 1t improves overall positioning accuracy but may
produce low-frequency oscillation around the commanded
position.




Veloclty
Fesdiorward Galn
{cr¢ Command)

Filter Time
Constant (cTGc
Command)

Safety Precautions

Setting Up Servo
Parameters

Tracking
Applications

Point-to-polint
Posliloning
Applications
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The opposing action of propertional and velocity gains result
n a position error which depends on speed. This is called
Jollouring error. Feediorward gain can be used to offset the
following error and improve tracking accuracy. This is
tmportant in contouring applications.

Fast positioning systems need high proportional and velocity
gains. By imiting the bandwidth. the digital filier prevents a
high gain system from becoming too lively. The filter alsc
serves to average the effects of the digital control loop,
reducing jitter at standstill.

Wire the ESTOP input to an emergency stop switch that is
located in an ecasily accesstble position so that the systemn can
be stopped quickly if instability causes oscillation. You can
also cut power with the OFrF cornmand, but this takes longer.

Unless you saved data while the motor was enabled, the RS-
232C control module will not move or enable the motor when
power is applied. If any of the moter or encoder connections
have been changed. the first step is to check the integrity and
polarity of the motor connections. Proceed as follows:

1. Disable the axis. Type K if you are not sure the axis is
disabled. Use the Display Signal (0s3) command to
display the feedback position continuously (D$3 status
command response should be approximately zero).

2. Turn the motor shaft CW, the displayed value should
increase. Turn the shaft CCW and it should decrease. If
this does not happen, do not close the loop with the ON
command at any time, since the feedback will be positive.

3. Press the carriage returmn <cz> key to restore the >
prompt.

The default tuning parameters set up in your system when you
receive it will allow the system to run but {for optimum
performance you should set up servo parameters in
accordance with your type of application as follows.

For tracking applications (PID tuning), where minfrnum
following error is required. velocity feedforward should be
used to tmprove the tracking accuracy. This can be set using
the &rG cornmand or the ¢ command can be used to set
feedforward gain and velocity feedback gain to the same
value.

For fast point to point positioning applications (PIVF tuning},
a high proportional gatn (cpG} damped by velocity gain (CVG)
should be used.
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EELP1l1l

A guide to servo loop parameter settings for a fully damped
non-oscillating response is provided in EELP11. This uses
the maximum low speed motor torque entered by the cTQ
command and the total moment of inertia entered by the cJz
command to calculate suggested settings for the loo

parameters. :

First enter the values of CTQ and cJ1 (Motor + load inertia)
for your system, then use EELP12 to display recornmended
servo loop parameter settings calculated from the data you
have entered. For example, if 3.6 is entered for the C70
cornmand 1o indicate a maximum torgue of 3.6 Nm available
and 1.6 is entered for the CJL command indicating a total
inertta of 1.6 kg/cm? , the following table will be displayed:

Gein (CPG)

a2

Veloclly Gain

{CVG/CFGICDG)

57

Stitiness
miNm/step

Doubied Y| FCiosed I'p
Error €@ mazimum|]| Conatant 1/2 moved beandwidih
torque (b siepe)]] {msece] [|time (maece}]| {3db) (H2)

10 360 s 8 20

_

45

40

5 720 7 12 14

23

29

1400 0 17

11

20

5

14

o -4||6

2
1 2200 14 24
0 5700 20 34

Table H1-5. EELP11 - Servo Setup Table

VELOCITY GAIN

STIFFNESS

ERROR @
MAXIMUM
TORQUE

Each successive line of the table corresponds to a less highly
tuned servo system with reduced stiffness and speed of
response. These reduced values may be used in matching the
servo to lower specification mechanics.

The following describes in more detall the terms used in the
table.

The settings of CVG, €6 and CFG depend upon the
application as described above. For the figures in the rest of
the line of the table to apply, the CDG or CVG setting should be
as in column 2.

For PID applications, setting CDG to the figure quoted in the
table will automatically set cvG and CFG (0 the same value.

Stiffness is the restoring force per unit of displacement. The
force is dependent on the number of steps displaced from the
demanded position. For examnple. a displacement of 100 steps
with a stiffness of 10 mNm/step would produce a restoring
force of 1 Nm.

As the axds Is increasingly displaced from the demanded
position, the restoring torque increasss at the quoted stiffness
until the maximum avatlable torque is applied. The Error @
Max Torque is the number of steps of displacement required
to produce a restoring ferce of the maximum available torque.
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ocousLen T
CONSTANT

1/2 MOVED
TINE

BANDWIOTH

When the damping is criticat, the response of the servo loop is
that of two simple filters in series, each having a time
constant T. The value of T is quoted in the table.

The following is an example move using servo values taken
from the top line of the EXLP11 table to show the 1/2 moved
time. The move is at maxtmum acceleration and veloeity and
it 1s inttiated by the command string:

DlPod AP V& G

Figure H1-23 represents instantanecus position plotted
against time for the resulting servo movement .

from indexer

actual servo
metion

actual
motor
position
(steps)

Figure H1-23. Servo Response Curve Example

The 1/2 moved time is the time taken to complete half of the
move, 50 steps in this example.

‘The move will be half complete in the time 1.77T (column 6 of
the table) or 1.7 x 5 = & milliseconds (approximately}.

The move will be 96% complete at ttme 5T. In the example,
the motor will have moved 96 steps in 25ms.

‘The bandwidth of the servo system is the range of frequencies
at which a sine wave move pattern input will be followed
within 3db by the actual motion of the motor. Figure H1-24
shows the sine wave position demand input and the graphical
representation of the motor movement.
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Position Input
Demand

AN

Postticn Qutput

\

Ampiitude

Servo System . Motor ]F %
it

Amplitude
- Ao

Figure H1-24, Servo System Bandwidth

Manual Tuning
Procedure

Position Error
Window Setting

Enabling the Axis

As the frequency of the sine wave of demanded positions at
the input (Ai] increases, the abllity of the servo system to
follow is reduced and the amplitude of the sine wave of the
resulting output positions (Ao} decreases. The frequency at
which it is reduced by 3db is the upper linit of the bandwidth.

Type the following commands to disable the cutput (refer to
Figure H1-22 ); CPG@ CPGZ CVGZ COrrg CIGZ CTGP.
Check the result of these commands by 1ssuing the bR
comunand.

When the axis is enabled, it will be open-loop with a slight
torque demand due to amplifier offsets. This may cause slow
motion (drif) of the motor. You may have 1o restrain the axis
and be prepared to switch the unit ofl, or issue the oFF
command. In any case. the CPE command sets an automatic
software limit on the distance the motor will drift.

The drive is disabied to protect the system if the position error
goes beyond the position error window. The window can be set
10 a low number of steps if required to avoid damage due to
overshoot or oscillation.

‘The value of CFE command defines the size of the window in
steps. During tuning. CPE is normnally set to 4,000 steps (L.e.. 1
rev either way at the usual 4.000 steps/rev). If in doubt, set
this parameter to a lower value. The effect of going beyond the
set error limit will be to automatically disable the motor.

Type the Report Servo Errors (RSE) command. This may show
quite a list of errors. Drivs disabled by software command,
error liamit exceeded, ANM failed checksum of hackup ram
are all acceptable errors at this point. but the drive fault
error should not come up. I it does, check the LED on the
drive front pane! and try turning power off and on. DO NOT
PROCEED IF A DRIVE FAIILT PERSISTS.

Enable the axis with the o command. You may need to
restrain the axis to prevent it from drifting out of the error
Itmit and disabling. If it disables. you can restart it by typing

ON.
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Cancelling Dritt

Closing the Loop

Coarse Tuning the
Loop

Fine Tuning

Cancel the drift with the COFF command. Negative values
stop CW driit; positive values stop CCW drift. Valuesuptoa
few thousand are acceptable (the maxtmum is 32.000
corresponding teo full torque demand).

Check that increasing the positive value of COFF tends to turn
the motor CW, and increasing the positive value of COFF tends
to turn it CCW. If this does not happen, do not proceed, as the
loop will have a net positive feedback and will oscillate
(although probably slowly) when the loop is closed.

Set a small position error limit (2.000 steps for example} so
that if oscillation occurs during tuning, the resulting
overshoot productng large position errors will exceed the
lirnit set by cPr and shut down the drive.

i necessary, first move the axis to a good starting point, then
type ON to enable the motor and CPG1 to close the loop. K a
slight vibration appears at this point, it indicates positive
feedback. This should only oceur if you have changed the
motor or encoder connections. Taking care, displace the axis
slightly and then let go. You should experienee a slight spring
effect and the axis should return to its original position
approximately. The closed loop is now working,

Attach a niylon cable tie to the shaft of the motor. The loose
end can be used as a coarse indicator for overshoot and
oscillation. Use the following command string to produce a
short, sharp rotation of the shaft:

A2 V@ D5@& G

Observe the movement. Watch the cable tie for overshoot and
oscillation. Repeat the movemnent, Increase the value of the
CPG command using the settings suggested in HELP 11 untl
overshoot occurs.

Balance the increasing gain with damping by setting the value
of the CVG conmnand to 10, 20, 40. . . Increase it until the
oscillation and overshoot tndicated by the cable tie ceases.

Continue the balanecing mondtoring the overshoot at the
terminal by typing PR G. The carmriage retumn <ex> should
be entered quickly after typing the space after G. This will
stop the position error display with the final positioning
readings on screen to allow you to analyze them. Overshoot is
indicated by the position error reading passing through zero
at the end of the movement, then returning through zero in
the opposite direction. oscillating with decreasing error
readings about the zero position before finally settling within
the position error window (refer to Figure H1-25}. The
damping should be increased to the point where overshoot
disappears. Toc much damping causes sluggish rmovement.
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Figure H1-25. Owvershoot During Posttioning

Notes on Tuning

The follawing table shows the Display Position Errors (bpE)
command's readings for the final positioning graph of Figure
H1-25. This is only an example to illustrate the general
principles tnvolved in tuning. In practice, the resulting
figures may differ considerably from those given, but they
will follow the general pattern shown. The overshoot shown
here is more severe than might be generally expected.

_§lmplns Readings
1-9 23 X A7 20 5 14 12 -7 -10
10-18 0 6§ 4 3 4 -2 4 3
19 - 22 ETE] [+]

Table H1-6. DPER Readings During Final Positioning

The CFG command should never be set more than 20% greater
than the CVG command.

An increase in gain is always best matched by an increase in
damping. When this is no longer true, you have reached the
optimumn values. A useful guideline is that an increase of
times X in gain is best matched by an increase of ttmes square
root X in velocity feedback {think of this as an X% increase in
gain matches an X/5 % increase in damping (e.g., 30% more
gain matches 159 more damping). This will keep the shape of
the vibration the same and just increase its frequency (you are
holding a quantity called the damping ratio constand.

The rule for speed or frequency or bandwidth is the same. An
increase of times X In gain produces an increase of times
square root X in the speed or frequency (e.g.. 20% more gain
means 10% faster).

1t is also useful 1o know that the power required increases as
the cube of the speed and that the tomque required increases as
the square of the speed. In summary, to position in 909% of the
time, 10% faster means:

¢  You must set 10% more velocity feedback (CvG).
¢ You must set 20% more proportional gain (CPG).

More torque and power will be required and these must be
available.
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Servo Self-Tuning

A facility for self-tuning the servo is included in the control
module software. The commands TUNET and TUNEV (see
detailed description tn Section J) are used to tune the
positioning servo as a torque amplifier or as a velocity
amplifier respecttvely. The servo parameters are set at the
time that they are executed and there is no continuous on-
going adjustment (known as adaptive control.

Tuning s for the following characteristics:
e Stability — does not oscillate as it moves or settles

* Maximized stiffness and accuracy — deflects as littie as
possible In response to external forces

¢ Maximized bandwidth and speed of response — settles to
ge commanded position as quickly as possible at the end
a move

* Does not overshoot the end position in a move
s Minimal sound during motion er when holding position

* Tracks a profile of constantly changing position or
velocity with as little erTor as possible

* Resistant to change as friction and other load
characteristics vary from time to time, machine to
machine, application to application and with production
variations

e Operates for smaller loads than that used for tuning down
to no load.

There are a number of other move related requirements:

+ Make full use of the torque and power available so that the
longest, fastest move possible can be made

+ Performn equally well for fast or slow motions and for
short or long moves

* Minimize heating effects in the motor and drive

It is not correct to adjust the servo loop parameters to meet
these requirements as the general servo performance would be
adversely affected. They are best met by adjusting the move
profile (p, v and A values) and possibly the feedforward crc
value whilst watching for saturation eflects.

If the application is purely velocity control with no
requirement for positioning, then the tuning is best carried
out manually. The sell-tuning settings will work, but they -
will not produce the best achievable resulis.
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Section J. Software Reference

Section Objectives

This section provides full information on programming the
system to perform the required user functions. The command
language fs described in detail and in quick-reference form at
the end of the chapter.

Communicating
with the RS-232C
Control Module

Buffered/immediate
Commands

Buffer Capacity

The control module is designed to work tn one of two modes:

+ Human Interactive mode
* Computer Host mode

The X1 commnand enables the Human interactive mode and
the EX& command enables the Computer Host mode.

In the Human Interactive mode. the control module responds
to a dumb terminal in an inteliigent, user-friendly manner.
This mode provides help facilities and error messages as the
€ITOrS OCCUur.

In the Host Computer mode, all unsolicited output to the RS-
232C 1s suppressed so that communication may be handled by
software that resides in the host computer.

All commands annotated with * can be prefixed by the
character B, tn which case they become buffered rather than
immediate commands.

Any combination of individual commands and command
groups can be entered in the buffer until the total number of
characters currently stored (including the delimiters) equals
2,000. The control module uses a first-in/first-out, serial
buffer. As the commands are read from the buifer, additional
commands can be entered to replace them, Therefore, the
possibility exists that a command set could actually consist of
more than 2,000 characters. Examples of command sets that
might be used for different applications are presented later.

The sequence buffer is different from the command buffer in
that it can be copied to battery-backed RAM using the sv
command: consequently, its contents are saved when power is
removed from the systemn (turned off). Since the command
bufler is not battery-backed, its commands are lost when
power is removed.

individual
Commands

Buffered
Commands

An indtvidual indexer command controls a single parameter,
function, or action such as acceleration, velocity, position.
time delay, pause, loop, go, etc. There are two classes of
tndtvidual commands, iminediate and buffered.

Buffered commands are received by the control module and
stored (in the command buffer) f the RS-232C control module
is not {ree to execute them. Stored commands are executed as
soon as the RS5-232C control module gets to them, tn the order
that they were recetved.
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immediate
Commands

Muitiple Controf
Modules

Immediate commands are executed as soon as the control
module receives them. They have priority over whatever
operation is in progress. These commands include stop
commands that clear the command buffer and status request
commands, which do not affect the command bulTer.

Individual cormmands are variable in length. They can
consist of one or more letters with a delimiter (carriage retum
or space character) and one or more letters and numbers with
& delimfter. Each command 1s entered as a character/
delimiter combination. Some commands include a sign {1) to
denote direction of motion. The number of characters used
depends on the type of command.

Samne typical commands are shown below:

Sommand

ix Enable communications on addrass #1

5 Step

ALS Set accelaration to 10 rps?

v Set velocity to 3 rips

DéGROP Set distance 10 46,000 steps in the ow direction

‘When two or more individual commands are entered on the
same Hne, they are separated by spaces. Multiple command
entries are shown on a single line of your terminal screen.
The example below shows a set of individual command
entries with space delimiters.

WN Al® Vi Difdd@ L1S G X%

If spaces are used as the delimiter and a large numnber of
multiple command entries are made, you could exceed the
ability of your terminal to display characters on a single line
{80 characters per line is a typical value). When the carriage
return is used as a delimiter, the cursor retums te the
beginning of the next line each time the carriage return is
pressed.

In interactive mode (EX1), the RS-232C control module echoes
carriage returns with a carriage retumn line feed . I you get
double line spacing, you must turn off your terminal's auto
line feed function. In computer mode (XX}, only the
characters recetved are echoed.

The following exampie shows the effect of using a carriage
}'ctum as the delimiter when the terminal is not in auto lne
eed.

NE Ald V2 DISdd@ LIS G

When multiple control modules are on the communicattons
Hne, commands like the previous example are executed by all
control modules on the line. To send commands to a single
control module, the device address of that control moduie
should be put in front of the instruction. The device address is
set using jumpers on the individual contrgl module.
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Exampile

Start Move
Commands

Three control modules are on an RS-232C ZDDC {zero delay
daisy chain). They are sent the following commmands:

Lommand Dascription

| & | Set indexer 10 normal mode

Alg Se1 acceleration 1o 10 rps?

via Set velocity 10 10 rps

ib2sgseo Set distance to 25,000 steps {unit 1)
b3 LY TF T Set distance to 50,000 steps (unil 2)
ar1 Wal for 1 second (unit 3)
Ivieoged Sat distance 10 100,000 steps {unit 3)
c Executs moves

Unit #1 moves 25,000 steps. unit #¥2 moves 50,000 steps. and
urnidt #3 waits 1 second and moves 100,000 steps. All three
units use the same acceleration and velocity parameters.

Because multiple control modules recetve characters tn
parallel, untversal commands are aliways echoed by the last
addressed axts (nof by all control modules). An addressed axis
continues to echo characters up o and tncluding the next
address (Le., the 2 of 2050822 of the above example is echoed
by axis #1 whereas D5@PY is echoed by axis #2). After
power-up. axis #1 (s the defauit axis.

During sequence download to one axis tn a ZDDC chain, all of
the other axes must have their communication switched off
with the P command. The alternative is to make each
command in the sequence device-specific by adding the device
address.

The RS-232C control module reads and stores individual
commands in the order they are entered. Each command is
read and executed in order. The Go (G) command is the
principal buffered command that initiates shaft motion.
When the buffer reads a Go command. the motor moves in
accordance with the move parameters that reside in the RS-
232C control module at the time the Go corrirnand is read.

When the Go command 1s read. the indexer incorporates any
motion parameter command that was encountered prior to
the Go command. For examnpie, the A command would be
combined with the Go command to change the acceleration
value as follows:

: l Descrigt
A123 Sets acceleration to 123 rps?
c Initiates the move (Go)

This commmand instructs the itndexer to change the
acceleration value to 123 rps? and then execute the move using
the last mode, velocity. and distance values that were
previously entered.

When the RS-232C interface is initially activated, a series of

commands of the form MN An Vo Dn G is required. These
commands set up the initial operating conditions for the RS-
232C control module. After the indexer has been initialized,

single move parameter commands can be used.
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Loop Commands

Stop Move
Commands

Conitrolisd Stop
Command—s

If only G is entered, the indexer will repeat the previous
motion pattern. For example, a string of Go commands would
instruct the indexer to move in the same direction four times,

G GGG

There is no need to re-enter all the shaft motion comumands to
change one of the variables. If one or more of the motion
paramneters is changed by a comrmand entry and the Go
command is then entered, the prior pattern will be repeated
using the new motion parameter(s} that were entered prior to
the latest Go command.

Lommand Descriotion

ALl Set acceleration to 14 rps?

G Execute move (Go)

V2.6 Set velccity 10 2.6 mps

G Execite move (Go)

P-27634 Sat distance to 27,834 cow steps
G Exscuie move (Go)

The previous example would change the acceleration to 14

. Tps? and move, then change velocity to 2.6 rps and move with

14 rps? as the acceleration value, then change position and
move again using 14 rps? and 2.6 rps as the acceleration and
velocity values.

The Continue ¢ command is used following execution of a
Pause command (ps or U). The Continue cornrnand allows
execution of the next command waiting in the command
bulfer (if any comrnand is stored).

The Loop command allows a cycle to be repeated continuously
{L) or a gtven number of titnes (La) up to 65,535. The End-of-
Loop command (W) indicates where the loop ends. The End-of-
Loop command can be used to indicate that the RS-232C
control module should proceed with further commands after
the designated number of loops has been executed, or in
combination with the ¥ cornmand to indicate where execution
is to stop. The U command may be used to temporarily halt
Loop execution, the C command will then cause the loop to
resume execution.

The Stop moeve commands are presentied {n order of severity of
response. Software reset (2) command is the most abrupt and
severe stop command you can use. The Stop at end of current
loop commmand (Y) is the least abrupt and severe stop
command.

In the Preset or Continuous mode, this cormmand decelerates
the motor {o a stop at the last used acceleration rate.

An s command will always cause a deceleration to velocity
zero at the last used acceleration.

The § command clears any remaining commands in the
command buffer unless prevented from doing so via the SSE

" ¢ormunand.
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Controtied Stop
Command—Ls

Stop at End of
Current Loop—¥

Kil! Command—k

Software Power-On
Reset—2

Pause Commands

Normally, the motor ts decelerated to a stop at the same rate
as it was accelerated A different deceleration rate may be
programmed tn CONTINUQUS mode only by calling for a
velocity of zero rev/sec with a new acceleration and executing
a v@ rather than an § command. The following Is an
example:

Command DRescription

Muc Set indaxer to continuous mode

Al Sel acceleration 1o 1 rps?

vig Sat velocity to 10 e

(- Execuis move

ALBS Changs accelaration to 100 rpe?

ve Change velocity to 0 rps

G Exscute A and v changes (motor stops)

The L$ (Limit Stop] cammand will decelerate the motor to a
stop at the deceleration rate defined by the LA (Limit
Acceleration] command. This will guaraniee a quick stop for
any move.

The Stop at end of current loop command (¥) (also the stop
sequence command) will not halt processing until command
processing reaches the character N at the end of the command
loop. At that time, the indexer will execute the next command
in the buffer after N, ff any. The command loop cannot be
restarted without re-entering the commands.

This command stops R5-232C control module commands to
the motor. In addition, it terminates a loop. ends a time
delay. and aborts a command seguence download {n progress
(X0 command). The command buffer is also cleared.

The Z command 1s equivalent to ¢ycling the AC power to the
indexer; that is, it disables the communications interface and
returns all intermal settings to their power-on values. The
command buffer is cleared. Like the X command, £ causes an
tmumediate cessation of cutput pulses to the motor. E also
disables and resets the drive ready for re-initialization at

power up.

When the £ command is used, the indexer is busy for up to 2
seconds and will ignore any commands.

There are four types of pause commands avallable as follows:

PS: Pause and wait for continue command ¢ to continue.
A cormmmon use of the Buffered Pause 25 is to hold
execution of individual commands in a command ioop
until the enttre loop has been loaded.

T: Pause in processing commands for a gtven number of
seconds and then continue.
U Pause now and walt for continue. This is an

immediate command.

TRE: Pause in processing commands until the designated
TRIGGER input pattern is present,

Triggers are used to synchronize RS-232C control
module operations with external events. They can be
used to trmplemnent a handshaking function with other
devices. See command details for exact syntax.
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Status Request
Commands

Drive Energise/De-
- energise Function

Home Facilities

All status request commands result in transmission by the
R5-232C control module. To prevent multiple indexers from
all responding at once. the status request commands are given
the classification Device Specific, meaning that the device
address of the responding RS-232C control moduie must be
placed in front of the command. No RS-232C control module
will %xcccutl: a Device Specific command without its device
number.

The use of status request commands must be conducted in an
orderly fashion. Carmrnands should only be issued when the
host is ready to read the response. New commands should not
be sent until the response s recetved. In particular, after a
buffered status command, an tmmediate status cornmand
should not be sent until the response has been received by the
host. If this procedure is not followed, the command
rcsll:onses will be intertwined. rendering the information
useless,

There are two status commands that can be used to request
position: DPA and PR. The DPA commmand will report how
many steps the motor has moved relative to the absolute zero
position. This position is calculated by summing the total
number of moves commanded since the control module was at
the absolute zero position. If position reports are needed that
are relattve to the beginning of each individual move, the PR
command should be used.

Energizing and de-energizing the drive is subject to the
commands given and error status as follows:

The drive will energtze if:

» The ST@ or ON command is given when the ESTOP,
WATCHDOG, FOLLOWING ERROR and EXCESS TORQUE
DEMAND signals are inactive.

The drive will de-energize {f :

* The 5T1 or OFF command is given,

¢+ The ESTOP or WATCHDOG signals become operative.

« A FOLLOWING ERROR or an EXCESS TORQUE demand
occurs.

The de-energizing signal must be restored, then the ST or ON
command must be given to re-energize the drive.

The Go Home (GH) command instructs the motor to rotate in
the direction and at the speed specified until the home
position is reached. In practice. it continues at littie beyond
this point, but you can locate the home position accurately by
using the following series of commands:

NPA P33 G

The GH command always makes the home position zero. You
can use the Sr cormrnand to change the accurate home
position from zero ff required.
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If the home position is not found in the direction given in the
GH command, the limit switch position wiil be reached and
the switch will be operated. The motor will reverse and seek
the home position in the opposite direction. For recognized
home detection, the home switch ust always be acttvated
from the same direction of motor rotation {shown by the
arrow in Figure J1-1). Two imit switch reversals may occur if
the direction given in the GE command is away from the home
position (GE+ in the fllustration).

Positive homing from Positive homing from
« sice of horme switch - side of home switch
e il
Homre Swach CW {4} Limil Swich Homs Sedch
| San |
- Q_ + |- o __. n
R ———
[ ]
all—
Negative homing from Negative horming from
- ide ol homa switch + side of horme awitch
s
Hevrs Swch
Ban
+ 1 - Q +
g
R - At home creen speec 772 = Al home search speed

Figure J1-1. Home Switch Operation

Operating Modes

The RS-232C Control Module can be operated in several
different operating modes. These modes. identified below, are
described in detail in Section H, RS-232C Control Module.

» Normal {Preset)

- Incremental

- Absolute
Continuous

Speed Change
Registration
Asynchronuous
Synchronuous

Linear Interpolation
Encoder Following
Dither

Motion on Initialization
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Basic Programming

Guide

This section uses examples of simple programs as an
introduction to System 7 programming. This section will give
you an tnsight to the usage of the command language. The
examples become progressively more complex, so start with
Example 1 and work through the entire set.

In each example, the Systemn 7 configuration is for two axes.
The first axis is an AC brushiess servo motor with a 1,000-
Une/rev encoder. The second axis is a hybrid motor that has a
500 line /rev encoder. The sample configuration is shown in
Figure J1-2. 4X decoding is used on both axes. The user
resolution for motor #1 is set to 200 steps/rev and motor #2 is
szt to 500 steps/rev. Tuning the servo loop is discussed in the

Servo section, We will assume that tuning has been
completed for both axes.
L
« 13
RS.ZI2C Modee | 7 Sepral Link =™ ﬁ_l
¥ ¥
I I
A5-232C Terrunal or Compxame € ncxmier Fauiicn -
1000 Liramre
L WAT Ercocer Brshess Servo
moe Ry Motor 1
Lns wLimrt F % ‘[_huﬁ
A5-232C Woovie | 7 Segnal Link Drive Moouls q-l
F4 g e 2

Enexuier Foasitupcn

Figure J1-2. Systemn Used in Example Programs

Example 1

Description

In this example, motor #1 must perform two revolutions in a
CW direction. then motor #2 must perforn 3.5 revolutions in
the CCW direction. The following commands instruct the axes
to perform this movement:

Lommand

NE Set move mode 1o normal

1A18 Set acceleration motor #1 = 10 rps2

1vs Set velocity motor #1 = S rps

13 .71 Sel move distance motor #% = cw 2 revs
1c Siart move - motor #1 moves 2 revs cw
ZA20 Set accelaration motor #2 = 20 rps®

2vie Set velocity motor #2 « 10 1ps

20-11754 Set move distance motor #2 = 3.5 revs cow
2¢ Start move - molor #2 moves 3.5 revs cow

Comrmnands 2 - 5 cause motor #1 to accelerate at 10 r']:ts2 toa
velocity of 5 rps travelling CW for 400 steps. Commands 6 -9
set motoer #2 to accelerate at 20 l'ps2 to a velocity of 10 ps.
travelling CCW for 1,750 steps.
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Example 2

This example is concermed with X and Y positiotiing using
axis #1 to drive the Y positioning and axis #2 to drive the X
positioning. The home switches on each axds are 1,000 steps
CCW from the zero position. The motion requirements are as
follows:

1. Move to position zero (Y=0/X=0) and walit 1 second

2. Move to position 1 {Y= 20,000/X=13.000) and wait 5 seconds
3. Move to position 2 {(Y=5,400, X=15,300}and wait 10 seconds
4. Return to position zero [Y=0/X=0)

Figure J1-3 is a diagram of the required moves. A program to
comnplete this gperation is shown below,

Ll , Pemslion 1

T savns & sath puifiae v i
Sinpaihiin i & it B 2 SR

w % h N
Paadwn CW ix 1,000 STEFS)

MEME

Figure J1-3. Example 2 Moves Diagram

To perforn this function we will couple the in-position cutput
{02) of each axis to Input 1 on the other axis. This allows us to
confirm that both axes are in position before the next
command is executed. A series of commands to complete this
operation is as follows:

Command Bumose

sT2 Enabls both drives

$5C1 Sat 02 of axes as in-position op's
WPl Select incremental positioning
AP Set acceleration 1o 10 rps2

vip Set velocity 1o 10 rps

¢R Send both axes 1o home position
1D1880 Seot axis 1 to go 1o zerc position
2blege Set axis 2 1 got {0 zera position
' Both axes move 1o 2ero position
TRE_1 Pause until axes are in position

- Hold zero position for 1 secnnd
1p2#p0a Sel axis 1t0 move to position 1~
2p13ged Set axis 2 to move 1o position 1

c Both axes move to position 1
TRE_1 Pause until axes are in position
15 Wait 5 seconds at position 1
1D-146P8 Set axis 1 10 move 1o position 2
202389 Set axis 2 to move to position 2

& Both axes move to position 2
TREZ_1 Pause until axas are in position
Ti2 Wait for 10 seconds at position 2
1D-5402 Set axis 1 to return to posilion zero
2p-15382 Se! axis 2 to relum o position 2ero

G Both axes return to position zero
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Sequence
Programming

Programming a
Sequence

Example

A sequence is a series of commands that is executed in order
whenever the sequence 1s run. Immediate cornrands cannot
be stored in a sequence just as they cannot be stored in the
command buffer. The only sequence legal commands are
buffered commands.

The contro! module has a section of non-volatile RAM
totalling 6,400 characiers allocated for storing up to 16
sequences. The sequence buffers are of variable length, so
they can store long sequences of up to 6,400 characters or
several shorter ones, provided that the total length of all
sequences does not exceed the allocated 6,400 character space.

During normal operation, a command can specify the
execution of any sequence stored in memory. Sequence
identifiers: number from 1 - 16.

When a seguence is downloaded the R5-232C control module
automatically calculates a checksum for the sequence and
stores the length of the sequence and its checksum in

an internal directory.

You can use the xS8 command to verify the existence of a

© sequence.

If you use a power-on sequence, the sequence and its sequence
number are stored in nonvolatile RAM. A power-on sequernce
execution fatlure is indicated by flashing the LED.

To download a sequence, first send a special start download
command (xp), which clears the command buffer. All
subsequent commands are stored in the command bufler (but
not executed) until an end sequence command is recefved. At
this point, the sequence is stored in the back-up RAM. Any
condition that prevents proper recording of the sequence is
saved and can be accessed with the download status command
{xsp). The dovwnloaded sequence can be tested with the run
sequence command (XR), which executes any specified
sequence.

You can use the XU command to read back the entered sequence.

To begin the deflnition of a sequence the Xb command
immediately followed by sequence identifier number (1 - 16}
and a delimiter must be entered. An XT command ends the
sequence deflnition. You should use the Save cormrunand to
store sequences in the control module's nonvolatile memory.

The commands entered after the xo command and before the
XT cornmnand will be executed in the order in which they were
entered when the sequence is run.

The > prompt is replaced by the $ prompt when in sequence
edit mode.

Begin defintion  velocity = go 'verse next
of uqttuncl . 10ms I Irnovo
t

XDl Alg Vig Ddﬁ?ﬂ GBCfXT

. |
accala'raﬁon distance = g0 end of
set 10 10 s’ 4000 steps sequence

Figure J1-4. Sequence Definition & Termination Examnple
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Running
Sequences

Sequence Execution
via Command input

Sequence Exscution
via Hardware Input

EXAMFLE

Sequence Exacution
on Power-up

*The definition of sequence #1 is terminated by XT, but the
sequence is NOT stored in norwolatile memory until the save
command is given.

Remove jurmper 1 to uriteprotect sequences.

Whenever the above sequence is run, the motor will turn 1
revolution CW and then 1 revolution CCW.

You can run sequences in by comrnand input from a host
computer or by hardware input from a switch or PLC. It is
also possibie to have a sequence executed on power-up.

A sequence can be run by entering the Xk command
itmmediately {ollowed by a sequence identifier number (1 - 16}
and a delimiter.

A sequence selected as a binary pattern set by input switches
can be run in response to a trigger on Input 4 if $5F1 1S set.

Selection 1s by Inputs 1-3  0SD@ is set.
Selection 1s by Inputs 1-3 and Input 7 if 0SD1 is set .

Set S571 and set Inputs 1-3 and Input 7 as follows:

uwnnnqn

On an Input 4 transition from low to high level, sequence
number 9 will be executed if 0SD1 and $SF1 have been set.
The Input 4 trigger will not be accepted if the axs is busy.
When a PLC is used, 1t is recommended that an output (03 for
exarnple) is sel at the beginning of a sequence to indicate to the
PLC that the axis is busy. A command could then be added at
the end of the sequence to reset the cutput and indicate to the
PLC that the axis is ready to recetve a new trigger.

The RS-232C control module may be prograrmmed to execute a
sequence of comunands once or continuously on power up.

One of the stored sequences can be designated to be executed
when the device is powered up. The sequence to be executed
can be selected by prior RS-232C command (XP1-X¢16). The
single sequence specified is executed once; control then passes
to the normal ccmmand processor loop. Alternatively,
power-on execution can be disabled with either the Xeg or X2
command.

It is possible to have the control module execute a sequence on
power up by deflning the commmands within a sequence using
the x», X7, and X» commands. To define sequence #1. enter
the following commands:

XDl MN Al2 VS DIZO22 G XT

In this example, you would not apply power to the unit until
you were ready for the sequence to begin.
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Changing a
Programmed
Sequence

Checking the
Sequence's
Contents

Sequence Slatus
Requests

The XP1 comrmand enables a single run of sequence #1 after
power on. The XD1 commmand signifies the start of the
definition of sequence #1 and the XT commmand signifles the
end of the sequence #1 definition. When the operator applies
power to the control module, sequence #1 will be executed (the
motor will turn 10 revolutions in the positive direction). The
8 cormnmand stops the sequence execution. Use the K command
to stop sequence execution If a an gmeNgency stop must be
tnade.

Once a sequence is defined, it cannot be redefined unif] it has
been deleted. A new sequence cannot be downloaded over an
existing one.

To change a sequence, it must be be deleted from memory and
then redefined as a new sequence using the same number.

First, the sequence must be deleted from memory using
the X¥ commanad. it will not be deleted from back-up RAM
uniess the sV command is used after the XE command.

The changed sequence should then be entered. It will not be
saved to nonvolatile memory until the 8V comrnand is issued.

You can use the 1xU1 cormnand to check the contents of the
sequence. With the IXU1 command, the control module sends
the contents of sequence #1 (control module #1) to the
terminal's screen. The 1 preceding the XU cornmand is the
device address that must be present since the X0 command is a
device-spectfic command. After issuing this command, the
following message will be displayed on the terminal’'s screen:

MN Al@ V5 D023 &
These commands are the contents of sequence #1.

If the operator does not wish to have the sequence executed on

power up, it can be cancelled by issuing either the Xp@ or X2
cormnrnand.

Sequence #1 can also be Tun manually using the XR
command.

Sequence status commands include XC, XSD, XSP, XSR,
Xxs8. The xc command can be used to vertfy that the memory
in the back-up RAM has not been corTupted in any way since
last power down. The XC cormrnand will cause the control
module to send a checksum in the fortn of three dectmal digits
(000 - 255} to the terminal. The checksum may be recorded
when sequences have been defined, so that 1t may be used for
comparison later, such as each time the RS-232C control
moduie is powered up.

The RS-232C control module is equipped with a battery-
backed RAM which enables it to store. recall. and run
sequences of operation on command or on power up.
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Command Structure This section delines the basic format for RS-232C control

module commands.

OA ®Acceleration Ovavio
@Mction Software Version 1.1
@SYNTAX @UNITS @HANGE @DEFAULT @ATTRIBUTES

<a>An n = rps? |0.0306¢to 999999.0 10 Buffered

{(motor dependent) Favable in Sequence

@EXECUTION TIME

@SEE ALSO b, G, Vv

RESPONSE TO aa IS

A = nnonnn.nnn revs/sec/sec

(*nnnnnn. nnn) @

1.

2.

Mnemonic
Code

Type

Motion

Status

Set-Up

Programming

Full Name

valid
Revision
Level

‘This box contains the command’s mnemonic code and the
command type. The command types are described below. All
commands annotated with an asterisk (*) can be prefixed by
the character 8, in which case they become bullered rather
than immediate commands.

This portion of the box contains the command's type. The
four command types are listed below.

Motion commands affect motor motion (i.e., aceeleration,
velocity, distance, go home, stop, direction, mode, etc.).

Status cornmands respond {report back) with information.

Setup commands define setup conditions for the application.
Setup commands include the following types of cormrnands:

Homing (Go home acceleration and velocity, etc.)
Input/QOutpyt (Limits, scan time, in-position time, ete.)

Tuning (Servo or position tracking}
General (Set switches. return to factory settings, etc.)

Programming commands affect programming and program
flow. Exarnples are trigger, output. all sequence commands,

quote, time delays, pause and cont{nue, enable and front-
panel, loop and end loop. line feed. carriage return, and
backspace.

This fleld contains the full command name.

This field contains the revision history of the command. It
includes the revision of software when the command was
added or modified. If the revision leve} of the software you are
using is equal to or greater than the revision level listed in
this fleld, you are using the proper version of the software.
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5.

10.

11.

12.

Syntax

Units
Range

Default

Attributes

Execution
Time

See Also

Response

The proper syntax {or the command 1s shown here. The
specific parameters assoclated with the command are also
shown. If any parameter appears within brackets, such as
<a», it is optional. Deflnitions of the parameters are
described below.

a This indicates that a device address must accompany the
command. Only the device specified by this parameter
recetves and executes the cormminand. If the a does not
appear in the syntax bax. no address is allowed.

n This represents an integer. You may use an integer to
specify a variety of values {acceleration, velocity, etc.).

s This indicates that a sign character, efther positive or
negative {+ or =) is required.

This field desacribes what unit of mneasurement the parameter
in the cormmand syniax represents.

This is the range of valid values that you can specify for n (or
any other parameter specified).

The default setting for the command ts shown in this box. A
command will perform its function with the default setting if
you do not provide a value.

This box indicates if the command 1s immediate or byffered.
The system execuies immediate commands as it recetves them.
Buflered cornmands are executed in the order that they are
recetved with other buffered commands. You can store buffered
commands in a sequence and save them in permanent memory.

The lower portion of the bax explains how to save the command.

+ Automatically Saved
¢ Independenily Saved
+ Savable in Sequence
¢ Never Saved

Commands that are automatically saved are siored in the
system's memory when you enter them. You do not have to
save themn with a software command (sv). Savable in
sequence cormmands can be saved only within a sequence of
commands. Once a sequence is defined and saved. you can
recall it to perform its function. You must enter the SV
cornmand to maintain parameters that are independently
saved. A cormmrnand that is never saved s never placed in the
system's permanent memory.

The execution time is the span of time that passes from the
moment you issue a cormnmand to the moment the systemn

begins to execute it.

Commands that are related or similar te the command
described are listed here.

A sample status command is given (next to RESPONSE TO)
and the system response is shown in the adjoining box.
Computer mode responses are in parentheses, Interactive
mode responses are not in parentheses. The response
parameters are represented as follows:

n Represents a numeric character
b Represents a binary number (0 or 1)
2 Represents any non-numeric character

This box will only be provided {f the system provides a
response to the command. Jf no response is provided, this bax
will not be included with the command description.
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Command List

A Acceleration Rate VALID
Motion Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>An n = rpal 0.0306 to 10 Buffered
999999.000 Savable in Sequence
EXECUTION TIME SEE ALSO D, G, Vv
RESPONSE TO aA IS A = nnannn.nnn revs/sec/sec {*nnnnnn.nnn)
Description This cornmand sets the acceleration rate. The acceleration

remains set until it is changed or the drive is reset. The
default is part of the factory settings and is not user-
changeable.

If n = O there is no acceleration perjod (start/stop move).

Example Command Description
AMiD Sets acceleration of device 110 10 rps?
AS sots acceleration of all devices to 5 r|:u=2
B Buffer Status Request VALID
Status Seftware Version 1.4
SYNTAX UNITS RANGE DEFAULY ATTRIBUTES
ap None None None Immediate
Never Saved
EXECUTION TIME SEE ALSO s
RESPONSE TO aB IS Buffer is more {(or less) than 90% full (*x)
Description: This command requests the status of the comnrnand bufler.

The response. *R or *8, indicates if more or less than 10% of
the command buffer is free.

*R = more than 10% of the buffer is free
*B = less than 109 of the buffer is free

This command is normally sent after a long series of
commands to ensure that room exists for more commands.
The communications buffer is 2,000 bytes long.

Example Command Hesponse
1B *5
(Less than 10% of command butfer is free)
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BS Buffer Size Request VALID
Statua Scoftware Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aBs None None None Inmediate
Never Saved

EXECUTION TIME

SEE ALSO Bs

RESPONSE TO aBS IS nnnn bytes free : {nnnn)

Description

‘ Command

This commangd requests a count of the remaining bytes
avatiable in the command buffer. The response. 4 dectmal
digits ( e of O - 2000) folowed by a [CRI, indicates the
number of bytes remaining in the command buffer. When
entering long strings of commands, check the buffer status to
ensure that there is enough room in the buffer. otherwise
commands will be lost. Each character {including delimiters)
uses one byte.

Example Basponse
1BS ®122
(122 bytes remaining in the bufter)

C Continue VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<ast None Nene None Immediate

Never Saved

EXECUTION TIME

SEE ALSO »ps, U

Description

Example

The continue cormmmand ends a pause state. It enables the RS-
232C control module to continue executing buffered
commands after a pause has been inittated with the ps
commandg or the U command. This command is useful when
you want to transmit a string of cormmands before you
actually execute them,

Lommand

NC Set indexer 10 continuous mode

Al Set acceleration 1o 10 f;;s2

vigs Sel velocity to 10 rps

PS Pauss sxscution until ¢ command is received
G Exscute move (Go)

1 Wail 10 seconds

ve Sel velocity 1o O tps

c Cancel Pause and execute mova (G will not be

recognized until Bs is cleared with &)
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CCS Configure Command Source VALID
Set~-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULTY ATTRIBUTES
aCCsn n = Decode 0 -3 0 Buffered
Setting Independently Saved
EXECUTION TIME SEE ALSO DR, SIM

RESPONSE TO accs IS *n

Description This command configures the control module for various
comrnand tmput types according to the value of n, as follows:

[naec  [{Guadrature encoder (x 4) 4,000 steps/rev with 1,000-line encoder
Nal Quadrature encoder (x 2 2,000 steps/rev with 1,000-ling encoder
N=2 Quadrature encoder (x 1) 1,000 steps/rev with 1 000-line encoder

Inaa J|Step and Direction input rModula accepts only step and direction inputs
‘CDG Configure Derivative Gain VALID
Set-Up Software Versior 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>CbhGn n = gain ¢ to 32,767 57 Immediate
Independently Saved
EXECUTION TIME SEE ALSO bR
RESPONSE TO acbG IS *D as in PID = nn (*nn}
Description This command configures the dertvative gain when using PID

tuning. This term represents the derivative of position error.
in other words the rate at which position error 1s changing. It
produces a damping action in a similar way to velocity
feedback and sets the velocity feedback and feedforward gains
to equal values.
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*CEW Configure In-Position Window VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

Independently Saved

EXECUTION TIME

SEE ALSO br

RESPONSE TO aCEV IS *In posn window (deadband) = nn steps (*nn)

Description

This command, together with the CIT commmand. can be used
to configure an in position window, which in its tum can be
used to indicate that the preceding index has terminated.
Qutput 02 can be configured with the §3C command to reflect
the state of the in postition window, thus allowing the user o
trigger external hardware from the in position condition. The
in position condition is met when: '

1. The indexer algorithm has finished {no tnput position

command).

2. The CEW condition is met (1.e.. the following error is less
than that specified by CEW).

3. The above condition has been true for the length of tiine
speciiied by the €IT command.

POSTION

12

APPROACHING
POSITION

N RS
1 \-/ CiT -
S boor | Memen | [

Figure J1-5 Final Positioning
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CFG Configure Feedforward Gain VALID
Set-Up Software Yersion 1.4
SYNTAX UNITS RANGE DEFAULT lTTRIB‘UTES
<a>CrGn n = gain 0 to 32,767 57 Immediate

Independently Saved

EXECUTION TIME SEE ALSO bR

(*nn)

RESPONSE TO acrG IS *velocity feed forward = nn

Use this command {o set the velocity feedforward gain. The
opposing action of proportional and velocity feedback results
in a position error which depends on speed. This is called
Jollowsing error. Veloctty feedforward can be used to oflset the
following error and improve tracking accuracy. This is
important in contouring applications. For true PID, this can
be set to the same value as the velocity feedback, or the CDG
command may be used instead.

Description

CIG Configure Integral Gain VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>CIGn n = gain 0 to 32,787 0 Immediate
Independently Saved
EXECUTION TIME SEE ALSO »pr

RESPONSE TO aci16 IS *Integral action gain = nn (*nm)

Use this command to set the integral gain. If proportional
feedback is insufficient to overcome static position errors due
to friction, integral action accumulates a steady-state
position error until sufficient torque s applied to move the
load to reduce the error. It tmproves overall positioning
accuracy, but low frequency oscillation may occur around the
commanded position.

Description
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CIT Configure In-Position Time VALID
Set-Up Software version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>CITn n = ms 0 to 32,767 20 Immediate

Independently Saved

EXECUTION TIME

SEE ALSO 55, CEW

RESPONSE TO aciT

IS *In position wait time = nn milliseconds {*nn)

Description

Exampie

This command is used to specify the time period that the servo
1s to be within the deadband region before the in pasition
signal is generated. The range of nis O to 32,767 and it
represents the number of milliseconds to be used as the testing
time frame. The shortest time for which the motor must be
stopped and within the deadband before it is considered in-
posttion is 2 milliseconds. If at any potnt during that 2
milliseconds the moter is out of deadband. the in-position
output will remaitn inactive,

Command Description

155¢1 Enable output 2 as an in-position output
iciTae Set in-position lime to 30 ms

cEN2D Set in-position window 10 20 steps

This sequence will make the tn-position line {output #2) tum
on when the motor has completed a move. This happens when
the shaft {s within the 20 step deadband and has rernained
within the deadband for 30 milliseconds.

Ciw Configure integral Action Window VALID
Ser-Up Software Version 1.5
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>CIWn n = steps 0 to 32,767 40 Immediate

Independently Saved

EXECUTION TIME

SEE ALSO osB

RESPONSE TO aCIw

1S *Switched int act window = nn input steps (*nn)

Description

This command sets the width of the position window within
which integral action is active when the indexer demanded
motion is complete.
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Example

Command
1CIWS

Figure J1-6 ilustrates the integral action window sat

to 5 user steps. h initisies final positioning under
integral gain.

|
| prp—

lwiﬂl up the moured
11U K OreTo e

tion and compiete
e mave
OVERBHOCT
w0
Figure J1-6. integral Action
*CJL Enter Combined Motor and VALID
Set -1 Software Versicon 1.4
P Load Inertia
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
alJLn n - kg-r.:rn2 Nene 1.6 Immediate
Independently Saved

EXECUTION TIME

SEE ALSO HELP11, CTQ

RESPONSE TO aCJL IS Motor + load inertia = n.nen kg cms cms-

{(*n.nen)

Description

This command has no effect on the behavior of the RS-232C
control module. It allows entry of the combined motor and
load inertia in caleulations when using HELP11 as an aid to
setting up the servo system parameters.
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*CMR

Configure Motor Resolution VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>CMRn n = encoder 1l to 32,787 4000 Immediate
counts/rev Independently Saved
EXECUTION TIME SEE ALSO cCur

RESPONSE TO aCMRr IS *Feedback

{motor) resclution=nnnn steps/rev {*nnnn)

Description

Example

This command p the RS-232C control module to
match the motor resolution for the servo motor or the open
locp stepper motor. The number n is determined by the
encoder {itted to the motor or the number of steps per
revolution of an open loop stepper. It will normally be 4.000.
This parameter does not need to be changed unless the motor
1s changed to one having a different encoder resolution or

. number of steps per revolution.

Command
I1CHRZODR

Basoonse

would s&1 the resolution of device 1 for a 500 line
encoder. Note that the control module uses a x4
decoding cireuit giving an sffective resolution of four
times the number of ancoder lines.

‘COFF Configure Amplifier Ofiset VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>COFFn n = offset -1023 to +1023 0 Immediate

Independently Saved

EXECUTION TIME

SEE ALSO »Dr

RESPONSE TO acofr IS *Amplifier cffset = n

{*n}

Dascription

This command can be used to cancel the effect of an offset in
the torque amplifier. An excessive offset error can sometimes
be the cause of movernent at power up but it 1s unlikely to
affect the closed loop operation unless it is very large. The
value should be chosen such that at standstill, position
demand equals actual position. }t can be set by opening the
loop (make CPG, CVG, CIG all zero} and adjusting corr for
zero drift, or reading back the position using the DPE
command and setting COFF for the smallest error.
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‘CPE Configure Position Error VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>CPEn T = steps 0 to 32,767 4000 Imediate
Fndependently Saved
EXECUTION TIME SEE ALSO bR
RESPONSE TO acre 1S *Dynamic error limit = nnnn " (*nnnn)
Description This command defines maximum allowed following error. If

the absolute position error is greater than this number, the
RS-232C control module will disable the drive. If a valid
number in steps is entered, it will become the new maximum
following error, otherwise the current setting is reported.
Exceeding the maximum following error is a fault condition
that will cause the amplifier to be shutdown. H the maximum
following error is defined as 32,768 the shutdown function is
disabled and no amount of following error will generate an
error condition or shutdown the motor.

In the event that the gain used during setting up is too great, a
small position error setting will prevent oscillation and
potential mechanical damage te the connected system.

Example Command Hesconse
1CPElIZ22 Set the following errot limit of device #1 to 1,000
staps.

‘CPG Configure Proportional Gain VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>CPGn n = gain 0 te 32,767 92 Immediate

Independently Saved

EXECUTION TIME SEE ALSO DR

RESPONSE TO acPG IS *Proportional gain = nn (*nn)

Description This command is used {o set the proportional gain. The

proportional gain determines the amount of torque produced
in response to a given position error. It sets the stiffness of
the systemn and also affects the following error. A high
proportional gatn gives a stiff, responsive system but results
in overshoot and osctllation which require damping. If no
value s supplied with the command, the previous setting is

reported.
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‘CTG

Configure Filter Time Constant

VALID

set-Up Software Versien 1.4

SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

#CTGn n = ms b to 32,767 2.9%4 Immediate
&ndependently Saved

EXECUTION TIME

SEE ALSO R

RESPONSE TO aCTG IS *Filter time constant = n.nn milliseconds

{*n.nn)

Description

This command sets the time constant of the filter used to
reduce the effect of transtents at the input of the drive
amplifier and to smooth the response of the incremental
velocity feedback loop.

CTQ

Enter Motor Torque

VALID

Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aCTQn n = Nm None 3.6 Immediate

Tndependently Saved

‘EXECUTION TIME

SEE ALSO DR, HELP1l, CJL

RESPONSE TO acTQ IS *Available motor torque =n.nen Newton meters

{*n.nen)

Description

This command has no efTfect on the behavier of the RS-232C
control module. It allows entry of the available motor torque
in calculations when using HELP11 as an aid to setting up the
s¢Ivo system parameters.

‘CUR

Configure User Resolution

VALID

Set-Up Software Yersion 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aCURn h = user steps] 1 to 32,767 4000 Immediate
Independently Saved
EXECUTION TIME SEE ALSO o©MR, DR, HELP1l1

RESPONSE TO aCUR 1S *User resclution = nnnn steps/rev

{*nnnn)

Description

Example

Use this command to configure the user resolution. This
command is used to define the number of steps per revolution
required by the user.

Command Besponse
1COR28Q& Defines the user rasolulion as 2,000 steps/rev.
3 ¥-1-T Defines distance as 4.000 user sieps (2 revolutions)

c Executes the move {Go)
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‘CVG Configure Velocity Gain VALID
Software Version 1.4

SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>CvGn n = gain 0 to 32,767 57 Immediate

Independently Saved

EXECUTION TIME

SEE ALSO DR

RESPONSE TO acvG IS *Velocity feedback = nn {*nn)

Dascription

Use this command to set the gain of the the velocity feedback
loop. The velocity feedback 1s a signal which increases with
shaft speed. It acts in opposition to proportional feedback to
stabilize the motion. This setting is generally used to damp
vibrations in the servo response, allowing a higher
proportional gain to be used. See Setting Up Servo
Paramneters in Section H for further detalls,

D Distance VALID
Motion Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>D<s>n n = steps | X2, 097,152 steps 4000 Buffered

Savable in Sequence

EXECUTION TIME

SEE ALSO A, MN, MPR, MPI, MQ, V, G

RESPONSE TO ab IS *D = nnnn steps {(*nnnn)

Dascription

Example

This eommangd (s used In MN and NQ to move the motor a

number of steps (n ) in the direction specified by <s>. The
direction 1s assumed to be positive if no sign is given.

Command

NN Set indexer to normal mode

FSY Set sceeleration to 10 rps?

vip Sat velocity to 10 ips

D-190288 Sat distance o 100,000 cew steps

[ Execute the move (a 4,000 steps/rev motor will turn

25 revolutions in the nagative direction).
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DFX Display Flags Indexer VALID
Status Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
abr¥ None None None Immediate
Never Saved

EXECUTION TIME

SEE ALSO ©None

RESPONSE TO aprx IS

(see below) (*bbbb_bbbb_bbbb_bbbb_bbbb_bbbb_bbbb_bbbb)

Description

This command reports all indexer status flags as 32 bits
where the response 18 as follows:

(;_IDFX -\
N/A LTL) N/A N/R
N/A N/A NSA N/A
PUSEQ ExXSEQ TRIPPAUSE TRDEAUSE
TRIGFAUSE UPAISE PAUSE WAIT

HOMESEOW  HOMEFAST  WOMEINDEX  HOMELIMIT
RITLIMIT- KITLIMIT« JOGCING SKIPPING

LI I O I I |

DIR NEG ] e
ABSOLUTE  QPERFORM  PRPERFORM CPERFORM
\ *°bob_bbbb_bbob_bbbt_bbbb_Bbbp_bibb_bbbd )

The order of the bits in the last line of the response
(*bbbb_bbbb_bbbb_bbbb_bbbb_bbbb_bbbb_bbbb) Is,
from left to right. *31, 30, 29, 28....3, 2, 1, 0O=.
Response Bits: 31-24 are all reserved for future use

23 1= Hun sequence on pOWsr Up

22 im E:ecming 3 sequence

21 1. Pausod waiting on in-position

20 1w Pausad waning on dislance frigger bits

19 1= Paused, wamng on tigger bits

18 1= Paused by U command flag, waiting on a C (continue)

17 ta Paused by PS command, waiting on C (continue)

16 ™ Parformn;ia warn

15 1= Homing 2nd leg, low d move back 1o homae limi

14 1= Homing 151 g of homa move, high to homa limt

13 1= {30 home move to ancodar position

12 1= Homae imit switch has been hit

1% 1= +limit switch has been hit

10 1w +limit swiich has been hit

1w ing s enabled, we are jogain

1= Skip next buffered command

1= Set if contmudus move direction is nogativo

1m Set if current move direciion is negative

1= Sei if we want 1o change velocity

1w Seot if we are in continuous Mode,clear f we are in preset mode.

1= Set it wa are in absolute mode, clear il in incramantal mode.

t= Parorming a vanable speed move

1= Parforming a preset move

O-‘NU&GDOHIQ(D

1= Pertorming a continuous move
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DIC Display Indexer Counter VALID
Status Software Versior 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aDIC Steps None 4000 Immediate
Never Saved
EXECUTION TIME SEE ALSO b1

RESPONSE TO abiIC IS Indexer target position = nnn

(*nnn}

Dascription This command requests a single display of the contents of the

tdexer counter as a single value in steps at the user
resolution. This is the prograrnmed b value.

DPA Display Position Actual VALID
Status Seftware Version 1.4
SYNTAX URITS RANGE DEFAULT ATTRIBUTES
aDPAn None None Neone Immediate
Never Saved
EXECUTION TIME SEE ALSO p2, spP

RESPONRSE TOQ abPA IS znnnn

{continuously acrolled)

Description This command continuously displays the actual position.
The response is the position in user steps resulting from the
move commands sent to the drive from the RS-232C control
module since the drive was snabled or a P2 or SP command
was issued,

DPE Display Position Error VALID
Status Software Versior 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aDFE None None None Immediate
Never Saved

EXECUTION TIME

SEE ALSO p2

RESPONSE TO apPE IS nnnn

{(continuocusly scrolled)

Deacription

This command continuously displays the position error. The
response ts the difference between the setpoint and the actual
position in user steps. It is used by the position control
algorithm to control motor current. The difference between
cormmand setpoint and actual position is also used to
determine if the motor is within the deadband specified by the
cxw cornmand. The response is a single instantaneous value
reporied at 150 ms intervals until the return key is pressed.
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DPS Display Position Setpoint VALID

Status Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aDPs None None None Immediate
Never Saved

EXECUTION TIME SEE ALSO None

RESPONSE TQ aDPS IS innnn (continuously scrolled)

Description This command continuously displays the position setpoint.
The response is repeatedly updated until the returm key is
pressed. It is the absolute number of pulses sent to the drive
from the control module since the drive was enabied (or reset).

DR Display Report VALID

Lratus Software Versien 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aDR None None None Immediate
Never Saved

EXECUTION TIME SEE ALSO ©Pps, U

RESPONSE TO abR IS (see below)

Description This command displays a user-friendly screen of the main
parameters and the values of their settings {see below)}.

£5.DR Ty
Drive 1§ & brushiess servo. lndexer mode is: MW

icad Posltion {usel stleps) .= Position FXror, coravrrarans -—1
Prograrmmed Dlstance. ...... Dr=d DO Programmed Velocity....... Va3
Programmed Acceleration.,.A«1P0_&@976 Proportional Gain,.......PG=92
Veloeity Feadback.......x ViG=57 Filter Tims Constant..... MG=2.54
Velocity Feed Forward....FG=57 Iregral Actlion Gain,.... 1C=2
Dynamic Error Limit...... PE=4POE In position wait time,.. ITw2@
Amplifier offseat........OF F=@ In pes window (desdband) .EW=5p

UseY resclutlon.,.c.... . TR=4902 Mater (fb) resolution....MA=429¢

Go Home Final vel'y,.... GHF=f. 89997558 Go Home Accelerstion..... GA=10. 80976
Jog Veloelty. . .vunrrannas JV¥=] Jog Aecelaration......... Jhe 99

Limit Acceleration..,....La=38d. 9244 Limit Dlsable.....c.cnuus LD=g

Int. action window.,...... =i

Drive status is:

*No Errors

DOD0_TO02 BOTA_0DY

Software Seitches ars:

-R5232_ECHO 16(PS) Q2{IN_POS} Ol (WDOG} _ CTHL _STOP 14 (SEQ _STRE) Lim sv STobk_sv
PODC_DOOT

ther switches are:

N/A SWUTCH_TACT SINCLE DS IT(SEQ SEL) _ JOG_ENABLE N/K N/A N/A

\Coeee_ooce J
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DS Display Signal VALID
Status software Version 1.5
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aDSn n = signal 1 - 14 None Immediate
number Never Saved
EXECUTION TIME SEE ALSO »p1c

RESPONSE TO absSn IS *n (signal value) displayed continvously

RESPONSE TO aDs IS (list of signal displays - see below)

Description This command requests the continuous display of variable
parameters. The PIC screen (see the PIC command
description) represents the control algorithm. Any parameter
(such as ps3} in the PIC diagram can be displayed. Ifnis
omitted, a list of the signal displays is produced.

The indfvidual parameters are as follows:

DSs1 Motor velocity pse Pasition error

DS2 Input valocity pss  Error action + integral action
D83  Motor position Dsi1e Velocity action difersnce
Ds¢ Vaelocity feedback action Dpsi1 Integral of position error
Ds5 Scaled input position ps1z Integral action

psé Filttered torque demand psi3 Errortimes gain (wiorque)
DE7T Input velocity action psid¢ Unlittered ouiput demand

The individual units are as follows:

BS1  mir steps/S00usec Dse  mir steps

DE2 mir $teps/500usec Ds9 32767 gives max o/p

DS3 mir steps bsip 32767 gives max op

DS4 32767 gives max o/p Ds11 mir sieps

BDSE  mir steps Ds12 32767 gives max ofp

psée 1024 gives max o/p D813 32767 gives max o/p

©s7? 32767 gives max o/p D514 32767 gives max o/p

Exampte Command
1Ds8 Shows the position ermor for RS-232C comtrol module

1. The significance of the numbers displayed will vary
with the signa! point chosen. Input and motor
velocities are sxpressed in ancodsr sdges per 550 1S
period, with 8 maximum value of £255. All other
parameters have values between +32787 and -32768,
axcept the torqus demand which covars the range
+1023 to -1024 for full tomuae. A continuous display of
the maximum value indicates saturation.
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*DTA Set Dither Amplitude VALID
Set-up Software Version 2.3
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aDTAn n = amplitude 0 - 1023 300 Imnediate

ITndependently Saved

EXECUTION TIME

SEE ALSO o0sG

RESPONSE TO apva 1S nnnn

{continuocusly scrolled)

Description When the dither function is enabled (086G command), this
comunand sets the amplitude of the superimposed dither
signal.

*DTF Set Dither Frequency VALID
Set-up Software Version 2.3
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

aDTFn n = Hz 38 - 500 50 Immediate
Independently Saved
EXECUTION TIME SEE ALSO os6G

RESPONSE TO apTr IS =*nnn

Description When the dither function is enabled (0861 command), this
command sets the frequency of the superimposed dither
signal. There is a rounding up or down of the entered value.
The exact value can be displayed by giving the DTF command
with no parameter.

DVA Display Velocity Actual VALID
Status Software Version .4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aDVA None Nene None Immediate
Never Saved

EXECUTION TiME

SEE ALSO bps

RESPONSE TO abva IS nnnn

{continuously scrolled)

Description

This command causes the continuous display of the actual
velocity. The number is reported in motor steps per 500us and
is repeatedly updated unti) the return key is pressed. This
value is the shaft velocity being read from the encoder
measured over a 500 us period. The DVA command has the
same eflect as the DS1 command.
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DVS

Display Velocity Setpoint

VALID

Status Software Versien 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aDVvs None None None Inmediate

Never Saved

EXECUTION TIME

8EE ALSC s

RESPONSE TO abvs IS nnnn

feontinuously scrolled)

Description

This command requests 2 continuocus d:lsplﬂgeof the veloet

seipoint. The diaplayed value {s the welocity being sent to the
velocity part of the servo loop by the serve algorithm. 1t ia repeatediy
updated until the return key is pressed. The bvs command has the
same effect as the DS2 command.

Enable Communications

VALID

Ser-Up Software Version
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>k MNone None None Irmediate

Never Saved

EXECUTION TIME

SEE ALSO F

Description

Example

This command allows the RS-232C control module to accept
commands over the serfal communications interface. You can re-
enable the the communications interface with this command if you
had previously disabled the RS-232C interface with the r command.
i several units are using the same communications interface, use of
the £ and r commands can help to streamline programming.

Lommand Besponse

T Disable communications to all units
1k Enable communication to unit 1

4 Enable communication 1o unit 4

FSY ] Set acceleration to 10 rps?

vs Set velocity to 5 rps

1121 Set distance to 5,000 steps

G Execute move

Disables all axes on the communication Interface, then enables the

control module for axes 1 and 4. Sets aceeleration to 10 rps?. velocity
to 5 rps and distance to 5,000 steps. Om execution, only axes #1 and
#4 will move.

EX Set Communication Style VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

akXn n = terminal or l cr b 1 Immediate

cemputer mode Independently Saved
EXECUTION TIME SEE ALSO None

RESPONSE TO akx IS b

Dascription

This command sets the style of communication between the RS-
232C control module and the terminal/computer.

n=]: ects terminal mode (i.e.. User-friendly messages sent)
n=0: sets computer mode (... No user-friendly messages)
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F Disable Communications VALID
Set-Up Software Version 1.3
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>y None None None Immediate

Never Saved

EXECUTION TIME

SEE ALSO E

Description

Example

The r cornmand disables communication with devices
connected to the RS-232C contro! module. It is useful when
you are programming multiple devices on a single interface.
Devices that are not intended to respond to universal
commands should be disabied using device-specific r
commands. This enables you to program other devices
without specifying a device identifler on every command.

Lammard

ir Disable communications to unft #1

ar Disable communications to unit #3

G Execute move using last defined parametars

The communications interface on units with device addresses
1 and 3 are disabled. All R5-232C contrel modules {(except 1
and 3) will execute a move.

FDA Acceleration, Linear VALID
Set-Up Interpolation Moves Software Version 2.3
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
FDAn n = rps? 0.0306 ~ 999959 10 Buffered
]Savable in Sequence
EXECUTION TIME SEE ALSO Fbv, GL, MSY
Dascription This command defines the common feed acceleration along
the line of motion for a linear interpolation move. It may not
be device specific.
Example Lommand Basponse
KSY Set synchronous mode
FDALRR Set feed acceleration 1o 100 rps2
rovig Set {eed velocity to 10 ps

CLeaasd, 3sdes  Star linear interpolation move




SECTION J. SYSTEM PROGRAMMING J1-33

FDV Velocity, Linear VALID
Set-Up Interpolation Moves Software Version 2.3
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
rovn rps 0.0001 - 999999 100 Buffered
Savable in Sequence

EXECUTION TIME

SEE ALSQO rpv, 6L, MSY

Description

Example

This command defines the commeon feed velocity along the
line of motion for a linear interpolation move. It may not be
device specific.

Lommand Besoonse

M5Y Set synchronous mode

TDAlpd Set 1eed acceleration to 100 rp32
FrDVig Set feed velocity 10 10 s

GLEPPER, 30200 Start inear interpolation move

G Go VALID
Motion Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>G None None Nene Buffered

Savable in Seguence

EXECUTION TIME

SEE ALSQ s, My, MC, MQ, A, V, D

Description

Example

The Go cornmand allows you to make a move using the
previously entered pararneters. It is not necessary to re-enter
A V. andDp.

Sommand Besponse

L] Sat indexer 10 normal mode
Al Set acceleration to 10 rps?
vie Set velocity to 10 rps
Digese Set distance to 100,000 steps
G Executs move

A 4,000 steps/rev motor will furn 25 revolutions after the G is
entered.
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GA Go Home Acceleration VALID
Motion software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>GAn n=zrps? [0.001 to 999,999 10 Buffered

Savable in Sequence

EXECUTION TIME

SEE ALSO GH, S5, GHF, GHP

RESPONSE TO aGA IS GA = nn.nnn revs/sec/sec (*an.nn}

Description

This command sets the acceleration rate that the GH
command will use. The value can be saved in non-volatile

RAM. The default is changed by the user if the GA command s
issued and then a save is performed (SV command).

GH Go Home VALID
Motion Software Versior 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>GH<s>n n = rps 0.0001 to 100 None Buffered
Savable in Sequence

EXECUTION TIME

SEE ALSO GA, GHF, RG

Description

Example

This command causes the RS-232C control module to rotate
the motor in the direction and at the speed specified until its
home limit input is activated.

The GH+2 command causes the controller to seek the home
position at 2 rps. The sign Is optional {a + or positive is
assumed if omitted). The controller reverses direction tf a
limit is activated and it will cease the attempt to go home if
the second limit is also activated.

The GE command resets the absolute position counter to zero.
if you want o set the counter to another value, use the sp
command after the GB {s complete.

GH-2 (Motor will turn negative at 2 rps and look for Home
Itmit input to go active. It will then stop, reverse, and finally
stop completely when the home switch 1s reached for the
second time.
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GHF

Go Home Final VALID

Motion Software Version 1.4

SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>GRFn n = rps 86.01 te 100.0 0.1 Buffered
ISavable in Sequence

EXECUTION TIME

SEE ALSO GA, GH, RG, S5

RESPONSE TO aGEr IS

GHF = n.nnnn revs/sec

(*n.nnn)

Description

This command sets the velocity for the final move in the go
home sequence. The value can be saved in battery-backed up
RAM.

GL

Go, Linear Mode VALID

Motion Software Version 2.3
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
GHFn,m né&m = yser -268435455 to o] Buffered
stLeps +268435455 Savable in Segquence
EXECUTION TIME SEE ALSO FDA, FDV, MSY

Description

Example

Go - make a linear interpolation move using the incremental
distances entered for axis 1 and axis 2, where n is the axis 1
distance and m is the axis 2 distance. The feed acceleration
and feed velocity. FDA and rov. should be set prior to this
command.

Command

GLepRy, Ag20

Bespopse
Go - start linear inlerpolation move of axis
1 for 8000 steps and axis 2 for 4000 steps.

GSY

Go, Synchronous Mode

VALID

Motion Software Version 2.3
SYNTAX UNITS RANGE DEFAULT ATTHIBUTES‘
GHFn, m None None None Buffered
[Savablie in Sequence
EXECUTION TIME SEE ALSO msy, psy

Description

Example

Go - make a synchronous move using the parameters entered
for all axes in synchronous mode (MSY). The acceleration,
velocity and distance should be set for each axds prior to this
command.

Command Basponse

NsY Set synchronous mode

Alo Saet acceleration 1o 10 revs/sec/sec
Vi Set velocity 10 10 revs/sec
ibiooo0o Set distance axis 110 100,000 sleps
2D5000 Set distance axis 2 to 5000 steps

GsY Go - stant move on both axes simultaneously
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H Change Direction VALID
Motion Software versior 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>H None None None Buffered

[Savable in Segquence

EXECUTION TIME

SEE ALSQO n+, H-, D

Description

This command reverses direction of the next move.

Examplie Lommand Basponse
1§ ] Set indexer 1o nomal mode
Ale Set acceleration to 10 rps?
vipg Sat velocity 10 10 ps
beged Set distance to 8,000 steps
G Execute move
B Change direction of move
G Execute move
The motor wil! turn two revolutions positive and then 2
revolutions negative,

AH Backspace VALID
. Motion Software Versior 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
“R None None cne character Buffered
{Contreol H, Savable in Sequence
ASCII 8)

EXECUTION TIME

SEE ALSQ None

Description

This command produces a backspace during command input,
deleting last character. It will not prevent the execution of an
immediate command.

The ~8 commmand (“E indicates that the CONTROL or CTRL
key is held down when the H key is pressed) backspaces one
character provided a deltmiter has not been sent. A new
character may be entered at that position to replace the
exdsting character. The effect of this command character is to
cause the RS-232C control module to back up one character in
the command buffer regardless of what appears on the
terminal. On some terminals pressing the BACKSPACE key
will produce the same character.

Because the RS-232C control module processes each comrnand
upon receipt of the delimiter, it 1s not possible to backspace
once the delimitter is encountered. If you type a device address
wrongly, you must re-type the whole command.
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Hx Change Direction VALID
Moticn Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>Hs s = pos/neg + or - + Buffered
direction Savable in Sequence
EXECUTION TIME SEE ALSO 4, D

Description This command sets the default direction of all moves
according to s = + (positive, usually CW) or - (negattve, usually
CCw.

Example R- (All moves default to negative unless otherwise specified (n
the command string. A D command resets the motor's
direction for subsequent moves).

HELP Produce Help Screens VALID
Programming Software Versjon 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>HELP<n> n = help 1 - 12 None Immediate
screens Never Saved

EXECUTION TIM

SEE ALSO nNone

RESPONSE TO afRELP<n> IS {see below)

Description

This command displays the help screens. It provides a list of
commands and a brief description of each command (see
below). The commmand on its own will produce the base menu
followed by all other help screens. Individual screens can be
accessed by typing HELP followed by the appropriate screen
number. HELP1l provides a worked example on servo set up.
This {s available in terminal mode only (see X command).

The retumn key will take you out of the help menu.

With the exception of BELP11, all control modules returmn the
same help information, so no device address is needed. The
gain values returmed in HEL®11 relate to the torque and
inertia figures programmed by the CJL and cT¢ cormmmands.
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*HELF

HELP1 He

(“oon'1 pamic Typa *HELP*

lp Commands

HELP. ..
HELP2.,
HELPA ..
HELFS..
HELPE..
HELF10D.,
HELPL1Z..

>
*HELPY
HELP St

.Produce all help dizplays
Indexer Commands
JSequence Commands

.Option Sat Cammands
Inputs and Outputs

Using the indexer
Servc Setup Procedurs

art/5top Commands

OFF..uus

Kill indensr instantly

Stop motion, decelerate now
Buffered stop =~ de-arargize
Immediate FLop = de-enarglzs
Terminate loop or saguencs

HELP1, ,
MELP3. ..
HELPS..
HELP7...
MELPS.,
HELF1l..

PRESS SEACE BAR TO CONTINUE OR RETURN TO ENIT

~Limt of HELP'a

Start/Stop Communds

~Homing, Jog, Limit Commands

Information Commands

LContrel and Memory Commands

Racomsanced mAIVo sattings

Stop now st LA decsleration
Stop motion, buffered

Buffared stert = re-snergize
Immadiate stop = Ie-anacglte

Powar up reLst

y

HS

Display Hardware Configured

VALID

Status Switches Software version 1,5
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aHs None None None Immediate
Never Saved

EXECUTION TIME

SEE ALSO HS commands

RESPONSE TO aHS IS *bbbb_bbbb

{ib = 0 or 1)

Description

The command displays the status of hardware configured
switches {i.e., how the control module is configured for its
environmeni). The command displays a binary
representation of this status. The response . *bbbb_bbrb. is
interpreted as follows:

Bit A

b bbb

I
Bit8

b bbb

) W N W Not used

N~
BtC 8itD

Example

@ = Other

& = Brushless initialization
@ = Open loop

@ = Not hydraulic

Bit A:1 = Resolver
BitB:1= Brush
BitC:1= Servo
Bit D : 1 = Hydraulie

If the HS commands are not configured, the response to the
status command s ?.

Command Besponse

1Es “2310_speap
This indicates that the control module is configurad
for brushless servo oparation.
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HSB Configure Motor Type VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aESHEn n = moter Q0 orl 0 Immediate
type hndependently Saved

EXECUTION TIME

SEE ALSO 1#sc

RESPONSE TO amsB IS *n

Description This command sets the configuration for a brush or brushless
motor.
n=0: closed loop brushless
n=1: other
BSB and #SC Combined Commands:
_ N HSB | HSC
STEPPEA _ 1 [
HYBRID SERVO " e 1
- [ PM AC BRUSHLESS SERVD s 1
DC BRUSH SERVO 1 1
HSC Configure Motor Type VALID
Set-Up Software Version 2.0
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aMsCn n = motor & or 1l 1 Immediate
type Independently Saved

EXECUTION TIME

SEE ALSO &EsB

RESPONSE TO arsC IS *n

Description This command sets the configuration for a stepper motor.
n=0: open-loop stepper
n=1: other
Hse and BSC Combined Commands:
HSB_| HSC
STYEPPER 1 | ]
HYBRID SERVO ] 1.
PM AC BRUSHLESS SERVO . 1
DC BAUSH SERVO 1 1
HSD Daughter Board Outputs VALID
Set-Up Software Versien 2.1
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aHSDn n = on or Off 0 or 1l 0 Immediate
Independently Saved
EXECUTION TIME SEE ALSO o
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Description Used with output daughtier boards to signify that the board is
fitted. The © command has an extended argument when B501
is set (e.g.. @OOK1IX1) to drive the 3 extra outputs. The extra
outputs are connected to terminals X1-X3 of connector [/0 4
on the motherboard.
n=0 No daughter board fitted
n=1: Daughter board with 3 additional outputs fitted

10 Immediate Output VALID
Frogramming Software Version 1.4
SYNTAX UNITS RANGE DEFAULTY ATTRIBUTES

<a>I0nnn n = gutput 0, 1, or X None Immediate
bit settings Naver Saved
EXECUTION TIME SEE ALSO None
RESPONSE TO alo IS o©l/watchdog 0/in-position 03
*nnn {*nnn)

Description

Example

This command sets the output bits as spectfied In the pattern
an an tmmediate basts. The variable n may be set 100, 1 or X
(X Jeaves the output unchanged). The variable corresponds,
from left to right. to O1, 02 (watchdog), and O3 (in-position).

Command Descrintion
2I010X Setstheouvtputs of device 2 . O1to 1 and 0210 h
maves O3 unchangaed.

1S Input Status VALID
Status Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
als None None None Immediate
Never Saved

EXECUTION TIME

SEE ALSO HNone

RESPONSE TO als IS *bbbbobbb_bbbbbbb (b = 0 or 1)

Description

This is an fmmediate command that will report the status of
all the inputs no matter what the configuration. The pattern
of the response is, from left to right:

HOME, LMT-, LMT+, +JOG, ~JOG, EIN, INDEX TRACK - INPUT 1, INPUT 2, INPUT 3, INPUT 4, NPUT 5, INPUT 6, INPUT 7.

Exampte

& = Input active
1 = Input inactive
RIN = Drive energized

. Open circuit inputs are indicated by @s.

Command Besponse
11s *PEBOPDF_ 1000000
This indicates that only Input #1 is active.
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JA Jog Acceleration VALID
Motion Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>JAn n = rpsZ |0.01 to 999959.00 93 Buffered
avable in Sequence

EXECUTION TIME

SEE ALSO Jv, oSt

RESPONSE TO 2JA 18 JA = nn revs/sec/sec

Description

The Ja command sets the jog acceleration. The acceleration
rate used in jog operations is set by this command.

Example Lommand ioti
avi.5 Sets Jog velocity to a top speed of 1.5 s when the
fog functien is activated and the appropriate input is
active
Inze Sets acceleration at 20 ﬂ:s2
JV Jog Velocity VALID
Motion Software Version 1.¢
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>Jvn n = rps {0.0001 to 100.0000 1 Buffered
avable in Sequence

EXECUTION TIME

SEE ALSO JA, 0sE

RESPONSE TO aJv IS JC = nn revs/sec

Description

The Jv command sets the Jog velocity. The velocity used In
Jog operations is set using this command. The factory default
can be changed by saving a new Jv value to non-volatile RAM
with the sV command.

K Kill VALID
Motion Software Version 1.5
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>K Neone None None Immediate

Nevar Saved

EXECUTION TIME

SEE ALSO uJa

Description

This command stops RS-232C contro! module commands to
the drive. In addition it terminates a loop. ends a time delay.
and aborts a cornmand sequence download in progress {(Xp
command). The command bufier is also cleared.
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LA Limit Deceleration VALID
Motion Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>LAn n= :-r.ss2 0.001 to 999,989 900 Imnediate

ISavable in Sequence
EXECUTION TIME SEE ALSO ssE

RESPONSE TO <a>LA IS LA = nnn.nnn revs/sec/sec

{*nnn.nnn)

Description

This command defines or reports the deceleration rate after
ltnit switch operation. This allows a rapid deceleration in
response to a limit switch regardless of the rate programmed

by the A conmmand,

LD

Limit Disable

VALID

Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>LDn n = enable/ 0 -3 0 Immediate

disable limits

Independently Saved

EXECUTION TIME

SEE ALSO None

RESPONSE TO

<a>LDp IS =*n
Description This command fs used to disable the limit switch functions.
n = 0: Enable all limits (default)
n = 1: Disable + limit
n = 2: Disable - limit
n = 3: Disable + and - limit
LS Limit Stop VALID
Motion Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>L$8 None None None Immediate
Never Saved
EXECUTION TIME SEE ALSO 1a

Description

This command stops the motor at the deceleration rate
previously set with the LA comunand. The deceleration rate
set by LA is usually set higher than the normal acceleration

(A) rate. LA is used as an aliernative to the 3 commmand. to
facilitate a faster deceleration.
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MAS Mode Asynchronous VALID
Set-Up Sefruare Version 2.3
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>MAS None None None Buffered

Savable in Sequence

EXECUTION TIME

SEE ALSO msy

Description MAS sets the axis mode to asynchronous. It causes subsequent
moves to start asynchronously. Axes in MAS may start, stop
and change speed independently of other axes in the ZDDC
system. The command is used to return an axis to normal
{asynchronaus) operation after it has been in synchronous
mode.

Example Command Description
MSY Sel synchronuous mode
FDALD Set acceieration to 10 rps?
rovie Set velacity o 10 ps

" GLéSRS, 1p08 Go - start linear interpolation move
MAS Return axes 1o asynchronous mode
MC Mode Continuous VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>MC None None None Buffered

Savable in Segquence

EXECUTION TIME

SEE ALSO MN, A, V

Description

Example

The M command sets the move mode to continuous, It causes
subsequent moves {0 ignore any distance parameter and move
continuously at the programmed velocity until stopped by a
lmit switch or the X, L8, or 8 commands.

Commarnd Descrigtion

NC Sats indaxer to continuous mode

x- Sels direction to negative (CCW)

AlP Sets acceleration to 10 rps2

vig Sets velocity to 10 mps

G Executes move with last distance paramater

Motor turns CCW at 10 rps until stopped). B+ or H- sets the
direction in MC.
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MN Mode Normal VALID
Set-Up Spoftware Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>MM None None None Buffered
Favable in Seguence

EXECUTION TIME

SEE ALSO MQ, MC, MPA, MPI, A, V, D

Description

Exampile

The a¥ command sets the move mode to normal preset
distance. It causes last fssued distance parameter to be used as
the distance for the current move. The MN command will
change the mode of operation from continuous back to preset,

Command i

N¥ Sets indexer to normal mode
Al@ Sets acceleration 10 10 rps?
Vi@ Sets velocity 10 10 s
peded Sets distance to 8,000 steps
G Executes move

The motor turns 2 revolutions in the positive direction.

MPA Mode Position Absolute VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>MPA None None None Buffered
Savable in Segquence

EXECUTION TIME

SEE ALSO wmn, MC, MQ, MPI, D, P2

Description

Exampie

The @A command sets the position mode to absolute. In this
mode all move distances are referenced to absolute zero.
Units are scaled by the CUR command. You must be in the
preset mode (MN or MQ command) before the NPA cormmand
will take effect.

G | -y
NN Sets indaxer 1o normal mode

NEPA Sets indexer t0 absolule position mode
Al® Sets acceleration to 10 rps?

vig Sets velocity to 10 s

Dippee Sets move to position +10,000

G Executes move

D298¢2 Sats move to position +2,000

G Executes mave

Motor goes to pasition +10,000 and then turms 8000 steps in a
negative direction to position absolute +2000. In the absolute
mode, {ssuing two G (go} commands tn succession will cause
the motor to move only once as the motor will have achieved
the desired absoluie position at the end of the first move.
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MPI Mode Position Incremental VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>MPpI None None None Buffered
ISavable in Segquence

EXECUTION TIME

SEE ALSO wmPA, D

Description

Example

The ®PY cammand sets the position mode to incremental. In
this mode, all move distances are referenced to the starting
position of each move. You must be in the Preset mode (NN or
MO cormmand) before the MPI command will take effect. MPI
is the power-up default on the ¥ command.

Lommand

uw Sels indexar 1o normal mode

MPI Sets indexer fo increamantal position mode
Al Sets acceleration 10 10 mps?

vig Sets velocity 10 10 ps

bespa Sets distance to 8,000 cw steps

[ Executes move

DdeED Sets distance lo 4,000 cw steps

(- Exscutes move

The motor turns two revolutions pesitive and then one more
revolution positive,

MQ Speed Change Mode VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>MQ None None None Buffered
’Savable in Sequence

EXECUTION TIME

SEE ALSO T, TRD, TRE, TRN

Description

Example

This command allows velocity to be changed using buffered
commands during a preset move.

Lommand Pascription

Mg Sats indexer 10 speed changs mode

pasoee Sets distance 10 80,000 cw steps

Az2s0 Sets acceleration to 200 rps?

vas Sets velocity 10 35 ips

G Executes move

TRDCAPDS Sais distance at which velocity changas to 60,000 cw
steps

v2 Sets veiocity 10 2 rps

The motor accelerates to a speed of 35 rps and when distance
60.000 is reached, it slows to 2 rps. It stops at position 80,000

- exactly. TRD may be replaced by the TRE, TRN. or T

commands.
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MSY

Mode Synchronous VALID
Set-Up Software Version 2,3
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>MNSY None None None Buffered
Savable in Secquence

EXECUTION TIME

SEE ALSO 4L, GsY, PSY, vSY

Description This command sets the mode to synchronous. In this mode
moves may be started stmultaneously on all axes.
Example Command Descrition
uMSY Sl synchronous mode
A0 Set acceleration to 10 rps2
V1o Set velocity to 10 ps
ipsoco Se! axis 1 distance to 8000 steps
2D=-4000 Set axis 2 distance 1o 4000 steps negative
GsY Go - move axis 1 1o position +BOOO steps from the
starting position and axis 2 to position 4000 from the
starting position, starting the moves simultangausly,
N End Loop VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>N None None None Buffered
Savable in Sequence
EXECUTION TIME SEE ALSO 11, ¥

Dascription

This command marks the ¢nd of a loop. When used in
conjunction with the L command, it causes the buffered
commands between the L and the N to be executed as many
times as the number following 1.

Example Command Rescriction
LS Loop S timas
ALD Sels acceleration 1o 10 mps?
vig Sats velocily to 10 mps
+F T-I'"T"] Seis distancs to 8,000 (2 revs) CW staps
G Executes move
| End ibop
The motor will turn 2 revolutions positive 5 times.
0 Programmable Output VALID
Programming Scftware Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>Onnn n = on/off 1= on 000 Buffered
0 = off iSavable in Sequence
X = unchanged

EXECUTION TIME

SEE

ALSC ss, 05

RESPONSE TO <a>o IS

{see below)

(*bbh)

Description

The 0 command turns outputs on and ofl. The three cutputs
are set by the three digits ann where the first n sets output #1,
the second a output #2 and the third s output #3.
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Exampies

n = ] sets the output to sink current {i.e., output on)
n = J turns the output current off
n = X leaves output unchanged

The response to the status request is as follows:

»10

Cutputs are:
Ol /watchdog Q2/in-position 03
*bbb

The command 10111 will cause all outputs on device 1 to
sink current from an externally supplied source.

The command 0820 will cause current to stop flowing in all
outpuis. The command ox1x would leave outputs one and
three unchanged while turning output 2 on.

Using the configuration switches it is possible to dedicate
cutput 1 as the Composite fault line and/or output 2 as an in-
positiont line. The ¢ cornmand will not control these outputs
if they have been configured in this way.

OFF Immediate Stop - Disable Drive VALID

Pragramming

Scftware Version 1.5

- SYNTAX UNITS

<a>OFF

RANGE DEFAULT ATTRIBUTES

N/A N/A Buffered
Never Saved

EXECUTION TIME

SEE ALSO st, on

Description This cormmand immedtately disables the drive. This
command may be used to quickly shut down the drive in an
emergency. Issuing an SV command after the OFF comrmand
causes the drive to power up in the disabled state,

ON Immediate Start - Enable Drive VALID
Programming Software Version 1.5
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>0ON N/A N/A Buffered
Never Saved

EXECUTION TIME

SEE ALSO sT, OFF

Description

This command immediately enables the drive. This
cormmand may be used to quickly restart the drive after a
shutdown. Issulng an §V cormmand after the ON command
causes the drive to power up In the enabled state.
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0S Other Switches VALID

Status Software Version 1.4

SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
a0s None None None Buffered

Never Saved

EXECUTION TIME

SEE ALSO 05 commands

RESPONSE TO a0$ IS +bbbb_bbbb (b = 0 or 1)

Description

This command reports the set up of the RS-232C control
module functions as follows:

AT

The command ¢S reports the state of the 08 switches with a
*bbbb_bbbk where the response pattern is ABCDEFGH (i.e.,
0SB, OSC, etc.).

oSB integral Action Selection VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
a0SBn n = function 0orl 0 Buffered

onfott

iSavabhle in Seguence

EXECUTION TIME

SEE ALSO ciIw

RESPONSE TO aosp IS *b

Dascription

This command seclects whether integral action will occur all
the time or only when in position.

a = 1: Integral action will only occur when in-posttion
a = 0: Integral action occurs all the time
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OSC Monitor Command Reporting VALID
Set-Up Software Versjion 1.4
SYNTAX UNITS RANGE DEFAULY ATTRIBUTES
a0sCn n = function 0 orl 0 Buffered

on/off

Independently Saved

EXECUTION TIME

SEE ALSO HNone

RESPONSE TO a0sc IS *b

Description:

The 08¢ command selects continuous reporting of monitor
commands {DS, DPA etc.) or reporting of one value only.

n=1: Signal monitor commands report only one value
n=0: Monitor commands report continuously

OSD

Input 7 Sequence Select

VALID
Set~-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
a0sbn n=functiecn 0 = seqg. select 0 Buffered
{seq. select/ | 1 = no seqg. select Independently Saved

no seq. select)

EXECUTION TIME

SEE ALSO ©None

RESPONSE TO aosp IS

*b

Description

This command configures Input 7 as a sequence select line

enabling up to 16 sequence selections.
n = 1: Input 7 defined as sequence select

n =0: Input 7 not sequence select

OSE Jog Enable VALID
Set-Up Software Version .4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
a0SEn n = tunction [ 1 = jog enabled 0 Buffered

enabled/

disabled

0 = jog disabled

Tndependently Saved

EXECUTION TIME

SEE ALSO Ja, v

RESPONSE TOQ aosz IS *p

Description

The 05x commmand enables or disables the jog function.

n = 1! jog enabled
n = O jog disabled
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OSF Initialization on Limit VALID
Set-Up Software Versiop 2.2
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
a0sSrn n = funection Qorl 4] Buffered
on/off Independently Saved

EXECUTION TIME
RESPONSE TO aosr IS *

SEE ALSO 1L1p, os:

Description: WARNING: This command is used to override a safety feature.

Initial energization of the brushiess drive involves a motion
of the motor. With o8F@ {the default} set, the drive will not
energize with a limit acttve and an error message is displayed
in response to the energise command (ON or $T2). With osF1
set, the drive will energize with a lgnit active and the motion
on Inftialization 13 allowed. Care should be taken to ensure
that the equipment will not be damaged by this motion (f
OSF1 operation (s chosen.

0SG Dither Enable VALID

Set-Up

Software Version 2.3

SYNTAX
aQsGn

UNITS
n=function
on/oft

RANGE
0 or 1

DEFAULT
0

ATTRIBUTES

Buffered
Independently Saved

EXECUTICN TIME

SEE ALSO DTA, DTF, OSH

RESPONSE TO 2086 IS *b

Description The 05G command is used to enable or disable the dither
function, which is described in Section H.
n = 1: Dither enabled
n = 0: Dither disabled
OSH Select Triangular/Square Dither VALID
Set-Up Software Version 2.3
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
a0SHn n = function G orl 0 Buffered
on/of! Independently Saved

EXECUTION TIME SEE ALSO ©»TA, DTG, 0SG

RESPONSE TO aosR IS *b

Description The 0SH command selects square or triangular wave dither

signal.

1: Square dither signal
0: Triangular dither signal

n
n
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08li initialization Movement VALID
Set~-Up Software Version 2.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
a®s5In n=function Cori 0 Buffered
std/reduced Independently Saved
EXECUTION TIME SEE ALSO None

RESPONSE TO a0sSI IS *b

Dascription The 0SI commmnand selects standard (n=0) or reduced (n=1}
movement of the axis on initialization. It is for use with
brushless non-hybrid servo motors to reduce the effect of axis
movernent as the motor comes to position at power up.

0OSJ Select 24/16 Bit Gearbox VALID
Set-Up Software Version 2.3
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
a0sJIn n = function 0 or 1 0 Buffered
16724 Independently Saved
EXECUTION TIME SEE ALSO RaT

RESPONSE TO a0sJ IS *b

Description The 05J command selects 24 or 16 bit gearbox used with the
RAT command for external pulse stream following.

n=1: 24 bit gearbox operation;s —
RAT command range = +/-16777216

n=0: 16 bit gearbox operation —
RAT command range = +/-65535

The 24 bit range has been included in this software version for
higher resclution, but the 16 bit range has been retained for
compatibility with earlier software vertons.




SECTION J. SYSTEM PROGRAMMING J1-53
P Position VALID
Status Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
ap Hone Hone None Immediate
Never Saved
EXECUTION TIME SEE ALS0O ¢

RESPONSE TO aP IS *in (n = user steps)

This command displays the position relative to the start of
the last index. 1t 15 cleared by the next G command. Thisis a
single response in user steps. It can be used during a move.

Description

PiC Picture VALID
Status Software Version 1.4
SYNTAX UNITS RANGE PEFAULT ATTRIBUTES
aPIC None None None Immediate
Never Saved
EXECUTION TIME SEE ALSO ©Dr

RESPONSE TO aPIC IS (see below}

Description

This command displays a picture of the servo loop with the
signal moniior numbers [see Figure J1-7 below). A device
address is not necessary since any control rnoduie will return

the samne display.

rThc

Serva Control Diagram
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Figure J1-7. Servo Control Loop
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PR Position Report VALID
Status . Softvare Version 1.5
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aPR None None None Buffered
Favable in Sequence
EXECUTION TIME SEE ALSO wmpA, MPI, D, P2, SP
RESPONSE TO aPR IS Absolute indexer position = innn (*#nnn)
Dascription This command requests the current absolute position. The

report is a number preceded by a sign and followed by a
carriage return * (s)a<cr>. The range of the response is
+2,097,152. The number represents the curnulative position
in user steps () with respect to the position at power up or the
last point at which an $P or PZ conmunand was issued to reset
the absolute counter to zero. The sign indicates which side of
the absolute zero position the motor is on.

Example Lammand Basponse
1PR *.256082
(Motor 15 at absciute position -256040).

PS Pause VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>P§s Rone Ncone None Buffered
Savable in Sequence

EXECUTION TIME SEE ALSO ¢

Description This command pauses the execution of the current cornmand
string or sequence. Execution will then be resumed afterac
corrmmand {continue) is received. The command is used to
allow the entering of a complete command string before the

comrnands are executed.
Example Command Besponse
Ps Pause sxecution until a ¢ command is received
ALP Sets acceleration to 10 rpa?
vig Sets valocity to 10 ps
D25600P Sets distance 1o 25,600 cw steps
G Exscutes move
e Cancels Pauss and sxecutes move

The motor will net tum until the ¢ command is amered.
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PSY Pause for Synchronization VALID
Programming Software Version 2.3
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
PSY None None None Buffered

ISavable' in Sequence

EXECUTION TIME

SEE ALSO G5y, MsY, vsY

Dascription In synchronous mode {M8Y). this cornmand pauses the
execution of buffered cormmands indefinitely while waiting
for axes to be ready for a synchronized operation. Execution
of subsequent commands will then be commenced ahmost
stmultaneously on all of the axes. The wait for readiness will
be timed out after 2 seconds and the synchronized move
aborted if this command has not been given.

Example Lemmand Bssponse
IxNSY Select Synchronous mode axis 1
2MSY Select Synchronous mode axis 2
PSY Wait for axes to be ready
01 Set output 1 almost simultanecusly on Axes 1 and 2

PZ Position Zero VALID
Status Software Versjorn 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>p2 Neone None None Buffered
'Savable in Sequence

EXECUTION TIME

SEE ALSO My, MPI, MPA, PR, D, SP

Dascription

Example

This command sets the current position to absclute zero.

Lommand Basoonse

MPA Sets indexer to absolute position mode
AlQ Sets acceleration to 10 rps2

vig Seta velocity to 10 ps

D2500 Sets distance to 25.000 cw steps

c Executes move

1DPA Display absolute position

1rz Sets absoiuta position courtter 1o zero
1DPA Dispiay absoluie position

This will cause the motor to move to the absolute position
+2500 counts from zero and report that position. Then the
absolute feedback counter will be reset to zero (in effect
moving the zero point) and the unit would report an absolute
position of zero when the second 1DPA command is Issued,
Where a servo is used, due to offsets in the loop the demanded
position and the feedback position may not be exactly equal.
This command sets the physical or feedback position zero, so
the demand position indicated by PPS$ may show a non-zero
value.
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Qs Transmit an Identifier VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>Q8s None None None Immediate

ISavable in Sequence

EXECUTION TIME SEE ALSQO None

RESPONSE TO <a»¢s IS *nn!

Description The 0§ command responds with the identity of the echotng
device. The command can be used to confirm which device is
echoing after a series of unfversal coonmands. The response
consists of an asterisk, a two-digit device address. an
exclamation mark and a carriage return.

Example Command Hesconse
N Sets indexer o normal mode
* DARSD Sats distance to 4,000 cw steps
Alpe Sets accelaration 1o 100 rps?
vse Sets veiocity to 50 rps
G Executes move
108 ldantity which device is echoing

If this 15 executed as a sequence by ads #1, the response *01!
will be recetved over the RS-232C line when the sequence is

complete.

R Report RS-232C Control VALID
Status MOdUIE Status Scftware Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

ar None None None Inmediate

Never Saved
EXECUTION TIME SEE ALSO Ra, RB, RC, RG, RS, 08, S5,
XC, X5P, X5D, XSR, XS5, DFS, DFX
RESPONSE TO ar IS *=x
Description This command requests the status of the RS-232C contro)

module. The possible responses are as follows:

*R = ready
*B = busy iwhen a command 1s being executed]
*§ or *C Is returned if any error conditions exist

Exampile Lommand Besconse
1R R
(R$-232C control module ready 10 accept a command)
¥ it's a butlered command, ft will be exscuted
immaediately.
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RA Report A—Limit Status Request VALID
Status Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aRA None None None Immediate
Never Saved

EXECUTION TIME SEE ALSO R, RB

RESPONSE TO aRa IS *x

Description The RA comrnand requests the status of the limits. The
response, in accordance with the following table, is the
current and last move imit status @ <ex> to O <er>.

Example Command Basponse
1RA *3
The current move is limited by the negative imnt and
the last move was terminated by the positive fimit.

Rosponse JLast Move Terminated by | Currert Mova Limited by
Character Positive Negative Positive Negative

* g NO NC NQ NO

A YES NO NO NO

* B NO YES NO NO

*c YES VES | _NO NO

*D NO NO YES NO

*E YES NO YES NO

T NO YES YES NO

"G YES YES YES NO

T NO NG NG VES |

* I YES NO NO YES

*J NC YES NO YES |

* g YES YES NO YES

*L NO NO ves | U VEE ]

"M YES NO YES YES

N NO YES ] YES YES

0 " ves ([ ves [ ves [ YES |

The RA command is useful when the motor will not move in
either or both directions. The report back will indicate
whether or not the last move was terminated by a Umit switch
acttvation and {f the current move is disabled by an active
lmit.
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RAT Set Rate Multiplier Value VALID
Set-up Software Version 2.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aRATH n = rate =-32,768 to 0 Buffered
mult. wvalue +32,767 Independently Saved

EXECUTION TIME

SEE ALSO ccs, 05J, SIM

Description

Example

This command is used in servo mode (8C1) to configure a
rate multiplier on the second encoder input when using the
following mode of operation. The range of the commnand is
determined by the setting of the 083 command as follows:

087=0: RAT range -65536 to +65536
0s3=1: RATrange -16777216 to +16777216

The effect is that of a gearbox on the second encoder input
that obeys the following formula:

Qutput rate to the motor (053 =0) = 65;’:36 x mput rate from
the second encoder.

n
QOutput rate to the moter (08T = 1) = 16579516 X input rate
from the second encoder.

For a mited number of pulses:
I X pulses in
Pulses to motor (083 = 0) = INT L xes'“g;?

o I X pulses in
Puises to motor (083 = 1) = INT 5757216

where INT means ‘the integer part of. The value is rounded
down towards zero whether the value is positive or negative.

Negative values of RAT aliow the direction of followtng to be
reversed.

The number of second encoder tnput pulses s also qffected by
the ccs command.

A 4000 step/rev motor is required to follow a 1000 line /rev
encoder at half the encoder speed in the opposite direction. 1
revolution of the encoder produces 1000 x 4 (CCS2 set) = 4000
pulses; -2000 pulses are required to produce a half revolution
of the motor shaft in the opposite direction.

65536 x (-2000)
Therefore, n = 2000 =-32768
Command Dascription
1ecsg Salect x 4 decode
108J¢% Set 057 for 65536 RAT range
S 13IM1 Select encoder foliowing mode
1RAT-3276D if tha tracked encoder turns 1 revoiution clockwise,

the number of puisas sant to the motor is:

-32768 x 4000
£5536

The motor of axis 1 tharelore turns a half revolution counter-clockwise.

= 2000
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RB Report B—Miscellaneous VALID
Status Status Request Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aRB None None Nene Imnediate
Never Saved

EXECUTION TIME SEE ALSO TR, PS, L, ST

RESPONSE TO aRB IS »x

Description This command requests the status of a loop, a pause. a
shutdown or an input. The response is @ <cr> to
o<cr>according to the following table.

'_Ruponu Loop Pause Shutldown input

Character Actlve Actf:o AclLvo Active |
a0 o] [0 RG] CRD ]
* A YES NO NO [ NO
*B NO YES NE} NOC
. - YES || YES | NG NO
*D NO NO YES NO__J
"z YES | NO YES NO |
=7 NC YES YES NO |
"G YES YES YES NO |
* B NO NO NO YES
.3 YES NO NO YES |
.J NO YES NO YES
* K YES YES NO YES
*1 NO NO YES YES
"N YES NO YES YES
N NO YES YES YES
* 0 YES YES YES YES

Loop active means that a loop s in progress.

Pause active means that buffered commands are not being
executed and the R5-232C control module is waiting for a ¢
command.

Shutdown active means that the motor is shutdown. Input
active mmeans that at ieast one input is active.

Example Command Basponse
1RB .3
There is no loop active, pause is active, the motor is
not shutdown and there is an input active.
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RE

Drive Status Request VALID
Status Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aREk None None Neone Imediate

Never Saved

EXECUTION TIME

SEE ALSO st, oFrF, oON, ST

RESPONSE TO arx IS *x

Dascription This command requests the enabled/disabled status of the
drive. The response is t§ if the drive is enabled or #*3 {f the
drive is disabled.

RFS Return Servo to Factory (EPROM) VALID

Set-Up SEltingS Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>RFS None None None Immediate
Independently Saved
EXECUTION TIME SEE ALSO 2z, RIFS

Description

This command returms the servo loop vartables to the factory
default settings. it brings up a set of example default

sequences. These

will be the same _for all motor/drive

settings are not specific to the system - they
packages

The £ command restores the parameters to their values prior
to entry of the RFS command if the settings have not been
saved using the 5V command.

After issuing the RFS command. the drive must be redefined
using the #50 and BSC commands.

RG

Report Go Home Status _ VALID
Status Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aRG None None None Immediate

Never Saved

EXECUTION TIME

SEE ALSO GH,

GA, GHP, GHF

RESPONSE TO arc IS *x

Description

This commang requests the status of the last Go Home
attempt. The response s @ <er> or A<cr>, indicating the
success or failure of the last go home attemnpt as follows:

ssponss

Go Hems _§uccou!ul
ND

Y

YES
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RIFS Return Indexer to Factory VALID
Set-Up (EPROM) Settings Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>RIFS None Nene None Immediate
Independently Saved

EXECUTION Tim

SEE ALSO 1z, RFs

Description This command will set up all the indexer parameters and
values (distances, acceleration, velocities and sequences) to
the factory setting. It brings up a set of example default
sequences. These settings are not specific to the systermn.
The 2z command will restore the parameters to their values
prior to entry of the RIFS command if the settings have not
been saved using the SV cammand.

RPO Report Power-On Time VALID
Status Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aRPO None None None Immediate
Never Saved
EXECUTION TIME SEE ALSO

RESPONSE TO arro IS

Power on time = nn.n hours *nn.n

Description

This command requests the RS-232C control module power
on time {hours) in dectmal, for example 33.7 hours. A
continuous record of usage is maintained by the control
module.
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RS Report Sequence Status VALID
Set-Up Software Version 1.4
SYNTAX UNITS HAN.GE DEFAULT ATTRIBUTES
aRrs Ncne None None Immediate
Never Saved

EXECUTION TIME SEE ALSO Xr, xp

RESPONSE TO aRrs IS *x

Description This commmand requests the status of the last seguence
execution. The response will be § <cr> to D<cr> according to
the following table:

_Huponu Sequence Sequencs
Charactar Started Ended
* g
7 O YES NO
*B NO YES
s C . YES YES
*D NC YES

Whenever a sequence is started. the sequence start bit is set
and the sequence end bit is cleared (this only occurs if the
sequence {s valid and 1s actually runj. Whenever a sequence is
ended, the start bit is cieared and the end bit is set. Any abrupt
move termination (e.g.. imit activation), ora K or s

comumand clears both bits.

*D {s reported when there is an unbalanced number of loops
and loop terminators inside a sequence. Starting a loop in
one sequence and terminating it in another sequence s not
allowed. Nested loops require comnplete closure before
execution will begin.

Example Command Besponse

1RS =5
Sequance in progress.
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RSE Report Servo Errors VALID
Set-Up Software Version 1.§
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aRSE None None None Immediate
Never Saved
EXECUTION TIME SEE ALSQ DR, DS
RESPONSE TO aRSE 1S (see below) {(*bbbb_bbbb_bbbb_bbbb)
Description . This command returns all servo error flags as a set of error

messages. Possible errors include:

#20 #Shutdown by R5-232C command

#22 Shutdswn by changed memcry map (pev software)
423 Shutdown by a0 excassive position ezrer

#$24 Shutdewn by a failed chacksum of Dbackup ram
425 Shutdown by undafined drive

#26 Bhutdewn by prolonged sax, torque at lovw apeed
#27 Output to drive is @ torgue and drive de-ansrgized
#28 Probable ISTCP input

#29 Shutdown by 1limlt hit during dinitialiration

The Bit patiern in the RSE command response
*bbbb_bbbb_bbbb bbbk is as follows (from right to left
*bbbb_bbb8_7654_32192):

Bit@ Shutdown by RS-232C command

Bit 1 Shutdown by limit hit during initiafization

Bit2 Shutdown by changed memory map (new softwars)

Bit3  Shuidown by an excessive position grror

Bit 4  Shutdown by a failed checksym of backup ram

Bit5 Shutdown by undafined drive

Bit§  Shutdown by prolonged maximum torque demand at low speed
Bit7  Output to drive is @ forque and drive de-energized

Bit8  Probable ESTOP input

RV Revision VALID
Status Software Versien 1.7
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

aRV None None None Buffered
Never Saved
EXECUTION TIME SEE ALSO
RESPONSE TO arv IS « ISSUE: n.n DATE: DN-XXX~NN Nn:nn
Description With this command. you can request the system's scftware
version number. An exampie response is as follows:
* ISSUE: 1.7 DATE: 30-April-5%50 15:32

This 1s the software revision and the date and tume of the
revision.
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S Stop VALID

Motion Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>8 None None None Irmediate
Never Saved
EXECUTION TIME SEE ALSO &k
Description If 3583 (Don't save command bufler on stop) is set, the

cormmand buffer is cleared {at the end of a nove if one is in
Progress).

A command sequence download is aborted (XD commmand) and
a time delay is terminated.

The motor Is decelerated to stop using the current acceleration
value (A} but the drive stays energized.

If $SRH) (Save command buffer on stopis set, the command
buffer is not cleared and only the move that is in progress is

terminated.

Example Sommangd
Ke Sets indexer to continuous mode
Ale Sets acceleration 1o 10 rps?
vig Sets velocity to 10 rps
G Executes continuous move
[ Stops move

The motor will decelerate to a stop at a rate of 10 rp32 as soon
as 5 is entered.

SB Stop — Buffered VALID
Motion Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a»8Bh None None None Buffered

. : Savable in Sequence

EXECUTION TIME SEE ALSO MC, M0, S

Description The motor is decelerated to a stop using the current
acceleration value {Al. The command can be used in the Mc or
NG modes.
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SIM Set Indexer/Following Mode VALID
Set-up Software Version 1.5
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aBIMn n = mode 0 -2 0 Buffared
numbe r jlndependently Saved
EXECUTION TIME SEE ALSO ccs
RESPONSE TO aSiM I8 »n

Description This command 1s used to configure the serial control module
for following a second encoder. The mode of operation is
selected by n as follows:

n=0 Normal control module operation. In this mode any
pulses arriving at the second encoder input are ignored.

n=1 Encoder following operation. In this mode the position
of the motor follows the pulse stream on the second
encoder input and the control module motion
commands are inactive.

n=2 Super position operation. In this mode both the
incoming pulses from the second encoder and control
module motion commands are active. The position of
the motor is the sum of both motions.

The siop corrnands and the resolution commands, CMR and
CDR. do not affect the second encoder tput. Enabie and
disable commands are effective.

Exampie Lommand Dascription
181N Set normal control mode
GR2 Go home
152IM1 Sl contral by second encoder
SKE Skip on Equals VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>SKEn n = input 0, 1, oz X None Bufferad
status jSavable in Sedquence
EXECUTION TIME SEE ALSO TRE
Description This command instructs the system to skip the following

command on an input pattern equal to n. This command is
usad in sequences to control execution flow. The pattern,
from left to right, s as follows:

HOME, LMT-, LMT+, +JOG, ~JOG, EIN, INDEX TRACK - INPUT 1, INPUT 2, INPUT 3, INPUT 4, NPUT §, INPUT 6, INPUT 7.
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Each input can be @& [off}, 1 {on} or X (don't care). You can omit
trailing X specifiers within each group of 7 specifiers. For
example the following two specifiers are equivalent:

PSLXXXX_XXX11XX and £81_XXX11

The next two are also equitvalent:
TOOKX_X100X and  _ X1

Example Command Baagonse
1sEpXXL The next command will be skipped #f the positive fimit
input i active
SKN Skip on Not Equal VALID
Programming Software Version 1.4

SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>8KNn n = input 0, 1, or X None Bﬁffered

status iSavable in Segquence

EXECUTION TIME

SEE ALSO TRN

Description

This command instructs the indexer to skip the next
command when the input pattern 1s got equal to n. The
command is used in sequences to control execution flow. The
format for n is annanan anaannn. This represents the
state of all inputs to the control module. The pattern from left
to right is shown below:

HOME, LMT-, LMT+, +JOG, <JOG, EIN, INDEX TRACK - INPUT 1, INPUT 2, INPUT 3, INPUT 4, NPUT 5, INPUT &, INPUT 7.

Example

Each input can be @ [off}. 1 {on) or X {don't care). You can omit
trailing X spectiiers within each group of 7 specifiers. For
example the following two specifiers are equivalent:

BFLXXXX_XXX11XX and @#@81_Xxx11

The next two are also equivalent:
AXXAXXX_X1XXXXX and _X1
Command Dascription

1SEN1_ The next command will be skipped if the HOME input
is not active )
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SP Set Position VALID
Programming Software Version 2.2
SYNTAX UNITS RANGE PEFAULT ATTRIBUTES

aSP<s>n n = motor -26B8435455 to ¢] Buffered
steps +268435455 Savable in Sequence

EXECUTION TIME

SEE ALSO Mr1, MPA, PR, D, P2

Description

Example

This command adds the value of n to the absolute position
counter. The counter is set to n if a PZ command is given prior
to the SP command. This command is useful for setting the
absolute zero point to some location other than that of the
physical hardware home. If you have g cut-off saw for
example, you may hot be able to mount the home switch at the
cut point. However, by mounting the home a Jnown distance
away and resetting the reference point with the SP command,
the system may be made to function as if the home switch
were at the cut point.

The untts of the SF command are scaled by the cr command.
You can get a position report in the same units by using the
DPA command.

Lommand Description

CR2 Go Home at 2 rps

P2 Set position to Zem

steoe0 The absolute position will ba set to 4000 so that the
absolute zaro will be one motor revolution away trom
the swilch location.

SS Software Switch Status VALID

Status

Software Versiorn 1.4

SYNTAX UNITS
ass tone

RANGE DEFAULT ATTRIBUTES

None None Buffered
Independently Saved

EXECUTION TIME

SEE ALSO 55 commands

RESPONSE TO ass IS *bbbb_bbbb (bs=0or1)

Description

This command displays the RS-232C control module option
switches. The response is:

/I

The response +bbbb bbbk represents ABCDEFGH (i.e., SSA,
5SB etc).
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SSA RS-232C Echo Control VALID
Set-Up Spftware Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aSSAn n = acho 0 or 1l .0 Buffered
on/off Favable in Seguence
EXECUTION TIME SEE ALSO None

RESPONSE TO assa IS *b

Description

This command turns the RS-232C echo on and off.

* §5A8 = Echo on
+ 851 = Echo off

In the Echo On mode. characters that are recetved by the RS-
232C contrel module are echoed autornatically. In the Echo
Off mode, characters are not echoed. This cormmand is useful

. i your computer cannot handle echoes.

Example Command Basponse
SSAl Tums the echo off (Characters sent ta the RS.232C
control module are not echoed back o the host).
SSB Set Input 6 as a Ciear Pause VALID
Set-Up IHPUt Software Versioen 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aSS8SBn n = function Deorl 0 Buffered
on/otf Savable in Segquence
EXECUTION TIME SEE ALSO 1s

RESPONSE TO assB IS b

Dascription ‘This cornmand allows you to set input 6 to clear a pause.
n=0: normal
n=1. Input 6 clears a pause
SSC |Set Output 2 as an In-Position Output VALID
Set-Up Sofrware Version 1.4
SYNTAX UNITS RANGE DEFAULY ATTRIBUTES
a85Cn n = function 0 ori ¢ Buffered
enfotf iSavable in Sequence
EXECUTION TIME SEE ALSO 10

RESPONSE TO assc IS

*b

Description

‘This command allows you to set Cutput 2 as an In-position

indicator output.

n =0: Normal
n =1: Output 2 is configured as an n-position output
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SSD Set Output 1 as Composite VALID
Set-Up Fault Slgnal Software Version 1.6
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
as8sibn n = function 0orl 0 Buffered
onfoff ISavable in Sequence

EXECUTION TIME

SEE ALSO 10

RESPONSE TO assp IS +*b

Description

This command allows you to set Qutput 1 as a composit fault
indicator output.

n = 0: Normal
n = 1: Qutput 1 is configured as a composite fault indicator

When functioning as a composite fault indicator, the output is
normally en and any fault that disables the drive generated
by software, watchdog time-out, or an incoming emergency
stop signal will cause the output to turn off. This does not
include the eflect of $T1. which deliberately disables the
drive.

SSE Set Input 5 as a Controlled VALID

Set-Up

Stop lnput Software versjon 1.4

SYNTAX UNITS

aSSEn n = function
onfoff

RANGE DEFAULT ATTRIBUTES

0D er 1l 0 Buffered
ISavable in Sequence

EXECUTION TIME

SEE ALSO 15, 14, s

RESPONSE TO assk IS *b

Description

n=0: Normal
n = 1: Input 5§ is configured as a controlled stop tnput

If you tssue the SSE1 command and if Input 5 goes high. the
axis will stop. using the LA setting.
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SSF Set Input 4 as Sequence Strobe VALID
Set-Up Software Version 1.5
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
asSsSFrn n = functien 0erl 0 Buffered
on/off Favablo in Sequence
EXECUTION TIME SEE ALSO 15, sN

RESPONSE TO assr IS *b

Description n =0: Normal
n = 1. Input #4 defined as a sequence strobe

When active, Input 4 causes execution of the sequence number
found at the value on Inputs 1-3 or inputs 1-3 and tnput 7 if

0SD1 is selected.

SSG Save Command Buffer on Limit VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aSsGn n = function 0t orl o] Buffered
on/off ISavable in Sequence
EXECUTION TIME SEE ALSO LD, sSsH

RESPONSE TO assG IS *b

Description n =0: Normal
n = 1: Command buffer saved on limit

Normally, when a lirnit is reached, the current command
bufler or sequence is scrapped thus preventing further
execution. Setting this bit to 1 prevents this activity.

SSH Save Command Buffer on Stop VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aSSHn n = function 0 or 1l 0 Buffered
on/off Favable in Seguence
EXECUTION TIME SEE ALSO 5, ssG

RESPONSE TO assk IS *b

Description n =0: Normal
n =1: Save command buffer on Stop (8) command
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ST Shutdown VALID
Programming Software Versionm 1.§
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>8Tn n = function 0 or 1 1 Buffered

onfoff Never Saved

EXECUTION TIME

SEE ALSO ofF, ON

Description

2 The drive is enabled and any brushless or stepper rootor
inftialized #f required.

1 The drive is disabled.

Any move commands given during motor shutdown will not
be executed. 81@ ramps the currents up to normal Jevel [at the
position read upon execution of the $T1 command) and re-
enables all move commands. This function is normaily used
to allow manual positioning of the load.

Example Command ipti
£TL Disables the drive
SV Save VALID
Frogramming Software Version -.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>8V None None None Immediate
Never Saved

EXECUTION TIME

SEE ALSO RIFs, RFS

Description

This command causes the current servo, set up, and indexer
parameters to be saved in non-volatile RAM.

To succesgfully save data, jumper 1 must be {n place, Remove
the fumper to write protect the RAM
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T Time Delay VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>Pn n = seconds| 0.01 to 995.99 2 Buffered
Savable in sgquencq

EXECUTION TIME

SEE ALSO NONE

Description

This command causes the RS-232C control module to wait the
niumber of milliseconds specified before it executes the next
command in the buffer.

Example Lommand Descrigtion
NN Sets indexer to normal mode
AS Sats accelsration to 5 rps?
vs Sets valocity 1o 5 rps
b2saso Sets distance 1o 25,000 cw steps
T.5 Sets time delay 1o 0.5 seconds
G Executes move
71 Sets time delay 1o 1 second
G Exscutes move
Sets the mode to normal, acceleration to 5 rps2. velocity to 5
rps and distance to 25,000 steps. Pauses the moter for 0.5
seconds, then executes the move. Alfter a further delay of 1
second. it again executes the move. The resolution is 2 ms,
TRD Trigger on Input Distance VALID
Set-Up Software Version 1.4
SYNTAX UNITS RANGE PEFAULT ATTRIBUTES
<a>TRDn n = user steps -2087152 to None Buffered
+2097151 ISavable in Segquence
EXECUTION TIME SEE ALSO M0
Description This comnmand defines the moment at which the velocity
changes when the RS-232C control module has reached a
specified position within this move. The distance specified is
always incremental.
Example Command Rascription _
TRDIGOD Set spesd change distance 1o 3000 steps
vie Change speed 10 10 revs/sec
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TRE Trigger on Input Equal VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>TREn n = jinput 0, 1, or X None Buffered
status JSavable in Sequence
EXECUTION TIME SEE ALSO Mg, SKE
Description Use this cornmand to pause a move until the input status =
nannnan_annnnnn. The format annnnnn_spnnnnn is
from lefl to right:

HOME, LMT-, LMT+, +JOG, ~JOG, EIN, INDEX TRACK - INPUT 1, INPUT 2, NPUT 3, INPUT 4, INPUT 5, INPUT 6, INPUT 7,

Each input can be @ (off), 1 (on} or X (don't care). You can omit
trailing X specifiers within each group of 7 specifiers. For
example, the specifiers:

SOLAXXX_XXX11XX and 201_XXX11 are equivalent.

The next two specifiers are also equivalent:
XXAAXAX_X1XXXXX and _X1

TRIP Trigger on In-Position VALID
Progranmming Spoftware Version 1.5
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>TRIP None None None Buffered
Savable in Sequence
EXECUTION TIME SEE ALSO mC, MQ, ssC
Description After use of this command, further buffered commands are

not executed unttl the motor has stopped within the deadband
region for the specified ime. The command can be used in the
MC or MQ modes.

Exampie Command Descriotion _
HQ Sats indexar to spaed changs mode
188¢1 Enabies output 2 as an in-position outpul
vas Sets velocity to 35 rps
A208 Sets acceleration 1o 200 ps
DeOPRe Saets distance © 80,000 steps
L Loop
c Executes move
TRIP Delays next move until motor is siopped within
deadband
| End loop

The motor will accelerate to 35 rps and travel 80,000 steps. It
will then walt {n position before repeating the move.



J1-74 SYSTEM 7 USER GUIDE

TRN Trigger on input Not Equal VALID
Pregramming software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>TRNn n = Input 0, 1, ez X None Buffered
Status Favable in Sequence
EXECUTION TIME SEE ALSO sscC, Skm
Description This command pauses execution of a move until the input

status is ot equal to nnnnnnn nnnnnnn. The format
aanaann_nannana is from left to right:

HOME, LMT-, LMT+, +JOG, ~JOG, EIN, INDEX TRACK - INPUT 1, INPUT 2, INPUT 3, INPUT 4, INPUT 5, INPUT 6, INPUT 7.

Each mput can be O (off}, 1 (on) or X (don't care).

You can omit tralling X specifiers within each group of 7
specifiers. For example. the following spectfiers are
equivalent.

PPLXXXX_XXX11XX and S51_XXX11
The next two specifiers are also equivalent:
AAXAX X1 AXXXXK and X1

TRR Registration Mode VALID
Set-up Scftware Version 2.3
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>TRRn n - User steps +2097151 0 Buffered
Savable in Sequence
EXECUTION TIME SEE ALSO ssc, Skn
Description This cornmand selects a registration move, a move ending a

spectfied distance in user steps after a mark signal appears at

Input 6. The move is used in modes MC or NQ. Registration
maoves are described in detail 1n Section H.
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TUNE Display Tuning Settings VALID
Status Software Version 2.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aTONE<n> N/A 1 - 11 None Buffered

Savable in Sequence

EXECUTION TIME

SEE ALSD DR, TUNET, TUNEV

RESPONSE TO aTuNEn IS * (repcrt of specified tuning setting — see below)

RESPONSE TO aTUNE IS * (report of all tuning settings — see below)

Description

Example

The TWE command with no parameter causes the control
module to report tuning information calculated or measured
during the previous move. The response format is as follows:

HFPRDNORAON~

Pt

Measured largest error {steps)

Measured largest torque demand

Measured settliing time within window (ms)
Measured total indedng + settling time (ms)
Calculated stifiness (mNm/step)

Calculated error at maximum torque [steps)
Estimated load inertia (Kg/cm?)

Estimated maxtmum available acceleration {revs/sec?)
Estimated double time constant (ms)
Estimated 1/2 settling time {ms)

Estimated ciosed loop bandwidth (Hz)

If a numeric parameter <n> is entered, any one of the above
values as defined by the number will be reported.

Command Description

1TUNET Seif-tune servo

CIW2 Set narrow in position’ window
L EY-T] Set distance to 400 steps
A100 Set acceleration 16 100 rps2
vse Set velocity 10 50 rps

c Go - stan the move

1TONE3 Report data tem 3 (settling time) only
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TUNET Servo Self-Tuning VALID
Status (Torque amplifier settings) Software Version 2.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>TUNET None None None Buffered

Savable in Sequence

EXECUTION TIME

SEE ALSO TUNE, TUNEV

Description

Example

Salety

This command self-tunes the servo as a torque amplifier. The
following parameters are set:

CPG Maximized to the point where the standing digital
vibration is reasonable.

CVvG  Set for stability — little overshoot beyond the end
point of a move and no oscillations.

COrr Set so that the average error is zero. This cancels the
effect of amplifier and gravitational offsets on

positioning accuracy.

CTG  Set to cut off the velocity feedback action at high
frequency.

CIG  Setto zero. Integral action is always de-stabilizing
and a specialized feature associated with a
requirermnent {or extreme accuracy.

CrG  Set to zero, assuming a point-to-point application.
You should set this to the value of cvG {PID
equtvalent) if you have a following/contouring type

application.
Lommand Description
1TOUNLT Self-tune servo for forque amp.
15V Save parameters for flure use

The tuning process moves the load a distance of 178 steps
backwards and forwards using step changes of position
demand that result in about 50% of the maximum available
motor torque being suddenly applied to the load. This process
continues for up to 30 seconds depending on the load
conditions. During this time buffered commands typed at the
keyboard or pending in a sequence will not be executed.
However, the unit will respond to immediate commands such
as K, § or OFF, to enabled end-of-travel tnputs, to an enabled
Input 5 stop input, and to the emergency stop input. If the
tuning ts interrupted in this way, the servo parameters wiil
then be in an intermediate state and it may be necessary to
cycle the power or use the £ command to restore them to a
viable state.
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TUNEV Servo Self-Tuning VALID
S5tatua (Velocity amplitier settings) Software Version 2.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>TUNEV None None None Buffered

Savable in Seguence

EXECUTION TIME

SEE ALSO TUME, TUNET

Description

Example

Safely

This comumnand scif-tunes the servo as a velocity amplifier.
The process may also be used for pneumatic and hydraulic
actuators. It is a limited process, maximising CPG starting
from the value you enter so that there is littie overshoot and
no oscillations. The final value of CPG is dependent on the
velocity loop gain which you have set. The following
parameters are set:

CPG Maximized, starting from the entered value and taken
to the point where there is little overshoot beyond the
end of move position and no oscillations occur.

CcvG Not altered — normally zero since damping is provided
by the velocity amplifier.

COTrF Set so that the average error is zero. This cancels the
effect of amplifier and gravitational offsets on
positioning accuracy.

CTG Not altered.

CIG Set to zero. Integral action is always de-stabilizing
and a specialized feature associated with a
requirement for extrerne accuracy.

C¥G Set to zero.

Lommand Qascription

1CPGS0 CPG set for a low gain

1TONLY Self-tune servo for velocity amp.
18V Save parameters for future use

The tuning process moves the Joad a distance of 178 steps
backwards and forwards using step changes of position
demand that result in about 50% of the maximum available
motor torque being suddenly applied to the load. This process
continues for up to 30 seconds depending on the Jload
conditions. During this time buflered cornmands typed at the
keyboard or pending in a sequence will not be executed.
However, the unit will respond to immediate commands such
as X. 8 or OFT, to enabled end-of-travel inputs. to an enabled
Input 5 stop input, and to the emergency stop tnput. ¥ the
tuning is interrupted in this way, the servo paramcters will
then be in an intermediate state and it may be necessary to
cycle the power or use the 2 command to restore them to a
viabie state.
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U Pause VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>q None None None Immediate

Never Saved

EXECUTION TIME

SEE ALSO pPps, C

Description

Use this command to pause execution of a command string at

the point where a ¥ command is entered. The ¢ tommand will
cause exacution to be resumed at the point where it was

paused.
Command

L1
Aleg
Vi
L

-2 31
G

H-

G

L]

Example

Dascrigt

Sats indexer 1o normal mode
Sets accelaration 10 10 rps?

Sats velocity 10 10 s
Begin Loop

Sets distance 10 B,000 cw steps

Executes move

Changas direction of move

Executas move
End loop

In this example. the motor turns 2 revolutions in the positive
direction, then two revolutions in the negattve direction in a

continuous loop. If a U commnand is entered du

the

execution of the loop, the motor will stop at the end of iis

current move, Upon receipt of a € command, execution of the
loop will be resumed from the point where it was paused.

Vv Velocity

Motion

VALID

Seftware Versier 1.5

SYNTAX

<a>¥n

UNITS

n = rps

AANGE
0.0001 ro 100.00 1l

DEFAULT

ATTRIBUTES

Buffered
Savable in Sequence

EXECUTION TIME

SEE ALSO A, cPE, D

RESPONSE TQ av IS *v = nn revs/sec

{*nn)

Description

defined velocity Is used for the move.

I the velocity is set too high, the following error will exceed

the maximum position error {set by CP2) and the drive will be
shiut down. The actual top speed of the motor is limited by the
motor type and drive.

Lommand
Ale
vig
Pagag

Example

Descripti

This cornmand sets the velocity. 1f no rate is given, the last

Sets acceleration to 10 ms?

Sets velocity to 10 ps

Sats distance to B,000 cw staps

Executss move
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VSY Velocity Change In VALID
Motion Synchronous Mode Software Version 2.2
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>vs¥n n = rps 0.0001 to 100,00 1 Buffered
[Savable in Sequence
EXECUTION TIME SEE ALSQO Gsy, Msy, V
Description This command {s used to produce a simultaneous speed

change across a number of axes, all of which are running in
modes MC or MQ and executing vSY commands. This is
{lustrated 1n the example shown, where axis 1 waits for vsy
commands for the other axes in synchrenous mode and then
their speed changes are executed at the same time.

Example For 2-axis synchronization:
Command Description
| {+ Se1 continucus moda on all axes
MsY Set synchronous mode on all axes
1vap Set speed for axis 1 1o 20 s
2vie Set speed for axis 210 10 ms
G Stant all axes
1VSY1d Axis 1 does not changs speed
2V5YS until axis 2 changes spaed
XC Checksum VALID
Status Software Versiorn 1.5
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aXxgc None None None Buffered
Savable in Sequence
EXECUTION TIME SEE ALSO None

AESPONSE TO aXC IS (see below)

Description This command causes the checksums for the volatile and
' non-volatile RAM t¢ be computed and reported .

»1xc

Current ram checksum = nnnn

RMackup fafm CHAECESDM = AAARR
Comput ed backup ram checksiuym = nnnn
Current map version = nn

BACRUD MAR VErsion = fn
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XD Sequence Definition VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>XDn n = sequence l - 16 None Buffered

number Never Saved

EXECUTION TIME

SEE ALSO XT, XE, XR, XRP

Description

Example

This is the Start sequernice indicator for defining a sequence.
It clears the command buffer and all subsequent commands
will be stored in the buffer until receipt of an XT command. A
sequence will not be stored if a sequence with the same
number identifier already exsts, or if there is an error in
writing the sequence. The sequence is not stored tn
nonvolatile memory untll the sv command (s glen.

Command

XDl Starts definition of seguence 1
AlP Sets acceleration to 10 rps?
vig Sets veiocity to 10 ps

DepPRo Sets distance 1o 8,000 cw steps
] Executes move

DsRSD Sets distance 1o 4 000 cw steps
| Changes direction

G Executes mova

XT Ends definition of sequence 1

The sequence is defined as sequence #1. Each time XR1 is
entered the motor will turn 2 revolutions positive and then 1

revolution negative.

XE

Sequence Delete VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE PDEFAULT ATTRIBUTES
<a>XEn n = seguence 1l to 16 None Buffered
number Independently Saved

EXECUTION TIME

SEE ALSO XT, XD, XR, XRP

Description

Use this command to delete sequence n from RAM.

Command
X211 Erases sequence 1
sV Save

Sequence #1 is deleted from RAM,
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XP Power-On Sequence Number VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>XPn r = gequence 1l to 16 None Buffered
number Independently Saved
EXECUTION TIME SEE ALSO XQ, XSR, X2, XSP, IM, S8
RESPONSE TO <a>XP IS Power on sequence number = *nn {*1n)
Description This conmmand sets the power-on sequence mode and

sequence number {0 be executed on power up. The command
must be saved before power off to enable the sequence to be
executed on power up. If the command %P3 is sent, no power-
on sequence will be executed. This facility is normally used
for stand alone operation.

Example Command
XPp1 Spacifies that sequence #1 will be exscuted on
pOwet-up
XR Run Sequence VALID
Programming Software Version 1.4
SYNTAX UNITS RANMGE DPEFAULT ATTRIBUTES
<a>XRn A = seguence 1l to 16 None Buffered
numper ISavable in Seguence
EXECUTION TIME SEE ALSO XT, XD, XE, XRP
Description An XRr command can be used within one sequence to start

execution of another sequence; all commands in the first
sequengce following the XR will be executed after the sequence

called by the X® command is complete (in this respect an Xr
acts like a subroutine call).

You must be certain that the number of loops and loop
terminators are balanced within a single sequence. You
cannot start a loop in one sequence and end it in another
called by the XR command.

Example xRl (Sequence #1 will be executed.)
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XRP

number

Run/Pause Sequence VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>XRPn n = sequence l to 16 Hone Buffered

[Savable in Sequence

- EXECUTION TIME

SEE ALSO xT, XD, XE, XR

Description

Example

The XRP command operates in the same way as XR except that
a pause condition. which must be cleared before the command
buffer is executed. is automatically generated. The pause
condition s executed only  the sequence is valid and
actually run.

XRP1 (Sequence #1 is loaded into the command buffer and is
paused until a continue {C command] is entered).

XRT

Return From Sequence

VALID

Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>XRT Neone None None Buffered

Savable in Sequence

EXECUTION TIME

SEE ALSO xT

Description

This command {s used in a sequence to terminate execution of
that sequence. It is typically used in branched sequences
where the RS-232C control module must exdt the sequence
before the XT command.

Used in conjunction with $KIP commands.
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XSD | sequence Download Status Report VALID
Status Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aXSD None None None Buffered
Never Saved
EXECUTION TIME SEE ALSO x»

RESPONSE TO axsp IS =*n

Description This cormmand requests a status report of the previous
sequence download from the controller to the indexer. The
response is a single ASCI character followed by [CRI:

& Download ok<cr>

1: Cannot overwrite exsting sequence <cr> {(sequence with
this nurnber already exists - erase previous one first)

2: Sequence buffer full<cr>

In order to retain the sequence it is necessary 10 save ft using

the sv commandl

Example Lommand Basponse
XsD g

{Sequance downicad ok)
XSR Sequence Run Status Report VALID
Status Software Version 1.4
SYNTAX UNITS AANGE DEFAULT ATTRIBUTES
aX5SR None None None Immediate
Hever Saved

EXECUTION TIME

SEE ALS0O XR, XRFP

RESPONSE TO axsr IS

*n

Dascription

Example

This command requests the sequence run status. The
response is a single ASCII character followed by <cr>.

#<cr> = running {or ran successfully}
2«<ecx> = {nvalid sequence - requested sequence doesn't exist

Command Besponse
LSRK g
(sequence ok)
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XSS

Sequence Status

VALID

Software Versicon 1.4

SYNTAX
aXS$sn

UNITS

n = sequence
number

RANGE
1l to 16

DEFAULTY
None

ATTRIBUTES
Buffered

Never Saved

EXECUTION TIME

SEE ALSO XD, XT, XE

RESPONSE TO axssn IS *n

Description

This command requests the status of sequence n. The
response is a single ASCII character followed by <cr>.

#<cr> Empty - sequence doesn't exist
2<ecr> OK - sequence does exst

The xs8 command will inform the user if the sequence
indicated by the number immediately {ollowing (no space) the
X3S command does in fact exist in memory.

Exampie Command Besoqnae
X851 "2
(Sequence not defingd)

XT Sequence Terminator VALID
Prograrmming Software Versicr 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

<a>XT None None None Buffered
Independantly Saved
EXECUTION TIME SEE ALSO xo
Description The XT corrnand is used to terminate a sequence download,

thus returning the system to command mode. The executable
end of sequence is also marked at this point.

XU

Sequence Upload

VALID

Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
aXg<n> n = seguence 1l to 16 None Imnediate

number Never Saved

EXECUTION TIME SEE ALSO xp, RIFS

RESPONSE TD axD<n> IS (see description)

Description

The sequence upload command displays the sequences stored
in RAM. The value n is the sequence number and i it is
omitied a display of all stored sequences will occur. The RS
232C contral module (s supplied with default sequences to get
you started {see RIFS commandl.
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XZ Reset Power-Up Sequence Mode VALID
Programming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
<a>X2 None None None Inmediate
Independently Saved

EXECUTION TIME

SEE ALSQO 1z, xp

Description

This conmnand sets the power-up sequence mode to zero
(thereby disabling sequence activation on power-up). This is
the same function as Xp& but it also calls the 5V command to
save this mode.

'Y

Terminate Loop

YALID

Software Version 2.3

SYNTAX UNITS

<a>¥ None

RANGE DEFAULT

None Neone

ATTRIBUTES

Immediate
Never Saved

EXECUTION TIME

SEE ALSO L, N

Description

Example

This command terminates a loop at the end of the current
pass.

Lommand Rescrigtion

L Bagins loop

ALD Sets acceiaration 10 10 rps?
Vi@ Sats veiocity 1o 10 ps

Deges Saets distance to 8,000 CW steps
T1380 Sats time delay to 1,000 ms

G Executes move

] Ends definition of loap

Y Terminatas loop

This loop will continuously cause the motor (4,000 steps/rev)
to move 2 revolutions posttive and then wait for 2 seconds.
Loop will be terminated at the end of the pass during which
the ¥ command is entered).

Z Reset VALID
Frogramming Software Version 1.4
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
4 None None None Immediate

Never Saved

EXECUTION TIME

SEE ALSO sv

Description

This command applies a reset as if the power had been
switched off and then on again. The command is universal
and it returns all axes to their last saved settings - it cannot be
made device-specific.
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Command Summary

Help Command {HELP1} HELP Produce all help displays
HELPI HELP Wit
THELP? InGaxB! COMMands
HELP3 StarvSiop Lommands
RELP4 SOQUUNCS LOmmands
(HELPS Homing. Jog. Limit
"HELPS Option Sat Commands
HELP7 Informaton Commands
ECES e Moty CoE
RELPe rol and Memary Comma
[HELP10 Usmng the Ingaxer
L —— o Setings
1&!‘1 2 Serve Stup Procadune
Motlon Commands (MELP2) [A{n) Set acceleration
£ Tontnue
Lﬁ(n} Sat move distance
T DA Sel feed accelerabon
[FOV Sat faed veloaty
:l} Go, maka a move
GL hnaar
[GEY 0 SYNchIonous
H Reverse motar dirgctian
Hae Sol positive direction
H. Sot negatva drecton
L{n} Loop instructions
MAS Mode asynchronous
MC Mova conlinuous
_M_li Normai presat moves
MP A Absolule potiton mode
] Incremental positon mode
MQ Valocily change preset moves
MSY Mode synchronous
| N End of loop indicator
P& Wait for continue
PEY Pause synchronous
ST Sl naeaerolowing mooe
_f_an Baay for n secs
RO Fause unt distanoe reached
E suse until inputs equal
YRIP Pause until n 2osonN
[YHN Pause untl inputs not equal
TRA Pause tor 16 registration
1] Pause wat for continue
vin) Set velocity
Start/'Stop Commends (MELPY) | K Kil monon
LS Stop now &1 LA Geceterabon
[OFF immeciate $tOD - de-eNEQEE
[ ON immadiaty starl - ri-energss
] Stop mobon, decelerate now
K1 S10f Mmoton. bufkered
ELL] nBTYSE ONve
ELf De-energise dnve
Ki Terminate lOop or sequency
ower up meset
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Sequence Commands (HELP4) 1 XC Report checksum
XDin in downicad soguence
"XE(n iote sagUeNce
q_:m it power up sequence
111} Exmcute seguence
{n) Eaecute sequence with pause
[(XRT Tt Fom $equence
X80 ft SIS of Gownioad
£ PO MUN SEQUENcE STATUS '
XSS(n) rt LGB SRS
XY PCe ETMinanr
XU(n) noe upload
12_ Ym o powss LD Sacence made
Homing, Jog, Limit Commands (HELPS) [GA(n) Se1 o home acosteraton
[GH .- G0 home with Girecbon + valoaty
HF{n} nal home mMove vobqg’
JA{n Se1 JOg scasiersbon
JVi{n Sat jog velocity
LA(n Set limig acen
n} Set limit function

L
124 Sef current_posibon ak AbsOIU 2610
SP Set current . posiiion I vaive
L ‘Enable communicabons
EX 1=terminal O=computer moos
[
(WS

Optlon Set Coammands (HELPS)

Disable commurweatons

Lisplay HAW swiches
HSA Ter@s0iver ipedback Osother

HEB Ouclosad loop brughless

HSC Q=0pen WOD Stepper 1eother
IL‘ED O=no daughier board 1=board fitted
[} Display OS" switches
0SB 1=Switched integral actien on
B8C 1sSingie vaiuae retumed by DS
OSD T=lnpul 7 & tequence salect ling
OSE 1 manabie
[ 1aallow initalse on hivut
008G 1agiiow dither
QS5H 1=3guare gither O=tmangular
[88i Tareduced movement nimaise
085, 1a2d tit goartsax Ot Dat
13 Diplay 55 swnches
[SSA B=BCho On 1 =#cho Off
S5SB 1=Input & dsars and store pauke
(B3¢ 1=Output 2 1s 1n posidon
I-!'SD Twlitout 1 15 Sompesite faull

SSE 1=lnput 5 15 stop kne
EL1 1uinput 4 18 Bnce Shiect
E_ T=3ave COMM buter on At '

SSH 1=5ave command buffer on siop
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Information Commands {HELPT)

Inpute and Outputs (HELPS)

Coniroi and Memory Commands (HELPS}

L Tommand buffer s request
(B8 Command buller sz request
DFX Reoturmns index stahss (32 brts
bic m Control mﬁé POSION
[DFA Dreplay posibon-acius)

[DPE Conbnuous anor display

1) m ¥ pORHon setpont

L] Dwplay report

(DVA Dispiay velocily-actual

BVS Drspiay ﬁ wpoint

L] 1 m lhu move _

Fic
(PR
CE L L —
s _request
L) Limit swilkch swius fequest
L] Pauss statis 1
RE pon dnve SIEWS
L1 home s eqUes!
LII pOWSr on Bme
RS T T
[WEE BTVD ST CONSHTIONE
LI Fepcn solwars revison
0 St outpuls immadiatety
s TBports MpUL BIaTuS
[+] TUME OUIDUTE On and Gff
m {minpUt 7 13 sequence select ine
[SKE Skip on INpUts 8qus
FERN BHip on MpUts Not aqual
558 1winpyut & clears pause
[S§SC t«Output 2 is in postbon
550 1=Output 1 15 composite fault
.ﬁE 1=input & s controtied stop line
SSF 1=input 4 & SQUENCE S3eCt STTObe
(835G T=save command bufier on fmil
4SH 1=58ve command buffer on siop
[YRD Pause untl dxtance reached
AUSS UNDl InpLTs eqGual
[TRIP Fause unal in posmicn
ki ause untll nputs not equal
[CCS Conf?um OMMand source
tDG n Pl
[CEW iN POSHON WINGOW
TrG Set teed forward gan
[€1G Set ntwgral acton gan
1 In posibon wan me {2ms ints}
W Sel miogral acbon window
caL Set motor + load inerta (Kg-oms%)
[CWR St molof resolution
COrF 61 amphler oisel
[TPE 561 pORMON #ITOr kMt
[CFG ﬁ—.ﬁw———
TS Set fiter tme consant
[ETS Set avaiable motor orgus (Nm)
[GUR | Set usef resciuton
CVG Set velocity Wedhack gain
[HS BQNal JEpilly Dy AUMBET
[OFF immecat e-energise
[ON immadiate energise
RES Servo to factory setongs
RIFS Indexer 1o laciory setings
[ASE Heports $ervo afrof conditions
£ T R N T ——
[§70 Energise dnve
€Ty De-anergise drive
¥V Bave current MINg: 17 DRCKUD EAM
[YUNE Reoon runing miormanon -
TUNET AyIOTAN MG AMD fuming
TUNEV ALTDTANGC VIO Ity BD TURIng
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Alphabetical Command Listing

CiG
CIT

COFF

cTG
CUR
CvG

GSY

HELP

HSC
NSD
0
18
JA
Jv

LD
LS
MAS
mc
MN
MPA
MPI
MQ
MsY

OFF
ON
oS
ose

ACCELERATION RATE

BUFFER STATUS REQUEST

BUFFER SIZE REQUEST

CONTINUE

CONFIGURE INPUT DECODE
CONFIGURE DERIVATIVE GAIN
CONFIGURE IN-POSITION WINDOW
CONFIGURE FEEDFORWARD GAIN
CONFIGURE INTEGRAL GAIN
CONFIGURE IN-POSITION TIME
CONFIGURE INTEGRAL ACTION WINDOW
ENTER MOTOR + LOAD INERTIA
CONFIGURE MOTOR RESOLUTION
CONFIGURE AMPLIFIER OFFSET
CONFIGURE PCSITION ERROR
CONFIGURE FILTER TIME CONSTANT
ENTER MOTOR TOROQUE
CONFIGURE USER RE SOLUTION
CONFIGURE VELOCITY GAIN
DISTANCE

DISPLAY FLAGS INDEXER

DISPLAY INDEXER COUNTER
DISPLAY POSITION ACTUAL
DISPLAY POSITION ERROR
DISPLAY POSITION SETPOINT
DISPLAY REPORT

DISPLAY SIGMNAL

SET DITHER AMPLITUDE

SET DITHER FREQUENCY

OISPLAY VELOCITY ACTUAL
DISPLAY VELOCITY SETPOINT
ENABLE COMMUNICATIONS

SET COMMUNICATION STYLE
DISABLE COMMUNICATIONS.
ACCELERATION. LINEAR INTERP. MOVES
VELOCITY, LINEAR INTERP. MOVES
Go

GO HOME ACCELERATION
GO HOME

GO HOME FIRAL

GO, LINEAR MODE

GO, SYNCHRONOUS MODE
CHANGE DIRECTION
BACKSPACE

SET DIRECTION
SETDIRECTION

PRODUCE HELP SCREENS
DISPLAY MAY CONFIGURED SWITCHES
CONFIGURE MOTOR TYPE
CONFIGURE MOTOR TYPE
DAUGHTER BOARD QUTPUTS
IMMEDIATE OUTPUT

INPUT STATUS

JOG ACCELERATION

JOG VELOCITY

KILL

LOOP

LIMT DECELERATION

LIMIT DISABLE

LIVKT SWITCH FAST STOP
MODE ASYNCHRONOUS
MODE CONTINUOUS

MODE NORMAL

MODE POSITION ABSOLUTE
MODOE PCSITION INCREMENTAL
SPEED CHANGE MODE

MODE SYNCHRONOUS

END LOOF

PROGRAMMABLE OUTPUT
IMMEDIATE STOR

MMEDIATE START

OTHER SWITCHES

INTEGRAL ACTION SELECTION

MONTOR COMMAND REPORTING
NPUT T SECUENCE SELECT

JOG ENABLE

INITALIZATION ON LIMIT

DITHER ENABLE

SELECT TRIANGULARSOUARE DITHER
INITIALIZATION MOVEMENT
SELECT 24/18 BIT GEARBOX
POSITION

PICTURE

POSITION REPORT

PAUSE

PALSE FOR SYNCHRONIZATION

POSITION ZERC

TRANSMIT AN IDENTIFIER

REPORT CONTROL MODULE STATUS
REPORT A - imitl status recuast

SET RATE MULTIPUER YALUE

REPORT B - miscekaneous status request
DAIVE STATE REQUEST

RETURN SERVO TO FACTORY SETTINGS
REPORT GO HOME STATUS

RETURN INDEXER TO FACTORY SETTINGS
REPONT POWER-ON NME

REPORT SERVO ERRCRS

REPORT SEQUENCE STATUS

REVISION

STOP

STOP BUFFERED

SKIP ON ‘EQUALS’

SKIP ON ‘NOT EQUAL

SET POSITION

SOFTWARE SWITCHES STATUS

RS-232C ECHO CONTROL

SETINPUT & = CLEAR PAUSE INPUT

SET QUTPUT 2 = INPOSITION OUTPUT
SET OUTPUT 1 AS COMPOSITE FAULT SIGNAL
SET INPUT § =« CONTROLLED STOP INPUT
SETINPUT 4 AS SEQUENCE STROBE
SAVE COMMAND BUFFER ON LIMIT
SAVE COMMAND BUFFERON STOP
SHUTDOWN

SAVE

SAVE

TIME DELAY

TRIGGER ON INPUT DISTANCE

TRIGGER ON INPUT EQUAL

TRIGGER ON IN POSTION

TRIGGER ON INPUT NOT EQUAL
REGISTRATION MODE

DISPLAY TUNING SETTINGS

SERVO SELF-TUNING (TORQUE AMP }
SERVD SELF-TUNING (VELOCITY AMP )
PAUSE

VELOCITY

VELOCITY CHANGE IN SYNCHRONOUS MODE
CHECKSUM

SECQUENCE DOWNLOAD

SEQUENCE DELETE

POWER-ON SEQUENCE NUMBER

RUN SEQUENCE

RUNPAUSE SEQUENCE

RETURN FROM SEQUENCE

SEQUENCE DOWNLOAD STATUS REPORT
SEQUENCE AUN STATUS REPORT

X SEQUENCE STATLS

SEQUENCE TERMINATOR

SEQUENCE UPLOAD

RESET POWER-UP SEQUENCE MODE
TERMINATE LOOP

RESET

J1-89
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Section K. Maintenance & Troubleshooting

Section Objectives

This section will help you identify the part of your system
(unit) that developed a fault. This should enable you to get the
equipment working again with minimal difficulty. The LEDs
mounted on some modules indicate the nature of a fault.
Using this information, you can find a fault and prevent a
recurrence of the problem.

Maintenance

Filters

Cables

Conneactors

CAUTION

You should never dismsntis a suspact motor. W you do,
you wili demagnetize the permanent magnetis. After re-
assembly, the motor may still run, but it will not be
capable of giving its tull psrformance.

Your systemn will not normally need any routine
maintenance, other than for the few itemns covered below.

If you mounted the electronics rack in a cabinet through
which flitered cooling air is passed, you will need to inspect
and clean the filters at regular iniervals. Fatlure to do this
may result in reduced cooling. leading tc gverheating and
pessible fallure of the electronics.

If any of your cabling i1s exposed. you should inspect the cable
regularly inspection to prevent a machine breakdown.

Over a period of tirne, and particularly if subjected to
vibration, connectors may come loose. Inspect the connectors
regularly to prevent this problem.

Fault Diagnosis

To minimize fleld faflures, all electronic units are fully tested
on automatic test equiprnent and then socak-tested at elevated
temperatures before they are shipped. In spite of these
precautions, however, occasional failure may still occur.

WARNING

Before 'you attempt any work on the system, ensure that
AC power Is disconnected, and that the HY supply Is
given sufficient time {(at least 5 seconds) to reach s safe
leval.
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Problem Isolation

Power Supply and
Drive Fault LEDs

H your systern malfunctions, you must identify and isolate
the problem. When you accomplish this, you can begin to
eradicate and resclve the problem.

The first step is to isolate each systemn component and ensure
that each component functions properly when it is run
independently. You may have to dismantle your system and
put it back together piece by piece to detect the problemn. I you
have additional uniis available, you may want to use them to
replace existing components in your systern to help identtfy
the source of the problemn.

Try to determine if the problem is mechanical, electrical, or
software-related. Can you repeat or re-create the problem?
Do not attempt to make quick raticnalizations about
problems. Random events may appear to be related, but they
are not necessarily contributing factors to your problem. You
must carefully investigate and decipher the events that
occurred before the subsequent system problem.

You may be experiencing more than one problem. You must
solve one problem at a trne. Log (document) all testing and
problem isolation procedures. You may need to review and
consult these notes later. This will also prevent you from
duplicating your testing efforts.

Once you isolate the problem, take the necessary steps to
resolve it. Refer to the problem solutions contained in this
chapter. {f your system’s problem persist, contact
Compumotor's Applications Department.

The power supply and drive modules of your system are fitted
with several LEDs that indicate certain fault conditions. If a
fault develops in the system, you should first check these
LEDs.

Table K1-1 will help you to identify the causes of common
faults related 1o the power supply and the drive.
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PSU LED not iluminated AC supply not connecled. AC fuse faiiure (fuses located on PSU

— mothorboard)
Drive logic supply LED is not ¥ this LED ' not iluminated, but the drive still functions, The logic
illuminated supply may have droppad for a short pariod and then raturned 1o

normal. K you cycle the drive snable signa!, the LED shouid
Hluminate. H the drive does not function, check that HV is present
({the green LED on the PSLU should be illuminated). ¥ it is, the problem
may be due to sxcessive load on the external 5V supply. Check tha!
the maximum current rating (0.7SA) is not being exceeded.
[Bive control faul LED luminated [T his mdicaies o8t of the torque demand signal from the control
card. This could be due to a tault eithaer in the control card, the drive,
ib — or less likely in the interconnaection via the motherboard.

rve overicad LED iluminated Indicates a short circuit across the motor terminals, or betwesn one
terminal and aarth. Check the connactions to tha drive and examine
the moior cable. ¥ necessary, check the motor windings with an chm-
metor, aiter first dmnnoamg the motor cabis from the drive.

Drive HV over-voltage LED [The wil happen ff 8XCassive regeneration occurs. 1o confinn this,
illuminated chack that the fauk occurs during deceleration; if 30, first chack the

dump fuse (FS1) onthe PSL. If this is intact, t may be necessary to
increase tha rating of the power dump resistors. Before you do this,
contact Compumotor for further advice and fitting instructions.

[Orive overtemperatyra LED Over-tempaerature faults can be caused by a failure within the drive or
illuminated motor, an elevaled ambient tamperature, of poor ventilation. Check
of replace the motoer and check ventilation fans and fihers (wheare
ftied) and ambient temperature. if there is no probism in these areas,
the drive tsalf is probably {aulty. The LEDS on the Dnve Moduie are
laiched in the fault condition and the drive is disabled. To reset the
!_atch. you shoulc_{. remove and re- apply the Enable sig_nal.

Poor system high speed Failure of one AC fuse when a 3-phase supply is being used. H one
parformance phase of the supply is lost, the system will continus to function, but
with a reduced supply voltage under heavy load giving rise to reduced
B high-spead perormance.

Power dump fusa fails on swiich on |Faiiure of power dump circutt. Power dump transistor (05 on PSUJ

short circuit.
Power dump fuse fails during Excessive cump current. Thls is most likely to be caused by
system oparation. excessive rageneration and may be accompanied by an HY over-

voltage indicalion on the drive and overhaeating of the power dump
resistors. I this is the case, a higher wattage power dump resistor
may be needed. Belore attempting to fit this, you showdd contact us
. for further advice and instructions.

Winng Problems i all appears to be wall, but the system dows not operate, you should
carefully check all motor and signa! connactions and wiring {for
breakage and loose o incorrect connection). An incomectly wired fimit
switch, tor gxampie, may prevant motor rotation in one diraction while
allowing rotation in the other.

Table K1-1. Power Supply and Drive Module Fault Conditions

Control Module A single LED, visibie through the front panel. functions as a

Fault LED combined fault indicator. If the controi module disables the
drive when no terminal is connected to the step and direction
control module, you can count the number of LED flashes to
gdetermine the first reason for the disabling (see Table K2-2}.
The sequence of flashes continues until the fault is cleared. A
one- to two-second delay separates the LED flash sequences.
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RS-232C
Diagnostics and
Problem-Solving

Via an RS8-232C terminal or computer, you can use the System
7 status cormrnands to locate faults. Once you locate the faults
you can often resolve the problem by tuning the system with
the tuning set-up commands. The most commonly used status
command for diagnostics is the Report Servoe Error
Conditions {(RSE) command. This command reports the cause
of the fault condition that disabled the drive. Other useful
diagnostic status commands are as folows:

prx Display inerface status flags

R Status request

RA Limit swiich status request

RE Miscellanacus status request

RG (Go Home status request

RS Sequence slatus request

xXC Report checksum

XSD Sequence download status request
XSR Sequence run status request

Xs5s Sequence status

Refer to Section J2. Software Reference, for status and set-up
command descriptions. Refer to Section G1. Control Module,
for RS-232C connection instructions.

Table K1-2 provides solutions to common parameier set-up
problems.

LED off

No fauh

LE_D flashes once

_——
LED flashes thrae timas

L'E'D flashes four times

The sTi or ory command has been sent. Send the $T® or ON command 10
re-anable the drive. _

The EPROM has been fitted with & dfferent memory map. Check that the
EFROM has the correct pan number.
There has been a loliowing ettor exceeding the value set by the CFE
command. Reset the value of cpt f required and re-anable with 5Tg.

LED flashes {ive times | [The checksum failed at powar up.
LED flashes seven times | [There has been a prolonged maximum lorque demand causing the dfive to
disable. Investigate the excessive torque requirement.

LED flashes eight times

The ESTOP input has been sesn by the indexer. To re-snable the drive, make
sure the ESTOP input is connected 10 +12V.

Table X1-2. Control Module Fault Conditions '

Electrical Nolse

if the system is affected by electrical noise, it will normally
manifest itsell as erratic motor movernent (the commanded
position is not reached). or as movement of a motor which you
expect to see at rest. Sources of electrical noise can often be
difficult to find. AL electrical systems are potential
generators of electrical noise.

If you are having problems, refer to Section C1, Installing the
Systemn. and ensure that you have followed the
recommendations. You should also consult the Technical
Data Section of the Compumotor catalog.



SECTION K1. MAINTENANCE & TROUBLESHOOTING Ki-§

Communications This section helps you diagnose problems related to RS5-232C
Problems communications.
e Check the terminal communication parameters set up as
follows:
9600 baud
8 data bits
no parity
1 start bit
1 stop bit
® Check that the terminal's Tx line is connected to the
Control Module's Rx line and vice versa.

¢ Check that upper case characters are used.
e Send [CTRL] Q if XON/XOFF communications have been
used.

e Send E to ensure that the ¥ command has not been used to
disable communication.

* Type <CR>1 to set echo back.
* Send nEX1 to set terminal mode if there is no prompt.,
. * Send ssKg and then § to clear the command buffer.

*» Check the status with the r comrmnand. The response
should be *R if the controller 1s ready to accept a
command or *B {f it is busy.

Drive Control This section helps you diagnose problems related to drive
Problems control, If the communication is working correctly but the
drive cannot be enabled, check the following:
» Drive may have to be defined by using the DR command. If
the response is that the drive is undefined, use the HSB and
BSC commands to configure the drive/motor type.

* The ESTOP input may be active. Current must be sourced
to the ESTOP input to allow the drive to be enabled. If a
switch is fitted, it should be normally-closed and
connected to the +12V supply.

s S5end $ to clear the command bulfer.

» Check the status of the servo error flags using the RSE
command and note the number of flashes of the Fault LED
on the control module.

Motor Control This section helps you diagnose problems related to motor
Problems control,

Motor Velocity H the motor does not run at the expected speed, check the
incorrect following:
* Velocity signal
HV supply voltage
Main fuse on the three-phase supply
Definition of the motor/drive (888 command)
Motor resolution (CMR command)
User resolution (COR command)}
Servo loop tuning
Available motor torque
Condition of the load
Motor/Encoder connections
Motor winding resistances (Do not strip the motor or its
magnets may be affected.)

* ¢ 2 2 & 5 0 ¥




x1-6 SYSTEM 7 USER GUIDE

Motor Accelerstion/
Deceleration
incorrect

If the motor does not accelerate or decelerate as expected,
check the following:

Input acceleration rate demand
Condition of the load
Avallable motor torque

Servo loop tuning

Returning The
System

H you must return your system to effect repairs or upgrades,
use the following steps:

1.

3.

4.

Get the serial number and the model number of the
defective unit, and a purchase order number to cover
repair costs in the event the unit is determined by Parker
Compumotor to be out of warranty.

Before you ship the system to Parker Compumotor, have
someone from your organization with a technical
understanding of the systern and its application include
answers to the following questions:

¢  What is the extent of the failure /reason for return?

*  How long did it operate?

s  How many units are still working?

»  How many units failed?

*»  What was happening when the unit fatled (i.e_,
installing the unit, cycling power, starting other
equipment, etc}?

*  How was the product configured (in detail)?

+«  What, il any. cables were modified and how?

¢  With what equipment is the unit interfaced?

¢  What was the application?

*  What was the system sizing (speed, acceleration,
duty cycle, inertia, torque, fricticn, etc.)?

*  What was the systemn environment {temperature,
enclosure, spacing. unit orfentation.
contaminants, eic.)?

s  What upgrades, if any, are required (hardware,
software, user guide)?

Call Parker Compumotor for a Return Material
Authorization (RMA} number. Returned products cannot
be accepted without an RMA number. The phone nurmnber
for Parker Compumotor Applications Department is (800)
358-8070.

Ship the unit to: Parker Compumotor Corporation
5500 Business Park Drive
Rohnert Park, CA 94928
Attn: RMA # x000000x

Summary

Using the fault LEDs and the tnformation in this section. you
should be able to identify and resolve most of the faults that
arise within the system.
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Warranty

The iterns described in this
document are heraby offered for
sale at prices 1o be establishad by
Parker Hannifin Corporation, its
subsidiarias, and s authorized
distributars. This offer and its
acceptance by any customer
{Buyer) shall be govemned by all
of the following Terms and
Conditions. Buyer's order for any
item described in its documant,
when communicated to Parker
Hannifin Corparation, its
subsidiary, or an authorized
distributor [Sefier) verbally or in
writing, shali constitute
acceptance of this ofler,

1. Terms and Conditions of
Sale

All descriptions, quotations,
propasals, ofers,
acknowledgemenis, acceptances,
and sales of Seller's products are
subject 10 and shall be governed
exclusively by the terms and
congitions stated herein. Buyer's
acceptance of any offar 1o seli is
imited 10 these terms and
conditions. Any terms or
eanditions in addition to, or
inconsistent with those stated
herein, proposed by Buyer in any
acceptance of any offer by Saller,
are hereby objscted 10, No such
additional, different or
inconsistent terms and conditions
shali become part of the cantract
between Buyer and Seller unless
sxpressly accepted in writing by
Seller. Saller's acceptance of any
offar to purchase by Buyer is
exprassly conditional upon
Buysr's assent to all the terms and
conditions stated harain, including
any terms in addition to, or
inconsistant with those containgd
in Buyers offer. Acceptance of
Seller's products shail in afl svents
constitute such assent.

2. Peyment

Payment shall be made by Buyer
net 30 days fram the date of
deiivery of the tems purchased
hereunder. Amounts not timely
paid shall bear interest at the rate
ol 1.5% for each monthor a
portion therec! that Buyer is iate in
making payment. Any claims by
Buyer for omissions or shortages
in a shipmeant shall be wanved
uniess Seller receives notice

Appendices

therso!f within 30 days after
Buyar's recsipt of the shipment,

3. Dslivery

Unless otherwise provided on the
face heretd, delivery shall be
made F.CQ.B. Seller's plant.
Regardiass of the method of
delivery, however, risk of loss
shall pass to Buyer upon Saller's
delivery to a carrier. Any delivery
dates shown are approximate anfy
and Sallar shall have no lisbility for
any delays in delivery.

4. Warranty

Seller warrants that the items soid
haraundar shall be free from
defects in material or workmanship
for a period of 2 years from the
date of shipment to Buyer. THIS
WARRANTY COMPRISES THE
SOLE AND ENTIRE WARRANTY
PERTAINING TO ITEMS
PROVIDED HEREUNDER.
SELLER MAKES NO OTHER
WARRANTY, GUARANTEE, OR
REPRESENTATION OF ANY KIND
WHATSOEVER. ALL OTHER
WARRANTIES, INCLUDING BUT
NOT LMITED TO,
MERCHANTABILITY AND
FITNESS FOR PURPOISE,
WHETHER EXPRESS, IMPLIED,
OR ARISING BY OPERATION OF
LAW, TRADE USAGE, OR
COURSE OF DEALING ARE
HEREBY DISCLAIMED.
NOTWITHSTANDING THE -
FOREGOING, THERE ARE NO
WARRANTIES WHATSOEVER ON
ITEMS BUILT OR ACCQUIRED
WHOLLY OR PARTIALLY, TO
BUYER'S DESIGNS COR
SPECIFICATIONS.

5. Limltstion of Remedy
SELLER'S LIABILITY ARISING
FROM OR IN ANY WAY
CONNECTED WITH THE [TEMS
SOLD OA THIS CONTRACT
SHALL BE LIMITED
EXCLUSIVELY TO REPAIR OR
REPLACEMENT OF THE TEMS
SOLD OR REFUND OF THE
PURCHASE PRICE PAID BY
BUYER, AT SELLER'S S0LE
OPTION. IN NOEVENT SHALL
SELLER BE LIABLE FOR ANY
INCIDENTAL, CONSEQUENTIAL,
OR SPECIAL DAMAGES OF ANY
KIND OR NATURE
WHATSOEVER, INCLUDING BUT
NOT LIMITED TO LOST PROFMTS

ARISING FROM OR IN ANY WAY
CONNECTED WITH THIS
AGREEMENT OR ITEMS SOLD
HEREUNDER, WHETHER
ALLEGED TO ARISE FROM
BREACH OF CONTRACT,
EXPRESS OR IMPLIED
WARRANTY, OR IN TORT,
INCLUDING WITHOUT
LIMITATION, NEGUIGENCE,
FAILURE TO WARN, OR STRICT
LIABILITY.

&. Changes, Rescheduiss
and Canceillations

Buyar may requast to modity the
designs or specilications from the
tsms sold hereunder as wall as
1hs quantiiies and dalivery dates
thereof, or may requast to cancel
all or part of this order. Howevaer,
neo such requested modification or
canceilation shall become part of
the contract betwesn Buyer and
Seller uniess accapted by Seller in
& writen amendmant 10 this
Agreament. Acceptance of any
such requested modification or
cancallation shail be at Sellar's
discretion, and shall be upon such
ftems and conditions as Seller may
requirs.

7. Special Tooling

A tooling charge may be imposed
for any special tocling, including
without limitation, dies, fixtures,
molds and pattamns, acquired 1o
manufacture items sokd pursuant
to this contract. Such special
tooling shall be and remain Sellers
propefty notwithstanding paymaent
of any chargas therefore by
Buyer. In'no svent will Buyer
acquire any intersst in apparatus
beionging to Seller which is utilized
in the manufacture of the items
sold hersundar, sven i such
apparatus has beaen specially
convarted or adapted for such
manulacture and notwithstanding
any charges paid by Buyer
thersfor. Unless otherwise
agreed, Seller shall have the rght
o alter, discard or otherwise
disposs of any special tooling or
other propery in its sole discretion
at any mae.

8. Buysr's Properily

Any designs, toois, patierns,
malsrials, drawings, confidential
information, or squipment
furnished by Buyer or any other

APP-1
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items that become Buyer's
property, may be considerad
obsolete and may be destroyed by
Saller afler two (2} consecutive
years have siapsed without Buyer
placing an orger for the #ems that
are manufactured using such
property. Seller shadl not be
mesponsible for any loss or
damage io such property while it is
in Saller's poasassion or contral,

9. Taxes

Unless otherwiss indicated on tha
face heredl, all prices and
changes are sxclusive of excise,
ssles, uze, property, occupational
of ke taxes which may be
imposed by any taxing authority
upon the manufacture, sale, or
delivery of the iarms sold
hereunder. It any such iaxes
must be paid by Seber or it Seller is
liable for the coliedion of such
tax, the amount thersof shall be in
addition to the amount for the
items sold, Buyer agrees to pay
all such 1axes or o reimburse
Seller therefore upon receipt of its
invoice. ¥ Buyer claims
sxemption from any sales, use, or
other tax imposed by any taxing
avthority, Buyar shall save Saller
harmless from and against any
such tax, together with any
imerast or penalties thereon which
may be assessed if the items are
held 1o be taxabie.

10. indemnity for
infringement of inteilectual
Property Rights

Seiler shall have no lability for
infringemant of any patents,
trademarks, copyrights, trade
dress, trade secrets, or similar
rghts excap! as provided in this
Part 10. Seller will defend and
indemnify Buyer against
aflegations of infringement of U.S.
patams, U.S. trademarks,. -
copyrights, irade dress, and trade
secrets (hereinafter ‘intellectual
Property Rights'). Seller will
delend at its sxpense and will pay
the cost of any settlemant or
damages awardad in any action
brought against Buyer basad on
an allegation that an dem soid
pursuant to this comract infringes
the Intelleciual Proparty Rights of
a third party. Seller's obiigation to
defend and indemnify Buyer is
contingent on Buyer notifying
Sellar within ten {10} days after
Buyer becomes aware of such
allegations of infringement, and
Seller having sole control over the
delense of any allegations or
aclicns incluging alf negotiations

for settiemaent or compromise. ¥
an flem zoid harsunder is subject
© & ciaim that & infringes tha
imellectual Property Hights of a
third party, Seller may, at his sole
sxpenss and option, procure for
Buyer the right fo continue using
said item, replace or modily said
ikam s0 as 1o make it non-
infringing, or oifer to sccept retum
of said lem and return the
purchass price less a rexsonable
allowances for depreciation.
Notwithsianding the foregoing,
Seller shall have no liability for
claims of infringemen based on
information provided by Buyer, or
directsd to #ems delivered
harsundwr for which the designs
are specified in whole or part by
Buyaer, or infringemaents resulting
from the modification,
combination, of use in a system of
any tem sold hereundaer. The
foregoing provisions of this Part
10 shall constitute Seller's soie
and exclusive iiability and Buyer's
naole and exclusive remedy for
infringement of intellectual
Property Rights.

B a claim is based on

information provided by Buyer or if
1he design for an ftem delivered
hersunder is specified in whole or
in part by Buyer, Buyesr shall
defend and indemnily Saller tor all
costs, sxpenses, or judgments
fesulting from any claim that such
iem infringes any patent,

trademark, copyright, irade drass,

trade secret, or any simifar right.

11. Force Majeurs

Seller does not assume the risk of
and shall not be liable for dalay or
tailure to periorm any of Selier's
obligations by reason of
circumstances beyond the
reasonable control of Sefler
{herwinaiter Events of Force
Majoure’). Events of Force
Majeure shall include without
limtation, accidants, acts of God,
strikes of labor disputes, acts,
laws, rules or requiations of any
governmeni or governmant
agency, fires, floods, delays or
failures in delivery of carners or
suppliers, shontages of materials,
and any other cause beyond
Sellers control,

12. Entire Agresmaent/
Governing Law

Thae terms and conditions sat forth
herein, oQethar with any
amendments, modifications, and
any ditferent tarms of conditions
sxprassly accepted by Seller in
writing, shall constitute the entire

Agreement concaming the items
soid, and there are no oral or other
rapresentations of agreaments
which pertain thersto. This
Agresment shall ba governed in att
raspacts by the law of the State of
Ohic. No actions ansing out of the
sale of the items sold hersunder of
this Agreement may be brought by
sither party more than two (2)
yeoars after the cauns of action
ACCIUNS,
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